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NOTE

Cloning of Steroid A'-dehydrogenase Gene
of Arthrobacter simplex IAM 1660
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To clone the gene coding for steroid A'-dehydrogenase of Arthrobacter simplex, its genomic library
was constructed with a Agt11 expression vector and immunoscreened with antiserum against the enzyme.
One positive clone was found to carry a 1.6-kb EcoR 1 restriction endonuclease fragment of A. simplex
DNA. The restriction map of the 1.6-kb EcoR I fragment was determined after cloning of the DNA into

pBS vector.

Steroid A'-dehydrogenase which introduces the C,-C,
double bond into steroid ring A mediates one of the criti-
cal steps for the microbiological steroid ring degradation.
The enzyme has attracted considerable interest in the phar-
maceutical industry because the 1-dehydro-derivatives of
cortisone and cortisol (i.e. prednisone and prednisolone)
showed increased anti-allergic and anti-theumatic ac-
tivities with significantly reduced side effects (11).

A'-Dehydrogenase activities have been observed in
many bacterial genera, including Pseudomonas, No-
cardia, Rhodococcus, Mycobacterium and Arthrobacter
(5, 6, 10, 13), but purification of the enzyme from No-
cardia was only recent accomplishment (5). The gene en-
coding 3-oxosteroid A'-dehydrogenase of Pseudomonas
testosteroni has been cloned, sequenced and expressed in
Escherichia coli (8). We recently purified and charac-
terized 98-kDa steroid A'-dehydrogenase from Arthro-
bacter simplex (1, 2, 3) which has been widely used in
the steroid drug industry to produce A'-dehydrogenated
corticosteroids by introducing the C,-C, double bond
into the steroids. In this study we report cloning and prel-
iminary characterization of a gene coding for the steroid
A'-dehydrogenase from A. simplex.

A. simplex 1AM 1660 was grown at 30°C in a medium
containing 0.1% NH,NO,, 0.025% MgSO,-7H,0, 0.
025% K,HPO,, 0.5% yeast extracts (pH 7.3) with vi-
gorous agitation. E. coli Y1090 (AlacU169 proA™ Alon
araD139 strA supF [trpC22::Tn10] [pMC9]) was used
as a host for the bacteriophage Agtll vector (4, 12),
while E. coli DH5a (supE44 AlacU169[¢80dlacZAM15]
hsdR17 recAl endAl gyrA96 thi-1 relAI) was used for
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plasmid constructions. E. coli strains were grown at 37°C
in Luria medium (9) under aerobic conditions. E. coli
cells harboring plasmid pBS (Stratagene Co.) were cul-
tured in Luria medium supplemented with ampicillin (50
pg/ml). Total genomic DNA of A. simplex was extracted
according to the method described by Marmur (7) with
some modifications. Other manipulations of DNA were
carried out as described by Sambrook et al. (9).

For cloning of the steroid A'-dehydrogenase gene at
the unique EcoRI restriction site of Agtll, A. simplex
chromosomal DNA was digested with EcoRIl. The A.
simplex chromosomal DNA, however, was not restricted
by EcoRI possibly due to modification of DNA bases in
a way different from that of E. coli. The chromosomal
DNA was partially digested with another restriction en-
zyme, Smal and fractionated by agarose gel elec-
trophoresis. DNA fragments in the size from 2- to 7-kb
were excised out and purified by Gene Clean Kit (Bio101
Inc.). These fragments were ligated with a 12-bp syn-
thetic EcoRI linker. Then the DNA fragments treated
with EcoRI again were ligated with Agtll EcoRI arms
and packaged into infective phage particles using Pack-
age extract (Promega). The resulting recombinant phage
stocks were transfected into E. coli Y1090 and amplified
before use:

The constructed genomic library was immunoscreened
by using a polyclonal antibody against steroid A'-dehy-
drogenase purified from A. simplex (4,12). Amplified
phage stocks were transfected into . coli Y1090 in LB~
top agarose containing 10 mM MgSO,. Nitrocellulose
filters which had been saturated with 10 mM IPTG were
overlayed and incubated on each plate at 37°C for an-
other 3 to 5 h. The filter removed from the plate was
treated with rabbit anti-steroid A'-dehydrogenase an-
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tibody and then mouse anti-rabbit IgG-alkaline phos-
phatase conjugate (Sigma) as a secondary antibody (Fig.
1). As shown in Fig. 2, one positive clone was found
and confirmed after tertiary iummunoscreenings. This po-
sitive clone contains insert DNA of about 1.6-kb in the
Agtl1 vector (Fig. 3).

For restriction analysis of the insert DNA, the A DNA
of the immunopositive clone was purified and com-
pletely digested with EcoRI. After the seperation of the
DNA fragments the insert fragments were purified by
Gene Clean Kit. The insert fragments were ligated into
the EcoRI-cut pBS vector with T4 DNA ligase. The li-
gated plasmid DNA was used to transform CaCl,-treated
competent E. coli DH5a cells (9). The transformants
were selected on LB plates which contained 50 pg/ml
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Restriction endonuclease (Smal) digestion

Size fractionation of DNA

l
Ligation of EcoRI linker
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Ligation between Agtll arms and insert DNA
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«Primary antibody (Antiserum raised against
A'-dehydrogenase in rabbit) reaction

»Secondary antibody (Mouse antirabbit IgG-alkaline
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nitroblue tetrazolium (NBT) and bromochloroindolyl
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Fig. 1. Cloning scheme of steroid A'-dehydrogenase gene of
A. simplex.
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Fig. 2. Isolation of the genomic clones for A'-dehydrogenase
from A. simplex genomic library in Agt1l by immunoscreening,
A, primary immunoscreening; B, secondary immunoscreening of the
clones picked from the primary screening; C, tertiary immunoscreening
of the clones picked from the secondary screening. Arrows indicate the
immunopositive plaques.
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ampicillin and 40 pg/ml X-gal. The recombinant plasmid
carrying the insert fragments was selected and desig-
nated as pBS21. The plasmid pBS21 was digested with
several restriction enzymes and analyzed by agarose gel
electrophoresis. Each of Pst1 and Kpn1 restriction sites
was found on the insert DNA, but EcoRl, BamHI, Hin-
diil, Pvul, Stul, Xbal and Xho!l did not cleave the in-
sert DNA (Fig. 4).
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Fig. 3. Agarose gel (1%) electrophoresis of the recombinant
Agt11 DNA digested with EcoRL

Lane 1, A HindIll size marker; lane 2, immunopositive recombinant
igtll DNA without restriction; lane 3, immunopositive recombinant
hgtll DNA digested with EcoRI.
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Fig. 4. Restriction map of pBS21.
E, P, and K represent EcoRl, Pstl, and Kpnl, respectively.
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The molecular weight of A'-dehydrogenase of A. sim-
plex is about 98 kDa (3) and the estimated size of the
coding region would be about 2.7 kb. Thus, the 1.6 kb in-
sert DNA fragment could not contain the complete A'-
dehydrogenase gene of A. simplex. The 1.6-kb DNA,
however, should comprise a gene segment encoding part
of steroid A'-dehydrogenase responsible for the antigenic
determinant(s) which is reactive against the antibdy used
in this work. The A. simplex chromosomal DNA flank-
ing the 1.6-kb DNA needs to be isolated to get the
whole operon coding for steroid A'-dehydrogenase of A.
simplex, which will be performed with the 1.6-kb DNA.

Acknowledgement

This work was supprted by the grant (1994) of Genet-
ic Engineering Research from Ministry of Education,
Korea.

REFERENCES

1. Bae, M., Y. J. Oh, T. G. Min, and M. K. Lee. 1991. The in-
duction of steroid A'-dehydrogenase from Arthrobacter
simplex 1AM 1660. Kor. J. Appl. Microbiol. 19: 242-247.

2. Bae, M. and M. K. Lee. 1993. Purification of A'-dehy-
drogenase from A. simplex. J. Microbiol. Biotech. 3: 181-
187.

3. Bae, M. and M. K. Lee. 1994. Enzymatic characteristics of
steroid A'-dehydrogenase from Arthrobacter simplex. J. Mi-
crobiol. Biotech.. 4: 119-125."

4. Huynh, T. V., R. A. Young, and R. W. Davis. 1985. Con-
structing and screening cDNA libraries in Agt10 and Agtl1,

10.

11.

12.

13.

J. Microbiol. Biotechnol.

p- 49-78. In D. M. Glover (ed.), DNA Cloning, vol. 1. IRL.
Press, Oxford. i

. Ttagaki, E., T. Wakabayash, and T. Hatta. 1990. Pu-

rification and characterization of 3-ketosteroid-A'-dehy-
drogenase from Nocardia corallina. Biochim. Biophys.
Acta. 1038: 60-67.

. Levy, H. R. and P. Talalay. 1959. Bacterial oxidation of

steroids. II. Studies on the enzymatic mechanism of ring A
degradation. J. Biol. Chem. 234: 2014-2021.

. Marmur, J. 1661. A procedure for the isolation of deoxy-

ribonucleic acid from microorganisms, J. Mol. Biol. 3: 208-
218.

. Plesiat, P., M. Grandguillot, S. Harayama, S. Vraga, and Y.

Michel-Briand. 1991. Cloning, sequencing and expression
of the Pseudomonas testosteroni gene encoding 3-oxo-
steroid A'-dehydrogenase. J. Bacteriol. 173: 7219-7227.

. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Mole-

cular Cloning-A laboratory manual, 2nd ed. Cold Spring
Habor, NY.
Sih, C. J. and R. E. Bennet. 1962. Steroid 1-dehy-
drogenase of Nocardia restrictus. Biochim. Biophys. Acta.
56: 584-592.
Smith, L. L. 1984. Steroids, p. 31-77. In H. J. Rehm and G.
Reed(eds.), Biotechnology-6a, Verlag Chemie, Weinheim.
Young, R. A., and R. W. Davis. 1983, Efficient isolation
of genes by using antibody probes. Proc. Natl. Acad. Sci.
USA. 80: 1194-1196.
Wovcha, M. G., K. E. Brooks, and L. A. Kominek. 1979.
Evidence for two steroid 1,2-dehydrogenase activitied in
Mycobacterium fortutitum. Biochim. Biophys. Acta. 547:
471-479.

(Received February 24, 1996)



