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Abstract: Filamentous fungi are the main source of industrial strains for steroid hydroxylation reaction. This paper reports
for the first time on the transformation of progesterone, androst-4-ene-3, 17-dione and testosterone catalyzed by Curvularia
lunata and their major transformation products. The transformation products, characterized with high performance liquid
chromatography (HPLC) and nuclear magnetic resonance (NMR) method, were identified to be C17a~hydroxyprogesterone,
Cl4orhydroxy-4AD and C15-hydroxytestosterone. 17 0-OH-progesterone is an important intermediate for the synthesis of
hydrocortisone and other steroidal drugs; 14o~hydroxy-4-androstene-3, 17-dione is a key precursor for the production of
14 o+hydroxy-4-androstene-3, 6, 17-trione, an antitumor agent.
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H i 38 0 5 AT SRR A TS A P 2 38
1500 F, {H RS FH T Tll AR 7 0 e i 3 A 221401,
HE— 2098 FF & Tl A 7= T b et 55 1R A o
PR TN T Sl A P i AT 55 A Tl HR A 7 I
HAREE L. 2 REEHH S5 (Curvularia lu-
nata) 7 Tl FHTF Cl118 ¥4k Reichstein S L&)
(RS) , A== HAA LR IEER S o] AP 17032
IR A AL AT A IR BN E | HhFEOK AR £
iS5 AR 25 W g — A S s AT T Cldo- ¥Rt
4AD JEH TR EY) Clda¥43-3,6,17 =
(i S s R AY. 1EH ERE T E A 2R 0 SRR Y
HAnry it B rh R IR H S A R CICC40301 ANRE
Eeqk RS, AHXF A2 | SER | e 403, 17— f
(4AD) #1547 W B A9 AR3% Pk, 33k HPLC.'H NMR,
BC NMR J7iERrA AR i E 2L = Cl7o-
FRELZE | C15— 2L A Cl4 o F23E 4AD.

1 HESAE

1.1
1.1.1 EH

B H B 5 (Curvularia lunata) CICC40301 7%
S E R AE TR
1.1.2  #&A

R ik . S b & 05 N 2R &
g . 20, —H 3N -ds (DMSO-de) , [E 2445 A1k 2#
R BRA A 2 E MR, M0 & 7805 A Yk
A BRA .
1.13  &ikibew

ZE M | SE A AN S 4% -3, 17— (4AD) ¥ H
TR AT B R,
114 3%ik

PDA §:3#3& (g/L) : 15 200, #iZHE 20, BlgH
20, 115 ‘CKB# 20 min.

YPD Hi5E (g/L) : SRR 20, BERERY 10, %
B 20, 115 ‘CK# 20 min.
12 Ak
12.1 #ABTRENRRRITEF RO E

P A3 #1% CICC40301 fT4EFh T PDA #}
R FR3E, 28 CHHEER IR 2 ~4d. RFREAVE, ¥
KA A S MM 78 PDA #HiFHJCHEKEE Tk
7, mER G, BRI RTERRE

REBEBREER H34% Hsl

WeRE A 10" mL™, #5H.
122 # A Z30% CICC40301 H £ #9355

WHC ImL ¥JEN 10" mL™ @9 TR EA
SomL 9 YPD ¥ A& K% 3L o, i A fE IR 4R R
180 r/min . 28 ‘CH535 % 36 h.

123 J&RMeg AL

W8 A S fERESE 36 h J5, B (S AR 22 | 52
PR 4AD 383 BREE LB | i AR AR 10 ~
15 pm. FEA SRR LA TR E R 2 g/L, IR
1% ) N, N-— H it i (DMF) 15 2 Bl %5 741
28 °C . 180 r/min #3715 5F 48 h Ji7 HUFE.

1.2.4  ZRCERAR &AM AT

BSR40 | SEfAD 4AD R HX R p 544k
FEPIRES AR 1.5 mL EP &, il A 600 uL 80% Z.

oL ARG, 4 0.22 um PR BRI, &
.

e LA sk C18 #: (4.6 mm x 250 mm,
S5um) , ZHE-—K URFLEE A 80 = 20) A shil, i &
0.8 mL/min, #:f 25 °C, #EFEH 10 uL, R S Al
i, B 240 nm. AR iR BT i ikl
KA 2 B F K e EHR 7 Ab HL.

1.2.5 Mk 3R m 547

FEAALEE: B 100 mL JFRY A BER ) 30 mL F
50mL B0, 6 mL ZFROERAERL, BIZUEY, , f#
H 5 ABRFETIRA, 12000 t/min B5.0> 5 min, 235
I3 W, A AU

TR A BCA MUMFE 2 A AR b SR TR SR
FHJEITFHI M AZHTEL 30 min. $5 504 RE G A Rk I AR
A IR Z P Gr N gs | %6 5, 18RI HT
T PREN Toss s, B SRR S BT, SR S AN IAY
WLZ2 22 BT B0E A 1) 06 R R /N 22 B 2 Ak 7 W 1) S I
FA V&) VONER) : V(LERLHR) =5.5: 3.5
1; 4AD | S2FREEAL =W R ITF I V(A 5 -
VCFmEE) : V(EER) : Y(K) =385: 60 : 30 : 2.

A ARG 2 =0, o S ke AN TR AR

THAR RS H AR R 5 D10mL B, R
A1 BASRIREROMAE] 50 mL IREEE D, e
ZER bR A A AR 2, Z 5 o
A DMSO K HFS i, K i (s oM A B g v
HEA PRGN AT

Big bR 444 . '"H NMR . °C NMR 343 51
400 MHz #1 101 MHz 5%, 445 5 Ascend 400 R4
Wt IEPRAL [ ] DMSO-di 1E R 7.
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TR Oy AR R4, HPLC 43# (B 1)
7, ZEHR S TR R 6.760 min, 22 PR AL
FEYI) TR 4350 4 3.032 min A1 3.686 min, HiH
— Fh 2 [ Ak 7 W A Ak Z 5 B 0 A R
3.029 min, F HIHLAHALR R 22.2% .

2.1.2 ZEREHALE M R AT

'H NMR (400, MHz, DMSO-d,) 65.623 (s, 1H, C-
4H) , 4.011 (s, 1H, OH) , 0.657 (s, 3H, H-18) , 1.139
(s, 3H, H-19).”C NMR (101 , MHz , DMSO-d,) ¢
210.37(C-20) , 198.54(C-3) , 171.63(C-5) , 123.40(C-
4),83.60(C-17) , 59.57(C-14) , 48.15(C-9) , 46.26 (C-
13) , 38.64(C-10) , 38.30(C-12) , 35.80(C-8) , 34.12
(C-1) , 32.35(C-2) , 32.30(C-6) , 31.62(C-7) , 30.83
(C-21) , 27.44(C-15) , 21.52(C-16) , 20.31(C-11) ,
17.17(C-19), 17.17(C-18).

6.760

20
3.032

3.686
6.892
3.029

0 2 4 6 8 10 0 2
t/min

(a) JEEY (Z215H)

(b) A A4y

6 8 10 0 2 4 6 8 10
t/min t/min

(o) &ifk™¥

1 #FRAERE CICC40301 ZERFEL =4 HPLC 5347
Fig. 1 HPLC analysis of the progesterone transformation product catalyzed by Curvularia lunata CICC40301

2.1.3  FEAEAL AN

MR EAEEAL 9009 "H NMR . °C NMR 255,
ik C17 (k2= AR 63.23 A5y 83.60,
JE# 5 SCHRGE  C17- ¥ B2 R AR St — 2%,
SO A RIE I (Hy = 5.623, Hig = 0.657, Hyo = 1.139)
(RIS SCRRAIGE C 17— L2 i S B
FA g TR EZ C170-H # OH BUL,
WO IR C17 o F2 L2 1.

22 HFBTHEHES 4-%5-3,17-2f 4AD) F
IS A
M8 —4-H-3, 17-—B (4AD) 4% = 4 HPLC
X
R EINR ST A5 R, HPLC 208 (B 2)
BIR, 4 AD IR HIERTA] R 4.434 min, 4 AD PR
A= By ) H IS 43-530 g 2.781 min 1 3.059 min,
i —Fh 4AD B Ak 77 W) A Ak 5 [ 0 R A
3.059 min, - H =LA N 45.1% .

2.2.1

3.059

t/min

(a) JEEY) (4AD)

(b) 4AD %4k

t/min t/min

() Zifki™H

B2 #HATHE CICC40301 4AD F4L =418 HPLC 5347
Fig. 2 HPLC analysis of the 4AD transformation product catalyzed by Curvularia lunata CICC40301

222 ME¥-4-K5-3, 17-=B (4AD) #:4% /= # FAE
'H NMR (400, MHz , DMSO-dq) §5.641 (s, 1H,
C-4H) , 4304(s, 1H, OH) , 0.921(s, 3H, H-18) ,
1.150(s, 3H, H-19) . °C NMR (101 MHz , DMSO-
ds) 6218.03 (C-17) , 197.98 (C-3) , 170.82(C-5) , 123.02
(C-4),78.93(C-14) , 52.09(C-13) , 46.41(C-9) , 38.20

(C-10) , 37.35(C-12) , 35.27(C-1) , 33.62(C-2) , 32.78
(C-6) , 31.63(C-7) , 28.89(C-8) , 25.43(C-15) , 24.51
(C-16) , 18.82(C-11), 17.12(C-19) , 16.82(C-18).
223 4AD #HALE M HIN

i 4AD #4671 'H NMR.” C NMR %5
s C14 AE2ENIBE N 4AD 1Y 51.67 AN
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78.93, JG & SCHRIRGE Cl4—5E 4AD MR B
— g A R AE 0% (H, = 5.641, Hyg = 0.921,
Hig = 1.150) b2 (6 5 SOkl Cl4- 2 2
4AD [ EE BRI A — 5, BT 4AD B
Cl4o-H # OH BUL, B Witk C140-4AD.
23 MAZTHEZEMELTWHSHT
2.3.1 FEA4AL =4 HPLC 547

WL AR S B AR B EL AL =1, HPLC 27 (] 3)
TR, SEEREY HIERHE A 4.007 min, S2ERFEILT=H)
f Y W I ] g 2,772 min, 4l Ak Y SR AL 7 1y H 0
B AR 2.890 min, F: H ALk 88.2% .
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232 EEREALF ) FAE

'H NMR (400, MHz, DMSO-d,) 65.609 (s, 1H, C-
H4) , 4.240(d, 1H, J=5.2Hz, OH) , 4.227 (m, 1H, H-
15) , 0.759(s, 3H, H-18) , 1.143 (s, 3H, H-19) . °C
NMR (101 MHz , DMSO-ds) 6198.56 (C-3) , 171.91 (C-
5), 123.32(C-4) , 81.74(C-17) , 77.32(C-15) , 46.99
(C-9) , 46.79(C-14) , 39.07(C-13) , 38.75(C-10) ,
35.83(C-1) , 34.15(C-2) , 32.37(C-6) , 32.03(C-7) ,
29.84(C-8) , 28.86(C-12) , 26.53(C-16) , 19.98(C-
11),17.21(C-19), 15.33(C-18).

§ OH E % oH
0 2 4 6 8 10 0 2 6 8 10 0 2 4 6 8 10
t/min t/min #/min
(a) JEWy (S2MH) (b) =B (c) aifkr=ty

3 #FATMAE CICC40301 EFREL=HIHI HPLC H47
Fig. 3 HPLC analysis of the testosterone transformation product catalyzed by Curvularia lunata CICC40301

233 EEEHALZ W AN

AR SEERELAL¥I0 "H NMR |, °C NMR 258,
i C15 ML fE SR Y 27.43 A8 R 77.32,
SSCHRIRGE  C 15— KL S B RS Kl — 2, &k
F R AEIE (Hy = 5.609, Hys = 0.759, Hyo = 1.143) 11k
SRS E S SCHERIRGE ) C15—F8 LS M S Sl FAR
— 2 E A C15— L SE .

3 & &

A B HE (Curvularia lunata) CICC40301 BEWS
FEAL SRS W 2 | e 55 —4— W3, 17— T RN S2 i
I FH R 80RO (33 (HPLC) A g LR vk e i e
T AN BB AW, 5N - C1T o PR IR AT
Cldo 53k 4AD | CI5HLILEERE. Hibr=¥) C17a-¥2
FLZE A T A A AT I PA SE 2 R S (R 2 1
SR, Clao-F5E 4AD & MBS
Cldo— 333, 6, 17 =HiHY FE5RTA.

SE Lk

[1] Hoggl A. Steroids, the steroid community and Upjohn in
perspective: A profile of innovation[J]. Steroids, 1992,
57(12) : 593-616.

[2] Mahato S B, Garai S. Advances in microbial steroid bio-

transformation[J]. Steroids, 1997, 62 (4) : 332-345.

[3] Fernandes P,Cruz A, Angelova B, et al. Microbial con-
version of steroid compounds: Recent developments[J].
Enzyme and Microbial Technology,2003,32(6) : 688—
705.

[4] Bhatti H N,Khera R A. Biological transformations of
steroidal compounds : A review[J]. Steroids, 2012,
77(12) : 1267-1290.

[5] Murray H C,Peterson D H. Oxygenation of steroids by
Mucorales fungi: US2875132A[P]. 1953—12—04.

[6] Donova M V,Egorova O V. Microbial steroid transfor-
mations: Current state and prospects[J]. Applied Micro-
biology & Biotechnology,2012,94 (6) : 1423-1447.

[7] Borges K B,Borges W S, Duran-Patrén R, et al. Stereo-
selective biotransformations using fungi as biocata-
lysts[J]. Tetrahedron Asymmetry, 2009, 20(4) : 385—
397.

[8] Nassiri-Koopaei N, Faramarzi M A. Recent develop-
ments in the fungal transformation of steroids[J]. Bio-
catalysis and Biotransformation, 2015,33 (1) : 1-28.

(9] 30K, BRPERL, SRESC, 55, ST AR = 7 B R B
HERZERET ], MY, 2003,30(6) : 26—
29.

[10] EREHEHLR. 2EERZGA T 2305 [M].

(F#% 44 7)



e 44 -

B E TR SE PR, e B i A KA 32 3
—E M, AR R RFA et 0 e 1) A B T ALl e
TR R AL, BRI SR o 4 o - T e B
AAHELAR T, AT A 20 R A R T o o

7
3 & i&

AR St} | P RE TR | PRI it OB Fbit | BR Pk 2R
) MR RS2SR KRR RE, D
R = 50 SRR BRI R EE A-2 TR, FERE LR R
6 x 10°mL™" | FEAL I 60 U/g | R 1E 26 1 il FH
4U/g . K& 40% M4 F , SR BE S &
(207.73 £ 1.03) mg/L , A HEHI 4k & e S5 A4 T 1) e G e
i (434.62 £ 4.06 mg/L) TRET 52.18% , {H[A] i€
BHBER T T 24.58%. MULULIR L Kl
Sl 55 5 10 TR TG T A iy ot ol ) 590 DO [ WAk A e, R
AU AT IR A G e B 5 v A Tl R, SO RS
L b BT B R TR AL (R, TE IS
PrAs v, N ZRA 25 R TR | S & L 7
DA AR R B A FR I &, s
Pt B S A IE T . BRSNSk, B Rk A
SRS AT S RBE T R —EE R, A
W5 i A4 g A 7 Bl Tl bk, 25 ) B
RG3FA W E AR TR I B 17 v G A A T it
RIAT S BAE K i S 8/ 1 0 T 2B s 1 1 e
Fist, IRBVOLBT R 0 B, R RTRATT — 2P
AL
S 230k

[1] W, sk, =10, 2. KB TP E B i o
PERELT]. IEIRRLE, 2015,34(5) : 11-15.

(2] Wy, W& <ol sr FEH (0. BRI, 2006,
33(5) : 52-55.

(3] XUF50m. MG R s o 7 v s S i ) (0], s o
$:,2007(2) : 35.

(4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

REBEBREER H34% Hsl

Derrick S, Large P J. Activities of the enzymes of the
Ehrlich pathway and formation of branched-chain alco-
hols in Saccharomyces cerevisiae and Candida utilis
grown in continuous culture on valine or ammonium as
sole nitrogen source[J]. Journal of General Microbiol-
ogy, 1993, 139 (11) :2783-2792.

Mangas J J, Cabranes C,Moreno J, et al. Influence of
cider-making technology on cider taste[J]. LWT Food
Science and Technology, 1994, 27 (6) : 583-586.
FB5E, B, 440, 5. 2R AT i E AL
IELASAC I ——— [T 25 P XA = e M M 5 WA 12
PR 22 R S R 430 (7). B R, 2016 (1) £ 1-9.
SOETE. F [ AR I AR A T ROR r  23
Hrifse (0], AR dh K%, 2003 (2) -+ 40.

PRIR. 4 WS T Pl B i T2 HOR (0], & ah
2#,1992,13(9) : 31-35.

SRS BRSE, BAkE . SR AR Bk 1Y
W I). A TR S B, 2013, 33 (24)
82.

H 20, BRI, BRI AR A - HOoR [M] . dbst 4k
kAL, 2011 201.

RN, T, A, . BRI T IEERR T]. BR
i ,2006,33(2) : 46-48.

AR, X e, P SR E R R BESE (D] TR
i, 1982 (4) :33-37.

PEM, R E, SKRIRE, . I ORI E i i R
[J1. IhZRFR, 2008, 21 (2) : 18-20.
JEBOCE, 45 dhdh, B8, & BN R B K
RIS (1) —— il 300 7 W S K R A B P T
HEREAT Y], BRAR, 2015(9) - 8-11.

FARAE. BB AR M. JE5RT: A5 Tolk i i
#t,2012:237-238.

ERUSEE , EMEF, A, A5 0T i TR il s s
R RS R sz D], P IR 2017, 36 (5)
30-35.

EEREE: O 4F

(B4% 38 )

i A E R 2 Tolk ik, 1980: 600-601.

[11] Yoagioka H,Asada S,Fujita S. Process for producing
6, 140~dihydroxy-4-androstene-3, 17-dione amid 140~
hydroxy-4-androstene-3, 6, 17-trione from 4-androstene-
3, 17-dione using Myrothecium sp. ferm bp-4432 :
US5378611A[P]. 1992-11-27.

[ 12 ] Yildirim K, Kuru A. Biotransformation of some steroids

[13]

by Aspergillus candidus[J]. Journal of Chemical Re-
search,2015,39(9) : 546-549.
Kirk D N, Toms H C, Douglas C, et al. A survey of the
high-field 1H NMR spectra of the steroid hormones, their
hydroxylated derivatives , and related compounds[J].
Journal of the Chemical Society Perkin Transactions,
1990 (9) : 1567-1594.

RERIE: AR



