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ABSTRACT 

Sa-Hydroxylation of A5 -36-hydroxysteroids (of andro- 
stane, pregnane, 24-nor- and 21,24-bisnorcholane groups) 
was carried out by a Rhodococcus sp., isolated from a 
petroleum-containing soil sample. A large number of the 
investigated steroids was transformed into Sa-hydroxy- 
A4-3-ketones in satisfactory yields (50-90%) at high 
initial concentrations of the substrates (0.5-5.0 g/L). 
The influence of some structural features of the steroid 
molecule on the progress and effectiveness of the 
microbial transformation was also shown. 

INTRODUCTION 

Sa-Hydroxysteroids can be used as key intermediates 

in the synthesis of Sa-halo-IIB-hydroxysteroids, which 

as a rule have a high specific physiological activity (1). 

Despite the obvious practical significance of the 

9a-hydroxysteroids, the available information about 

cultures capable of achieving a selective Sa-hydroxyla- 
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tion is rather limited (2). The microorganisms producing 

Vu-hydroxysteroids are either fungi or mutant strains 

of Schizomycetes in which the enzyme system responsible 

for the destruction of the steroid molecule is inhibited. 

Apart from Vu-hydroxylation, however, the fungi also hy- 

droxylate the 68, 7a, 12a, 14a, or the 158 positions. 

We have summarized here data about the culture Nocardia 

conicruria (31, which hydroxylates selectively a number 

of d 4-3-oxosteroids at a concentration of 0.6 g/L, and 

the culture Corynespora cassicola, which converts 1.5 g/L 

androstenedione into Vu-hydroxyandrostenedione in yields 

above 70X (4). A Japanese patent (5) offers brief infor* 

mation about the capability of Rhodococcus equi to in- 

troduce a Vu-hydroxy group into pregnane A4-3-oxoste- 

roids at high concentrations. However, no mention is 

made of the substrate specificity of the strain. 

Using the culture Rhodococcus sp., we transformed 

the A5-3B-acetoxysteroids la-22a and/or some of their -- 

derivatives: the respective 3B-alcohols and A4-3-ketones 

(Scheme 1). The results are given in Tables 1, 2, and 3. 

EXPERIMENTAL 

General 
Analytical thin-layer chromatography was carried out 

on Kieselgel 6OFz54 plates (Merck, FRG) using a solvent 
system ether-heptane: No.1 (I:21 for compounds lc-3c, 
15c-17c; -- No.2 (1:l) for compounds 4c-6c 18~. No,372:1) --f -2 
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for compounds Ilc, 12c, 14c, 19c, s, and z; and 
No.4: ether-heptane-methanol -5:O.l) for compound 21~. 
The developed chromatograms were examined under 254 nm 
UV light or by spraying with a solution of Ce(504)2, 
followed by warming on a hot plate. 

Preparative separation was done using the flash 
technique as reported by Still and co-workers (6). Col- 
umn packing was Silica gel 40/100 urn (Lachema, Czecho- 
slovakia). The same solvent system as the one described 
above was used for elution. All metabolites were recry- 
stallized from methanol or acetone. 

Steroids la-14a (R=Ac), ZOa,b, and 22b were synthes- -- 
ized according to the previously described methods (i3- 
11). Dehydroepiandrosterone acetate, 3, androstenedio- 
ne, E, pregnenolone, =, A16-pregnenolone and its 
acetate, 3, 16a, 17a-epoxypregnenolone, 2, 16B-methyl- 
16a,l7a-epoxypregnenolone, 19a, menadione were purchased 
from Sigma Chemical Co. (USC cortexolone and its 21- 
acetate, 21b, were supplied by Akrikhin (USSR). The me- 
dia chemicals were Koch-Light Ltd. (UK) commercial pro- 
ducts. 

Melting points were determined on a Kiifler apparatus 
and were uncorrected. IR spectra were recorded on a Carl- 
Zeiss IR-20 spectrometer, and UV spectra on a Unicam SP- 
700. ‘H-NMR spectra were taken in deuteriochloroform at 
250 MHz on a Briiker WM-250 spectrometer and chemical 
shifts were given in ppm (6) relative to tetramethylsi- 
lane as an internal standard. Low resolution mass spec- 
tra were obtained on JEOL JMS D-300 spectrometer with 
chemical ionization Cisobutane) All isolated Sa-hydroxy- 
A4-3-ketones absorb UV light at 240 nm, ~-10000. The 
physical constants obtained are listed in Table 4. 

Transformation products G, 6b, z, s, 15c, s, 
and 21c proved to be identical inall respectswith the 
knownmaterial (3,4,7,11). 

Description of a Rhodococcus sp. 
Gram-positive, slightly acid-fast, occurs as short, 

sometimes branched rod forms (0.6-0.7 urn to E-10 pm) 
fragmented into coccoids upon prolonged incubation. 

Mycelium is not formed. Non-spore forming. Forms rough 
and lightly mucoid pinkish pigmented colonies on agar 
media. Pigmentation of colonies enhanced by light ex- 
oosure. Growth occurs at 18-37 but not at 45C. Resistant 
to 5X ethanol and 5X NaCl. Utilizes glucose, sucrose, 
fructose, glycerol, n-propanol, acetate, citrate, succi- 
nate, malate, and pyruvate as sole carbon sources in the 
presence of ammonium nitrogen. Does not utilize benzami- 
de. Mycolic acids are composed of 36-48 carbon atoms. 
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The coryneform was identified in The All Union Collection 
of Microorganisms, Moscow, USSR. 

Organism and culture conditions 
Rhodococcus sp. used in this work was maintained and 

stored at4 Con agar slants (corn-steep liquor IO g, 
glucose 10 g, agar 20 g, distilled water 1 L, pH 7.2-7.4) 
Periodic transfer (every l-2 months) preserved the cul- 
ture. 

Two types of fermentation media were used in this 
study. Medium 1 was the same as above with the agar ex- 
cluded, and medium 2 consisted of (per liter of tap 
water) corn-steep liquor 8 g, Na2HP04.12H20 4.5 g, 
KH,PO, 1 g, pH 7.3-7.5. 

Shaken cultures for biotransformation experiments 
(220 strokes/min, 28 C) were generated by a three-stage 
fermentation procedure. 

Stage I culture was initiated by suspending the sur- 
‘face growth from a 7-day-old slant in 50 mL of medium 1 
in a 250 mL Erlenmeyer flask, and was incubated for two 
days ; 5mL of stage I culture were then withdrawn to ino- 
culate 50 mL of medium 1 for a II stage culture. The 
stage III culture was grown in a 250 mL Erlenmeyer 
flask or in a 750 mL conical flask containing 50 and 100 
mL of medium 2 respectively, and was inoculated with IO 
volX of the 24-h stage II culture. 

Steroids were added to a 6-h stage III culture as a 
2.5% solution in dimethylformamide to a final medium 
concentration of 0.5-1.0 g/L. or as a powder with grain 
size of 5-10 urn and concentration 3-5 g/L. Incubation 
was continued for 15 h (c q 0.5-1.0 g/L) or 40 h (c q 3- 
5 g/L) after steroid addition. 

The entire culture was extracted three times with 
equal volumes of chloroform. The extracts were dried 
(MgSO4) and evaporated with heptane (2 X IO mL). 

RESULTS AND DISCUSSION 

The structure and in particular the position of the 

newly introduced hydroxyl group at C(9) of the Sa-hydro- 

xysteroids, was determined by the usual analytical 

methods (Table 4). 

For all 9a-hydroxy-A4-3-ketones, it was found that 
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the signal of the 19-methyl group in the ‘H-NMR spectrum 

appears at lower field, 6 = 1.31-1.38 ppm, as compared 

to the corresponding A4-3-ketones, 6 = 1.18-1.25 ppm. 

The absolute configuration of the Sa-hydroxysteroid 

2c was confirmed by X-ray analysis (12). - 

The unequivocally determined structure of compound 

&, the identityof spectral data reported for Sa-hydro- 

xysteroids e, s, and 21c (3,4), and the data obtain- 

ed from the IR and MS spectral analysis, led us to the 

assumption that the hydroxylation of the investigated 

substrates by a Rhodococcus sp. takes place at the C(9) 

position. 

Steroids of 24-nor- and 21,24-bisnorcholane group 

A microbial hydroxylation of a series of As-36-ace- 

toxy compounds la-14a was performed at a concentration -- 

of 0.5 g/L in the course of our investigations on the 

synthesis and biological activity of a new class of mo- 

dified polyfunctional steroids with an additional ring 

E (13). It was found that four versions of the microbial 

process are possible depending on the substituents in 

ring E and on its structure (Table 1): 

a) A’-3B-Acetates or their A 
4 -3-ketoderivatives are 

oxidized to Sa-hydroxy-A 4-3-ketones (compounds &, a, 

4J, 2, 7&, 12a-14a). -- 
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b) The process stops at the stage of A4-3-ketone 

formation (compounds la, 6a, e, ‘lOa). - 

c) The starting steroids remain unchanged, or are 

hydrolyzed (compounds e, 2, 2, &, 8b). - 

d) Transformation proceeds with formation of only 

Al ,4 -3-ketone (compound Ila). 

The hydrolysis of some sterically accessible primary 

and secondary acetoxy groups in ring E takes place simul- 

taneously with the changes in the A/0 part of the steroid 

molecule (compounds &, 2, 2, G, s, lob). 

The A5-3B-acetoxy steroids &, &, and IZa-14a were -- 

transformed to 9a-hydroxy-A4 -3-ketones with a yield of 

50-90X. The acetate 14a was transformed in a lower yield 

(40X) due to the presence of unmetabolized substrate 

(30%). 

We assumed that Sa-hydroxylation of the acetates la - 

and 4a-IOa fails to take place because of the very low -- 

rate of transformation at the initial stages, i.e. hydro- 

lysis and oxydation of the A5-3B-acetoxy group. With 

this in mind, we made use of the corresponding A 4-3-ke- 

tones : lb and 4b-IOb as starting products. Indeed, we - -- 

obtained the Sa-hydroxy derivatives 4c, e, and 7c with - - 

a yield of 40-60X. The remaining A4-3-ketones ‘IJ, e, 

and 8b-10b were recovered quantitatively from the cultu- -- 
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TABLE 1. Metabolites obtained from 24-nor- and 21,24- 

bisnorcholanic steroids la-14a -- 

Subst. 
Metabolites (X)* 

b4-3- A’ ,4-3- 
Starting 

No. at C(3) Sa-hydroxy- product 

A4-3-ketone ketone ketone (76) 

la - CH,COO- 

2a - CH,COO- 

3a - CH3COO- 

4a - CH3COO- 

4b O= - 

5a CH,COO- - 

5b O= - 

6a - CH3COO- 

7a - CH,COO- 

7b O= - 

Ba - CH,COO- 

Bb O= - 

9a - CH,COO- 

IOa CH,COO- 

Ila CH,COO- 

12a CH,COO- 

13a CH,COO- 

14a CH,COO- 

90 

80 

40 

60 

50 

50 

50 

40 

60 

(2O;:OH) 

(22,500H) 

(236-ooH) 

00** 

0 

0 

0 

95 

(22u-OH) 

0 

95 

(23-OH) ’ 

0 

0 

(20;-5oH) 

0 

95 

95 

0 

0 

0 

0 

0 

30 
* 

The sign ‘I-” means that no metabolite is formed, or 
that it does not accumulate in the culture medium. 
**The physical constants are stated in (14). 
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re medium. 

The results clearly indicate that the possibility of 

obtaining So-hydroxy steroids and the efficiency of the 

process very much depends on the structure and substitu- 

ents of ring E. At this stage, however, we are unable to 

offer any plausible explanation of this pronounced sub- 

strate specificity of the investigated microorganism. 

Transformation of androstanes 

The Sa-hydroxyandrostenedione, ‘&, was obtained in 

high yield from both dehydroepiandrosterone, z, and 

androstenedione, 15b, at a concentration of 1-3 g/L 

(Table 2). 

The effectiveness (40%) of the transformation of 

androstenedione at a concentration of 5 g/L was very un- 

satisfactory: 40% of the starting substrate remained un- 

changed in the culture medium. Extending the fermenta- 

tion period resulted in the destruction of the Sa-hydro- 

xyandrostenedione. 

It should be noted that all known microbial methods 

for obtaining Sa-hydroxyandrostenedione employ cultures, 

which convert 0.5-1.5 g/L androstenedione for 50-60 h 

(2,3). 

Transformation of pregnanes 

A considerable number of steroids with pregnane 
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TABLE 2. Synthesis of Ya-hydroxyandrostenedione, 15~ 

No. Subst. C Ya-hydroxy- Starting 
at C(3) g/L androstenedione (VA) product (X) 

15a CH3COO- 1 65 0 

15a CH,COO- 3 70 0 

15b O= 1 70 0 

15b o= 3 70 0 

15b o= 5 40 40 

skeleton, e.g. 16a-21a, 20b-22b, were transformed into -- -- 

Ya-hydroxy-A4 -3-keto derivatives by a Rhodococcus sp. at 

concentrations of l-5 g/L (Table 3). 

TABLE 3. Synthesis of Ya-hydroxypregnanes 16c-22c . -- 

No. Subst. C Ya-hydroxy- Starting 
at C(3) g/L A4-3-ketones (X) product (X) 

16a 

17a 

17a 

IBa 

IYa 

20a 

20b 

21a 

21b 

22b 

HO- 

CH3COO- 

HO- 

HO- 

HO- 

CH,COO- 

o= 

HO- 

o= 

o= 1 

60 

40 

60 

70* 

80 
** 

0 

70 

traces 

50 

50 

0 

0 

0 

0 

0 

0 

0 

0 

(2?OH) 

40 
* 

16a,17-Epoxy-206-hydroxypregn-4-en-3-one (15%) was iso- 
lated as a side product; the physical constants are sta- 
ted in (15). 
**A4-3-Ketoderivative, E, yield 75%, was obtained. 
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In the case of compound G, the activity of the 

strain is only revealed in the presence of a B 4-3-oxo 

group in the molecule of the substrate, as was shown 

earlier for some steroids belonging to the group of 24- 

nor- and 21,24-bisnorcholane. 

The 3B-acetoxy groups of the steroids 16a and 17a 

were hydrolyzed very slowly which prevented the accu- 

mulation of Sa-hydroxy derivatives. The transformation 

of 17a was more effective when the corresponding alcohol .- 

was used; the yield of the metabolite 17c increased from 

40% to 60% at equal concentrations of the starting sub- 

strate (3 g/L). In the case of the steroid *, the 9a- 

hydroxy derivative, s, was obtained only from the 38- 

alcohol. 

A comparison of the results in Table 3 allows the 

assumption that the protected side chain of the pregnane 

steroids (especially the dihydroxyacetone one) and the 

presence of substituents in ring D improve the stability 

of the Sa-hydroxy-A ‘-3-ketones towards a subsequent de- 

gradation (compounds 19a, ZOb, 22b). 

At a concentration of 5 g/L, the transformation of 

cortexolone Zl-acetate, z, proceeded with almost com- 

plete destruction of the substrate (only traces of 9a- 

hydroxy derivative were found). However, when the mena- 
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dione, which inhibited the reduction of the 20-carbonyl 

group 9 we succeeded in obtaining Sa-hydroxy-cortexolone 

in a yield of 50% (and 30% cortexolone). Marshek and co- 

workers (3) reported also a low yield of Sa-hydroxy de- 

rivatives from 17,21-dihydroxysteroids. 

The assumption that Rhodococcus sp. is capable of 

reducing the ZO-carbonyl group of pregnane steroids was 

confirmed by the transformation of 16a,l7a-epoxypregnen- 

olone, IBa. As a side product, 15% 16a, 17-epoxy-ZOB-hy- 

droxypregn-4-en-3one was isolated. Its physical charac- 

teristics coincide with the literature data for the 206- 

isomer (15). 

APPENDIX 

Dehydroepiandrosterone; 3B-(acetyloxy)-androst-5-en-17-one 
Aodrostenedione; androst-4-ene-3,17-dione 
Sa-Hydroxyandrostenedione; 9-hydroxyandrost-4-ene-3,17- 
dione 
Pregnenolone; 3B-hydroxypregn-5-en-20-one 
416-Pregnenolone; 36-hydroxypregna-5,16-dien-ZO-one 
16a,l7a-Epoxypregnenolone; 16a,l7-epoxy-3B-hydroxypregn- 
5-en-20-one 
16B-Methyl-16a, 17a-epoxypreonenolone; 16a,17-epoxy-3B- 
hydroxy-16-methylpregn-5-en-20-one 
Cortexolone; 17,21-dihydroxypregn-4-ene-3,20-dione 
Menadione; 2-methyl-1,4-naphthoquinone 
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