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Microbial transformation of steroids: biological robustness of bioconversion
for the production of glucocorticoid hydrocortisone and its research application
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Abstract In this review, the author, who has a professional experience in the field of microbial transformation
of steroids in the laboratory for semi-era, focused on the glucocorticoid drugs, locus below antibiotics, and
hydrocortisone for research and development progress and tried to use the theory of biological robustness in
industrial microbiology for investigating two strains from mycelial fungi, Absidia coerulea AS 3.65 and Curvularea
lunata AS 3.4381, possessing high robustness in the biotransformation of steroids. The organisms were able
to introduce a C11B-hydroxyl group into the substrate Reichsteian’s S (RS/RSA) directly for the production of
hydrocortisone. In addition, the experimental results in this laboratory have shown that for the past 20 years and
more, a high yield of hydrocortisone-bioconverted RS was reproduced with 60% (g/L, m/V) by C. lunata AS 3.4381.
This balances the low efficiency of hydrocortisone-conversion process at home by using A. coerulea AS 3.65 with
45% of RSA (g/L, m/V). Until date, eight research cases have been summarized in the review, which demonstrate
that either breeding of strains or improving the biotransformation process to lift a level of industrial production of
glucocorticoid hydrocortisone at home, can be used for performance of the robustness in industrial economy in
the field of microbial transformation of steroids.

Keywords biological robustness; microbial transformation of steroids; Curvularia lunata AS 3.4381; Absidia
coerulea AS 3.65; Reichstein’'s S (RS/RSA); C118-hydroxylation; glucocorticoid hydrocortisone
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Table 1 List of the microorganism strains with capacity of
introducing directly C11B-hydroxyl group of Reichstein’s
compound S for production of hydrocortisone (HC)

= r \ ZE 27
rganism Substrate o Reference
(r/%)
Streptomyces fradiae RS — [7]
Cunnighamella
blakes%eena RS 35 (7]
Curvularia lunata RS 40 [8]
Tieghmella orchidis ~ RSA 49.5 [10-11]
C. lunata VKM F-644 RS 62° [15]
C. lunata VKM F-644 RS, RSA 60° [13]
C. lunata VKM F-644 RS 56° [16]
C. lunata VKM F-644 17a, 21-di-AcRSA 87° [17]
Absidia coerulea
AS3.65 RSA 45 [9]
C. lunata AS3.4381 RS 45 [9]
C. lunata AS3.4381  16a-methyl-RSA 55.5 [18]
C. lunata VKM F-644 RS 68° [19]
C. lunata VKM F-644 RS-B-CD 70-75° [20]
C. lunata CL-366/102 RS 65.0 [21]
C. lunata VKM F-644 RS-methyl--CD 55-58* [22]
C. lunata AS3.4381 RS 61.9 [23]
Absidia coerulea RSA 447 [23]
C. lunata AS3.4381 RS 57.6 [24]
C. lunata AS3.4381 RS 59.3 [25]
C. lunata AS3.4381 RS 56.0 [26]
C. lunata AS3.4381 RS 55.0 [27]
C. lunata AS3.4381 RS 58 [22]
C. lunata AS3.4381 RS-B8-CD 57.8 [20]
C. lunata AS3.4381 Substrate | * 30 (Rimexolone) [19]
C. lunata AS3.4381 RSA 53.3 [28]
A. coerulea AS3.65 + oo\ 52 [29-30]

C. lunata AS3.4381
* 16,17 ZHIHE-A7- (-5 ) MEES-1,4- 031 @ 2 b B4

* 16,17-dimethyl-17-(1-oxopropyl) androsta-1,4-dien-3-one; * analytical
data.
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X P Tl B AT A A A 2 AR HC A 77 i A
P, AR L2OIR BB AL B R TSR T IR AL B A i Al . i
HEAmNEE (60%) , 5 & 2K EMA M T AT H (AS
3.65) , KM (504E) H TRIRSA“— B4k E” £ = HS (%
45%) , &= P11a-OH-RS (KR EE, 25%) , {E a4
B E T BE TR T I P SRR R “S2 AR . IREHE
F WU BEE-RSA-HC & ik 28, FREHCENS R (19%)
HHEBRACT (27%) FE, Y RE8ANE Y B i 45 [
PSR F M 8§ 1% — 4AD—17a-OH- 41l — RSA—HC, L& #H
TR, B EJRR HE AR L EAS 3.65K K
RSAMIHTZ, B3R5 T EAMO B H S aEE 1L T
2. bR LT AEAS 3.65 T IR L RE T45%, RAZLHF. H
BT E PYHCR B CL 203K $I100ME4E 2], K HB 434y, /N [ Py fi
FA. T, I AR B N B A A L RIHC B AT
Tl A A T 1 428 L T

BE AN, Jif 0k H AT C11 8- 3 4k A: W a8t 4% 6 4 1 1 b,
B 7w IR R OTE R N se R I E B (Cunninghamella
blakeslinna) 35%j= 24, %[5 falt 4 4 2% FAH 4k %o /N v SR I 85
J& (Cunninghamella) B AT 7T Z 0k, JRBe2E 44 4R
TAARR/INER I IR 68k B E (Curvularea) WA T
k. 455 R I Re 0 B ERST| #EC11B8-0H. & /1A I
AT SR 81 A S 1055 VKM F-644, AL = WIHCH Bk B &,
B~ 14a-OH-RSE /D, = LU 3:1. ik BT 1) 4= ik 44
WR/NTOER IR, FEAL T AR SR B B 1 9T 4B 2 C11B8-0OH 1b
FEHC, AR B i EE (C11a-OH-RS) , /I Y &%,
T DI A4 N TR W, 230 H C11B8-OHAL A% 14
BE - HE B b B R PR A, ANiEA TP R P2 5, it
{1537 H 2 B VKM F-644 5 PR 18 22 42 R B 3 1 1 i
RN E e AR QA R AT T R E R, RBLE e E R
C11B-OH ALiE AR T B T 22, 1 &= W7 Ak il A T
ST BPIRIL T T 0 % B R 18- R L B AE AL AR AR
FEACEEAI A R SRS I (55 5 R0 i AL AT S5 1EAT T 3%
VR A e

201t 206 04FARHI, PSR ST LRS(A)CAHC . BB
FEAREFEPE 48R B B A7 M ik, 20 &8 T 3@ A= il
W ——/NEAR I R . AL E R (Absidia) ) MR, 4
RRYITRR/N T HLINE (Cunninghamella) Y75 ¥ L RSAL
B TFIHCHI RE 77, {5 2564k i% 1855, BA #1511 C118-0OH
B, 2R 2B HCE AL BT A 1R
X 33MR ALK B K AL AR, AU 73% I R B A HALE
1, ZEACK B A YILHC N T, B W0 3 5 BT,
o W B SL A B AS 3.65, ER K Tl A FEHCHY
TR, A5 % 45%, N R Y REE (25%) v EIRE R, &
P2 IR T0%. 181k L 7 57 J& 1 Ak 45 R oh 2 B0 vk A
B HARSABCAHCT Y188 77, Hr B s —#k 2 ¥ H

LHIFEAS 3.4381, FALRE J15k, FRYIHCITE R 45%, &I~
)3 FJEC14a-OH-RS. Wi k15 2 i A + Bk 5 (AL Sk 5
AS3.65, M 20t 70FEARWIHEN TAL R, e “—5
HeAkik” T2, FIARSAKEEAEF“HCH fi—HF 484, K
Pl A P A 28 A5 mE, ST K E120 m®, 30 mP, ELE|
50-60 m®, WFEkFI L EFA VAT s, FRIE Rk R 5
BEHCHRE M AL — (1000E/4E) , KB Hi, gtk E
2.

1T 4 Manosroifif J& 77 128 B il 8 /N e 873 ATCC 8688a.
5 /NI AR (Cunninghamella echinulata) F1307943%%
Ok AR C1MB-RAL T Tl X HFHILRSA HC-Ac (B R A 1L
ATA) IOVEREREAT A, 25 R R ZEICRIRIE (015 g/L)
T, CNB-EAL 724 (HC-Ac) 7=y 71 885.6%169.4% (24
h) . FU/NTARINE & (Cunninghamella) ¥ A B A 5 748 5L
KIICMB-OHMIEFEYE, (i T B %L RSAR A4, =4
HC-AcH{E ek, TEAE S5 R EFfn & i, #3818
WA E e, B BRACRAR . FEI D S IR EE AU 1
HEAE. %W 7T A T 3k P2 W 2 C21-OAc, RITER IR &AL AT
HIRS, T A Bl K R Y. {H & 24 ATCC 8688a’% {LRSA
JEVIIR FE RS INF1.0 g/LI, HC-AcF= K Bl 21 T M5 30% ) 7K
T W S B TS, T R AR AR SRR R, Tk
G E. REEN KGR SLEAS 3.65“— 57" K
FE #: AL RSAL FHC , &AMl — B 77 /2 B MRS A UK
PR EI <47, Al — %A L3 g/LKF. wf il Tk
Tl A 65 R e A TR b 3 DL e T2 I RE I 5 1, N AR
HALHCS P 4 BN E E N R,

Sedlaczek 55X H H 4 85 5 (b RSA P HC I 2R I 1
B AIIM28.1, 3T T 40 R AL AR -NTGAL 2215 A8 Ab B S
JiRAE TR A B A v, e R LR RO R AE AR FE AR, T AR AR T
s 4y BRIk Y B B RS AL RS HC I R 7R A 5 1 1 58
ARk TLCO T R B, 1% 28 A #k fik 2% % (K 14a-OH-RSEI ™
Wy, VR8I R AR MR T H 2 U8 CL366/302fISE A T 4
Pk, 7 {E60 LR FEGEVE T AR5, N JKPIRS 60 gilb T
Ak, A BGRHCHS §1l1A 24 AR EAE 1139.0 171 g, R
T T 2B R (W15 2240 591 9 65% F128.5%. i%— il £ LL 5 s
5K, HALRSAEFHCHIAS 1S R [ 1£65%. X 2ie4
TOFER, b i 2k H HCHRE 1 Bt AT 21, sk n] L, 324
Wt F E AR CMB-FR AL LR B LS, VIR ERET =L
A S e X e 3 P D AR A T A T R A o Rk
b, Toib 29 275 AS 3.4381 (= ATCC12017) , it £ 1 H
255 VKM F-644% 101t

Wz i H A B IM290 156 vk, M BINTGIA AR
A 3 AR TR PRAZ AN, SRAG AR ST i (0 S AR AR, O ik 3 BT
TR R AR, EFHBMRERCLI02/3R 4, IEWH HL
i85 2 L S R MERUT FOHC A HliE 1. b 9 A8 bk 7E60
L& T B e AL RS I 1) 2% 92 565, SRAFHCUAR % 65% 1) 7 7K
F J5 S0 34E JA ), A DL 3012 18 Bk (0 5 A i R AE T=HC IV B8
AT AR AR B ARk . FeWSR A S g6 s AT B, o R
8RG8 B TR RCEY R, SRR S B
AR RTE, fa] B o A AR R VAR AL T, DT
B SR MO B 1. RN A FH 2 4% 10 22 IR S A IR 35 774, (6 TR
B RE IR, HaXANE G 07 5 A itk B PRI R AR
PEIRARE. FIFE, N T IE BB FEARDNA, S8 “Hf” 185
FBL BUnTREE B WS 058 AR, W AE DA ik HE B 75 R 1)
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Dlugonskifi & 1 Bhgh H 25 76 8 1) i AL AR5 4, 456
M TV SRR B B BT AT B, 3R 4T T C1MB-FR L RS B
HCse3emr 7. 45 BB E IR 2 B AEREAE
FEICB- R JE AL 1 s 02 P51 R AR Ak A% AN T G 4k
S H G MR8 R AR AR AE £ 140-OH-RSHI 7~
W), TR] I T WA g 200 i €1, 25 PAB O 8] 350 1) e e 1k 43 4
iff S R 05 32 15 98 28 Wk T 52 4 16 S50 (0 9k %, 3 i C 11 B-F2 4k
filg & AR T LR 9, (R A AL RSFAHC = BE$ . I 4F
T TR A R R, B R AR RIS AR 7T A 23843 C11b-
PRI R, AR AL RSA K HLAT A A FEHC L HC- 2. Bk
W, Bl B A ECL-114 Y B S A KA-91 PRk e
FHEMEVKM F-6441F808 RAKM4A, C11B-F2 b =%
I3 M 5T 90% i /KPP

Kollerov s {# Fil ¥ A & i % VKM F-6447% #, LLC19-
& ke 241 (4AD, ADD, 9a-OH-AD) LA 2 C21-Z k5 &
%] (RS, RSA, C17, 21--0Ac-RS) 1E &, %% 7%
PR B Xk e Ak — R 45 R XT4AD. ADD
F19a-OH-ADKI AL 2 B 50 22 /A s 3 3L AL i 45 2, DA
14a-OH= ) N 3, 5 FRS(A)ILLC11B-OH ¥y, &
LT VKM F-64478 ¥k A= sl HCTE 7= R KR AE (43 51 60% Al
58%) " M K AL S5 A8 FINT G AL B R AL i iA, B B
e BTV SR O I, SRS AR A RMA. LA17a,21- X 4 FE-RS
IR AT A5, 51N e SR T g/l
R E 54k, C1B-F3E Ak == R a] LA 90%; 2
TR FE #)2 g/L, C1MB-FRIEAk P21 r= K 51 T B4 #145%.
R 1ZMAFRE SR bR AE 92 06 R B RE LA 25 1 N, LR
170,21- W LTE-RS, 12 LT+ =2 g/LFH3 g/LIF, C116-
OH-E77%) (HCHI7a-OAc-HCF= 4 77 28 ] 43 )] i 8 5% Al
76% (A5 16%HO) , SR RmHCE~R AR A+
Lb 151 1 69% M160%[1117a-OACc-HC = 4, 2545 — 4k 3 1
FEMAHIAF BIHC B B M[E 45 4 A FR ¥t &S 2. Bk
43B,17a,21-= L FEEE-RS, 24 #1k1517a-OAc-RS, i
FIHHT H % 55 15 C11B- 12 KL RS-17a-OAc= ), &5
IS IE RS BIHC, 7R =IA70%, H14a-OHE|
P2 W] FEAR SRR /K, H R F17a-OAc—RS #3744 BH A5 BH 1L
14a-OHEI~ it A= .

] P 5 R AR SR VIR SR | 20 25 2 e O A 1 B H S 1
B CL-MAEMRAE 9 R Bk, 8 B R A2 PR I UV-1542, 159 21
il WA T M 3 R A KR K A-91, X RSARELL A2 BEHCHI
19%.34.2%; RHIX FlJ7 X3k B C1MB-F2 FE LS J1 1 EF AR
MR, B KRB SN, R Ets Saal, B2
I, NI R A 24 T B0 R R R AT

ST E 25k A P HCK MR SR R B s 15 o, B oK
75 S AR T T BT S AR T 2E ) C 11 B- 3 5 Ak Bl 3T 1k F 9L«
FIFH Tl 2B 7 5 A Sk 5 AS 3.6 53E AT U V-1 48 77 1k 15 5k A
FRUV-84; i i 40 i 5 B%, IS IO IR 55 . B8 & . Tween-80
S, MBI AT T, 1875 Lk BEHE AL RSARI T ELI K,
HCF= 22 5 40 MIN12.1%. 13.4% P71 52 MG RL, SR~
HEAE 201 LT04FAC, B & XK M Tieghemella orchidis
(Absidia orchidis, 53 E Tk A4 7= 3 [F 9 7 42 7 5 (A% Sk
#AS3.65) , £300 LK FERES B 110 LR EERIR K 77, 5%
1455 g RSA JEMIWKE0.5 g/L) HIBFFt. TEHIMT: =
FEIHC " 2%£55-60%, & K JREE25%, 3 a5 (11CB-

OH+C11a-OH) =& iA $82.5%. 455 3k 151k )24 fu btk 11
HCF= Wi 19 5 49.5%, &7~ ¥)3R 1 R4 Ak 24 5 A9 B 1R
ATHIRS, WR13.6%. PIRIFE iR N63.1%" . % TR
RoEHE, R RICIRIR I, ST IE. Az, &
EHCR B, B NE M EI T2, A LR T 755
TR B, BISR A “— 04k e RSAFA R
fR{E80% L EEH, L2 IR 1A W5 (e AL FEAS 3.65 R TT RS
FRE|— T B, fHRBEE RE T, TS I0 R B M R % 55 7R
MIBEYITH (ZEE3.8%, VIV) BT #AL, RSAERYIIK
PERIL2.5 g/LBHE 5y, HCU IS %2 45%, FIlF= R K 25%. i
R, WEHCT HATF —BEAR R, E T %% R 2R
B 2R RSA, BLE “BE NG X HCH= 4 (¥ #4 B Al <5 4
KNE, EHERFEZRM.

] P 8 2 50K 22 5 1R SRR B AE PP HC B /K (60%,
JKYIRS) B A, Bl H 4 % AS 3.4381 (ATCC12017/
NRRL2380) . 143k “Hoe” R F, ¥RAEHEIA 2 EH 5L
HEKCE. B 19534 B 23 7 iR 38 F T A 45 8 Tk A 7~HC
PLR, 283 %o % B R AN i 1k T 2045 A I et oAk, BAE X
JEMRSHAL L1 1£90%, HCH fi 15 3R Fa i 1£55%-60%3E
. Z RS AR A R BT, R, TS .
2 A & BT 5577, SR FH WY B8 77 -S4k T2 JF it
17, B3 “— bk T2, it RS VR L 92
KB REAL IR Y, HCURS R C 4 T60% MK T (£2) . Xt
X R T A D A G HC A AR VE R WAAG, A AR ik k)

R2 FALMEAS 3.4381H - B M AN R L Reichstein’s{L & 4)S
el E S AT AR

Table 2 Results of preparative experiments on the level of gramme
amounts for the biotransformation of Reichstein’s compound S
into hydrocortisone in the mycelia & buffer media of Curvularia
lunata AS 3.4381

Mk i?’rﬁikﬁ%’ﬁ%iﬂ& i E’J I i
Batch BEALIT R et %
number Type of fermenterand HC net yield Organism
bioconversion media (r1%)
1-1 A 447 Absidia coerulea AS 3.65
1-2 B 61.9 C. lunata AS 3.4381
2 B 59.3 C. lunata AS 3.4381
3 (¢} 57.6 C. lunata AS 3.4381
4 C 56.0 C. lunata AS 3.4381
5 (¢} 55.5 C. lunata AS 3.4381
6 D 57.8 C. lunata AS 3.4381
7 E 58.8 C. lunata AS 3.4381
8 B 56.4 C. lunata AS 3.4381
9 G 61.0 C. lunata AS 3.4381
Gt i
Statistical AV =58.25, SD=2.21, N=9
analysis

A: 2 LYCESHE, W2 N IR R LRSA; B: 2 LUGEEHE, W22 %t
WA AR NFEURS: C: 2 LUHGHE, W 2252 /A AR 22 0056 7 51 i
{LRS; D: 2 LYLHEHE, 1822 5 ik R L% L RS-b-CD: E: 10 L
WIHE, LT R R T 5V ALRS: F: 10 LIBGHEE, HLLognh
WA AR AFEURS: G: 5 LEGH B0, WL MM TR R A%
1LRS.

A: 2 L glass fermenter, with bioconversion of RSA in a buffer media
with mycelia; B: 2 L glass fermenter, with bioconversion of RS in a
buffer media with mycelia in batch; C: 2 L glass fermenter, with twi-
run sequence bioconversion of RS in a buffer media with mycelia; D:
2 L glass fermenter, with bioconversion of RS-B-CD in a buffer media
with mycelia in batch; E: 10 L glass fermenter, with twi-run sequence
bioconversion of RS in a buffer media with mycelia; F: 10 L glass
fermenter, with bioconversion of RS in a buffer media with mycelia in
batch; G: 5 L auto-control glass fermenter, with bioconversion of RS in
a buffer media with mycelia in batch.
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Waliit <%

AR FEDEREYE CRENE? ) MTBERRATIT. 7k
R WAL B R, BUSRE IR G PR EIER, HARAT
TP . ERUL RO, AT A AR B MR A TS 1
WAL R U, 2 L P RE T A S AR Ak, DA e B
ARE AR 29 AW i, A R B S AR 254077 Ml 75 3R (R A i

2 TWEAHMEDHREEESEL
AR & E2EE (LI C 1B E L

T e A 0 g e R A A i 0 8 0 AR 2 2 R 1
FBLAIAE A, HH ARG 5IEw AR Ll g4 = a5
13 FHIERE. X — 16 Ll SukhoolskayaZs {8 it H 25 #1485 VKM
F-6443% P 5 22 K5 (8 /A YRS (A) i C 11 B-F2 S AL B ) & %
FNFEAC IR BT 2 AR Fe 45 11 % 701 DLig IR

TE L2 OIR B S R R I A R A ER BORL AR S S 1) BN
A B AL, A (B K PA50L i AL B 45 &R Y, 4t
 FEHNADP(H)-P450-i4 JE g, b A i1 4 g 52 1 i 7 %
F E 21 M . K P450, 5 a1 I U C218 A RSHIC11b-72 5k
1k

S+E=SE—P+E
S, SR PRI ENEE; ESNERS WYL B H (8]
2EW.

BTREEAEY, b ZIRAH, S48 ARNSR
IEB LR AL B B A 2 R & — 1", Bk R EHCA:
YA G S K SE BRC1B-FR R4, TN “SZ MR & —
PE” SECCANHE N WA AR, (RN T IR Tl
WAV SR, SEPHCHICMB- Ik TR E®
P, RIHE RGN AN S, B R G A B IR AR TR IR S R e
BE IR, A

D A MEVKM F-6445 bk & R 5 AL B B A 7T i
ST, BRI RS EF S A AEK R R,
B 22 AN B R DAY R S R R AL, T AE “UUER” AR R

il Z AMIEPE S 38 WA T A TR (Rl & A A B 77D A7
16, AR HALRSA HC (P23 50%) 5 1515 7% H LA ik
RAPTEA TN TR (PHAF80SHZ S Ak IR ROk e &4 T,
TEXTRSII24 hiL AL IR BRE B FLERHCT ) (= %25%) , X
AT IR H B B VKM F-6441 24K 1 C118- 5 7R 2 5L
TR S8R 1 R

(2) ZHEMRETAE AR KN, AXEAEREAR, &
LR HA T, R % A 22 PR R A 0 (A R B e v (1 R T
thiE 7.

(3) H ASHIFE VKM F-6443F 1 3 24K 7 51 356 #:1/L RS

VR E2 g/L) P AEHCIR K, R 1L24 Wl BHC &
40%; F24H AL  HHCF= 3 15%; 55 356 F AL 1 1b 35 1 BF
i, HCF=# & /b, RM1ZH AL F CMBR LA
.

(4) RS (2 g/L) #AC 225 52 3 1 B 1 1 22 7% 6. 30
minj&, 75 B 220 BRSPS B R, R &> (2.5%-
5.0%) , KHBH I 15 T 22 R B B, i 76 B J5 1948 hiE 4k 1
8], FEEPFET=PHCE HERAN B AN, 1£3150%-60%; [[]
B 220K N & 45 22.4% I HC = 4, Jo /b BRYIRS GZ 3By i
&5 7T F A 0.05 mol/L. pH 6.0f1KH,PO,-NaOHZz ik
HrEIBO - I S AR S A T ) BT R N7 2%-82.4%, H
P 9¢ C14a-OH-RS (10%-15%) .

(5) #AL T FERF B 2)72 h, PEHCIKR AR, HRWK
JE R s Ee sy, BT AR R0 E P Y HC e DU B i, H B« S
PRRR " R RIHC, AR — AL AK.

(D) HAAR R URYIRSIHF NI E 75410 g/LVEHl, #1k
FEPIHC= 2R AR, e A TR 1B+, RSTE10 g/L, 190
h5E AL, HCR= W= AN AT 35% (TiAH5%, 30% R 7715 1 22
RPN L AZFE A R A A S5 A A2 A TR 2 R R B A e -
MR B 1 A2 0 A R 3o 2.

(8) FrHZ VKM F-644 kR 2147 5 # AL &Y
RSHIRSA, JLC11B- {1 ¥4 F AL By LL i P 20 51821 pum g™
h'f17.0 um g™ h''. BARIRSYE R I B4k i W 3 i A 2
RSAPGF 2, o] Wik B RSTE N AL R E P2 HCZ & FE 1.

B A 5 R M RS AT E C21 2 Bk A6 3 [ 1 /K ARt 3%
11, B2 WEALFEAS 3.655578%. RSH M= TRSA, HH
THIEWE 2 “filk” BRI B, 3 mF = YIHCI =2,
Tl & 2 BB (IS B AR R s R A DA TSk, TR 56 4 A
7R T e R R R

YW E A+ Fk, —EHRHAZHER-WUFE-RSA
AWML, AHEEA L ERHASI.65M “— S bk 4k
FEHC. M F T SR 6 RSAMI M K s e, 5 T e i
RSA—RS—HCH#AL T2, H 77 HHCH) 46 % 5 2 15 2R A
H45%, N BRI =YK 5 FiiE (C11a-OH-RS, 25%) ,
I FH AR 223 TN L A T T T AR A BER PRI A S8 AR M R o
27 0, S EANENEHCAE KT (60%) AL, Tk 225 7K
SRR AN I S50, 1X 55 20 8 24 4k ik ek il 4
TZ, RIS m SRR =, BRAR SHRE, PRORTT A6 1 H A AH BE R
1%,

YT, 1E H HE A ANE 7O 4E 2 & AL 2 - A i
HIHARERE, HHTHER £ 7 B LY R = HCr”
s R, BUR TR E R VR, R AR AL oy, B R T
FHEE WAL T2 R A I Tl R A S, #RE
BRI TS, 1B 2 BB a% s Tk B2 (V0381 H 245 B2 AS
3.4381. ATCC 12017 FH & Py 1 i (522 L 55 AS 3.65, LIRS(A)
NIEY, AT T AEM LS ANC1B- R AL AEHC = M K 4
Ve PEAN D LB T B 9T (3R 2) .

FE TS 88 P B AR A 1) Ak 22 SCHR &5 5 40 WT, SR B ZE
KB TR AV AL W BT I 7 8, TEAE R A58
PEJE I :

CO ¥ A 3% 25K R A i A 70 B AL B B T E
17, BRI T R B AEK BT #8 S SO0 R A 807 WA =10
e R R (2) REA% B M 1% 55 00 A0OIR 25 1 220K 310 1 41 B )
i, R R R (RSB A 08 0 S B3R, R
TAE A K BT TR BT 22 A R AN R (3D T
TEEH BRI EE, PO ZHEM A K RE 44 (4 HE
JE AL EEAE, MTETH 2 K B GRS R YR B A SR 5 ]
WCEEALT= 9, BN 3B ek R AL A RIR A Wk
R BERER SR L (5) MR- HSEH R
A5, tetnpH. AR RES U RE ALK, SUEm
A K B3R 2 AF T aEAT RO

WA AT IR, SRS P 52 A DL R (5 3R PAS 0% (L B
I R E, WIE R LA 2 PASOR B i /E .
FRIEALEE TR HEM S S, AP RR 2R R TR
S MBUEY), O S0 IE W 5 R 52 Ak Bl X 5 A I M 7 A
BT IR E — M. Tk B B 55 AL RSELRSALE F2HCT iy
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M5, AEP A AT 38 SR G — P b 7 S5 R b 56 S 47 s B
CMB- R AL A S F 1, B RAE SRR
SEPERICB-FR AT B R SR v, BH Y TR HC o T 4514
CUB-FIEMITELE, S&i% 2R P& T ReTm M 1 < s pr e

AR R SCHR T 2 5 BT, 1 2 AT TE A O 42K 5
Wk TV A8 A 22 4R 2 T T AL RS HI & HC = ), I FR 85 & 1k
AR, B B PR Y ATl A 7 o B R R R HC
PR TR B R KR, BT H S EAS 3.43815 8 AL 1L
E 5T 80%, HCU 15 255%-60%. ML E A -K AR KT ER
Sz, W RS T AR T0%, HCU S HAIL T-45% (£2) , %
B EHCT= 31 1R A 0 ZE AT B P e LR etk T2 10 A8
W, LR R R A T R BT K

S A 3 S 56 =5 R[] P 1R AT 9 1 81 50 it 2 81 I Fg i e
e

1 BBz A [0 1 b o B 25 1 2 S B A AR )
Hly (CGMCCO) 13K 5 7 . B AS3.65F1 4T H & 15 ATCC
12017 9 R AR E . WG TR M G, &5t T RIS
335, P E B AHI20057, A KR IF)E, VKA (R
e HH. SRJE XS IX 2000 R B R, SR R A Ak AR
. BHAT TR O R G s 06, ik i ALK B AS 3.6501
BEARL3AIH H 2 15 AS 3.4381HI B MR S17T MR AL H & bk, 76
2 LB HSRES HHHT I 2 b A AR R LRSA, DL RS
R EAHIHCHI L BR3P 45 B W R 20 S 112, FI
TRIACIR E 9 2Tl B FH 2% B8 B, B0 7R R i AL RS A
HCU 43 24515 45%, LA & 3 ¥ AL RSHIHCI 3 % 60% (17K
S AL 28k T AE ) LR BT, 7553 AL IR RS AR
RS, HCY 15 26 H44.7%F161.9% 2, 26 1% 20k B #5112
RHCT=W N sh v A S et

(2) THSHEAS 3.4381H 24752 LAMO L-3 35 HE )
Z2 PRI AR R SRS R A AL RSHIHC PO gk g 5
7716-18 hifJiE 2 AE N AV AT, 752 L3R B WEAE T 34k
WRL K0 L33 & BEREVR, SEit4 Rk I XUEE P 51 AL RSHi1 4%
HCsL3. fHfHIb R MRSIEWIIRIE2 g/L; 45 B W,
A 72 0 A [l AT 855 47 R i IR 90%-95% , 75 il B T HC i
BRI LK RS 11 N55.0%. 56.0%F157.6%:; 1E10 LKk
T N58.8%. &5 F IR R WHIZIE I i 22 1 Ak I RSIE P Ik 1
K2 giL, RGP B vpl M e ALk &R, A R AL T
K. IR R IR EY SZIC11B-OH S N N 3, 38 T Bk 2>
T AREMIE I B C14a-OHEE, HG 1 N AW AL 7 I T5 B 22
FIFHBCR R AT SE s AL T “— Bk th A B3, A5
T m Tk & 5k

(3) b-¥F# K (b-CD) « HIEEb-IHHIFE (Mb-CD) —HEAE
SRR A AR S RIN . B 5 SRR B Y,
RT3 S R R S IR, T m R . GE RS
i T b-COBA B AREMEN W EFHCHWMNAH. KA
B HLMEAS 4381 N5, MR KRR TRE, BRI
PAEK B TR18 hifiE1E 22, JUE T 6 RS-b-CDEA Y 1) i
BR 2B A SRR &R A ACHI S HC, 25 B3R W% 7 ok R
W2 g/LIRE B3 g/, 2 LIRI R B R 4 se i e i
57.8% .

H 4, ChincholkarZ i #1 5 25 #15 VKMF-64 411 b6 22
1R AEAE b-CD¥ 1L RSIIC118-OH % B H#1E. 1£RS5b-CDLL %
791.0:0121.0:1.00E s &M AAFT, BN T I B g, [F] i
VAR T T8 2 3R AT BE R s ZERS-b-CDEE WL

FN1.0:0.6, KWK IE4 g/L, HCP=FNT0%-75%; Jb-CDTF
TERS, A N40%-45%. 1% 8 22 44 [ 72 70 i i TR A e R, B W
BN 2 R A e B

AR R E T R B S T 24k, FIFHMb-CDES
KA, BT HLRS-Mb-CDIIC1MB- S R F2 IL AL BT 7E . 45 %
HIMb-CDEJy £ A S 14 ¥ 1 v A vk, A B T Rl w1 o ik
FHCHIE LT MHEIANC1B-F 3T R W IK FFRS-Mb-
CDEEY (WAL EE#1:1, mol/mol) /N 120 g/L, 1£48 hitik
WIIE], AR RS AR HC ) 2 45k, HAR K ILC. lunata
W 22 AR IR ST . R T BB R UK A $EELHC
PR, SRR I TES5.0%-58.0% M B KT, AR PR BRI H
P BE Bk e W, b-CDR HATAEYMb-CDAE 5 [A] & 14
B WV RR IR Z AW, A HOh I 8 R R BRI R
TR B 170 38 B 25 10 25 1 22 A0 M e RS (R A, M S 25 i
WA AL R, A IR HCH AR P2 Rk B X —Z 784
Tt W T ol 555 A it 24 B e A1 T8 3R 358 1) A 45 e

(4) B HEEAS 343811 22115 L-3% 35 B4 (1) 2% v
WA B ZR, R BEALRSHIHC, 15 261.0% ©. x—#1{k
RHNGRAL TR 5 o AT Y B g Fe bR, WA NG A K B 9%
WI{ES LI EE R A AR, BOMEAR Rl 7R 32 i BN
PR R FETEMI RIS h, JRRES FR VU0 2 35 (0, AR5 157 5%
AR, ORI FRIR TR RO R Sk, 3 T716-18 hilfllal,
TS SR W RN B G, IR A2 USSR TR A B 3R W v v M T
LA (P IR AR BLs 3 I 3R N 2 PR R AR R AL UG L RS, &
B IR E A BHCF= Y, [FINS R . C14a-OHF= 4 th B A% 3]
BARAKYs G, B2 AR38 ioh B, ghal it PRt 2% [
W1, Yaderets® 8 7 2T 81 H 45 0 8 1 22 R S5 M 2 4k
T TR U B ) FA A 5 ) RO B AR K R I 22, BT
JRAYIRSHK EE4-6 g/ LIVl i IR AS IR B R 22 b A STk R F 4k
B TR K C1 -2 AL BETE M, 7 B AR K a0 0 2 22 80
T C14- 32 FEATE . 1B = SR AR a3 n T =X 22 0%
HITE 229 FE DL N 7 45 J@ 2 (0.35%-0.5%) I 32 1 34T 1 Hf
R, HER N T 2S8R N S E M 14a-OHE = 1. FEREERS
AL E RS, BB e I A K 22 T %2 Co® FICu B 2 AL i
PEVRET, s Ak, RN BEORNET G ZRORNEDS
BRAE 1% EE AR 2 A N A5 DARR AL, 25 R B H B S M1k
TER R — X AME S P “fiee” TR XBVr R H D
TR W 2R BOFTERE “DURN R R R, TiAREKEFR
S, SRk T C1BER FE AL BT 5 A R 5 R 9.

(5) BrAZHEAS 3.43815F Hi AL (KM C11b-75 3L
1. FIZEZE I (Rimexolone) , X ZEHEM T, & —F P
PRI BLRE R R 29, B B d R b gohag. ik
ST VE A TR S 16,17 —H 56 -17- (1-4 7 58 HE§5-1,4-
Tf-3-B G, AR SSRGS I C 1 B- AL AL SRR BTN
I, BT EMER. (HREXREA SR, EEH XA
LIHHEAS 3.4381NF KB Z, EHRUCOHT B 2 s i 24
PRAE D MEATT], 7 0 BR 25 PR AR &Ry, Yo |13 39 656
WEDHICB-LLLIL T 234k, 45K, SIREMFLT™
MZAHTLC. MS. IRELAZITHNMR S S5 88 mi, 5R26 %0

(Rimexolone) 584> —%, ik #F5 B Fr".

(6) W A AS3.65F1 T HE 57 AS 3.4381X 4
EFEFEARSARIHCH TP, R IR & T, 2RI
FH 5 (622 3 72 AS 3.6 5F1 37 H 45 1l 55 AS 3.4 38111 112 5 77 3 1
B2k, MR R St U E AL R R IR R, BAL S
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2

— bl C— AR ) ARAE RN & P e A
M A% 22 WRSABIRS I LK D IR, D& i X
B GIREAL T2, Spl 78 20 UE B S X (S 7R I RS AL
ANC11B-OH A E# M, BIRSA—-RS—HCAEY N T.id 2
JoR R S M. R R A RSARI C 11 B-F8 B4k 7 ik
80%.

TE PRI LB 20 25 W 15 65 4L RSASZ IO 0 98 B 0lt |, i#k4T T
5 LBY F R I it 50  fh S HOSE 6. 45 S 3% 9 E Bl Tween-80/ 74
SRRV TR R BRI, VIR IRV RSAR IR E3 g/L,
PR A T R A F A S A AR R, S B 3L IR T 2
BRI, PPIHCI S % 1K52%. R I6 45 B E I, T2
VERaSE, B LM AR M PR A0 25O,

(7) ¥ H 25 1#085 AS3.43813% M T 424K B 12 5% (L RS A
#HCP® . 3@ W a3 A S B M ALY ERS, 1A &2
RSA. H 5 RLET 1% B Pk T RSARg V2 /K iRt fg 17 %68 A £ ik i

A B AS3.6559, MIEIIH H S B AS 3.43810] DL E %
1ERSA, BH#EFIAC11B8-0OH, L RHCH ¥, fEFH L F 4 EE
B L F AS3. A8 MR M2 HiE T & 42k, &
Wk, SMINRRFER TR, H19 05V 224k, %EJJEE%RSA
B It Tween-80/ 74 = B (1 filf BR 2% 1R F5 1L R4, 165 L-
B TR BERE AT T SRR W HL AL RSAR 7 & il &l . 7=
WIHCYR 15 2243 511°852.1% 52.5%F155.2% % a7 W, % ¥ T.
SEHB T RME, BEPNAES R Tk R GRSk B AS
3.6501) “— AL #HALRSAT HHHCAU AT 45% I 15 2 5
8%LL . X RHIKT, BRI B S
B A S RE R KERSARE 71, I HL AT DAAE T 1 5 22 Bh 7%
JEA 1) Tween-80/ T4 = I (1 B 2% v AR &R, IR 58 il %
HERSA—RS—HCHI R M HEFE, X2 55§ EC21- 208t
b, 5 B AR A 1R R s MK BRI, FRAIRI = ) C14.a-OH
P, [ER RN .

(8) F il B A B H S 1B AS 3.438174 #k th [=] #f s

IJ‘TWMJ%%&E-EE@CW; OHKIBIN. ZFEL =)t 16a-H

SULTTIIRS, TR 28340 16 55.5%; 02 H i s 4k Jhi s — 45
&PEDTCH-g AD AN, HicR g C 1 a-2 3581 4EM)
Ty X R 25 Rl FERAATE R nT LR 0 1k 2 5 R A i
W §5 R i S A I R R B2, B A H AR AN IR B
R e

3 HEMEYHENEACMB-BEEUEHIERILE

3 WMEMELEERCHB-RELKEEM
BE IEEER

IR, B SR AED AL, SCILLARS & 451
FBUAWIENIEY), AR5 NC1MB-TREFEERIE, AR L FF ]
T T HE HCEE P2, WA S M A, FERE
TELREE (R3) . nfL, BLE BT SHRERNHASHE
B HGE W OASLE, B C1B-#2H{bEE /1, C11a-OH

(R EZED P el s AN R DR R SO W At g At
AKIIC1B-F2 AL RS J1, HCMB-F AL = Wy ali, {0 J2 54k
JIEEES, HATR B XA R B B A A AN IR AE

45 it

BrAZEAS 3.4381A1 (AL AS 3.65/2 [FH N 4hid
FHA TR, SR T A AR A RS LR, AW ERS
SURSAH B9 HEC1MB-F2 5, A 7= FL il bE 1 I R HC= i i)
PR, P E KT AT LK 20 200K B R A Tk AR
) LT ) R

K2R R TR 2R B, BAwZ MR E — 1 A
BRI R0 3k, H B 5% 43 H B AT 38 B Tl §88 PR g AR st
FERaE M, LA RIE BRI 45 AR O 1) v B AR S e Ve R k.
T 3CHR U T 437 ﬁ%frHH&M%%@E&P?%%HE%%%MEﬁ
ST L E R, SR ERTENEGRLFEAS 3.65H
22 L RSA, ﬁHC%E%J%WHK%%m% I IS
T H S AS 3.438118 £ & 1 #5410 RS, FeHCI 13 %k
60%I1) 45 3.

TE A R AL RSHIHC S BB Fe B fil b, B T00 % H 25
T 2R CUB-FR R RAE “YLRKE 77 &4 NG 31
KR, FESCIG R TERE DS T B2 B MR AR RS, 4
WA 7 (B2 58 1D #ALRS, 3t 9t o8 &2 #l % HCRE i,
K151 58.25%, FruE7£2.21 (N =9) Gt b 45 8.

A, T 20k 208 H # C118-OHE AL RS(A) £ i HC A=
Wy YRR AR, AT U T 22 4G P TR i A RS AR B
HC, $R1352% M3 R (E45%) 5 B Tk e &
[ 7 8, RIS W] B K R RSARI T H 25 18 AS 3.43817 1k,
SCHLAE T 22 R % v AN R R BB AL RSABCAHC = 4,

Table 3 Comparative capacity of microbial C11B8-hydroxylation of steroid by fungi for biological robustness

[CE4 RN YRS

C11 B-OHp= 7=

4 By-products SCHR

Organism Steroid substrate Products and yield (/%) C11a-OH/C14a-OH Reference
Curvularea lunata CL102/3 RS HC 65.0 W/ B4 Minima [21]
C. lunata AS 3.4381 RS HC 61.9 AR ) Trace [25]
C. lunata AS 3.4381 RS HC 61.0 /&R Trace [26]
C. lunata AS 3.4381 Substrate | * Rimexolone 40.0 [19]
C. lunata AS 3.4381 16a-methyl-RSA  16a-methyl-HC 55.5 /bRl P24 Trace [18]
C. lunata VKPM F-988 RS HC 55-65° A HEEIY) Trace [28]
C. lunata VKM F-644 RS, RSA HC 58-60° //%ﬁﬂ?% Trace [13]
C. lunata VKM F-644 (M4) 17, 21-Ac-RS HC+17Ac-HC  90.0° /b H Il =) Trace [17]
Tieghemella orchidis RSA HC 49.5 R JZ il Epicortisol (30%) [11]
Absidia coerulea AS 3.65 RSA HC 45.0 )% JiilE Epicortisol (25%) [9]
Cunninghamella blakesleena RS HC 35.0 AP Unknown 71
C. blakesleena ATCC 8688a RSA HC-21Ac 85.6 AP Unknown [33]
Cunninghamella echinulata F 1307943 RSA HC-21Ac 69.4 ¥ Unknown [33]
Cunninghamella RSA HC /i Trace K JZREAMH ™) Epicortisol (mainly)  [32]

* 16, 17 - HH-17- (I-E D B -1,4-705-3-1; ° 2T 5.

* 16, 17-dimethyl-17-(1-oxopropyl) androsta-1,4-dien-3-one; * analytical data.
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e S HARAT 53% T e W A9 A, B [ AU T oMb 1 A Sk
#AS 3.65 F*HC TV 1% =18%.

HIIR AR R >4 20, & R A AT T Rl A 400 5 4
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