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Abstract—Microbial transformations of various steroids a

re reviewed Newer developments in thus field are discussed

A compulation of different steroid substrates used for transformations by various microorgamsms during the period
1979-1982, along with the metabolites formed, 1s included

INTRODUCTION

Application of microbiology in the preparation of foods
and beverages has been 1n use from the dawn of civiliz-
ation However, the use of microorganisms for steroid
conversions 1s of comparatively recent origin Although
processes 1nvolving reduction of the 17-keto groupll]
and oxidation of the A%-3f-hydroxyl structure to A*-3-
oxo [2] were patented in 1937, the mmportance of
microbial transformation was first realized 1 1952 when
Murray and Peterson patented the process of 1la-
hydroxylation of progesterone by a Rhizopus species The
chemical methods of preparation of progesterone from
widely available plant steroids, e g diosgenin and stigma-
sterol, were well standardized However, conversion of
progesterone to corticosteroids necessitated introduction
of an oxygen function at the C-11 position The chemical
processes used for the purpose were not economical and
the single-step, high yielding, microbial process for the
preparation of lla-hydroxyprogesterone was immedi-
ately employed for industrial exploitation Since then
microbial reactions for the transformation of steroids
have proliferated and several microbial hydroxylations
and dehydrogenations have become industrially import-
ant for the production of steroid hormones and their
analogues Very recently microbial production of andro-
stanes by degradation of side chains of cholesterol or
sitosterol has also become industrially important The
voluminous literature which developed has been covered
by three comprehensive monographs [3-5] Several other
monographs [6-8] and reviews [9-22] cover literature up
to 1978 The present review attempts to present the
position reached during the period 1979-1982

Much of the recent interest centres on the development
of processes suitable for industrial exploitation
Degradation of the side chains of cholesterol and sito-
sterol has recetved considerable attention, obviously due
to 1ts industrial potential Other reactions such as hydrox-
ylation, dehydrogenation etc have also been studied
Reports on the mechamism of hydroxylation have ap-
peared and an excellent review on this topic has recently

been published [23] Development of newer analytical
techniques has facilitated separation and purification of
microbial metabolites The newer technique of High
Performance Liquid Chromatography (HPLC) has been
employed for the separation of metabolites which are
difficult to separate by column chromatography or prep-
arative TLC For example, 5,6a-epoxy-5a-stigmastan-
3B-ol (1) and 5,6B-epoxy-5f-stigmastan-38-ol (2) were
separated by HPLC on a u Porasil microparticulate sihca
gel column [24] For rapid identification of the meta-
bolites various spectroscopic methods, particularly
'H NMR, !3C NMR and mass spectrometry, are being
used increasingly

HYDROXYLATION

The first commercialized microbial process in the
steroid field was the process of 1la-hydroxylation of
progesterone Microbial hydroxylation reactions are
unique 1n their diversity and importance 1n that they offer
access to otherwise mnaccessible sites 1n the steroid mol-
ecule As such the reactions are of considerable commer-
cial interest, particularly 11- and 16a-hydroxylations
leading to adrenal cortex hormones and their analogues
During the period under review a variety of steroid
substrates have been examined for hydroxylation studies
The substrates and the metabolites are shown 1n Table 1

SIDE CHAIN DEGRADATION

As previously mentioned mucrobial degradation of the
C-17 saturated side chain of widely available sterols such
as cholesterol, sitosterol, campesterol etc for the prepara-
tion of androstanes has recetved much attention A review
of the biochemical production of androsta-1,4-diene-3,17-
dione (ADD) and androst-4-ene-3,17-dione (AD) from
cholesterol has appeared [25] Newer techniques have
been introduced for optimization of the process for
obtaming better yields of the androstane derivatives
Production of androst-4-ene-3,17-dione from a choles-
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Steroid transformations

terol derivative such as cholest-4-ene-3-(0-carboxy-
methyl)-oxime by Mpycobacterium phlet has been
achieved [26] The same androstane derivative was ob-
taned by fermentation of sitosterol with a stram of
Mycobacterium fortuitum [27] A mutant of Mycobac-
terium vaccae (MC-1-1102) grown on a medium contain-
ing soybean, sodium nitrate, soybean oil, rice bran,
magnesium sulphate and cholesterol has been used for
degradation of cholesterol to 9a-hydroxyandrostene-
dione [28] Another mutant (MC-1-1104) of the microor-
ganism could consume cholesterol to produce ADD, AD

and 1-dehydro-testosterone [29] Androstanes such as
ADD, AD and I7R-hvdrnvvandrnetn-l J4-diene-3-one

have been obtaed by fermentatlon of cholcsterol witha
natural mutant of Rhodococcus terrae (MC-1-1161) [30]
Cholesterol has been converted to ADD, cholesta-1,4-
diene-3-one and cholest-4-ene-3-one by Arthrobacter sim-
plex and the resulting ADD has been separated from
cholestanes by adsorbing 1t on active carbon Strains of
Mycobactersum flavum, M mucosum and M lacticola
metabohize 19-hydroxysitosterol and its acetate to 19-
hydroxyandrost-4-ene-3,17-dione and estrone [31] The
microbial preparation of a number of androstane deriva-
tives (ADD, AD, 17B-hydroxyandrosta-1,4-diene-3-one,
testosterone, Sa-androstane-3,6,17-trione, 5B-androst-1-
ene-3,17-dione and Sa-androstane-3,17-dione) by a
mutant of Mycobacterium parafortuitum (MC 1-0801) has
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M(_)COCH2 OH
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Me COCH50AC
J--OH
Me Me
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been patented [32] The preparation of ADD, AD, 178-
hydroxyandrosta-1,4-diene-3-one and testosterone from
cholesterol by a mutant of Arthrobacter simplex (MC-1-
0803) has also been patented [33]

IMMOBILIZATION OF MICROBIAL CELLS

Immobilization of enzymes and cells as practical cata-
lysts has been a subject of much interest 1n recent years
The performance of enzymes and whole cells in commer-
cial applications can often be improved by immobilization

N0 lant nttanh s
of the biocatalyst, for instance, by covalent attachment to

or ad ;orption on solid supports, entrapment in polymeric
gels, or by encapsulation and cross-linking Apphcations
of immobilized enzymes and cells in the chemical, phar-
maceutical and food industries have been briefly discussed
1n a recent article by Klibanov [34]

Considerable work has been done on the immobiliz-
ation of mucroorgamsms for the purpose of steroxd
transformation A review on transformation of steroids by
immobihized living microorganisms has appeared [35]
Transformation of steroids by gel entrapped Nocardia
rhodocrous cells 1n organic solvents has been reported
Whole cells of the microorganism were immobilized by
entrapment with photo-cross linkable resin prepolymers
or urethane prepolymers of either hydrophilic or hydro-
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phobic character Both hydrophilic and hydrophobic gel
entrapped cells transform 4-androstene-3,17-dione to
dehydroepiandrosterone [36] Cortisol has been con-
verted to prednisolone by Arthrobacter simplex 1m-
mobilized i polyacrylamide gel [37] Cholesterol deriva-
tives such as 3,3-ethylenedioxy-cholest-5-ene and 4-
cholestene-3-(0-carboxymethyl)-oxime were transformed
to the corresponding androstenedione derivatives by
selective cleavage of the side chain with immobilized cells
of Mycobacterium phler and Mycobacterium smegmatis
[38] Bioconversion of dehydroepiandrosterone to 4-
androstene-3,17-dione, sitosterol to sitostenone, stigma-
sterol to stigmastenone, pregnenolone to progesterone
and testosterone to Al-dehydrotestosterone or 4-
androstene-3,17-dione by Nocardia rhodocrous cells 1m-
mobihized with photo-cross linkable resin prepolymers or
urethane prepolymers has been reported [39] Side chain
degradation of a cholesterol derivative, 4-cholesten-3-(0-
carboxymethyl)-oxime was achieved by the employment
of viable cells of Mycobacterium phler immobilized 1n
polyacrylamide gel [40] Transformation of cortisol to
prednisolone by lhving cells of Arthrobacter simplex
immobilized 1n calcrum alginate has been reported [41]
Progesterone was converted to its 1la-hydroxy, 158-
hydroxy and 11a,158-dihydroxy derivatives by Asper-
gillus phoemcis immobihized by K-carrageenan, alginate,
polyurethane, albumin foam or gelation [42] The pro-
duction of 11a-hydroxyprogesterone from progesterone
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7
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by Rhizopus nigricans immobilized 1n alginate and agar
gels has been described [43]

MIXED CULTURE FERMENTATION

It 1s possible to conduct microbial two-step conversions
n mixed cultures of two organisms Maximization of
microbial two-step conversion of 9ua-fluorohydro-
cortisone (3) to triamcinolone (4) 1n a mixed culture of two
microorgamsms has been described [44, 45] A mathema-
tical model of the steroid transformation in the mixed
culture was constructed with a different equation The
kinetic parameters other than the Michaelhis—Menten
constants 1n the mathematical model varied with pH of
the culture medium The model facilitated the simulation
of the effect of pH on steroid conversions 1n the mixed
culture Conversion of 5a-pregnane-38,17a-diol-20-one-
21-acetate to hydrocortisone by Nocardia sp and Absidia
coerulea has been reported [46] The preparation of
1soprogesterone from 16a-hydroxy progesterone by using
two strains of bacteria has been described [47] A mixed
culture of Arthrobacter simplex and Nocardia sp has been
employed for conversion of 168-methyl-5a-pregn-9(11)-
ene-36,17a,21-triol-20-one-3p8, 21-diacetate (5) and 170~
methyl-17f-hydroxy-5a-androstane-3-one The products
that have been obtained are 6 and 7 1n the case of the
former and 8 and 9 1n the case of the latter [48]

Mixed substrates have also been used m microbial
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transformations for obtaining desired products The
manufacture of androstanes, eg AD, ADD and 9a-
hydroxyandrost-4-ene-3,17-dione from a mixture of sito-
sterol and campesterol by Mycobacterium vaccae (MC-1-
1104) has been patented [49]

MEDICINALLY USEFUL STEROID DERIVATIVES

Microbial transformations have been used with ad-
vantage for preparation of medicinally useful steroid
derivatives For example, a series of mutants which were

blocked at various stages of the sterol degradative path
were 1solated from the potent sterol degrader. Mvcobac-

b ISURARLRS IV AL PRI ST Clpi e, B yLoDe!l

terium fortuitum (ATCC -6842) Sitosterol bioconversion
by these mutants resulted in the accumulation of a
number of intermediate compounds, some of which are
potentially useful as substrates in the manufacture of
medicinally important steroids [50] 178-Hydroxy-18-
methyl-4,15-estradiene-3-one (10) having progestational,
estrogenic and antihypercholesterolenic properties has
been prepared from 18-methyl-4,15-estradiene-3,17-dione
(11) by the use of the strains of Sistotrema brinkmanm or
Trechospora sp [51] New steroid degradation products
obtamable by microbial transformation may be medicin-
ally useful

The complete degradation of the side chain of steroids

7142
<190

for the preparation of useful steroid intermediates has
received considerable attention Transformation of sito-
sterol to a hexahydroindanone derivative (12) and other
steroid intermediates (13-16) by Mycobacterium for-
tuitum have been reported [52, 53] A similar type of
conversion has been achieved with a mutant strain of
Mpycobacterium fortuitum, giving rise to four intermediate
products (14, 17-19) [ 54] A mutant of Nocardia corallina
(IFO-3338) accumulated several substances as cholesterol
degradation products such as 3aa-H-4a-(3'-propionic
acid)-Sa-hydroxy-7a8-methyl-hexahydro-1-indanone-5-
lactone (20), 3aa-H-4a-(3'-transacrylic acid)-5a-hydroxy-
N and 3ag-H-

Ta R-mpﬂ\vl hexahvdro-1-indanocne (21) and

methyl-hexahydro-1-indanone
4a- acetyl Sa-hydroxy-7af-methyl-hexahydro-1-indanone
(22) These substances were also produced from 58-
cholestanol, sitosterol, cholest-4-en-3-one, lithocholic
acid, cholic actd and progesterone [55]

Microbial hydroxylations of various steroid substrates
are shown i Table 1 Hydroxylation reactions have been
arranged according to increasing order of the carbon
atom on which hydroxylations have taken place Table 2
shows the stde chain degradations and the substrates have
been classified alphabetically Dehydrogenations are
shown 1n Table 3, and the miscellaneous reactions, e g
acetylation,epoxidation, hydrogenation, hydrolysis, oxi-
dation and reduction are given 1n Table 4

Me MEO?
0 HO i
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14 [.] 16
Meo MeO Meo
" O gn
-~ | s 1
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