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Biotransformation of Cortexolone to Hydrocortisone by Molds
Using a Rapid Color-Development Assay!
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Abstract—The capacity of 22 molds for 11B-hydroxylation of cortexolone (Reichstein’s compound S) to
hydrocortisone were assessed. The biotransformation capacity was compared for solid-state and submerged
monocultures of molds that were otherwise under identical conditions. Thin-layer chromatography and a novel
rapid color-development assay were used to qualitatively establish the ability of fungi to convert cortexolone to
hydrocortisone. These assays were validated and supplemented with data from high-performance liquid chro-
matography to obtain quantitative information on biotransformation. Nearly all the fungi consumed a signifi-
cant fraction of the cortexolone fed, but only four of them (i.e., two isolates of Cunninghamella blakesleeana,
C. echinulata, and Curvularia lunata) yielded measurable quantities of hydrocortisone. Submerged cultures
generally gave a significantly greater yield of hydrocortisone compared to equivalent solid-state cultures.
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Steroidal drugs are an important class of compounds
that are widely used in health and fertility management.
Enzymatic and microbial biotransformations are used
to produce various steroidal drugs and drug intermedi-
ates. For example, biotransformations of steroidal pre-
cursors provide structures such as 11-a-hydroxy-
progesterone, 16-o-hydroxyprogesterone, hydrocorti-
sone, and prednisolone [1-4]. Sequential and mixed
cultures of fungi and bacteria have been frequently used
to produce prednisolone from cortexolone [5—10]. Cor-
texolone (170,21-dihydroxy-4-pregnene-3,20-dione,
C,,0,H;, or Reichstein’s compound S) can be con-
verted to hydrocortisone (11,170,21-trihydroxy-4-
pregnene-3,20-diene, C,,0OsH;,, or Kendall’s com-
pound F) by 11B-hydroxylation (Fig. 1) [1, 7, 11-14].
This paper is concerned with the identification of
biotransformation capacity in molds good for convert-
ing the readily available intermediate cortexolone to
hydrocortisone, an anti-inflammatory drug.

The 11B-hydroxylation of cortexolone is one of the
most important steroidal biotransformations and is used
for producing cortisol and other therapeutic steroids [2,
15-17]. Certain fungi can hydroxylate cortexolone at
both 110~ and 11B-positions, but other fungi hydroxy-
late exclusively at only one of these positions [18].
Biotransformations of cortexolone have been generally
carried out with freely suspended fungal biomass [19,
20], immobilized mycelia [7, 13], and fungal spores
[21, 22]. Fungal protoplasts and cell-free preparations
have also been used for the biotransformation [23, 24].
Various microbial cortexolone hydroxylations to com-
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pounds other than hydrocortisone have been docu-
mented [18, 20, 24, 25].

Solid-state and submerged batch cultures of 22
molds were used to assess their capabilities for convert-
ing cortexolone to hydrocortisone. A color-reaction
assay was devised to rapidly establish if any cortex-
olone had been converted to hydrocortisone.

MATERIALS AND METHODS

Microorganisms. The following mycelial fungi
were used: two isolates of Cunninghamella blakeslee-
ana; C. echinulata; Curvularia lunata ATCC 12017,
two isolates of Curvularia sp.; six isolates of Penicil-
lium sp.; two isolates of Fusarium sp.; two isolates of
Aspergillus sp.; Calcarisporium antibioticum; Cla-
dosporium sp.; Mucor sp.; Acremonium sp.; Paecilomy-
ces sp.; and Rhizopus sp. The fungi were maintained on
Sabouraud dextrose agar (SDA; Difco, USA) slants at
4°C.

Culture and biotransformation methodologies
All microorganisms were grown as monocultures. The
molds were subcultured on SDA Petri dishes at room
temperature 28 * 2°C for 72-120 h. A loopfull of the
culture was then transferred to 50 ml of enriched
growth medium held in a 250-ml shake flask (220 rpm).
The enriched medium contained the following compo-
nents (g/1): glucose, 70; peptone, 1.0; yeast extract, 2.0;
L-asparagine, 0.7; nicotinic acid, 2 2 X 10™#; and ribo-
flavin, 1.13 x 10~. The pH was adjusted to 7.8 before
autoclaving 121°C, 20 min. After 72 h of incubation,
the contents of the flask were divided into two identical
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Fig. 1. 11B-Hydroxylation of cortexolone to hydrocorti-
sone.

shake flasks (250 ml), and 24 ml of the aforementioned
growth medium were added to each flask. The two
flasks provided duplicate data. In all cases, the culture
flasks were aerated by sparging sterile air through the
culture. After 48 h of incubation at 28 + 2°C, 15 mg of
cortexolone (Sigma, USA) dissolved in 1 ml of 95%
ethanol was added to each flask. This provided the ini-
tial cortexolone concentration of 15 mg in the 50-ml
final volume of the broth. Incubation continued for
seven days. Samples (1 ml) were collected every day,
including the first, for the next seven days after the
addition of cortexolone. For use in subsequent analy-
ses, each sample was extracted with 2 ml of chloro-
form.

Because the submerged culture procedure was cum-
bersome and required a 72-h-long intermediate shake-
flask incubation step, a more efficient solid-state
biotransformation method was assessed in parallel with
the submerged culture already described. For solid-
state biotransformation, the fungi were subcultured on
SDA Petri dishes at room temperature for 72-120 h.
Then, ten pieces (5 X 5 mm each) of the mycelium layer
were cut from the hyphal mat and transferred to two
fresh, identical, sterile Petri dishes (five pieces per dish,
placed as shown in Fig. 2). These Petri dishes contained
SDA mixed with cortexolone (15 mg per 50-ml SDA).
Incubation continued for seven more days. During this
period the fungal growth covered the entire surface of
the agar. After incubation, the contents of the duplicate
Petri dishes (15-25 g per dish) were harvested sepa-
rately, weighed, finely ground with a spatula, and
extracted with chloroform (15 ml). The extract was ana-
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Cortexolone-containing SDA

Mycelial mat

Petri disk

Fig. 2. Schematic placement of the five mycelial mats
(5 x5 mm) at inoculation on a Petri dish of cortexolone-
containing SDA.

lyzed for cortexolone and hydrocortisone by the three
methods detailed in the next section.

Analyses Thin-layer chromatography (TLC) and a
rapid color-development assay were used for a qualita-
tive determination of cortexolone and hydrocortisone.
For TLC analyses, a 50 pl sample was spotted on the
TLC plate (silica gel 60 mesh GF,s,; Merck, Germany).
The mobile phase was 40% acetone in chloroform. The
spots were visualized under ultraviolet light (254 nm)
(Camag UV Viewer, Switzerland). The approximate R,
values of pure cortexolone and hydrocortisone were 0.6
and 0.35, respectively.

For the rapid color-development assay, concentrated
sulfuric acid was added to an equal volume of the fil-
tered chloroform extract of the fermentation broth or
the solid-state growth. Development of a pink color
indicated the exclusive presence of cortexolone, i.e., no
conversion to hydrocortisone. A yellow—green color
indicated the exclusive presence of hydrocortisone, i.e.,
a total conversion of cortexolone. An orange color indi-
cated a presence of both cortexolone and hydrocorti-
sone in the extract. The qualitative indications of the
color-development assay were confirmed by TLC and
HPLC. The latter technique also provided quantitative
data. The analytical standards of cortexolone and
hydrocortisone for use in HPLC and TLC were pur-
chased from Sigma (USA).

For HPLC analysis of cortexolone and hydrocorti-
sone, the filtered chloroform extract (20 ) of the sam-
ple was autoinjected into the HPLC (Thermoseparation
Products, Spectra Systems AS 3000, Fremont, USA). A
C,g reversed-phase column (Luna, 10 pm, 250 X
4.6 mm; Phenomenex, USA) was used. The UV detec-
tor was set to measure at 239 nm. The eluent was aque-
ous methanol (70% v/v methanol); the eluent flow rate
was 1.0 ml/min. Analyses were performed at an ambi-
ent temperature. The retention times of cortexolone and
hydrocortisone were 5 and 6 min, respectively.
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Hydrocortisone yield and cortexolone remaining for different fungi and growth conditions*
Submerged culture method Agar plate method
Mold time at residual yield of time at mea- residual yield of
maximum | cortexolone, | hydrocortisone, | sured yield, | cortexolone, | hydrocortisone,
yield, d % + SD % + SD days % + SD % * SD

Cunninghamella blakesleeana 5 45%+0.2 40.8+3.2 7 90.2 +42.7 53.5+104
ATCC 8688 a
C. blakesleeana ATCC 8688 b 5 3.8%£0.7 424+6.8 7 32102 8.1x20
C. echinulata F 1307943 2 51.7+£24 21.5£0.2 7 56.7+14 59+£0.2
Curvularia lunata ATCC 12017 7 12.7+4.2 35.0+£6.8 7 33.8+£2.6 9.9+0.9
C. sp. TISTR 3293 2 33.7+124 n.d. 7 56.2+14.9 n.d.
C. sp. TISTR 3289 2 50.3+2.8 n.d. 7 40+14 n.d.
Penicillium sp. F 61388 2 520+1.4 n.d. 7 14.0+0.0 n.d.
P. sp. F 613812 2 55.0+6.1 n.d. 7 48.7+£0.8 n.d.
P.sp. F 70941 2 65.3+£3.8 n.d. 7 0.3+0.1 n.d.
P. sp. F 879407 2 48.8+64 n.d. 7 20.2+11.1 n.d.
P. sp. F 879413 2 37.0x6.1 n.d. 7 29.3+104 n.d.
P. sp. F 104943 2 343+4.7 n.d. 7 20.3+3.8 n.d.
Fusarium sp. F 61387 2 84.3+8.5 n.d. 7 34.8+33.7 n.d.
F. sp. F 127948 2 643x7.5 n.d. 7 41.5+2.1 n.d.
Aspergillus sp. F 879404 2 60.0+10.4 n.d. 7 432+12 n.d.
A. sp. F 879408 2 56.0+2.4 n.d. 7 29.5+5.0 n.d.
Calcarisporium antibioticum 2 400+ 1.9 n.d. 7 350t 14 n.d.
Cladosporium sp. F 104944 2 48.0+9.9 n.d. 7 783+ 11.3 n.d.
Mucor sp. F 148943 2 42.7+09 n.d. 7 69.5+8.7 n.d.
Acremonium sp. F 53946 2 120.7 £ 12.3 n.d. 7 90.0+24 n.d.
Paecilomyces sp. F 104949 2 102.3+11.8 n.d. 7 38.7£9.0 n.d.
Rhizopus sp. F 104943 2 81.3+13.2 n.d. 7 447+13.2 n.d.

* SD, standard deviation; n.d., not detected.

RESULTS AND DISCUSSION

The maximum yields of hydrocortisone from cor-
texolone obtained in submerged cultures of various
fungi are shown in the table. For the solid-state cul-
tures, measurements were only made on day seven and,
therefore, the observed yield of hydrocortisone in the
table is not necessarily the maximum yield that is
attainable. The data on the fraction of the initial cortex-
olone remaining are also shown in the table.

The results in the table reveal several points. Only
four of the 22 fungi tested could convert cortexolone to
hydrocortisone. The fungi that were capable of this
biotransformation did so both in submerged and solid-
state cultures. The hydrocortisone yield in submerged
cultures was generally better than in equivalent solid-
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state cultures, especially if the data are viewed in the
context of the time it took to attain the various yields.
Although most fungi did not produce detectable hydro-
cortisone, they nevertheless consumed cortexolone. In
these cases, cortexolone may have been converted to
some of its other known biotransformation products
[18, 20, 24, 25]. The data of hydrocortisone yield in the
table are based on the consumed fraction of cortex-
olone. In two cases, the measured residual fraction of
cortexolone exceeded 100%. But this should be viewed
in the context of a high standard deviation for those
measurements.

As noted above, the submerged culture biotransfor-
mation required a total minimum time of >120 h to pro-
duce any results. In contrast, the solid-state culture
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method required a minimum time of 72 h. This
improved efficiency, made possible by the solid-state
methodology, can be a significant advantage when
screening many different microorganisms for the
desired biotransformation capacity. The results proved
that a microorganism capable of the desired conversion
would typically do so both in submerged and solid-state
cultures. Extraction of the liquid sample from a sub-
merged culture was relatively easy compared to extrac-
tion of the Petri dish contents of the solid-state growth.
However, both procedures appeared satisfactory for
establishing the relative biotransformation capacity of
various fungi.

Although solid-state culture may be good for
quickly identifying the hydrocortisone producing
fungi, the results suggest that submerged culture should
be preferred for this biotransformation in production
processes. However, this is not necessarily so, as nei-
ther of the culture methodologies were optimized to
any extent. For at least some of biotransformation pro-
cesses, solid-state culture can be superior to a sub-
merged culture [26].

Microbial biotransformations with live cells can be
influenced by factors such as the composition of the
growth medium, the temperature, pH, and the concen-
tration of dissolved oxygen. Although the influence of
these factors on the 11B-hydroxylation was not investi-
gated in this study, 11B-hydroxylation of cortexolone
by C. lunata is known to be affected by the pH and dis-
solved oxygen concentration [14]. In addition, other
microbial hydroxylations of cortexolone are known to
be influenced by environmental and nutritional factors
[9, 19, 27]. Consequently, the biotransformation capac-
ity of the promising fungi identified in this study can
potentially be enhanced significantly by optimizing the
culture media and the environment.

A rapid screening of microorganisms for the ability
to produce hydrocortisone from cortexolone cannot
rely on the relatively slow HPLC analyses for measur-
ing the substrate and the product. Colored compounds
produced by reacting an analyte with a reagent can be
used to detect and quantify the analyte. Reactions of
steroids with sulfuric acid produce colored products
[28] that can be the basis for rapidly detecting the pres-
ence of certain steroids. Our experiments showed that
adding concentrated sulfuric acid to an equal volume of
the analyte dissolved in chloroform produced pink, yel-
low—green, and orange colors when the analyte was
pure cortexolone, pure hydrocortisone, and a mixture of
the two compounds, respectively. This instantaneous
qualitative color-reaction assay proved useful in
quickly identifying the presence of hydrocortisone in
culture samples.

Of the 22 fungi tested, all of them converted cortex-
olone to various unidentified products, but only four
fungi transformed it to hydrocortisone. These fungi
were the two isolates of Cunninghamella blakesleeana
ATCC 8688, C. echinulata, and Curvularia lunata
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ATCC 12017. The fungi that produced hydrocortisone
converted some of the cortexolone to other products.
Solid-state cultures were relatively faster than sub-
merged cultures in clearly identifying the hydrocorti-
sone producing fungi; however, compared to sub-
merged cultures, the hydrocortisone yield of solid-state
fermentations was generally low.

The color-development assay provided an extremely
rapid and reliable method for distinguishing hydrocor-
tisone producing fungi from those that did not produce
hydrocortisone. This assay is recommended for use in
future screenings of microorganisms for biotransform-
ing cortexolone to hydrocortisone.
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