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Transformation Pathway of the Progesterone by Rhizopus nigricans

Kim, Myung-Hee and Mal-Nam Kim
Department of Biology, Sang Myung Women's University. Seoul 110-743. Korea

ABSTRACT: Rhizopus nigricans produces

by Sa-reduction and 63-hydroxylation.

11a-hydroxyprogesterone with a unidentified
byproduct, which is hardly separated. Results of chromatography, IR and NMR spectroscopy
identified the byproduct to be 1la-hydroxy-allopregnane-3,20-dione. R. nigricans was found to
transform progesterone into a monoform intermediate, 11a-hydroxyprogesterone, from which 11
a-hydroxy-allopregnane-3,20-dione and 6f, 11a-dihydroxyprogesterone were formed respectively

KEY WORDS [] Rhizopus nigricans, progesterone, 1la-hydroxyprogesterone, 1la-hydroxy-
allopregnane-3,20-dione, 6§, 11 a-dihydroxyprogesterone

Progesterone®] 1la-hydroxylation& corticoste-
roid hormones®] Al F83F uh-g o2 (Fiesers}
Fleser 1959), Aspergilli®} Rhizopi®] AH4-75ol A

& B4 848 et} (Kieslich, 1980; Biharis,
1984).

Progesterone®] w|AE2 A3 wkgelx 1lo-
hydroxyprogesteroneo] 9]9] o8] FF2] £ ukg 41
2o A=Y AAEY TF FEE vAEY
Tt ubs 2ol weld bl Aspergillus
ochraceus Wehmer®} Rhizopus nigricans YSF 128-&
F 4kg AHER 6B, 11a-dihydroxyprogesteronedhS-
A4t (Monem¥%, 1969), Cladosporium clado-
sporioides®} Aspergillus niger 1719 2]&}e] 17a-
hydroxyprogesterone©] (El-Refai%, 1970; Sallam<-
1976), Epicocum purpurascens, A. niger 1003} R.
nigricans REF 129 52
kg AHEE A4E Y (Monem¥, 1969; Sallam
% 1971). =3 140-hydroxypregna-1,4-diene-3,20-
dione (Njars, 1985), testosterone (Sallam<, 19
73), androstenedione (El-Refai%s, 1973) % testo-
lolactone (Sebek%, 1962)2] YT Bu =g}

Rhizopus nigricans EhrenbergE progesterone
£ lla-hydroxyprogesterone &2 %3] 7|0 E&
a4 g4E Jele #F2  1la-hydroxypro-
gesterone®} 6B, 11a-dihydroxyprogesterone ©]$]el]
E 2 F2rt FA3EA 4& viEhal steroidE AAIF

o} (Kim# Kim, 1987). o] %13} uh-g-o] 8 YA L&
11a-hydroxyprogesteroneo]™ 2jefE e} g2 A4
7] wj el 2 e=7} vl Fotek gk Steroids®]
el ik e ZlthEa v AAIHelt

B ATFoA 2 ko] B m]El steroidE 11
a-hydroxyprogesterone .2 H-E{2] F-g]7} £3] o7
FBE o] A YL 7hat JAF oo} e} o]
& $13ted= progesterone A3 w39 A2 E 71
3lodo} slw] ulelr] m|&ql steroide) o) H3] &
Tt

¥ ATl M= R nigricansdl] 2)3te] progesterone
2z 5e AR n]gql steroidE chromatography,
IR % 'H-NMR spectroscopyZ ©o]-8-3te] 53] 319
2.m, progesterone] Fgkof| W 7} AHE-2] A A

< #ildh

Mz o

Progesterone Z & HI2

PDA A v x| A vl k=l Rhizopus nigricans®)
A et 1 ml (5.0X10° cells/m/)E 50 m/2] YA
¥l 2] (Hanisch-, 1980) o] &3} 28C, 180 rpm 2
rotary shaker (Lab-Line 3579) | 4] 144 7} v oF5}e]
TAHE EvlskT) o] FAH 0.5 g (F53) S 50
m/] ¥k (A w)z]) o] ‘@3 F-A]el| progesterone

(HFF% 005 g/N& FUske] wHEAIAT ke =
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Fig. 1. 7ime course of progesterone transformation
(Kim and Kim, 1987).
A —aA: progesterone
@—®: lla-hydroxyprogesterone
B—MW: unidentified steroid
*—%: 6B, 1la-dihydroxyprogesterone

AL dAH AR 24 A stedck wkg F
steroids®] F&-& Kim% (1990) 9] wh#} 5dsA
saick.
Chromatography

Thin Layer Chromatography+ Merk 60F-254
silica gel2 =¥ plate Aol A A8l o)uf &
wf A o] 2L

1. chloroform: cyclohexane: ethanol=46:46:8

II. cyclohexane: acetone:chloroform=62:21:17

IIL. ethylene chloride: acetone==80:20
2 2k 7 osteroidse] A7) x4 254 nme) UV
lamps} KI/I, A& o] §-3te] galdlgic) 7t
steroids & chloroform, cyclohexane, ethanole] 46:
46:8% o] Fo1zl A& o]-4-3}e] TLC rod (latron
SII) Atell A 703 ¥ Flame lonization Detector
(Iatron latroscan TH-10) 24 A=k 3t¢d = HPLC
(Kim$E. 1990) = ® 3o} AHg-3boict.
IR g '"H—NMR Spectroscopy

IR spectrum-2 TLCAtell A HE-2l5l 235 AHws)
Al Feld F KBr pellet ol 3A1A Lot 'H-
NMP. spectrum-> tetramethylsilane & X5 EA=Z
slo] 2 stetA] ol%-& £A 312w chloroform&

S 2 AHg-3hgich
#n ¥ @

R. nigricans*| 9]& progesterone A3 Hk-&-2] A
o

€& 1la-hydroxyprogesterone, 6B, 1la-dihydro-
xyprogesterone ¥ ]2l steroid 2 A =™ Fig. 1
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Fig. 2. Chromatograms of progesterone (a), unidentified
steroid (b), 11a-hydroxyprogesterone (c), and 6
B 77Ta-dihydroxyprogesterone (d). A: Chro-
matogram of HPLC (numbers indicate elution
volumes) B: Chromatogram of TLC.

2 progesterone 2 Z4-E| R nigricansel] 2]t} A
== o] EAE9 A wiztE Jepdic} (Kim# Kim,
1987) wH-§-A17k 10417} o] F5-8 v] &l steroid7} &
E3lA el AAEE o 7 glam, o] ukgel AA
2] 345 ¢Jsto] o] Ea9] identification 3]
S F=)

Steroids2| Chromatograms

Fig. 2+ TLC2} HPLCo) ¢)3}ed £-2]5 steroids<]
chromatogram-& <7t vfepdict & -5 25 pro-
gesterone3} 6B, 1la-dihydroxyprogesterone-2- £-0]
3HA B2 =99y 1la-hydroxyprogesteroned} 1
gl steroidw= §HAIE cheFatAl W AFSl=
E73}aL Table 18] f-AHF R, 322 B8 o 5 Sl
npe} zro] F-2|7} A o] Fox|A] sttt 1 BE F
o] FAL vl FAE Ao gt Hglok =3
Table 19l vebd npe} o] wjskel steroide ohE
AAABEAEINE @] 254 nme) UVE 79 F31A|
tomg o] BAe] FxolE C=C bond7} §1& A
o2 Aats #at olz}l TLC Aol Fejd AAEA
S KI/LEH A28 o 435 A7zke] Sallam
5 (1970) 9] ZA}el dAspd o2 v]#el steroide
11a-hydroxy-allopregnane-3,20-dione 2.8 F4 =]}
IR % 'H-NMR spectrag o] §-3}ed o] 39| +2&
oz o) & Flstizl st
IR Spectra

Fig. 3 ¥ Fig. 4= 1la-hydroxyprogesterone®} un-
known sample2] IR spectrag 7tz bt 16007
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Table 1. The R; values and colours of the different transformation products.

Steroids R/X 100 with solvent system Colour after treatment UVass
1 11 111 with KI/L, absorption

Progesterone 89 90 86 brown +
11a-hydroxyprogesterone 64 75 61 deep blue +
Unidentified steroid 67 75 64 grey
6B.110-dihydroxy- 36 38 45 pale brown +
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Fig. 3. /R spectrum of 11a-hydroxyprogesterone.
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Fig. 4. /R spectrum of the byproduct to be identified.

cm F-oll A sharpdt &4 peakt C=C bond?)
stretchingol] 93t Z°]® unknown sampleo)| = o]9}
2L FF peakr} JehtA] igten g ofe] Asts
A = ek 34007 cm F-2elA Yehbe 5
peak= —OH®] stretchings] <& Aoz =
sampleol| 4] fAFE $1x]ofl A Yebdg o 5 9ok
16807" cm #2] peakt =C=09¢] stretchingo
9J3te] F55 ZHolH 1la-hydroxyprogesteroneo] 4]
= & peakd splittinge] UeJtor} unknown
sampled] A= &Y peak® ey} o] 1la-
hydroxyprogesterone®] 3 2 20 ¢/ 9] carbonyl”]

o M

Assignments (No. of Proton)

a. 0.69 ) b. 0.75-2.10 (17)
c. 120 3) d. 213 3)
e 220-2.70 3) f. 574 0

Fig. 5. '"H-NMR spectrum of progesterone (Aldrich
Library of NMR Spectra)

ZFol A 391%19] carbonylZ]7} 49]12)2] C=C double
bond®| <3 o} I F peak?l splittingo] o
ol ez Rolw unknown sampled 1lo-
hydroxy-allopregnane-3,20-dione>.2 £ #$ 3 2
20 12l Q= carbonyl?] Fjdl€ ol ¢} e 72
7} §leB 2 ol F< peaks} vehdtlm weta &
St

H—~NMR Spectra

Fig. 5 Aldrich Library of NMR Spectraol] 4=
£ ¢] 3= progesterone2] '"H-NMR spectrum} z+
carbonol] Ag= 9l $47} YellE chemical
shift datao]c}.

Fig. 63} Fig. 7& llo-hydroxyprogesterones}
unknown sample®] 'H-NMR spectrae]c}. 5.8 ppm
#1214} chemical shift= 4912)9] gt A=e] 9)
= 4ol d33h=d 1la-hydroxyprogesterone #-=
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Fig. 6. "H-NMR spectrum of 1 1a-hydroxyprogesterone.
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Fig. 7. 'TH-NMR spectrum of the byproduct to be
identified.

Z2] unknown sampleoll& ©] peak7} Yeh}z]
okt}. o]+ unknown sample-S 11a-hydroxy-allopre-
gnane-320-dione 0.2 2 75 49) % 2] ghdo] Bo}g
4% 09280 ppmel AA vehhe ofe] peakel
syl wFolc) Fig. 59 progesterone NMR
spectrumo A 11$]1%]2] o] ZAFHE F4E b
peakell &3skAwk  Fig. 62 1la-hydroxypro-
gesterone?] 11412 ¢] tazo) AFH G4+ 4.0 ppm
F-Zell A 2 peakE et AE 22 olfrelth 1
32 ppmell A Yels= sharpdt peake 18$1%]9] &
Zefl Aol oy Y Fie o3 el
unknown sample®] 7-$-oll B]3}e] downfield% o 2
k7t olFH deS ¥ 4 3k ol= unknown
sample& 11la-hydroxy-allopregnane-3,20-dione 2. =
£ 7% lla-hydroxyprogesterone2 4$1x2] C=C
double bondell 2J3t ring current®] deshielding
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Fig. 8. Time course of 17a-hydroxyprogesterone trans-
formation.
@ ——@: 1la-hydroxyprogesterone.
B——Mm: llo-hydroxy-allopregnane-3.20-dione
*———%: 6, 1la-dihydroxyprogesterone
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Fig. 9. 77a-hydroxylation of ba-pregnane-3.20-dione
as a function of reaction tme.

effect® °]?'5]'°% downfield #o.2
o7 gehd 4= glrh
A 1la- hydroxyprogcsteronc—% 11912] 9] ghano
A=) gl F429] peak areast H A 424:9] peak
area®] *c}tﬂx-i‘ﬂ HL P o] BAe 4 e 0NE
g9l¥ ) unknown sample®] 7Z$-o& 3270 = AxE
52 2 lla-hydroxy-allopregnane-3.20-dione®] 4
o} JAEFTE & ¢ AUrk
o]Atel Axtg BEf v]gtal steroid+= 1la-hydroxy-
allopregnane-3.20-diones! 7 2.2 #ald 4 )} o]
steroids A. suniculosis, R. nigricans REF 129%-°ll

°olF stal7l W&
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o3t} YAty Busdoyt (Monem%, 1969;
Sallam, 1970) 10% w]wko 2 77 AJAjeke B of 7o)
A3 (Fig Dehe 92 a%olgdr)
Progesterone transformation 82 HzZ

Fig. 82 005 g/l (F3F¥5%) 2 1la-hydroxypro-
gesterones 7|AE  ddgw whE AHEY 74
H3E et} 1la-Hydroxyprogesteroned %1%
7} ZAagel] we}l 1la-hydroxy-allopregnane-3,20-
dione?] ¥ A3 6B, 1la-dihydroxypro-
gesterone= 7|3 A& o 4= 2o} 11a-Hydroxy-
allopregnane-3,20-dione¥ 6f, 1la-dihydroxypro-
gesterone-2 Z+7t progesterone 2] T 9] x| ol| 4] W& o)
dojd 72 (G} Ciy, Cot Ci)ol7] wiol
progesterone 22 €] 7zt7} 5g-pregnane-3,20-dione
(Lefebvre, 1974)3} 6B-hydroxyprogesterone (Sch-
neider 5, 1974)9) F7F AHES 7H A" %
ek AAZ R nigricans+ Fig. 9ol el ufe} 7o)
Sa-pregnane-3,20-dione 7] A2 3l & wf ko)
11a-hydroxy-allopregnane-3, 20-dione$ 243}

_X_-‘
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t}. 22y R nigricansol] )3 progesterone 3 Ak
dione®] A& A& FAHA] WPo BT o] EAS
7t AAEZ 3t [la-hydroxy-allopregnane-3,20-
dioneo] A=A 4&& 5% 4 3} 6B-Hydro-
xyprogesterone®] 1la-hydroxylation®. 6B-hydroxy-
progesteroneo] HFS-E Lol 7EE A ¢kgomz
6B, 1la-dihydroxyprogesterone®] A4 727} o
+ o T 3ok 18 B2 R nigricans+ Fig. 13} Fig.
8] A= FE o33} & progesterone A3+ uk-&
AEE velig sk

1la-hydroxy-

. allopregnane-
la-hydroxy- 5a-reducﬂy' 3,20-dione
lation 114 hydroxy-

Progesterone —» progesterone
6ﬁ-hydr0xyh%

6.11a-dihydroxy-

progesterone

2

Rhizopus nigricansoll 2]3}e] M= 1lo-hydroxyprogesterone & )7kl whe} 1la-hydroxyprogesterone 2]
7] ofe) & F4bEe] @7 A4 =k Chromatographyst IR 2 NMR spectroscopy & 348+ A3} o] Zale 11a-hy-
droxy-allopregnane-3,20-dione 2 2 54 S 3lt}. R nigricans'= progesterone 22X & monoform2) intermediate @ 11a-
hydroxyprogesterone 7h& M43k, o] 1la-hydroxyprogesterone e So-reduction® 6B-hydroxylationsl] ¢]3}e] 11a-
hydroxy-allopregnane-3,20-dione} 6p, lla-dihydroxy-progesterone ©. 2 &= w8 A2 2 el 7322 49 g
At

A} Al

B ATE BFePARAT] 2| (891-0407-029-
2ol #lsed SaysIglon] o)e] ZHAb=gIuc)
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