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Biotransformation of Progesterone by Microbial Steroids
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Abstract: Microbial reactions for the transformation of steroids have proliferated and specific microbial
transformation steps for evaluation as drugs and hormones .Bacillus subtilus and Aspergillus niger
(microbial steroids) have been tested for the ability to transform progesterone. For this purpose a
combination of comparative TLC and HPLC was established and applied for rapid qualitative and
quantitative of the steroids.B.subtilus was produced three monohydroxylated metabolites.20á-
hydroxyprogesterone,6â-hydroxyprogesterone,6á-hydroxyprogesterone in 50.5; 22.7 and 18.5 relative
percentage yield .Ability of A. niger to transform progesterone to 11á-hydroxyprogesterone and 11á,6â-
hydroxyprogesterone in 65.7 and 35.5 relative percentage yield .All these metabolites purified and
produced a spectrum of different colours with anisaldehyde reagent by TLC.
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INTRODUCTION

The importance of microbial biotechnology in the
production of steroid drugs and hormones was realized
for the first time in 1952 when Murray and Peterson of
Upjohn Company patented the process of 11á-
hydroxylation of progesterone by Rhizopus species .[11]

Since then ,microbial reactions for the transformation
of steroids have proliferated ,and specific microbial
transformation steps have been incorporated into
numerous partial syntheses of new steroids for
evaluation as drugs and hormones .A variety of steroids
are widely used as anti-inflammatory, diuretic, anabolic,
contractive, antiandrogenic, progesteronal and
anticancer agents as well as in other applications .[9]

Application of molecular biology techniques and
genetic engineering of microorganisms for their
improvement as stero id  transforming agents
immobilization of enzymes or whole cells in a suitable
matrix for repetitive economic utilization of enzymes,
and multiplication of culture media for better yield of
products are other areas of drug development .[14,2]

Site  se lection oxygenation ,  p a r t icu la r ly
hydroxylation of exogenous steroids is frequent in
filamentous fungi in contrast to bacteria where it
appears to be restricted to a limited number of bacteria
genera (Bacillus, Mycobacterium, streptomyces
species) . In spite of limitations in the introduction[1,17]

of new steroids into drug industry. our interest lies in
the increased production of desired metabolites and in
the preparation of new steroids that one chemically
difficult to be synthesized .For example, introduction of
selective hydroxyl groups into steroid molecules
requires abrasive conditions which lack stereo selective. 

The enable of Bacillus subtillus in biotransformation

via hydroxylation of progesterone were examined here

for the first time in Egypt.

MATERIAL AND METHODS

Sources of Microbial Steroid: Steroid microbial

include Bacillus subtilus and Aspergillus niger isolates

were obtained from Microbiological Resources centre.

(MIRCEN) Fac. Agric, Ain Shams University. Each

isolates was sub cultured on suitable medium as follow:

B. subtilus was sub cultured on nutrient agar (NA)

according to Waksman . Potato Dextrose Agar (PDA)[16]

was used to obtain subculture of A. niger according to

Eugene, et al. . The sub culture was stored at 4<C[6]

until using. All chemicals and solvents were of

analytical grade.

Standards of 20á-hydroxyprogesterone; 6á-

hydroxyprogesterone; 6â-hydroxyprogesterone; 6á,20â-

hydroxyprogesterone; 11á-hydroxyprogesterone; 11á,6â-

hydroxyprogesterone used to identify the progesterone

metabolites were obtained from Sigma-Alduch Co. UK

and Sterloids Inc.  

Preparation of A. Niger: Aspergillus niger was

propagated in potato dextrose broth by inoculation of

250 ml conical flask obtaining 100 ml broth with disk

(8 mm diameter) from 10 days old culture. The

inoculated flasks were incubated at 28 <C for 7 days

with shaking at 110 rpm. The culture was harvested by

filtration through muslin cloth to exclude mycelium

growth and conidia counted by haemocytometer slide

according to Chamber and Scott . [4]
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Preparation of B. Subtilus: The bacterial culture was
prepared via propagation of B.subtilus  on nutrient
broth as follows: Inoculation of the sterilized broth by
bacterial Loop needle in 250 ml conical flask contained
100 ml of specific broth medium was done ,and it was
incubated in shaking incubator 175 rpm/min at 28<C
for 24 hrs. After incubation total count of bacterial
cells were determined by plate count method. B.subtilus
maintained at 4<C on tryptone and yeast extract agar
plate (0.3% tryptone, 0.1% yeast extract and 10 %
(v/v) castenno H2 mineral) the microbial culture was
sub-cultured every tow months. Steroid transformation
studies were carried out in liquid TYE medium.

Screening of A. Niger for Steroid Transformation:
Cultures of A. niger testing were grown at 28<C until
good sporulation was obtained on potato dextrose agar
supplemented with yeast extract and malt extract at
each 5 g/L or on a medium containing glucose 20g, N-
Z-Amine 20g, yeast extract 2g, malt extract 2g, and
agar, 25g/L of distilled water. Ten ml of sterile
distilled water were added to each sporulated slant
culture, the spores were scraped free and 2 ml of this
suspension was used to inculcate 250ml Erlenmeyer
flasks contained cerelose 50g, edamine 20g and corn
steep Liquor 5ml/L of distilled water . The PH was[11]

adjusted to 6.5 before autoclaved at 15 pounds pressure
for 17 minutes.

The inoculation flaks were incubated at 28<C on
rotary shakers moving at 260 rpm and describing a
circle 1.5 inches in diameter. After good growth
occurred routinely 24 to 48h, the flasks were replaced
on shakers for further incubation and removed for
analysis at desired time.

Screening of B. Subtilus for Steroid Transformation:
Steroid transformation studies were carried out liquid
TYE medium, (0.3% Tryptone, 0.1% yeast extracted 10
% (v/v) mineral salts PH 7.4). Starter cultures (50 ml)
of B. subtilus were grown for h in 250 ml (conical
flasks) and were shaken at 65<C. The cultures were
transformed to a fresh 500 ml TYE media in 21
baffled flasks and were shaken at 65<C until mid-log
phase of growth (3-3.5h). An ethanolic solution of
progesterone was added to the flasks to achieve a final
concentration of 50ìg/ml and was re-incubated for
further 24h.

RESULTS AND DISCUSSION

In Vivo Bioconversion of Progesterone: 
Aspergillus Niger Cultures: In this experiment one ml
of vegetative growth was used to inoculate each flask.
The inoculums and the transformation media were the
same in each instance. After 4 days growth 10mg of
progesterone in 2.5 ml of propylene glycol were
charged to each flask. The transformations were

assayed intervals from 10-80 hours. These results do
not give a complete picture of the transformation
pattern. Two major transformation products of
progesterone were obtained from the majority of this
culture. These products were isolated and identified
from a progesterone transformation by A. niger. From
whole broth incubated for 48 hours following initial
steroid charge of 1g, two crystalline fractions 250 mg
and 120 mg were obtained 11á,6â-hydroxyprogesterone
and 11á-hydroxyprogesterone respectively. A. niger first
adapts to progesterone transforming,these substrate to
1 1 á - h y d r o x y p r o g e s t e r o n e  a n d  6 â , 1 1 á -
h y d r o x y p r o g e s te ro n e .  A l th o u g h  q u a n t i t a t i v e
measurements of progesterone conversion to
dihydroxyprogesterone derivatives have been made in
a relatively few instance ,the qualitative assay results
indicate that quite high over all can be obtained
.Transformation of progesterone for the 11á-
hydroxyprogesterone derivative has been obtained in 75
% yield and 11á-hydroxyprogesterone derivative in
equal yield. All these metabolites produced in spectrum
of different colours with anisaldhyde reagent and a
typical TLC chromatogram is shown in (Fig. 1). TLC
detection showed two metabolic compounds compared
w i t h  s t a n d a r d  r e fe r e n c e  c o m p o u n d s .  T h e
biotransformation product plotted in (Fig. 1). The
compounds were differed in the spot area and
percentage from the total area of spots (Table 1).

Fig. 1: Qualitative pattern of biotransformation
metabolites of progesterone by A. niger
culture on silica gel chromatography TLC.

1- 6á-hydroxyprogesterone; 2- 6â-hydroxyprogesterone;
3-20á-hydroxyprogesterone; 4-11á-hydroxyprogesterone;
5 - 1 1 á , 6 â - h y d r o x y p r o g e s t e r o n e ;  6 - 2 0 á , 2 0 â -
hydroxyprogesterone;  7-Untransformed progesterone; 
8- Control; 9-4 days progesterone metabolites  
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Table 1&2:. Percentage of quantitative biotransformation products of progesterone by microbial culture.
Biotransformation Products Microbial biotransformation

-------------------------------------------------------------------------------------------------------------------------
A. niger culture B. subtilus culture
------------------------------------------ -----------------------------------------------------------------
Area (mm) RY% Area (mm) RY%

6á –hydroxyprogesterone - - 5.0 50.5
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6â-hydroxyprogesterone - - 3.5 22.7
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20á, 6â-hydroxyprogesterone - - 5.5 18.5
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20á –hydroxyprogesterone - - - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11á –hydroxyprogesterone 5.0 65.5 - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11á, 6â-hydroxyprogesterone 5.0 35.5 - -
RY% = Relative Percentage yield (area/ progesterone)

T he methanol extract of p rogesterone
transformation products was resolved by HPLC using
acetonitrile: methanol: water (25:25:50 v/v/v) as a
mobile phase and chromatogram is shown in (Fig. 2).
The purified progesterone transformation product was
run under the same condition and their retention time
was used to identify these compounds in the total
extract. Relatively percentage yield of these products is
shown in (Table 1)

Bacillus Subtilus Culture: Starter inoculum (50 ml) of
B. subtilus (vegetative growth for 14 hours) was used
to inoculate the transformation media .The culture
transferred to a fresh 500 ml TYE media in 2 L
baffled flasks and were shaken at 65<C until mid-log
phase of growth (3-4 hours). An ethanolic solution of
progesterone was added to the flasks to achieve a final
concentration of 50 mg/ml and was re-incubated for
further 24 hours. The isolates of B. subtilus  is capable
of site selective hydroxylation of progesterone
producing rare microbial transformation products 6á-
h y d r o x y p r o g e s t e r o n e ,  t h e  i s o m e r  6 â -
hydroxyprogesterone and 20á-hydroxyprogesterone and
the other metabolites unidentified .All these
biotransformation metabolites produced a spectrum of
different colours with anisaldehyde reagent an a typical
TLC chromatogram is shown in Fig. (3).

T he methanol extrac t of p rogesterone
transformation product resolved by HPLC using
acetonitrile: methanol: water (25:25:50 v/v/v). As a
mobile phase and chromatogram is shown in Fig. (4).
The purified progesterone transformation product were
run under the same condition and the retention times
were used to identify these products is tabulated in
Table (2).

Aspergillus: in all 475 cultures representing 38 species
were tested. In addition, a large number of isolates
from natural sources, but unidentified as to species,
were tested. Many of the cultures also were tested for
transformation of Reichstein’s substance S. Two major

transformation products of progesterone were obtained
from majority of these cultures. These products were
isolated and identified from a progesterone
transformation by strain of Aspergillus ochraceus. From
2.5 liter of whole broth incubated for 48 hours
following the initial steroid charge of 1 g, two
crystalline fractions of 314 mg and were obtained
mixed chromatograms: it could not be separated from
authentic  11á -hydroxy-progesterone in  mixed
chromatograms. Mixed melting point (165-168<C) the
isolated fraction did not depress the melting point of
authentic  11á -hydroxyprogeste ro ne  U ltravio let
absorption spectrum: The sulfuric acid absorption
s p e c t r u m  w a s  id e n t ic a l  to  th a t  o f  1 1 á -
hydroxyprogesterone. 

The 11á- and 6â-hydroxylation, are affected by
adaptive enzyme system. The organism first adapts to
progesterone transforming this substrate to 11á-hydroxy
progesterone .Another adaptive enzyme is then formed
that introduces the 6â-hydroxyl on to the first
transformation products. The qualitative transformation
can be obtained with some cultures .Transformation of
progesterone to the 11á-hydroxy derivative has been
obtained in 80% yield and 11á-hydroxyprogesterone
has been transformed further to 11á, 6â-hydroxy
derivative in equal yield .this possibility would have to
be explored using optimum conditions for steroid
transformation by each culture and this has not been
done.

In this experiment 1 ml of vegetative growth was
used to inoculate each flask. The inoculum and the
transformation media were the same in each instance
.After 72 hours growth ,10 mg of progesterone in 2.5
ml of propylene glycol were charged to each flask .The
transformation were assayed in intervals from 6 to 60
hours .It is obvious that promising cultures for
t r a n s f o r m a t i o n  o f  p r o g e s t e r o n e  t o  1 1 á -
hydroxyprogesterone can be found in number of
species. Better transformation yields probably could be
obtained by making a detailed study of conversion
requirements  of  specific  culture. Whereas the usual 
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Fig. 2: HPLC chromatogram of 4 days progesterone biotransformation quantitative   by A. Niger. 

11á,6â-hydroxyprogesterone; 2- 11á-hydroxyprogesterone; 3- Uncharacterized compounds; 4- Uncharacterized
compounds; 5- Uncharacterized compounds; 6- Uncharacterized compounds.

Fig. 3: Qualitative pattern of biotransformation of metabolites of progesterone by B. subtilus culture on silica gel
chromatography TLC.

1- 6á-hydroxyprogesterone; 2- 6â-hydroxyprogesterone; 3- 20á-hydroxyprogesterone; 4- 11á-hydroxyprogesterone;
5- 11á,6â-hydroxyprogesterone; 6- 20á,20â-hydroxyprogesterone; 7- Untransformed progesterone;  8- Control;  9-
4 days progesterone metabolites  
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progesterone transformation pattern with Aspergilli is to

11á-hydroxyprogesterone and thence to 6â,11á-

dihydroxyprogesterone, this secondary hydroxylation

has been found to vary with certain cultures. A few

soil isolates of Aspergillus transform progesterone to

11á-hydroxyprogesterone then convert this derivative

to11á,17á-dihydroxyprogesterone .  

Bacillus: The isolated thermophilic bacillus is capable

of site selective hydroxylation of progesterone at

position C-6, producing rare microbial transformation

product 6á-hydroxyprogesterone and the common

biotransformation isomer 6â-hydroxyprogesterone .[13,5]

Two other metabolites were also produced, one of

which was identified as a common biotransformation

isomer 20á-hydroxyprogesterone and the other

metabolite was identified as 9,10-seco-4-pregnene-

3,9,20-trione (B-seco) compound. All these metabolites

produced a spectrum of different colors with

anisaldehyde reagent and a typical TLC chromatogram

.The methanol extract of progesterone transformation

p r o d u c t s  w a s  r e s o l v e d  b y  H P L C  u s i n g

acetonitrile:methanol:water (25:25:50 v/v/v) as a mobile 

phase  and the chromatogram. The purified[8]

progesterone transformation products were run under

the same conditions and their retention times were used

to identify these products in the total extract.

On the basis of the results presented we suggest

that the exogenous progesterone metabolic pathway for 

Cochliobolus lunatus   as for Aspergillus niger and

Bacillus subtilus  (Fig. 5) which is directed to the

formation of more polar and oxidized products ,by

analogy with animal type 1 metabolism of xenobiotics.

This type of metabolism may play similar role, possibly

reflecting the exposure of this soil fungus to plant

secondary metabolites, as suggested by Gonzalez ,  for[7]

mammalian cytochrome P450 enzymes  showed that[10]

NADPH-dependant 11â-hydroxystroid dehydrogenase

from mouse liver microsomes plays a role in phase I

reductive biotransformation of xenobiotic carbonyl

compounds such as methyrapone, which also inhibits P-

450 11á  from the filamentous fungus Rhizopus

nigricans . Therefore we suggest that both steroid[3]

bioconverting activities from C. Lunatus, 11â-HSD as

well as P-450 dependant steroid hydroxylation, have

the role in type I metabolites of xenobiotics.

Fig. 4: HPLC chromatogram of 24 hours progesterone quantitative transformation by B. subtilus culture. 

1- 6á-hydroxyprogesterone; 2- 6â-hydroxyprogesterone; 3- 20á-hydroxyprogesterone; 4- 11á-hydroxyprogesterone;

5- 11á,6â-hydroxyprogesterone; 6- 20á,20â-hydroxyprogesterone; 7- Untransformed progesterone;  8- Control;  9-

4 days progesterone metabolites  
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Fig. 5: Metabolic pathway of biotransformation of exogenously added progesterone in the filamentous fungus

Cochliobolus lunatus. Pathway A and B are predominant in the incubation by higher rate of aeration

(Vitas et al., 1994). Pathway C predominant in bioconversion under reduced aeration.
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