Appl Microbiol Biotechnol (1990) 33:172-175

Short contribution

Applied
«« Microbiology
Biotechnology

© Springer-Verlag 1990

Transformation of microcrystalline hydrocortisone
by free and immobilized cells of Arthrobacter simplex

R. Vlahov', V. Pramatarova’, G. Spassov’, G. V. Suchodolskaya?, and K. A. Koshcheenko?

! Institute of Organic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
2 Institute of Biochemistry and Physiology of Microorganisms, USSR Academy of Sciences, Moscow, USSR

Received 16 October 1989/ Accepted 27 October 1989

Summary. The transformation of microcrystalline hy-
drocortisone by free and immobilized cells of Arthro-
bacter simplex resulted in formation of prednisolone.
The effect of medium composition, non-ionogenic sur-
factants and exogeneous electron acceptors on the A'-
dexydrogenase activity of free and immobilized cells is
described.

Introduction

Microbial A’-dehydrogenation of hydrocortisone is one
of the most important reactions in the microbial trans-
formation of steroid compounds (Atrat 1982; Kosh-
cheenko et al. 1981; Kondo and Masuo 1961; Spassov
et al. 1983; Vlahov et al. 1985). At present, along with
free cells, microorganisms immobilized in various car-
riers are very often used to achieve A'-dehydrogenation
(Sonomoto et al. 1980; Koshcheenko et al. 1981). The
aim of the present study was to determine the condi-
tions of microbial transformation, ensuring a 95% con-
version of hydrocortisone to prednisolone.

Materials and methods

Reagents. Acrylamide, methylene-bis-acrylamide, ammonium
persulphate, N,N,N',N'-tetramethyl ethylenediamine (TEMED),
menadione, sucrose palmitate stearate-15 (SPS-15), Tween 40, 60,
80, and polyethylene glycol (PEG) 1500, 2000 were obtained from
Serva (Heidelberg, FRG). Hydrocortisone (118,17¢,21-trioxy-4-
pregnene-(3), 20-dione) was supplied by the Industrial Microbio-
logy Works, Razgrad, Bulgaria.

Cultivation conditions. Arthrobacter simplex ATCC 6946 was grown
in 1-1 flasks containing 200 ml nutrient medium. Two media were
used: (medium 1) corn steep liquor (CSL), 1%; glucose, 1%; tap
water; pH after sterilization 6.8-7.2: (medium 2) CSL, 1%; glu-
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cose, 1%; amino acid bioproduct containing 25% L-lysine, 1%;
MgSO0,, 0.2%; tap water; pH after sterilization 7.2.

The culture was grown at 180-200 rpm and 28° C for 24 h. As
an inductor of steroid dehydrogenase, we used hydrocortisone
(0.02%), which was added together with the inoculum. After 20~
24 h growth, the cells were centrifuged at 5000 g for 15-20 min,
washed with 0.06 M Na,HPO,—KH,PO, buffer, pH 7.2, and used
for hydrocortisone transformation.

Hydrocortisone transformation and determination of A’-dehydro-
genase activity. Transformation of hydrocortisone into predniso-
lone by free and immobilized cells was carried out in 1-1 flasks
containing 100 ml of 0.06 M phosphate buffer solution, pH 7.2, at
180 rpm and 28°C. The hydrocortisone content in the medium
varied from 1 to 30 g/1. The non-ionogenic surfactants Tween 40,
60, 80, PEG 1500, and 2000 were introduced into the buffer solu-
tion at concentrations of 0.01%-1.0%.

A'-Dehydrogenase activity of free and immobilized cells was
determined by the amount of the product formed and expressed
in percentage of the initial amount of substrate. In certain cases
the enzymatic activity was expressed in units of specific activity.

Analysis of the transformation product. Samples (1 ml) of medium
were taken for analysis at certain intervals; 40 mg steroids were
extracted by 15 ml ethylacetate. Separation of the steroids was
performed by thin layer chromatography on DC-Alufolien Kiesel
gel 60 F,s,4 plates in a system of methylene chloride:acetone=2:1.
Identification and quantitative determination of steroids were car-
ried out densitometrically using UV light at 245 nm. Qualitative
identification of steroid compounds was effected by developing
the plates with cerium sulphate solution.

The steroids were isolated from the reaction medium by ex-
traction from the water phase with a double volume of ethyl ace-
tate. The extraction was repeated three times. Upon evaporation,
the dry steroid residue was recrystallized. The isolated product
prednisolone was analysed according to the requirements of the
British Pharmacopoeia (1980; BP-80).

Immobilization. Immobilization into polyacrylamide gel (PAG)
was carried out under conditions described in (Koshcheenko et al.
1981). The entrapment of cells into Ca-alginate gel was performed
according to the method of Ohlson et al. (1979); the conditions of
immobilization into carrageenan gel were described by Takata et
al. (1980). In all cases the total volume of the cell suspension and
the solution of the carrier was 20 ml.



Results and discussion

Composition of the nutrient medium in relation to
A’-dehydrogenase activity

We carried out a comparative study of 4. simplex cells
grown on two nutrient media. The data, characterizing
the process of A'-dehydrogenation by washed-out cells,
are shown in Fig. 1 (curves A, B). Analysis of the data
obtained and subsequent calculations indicate that the
specific A'-dehydrogenase activity of the cells grown in
medium 1 (curve A) was 0.011-0.013 pmol mg~"' cells
per minute, and in medium 2 (curve B), containing the
bioproduct, 0.018 pmol mg~"' cells per minute. Thus,
the specific A'-dehydrogenase activity of the cells
grown in the CSL-glucose medium containing L-lysine
bioproduct was higher by 30% on average, which ap-
parently indicates a more active synthesis of the en-
zyme due to the presence of amino acids in the medium
(Cejka 1976).

The transformation of hydrocortisone of the two
media at a rate of 5 g/l took about 8-10 h (Fig. 1A).
During this period of time 90% of the hydrocortisone
was converted into prednisolone. Longer duration of
the process did not lead to a more complete conversion
of the substrate. Similar data have been reported by
other authors (Borman et al. 1975; Skryabin et al. 1979;
Constantinides 1980).

Effect of non-ionogenic surfactants on
Al-dehydrogenase activity and completeness of
hydrocortisone-to-prednisolone conversion

The possibility of increasing the A'-dehydrogenase ac-
tivity and reducing the residual hydrocortisone in the
medium was checked by transformations carried out in
the presence of surfactants. The latter can improve per-
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Fig. 1. A'-Dehydrogenation of hydrocortisone by free cells of Ar-
throbacter simplex. A and B: cells grown on medium 1 (4) and
medium 2 (B); hydrocortisone, 5 g/1; biomass dry weight 2 g/1. C
and D: effect of menadione (C, 0%; D, 0.025%); hydrocortisone,
10 g/1; biomass dry weight 6 g/1
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meability resulting in increased quantity of the per-
meated substrate.

The results obtained indicate that all surfactants,
Tween 40, 60, 80, PEG 1500, 2000, SPS-15, applied in
concentrations of 0.01% to 1.0% had no positive effect
on the rate of A'-dehydrogenation and completeness of
the substrate conversion. The specific A'-dehydrogen-
ase activity of A. simplex cells was 0.017-0.018 pmol
mg~' per minute. The content of residual hydrocorti-
sone was 10%-15% at concentrations of 5-30 g/1.

The effect of menadione on the rate of
A’-dehydrogenation and on the completeness of
hydrocortisone conversion

Figure 1 (curve D) shows that 60% prednisolone is ac-
cumulated in menadione solution during 60 min
against 15% in the control (curve C). A'-Dehydrogena-
tion in the presence of menadione was completed 5-6 h
earlier. However, in both cases the concentration of mi-
crocrystalline hydrocortisone was 10 g/1 and the prod-
uct contained 90% prednisolone and 10% hydrocorti-
sone.

Increasing the menadione concentration from
0.035% to 0.15% did not lead to a more complete con-
version of the substrate. Thus, the presence of mena-
dione in the medium had no effect on the completeness
of hydrocortisone conversion. These results are in
agreement with those of Constantinides (1980).

Transformation of hydrocortisone in the presence of
menadione, SPS-15 and L-lysine bioproduct

The data chracterizing hydrocortisone A'-dehydrogena-
tion at 5-30 g/1 of buffer medium are shown in Fig. 2.
Free cells (curve 1) produced 60% prednisolone after
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Fig. 2. Transformation of hydrocortisone by free cells of 4. sim-
plex. Concentration of hydrocortisone: 1, 5 g/1; 2, 10 g/1; 3, 20 g/1;
4, 30 g/1. Content of glucose, 0.05%; sucrose palmitate stearate-15
(SPS), 0.01%; menadione, 0.025%; cells, 6-8 g/1 dry weight
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1 h hydrocortisone transformation (5 g/l) in the pres-
ence of the L-lysine bioproduct. Complete transforma-
tion took 4 h and the end-product formed contained
94% prednisolone and 6% hydrocortisone. Similar data
were obtained upon transformation of hydrocortisone
at a concentration of 10 g/1 (Fig. 2, curve 2). Recrystal-
lization of the product obtained by A’-dehydrogenation
of hydrocortisone at 5-10 g/1 concentration of the me-
dium, yielded prednisolone with 3.5% hydrocortisone
content. The high degree of hydrocortisone (5-10 g/1)
conversion was achieved at a ratio of hydrocorti-
sone:SPS-15:menadione = 50-100:1:2.5.

Increasing the content of hydrocortisone in the me-
dium up to 30 g/1 while using the same quantities of
SPS-15 and menadione, resulted in a 90% conversion of
the substrate (Fig. 2, curves 3, 4). The proportional in-
crease of the amount of hydrocortisone up to a ratio of
100:1:2.5 only the presence of L-lysine bioproduct in
the medium reduces the amount of residual hydrocorti-
sone in the product to 5%-6%. Prednisolone obtained
after a single recrystallization from organic solvent is in
conformity with the requirements of BP-80. In this re-
spect our results exceed the ones reported by the USA
patent (1985). This effect was not observed when mena-
dione was used in a complex with other non-ionogenic
surfactants such as Tween 40, 60, 80 and PEG 1500,
2000.

Study of A'-dehydrogenation by immobilized cells of A.
simplex

Entrapped in PAG and carrageenan, the cells of 4. sim-
plex lost 30%-40% and 40%-50% of their initial activity
respectively (curve 1B). The A'-dehydrogenase activity
of cells in Ca-alginate gel was only 30% (curve 1C) of
the free cell activity (curve 1A). The reason for the dras-
tically lower enzymatic activity of the Ca-alginate en-
trapped cells is not clear. The results obtained are not
in agreement with the existing literature, where it is as-
sumed that soft immobilizing conditions and optimal
diffusion of the gel provide high A'-dehydrogenase ac-
tivity of microbial cells (Ohlson et al. 1979).

Data characterizing hydrocortisone A'-dehydrogen-
ation by PAG-entrapped cells are shown in Fig. 3. The
hydrocortisone transformation was carried out at a con-
centration of 5-10 g in the presence of a complex of
menadione, SPS and glucose (w/w 100:1:2.5). The im-
mobilized cells converted 94% of the substrate as illus-
trated on Fig. 3 (curves 1B, 1C).

The menadione concentration varied from 1.4 mM
to 0.17 mM in order to balance the process of cell death
and propagation in the carrier. A threefold increase in
stability upon 95% conversion of hydrocortisone (5 g/1)
into prednisolone was observed at a menadione con-
centration of (.35 mM.

Comparative analysis of the rate and stability of A'-
dehydrogenation by free and immobilized cells indi-
cates that the use of menadione in combination with
sucrose palmitate stearate providing 95% conversion of
the substrate was only expedient for free cells. Rapid
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Fig. 3. Transformation of hydrocortisone by polyacrylamide-gel-
entrapped cells of A. simplex. Concentration of hydrocortisone:
14*, 1B, 1C**, 5g/1; 2, 10g/1; 3, 20g/1; 4, 30 g/1. Content of
glucose, 0.05%; SPS, 0.01%; menadione, 0.02%; cells, 6 g/l dry
weight. * free cells (cf. Fig. 2), ** immobilized cells in the buffer
without glucose, SPS and menadione

decrease in enzymatic activity in the presence of mena-
dione renders the use of immobilized cells quite mean-
ingless. Further research is required to find out the con-
ditions for stability of immobilized systems in the pres-
ence of menadione for the purpose of reaching 95%
conversion of hydrocortisone into prednisolone. We be-
lieve the use of antioxidants would probably preserve
immobilized cells and improve their enzymatic activi-

ty.
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