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Optimization of the transformation conditions for the 19-hydroxylation of
cortexolone by Thanatephorus cucumeris™

WANG Yu', ZHANG Fengyu"?, CHEN Xi', FENG Jinhui', WU Qiaging'"", ZHU Dunming' & MA Yanhe'
'National Engineering Laboratory for Industrial Enzymes, Tianjin Engineering Research Center of Biocatalytic Technology, Tianjin Institute of Industrial
Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

*University of Chinese Academy of Sciences, Beijing 100049, China

A The preparation of 19-hydroxyl steroids, the key intermediates for the synthesis of 19-nor-steroids, requires multistep
chemical reactions. Compared to the chemical methods, the 19-hydroxylation of steroids may be achieved with microorganisms
or enzymes in one step. The biocatalytic process avoids use of toxic reagents and solvents, and reduces discharge of waste.
However, the biocatalytic 19-hydroxylation of steroids has been barely studied. Therefore, searching for biocatalysts for
the 19-hydroxylation steroids is of great significance. In this work, we reexamined the biotransformation of cortexolone by
Thanatephorus cucumeris through isolating and characterizing the products, and investigating the effects of the incubation
and biotransformation conditions on the ratio of the products. In addition to the previously reported two products (19-OH-
cortexolone and 113-OH-cortexolone), a new product 78-OH-cortexolone was identified. The ratio of 19-OH-cortexolone and
7B-OH-cortexolone was found to depend on the biotransformation conditions. The optimal conditions for formation of 19-OH-
cortexolone was as follows: initial pH 9.0, medium volume 100 mL (per 250 mL flask), co-solvent N,N-dimethylformamide
(0.5%, VIV), adding cortexolone (final concentration 0.5 g/L) after inoculation for 36 h. Under the optimal conditions, the
concentration of 19-OH-cortexolone reached 117 mg/L and only trace amount of 73-OH-cortexolone was produced at 60 h. The
product 19-OH-cortexolone was easily purified by column chromatography. This work studies optimization of transformation
conditions for the 19-hydroxylation of cortexolone by 7. cucumeris and lays a foundation for obtaining effective enzyme

catalysts for 19-hydroxylation of steroids.
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STARAE AT ) T B4 0 19- SR Z Y, tnbis il . oK
AR FIER | B2 e, S SR 2 — K SRR R X K2y
A, 1943 3L 9 35 3 Ak 2 19 25 A AR b i) S 20 B8, R
b2 75 vk AT 190 FR e 3 A T ZE5-60 1, T A Ak ) — 4
WREE ST . BRI, AT LAME AL S AR 1k A W AT 1907 L R A
INF P B0 AE 0 R i 1 i R D B, S R R e S
X — 2 W AT AR EE R L.

KR TN B AL B CY PLOTE N Ak £ -4-45 -3, 17—l ({5
FR4-AD) Ak A MW R i F2 P, 19-OH-4-ADA 55 — 2541k
B e ] = A, ELAR X 45 B AR R R AR X B B, T 40k FA
RIS AL, Xt R T A A P L A 19614,
Hasegawa?5 A 0 4 153 2| — Pk 22 7% W 45 & ( Thanatephorus
cucumeris) , AL ALTTHE 2 P A= B A 32 72 97 19-OH-A]
FEEZMANIB-OH-ATHE 2 MM, 20120 804E 4L, Clark&E 58 1
WA AT B XT T cucumeris§E ALV FEZ RN 5E 0, 25 5 3%
PHIZ W AT FE Z AR B0 = M v, 19-OH-AT 8 2 A8 11 B-
OH-TTFE Z WA MY HL B IR FEARAE, 4EHF4E1.0: 0.84 (19-OH-AIHE
ZH  11B-OH-TT 4L L) 7,

KT SRS WM RO EE, 72T cucumerisXt ]
Fe LA FEATI90 3L Y2 Fe 4k e I opr, FRATT R BRBR T 7= 4 19-
OH-TJ L Z WA MI1B-OH-FI G Z AR A1, I 7= — A 5 19-
OH-TFEZ A B AHIE 7= 4, S BT 19-OH-T$E 2 M 43 5
gl AL PRXE, T B 2 A 5 SR MU AL & B A, o S
19-OH-"FL 2 #A M He ] 23 A B & e A8 . A T 48w H s
Y119-OH-T] 6 2 KA W HLAG, 9820 B 7= W0 i A= i, FRATI N %4k
S HEATHE RN AL, DTN o S 38 33 AN [R] B 1R 15 75 fn i 1k
F T B A2 0 B ok 48 5 OZ 1 TP 3RO 32 Ah il B8 S
fifh.

RS 7]

1l EfEERE

T Rl 22 4% W H ( Thanatephorus cucumeris) W H H
AXNBRCE G 0>, {98 2 5 NBRC 6298.

TR LA A4 S A B Bl (PDA) B 3R AR A7, ARG
FRILA R (g/L) « Hi%GHE25, MR 20, pH 9.0, 250 mL=
FAIEE100 mLI% 3R 3, 115 CHE K #20 min.

12 EFSHRLEHFMRL

HUPDA L A G 10 22 A% JE IR B, 55 TR AR 5 e F 4 o )
A EFFEM =AM, 30 °C. 200 r/mindg FE, — &0 EG
BRI T 20 (&R 0.5 g/L) , 4k 4E7E A IR
KR & Pl AT i1k,

HERF ZLAE T, YA DR 9 43 A5 1 Bl pHAE
R AR 8 3 0 R B AR 22—, L R B R Y A BT Y
FEARRE F7, M52 0 A 24 A Q3 0 7= W i 6 ™, TRt X

ApHIE I AT Ak« 435 8 A [R) 97 4 pH (4.0-9.0) A 1% 57 gk
(100 mLAEFEH AN A 20 mLEFFR3E) , B 3836 hig, 1h
Horohin A W5 FINN-H L H BE R (DMF) 35 f# AR 9,
JRWLMRERO0.5 g/L, B FIH0.5%, k2254072 h. %

2% T E% 861

WAL . 250 mLAETE 23 B AR [l 44 B 8% 55 3, B
FEILE pHoN AL S pHAE, B RKE 3236 b, o A T
SC FHHIDMF ff R, R 2R /0.5 ¢/L, B 7
0.5%, AkZe5 4k 72 h. AS R I3 00 T8 4 1 20 IR S | i R Ak
BEJIASTR], JRC 0 1 F5 e [ 2 5 ) 65 44 e fb i) — S ZL A
R R e X B R AT Ak T AR A AR S B A 4R
pHA ARG IR 56 R A AL 5 3 &) 435570, 12,
2436, 48, 60, 84 hJ5 # s I DMF i (Y, Ry
ZUE ]0.5 /L, BIEFIHER0.5%, AkZehE 448 h. Wiz 7
B EHARALEDLAR J5 i) 16 pHAE i s 2 5 vp (i 12 o iifk
J5BEW ) KEFE36 hn, AR IR, 0k BOAS [R] Bh % 7 K
ASIMBREE 7 R0 B, I 2u B8 0.5 g/L, Bl 77 FH i
0.5%, AL 4k72 h. BRI 2 IR eI AL G 9 1E
pHAH 3% 37 3 v CREM e WP fb J5 M it ) 359736 hig,
Jns 5 FIDME S fff (I, (R 283 1% 0.5 g/L, ARl
DMFI AN, 4k4L5:1672 h.
1.3 SthAiE

FEWN St SR A R SR FHHPLCYE . 43 A&
FAZE R OIR LR AE B, B2 mLA HLAHEET, A1 mLA fis
WIS 26022 pmA ML T 8. A% 4% Eclipse XDB-C18
(4.6 mm x 150 mm) L 35HE, 3 ShAR R B - K, SR AR BE Uk
Wi, 0.6 mL/min, 7530 °C; UV 254 nmA&G I, Bh
MR 25 minf i < K, 36:64 (V/V) 5 25.5 minfIfis : UK,
70:30; 45 minH B : 7K, 36: 64; 60 minHI i : 7K, 36: 64.
14 YRR BESEHL

HkL60-72 WG IR I AL 52 4, WA S &R IE o
B, UEVAE O R SR A B3R, UE T SRR LR LR A
B3R, A HURE ol TR 5 7% R AR 4, 4 2 BT 8 ) il % £
T . A& T AL Sh A EL A5 R F L < /K= 292 71,

25 RO I

2.1 7p-OH-AIEZMHEMELE

J TSRS BTG, 6% 58T cucumeriski Al
Fe AN FEAT 194 F L8 A e Nk AR e, BR T 72 A4219-OH-A]
FeZ AN FILIB-OH-RT L Z M1, I8 P4 T A4 —Fh ™=, %=
Y 519-OH-1T G 2 4 W i PR 5 23 . i ELAE % A A 7 v,
i BB 2 TR AR B TR L AL A 1 A8 4L, 19-OH-RT L 2 FA
AL G P HAE 25 Ok A R A (D) .

Bz G AT oy B M, ¥ N TB-OH-T[ £ £
#+. '"H NMR (CD,0D, 400 MHz) 6 (10°)5.78 (s, 1H) , 4.47
(dd J =53, 72 Hz, 2H) , 3.37-3.32(m, 1H) , 2.61-2.68 (m,
1H), 2.42-2.58 (m, 3H) , 2.25-2.33 (m, 1H) , 2.04-2.14 (m,
2H), 1.82-1.98 (m, 2H) , 1.74-1.61 (m, 4H) , 1.38-1.56 (m,
3H), 1.24 (s, 3H) , 0.92-1.03 (m, 1H) , 0.69 (s, 3H) . "C NMR
(CD,0D, 100 MHz) 6 (10°°) 214.0, 202.3, 171.7, 124.9, 89.7,
75.8, 68.1, 52.0, 51.3, 49.8, 44.3, 43.9, 39.5, 36.8, 357, 34.8,
31.6, 27.4, 21.8, 17.7, 15.6. HR-MS (ES+) . i {8 : C,H,,04
(M +Na) 385.1991; SZ{I{E . 385.1997.

7Y 78-OH-0] L £ ¥ 5 19-OH-1] 36 £ WA 1) B 1 I E i 432
i, RECT19-OH-" L 2 hr 4y B aliAb R, T 45 1519-OH-]
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Fig. 1 HPLC analysis of the cortexolone biotransformation by 7. cucumeris under different conditions.
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Fig. 2 Effect of the pH on the product concentration and conversion of
the substrate. (ll) 19-OH-cortexolone; (7)) 7p-OH-cortexolone; ()
11B-OH-cortexolone; (®) conversion.
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Fig. 3 Effect of inoculum quantity on the product concentration and
conversion of the substrate. (ll) 19-OH-cortexolone; (7)) 7p-OH-
cortexolone; (T]) 11B-OH-cortexolone; () conversion.
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(Bl) 19-OH-cortexolone; (ZZ) 7p-OH-cortexolone; (1) 11B-OH-

cortexolone; () conversion.

TP A B, 36 hZ )5 K A L A6 {H19-OH-r[ $E 2 F
FN11B-OH-ATE 2 by 7™ 5 3G i BE AN K, 78 7% k.60 hisf, 19-
OH-" L Z A FI11B-OH- 1] §6 £ Fi 7= i 15 3 e &, #1660 h
S, PIRR =P A T B R R, W HE T RE S T
PRAARXT = —2 AR, e SS9 1k 48 hiif, 7B-OH-n[ 4

http://www.cibj.com/ Chin J Appl Environ Biol

L S R A2 4



864

Thanatephorus cucumeris¥y o] ¥& Z2Hx 190 H 524k 5 -+ -+ SHH

A A IS AR . AR SO R, B A
KPR Ak, TB-OH-TTFG 2240 & A I 3 . PRI b i Ak i) (1]
$EHI7E60-72 h, 4 H T19-OH-FT$E L WA RY 4 i, H.7B-OH-A]
WG RK, % &I T19-OH-AJ 46 2447 7] 15 117 mg/L.
23 FYI9-OH-AI R MM BEAU REE

TE R R AL S F R HEAT3.8 LK IE, IEW Ok M B 50.5
g/L, $54k60 hjg &I i L B, HPLCK MK ¥ F5 1k =
90%, 19-OH-AJ $E £ #3115 mg/L, 7p-OH-FJ 4L 2 & &
K. FELCARAET, i ad— 254 )2 Hr kvl DLy 25 45 381 w5 4l 3 1
19-OH-FT$C 20y, S g5 - U .

'H NMR (CD,0D, 400 MHz) § (10°) 5.88 (s, 1H) , 4.47
(dd J =52, 79 Hz, 2H) , 3.95(dd J =26, 42 Hz, 2H) , 2.61-
2.83(m, 2H), 2.48-2.59 (m, 1H), 2.21-2.45(m, 3H) , 1.90-
2.01(m, 1H), 1.69-1.86 (m, 6H) , 1.24-1.58 (m, 4H) , 0.98-
1.21(m, 2H) , 0.68 (s, 3H) . "C NMR (CD,0D, 100 MHz)
5 (10°) 213.4, 203.2, 171.7, 126.7, 90.3, 67.8, 65.9, 55.2,
52.1, 49.3, 45.3, 37.5, 35.8, 34.9, 34.6, 34.4, 33.7, 32.1,
24.5,22.3, 15.4. HR-MS (ES+) #ip{l: C,H;,0s (M + Na)
385.1991, SZ{H : 385.1996.

e &%
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AR S T B R H AR T IR p L RV SIS B
5] DA KA HIL A 700 By 5 0T 4% 7= W B i B 0 e Ak R 1) 52
5 R E I, WA pH 9.0, 24 #1100 mL (250 mLAEIENE ) |,
B FE36 g HEEY, Y H0.5% DMF (V/V) B, Hifk
60 h, ILES19-OH-AI 4L 2 Fh & it ey, H7B-OH-A[ L2 F
K, TR & 7= b 19-OH-a $E 2 WA B L], 9820 1 7B-
OH-TFEZ M (A2 i, 3 2t — 25 A 2 M 40 B St vl AAS 21 i 4l
JE (1) 19-OH-1T $L & .

TEARWE RS R [, RATCIFIEX T cucumeristeE AN
[ 25 N A5G S A IR AT 005 AN 27, DL 3RAS 19407 FE S 2 A iy
FE R S ALl
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