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Abstract

Comamonas testosterasia soil bacterium, which can use a variety of steroids as carbon and energy source. Even if it can be estimated
that the complete degradation of the steroid nucleus requires more than 20 enzymatic reactions, the complete molecular characterization
of the genes encoding these steroid degradative enzymes as well as the genetic organization of them remain to be elucidated. We have
previously reported the cloning and nucleotide sequence of two steroid-inducible geseéandstdCencoding 8-173-hydroxysteroid
dehydrogenase and a hypothetical protein respectively, located in both ends of &lthalkkfragment. Herein, we report the cloning and
characterization of another steroid-inducible gene, calipdi8(steroid inducible protein), located between these two genes. The analysis
of Sip48 amino acid sequence predicts a protein of 438 amino acids with a molecular mass of 48.5 kDa. This protein bears high homology
with conserved hypothetical proteins of unknown function describ&seudomonas aerugingdaseudomonas syringa@seudomonas
putida Burkholderia fungorumShewanella oneidensiBseudomonas fluorescesusd Thauera aromaticaThe predicted protein shows a
typical structure of a leader peptide at its N-terminus. A 48.5 kDa protein encoded by the recombinant plasmid was detected by SDS—-PAGE
analysis of in vitro $°S]-methionine labeled polypeptides. Analysis of gene expression indicates that Sip48 is tightly controlled at the
transcriptional level by several steroid compounds. In addition, transcriptional analggd8ndghsdin asip48mutant strain, indicates
that both genes are transcribed as a polycistronic mRaEX transcriptional fusions integrated into the chromosome€ .aestosteroni
demonstrate that a steroid-inducible promoter located upstreaip48regulates the expression of both genes.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction Comamonas testosteromé a soil bacterium that can
grow on a variety of steroid compounds as the sole carbon
Steroids belong to a group of molecules that is widespreadand energy sourc§,3]. These compounds can be used
in the environment as breakdown products of lignin and other as carbon sources after conversion to common intermedi-
plant-derived molecules. It has been described that this groupates of the conventional central metabolic pathwaysC.
of compounds can interfere with the mechanisms governing testosteronis able to transform steroids to G@nd KO,
vertebrate reproductive function and development, acting asthrough a complex catabolic pathway that involves a set of
endocrine disruptorfl]. As a result of this, a growing in-  steroid-inducible enzymef5,6]. In addition to these steroid
terest in the study of microorganisms that can degrade thesecatabolic features, several other non-steroid metabolizing
compounds has emerged in the biotechnology field. activities involving different xenobiotic compounds such as
phenylalkanoic acidf7], polycyclic aromatic hydrocarbons
- [8,9] and resin acidg3] have been reported. It has been
Abbreviations: ghsd  3g-178-hydroxysteroid dehydrogenassjp4§ suggested that a testosterone-inducible gene encoding an
steroid inducible protein; Sp spectinomycin resistancestdC steroid extradiol dioxygenase could be involved in both steroid and

degradation gene . . . .
* The DDBJ/EMBL/GenBank accession number for the DNA sequence aromatic hydrocarbon degradation pathways. The isolation

of sip48is U41265.2. and characterization of genes encoding steroid-induced and
* Corresponding author. Tel+54-351-4334164; steroid-degradative proteins is a research avenue that is un-
fax: +54-351-4333048. veiling a wide range of potential uses 6f testosteronin

E-mail addresssgenti@fcq.unc.edu.ar (S. Genti-Raimondi).

bioremediation.
1 Present Address: Developmental Genetics Section, Laboratory of E th h | di t id-d dati
Molecular Biology, National Cancer Institute, National Institutes of Health, ven though several genes encoding sterold-aegradative

Bethesda, MD 20892, USA. proteins ofC. testosteronhave been cloned, the genetic
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organization of most of them is still unknowji0-21}
There is evidence that 3-oxo-steroii'-dehydrogenase
and 3-oxo-steroidA%-(5q)-dehydrogenase genes are lo-
cated in one operofl7]. In addition, two clusters of
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Pseudomonas fluorescef23] andThauera aromaticg28].
Transcriptional analysis afip48andghsdin asip48mutant
strain allowed us to conclude that both genes are expressed
together as a polycistronic mMRNA. In addition, by the

steroid-regulated genes were recently described. One ofuse of transcriptional fusions we identified thip488hsd

them corresponds to genes encoding-3-ketoisomerase,

3a-hydroxysteroid dehydrogenase and a repressor pro-

tein A [21] and the other comprisegesB encoding a

steroid-inducible extradiol dioxygenase and three unchar- 2. Material and methods
acterized open reading frames (OREN),11]

In the present work, we report the identification of a 2.1. Chemicals and reagents
new steroid-inducible gene located between the two previ-

ously reportedstdC and ghsd genes[14,22], called sip48

steroid-inducible promoter igip485’ untranslated region.

Restriction endonucleases were obtained from US Bio-

This gene encodes a protein that bears high homologychemical Corp. (Cleveland, OH). All other chemicals were
with conserved hypothetical proteins of unknown function of the highest available purity and were purchased from

described inP. aeruginosa23,24] P. syringae P. putida
[25], Burkholderia fungorumShewanella oneidens[26],

Table 1
Bacterial Strains and Plasmids used

Sigma Chemical Coo[-32P]dATP was purchased from New
England Nuclear (Boston, MA).

Strains or plasmids

Relevant genotype

Source or reference

Strains
Escherichia coli
DH5a F~ recAl endAl gyr96 thi-1 hsdR17 (tkmk™) supE44 relAlAlacZYA-argF U169 Stratagene
$80dlacZAM15. Host strain for DNA manipulation
CC118\pir Rif"; \-pir lysogen. Host strain to propagate plasmids with a R6K origin of replication [34]
S17.\pir Tp" S hsR pro recA RP4-2-T::Mu:: Tn7 in chromosome. Strain for conjugative [34]
transfer of plasmids int€. testosteroni
Comamonas testosteroni
Wild type ATCC 11996
Bhsd ::Q Gm', S@, Bhsd mutant of ATCC 11996 carryingma 2 kb cassette from pHP45b This study
Sip48::Q2 G, Sg, sip48 mutant of ATCC 11996 carryingma 2 kb cassette from pHP45 This study
uT2.5 Gnf, CnT, transconjugant cell carryinglindlll-EcoRV 2.5kb lacZ fusion This study
UTAH980 Gni, Cnt, transconjugant cell carryinglincll-EcoRV 860 bplacZ fusion This study
UTHH1.5 Gni, CnT, transconjugant cell carryinglindlll-Hincll 1.5 kb lacZ fusion This study
UTHHAP Gni, CnT, transconjugant cell carryinglindlli-=Hincll 1.5kb APst 0.6 kb lacZ fusion This study
uUT401 Gni, CnT, transconjugant cell carrying 401 bacZ fusion This study
Plasmids
pSL9 pGEM3 containing 3.2 kblindlll fragment of shsd gene and contiguous genes,'Ap [18]
pRK2013 Kni Mob™ Tra*: donor of transfer functions [41]
puUC19 Multipurpose cloning vector, Ap [42]
pSLoAP PGEMS3 containing 2.9 kiPst—HindlIl fragment from pSL9 This study
pGEM T-easy PCR cloning vector, Ap Promega
pG401 pPGEM T-easy carrying 401 bp fragmenhtupstream ofsip48 gene This study
puUJ18 Notl pUC18 derivative [34]
puJ2.5 Ap carrying Hindlll-EcaRV 2.5kb fragment This study
pUJAH980 Ap carrying Hincll-EcoRV 860 bp fragment This study
pUJHH1.5 Ap carrying Hindlll-Hincll 1.5kb fragment This study
pUJHHAP Ap’ carrying Hindlll-Hincll 1.5kb APst 0,6 kb fragment This study
puJ401 AP carrying 401bp DNA fragment’tipstream ofsip48 gene This study
pUTmIiniTn5 Afg, CnT [34]
puUT2.5 Ad, Cni carrying HindIlI-EcoRV 2.5kb lacZ fusion This study
pUTAH980 A, Cnd, carryingHincll-EcaRV 860 bplacZz fusion This study
pUTHH1.5 Ad, Cnl, carryingHindlll-Hincll 1.5kb lacZ fusion This study
pUTHHAP Ap', Cni, carryingHindlll-Hincll 1.5kb APstl 0.6 kb lacZ fusion This study
puUT401 Ag, Cnt, carrying 401 bpacZ fusion This study
pHP45Q Ap", Sni/Sg [36]
pG2.5 pGEMS3 containing 2.5 kblindlll-EcaRV fragment This study
pG3.28hsd::Q pSL9 derivatives containin@ cassette insertion This study
pG2.5 sip48:Q pG2.5 derivatives containinf cassette insertion This study
Ap’, Cnt, Sni, Sg, Gnf, Km" indicate resistance to ampicillin, chloramphenicol, streptomycin, spectinomycin, gentamycin and kanamycin, respectively.
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2.2. Bacterial strains, plasmids and culture conditions proceduref?9]. DNA sequencing was performed on double-
stranded templates derived from different clones in pUC19
Bacterial strains and plasmids used in this study are using the dideoxy chain termination methfgf] with the
listed in Table 1 Escherichia coliwas grown at 37C in sequenase kit, version 2, using3fS-dATP]. The Blast
Luria—Bertani (LB) mediunj29]. C. testosteronivas grown ~ program was used to screen DNA and protein databases
at 30°C in LB medium or in M9 minimal medium plus for similar protein[31]. Multiple sequence alignments were
acetate (0.2%, w/v) or testosterof#9]. The ON cultures ~ made in ClustalW v 1.732].
were diluted 1/100 in fresh medium, incubated 2h in LB or
12hin M9, diluted 1/50 in fresh medium and incubated as 2.4. RNA isolation and analysis
indicated in each experiment. When indicated testosterone
was added to reach a concentration of 0.29 mg/ml (1mM).  C. testosteronivas grown in LB or M9 medium plus
Growth of C. testosteroniwas monitored by counting  acetate during the indicated periods of culture either in the
colonies that appeared on LB plates, on which appropriately absence or presence of testosterone. Total RNA was ex-
diluted cultures have been spread, after incubation &C30  tracted as described previougi4]. RNA samples (2Q.g
Alternatively, growth was monitored by measuring £p per lane) were electrophoresed on a 1.2% (w/v) agarose gel
When needed, antibiotics were added at the following con- containing 18% (v/v) formaldehyde and transferred to nitro-
centrations (inwg/ml): ampicillin, 100; chloramphenicol,  cellulose membrandg44]. Equal loading and transfer were
20; gentamycin, 10; kanamycin, 20; and spectinomycin, assessed by methylene blue staining of membranes. Prehy-
600. bridization and hybridization reactions were performed as
described previously14]. The 300 bpHindllI-Pst (probe
2.3. DNA manipulations and sequence determinations a), 600 bpHincll-Pst (probe b) and 650 bjcov—Hindlll
(probe c¢) restriction fragmentsFig. 1B) were labeled
Standard protocols or manufacturer's instructions were with [«3?P]-dATP (3000 Ci/mmol) by the random priming
followed for DNA isolation and recombinant DNA  method[33].

500 bp g 2 g 2 "
ATG , , ATG A ,
sdc| = D 2 lghsd [ pSL9
H P S P SA HcHc P Ev Hc H
(Y] pSL9APst |

robes =— —— ————
P b c
(B) ! I

strain

2522 bp
uT2.5 {1
980 bp
UTAH980 {1 J LB
1518 bp m Mo
UTHH1.5 {1
324 bp 597 bp
UTHHAP
401 bp
UT401
\ T T T T T T —>
0 2 4 6 8 10 12 14

© Fold of induction

Fig. 1. Restriction map of the 3.2 KHindIll fragment cloned into pSL9 plasmid. (A) The regions encodingdttl€; sip48and ghsdgenes are indicated

by boxes. H,Hindlll; P, Pst; A, Acd; Hc, Hincll; S, Sma; and Ev, EcaRV. Inverted repeat sequences are deno®jl (The restriction sites used for
mutagenesis by gene disruption are indicated. pSL9 was partially digestedPstitand the 2.9 kbPsi—HindlIl fragment was isolated and religated to

obtain pSLAP plasmid. (B) DNA probes used in Southern (broken lines) and Northern blot hybridization experiments (thick lines) are indicated. (C)
Promoter analysis of thstdG sip48and ghsd 5’ untranslated region<C. testosterontransconjugant strains carrying transcriptional fusions of different
fragments of theghsd upstream region (thick lines) to a promoterléasZ gene (open boxes) were grown in LB medium (gray bars) and M9 minimal
medium (black bars) in absence or presence of 1mM testosterone. The promoter activity of each transcriptional fusion was determined as folds of
induction (3-galactosidase activity in the presence of testostefegelactosidase activity in the absence of testosterone) and each value is the average

of results from three independent experiments (error bars indicate standard deviations).
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2.5. Southern blot analysis between the donor straik. coli S17.2pir, transformed
with the delivery plasmid indicated in each case, and the

The genomic DNAs were prepared essentially as de- recipient strain were run at 3€ for 4-6h on the surface
scribed in Sambrook et a[29]. Southern blot analysis of a filter placed on an LB plate. The cells were then re-
was performed as described previouglyt]. The 1.2kb suspended in 1% NaCl and plated on LB plates containing

Pst (probe 1) and 1.2 kbPsi—Hindlll (probe IlI) restric- the appropriate antibiotics for selection of chromosomal
tion fragments Fig. 1B) were labeled with ¢32P]-dATP transposon insertions and counter selection of the donor
(3000 Ci/mmol) by the random priming meth{2B]. strain (Cmh and Gm). Southern blot analysis (total DNA
from the selected transconjugant strains was digested with
2.6. Testosterone degradation Hindlll and the membranes were hybridized with probe Il —
Fig 1B) andpBHsd enzyme activities were performed to rule
It was analyzed as described previou§hB]. Briefly, out that the insertions of the transposon do not affdd

bacterial cells, grown on LB medium plus testosterone locus (data not shown). The selected transconjugant strains
during 12h of culture were harvested by centrifugation showed the same growth rates and doubling times in LB
at 4°C. Aliquots of culture supernatants were extracted and M9 minimal medium plus acetate or testosterone, when
three times with 5vol. of ethyl ether and submitted to TLC they were compared tG. testosteronwild type strain.

on silica gel GF254 plates using benzene-ethanol (95:5,

vlv) as solvent system. The pattern of testosterone degra-2 9. g-Galactosidase assays

dation was visualized using UV 254 light. Testosterone,

4-androstene-3,17-dione and 1,4-androstadiene-3,17-dioneé The standard procedures described by Mi[8] were

were used as standards. used for quantitative measurementspafjalactosidase ac-
) o ] tivity. Samples were collected after 12 h (LB) or 17 h (M9)
2.7. In vitro transcription—translation assay of incubation. Induction o$ip48promoter inC. testosteroni

i 5 o -~ ) UT401 was made by growing the corresponding cultures in
_ Plasmid DNA (Su.9) and F°SImethionine (specific activ- | B medium in presence of inducers added at the concentra-
ity 1139 Ci/mmol, New England Nuclear) were used in a ons indicated infable 2 Activity of the transcriptional fu-
prokaryotic-coupled transcription—translation system as by gion was calculated as the ratio betweengFgalactosidase
the supplier’s instructions (Am.ersham). Templates_ consistedactivity in the presence of the steroid compound and the
of pSL9AP or pGEMS plasmids that had been linearized _ga|actosidase activity in the absence of it (fold of induc-
with EccRI enzyme. tion). The values given throughout this paper represent the
average of three independent experiments, each of which

2.8. Construction of the transcriptional fusions was conducted in duplicated samples.

The 2.5kbHindllI-EcoRV fragment of pSL9 bearing
stdG sip48 and the intergenic region betweaip48 and

Bhsd genes, and different deletions of this fragment were ) ) ]
cloned into theSmd site of the pUJ8 plasmid, upstream Introduction of the®2 cassette in theip48andshsdgenes

of the promoterlestacZ gene Fig. 1C and Table 1) [34]. involved cIonir)g theQ cassette (2 kIf.Smafragment) frgm
Also, pSL9 plasmid was used as a template to amplify a pHP45% [36] |nto_theS|p48 Hircll site .Of pG2.5 and into
401bp DNA fragment corresponding to thé @pstream the ghsd Ec®V site of pSL9, respectively. The recombi-
region of sip48 gene. PCR was performed with primer 1 nant plasmids, named pG2ip4&2 and pSL$hsd2 were
(5-CATTAcccgggCCAGCCCCAGGGGATGAA'  and transferred intcC. testosteronwild type by triparental mat-
primer 2 (3-CGGACggatccGCCTAGTCTCCTTGGATG- ing using the mobilizing plasmid pRK2013. Donor, helper
CA-3) to generate &md site and aBanHl site at the 5 and recipient cells were grown overnight in LB medium.
and 3 ends of the 401 bp fragment. The amplified prod- The cell syspensions (0.2ml each) were mixed, filtered on
uct was cloned into the pGEM T-easy vector (pG401), the & 0.4pm nitrocellulose membrane and incubated on an LB
recombinant plasmid was digested wima and BarrH| agar plate for 24 h. The cells on the filter were suspended

restriction enzymes and the released fragment was cloned” 1% NaCl and plated onto LB-agar containingji@gen-
into the pUJ8 plasmid to generate pUJ401. The different @Mycin and 60@.g spectinomycin/mi to select transconju-

Not fragments from the resultant recombinant pUJ8 plas- gants. Southern blot analysis was performed to confirm the
mids were excised and ligated into the siniyietl site of the ~ 9€NOMIC structure of the mutants.

transposon delivery plasmid pUT/mini-Tn5Cho generate

different Cni hybrid mini-transposonsTéble ). Insertions ~ 2.11. Nucleotide sequence accession number

of hybrid mini-transposons into the chromosome of e

testosteronicells were done following the procedure de- The nucleotide sequence determined in this study has the
scribed in detail by De Lorenzo and Timnji34]. Matings GenBank accession no. U41265.2.

2.10. Construction of plasmids and alleles replacement
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Table 2

Transcriptional activity of thesip48 promoter inC. testosteronlUT401 in LB

Steroid compound Concentration (mM) Fold of inductio®?
Trivial name IUPAC name

Cholesterol 5-Cholesten32ol 1 6.0
Dehydroepiandrosterone 5-Androstep-@-17-one 1 4.2
Androstenedione 4-Androsten-3,17-dione 0.5 3.9
Testosterone 4-Androsten{3-0l-3-one 1.0 3.1
Testosterone 4-Androsten{3-0l-3-one 0.5 3.2
17a-Hydroxyprogesterone 4-Pregnen-17-ol-3,20-dione 0.5 3.3
Progesterone 4-Pregnen-3,20-dione 1 3.1
5a-Dyhydrotestosterone obAndrostan-1B-ol-3-one 1 3.0
Estrone Estra-1,3,5(10)-trien-3-ol-17-one 1 1.1
Estradiol Estra-1,3,5(10)-trien-3,17-diol 1 0.9

2Final concentration of the steroid in the culture media.
b B-Galactosidase activity in the presence of the steroid comppegalactosidase in the absence of the steroid compound. The results are representative
of three independent experiments.

3. Results that an additional gene may be encoded in the region be-
tween them. We sequenced the 1Robd-Pst fragment
3.1. Identification of a DNA region with steroid-inducible  |ocated between the two previously reported gernfésd
promoter activity and stdC encoding B-17B-hydroxysteroid dehydrogenase
and a hypothetical protein respectivelyid. 1A). Analysis
In order to localize the testosterone-inducible promoter of the Comp|ete nucleotide sequence allowed us to identify
activity responsible ohsdgene expression we investigated a new ORF encoding a 438 amino acid putative protein
for promoter activity several DNA regions located upstream with a predicted molecular weight of 48.5kDa and pl of
of the ghsd gene. We constructed transcriptional fusions 9.29. The predicted protein, Sip48 (for steroid inducible
between different DNA fragments of interest and theZ protein), showed a typical structure of a leader peptide at
gene (see materials and methods). Transcriptional fusionsits N-terminus with predicted leader peptidase cleavage site
were inserted as monocopy it testosteronchromosome  C-terminal of Ala-25. This conclusion was further supported
and levels of3-galactosidase were determined after growing by prediction using the Dense Alignment Surface program
several independent isolates in LB or M9 medium plus ac- according to Cserzo et gB7]. The hydrophobicity plot of
etate in the absence or presence of inducing levels of testosthe Sip48 protein is shown ifig. 2 Comparison of this
terone (0.5-1.0 mM)C. testosterontransconjugant strains
carrying 2.5 and 1.3acZ fusions (UT2.5 and UTHHL1.5, 4
respectively) produced higher levels @fgalactosidase ac-
tivity in the presence than in the absence of testosterone,
thus indicating the existence of a testosterone-inducible
promoter in the 1.5 kiHindlll-Hincll fragment Eig. 10. q
Furthermore, the low level gi-galactosidase activity mea-
sured in UTHHAP transconjugant bacteria suggests that the
steroid-inducible promoter is located in the deleted 0.6 kb
Pst fragment. Moreover, the induciblg-galactosidase ac-
tivity was recovered when the transcriptional fusion carry-
ing part of thestdCBhsdintergenic region €. testosteroni
UT401) was analyzed. In addition, no testosterone inducible
B-galactosidase activity was observed wi&ntestosteroni
UTA980 carrying 980bp upstream thghsd gene was 14
analyzed. Altogether, these results indicate that there is
only one steroid-inducible promoter located approximately
1.4 kb upstream from thghsd ATG codon governing the
steroid-inducibledhsdtranscription.

“DAS” profile score
N
1

0 100 200 300 400

3.2. A new gene located between the steroid-inducible ‘ '
promoter region angghsd gene amino acid

. . . Lo . Fig. 2. Hydrophobicity plot of the Sip48 protein calculated by prediction
The relatively high distance between the steroid-inducible ysing the Dense Alignment Surface program according to Cserzo et al.

promoter region ofshsdgene and its ATG codon suggests [37].
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Fig. 3. Analysis of the in vitro transcription—translation products encoded

by pGEM3 (lane 1) and pSL®P (lane 2). Plasmid DNA (hg) and

[3°S]methionine (specific activity 1139 Ci/mmol, New England Nuclear) (©)

were used in a prokaryotic coupled transcription—translation system as

by the supplier's instructions (Amersham). The sizes of the molecular Fig, 4. Northern blot analysis of th€. testosteroni sip4gene. Total

mass markers (pre-stained protein ladder, GIBCO) are shown in kDa. The RNA samples (2Q.g per lane) prepared fronC. testosteronigrown

arrows indicate the Sip48 (48.5kDa) afieHsd (26.5kDa) proteins (lane  on LB medium in absence or presence of testosterone during 6, 9,

2). The labeled polypeptides were separated 0.1% SDS-12% PAGE. 12 and 24h of culture. Samples were analyzed by electrophoresis on
formaldehyde-agarose gels, transferred to a nylon membrane and stained
with methylene blue (C). The membrane was hybridized with 600 bp

putative protein with sequences in the GenBank databaseHincil-Pst fragment of C-terminus ofip48 gene (probe b) (A) and

(BLASTP) showed sequence similarity with seventeen con- 650 bpEcaRV-Hindlll fragment encoding the C-terminal region ghsd
served hypothetical proteins of unknown function, five of 9ene (probe c) (B).

them described ifP. aeruginosaGenBank accession nos. to 1400 nt transcripiig. 4A). Thesip48mRNA was present
NP 252611.1, NP 251771.1, NP 252111.1, NP 249074.1, 5, high levels at 12 h of culture whed. testosteronivas

AAKO1515.1); two inP. syringag(GenBank accession nos.  oqyn on LB medium plus testosterone and barely detected
ZP 00124548.1, ZP 00125503.1); four B fluorescens — 54 54 h of culture period. The transcript was not detected
(GenBank accession nos. ZP 0008_6062.1, ZP 00084659.1, 1 an theC. testosteronivas grown on LB medium in ab-
00088041.1, U10470); three I putida(GenBank acces-  gance of testosterone at any time of culture. A secipds

sionnos. NP 74297.1, NP 744193.1, NP 744954.1); 08e in - g fragment of 2400 nt was detected at 12 h of culture
oneidensigGenBank accession no: NP 718182.1); onB.in g ;ggeting that this RNA may be part of a polycistronic tran-
fungorum(GenBank accession no. ZP 00033085.1) and 0ne gy |n order to confirm this hypothesis the membrane was

truncated pro.tein inr, aromatic.a(GenBank acce_ssi_on.no. rehybridized with the 300 bplindlli—Pst fragment (probe
AJ001848) with 32—-47% identity and 45-57% similarity. a) encoding the N-terminal region stdC gene (data not

In vitro transcription—translation analysis showed that sev- shown) and 650 biEcaRV-Hindlll fragment (probe c) en-
e_ral labeled polypeptides were synthesized upon t_he addi'coding the C-terminal region gShsdgene Fig. 4B). The
tion of pSLAP or pGEM3 DNA to the reaction mixture oq < ingicate that onlghsdprobe was able to recognize

(Fig. 9. However, there are to distinct 48.5 and 26.5kDa hq 2400 nt transcript at 12 h of culture. This probe also de-
proteins encoded by pSI¥P that could not be detected in  yootaq the previously reported strong signal of 1 kb, which

the transcription-translation reaction of the cloning vector remains constant at 24 h of cultuf2]. Identical results
pGEM3. The molecular weights of these in vitro labeled pro- were obtained when RNA was extracted frain testos-
teins are in agreement with those predicted from the ORFSaroni cells grown in M9 in the presence of testosterone

encoding Sip48 anf-Hsd. (data not shown). These data suggest Hip48 and ghsd

o ] ) ) steroid-inducible genes are transcribed as a polycistronic
3.3. Transcriptional induction of the sip48 and mMRNA.
Bhsd genes

3.4. The sip48 an@ghsd genes constitute an operon
In order to characterize this new ORF at the transcriptional
level, we isolated RNA fron€. testosterongrowing in dif- In order to determine iip48 and Bhsd are transcribed
ferent experimental conditions and performed Northern blot as a polycistronic MRNAC. testosteroni sip4&nd ghsd
assays. Labeled DNA fragment with sequence complemen-mutant strains were constructed. Inactivated versions of the
tary to the C-terminal region dfip48 (600 bpHincll—Pst cloned genes were constructed by insertion of a spectino-
fragment, probe b) recognized a strong signal correspondingmycin resistance cassette (5 he plasmids containing the



J.L. Pruneda-Paz et al./Journal of Steroid Biochemistry & Molecular Biology 88 (2004) 91-100

1 2 1 2
- 515\
2.97210 4.97— .
“Ta27— . 427— '
353~ S 3.53—
2.03\ -
1,90~ s
1.58— F--3
2.03
7 .
:}-g; 1.90—
083/ 1.58—
1.37—
0.95— :
0.83— f@
-

(A) (B)

Fig. 5. Southern blot analysis of the genomic DNA ©f testosteroni
Bhsd:: Q and sip48:: Q strains. DNAs ofC. testosteroniwild type and
mutant strains were digested withindlll. Each lane was loaded with
1.g of DNA and probed with a 1.2 kBst fragment encompassirgjp48
gene (A) or 1.2 kbPst—Hindlll fragment encompassinghsd gene (B).
The wild type fragment is the expected 3.2kb size (lane 1A and 1B),
whereas thaip48:: @ mutant has twdindlll fragments of 1.7 and 1.5kb
generated by the insertion of 2KBindIll Sp" cassette (lane 2A). The
Bhsd:: @ mutant has twdHindlll fragments of 2.5 and 0.7 kb generated
by the insertion of 2 kiHindlll Sp" cassette (lane 2B).

interrupted genes were introduced into fBetestosteroni
wild type strain by triparental mating, and the' Slonies
were obtained. Analysis by Southern blot hybridization of
SP mutant colonies showed one 3.2 kiindlll band inC.
testosteronivild type (Fig. 5A and B lane 1); twoHindlll
bands of 1.7 and 1.5kb isip48 mutant Eig. 5A, lane 2);
and twoHindlll bands of 2.5 and 0.7 kb ihsd mutant
strain {ig. 5B, lane 2) generated by the insertion of 2kb
Hindlll Sp’ cassette. Having obtained evidence for the suc-
cessful construction cfip48:: Q and ghsd:: Q mutants, we

next confirmed by Northern blot assays that these strains are

unable to express their respective transcriptg.(6). In ad-
dition, sip48:: © mutant strain is unable to synthesiglesd
mRNA indicating that both genes are transcribed as a poly-
cistronic mRNA.

3.5. Phenotypic analysis of the C. testosteroni sip48 and
Bhsd mutant strains

In order to test the phenotype of the mutar@s,testos-
teroniwild type, sip48:: 2 andghsd:: Q strains were grown
under different culture conditions. As it is shownFRig. 7,
both bacteria grew with equal growth rates on LB medium
or M9 minimal medium plus acetate. The mutant bacteria
grew significantly slower than the wild type strain at the
beginning of the exponential phase of growth in the min-
imal media plus testosterone. After this lag growth during
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Fig. 6. Expression of theip48 and Bhsd genes inC. testosteroniwt

and sip48:Q. Total RNA samples (2Q.g per lane) prepared frorg.
testosteroniwt and sip48:Q were grown on LB medium in absence or
presence of testosterone during 9, 12 and 24 h of culture. Samples were
analyzed by electrophoresis on formaldehyde-agarose gels, transferred to
a nylon membrane and stained with methylene blue (C). The membrane
was hybridized with 600 bplincll-Pst fragment of C-terminus o$ip48

gene (probe b) (A) and 650 bRcdRV-Hindlll fragment encoding the
C-terminal region ofghsd gene (probe c) (B).

grow in minimal media plus testosterone at the same rate as
the wild type. The measurement of testosterone degradation
in C. testosteronimutant strains indicated that they were
able to transform testosterone into androstenedione only af-
ter prolonged culture times in comparison to the wild type
bacteria (data not shown). This suggests that an alternative
and less efficient initial metabolic pathway of testosterone
degradation is present iD. testosteroni
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Fig. 7. Growth ofC. testosteronivild type (black),shsd:: @ (grey) and
sip48:: Q (white) strains in LB medium (circle), M9 medium plus acetate
(square) and M9 medium plus testosterone (triangle). Growth of bacteria
cultured in LB medium was monitored by measuring da$ Growth

of bacteria cultured in M9 medium plus testosterone was monitored by
counting colonies that appeared on LB plates, on which appropriately
diluted cultures have been spread, after incubation &C30he data are

the early exponential phase, the mutant strains were able taepresentative of three independent cultures.
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3.6. Several steroid compounds induce the sig4sd activity was found insip48hsd intergenic region, indi-
transcript cating that Bsdsteroid-inducible transcription is regulated
by one promoter located mupstream ofsip48 coding se-

In order to determine if other steroid compounds are able quence. A remarkably high induction of transcription orig-
to activate the identified testosterone-inducible prom@er, inated by this region was detected when several steroid
testosteronUT401 was grown in LB medium supplemented compounds were added to the culture medium. These data
with different steroids ang-galactosidase activity induc- clearly demonstrate that theip48 and ghsd genes ofC.
tion was quantified in each experimental condition. Results, testosteronare organized in a polycistronic operon and that
shown inTable 2 indicate that several steroids can induce one steroid-inducible promoter located upstreansip#8
the promoter activity, thus indicating that they induce the regulates the expression of both genes as a response to the
expression okip48and ghsd. The highest value of induc-  presence of different steroid compounds.
tion was observed when cholesterol was added to the culture Northern blot experiments shown Fig. 4 also suggest
medium. On the contrary, no induction sip48 promoter that the monocistronighsd and sip48 mMRNAs have dif-
was detected when estriol or estradiol was present. Inter-ferent stabilities. Intergenic inverted repeats located behind
estingly, all the steroid-inducers could be used as the solethe sip48 and ghsd genes, respectivelyF{g. 1A), could
carbon source b{. testosteroniwhen they were added to  cause partial termination of transcriptif88]. Alternatively,

M9 minimal medium at a final concentration of 1 mM (data these hairpin structures might prevent exonucleotic decay

not shown). of mRNAs [38]. Specific cleavage by endonuclease can
expose new ‘3ends that serve as substrates for processive
3-8 exonucleases, rendering the upstresipd8 mRNA

4. Discussion more susceptible to exonuclease degradaf@®]. As a
result, the polycistronic message is much less abundant

The genetic organization of the genes encoding steroid than are the monocistronic relatively stalslesdandsip48

degradative enzymes iKomamonas testosteroms un- MRNAs. This data could explain the different amounts of
known, although there is evidence that 3-oxo-sterait} transcription—translation products obtained in vitro.
dehydrogenase and 3-oxo-sterald-(5«)-dehydrogenase We observed a significant reduction of growth rate of

genes are located in one operfd¥]. Recently, two clus-  sip48:: Q2 and phsd:: @ strains during the beginning of
ters of steroid-regulated genes were reported. One ofthe exponential phase of growth in minimal media plus
them corresponds to genes encodifg-3-ketoisomerase,  testosterone. However, the mutant cells were able to grow
3a-hydroxysteroid dehydrogenase and a repressor pro-in this media after this slow growth period suggesting
tein A [21] and the other comprises ttesB encoding that thesip48-8hsdgenes are not essential for testosterone
a steroid-inducible extradiol dioxygenase and three pu- degradation. In the wild typ€. testosteronithese genes
tative ORFs[10]. In this study, we described a novel are induced when testosterone is used as carbon source
steroid-inducible gene calledipd8 located between the indicating that the expression of them is under the control
previously reportedtdC and ghsd steroid-inducible genes  of a regulatory system responsive to testosterone or its
[14,22] This new gene encodes a protein of 438 amino metabolites. Moreover, it was reported tigatsd activity
acids with a predicted molecular mass of 48.5kDa. The is expressed even when the cells were grown on LB and the
protein encoded byip48 gene shows a high degree of activity is higher when testosterone was used as a carbon
sequence identity with conserved hypothetical proteins of source[2]. These observations together the present results
unknown function described iR. aeruginosal23,24] P. suggest that the testosterone degradatjpiigd activity)
syringae Pseudomonas putid@5], B. fungorum S. onei- measured irC. testosteroni sip4&nd ghsd mutants could
densis [26], P. fluoresceng27] and T. aromatica [28]. be attributable to the expression of independent isofunc-
Electrophoretic analysis of in vitro labeled proteins demon- tional testosterone-metabolizing proteins. The redundancy
strated the presence of 48.5kDa polypeptide in agreementof steroid dehydrogenase activity suggested by the complete
with the predicted molecular mass. testosterone degradation in the mutant bacteria emphasizes
Northern blot experiments allowed us to identify two dis- the role that these proteins fulfill in the assimilation of
tinct sip48specific transcripts of 2400 and 1400 nt that were steroids inC. testosteroniThese results are supported by
mapped within thesip48-8hsdlocus. The 2400 nt transcript  the complete genome sequence datePoferuginosaP.
is a polycistronic message that includes at lgdstd gene, syringae P. fluorescensand P. putida where several dif-
whereas the 1400 nt transcript represents ijy8 gene. ferent conserved hypothetical proteins similar to Sip48 are
Transcription of theshsdandsip48genes as a polycistronic  presenf24,25] It has been reported that several genes en-
MRNA is supported by the lack ofh8d expression in the  coding an extradiol dioxygenase enzyme involved in the
sip48 mutant strain. MoreovetacZ transcriptional fusions  metacleavage pathway of various aromatic compounds and
integrated into the chromosome ©f testosteronallowed steroids are present Rhodococcus rodochroii40] andC.
us to locate a steroid-inducible promoter region in thers testosteroni10]. It is possible that several of the enzymes
translated region odip48 In addition, no steroid-inducible  known to catalyze the degradation of polycyclic aromatic
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hydrocarbons could be involved in the steroid catabolic in Comamonas testosterofi441, Microbiology 147 (2001) 3367—
pathways. 3375.

In conclusion, we reported a novel steroid-inducible gene 1111 D- Skowasch, E. Mobus, E. Maser, Identification of a novel
Comamonas testosterogene encoding a steroid-inducible extradiol

that is transcribed as a ponC|stron_|_c message tOQcher W'th dehydrogenase, Biochem. Biophys. Res. Commun. 294 (2002) 560—
the Bhsd gene. Although the specific function of Sip48 is 566.

unknown, the presence of a typical N-terminal signal se- [12] J.H. Abalain, S. Di Stéfano, Y. Amet, E. Quemeneur, M.L. Abalain-
quence suggests that this protein could be located in mem- Colloc, H.H. Floch, Cloning, DNA sequencing and expression of (3-

. . 17) hydroxysteroid dehydrogenase frdtseudomonas testosterpni
brane or periplasmic space supported by the presence of 3. Steroid Biochem. Mol. Biol. 44 (1993) 133-139.

a typ_ical N't?rminal signal sequence and could ha\{e SOME(13] J. Abalain, S. Di Stefano, M.L. Abalain-Colloc, H.H. Floch, Cloning,
role in steroid uptake or metabolism. The observation that sequencing and expression d¥seudomonas testosterorjene
sip48is induced at the transcriptional level by testosterone encoding &-hydroxysteroid dehydrogenase, J. Steroid Biochem.

. . . . ] : : _ Mol. Biol. 55 (1995) 233-238.
IS espeC|aIIy Intriguing. While the picture of steroid miner [14] J.E. Cabrera, G. Panzetta-Dutari, J.L. Pruneda, S. Genti-Raimondi,

a!lzatlon Pathway re.'mams .a pgzzle, the 'dentlflca_tlon of It_S A new Comamonas testosterosieroid-inducible gene: Cloning and
pieces will enable, in the first instance an analysis of their  sequence analysis, J. Steroid Biochem. Mol. Biol. 63 (1997) 91-98.
role, and secondly, an integrated schema of the structurall15] A. Kuliopulos, D. Shortle, P. Talalay, Isolation and sequencing

organization of genes involved in steroid catabolism. of the gene encoding\®-3-ketosteroid isomerase ¢fseudomonas
testosteroni overexpression of the protein, Proc. Natl. Acad. Sci.

U.S.A. 84 (1987) 8893-8897.
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