HiBL24  Chinese Traditional and Herbal Drugs 40 1

2009 1 # 149 #

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

ture [J]1 Prostate, 1998, 34(2): 7279

Peterson G, Barnes S Genistein and biochanin A inhibit the
growth of human prostate cancer cells but not epidermal
growth factor receptor tyrosine autophosphorylation [J]1
Prostate, 1993, 22(4): 3332345

Coral A, Michelle S, Wanyne Al Genistein chemoprevention:
timin g and mechanisms of action in murine mammary and pro2
tate [ A]l F ourth International Symposium on the Role of Soy
in Preventing and Treating Chronic Disease [C]l Vol 132
San Diego, 20011

Rozema J, Brockman R A, Blokker P, et all UV2B absoa2
bance and UV2B absorbing compounds ( par&2coumaric acid) in
pollen and sporopollenin: the perspective to track historic UV2
B levels [J]l J Photochem Photobil B, 2001, 62 ( 22):
1082117

Fazary A E, Ju Y Hl Feruloyl esterases as biotechonoligical
tools: current and future perspectives [J]I Acta Biochim Bio2
phys Sin, 2007, 39(11): 8112828l

Rosenberg R S, Grass L, Jenkins D J, et all Modulation of
androgen and progesterone receptors by phytochemicals in
breast cancer cell lines [J]l Biochem Biophys Res Commun,
1998, 248(3): 9352939

Almara2Abarca N, Campos Ml Antioxidant activity of poly2
phenolic extract of monofloral honeybee collected pollen fr om
mesquite ( Prosopis julif lora, Leguminosae) [J]1 J Food
Comp Anal, 2007, 20: 1192124

Paol2Naranjo R, S nche2S nchez I Liquid chromatographi@
mass sp ectrometric analysis of anthocyanin composition of dark
blue bee pollen from Echium plantagineum [J]1 J Chroma2
togr A, 2004, 1054: 20522100

Dauguet J, Dolle B M ethoxykaempferol 2 neohesperidoside
and other flavonoids from bee pollen of Crataegus monogyna
[J]1 Phytochemistry, 1993, 33(6): 150215051

Maria S T, Amorim C A Chemical composition and free rad2
cal scavenging activity of pollen loads from stingless bee Meli2
pona subnitida Ducke [J]1 J Food Comp Anal, 2006, 19:
50725111

Nagai T, InoueR, Suzuki NI Antihypertensive activites of en2
zymatic hydrolysates from honeybe@collected pollen of Cistus
ladaniferus [J]1 J Food Agric Env, 2007, 5(3): 86289
WuY D, Liu Y J1 A steroid fraction of chloroform extract
from bee pollen of Bra ssica campestris induces apoptosis in hu2
man prostate cancer PQ3 cells [J]I Phytother Res, 2007, 21
(11): 10821091

Michael D G, Spencer G F1 Brassinolide, a plant growti2pr@
moting steroid isolated from Brassica napus pollen [J]I Na2
ture, 1979, 281: 21@217

Wu Y D, Lou Y Jl Brassinolide, a plant sterol from pollen of
Brassica napus Ll , induces apoptosis in human prostate can@

1,2 1
s 5

(1 R B BN £ 0F ST, 7 TEFA
3. VB 25 RER 2,

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

110016, 2. HEBIERBEHIR LR, db
Uy H

er P23 cells [J]1 Pharmazie, 2007, 62(5): 3923951
Temime S, Manai M, Methenni Kl Sterolic composition of
Chectoui virgin olive oil: Influence of geographical origin [J]1
F ood Chem, 2008, 110: 3682374

Klippel K F, Hiltl D Ml A multicentric, placeb@ controlled,
doubI@blind clinical trial of B sitosterol ( phytosterol) for the
treatment of benign prostatic hyperplasia [J]1 BritishJ Urdl,
1997, 80: 4272432

Chalev P, Dumrat S Isolation and characterization of brassin2
olide and castasterone in the pollen of pumpkin [J]I Chiang
Mai J Sci, 2006, 33(1): 921011

Lusby W, Buchmann S, Feldlaufer Ml Pollen sterols from
three species of Sonoran Cacti [J]1 Lipids, 1993, 28(5):
46924731

Takatsuto SI Analysis of phytosterol in the pollen of Vicia fa2
ba LI by gas chromatography2mass spectrometry [ J]l Agric
Biol Chem, 1989, 53(1): 25922611

Takatsuto S Composition of phytosterols in the pollen of R ob2
inia pseudo2acacia L1 [ J]I Yukagaku, 1997, 46: 4124261
Takatsuto S phytosterol composition of the pollen of Buck2
wheat, Fagopyrum esculentum Moench [J]l Agric Bid
Chem, 1989, 53(8): 227722278

Zhang X, Habib F K, Ross M, etall Isolation and character2
izationo f a cyclic hydroxamic acid from a pollen extract, which
inhibits cancerous cell growth in vitro [J]1 J Med Chem,
1995, 38(4): 7352738

Roberts K P, lyer R A, Prasad G, et all Cyclic hydroxamic
acid inhibitors of prostate cancer cell growth: selectivity and
structure activity relationships [J]1 Prostate, 1998, 34(2):
92299

Nakase K, Kimura I, Kimura Ml Effects of pollen2extract
components, diamines and derivatives of feruloylputrescine on
isolated bladder and urethral smooth muscles of mice [J]1 Jpn
J Pharmacol, 1990, 53(2): 157 1641

Jaton J C, Roulin K, Rose K, et all The secalosides, novel
tumor cell growth inhibitory glycosides from a pollen extract
[J]1 J Nat Prod, 1997, 60(4): 35623601

Bikern Ml Trisubstituted hydroxycinnamic acid spermidines
from Quercus dentata pollen [ J]I P hytochemistry, 1995, 39
(6): 13721375

Keister D, Neal RI Managing BPH: When to consider surgery
[J]1 Am Fam P hysician, 2008, 77(10): 13721377
MacDonald R, Ishani A, Rutks I, et all A systematic review
of cernilton for the treatment of benign prostatic hyperplasia
[J]1 BJUInt, 2000, 85(7): 83@841

Onodera S, yoshinaga M, Takenaga K, etall Effects of cer2
nitin pollen extract (CN2009) on the isolated bladder smooth
muscles and the intravesical pressure [ J]I Nippon Yakuri
gaku Zasshi, 1991, 97(5): 2622761

3 3 3
s

100049;
110016)

R EAL R 2SRRI AE D P AR I AR AR TR 2 R, DAL A 0 R AR Ay, B P 2 250, B
IR 25 RSB, 25 B b 245 0 1K) DR 43 T 2 AR AR S BT L 25 AR LI R A B T B . 3R T I e b 2542 4)
FAl TR N BT L, I SR RE A SR AT T R e R IR W rd i 25 AT B A A2 v 24 OR) T A — 46 8

B, A B 25 A PR DA AR R i [ B A 1) 5 e ESK o
SR, e AR AL T 2L
:R284 CA

1200820€213

1 025322670(2009)02014204

o HURFBE RV G TR HLEL i I (KSCX22Y W2Q037) ; 18 5B e fi 2% 11 £ 4 B I H ( 200SDK A2120604)
(BEBEAR(1982) ), T3, WS ARIETT N, BT 5T /R, OF 5007 I o 2 e A 5 s kiR B

Tel: (024)8970380 E2mail: ruxido@ 163. com

*EWAEE  TRESC Tel: (024) 83970377 E2mail: huiwen zhang@yahoo. com. cn



# 150 #

HiBL24  Chinese Traditional and Herbal Drugs 40 12009 1

Application in biotransformation of Chinese materia medica by microorganisms

RUAN Xia®dong"’, ZHANG HuRwen', CAI Ying2hui"

2

, WANG Y2chun’,

SUN Don@xue’, HUANG Ting’
(1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 2. Graduate School of Chinese

Academy of Sciences, Beijing 100049, China; 3. Shenyang Pharmaceutical University, Shenyang 110016, China)

Key words: microorganism; Chinese materia medica ( CMM); biotransformation; modernization

of CMM

rp 24 B 1 IR B 5, Bt A SR B 2 b T B AL
BG4y, 1E 52 B4 W AN RIS B . H ar#%
FE#BTE N 2555 R AR b - HRA S 5. B T46 i
B 5 e 5 BLARR 2 R AR S 250 T BOAH XK S S5 R
DAL, o 2 5 35 1 T 52 BAR K PR A

P RIRA G W) — AR A 0%, FIAG 22 TR AT S5
Ui S B B PR R e . TR AR ) B AR T vk AL S 2y
PRI Ak 2% O3, A U AT 1 4 o 1 7 057, vl LUK 7358 22
S A S M T8 20 HF R o B W VR 2 H ond v 2
AT A= A b =B T vk o
1

AR A% A 2 R A R T AR A A 2R AR R TGS
AMIEE T 25 AT 4 R AR IR AR A RO o B
A 25 B DU RRR A (DR IR T 2. SR
AR R &P E 2 RN R, 2T 4E 21 AR VE
K RS, HRTCORIL T 3 000 Mg fiE 4L & b
A0 R N R o AR A TSR K I R R T Ak
YA A R A% 0, BRI (R 2 BT AL IR S AR 2 2 —
Be A 22 B HE LABEAT I SN . (2) OBk . R Aok
T ARG A I P AR X R ) A R A L DX I R A L T
TP X B R ) A BRI DL R ST A I R MDY [ I A A4
ARG B v 2 DI 5 — S T W X AN T R A 1 BE T G AR
P, BoR AR R Bk B . (3) I AR IR . B R BT
I (RSN — S A IR HE R R T, 3BT A
B LR R, 77 AR A F D, — AR BTG B, b B
WARTRT o v 24 A S A I R v mT DA ds KRR B b v
g Ik o S B REIR, RTE SR T 2 AR &L RV R A
F 28 T2 G I o e DA e K R BE SR I I 3. (4) PR
PERTAT A SR B S TR e 2R A I R b ) 2 )
JEC A0 5 A FEE AT, JER A0 R = A0 00 S Al 2 A Rl % e R = 4 Mk — 25
Fefiabrgmi. Oh T $2m eAh 2, T DL 5 9 R 9 I
o, 2 TS L AR N, SR BIR S JEHLEE, SR s 3 R (Y
A7 LA B A 400 440 PRIV 17 ol 5 A, s A4 R 45 THTREAT
TR

AN, TR A v 21 s R ) DA B AR AR R
&, T DART DUE SEREAT. (RIS e T e AL JURL (8150 254, 20 7= i
AEAR, W HHT T AR 7=, B A AE AR &R, W%
PR J AT A B LR £ 75 A8 R DR FE ZH A B R B I N T
P2k AR AT b XA I T & b T AR I 2
FEME, A R FT A% M) e (e 2 TR

B A= W R B Ak R 2 (A ST 4 - 20 4D 80 £EAX,
23 Z TS, H R IZI0ERTE F 250 T 2 ET R A
YIS B 2 b 2 ORI 24 R AR AL G ) AR BHTT 50 45

SRIEHRUAR T vl SR, A 04 2 rh 25 IR Ak (R ATT 5T
AL T A

2.1 $Rmih 22 v A HEAT R W% Ak wT AE LA 7 T
Pemh 22k, T m s BT IV B, SO 29SO 1
LRI, A2 0% A A 2R 7 A R IR R AR =40 DA % v 24 1 2880
SRAEZITFRE Y%, BEE R HIRE S 1 R A
P S T T 7 A T QR 10 6 34 25 v (1 2 B A T B A 1
1T RIEHAL, Bl JG B 5 R R WM il 5.3 £5, B
BTSRRI A 20 0 4 B — bR R A
B T TR 1 2% M0 8% HL G2 0 H B AT W R R I o, B
2T MR HGL2 e AE LG, H B I H B K i 2
R . B2 5802 S I WY K 188 )i B PR 0 48 B T 1 ¢
KR AT B, OF RO . e 2 i
T B R AR B0 B WU HEAT T ARk, R LI F Ak e W
BT LR R BRI R AS49 fifide 40 I 4 iR 4T, 3
W& O A A AL R, T LA s L . 7R
2L PR T A AR A B T SR R 2 1 N AT A
SO S R B A A P S MR AT AR, A T AR AT RO A Ty
FMEH KIE e, ME— P48 m T a e i b tE R AE 4 F)
A%,

2.2 TR IS Ay T A I R A R R,
ZAARIFRRE T, B E BOREAT S5 M B i A2 754 13
AR RN — V22 RIF P2 A58 S R R Pk 4T
AR 5 TAE R B A 2 85 0, IR 2 =i L
WIS TE, NI AR 2 R4t TR S &Y™ . T
7k 7 SO G T — R TR B AR T I A B ER, AR T
HAT R B AL, R B4 AR A )5 B8 26 B 7 BRI 3% vl 08 )
8.2 L/ mL, #5732 TR 43 HUJB AT 44 1 2 205 R 5t
Jeor, HatJe FAr e th 3Rk 2] 95% LA L. R %00 &
AWK EST21 5 BST21I fig /= A 45 57 /KR Q6 A7 7 %
B () B 45 B I T LA AN S 2 0T Rey 8 AL A FRE 1
ANSRBAFF o MoK AF 08 T B0 38 R EAT T 4%
b, RIS Bk AR AR 12 PR 38R, 3 ik %k
Bl 24% , HEALT=H0 00 A W SCHRARE (K570 A9, 1AM 5
2 WY L oF ) e SR i IR T S R R B bR R i T Y
BB A



i ®i2Y  Chinese Traditional and Herbal Drugs 40 1 2009 1

# 151 #

2.3 BRI KRN SR AE B A B ey DU R 6t
T2 R BUEAT A3 8, B0 T 2 T R A AT SR 1E
5 AT AR 25 P S B RORELY o T 11K R4 T
TR B & TR, B WSS 1k i 4, (B8 iR
J i Py 2 5 (W b B B T, BT LR A AR T JE Ak
AYRIIAS R R o BN SR 2 AR5 1 I i R T L
FE T, RIS i S 25 LR TR SRPE L, IR B G sk v B
T TR RN . T S8 Tt — ik B &
2, N PR T B AR N . E R T S B R A
YRR L. W3 09 it BUEN Dk kAT R R
W0, 25 R IR B JE R 2 B 4y R AR T SR )
K, HE R T I IR AR A B R B A AT P i
B o FM IR R R PR S O, (RS SR R
5, T R A R A R 8 A%, 40 T Il
IR BRI o SR DGTUS) SR G 7535 M 25 81, nRE S0 B
A AR 6 22 Bl il BAT 3T A0 1@ PR S5 BRI,
B3I 50% LA .

2.4 BRI T AR T R 2R A AUR A i
AVFZ ATy, B2 2 1 2% 5 oI A o B
AE R AR R S RN v 2 AR e M SR R R S,
20 00 T AL FRE T R, AT K4 AR A SIBE, f AA
PRI IEAT KO3 T 2% VIR 2% 75 6 0P (V05 ek o o e 0F
2 2 B S AT R PR il B AR A AR TR, A
T I R FH K A AT B 1 I R, B AT b B X P
S, A0 2 W A9 3R O o 1T R PR 7 W T 7K A R O 1 ok 2
Z IR 2P (K BRI 5, A N o IS T T T
B 5l g B R i 5 AR R (45, KRR R 2
MIZak0 o X v 2T R M AR F S R A R
B 2 U A SR 3 I8 1 R 0, LA RO R D

L2 R PR I

2.5 VENBFFCZIAR L (K H B T B 1R 2 2 W ik
W P R AL 5 7 N PR IR AL AR 28 8L, B A= 1 23
5 VDA S TRT 5, R A A 0 R A T 4l B 2 T o 2 AR 1Y
EERIRET YUY, DUE 785> T A8 25 YLE iR 0% it
T o FRAK S5 F /N SO AR VR B 0 JUAR TR A (aristolochic
acid A) HEAT T ACMHEE (LA 78, I SAE 0% Ak 7= 4R i L
PR P IOAR P ) SRR A 2 S AR M
oL, /N TEAR I A TR BT LA T U SR R A AR — A
PRAMERL, Ma 2500 I J il /N 5 BRI B 5 FEAEI IR (Meta
prolol) HEAT T AR5 AL 5%, T8 1 950 A €5 12 5T 3% R B VA AG:
02 S ) N T R A A ) R L Bh Ak P KA
WyAEFARL, FEHCHE R B Ky 7 AR T, Hoh 5 RS
W FLEN A 3 AT 7 AR AL, 5 4 2 Bl B AR 3
RSN F SR P B R 20 DY A LS T AT T AR
G, OB E T 3 A BT W, 91 R I B 2 e DU AL
BT E K UM A B AR P AT T T, Wb e T Hoep
6 MR, % AFIT 25 R W R Sk R LT Sk
2 kAl A U I A P AR R A A

3

TED AL 25 BAT RS (DL 3, TS Bk AT 2
WAL RIBFFAEAR RREE BB T 2538 25T A o
ZHUARAL I HERE, e 2 A8 3 253097 OR S P 2 R o
HE BIHDHT 255507 AR AL 7O I BOR T B (H H AT 4 K 23
WA LAY AR AE 2B BL, Sk Z Db A7 i szl T 8
L R IR R e TR 2, D NS R A R Al BEOK R BT
R, VF 2 18U A3 ik — DT
3.1 CH BRI TR (IR D0 R TR A L TR S )
FEAG b 2 A I O RRE Rl . AT T b 2 AL TR
BRI RIS B A0 v K, LR R R T
B IR EERAR, 1R RE ) A B RE B R, IR AR A
PABAR AT R, 75 rp 25220 B Ak B T ok B vz 221 qi
HUPT NI AR R S 5, B U R ) Rl
AR — Bl 73, A K TR R 4 25 B B
HIF o BRAh, Tl A4 W P A A Ik 2 2 DU — R R AT R
TR, 1 22 B YR 4 I AT S 1) 2E e A e .
71 306 E 98 VR A TR 100 0 el R A0 BEOK, BT DA A S I xR
KW AL B I 0 6 RIS B T 1 1H AR 3R 581 73 By 0 3k
HA R FALYERER TR, R B 22 AR BOR L J5 7
JRAR R O B DY) TR BORIEAT 0 R BA (13E F th fe R
3.2 AEWHEALHLBIBEIT: T2y ooy 2%, H AL B ST,
AL 2 RIS L N R TS L 2R R A
PRI LT B R B h 25 28 . AErp 2 i R
WAL R T, BRI SR OK I AR A A R 2 o K R
P S S R SRR, AELE R 2 T R 2935 M 1 AN e Al 7= )
(DX R 9% 28 R Rl b, ] AR AT 51 2K ) W AR ) S
I AL 2 SR SR ) — o IS AT 2 5 S NI o
A 7, 30 o BT e Se I PR, 4 8 A2 e 4k
N PR K S g M U DL e 21, TR AT X SR I (1 70 185 LA L e £ 4 2R
G0 L b ¥ 8 6255 o T LA e Ak BUIRITK B S AT B AT
2 2 R AR, DR A0 BT ol A 0 e A S I PR ML AR R R i
FErP G B AR A R 255 0 TR A TR S A
BT RIBE S, 55 D2 26 et LA, Do b 2K 75 W Ak
Rk — 20 R IR )
3.3 RUEMIEACERE R AL UK T2y R A
WO R REAH AT 2R . AR E R B R 2
D1 2 I B 5% ) R 2 AT R AR IO, b 2 ) 1)
VAR T2 0 A R T 1V S e A ) I O i 14 474
B SN (KA A BT TS A8 S e Al 1R rh B R 2R 1K) pH
(EARALAEDED o Rl 530 S v 24 SR A A PR e P A A S5
NSRRI B N O T4 WA A RO 1L
P, IRAFTEZ 1 H 77, B T 2k 700 R KT RRR Ab , 3 XT3
A REREAT DL AL 508K o 3K 5 T B0 8 X e 4k
A A A BB ACET MR U K BF 9, DAk B TR 2% 1F, 3
T e A FE B AR ML P RO o0 — 7 B B e el T2 1
RSB BOR, e b 40 AR | 5t 2R A Sk 457



# 152 #

i ®i2Y  Chinese Traditional and Herbal Drugs

40 1 2009 1

AR BRS040 AL AR R I 0 A B A
AU AL AR K AL BIAE, S S H AR A 19 S A%
L AN SR A DN N TP U k2 S S 1 R M SR (¢
RO HBEFCIEAE TR e dl b 253k ) T AR 7, e
TR LR ARG DR A TR DL Sl PR S5 e R 258
i2H.

3.4 BREEYIN 2y A ORI A A B AR Th 2 Ak
1 (R AL A v 24 v 1K) 25 T80 g3 T N B ek A A
AR R R A A 0 R BT TN £ 22 b RS o R I 3R AT A
WRARY o SR T 2 A2 0y 1R AR A A AT AR i 1
P s, At G b 244 iy 2 B3 S B N IR B R AR, X
LA E A oy T A SR T 2R B0 A TR
(K25 B VLR o SRS b 2 4 gy (K2R R IE & TR
AT RO IEAN 731 R (0 v 2R - S B A R e A 1
TG REATIT T, OISR P 2 A R, BRARAS RO, K
ARG 25 vh 2 1003 HEAR DR AT A D v 253 Jn T 32 1A
R T5 o FErp ST AR v R () 24 ) 75 AR R Bk
AR PR 2 4 3 A RE A D R FE IR 3R, T 7 S T AR
PEMIR b A i) B AT R b R 25 BE PR RO AL P e
N TR YT S BRI AT

3.5 AR Y IR RIS R P R BN
2 S IR Ry 1 A AR T A ST 1 .
FEARZAGOLR, D) e Ak s Wi FL2R s AR M 42 AR AT,

e T2 22 AR EC R, AT Ll ) 2 ) A I D e AR A B0
(K40 0 € 2% PASO ilg 2 R0 4 44 17 IR ™) o IR U 908 B

PR 40 (1 A 2 5 ) IR A 0 A S 6 0 466 R, T3 43 b Tl
W L0 7k P 2 AR T S I 1) S 28 B B ARG, ek A W
AR ZR AT AR g T0U0 25 0 AR 5 B B 5 T (K AR AMBE . R
FHAAE Y A ik 2R A D 20 AR s 28 LA 1R 22 E 4,
AAG G R S AT, TS T A Y LA SRR AL IR T,
A DB R A b 1] 2 BE P A, ml DA 88 v 1) SIS
JESE . Hoar R ok A (R R BE AR I R
(HPLQDAD) I LMS, ¥4 At 45 5 5 7k 4 AR 45 2R 347
EbT, I/ A2 0 e A A R0 AR 00 i 2 355 Y i 23 A L B )
PRI IOAC T CECAS — s Ik G o S AW AR 1) BT
8 ] W v 24 4k P R AR IR 0 RS R AT 2 AR R

Fe B AT A I b 2 13 S, O e v 24 By (¥ ik 7B
PRIE ST AT DL 4% e A% 40 v B 24 FRO B8 A7) BEUR 5 11
PEFA, S0 2508 2R 50 T R TT REBTI 3B B, MR R A &
FIART R T 25 BT B FLT AT R b 25 A e e dl
i B R S R AN TR S 2 R S
17, W [ 3 22 A R 22 A K A OB e, X BHIE T A R T
BHLE S Bl FRIED T rh 25 AR e AL IR R S ik
AR, B EAMH AR R — e I 228 . (HBEAE A K 2 RHK
e FEANBAIT R (AW B, 3 BoAR R S 90 i il 14 %
Ji& 23 W, A 2T 24 B TETT A oy A EOR B B b A,
A e rp 2 AR A AT e A 100 R R e 8 e 247N g [

B 384 3 A% S M A

(1]
[2]

[3]

(4]
(5]
[6]

(71
(8]
(91
[10]

[11]
[12]
[13]

[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]
[27]
[28]
[29]
[30]

[31]

MLLNE, S/bME, XA, 51 TP Wi TS X
VR [T gy, 2004, 35(12): 132121324

Urlacher V, Schmid R DI Biotransformations using prokary2
otic P450 monooxygenases [J]I Curr Opin Biotechnol, 2002,
13(6): 5572564

Ro D K, Paradise E M, Ouellet M, etal. Production of the
antimalarial drug precursor artemisinic acid in engineered
yeast [J]l Nature, 2006, 440(7086): 94@® 9431

BERERY, IRWAH, B g%, 451 ﬁ/\MEWEP%#%E’J/}E
}EEI[J]l Iﬁkﬁ%%% 2005, 3(5):

Mok, 1% 4, dl, 41 di%kwﬁﬂcﬁ e
*‘ix&ﬁ’iﬁﬁn[nl IJIUIU\??TI?« 2007, 44(5% 1147211500
WL, XA, % W1 RS AR A AR A B
Jitgd VAR BRI (I R P BR 2 KA AR, 2007, 30(1):
58601
FERIB, X HE, 21 R X 4 A BT AR T 1 5%
W[ I ARG K EE 22 A%, 2005, 6(8): 47249

B, SRSUR T MUEMTEA W RN [0 R R
SR, 2006, 4(3): 16821711

FRE B g T, 1 TR U R
WS (I B EEEE 25, 2007, 18(12): 300323004
I, GKAAFT, BICAE, SF1 FUE EST21 K EST21 X A2
BT Rey EMEALN NS BH F 0FFC [ 2k B 25HRER
AR, 2008, 25(1): 73276

sk, B U, MREE, AR BT R IR W i B
wm EP%’E%PC?"%,!\, 2005, 15(5): 3023064

Wit e, Wik, TERCE IR B UK R R T 2
[JL R EPZZAE 2005, 30(21): 171217200

AR, £RD D LA TREBEEE (I gy e,
1998, 23(1): 26

W, 5k 9%, WOF, A1 XK BRI BT AR B
TR HPLC fR20l MEEL )1 RIst PER 2y Kag2e 4l
2006, 22(6): 362365

R FAEWRA A P 1 PR R S M 1 T vk [PIL R %
F: CN85100520, 1985200011

W Bl P2 RN PR I BT SCTTE [T 2230 5%
EHi9t, 2003, 3(4): 2052209

AP 2k 5RR W) A BOR ATt g S [I71 b
H 25RF K244k, 2002, 33(5): 3523631

Rao GP, Davis P I Microbial models of mammalian metab @
lism. biotransformation of HP 749 ( besipirdine) using Cun2
ninghamella elegans [J]l Drug Metab Dispos, 1997, 25(8):
702715

SR, M, Borihl BRI ORI E D AR IR A
AR AL [T 2599 EWHOR, 2006, 13(6): 4512455

Ma B, Huang H H, Chen X Yl Biotransformation of met®
prolol by the fungus Cunninghamella blakesleeana [J]l Acta
P harmacol Sin, 2007, 28(7): 10621074

LiL, YeM, BiK S, etall Liquid chromatography tandem
mass spectrometry for the identification of I2tetrahydropal
matine metabolites in Penicillum janthinellum and rats [J]1
Biomed Chromatogr, 2006, 20(1): 9321000

SRAFR BB 7E 2 R A N [ AT
2006, 4(4): 72811

LorenzP, Liebeton K, Niehaus F, et al. Screening for novel
enzymes for biocatalytic process [J]I Curr Opin Biotechnol,
2002, 13(6): 572577

SWHT, /If L, FMEHE, frl PRI EOR [ IR
PEEZRE, 2001, 20(3):

Tl KRR f’Jr)jZﬁJ\FI’Ji%AUZ HEEA (I1 h
g, 2006, 37(9): 128121288

L e i, URER Lt 2 P RS AR L ORI 5 i
(1 KRR Zi4, 2007, 5(3): 162168

SLRERT, UK 1 A L R A K R
HEATREAL [T71 [ RARZi8, 2007, S(4): 24522500
TR, DT, R A, S R BT P 2L B
KN I RS S HR, 2006, 8(2): 24827

A, RN, L #Wéﬁiﬁy\’i%ﬁ*ﬂc[m h
lﬂi%*’ﬂ@ 2007, 5(4): 2412244

sko5E, sRIRIE L FEAE 250 CYP4S0 B R 5% M 5T
[N 225 5IER, 2005, 21(6): 92931

Ma X C, Zheng J, Guo D Al Highly selective isomerization
and dehydrogenation of three major bufadienolides at 20H
by Fusarium solani [J]l Enzyme Microb Technol, 2007, 40
(3): 1585215911



