Arch. Pharm. Res. 14(3), 261-265 (1991)

The Conversion of Lithocholic Acid into 5(3-Androstan-3, 17-dione
in the Cell-free System of Mycobacterium sp. NRRL B-3805

Kang Man Lee and Hye Kyung Park
College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea
(Received August 13 1997)

Abstract (] In a microbial cell-free extract system, side chain cleavage on various sterols
and steroids was tested. The cell-free extracts of Mycobacterium sp. NRRL B-3805 showed
the side chain cleavage activity on lithocholic acid to form 5B-androstan-3,17-dione. The

properties of the activity were examined.
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Microbial side chain cleavage of plant or animal
sterols provides starting materials for various steroi-
dal drugs. Through strain improvement, this process
has been employed for the production of 17-ketos-
teroids such as 4-androsten-3, 17-dione and 1,4-and-
rostadien-3, 17-dione in fermentation industries”. But
there has been few report regarding to the cell-free
system or purification of an active protein of sterol
side chain cleavage activity”?. Functional protein(s)
purified for the activity could be a good starting
point for understanding enzymatic reaction mecha-
nisms and cloning

For these purposes, we investigated the cell-free
system for microbial side chain cleavage of sterols.
The cell-free extracts of Mycobacterium sp. NRRL
B-3805 showed side chain cleavage activity on litho-
cholic acid. In this paper, we describe the characte-
ristics of the activity.

EXPERIMENTAL METHODS

Microorganisms

Since Arthrobacter simplex 1AM 1660, Brevibac-
terium lipolyticum 1AM 1398, Mycobacterium sp. NRRL
B-3683 and Mycobacterium sp. NRRL B-3805 have
been known to produce 17-ketosteroids from sterols™?,
they were used for testing the activities of 17-keto-
steroid production and preparation of cell-free ex-
tracts. A. simplex and B. lipolyticum were maintained
on nutrient agar slants containing 0.01% cholesterol.
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Mycobacterium sp. NRRL B-3683 was preserved on
the KCTC medium 80 (glycerol 1%, sodium citrate
0.1%, NH.Cl 0.1%, K;HPO, 005%, MgSO, 0.05%,
urea 0.05%, FeCl; 0.05%, tryptic soy broth 0.1%, pH
7.0) and Mycobacterium sp. NRRL B-3805 on the
KCTC medium 129 (glucose 0.1%, cholesterol 0.05%,
NH:NO; 0.1%, KHPO, 0025%, MgSO. 0025%,
FeSO4+7TH:O 0.0001%, yeast extract 0.5%, pH 7.0).

Fermentation

In the case of 4. simplex and B. lipolyticum, the
culture was started with inoculation of seed culture
by 5% into a fermentation medium (NH,NO; 0.1%,
MgSO,-7TH,O 0.025%, K:HPQ, 0.025%, yeast extract
0.5%, pH7.0). A substrate (0.1% steroid or sterol,
final conc.) was suspended with tween 80 (0.01%)
and added to the 20-22 hr culture broth. a, a'-Dipy-
ridyl (1 mM, final conc) was added 1hr after the
substrate addition. Mycobacterium sp. was inoculated
into nutrient broth containing 0.1% sterol or steroid,
and 1.5% pglucose with one loopful from the stock
slant. Cultivation period was 72hr for A simplex
and B. lipolyticum, and 120 hr for Mycobacterium sp..
at 30C and 200 rpm.

Preparation of cell-free extracts

Microorganism was cultivated as in the fermenta-
tion section except 0.02% cholesterol addition in the
culture medium. Cells were harvested after 48 hr (4.
simplex and B. lipolyticum) or 60 hr (Mycobacterium
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Table 1. Quantitative analysis of 17-ketosteroid from various sterols and steroids

17-Ketosteroid production (ADD/AD*) mg/m/ (%. conversion yield)

Substrate B. lipolyticum A simplex M. sp. NRRL M. sp. NRRL
IAM 1398 IAM 1660 B-3683 B-3805
Cholesterol 0.26 (35.3) 0.30 (40.7) 0.15 (20.5)
023 (31.1)* 0.15 (20.5)*
B-Sitosterol 0.12 (17.3) 0.14 (20.3) 0.20 (294)
ND* 0.14 (20.5)*
Stigmasterol 003 (398) 004 (537) 0.14 (19.9)
ND* 0.08 (10.5)*
Lithocholic acid 007 (971 005 (6.4) 003 (3.73)
0.17 (22.2)* 0.16 (21.2)*
Pregnenolone 021 (22.8) 0.30 (33.0) ND
trace* trace*
Progesterone 0.19 21.1) 0.21 (22.9) ND
ND* trace®

ND: not detected

sp.) incubation, by centrifugation with 6,500 rpm on
GSA rotor at 4C for 5min. Cell pellets were
washed with 0.05M phosphate buffer (pH 7.8) and
resuspended in the same buffer containing 0.25 mM
EDTA and 1 mM DTT, resulting in 50% cell sus-
pension. The cell suspension was subjected to bead
beating (30 sec beating — 2 min. standing, 4 times)
with equal volume of glass bead (0.1 mm diameter).
The broken cell suspension was centrifuged at 20,
000Xg at 4C for 20 min. The supernatant was re-
centrifuged at the same condition as before. The
resulting supernatant fraction was used as cell-free
extracts.

For ultracentrifugation, 20,000 Xg cell-free extracts
was subjected to 37.000 rpm centrifugation on 70.1
Ti rotor at 4C for 30 min, equivalent to 100000Xg.

Reaction with cell-free extracts

To the cell-free extracts (20,000Xg or 100,000 X g),
an appropriate substrate (final conc. 0.05%) was ad-
ded. The mixture was incubated at 30C with shak-
ing for 24 hr.

Treatment of cell-free extracts with amberite XAD re-
sin

Amberite XDA 2 or 16 (2gr prewashed with 50
mM phosphate buffer) which could be employed
to adsorb Cie-steroids from the cell-free extracts®
was added to the cell-free extracts obtained from
10gr cell (wet wt). With intermittent stirring, the
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Fig. 1. Effect of filtration (0.2 pm bacteriological filter)

of 20,000 X g cell-free extracts on 5B-androstan-3,
17-dione formation.
A: Cell-free extracts before filtration and litho-
cholic acid, B: Standard 4-androsten-3, 17-dione
(AD). l.4-androstadien-3. 17-dione (ADD), tes-
tosterone and SB-androstan-3, 17-dione. C: Cell-
free extracts after filtration and lithocholic acid
0: Ohr incubation sample, 1: 4 hr incubation
sample, 2: 24 hr incubation sample.
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Table II. Product formation pattern of reaction mixture of cell-free extracts with various steroidal substrates

Product identified on TLC*

B. lipolyticum 1AM 1398 M. sp. NRRL M. sp. NRRL
Substrate A simplex TAM 1660 B-3683 B-3805
Cholesterol Cholestenone, Cholestadienone Cholestenone Cholestenone

Lithocholic acid —

5B-androstan-3, 17-dione
Unkown compd.

Pregnenolone Progesterone dehydroprogesterone Progesterone Progesterone
Progesterone Dehydroprogesterone —
*TLC: Silical gel 60 GFay (Merck)
Solvent system: Chloroform: ethyl ether (10:1, v/v)
s 45 RET. TIME: 2.23 TOT ABUND= 3435. BASE PX/ABUND: 41.8/ 297.
1084, : r8.65
H 5 149
50 A 67 5 157
l 191 1es 113 124 33
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Fig. 2. Mass spectrum of the unkown compound isolated through preparative TLC from incubation mixture of cell-free

extracts and lithocholic acid.

suspension was maintained for 45min in an ice
bath and then filtered through a funnel stopped
with glass wool. The resin was washed with 20 m/
of 50mM phosphate buffer. The filtrate and the
XAD resin were tested for the activity with litho-
cholic acid at 30C for 24 hr incubation.

Analysis of fermentation or reaction products

Samples were extracted with equal volume of
ethyl acetate. The fraction of ethyl acetate was app-
lied on TLC plate (GF254, Merk) or GC (OVI0],
1/4” column 10ft, N, flow rate 60cc/min) directly,
or after concentration by nitrogen gas®. The solvent
system for TLC was chloroform : ethyl ether (10: 1,
v/v). Spots on TLC were identified by UV or 10%
H.SO, with heating (80C. 30 min).

RESULTS AND DISCUSSION

In the fermentation experiments. 4-androsten-3.
17-dione (AD) and/or 1.4-androstadien-3.17-dione

(ADD) were produced by A. simplex 1AM 1660, B.
lipolyticum 1AM 1398, Mycobacterium sp. NRRL B-
3683 and Mycobacterium sp. NRRL B-3805 from ste-
rols and steroids as shown in Table I. The ADD
production from various sterols and steroids by A4.
simplex ad B. lipolyticum decreased in the following
sequence: cholesterol>pregnenolone>progesterone>
B-sitosterol >lithocholic acid>stigmasterol. Mycobac-
terium sp. NRRL B-3683 utilized P-sitosterol best
for ADD production and cholesterol for AD produ-
ction. Mycobacterium sp. NRRL B-3805 produced
AD most from lithocholic acid. In contrast to A.
simplex or B. lipolyticum, Mycobacterium spp. could
not transform pregnenolone or progresterone to
ADD or AD.

In the experiments with the cell-free extracts of
the above four strains, the products in the reaction
mixture were identified by TLC or GC. The results
are summarized in Table II. Data in Table II sug-
gested that the cell-free extracts used in the experi-
ments did not indicate any activity to cleave an
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Fig. 3. Boiling effect on lithocholic acid side chain clea-
vage activity of cell-free extracts of Mycobacterium
sp. NRRL B-3805.

Activity was assayed at 0. 4, 24 hr incubation
time.

I: Cell-free extracts without addition of litho-
cholic acid, II: Heat treated cell-free extracts,
HI: Heat-treated cell-free extracts and 3B-OH-bi-
snor-5-cholenic acid. IV: Cell-free extracts and
3B-OH-bisnor-5-cholenic acid, V: Cell-free extra-
cts and lithocholic acid. S: Standard; from top
to bottom, AD, ADD, testosterone.

intact side chain of sterols. But the cell-free system
of Mycobacterium sp. NRRL B-3805 showed the ac-
cumulation of a possible cleavage product from li-
thocholic acid. The TLC pattern of the reaction mi-
xture with lithocholic acid as a substrate is shown
in Fig. 1. Regardless of filtration through bacteriolo-
gical filter (Milex-GV, 0.2 um), yellow to blue spot
just above AD was observed. This indicates that
the cell-free extracts contained the conversion acti-
vity.

The corresponding compound was identified as
5B-androstan-3, 17-dione by isolation through prepa-
rative TLC, GC and mass spectrometry analysis.
The isolated compound has 0.35 R, value in chloro-
form : ethyl ether (10: 1, v/v) solvent system and 8.37
min retention time in GC analysis (OV101, 1/4”
10 ft column, N; flow rate 60 cc/min, 300-280-320C).
It also showed 288 m/e species in mass spectrometry
as shown in Fig. 2. These properties were compared
with those of a commercially available standard co-
mpound : 58-androatan-3, 17-dione (Steraloids. INC).

A B C D E F G H

Fig. 4. Effect of Amberite XAD resin on the side chain
cleavage activity of cell-free extracts.
A: Cellfree extracts, B: Cell-free extracts after
protamine sulfate treatment, C: Filtrate after
XAD-2 treatment, D.E; XAD-2 resin adsorbed
activity, F.G:XAD-16 resin adsorbed activity, H:
Standard from top, S5B-androstan-3.17-dione.
AD.

To confirm the conversion activity, 20.000X g cell-
free extracts were subjected to 100,000X g ultracent-
rifugation, heat treatment (10 min) in a boiling water
bath and Amberite XAD resin treatment. In ultra-
centrifugation, the supernatant fraction showed the
accumulation of 5@-androstan-3,17-dione but the
precipitate did not (data not shown). As shown in
Fig. 3. the boiled cell-free extract did not have any
activity. Also we could not observe any particular
spot from the incubation mixture of the cell-free
extracts and 3B-OH-bisnor-5-cholenic acid. This
may indicate the substrate specificity to stereoche-
mistry. The activity in the cell-free extracts showed
the tendency to be bound to Amberite XAD resin.
Fig.4 indicates that phenomenon. The filtrate after
Amberite XAD treatment did not accumulate and-
rostan-3, 17-dione, while the treated Amberite XAD
showed the activity.

These results demonstrated clearly the side chain
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cleavage activity of the cell-free system of Mycobac-
terium sp. NRRL B-3805 upon lithocholic acid. The
previous report by Fujimoto er al. suggested that
the cell-free extracts converted 26-hydroxy-2-cthyl
cholest-4-en-3-one or 3-oxo-24-cthyl cholest-4-en-26-
oic acid to 3-oxo-chol4-cn-24-oic acid”. If the cell-
free extract was supplemented with ATP. coenzyme
A, MgCl; and phenazine methosulfate. 3-oxo-chol-
4-en-24-oic acid was transformed to 4-androsten-3.
17-dione®. But in our results. the cell-free extract
itself showed the conversion activity of lithocholic
acid to 5B-androstan-3. 17-dione without any addi-
tion of cofactors.

CONCLUSION

The cell-free extracts of Mycobacterium sp. NRRL
B-3805 showed the side chain cleavage activity of
lithocholic acid to 5B-androatan-3. 17-dione. In con-
trast to the report by Fujimoto er al”, the activity
in the cell-free extracts did not require any cofactor
additions. The activity was lost upon heat treatment
and bound to Amberitt XAD resin. The system
utilized lithocholic acid as substrate but ncither 3p-
OH-bisnor-5-cholenic acid, cholesterol. pregneno-
lone nor progesterone. Based on these results, it mi-
ght be possible to purify the active fraction from
the cell-free extracts of Mvcobacterium sp. NRRL B-
3805.

ACKNOWLEDGMENTS

This work was supported by KOSEF Grant 89-
05-04-01 and the research grant from the Ministry
of Education in 1989,

LITERATURE CITED

1. Martin. C. K. A Sterols, Biotechnology, 6a, Verlag
Chemie Weinheim. pp. 80-95 (1984).

2. Fujimoto, Y.. Chen, C. -S., Szeleezky. Z., DiTul-
lio. D. and Sih. C. J: Microbial Degradation of
the Phytosterol Side Chain. 1. J Am. Chem. Soc.
104. 47204722 (1982).

3. Nagasawa, M., Bac, M., Tamura, G. and Arima,
K.: Microbial transformation of sterols. Part 11
Cleavage of sterol side chains by microorganisms.
Agr. Biol. Chem. 33, 1644-1650 (1969).

4. Korean Collection for Type Cultures. Genetic
Engineering Center, KCTC Catalogue of Strains.
p-39 (1989).

5. Martin, C. K A Microbial cleavage of sterol
side chains. Adv. Appl. Microbiol. 22, 29-58 (1977).

6. Lee, E. A. and Lee, K. M. The production of
1. 4-androstadien-3, 17-dione from sterols by Bre-
vibacterium crythrogenes. Kor. J Appl. Microbiol.
Biotech. 18, 411-416 (1990).



