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A common reaction in the action of microorganisms on steroids is the reduction of the 20-oxo group of pregnane
compounds [1]. In this process, the majority of microorganisms studied previously form 208-hydroxysteroids, while the
reduction of 20-oxosteroids to 20c-alcohols is found only in the case of Saccharomyces cerevisiae (Ale-dehydro-proges-
terone yields the product of a retropinacolone rearrangement containing a 20c~hydroxy group [2], Rhodotorula longissima
[3.4], Rh. glutinis [5], Penicillium sp. [6], Bacillus megatherium [7], and Cylindrocarpon radicicola [8].

Microbiological reduction of 20-oxosteroids is distinguished by high stereodirectivity (only one epimer of the 20-
alcohol is ever formed). In 1966, Kogan et al. [9] observed that Actinomyces roseochromogenus is capable of reducing
some 17-oxygen-containing pregnenes to the corresponding 20ct~alcohols.

We have attempted to find whether the capacity of A, roseochromogenus for reducing 20~-oxosteroids to 20cc-alco~
hols is unique or whether other species of actinomycetes which effect this conversion exist.

Cultures of actinomycetes were grown on a nutrient medium containing starch and mineral salts. To the growing
culture was added an alcoholic solution of the steroid under investigation, and fermentation was carried out for three
days. After the usual treatment, samples of the culture mass were chromatographed on micro plates coated with silica
gel [10], with authentic samples of the corresponding metabolites as markers. To show up the steroids, the chromato-
grams were sprayed with sulfuric acid and heated. The 20-epimers with similar or identical chromatographic mobilities
were distinguished by heating the chromatograms with Lugol's reagent (see Experimental).

In the first place, we tested actinomycetes capable, like A. roseochromogenus, of hydroxylating proges-
terone (I) with the formation of 16«-hydroxyprogesterone (II). It was found that all actinomycetes (24 strains of
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20 species) of this group on fermentation with 17c~hydroxyprogesterone (IV) reduced it to 17e, 200 -hydroxypregn-4-en-

3-one (V) (table).
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Eight strains of actinomycetes of this group, on fermentation with 17c -hydroxyprogesterone (IV), formed not only
the 20a-alcohol (V) but also its 208~epimer (VI). Only A. olivaceus and A. viridis were capable of simultaneously hy-
droxylating progesterone (I) in position 16 and reducing it, with the formation of 208 -hydroxypregn-4-en-3-one (lI).
These species of actinomycetes are also distinguished by the fact that they are incapable of transforming 17e -hydroxy-
progesteroine (IV).

Another group of actinomycetes investigated includes those reducing progesterone (I) to 20B-hydroxypregn-4-en-
3-one (IlI). The fermentation of cultures of these microorganisms (23 strains, 19 species) with 17o-hydroxyprogesterone
(IV) shows that they all reduce this substrate to 17¢, 208~-dihydroxypregn-4-en-3-one (VI), and 10 strains form not only
the 208-alcohol (VI) but also its 20a epimer (V).

Thus, a definite relationship is found: actinomycetes that hydroxylate progesterone in position 16c, as a rule,
contain an enzyme reducing 17¢ -hydroxyprogesterone to the corresponding 20ai~alcohol. Consequently, it may be pre-
dicted with a high degree of probability that species of actinomycetes other than those that we have studied which per-
form the 16a -hydroxylation of progesterone will, on fermentation with 17a -hydroxyprogesterones, lead to the formation

of the 20c -alcohol.
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Results obtained show that the capacity of reducing 20-oxopregnenone compounds into their 20c -dihydro deriva-
tives, previously known for only a few microorganisms, is characteristic of many species of actinomycetes. The 20a-
alcohol is formed only on fermentation with 17c-hydroxyprogesterone (IV), of the two substrates that we studied.

As previously shown [19], for the reduction of a 20-0xo to a 20c-hydroxy group by a culture of A, roseochromogenus,
the molecule of the steroid substrate must contain a 17-oxygen function, This requirement apparently extends also to the
transformation of 20-oxopregnenes by other actinomycetes [not one of the actinomycetes used in the experiment reduced
progesterone (1) to the 20c-alcohol].

Apart from the metabolites mentioned, many of the cultures give other products of the transformation of proges-
terone and 17c-hydroxyprogesterone but these are formed in considerably smaller amounts and we have not yetidentified
them (see table). No transformations of steroids by cultures of A. caprae, A, streptomycini, A. flavus, A. venezuelae,
A. gibsonii, A. cinnamonensis, A. flaveolus, A. celluloseae, A. citreus, A. gongerotti, A. intermedius and A. odorifer
have previously been described.

The results obtained for some species of actinomycetes differ from those of other investigators in relation to the
capacity of these organisms for transforming steroids. Thus, for example, Vondrova and éapek [11] found no steroid me-
tabolites from the action of cultures of A. celluloseae, A. citreus, A. griseolus, A. intermedius, A. odorifer, A. flavus
and A. venezuelae on progesterone.

However, these authors carried out the fermentation of the actinomycetes with progesterone on a nutrient medium
with a composition differing substantially from ours, which explains the different nature of the transformation. Moreover,
the strains of the microorganisms are not mentioned in the Czech workers’ paper, and it is not excluded that the differ-
ence in the behavior of organisms of a given species may be due to the fact that we used other strains of the samespecies.

In favor of the latter assumption are the results of fermentation of cultures of A, annulatus, A, chrysomallus, and
A, sulfureus with progesterone on a nutrient medium (analogous in composition to that of Vondrova and Capek), which
do not differ from the results that we obtained in the main series of experiments on a starch medium.

Experimental

To obtain the seed material, 500-ml flasks each containing 100 ml of nuirient medium [2 g of (NH,),SO,, 1 g of
MgSOy, 1 g of NaCl, 3 g of CaCO;, 1 g of K;HPO,, and 10 g of starch in 17 of mains water; pH before sterilization 7.0]
were inoculated with the air-dry mycelium of the actinomycetes from slope agar and were then cultivated on a shaking
machine (200 rpm) at 28° C for 3 days. Flasks each containing 100 ml of the medium described were inoculated with the
seed material so obtained (10 ml each). The cultures were grown for 24 hr and then to each flask was added a solution of
10 mg of a steroid in 0.5 ml of ethanol and fermentation was carried out under the conditions described above. Samples
(5 ml) were taken 48 and 72 hr after the addition of the steroid. Each sample was extracted with 5 ml of chloroform and
the extract was concentrated in vacuum and chromatographed on micro plates with a fixed layer of silica gel [10] in
the ether—benzene (1:1) system (in the case of fermentation with progesterone) or in ether (in the case of fermentation
with 17c -hydroxyprogesterone).

The chromatographic behavior of progesterone, 17a -hydroxyprogesterone, and their 20-dihydro derivatives can be
judged from the following information:
Color on treatment

Substance Ry, system with Lugol's reagent
Progesterone (I) 0.40 ether—benzene (1:1) Yellow
200 -Hydroxypregn-4-en-3-one 0.25 ether—benzene (1 :1) Blue
208-Hydroxypregn-4-en-3-one (III) 0.25 ether—benzene (1:1) Yellow
17c~Hydroxyprogesterone (1V) 0.50 ether
170, 200 -Dihydroxypregn-4~en-3-one (V) 0.23 ether Blue
17ce, 20B-Dihydroxypregn-4-en-3-one (VI) 0.30 ether Yellow

To detect the steroids, the chromatograms were sprayed with sulfuric acid and heated and were then trea: .d with a
0.3% solution of I, in 5% KI solution (Lugol's solution). The results of the fermentation are given in the table.

Cultures of A. annulatus, A. chrysomallus, and A. sulfureus were also fermented with progesterone on a nutrient
medium coniaining 1% of peptone, 1% of glucose, and 0.5% of NaCl in mains water (pH 7.0) under the conditions de~
scribed above. All three cultures formed 208 -hydroxypregn-4-en-3-one (It} from progesterone (I).

The sample of 20a -hydroxypregn-4-en-3-one was kindly given to us by Dr. M. Garnik (Ikafarm, Israel) and the
cultures of actinomycetes were supplied by G. K. Skryabin (Institute of Microbiology, Academy of Sciences of the USSR)
and V. D. Kuznetsov (All-Union Scientific Research Institute for Antibiotics, Ministry of Health of the USSR).
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Actinomycetes converting progesterone

Reduction of 1 7a-hy-
droxyprogesterone to
the

Number of other fer-
mentation products in
' the transformation of

b 0a-alcoholl208-alcoho}

170-hy-
droxypro-
gesterone

progester-
one

B Into 16a-hydroxyprogesterone

A. bikiniensis ATCC 11062
A. californicus WKS
A californicus ATCC 3312
A. fimicarius IPV-902
A, gelaticus ATCC 3323
. praetox ATCC 3374
A vinaceus USSR RIA-501
ﬁ. vinaceus II:IJCJB-83852285
. _vinaceus NRRL B-2
AX. rots)eocﬁrom’lgézengsssATCC 3347
A, gibsonii ATCC 2
A. caprae 1PV-206
A, stregtom;cim
A Romanti ATow 5331
A, lipmanii C
A, aureus ATCC 3309
A. flavus ATCC 3369
A. cinnamonensis AW
A venezuelae ATCC 3534
A microflavus ATCC 3332
A. microflavus 1AW

A. purpureochromogenusATCC 3343
X olivaceus KTU& 11626*
A viridis IPV-894*

B Into 20p-hydroxypregn-4-en-3-one

A. bobiliae ATCC 3310
E rH-14077

aveolus 1PV-869
aveolus ATCC 3319
aveglus WKS
. caeruleus Bu-3,7

. mediocidicus E1H-24350

. celtulosae ATCC 3313
A. citreus WKS

. verne WKS

. verne ATCC 3353

._coelicolor ATCC 3355
chrysomallus ATCC 3657

B 3 e el

._griseolus ATCC 3325
K rutgersensis A1CC 3350
A annulafus ATCC 3307
A diastaticus ATCC 3315
A, gongerotil ATCC 10975
A intermedius A1CC 3329
A. odorifer ATCC 6246

A. albus ATCC 3006
A. sulfureus ATCC 3007
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* 20{3—Hydroxypregn-4-en-3-one is formed in addition to 16a-hydroxyprogesterone.



Conclusions

1. It has been established that the reduction of the 20-oxo group of steroids to a 20a-hydroxy group, previously
described only for a few microorganisms, iscarried out by many actinomycetes.

2. A correlation has been found between the action of the actinomycetes studied on progesterone and the steric,
directivity of the reduction of 17c-hydroxyprogesterone by these cultures.
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