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A bile acid-inducible NADP-linked 7a-hydroxysteroid dehydrogenase (7a-HSDH) from Clostridium sordellii
ATCC 9714 was purified 310-fold by ion-exchange, gel filtration, and dye-ligand affinity chromatography.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of the purified enzyme showed one
predominant peptide band (30,000 Da). The N-terminal sequence was determined, and the corresponding
oligonucleotides were synthesized and used to screen EcoRI and HindIll genomic digests of C. sordeilii. Two
separate fragments (4,500 bp, EcoRI; 3,200 bp, HindIll) were subsequently cloned by ligation to pUC19 and
transformation into Escherichia coUl DH5oe-MCR. The EcoRI fragment was shown to contain a truncated
7at-HSDH gene, while the HindHI fragment contained the entire coding region. E. coli clones containing the
HindIll insert expressed high levels of an NADP-linked 7a-HSDH. Nucleotide sequence analyses suggest that
the 7a-HSDH is encoded by a monocistronic transcriptional unit, with DNA sequence elements resembling
rho-independent terminators located in both the upstream and downstream flanking regions. The transcrip-
tional start site was located by primer extension analysis. Northern (RNA) blot analysis indicated that
induction is mediated at the transcriptional level in response to the presence of bile acid in the growth medium.
In addition, growth-phase-dependent expression is observed in uninduced cultures. Analysis of the predicted
protein sequence indicates that the enzyme can be classified in the short-chain dehydrogenase group.

During their enterohepatic circulation, the primary bile
acids of humans, cholic and chenodeoxycholic acids and their
taurine and glycine conjugates, are susceptible to a variety of
transformations by the intestinal microflora. These transfor-
mations include the hydrolysis of the amide linkage of the
conjugated bile acids, hydrolysis of their sulfate esters, dehy-
drogenation of ring hydroxy groups, epimerization of ring
hydroxy groups, and dehydroxylation of ring hydroxy groups
(31).
The 7-dehydroxylation of bile acids is considered to be the

most important of these reactions in a qualitative sense,
because of the potential toxicity of the secondary bile acid
products. Although the reaction products (deoxycholic acid
and lithocholic acid) may constitute a significant proportion of
the circulating bile acid pool, the ability to carry out the
reaction is apparently restricted to a few species, mainly in the
genera of Clostridium, Eubacterium, and possibly Bacteroides
(14, 27, 29, 31). On the other hand, the presence of bile acid
and steroid dehydrogenases appears to be widespread among
intestinal as well as soil microflora, having been reported in
Escherichia coli (40) and species ofAlcaligenes (48), Bacteroides
(14, 32, 41, 46, 54), Bifidobacterium (18), Clostridium (11, 15,
16, 34), Enterococcus (6), Eubacterium (19, 28, 37), Peptostrep-
tococcus (17, 28), Pseudomonas (43, 55, 56), Ruminococcus (1,
2), and Streptomyces (36).
The dehydrogenation of bile acids and steroids displays

several interesting features. The majority of those bacterial
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steroid and bile acid dehydrogenases which have been charac-
terized at the sequence level are related as members of the
short-chain alcohol dehydrogenase family (8, 49, 60). As
additional enzymes active on a variety of substrates are iden-
tified as members of this family, investigators will have avail-
able a unique data set which can be used for studies on the role
of specific residues and domains on enzyme conformation,
substrate specificity, and reaction stereospecificity.
The regulation of expression of these enzymes varies de-

pending on the enzyme and the source organism. In organisms
such as E. coli and a Eubacterium sp., for example, the
7at-hydroxysteroid dehydrogenase (7xt-HSDH) is expressed
constitutively (8, 19, 40), while two 3ot-HSDHs from the
Eubacterium sp. are inducible by bile acids containing a
7ot-hydroxy group (13, 23, 58). The 7a- and 70-HSDHs of
Clostridium limosum and Clostridium absonum are induced by
chenodeoxycholic acid and repressed by ursodeoxycholic acid
(34, 38, 39, 57). In Bacteroides spp., the appearance of 7ct-
HSDH activity is both growth phase dependent and bile acid
inducible (32, 54). Despite these observations of bile acid-
mediated regulation of gene expression, little is known about
the molecular mechanisms responsible for this phenomenon.

Clostridium sordeifii ATCC 9714 (formerly Clostridium bifer-
mentans) has previously been demonstrated to express induc-
ible 7ot-dehydrogenase as well as 7ot-dehydroxylase and conju-
gated bile acid hydrolase activities (3-5, 26) (Fig. 1). The
presence of all three of these activities in one organism, the
fact that they are bile acid inducible, and the availability of a
related Clostridium sp. which can be genetically transformed
(33) make this organism an attractive model system to begin
genetic studies on the regulation of these enzyme systems by
bile acids. To begin to address these studies, we have cloned
and sequenced the NADP-linked 7ot-HSDH gene from C.
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FIG. 1. Bile acid transformation activities of C sordellu. Reactions previously demonstrated to exist are as follows: 1, conjugated bile acid
hydrolase (R, CH2COOH [glycine conjugate] or CH2CH2SO3H [taurine conjugate] [3]); 2, 7a-HSDH (26); and 3, bile acid 7a-dehydroxylase (4,
5, 26).

sordelli and have analyzed its regulatory properties as de-
scribed below.

MATERIALS AND METHODS
Bacterial strains and growth conditions. C. sordellii ATCC

9714 was obtained from P. B. Hylemon, Medical College of
Virginia, Virginia Commonwealth University. E. coli DH5a-
MCR (GIBCO-BRL, Gaithersburg, Md.) was used as a host
strain for cloning and subcloning manipulations. C. sordelli
was grown on brain heart infusion medium (Difco Laborato-
ries, Detroit, Mich.) supplemented with yeast extract (10
g/liter), fructose (2 g/liter) VPI mineral salts (30) (40 ml/iter),
hemin (2 mg/liter, added from 1,000X stock in 10mM NaOH),
cysteine (0.5 g/liter), and sodium carbonate (4 g/liter). Medium
was maintained under anaerobic conditions after autoclaving
by cooling under positive pressure with nitrogen gas. Cells
were grown at 370C under nitrogen gas. Chenodeoxycholic acid
(Sigma Chemical Co., St. Louis, Mo.) was added to a final
concentration of 0.4 mM when cells had reached an optical
density at 600 nm of 0.2, and cells were harvested in the early
stationary phase of growth (optical density at 600 nm = 1.4 to
1.5). E. coli strains were grown in Luria-Bertani medium
supplemented with ampicillin (100 ,ug/ml) when appropriate.

Purification of 7at-HSDH. All 7a-HSDH purification steps
were performed at 40C unless otherwise indicated. Bacteria
were harvested by centrifugation at 6,000 X g for 15 min. The
harvested pellet (20 g) was suspended in 60 ml of 100 mM
sodium phosphate-1 mM EDTA-10 mM 2-mercaptoethanol,
pH 7.0, and ruptured by a single passage through a French
pressure cell at 12,000 lb/in2. After addition of approximately 2
mg of DNase, the extract was centrifuged at 12,000 X g for 90
min. The supernatant was decanted and adjusted to 40%
saturation with solid ammonium sulfate. The supernatant
obtained after centrifugation at 12,000 X g for 30 min was
adjusted to 65% saturation with addition ammonium sulfate,
and after centrifugation as described above, the pellet was
recovered and resuspended in 20 ml of 20 mM sodium
phosphate-i mM EDTA-10 mM 2-mercaptoethanol, pH 7.0
(buffer A). The suspension was dialyzed overnight against 4
liters of buffer A and applied at 0.5 ml/min to a DEAE-

Sepharose CL-6B column (Pharmacia, Piscataway, N.J.) (5 by
12 cm) equilibrated with buffer A. The column was then
washed with buffer A (approximately 100 ml) until a stable
baseline was obtained, as measured by monitoring the optical
density of the eluent at 280 nm. Proteins were then eluted at 1
ml/min with a linear gradient of 0 to 1 M sodium chloride in
buffer A. Fractions (10 ml) were collected, and a portion of
each was monitored for 7at-HSDH activity. Active fractions
were precipitated by the addition of solid ammonium sulfate to
70% saturation and centrifuged at 12,000 X g for 30 min. The
pellet was resuspended in 6 ml of 20 mM sodium phosphate-
100 mM sodium chloride-1 mM EDTA-10 mM 2-mercapto-
ethanol, pH 7.0 (buffer B), and applied at a flow rate of 0.5
m/min to a Sephacryl S-300 column (1.5 by 85 cm). Proteins
were eluted with buffer B at 0.5 ml/min, and 5-ml fractions
were collected and assayed for 7ot-HSDH activity. Active
fractions were combined and concentrated by ultrafiltration
through an Amicon YM-10 membrane. The concentrated
active fractions were diluted 10-fold in 50 mM sodium phos-
phate-1 mM EDTA-5 mM 2-mercaptoethanol-0.1% Triton
X-100-10% glycerol, pH 7.0 (buffer C), and then applied to a
10-ml column of reactive red 120-agarose (Sigma Chemical
Co.) equilibrated with buffer C. The column was washed with
15 ml of 50 mM NaCl in buffer C, and 7a-HSDH was then
eluted with 1 M NaCl in buffer C. Peak activity fractions were
combined and dialyzed against 4 liters (twice) of distilled water
containing 0.01% sodium dodecyl sulfate (SDS). The final
dialyzed preparation was lyophilized to dryness, and approxi-
mately 30 ,ug was subjected to N-terminal amino acid sequence
analysis.

Protein sequencing. N-terminal amino acid sequence anal-
ysis was performed by the Genetic Engineering Facility at the
University of Illinois Biotechnology Center, Urbana-Cham-
paign, on an Applied Biosystems model 470A protein se-
quencer.

Protein and enzyme assays. Protein was assayed by the
dye-binding method of Bradford (10) using commercially
available reagents (Bio-Rad Laboratories, Hercules, Calif.).
The standard enzyme assay mixture for 7a-HSDH contained,
in a final volume of 1 ml, 300 pRmol of glycine-NaOH (pH 10.5),
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1.0 Amol of NADP (or NAD for E. coli), and protein. After
establishment of a stable baseline at 340 nm, 1.0 imol of
sodium chenodeoxycholate was added and the increase in
absorbance was monitored. One unit of activity is defined as
the amount of enzyme which reduces 1 VAmol of NADP per min
under the assay conditions described above. All calculations
were based on an extinction coefficient for NADPH of 6.20
mM-' cm-1 at 340 nm. Measurements were performed at
37TC on a Gilford model 250 spectrophotometer with a
water-jacketed cuvette holder. Potential interference by the
action of a 3a-HSDH acting on the 3a-hydroxy group of
chenodeoxycholic acid was not considered to be a problem
because of the absence of 3a-HSDHs in C. sordefii.

Protein electrophoresis. SDS-polyacrylamide gel electro-
phoresis (PAGE) was carried out in 0.75-mm-thick gradient
gels (7 to 20% T; 2.7% C) by the discontinuous-buffer system
of Laemmli (35). Low-molecular-weight protein standards
(Bio-Rad Laboratories) were used as size markers. Proteins
were stained with Coomassie brilliant blue R-250. Relative
staining intensities were determined by scanning laser densi-
tometry. Nondenaturing pore gradient PAGE was carried out
in 0.75-mm-thick gradient gels (5 to 15% or 10 to 20% T; 2.7%
C) by a Tris-borate buffer system (90 mM Tris, 80 mM boric
acid, 2.5 mM EDTA, pH 8.4). Electrophoresis was conducted
at 40C for 15 h at a 150-V constant voltage. Gels were stained
either for protein as described above or for enzyme activity by
a modification of the procedure described by Grell et al. (25).
The reaction mixture contained, in a final volume of 10 ml, 200
timol of sodium phosphate (pH 7.5), 5 [tmol of NAD or
NADP, 6 Vumol of nitroblue tetrazolium, 0.6 [Lmol of phena-
zine methosulfate, and 10 pmol of sodium chenodeoxycholate.
Gels were incubated in the dark in the mixture until bands
appeared (<30 min). Dehydrogenase activity appeared as
purple bands against a clear background. Gels were then
rinsed with deionized water and stored in 5% acetic acid.
Recombinant DNA techniques. Plasmid DNA was isolated

from E. coli by the Ish-Horowitz modification of the method of
Birnboim and Doly (42). Large-scale preparations were further
purified by CsCl-ethidium bromide gradient centrifugation.
Chromosomal DNA was isolated from C. sordelii by the
procedure of Marmur (45), with the inclusion of the lysozyme
pretreatment. Restriction endonuclease digestions were car-
ried out as recommended by the suppliers. Electrophoresis of
DNA, ligation reactions, sucrose gradient centrifugation, and
other nucleic acid manipulations were performed as described
by Maniatis et al. (42).

Southern blotting and colony hybridizations. DNA restric-
tion fragments were transferred to nitrocellulose as described
by Maniatis et al. (42). Transformed colonies on agar plates
were transferred to nitrocellulose disks and lysed in situ as
described by Berent et al. (9). Filters were treated at 70'C for
2 h in vacuo and then washed, prehybridized, and hybridized as
described by Woods (59). Oligonucleotides were labeled with
[-y-32P]ATP (3,000 Ci/mmol; New England Nuclear Corp.) and
T4 polynucleotide kinase as described by Maniatis et al. (42).
Unincorporated label was removed with Nensorb 20 cartridges
(New England Nuclear Corp.) according to the manufacturer's
instructions. Hybridizations were performed at 370C with
probes at a final concentration of approximately 106 cpm/ml
(109 cpm4,ug.
DNA sequencing. DNA was sequenced by the dideoxy-

nucleotide chain-terminating method (52) with alkali-dena-
tured double-stranded plasmid templates, according to the
procedure supplied with the Sequenase (version 2.0) sequenc-
ing reagent kit (U.S. Biochemical, Cleveland, Ohio). Labeling
reactions were performed using [ot-35S]ATP (1,325 Ci/mmol;

DuPont-NEN, Boston, Mass.). Universal M13/pUC forward
and reverse primers were used for sequencing those regions
flanking vector sequences, while internal regions were se-
quenced with specific primers based on observed DNA se-
quences. All primers were synthesized by the DNA Synthesis
Core Laboratory at the School of Medicine Biotechnology
Program, East Carolina University.

Analysis of sequence data. Nucleic acid and protein se-
quence analyses were performed with the sequence analysis
software package of Genetics Computer Group, Inc. (GCG;
Madison, Wis.). Free energies for stem-loops and Shine-
Dalgarno sequences were calculated as described by Freier et
al. (20). Sequence information was submitted to GenBank with
AUTHORIN (GenBank, Intelligenetics, Inc., Mountain View,
Calif.).

Induction experiments. C. sordefii cultures (500 ml) were
sampled at various time points before and after addition of
sodium chenodeoxycholate to a final concentration of 0.1 mM.
Samples (41 ml) were placed in polypropylene centrifuge tubes
containing chloramphenicol (final concentration = 125 jig/ml).
The samples were then cooled immediately on ice, a 1-ml
aliquot was removed for measurement of the optical density at
600 nm, and the remainder was centrifuged at 8,000 X g for 15
min in two aliquots, one 10 ml (for enzymatic assay) and one 30
ml (for RNA extraction). The 10-ml pellet was resuspended in
2 ml of 30 mM Tris-HCl-100 mM NaCl-3 mM EDTA, pH 7.4
(buffer R), containing 1 mM dithiothreitol, while the 30-ml
pellet was suspended in 1 ml of buffer R containing 1% SDS
and 100 pug of proteinase K per ml. Samples were then frozen
at -70'C until processed further. Cell suspensions for enzy-
matic measurements were disrupted by thawing and sonicating
for 1 min with a Branson 450 Sonifier at 50% duty cycle. The
lysates were then centrifuged at 100,000 X g for 1 h before
aliquots were assayed for protein and 7c-HSDH activity.
RNA isolation and analysis. RNA was isolated from C.

sordelli as described by Ausubel et al. (7). Cell samples from
the 30-ml cultures described above were thawed on ice and
sonicated at 50% duty cycle for 1 min. The lysates were then
heated at 37°C for 1 h before being extracted twice with
phenol-chloroform-isoamyl alcohol (25:24:1, vol/vol) and once
with chloroform-isoamyl alcohol (24:1, vol/vol). Nucleic acids
were precipitated by addition of 5 M NaCl to a final concen-
tration of 0.18 M and 2 volumes of cold 100% ethanol. After
centrifuging and washing once with 70% ethanol, the pellets
were dissolved in 200 RI of formamide. Nucleic acids were
quantitated by diluting an aliquot of the formamide solution
into distilled water and measuring the A260. For Northern
(RNA) blot analyses, RNA samples were loaded on 1%
agarose gels made up in 20 mM morpholinepropanesulfonic
acid (MOPS)-5 mM sodium acetate-0.5 mM EDTA-0.66 M
formaldehyde, pH 7.0. Sample buffer contained 10 ,ug of RNA,
50% formamide, 20 mM MOPS, 5 mM sodium acetate, 0.5
mM EDTA, and 0.66 M formaldehyde, pH 7.0. After heating
at 65°C for 15 min, bromophenol blue and ethidium bromide
were added to final concentrations of 0.005% and 20 ,ug/ml,
respectively. After electrophoresis at 80 V for 2 to 4 h, gels
were soaked in diethylpyrocarbonate-treated water for 20 min
and then photographed. RNA was transferred overnight to
GeneScreen membranes (DuPont-NEN) with 20X SSPE (1X
SSPE is 0.18 M NaCl, 10 mM NaH2PO4, and 1 mM EDTA [pH
7.7]) as the capillary transfer buffer. Formaldehyde residue was
removed, and nucleic acids were fixed to the membrane by
baking at 80°C for 2 h. Membranes were prehybridized in 6X
SSPE-1X Denhardt's solution-0.1% SDS, pH 7.0, at 52°C for
1 h. Hybridizations were then carried out in identical buffer
containing 100 ,ug of yeast tRNA per ml and 2 X 106 cpm of
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FIG. 2. Induction of 7a-HSDH during growth of C. sordelli. Open symbols, minus bile acid; filled symbols, plus bile acid. Cells were grown as

described in Materials and Methods. Sodium chenodeoxycholate was added to one culture at time zero to a final concentration of 0.2 mM. Cellular
growth was monitored by measuring theA6. of samples at different times. S.A., 7cx-HSDH SA of sonicated and ultracentrifuged cell extracts; RNA
cpm, measured amount of radioactivity in bands excised from the Northern blot described in the text, as determined by liquid scintillation counting.

32P-labeled probe per ml at 520C overnight. Washes were
performed with 6X SSPE-0.1% SDS twice at room tempera-
ture for 5 min and once at 520C for 15 min. Following
autoradiography, radioactive counts in individual bands were
quantitated by excising the bands and subjecting them to liquid
scintillation counting using Ready Safe liquid scintillation
cocktail (Beckman Instruments, Inc., Fullerton, Calif.).
For primer extension analysis, 10 to 20 Rg of RNA and

500,000 cpm of 32P-labeled primer were coprecipitated and
suspended in 15 Rl of a hybridization buffer containing 10 mM
Tris-HCl, 150 mM KCl, and 1 mM EDTA, pH 8.3. The
samples were heated at 650C for 90 min then slowly cooled to
420C. To each sample was added 30 pI of reaction mix
containing 30 mM Tris-HCl (pH 8.3), 15 mM MgCl2, 8 mM
dithiothreitol, 225 pug of actinomycin D per ml, 250 puM
deoxynucleoside triphosphates, and 5 U avian myeloblastosis
virus reverse transcriptase. Reaction mixes were incubated at
420C for 1 h, then reactions were stopped with EDTA (25 mM
final concentration), and mixes were treated with 10 pug of
DNase-free RNase per ml for 30 min at 370C. Samples were
then diluted with 150 RI of 10mM Tris-HCl-1 mM EDTA (pH
8.0), extracted once with phenol-chloroform-isoamyl alcohol
(25:24:1, vol/vol), and ethanol precipitated. Pellets were dis-
solved in 10 RI1 of lx DNA sequencing loading buffer and
electrophoresed on DNA sequencing gels alongside DNA
sequencing reactions run using the same primer.

Expression of7a-HSDH in E. col. E. coli strains were grown
to late logarithmic phase in Luria-Bertani medium and har-
vested by centrifugation. Crude extracts were prepared by
suspending the pellet in 2 volumes of 50 mM sodium phos-
phate, pH 7.0, and rupturing the suspension in a French
pressure cell at 12,000 lb/in2. Crude lysates were then centri-
fuged at 100,000 X g for 1 h, following which the supernatants
were dialyzed overnight against 1 liter of 50 mM sodium
phosphate-i mM dithiothreitol, pH 7.0. Extracts were assayed
spectrophotometrically and also following polyacrylamide gel
electrophoresis for both NAD- and NADP-linked 7a-HSDH
activity by the assays described above.

Nucleotide sequence accession number. The nucleotide se-
quence of the DNA fragment containing the 7ot-HSDH gene
has been submitted to GenBank with the accession number
L12058.

RESULTS AND DISCUSSION

Induction of 7a-HSDH. As shown in Fig. 2, 7a-HSDH
activity is expressed in C. sordefiii in both the absence (open
symbols) and presence (closed symbols) of bile acid in the
growth medium, reaching maximal levels in both cases during
the early stationary phase of growth. However, cells grown in
the presence of bile acid synthesize 7a-HSDH at levels approx-
imately 10-fold higher than in uninduced cells. This observa-
tion suggests that at least two levels of control are operative in
the regulation of 7a-HSDH, one responsive to the growth
phase of the cell and the other responsive to the presence of
bile acid in the growth medium. Transcriptional analyses (see
below) are also included in Fig. 2 and show a similar pattern of
growth-phase induction with increased expression when bile
acid is present in the growth medium. Previous studies on
dehydroxylation and dehydrogenation of bile acids by C.
sordelli demonstrate that these activities are also present
during growth on cholic acid (4, 5). In addition, we have
demonstrated 7a-HSDH induction in C. sordellii by growth in
the presence of 0.1 mM deoxycholic acid. This finding is
noteworthy since deoxycholic acid lacks a 7-hydroxy group. A
similar response to deoxycholic acid has been observed with
the inducible bile acid 7at- and 70-dehydrogenases of C.
absonum (38). Although unlikely, the possibility that the
induction seen in these cases is due to the presence of trace
7-hydroxylated contaminants in the commercial deoxycholic
acid has not been excluded.

Purification and amino acid sequence analysis of 7a-HSDH.
Large-scale batches (two of 8 liters) of C. sordellii were grown
to stationary phase in the presence of chenodeoxycholic acid.
From 20 g of wet cells, the 7a-HSDH was purified 310-fold
from crude extracts (specific activity [SA] = 1.1 U/mg) by
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FIG. 3. Restriction map and sequencing strategy of 7oL-HSDH clones. The 4.5-kbp EcoRI fragment and the 3.2-kbp HindIII fragment are
aligned to indicate the overlap regions. The 7o-HSDH ORF is indicated by the open box, with the direction of translation indicated by the arrow.
The individual sequencing reactions used to compile the entire sequence of the region shown below the EcoRI and HindIII maps are indicated
by the arrows at the bottom of the figure.

ammonium sulfate fractionation (SA = 1.6 U/mg in 40 to 60%
fraction; 90% yield), anion-exchange chromatography (SA =

3.0 U/mg; 35% yield), gel filtration chromatography (SA = 7.0
U/mg; 18% yield), and dye-ligand chromatography (SA = 340
U/mg; 10% yield). SDS-PAGE analysis indicated that the final
preparation contained a predominant polypeptide with a rel-
ative molecular weight of 30,000. The level of purity was
estimated to be greater than 85% by densitometric analysis of
the Coomassie blue-stained gel (data not shown). The ob-
served subunit size is similar to that seen for the 7a-HSDHs
purified from a Eubacterium sp. (32 kDa) (19) and from E. coli
(28 kDa) (61). In addition, nondenaturing pore gradient
PAGE analysis demonstrated that the C. sordefiii 7ct-HSDH
migrated in a manner similar to that of the 7ot-HSDHs from E.
coli and the Eubacterium sp. (data not shown). This suggests
that the C. sordefiii 7oc-HSDH also exists as a tetramer in its
native state. Approximately 30 ,ug of the purified protein was
subjected to N-terminal amino acid sequence analysis. The
sequence for residues 2 through 18 was determined (NH2?NK
LENKVALVTSATRGI). This sequence was 58.8% identical
(10 matches in 17 residues) to the corresponding region of the
NADP-linked 7a-HSDH from Eubacterium sp. strain VPI
12708 (8).
Cloning of 7a-HSDH. Based on the N-terminal amino acid

sequence, a set of degenerate oligonucleotides was synthesized
for use in identifying the 7a-HSDH gene in restriction frag-
ments of DNA from C. sordefiii. Amino acids 2 through 8 were
judged to be the best sequence to use to design probes with the
least degeneracy. Probe I [AA(TC)AA(AG)3T(AG)GA(AG)
AA(TC)AA(AG)GT] had a 64-fold degeneracy, and probe II
[AA(TC)AA(AG)C1(ATGC)GA(AG)AA(TC)AA(AG)GT]
had a 128-fold degeneracy. Southern blot analysis of C. sordeiii
genomic DNA digested to completion with various restriction
enzymes was performed using each 32P-labeled probe. Strong

signals were observed with probe I but not with probe II (data
not shown). Therefore, probe I was used for subsequent
screening experiments. EcoRI digestion gave a well-defined
hybridization band at approximately 4.5 kb, so this enzyme was
utilized for the initial cloning experiments. EcoRI-digested
genomic DNA from C. sordefiii was fractionated by sucrose
density gradient centrifugation, and fractions showing maximal
hybridization to probe I were ligated into pUC19 and trans-
formed into E. coli DH5ao-MCR. Colony lifts and hybridiza-
tions were performed on approximately 250 colonies with
plasmid inserts. Of these, six colonies which hybridized
strongly to probe I were identified. These were subsequently
shown to have identical restriction patterns and therefore were
assumed to contain common inserts in identical orientations.
One representative of this group was selected and designated
pCAG-01 (Fig. 3). Initial mapping, hybridizations, and se-
quence analysis indicated that the 7ao-HSDH gene was located
on a terminal portion of the 4.5-kb EcoRI insert and that the
gene was incomplete. With the preliminary restriction map it
was predicted that the 3.2-kb HindIII fragment would contain
the entire gene. This HindIII fragment was cloned in a fashion
identical to that of the EcoRI fragment and designated
pCAG-52 (Fig. 3). Cell extracts prepared from E. coli trans-
formants containing this plasmid produced NADP-linked 7a-
HSDH activity at levels approximately 200-fold higher than did
C. sordeiii. This activity was electrophoretically distinct from
the endogenous NAD-linked 7o-HSDH found in E. coli (data
not shown).
DNA sequence analysis. The 1,314-bp nucleic acid segment

extending from the HpaI restriction site to a point 402 bases
downstream from the EcoRI site was sequenced in both
strands, and the sequence (Fig. 4) was analyzed for informa-
tion content. An 804-base open reading frame (ORF) was
found extending from base 322 through base 1125. This

HkdlIl hdEHoRI
1.4
MS0H

HindlilAcHD EooR

74ISDH

7MSDH S

EcoRI
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HpaI
10 20 30 40 50 60 70 80 90

AAC TTG ACA CCA GAT GTA TAT TTT ATT AGA GAG TTT AAT CCA GAT GAA ATG AGA TTT GAC TGT GAT GGG GAA AAA CTT TCT TTA ACT ATA
Asn Leu Thr Pro Asp Val Tyr Phe Ile Arg Glu Phe Asn Pro Asp Glu Met Arg Phe Asp Cys Asp Gly Glu Lys Leu Ser Leu Thr Ile

100 110 120 130 140 150 160 170 180
AGT TTT GAT GTT AAT TAA ATA TTA TTT AAA TAT AAA GAT AGC CAG TTT TTC TGG CTA TTT TTT ATT ATA TTA TTA AAT TTA TCA AAA TAA
Ser Phe Asp Val Asn-->

190 200 210 220 230 240 250 260 270
TAA GGT TAA ATA AAG ATA TGG GGT AAT AAA TAT AAA AAT AAT ATT GTT AAT ATT TTA ATA ACA AAA TGT TTT ACT TTA AAA TGA ATT AAA

280 290 300 310 320 330 340 350 360
GAT TTG ATA TAA TAA GTA TTA CAA AGA TGT ATT AGA AAG GGG TAA TAT ATT ATG AAT AAA TTA GAA AAT AAA GTA GCT TTA GTA ACA TCA
- *** *** * Met Asn Lys Leu Glu Asn LYs Val Ala Leu Val Thr Ser+1
370 380 390 400 410 420 430 440 450

GCA ACT AGG GGA ATA GGA CTT GCA TCA GCT ATA AAA TTA GCT CAA AAT GGA GCT ATA GTT TAT ATG GGA GTT AGA AGA CTT GAA GCA ACT
Ala Thr Arg Gly Ile Gly Leu Ala Ser Ala Ile Lys Leu Ala Gln Asn Gly Ala Ile Val Tyr Met Gly Val Arg Arg Leu Glu Ala Thr

460 470 480 490 500 510 520 530 540
CAA GAG ATA TGT GAT AAA TAT AAA GAA GAA GGA TTA ATT TTA AAA CCT GTA TTT TTC GAT GCA TAT AAT ATA GAC ATT TAT AAA GAA ATG
Gln Glu Ile Cys Asp Lys Tyr Lys Glu Glu Gly Leu Ile Leu Lys Pro Val Phe Phe Asp Ala Tyr Asn Ile Asp Ile Tyr Lys Glu Met

AccI
550 560 570 580 590 600 * 610 620 630

ATT GAT ACA ATA ATT AAG AAC GAG GGT AAA ATA GAT ATT TTA GTT AAT AAT TTT GGG ACA GGT AGA CCA GAA AAA GAT TTA GAC TTA GTA
Ile Asp Thr Ile Ile Lys Asn Glu Gly Lys Ile Asp Ile Leu Val Asn Asn Phe Gly Thr Gly Arg Pro Glu Lys Asp Leu Asp Leu Val

640 650 660 670 680 690 700 710 720
AAT GGA GAT GAA GAT ACA TTT TTT GAA TTA TTC AAC TAC AAT GTA GGT AGT GTA TAT AGA TTA TCA AAA TTA ATT ATA CCT CAC ATG ATA
Asn Gly Asp Glu Asp Thr Phe Phe Glu Leu Phe Asn Tyr Asn Val Gly Ser Val Tyr Arg Leu Ser Lys Leu Ile Ile Pro His Met Ile

730 740 750 760 770 780 790 800 810
GAA AAT AAA GGA GGA AGT ATA GTT AAT ATA TCT TCA GTG GGA GGT TCT ATT CCA GAT ATA TCT AGA ATT GGA TAT GGA GTT TCT AAG TCA
Glu Asn Lys Gly Gly Ser Ile Val Asn Ile Ser Ser Val Gly Gly Ser Ile Pro Asp Ile Ser Arg Ile Gly Tyr Gly Val Ser Lys Ser

820 830 840 850 860 870 880 890 900
GGG GTT AAT AAT ATT ACA AAA CAA ATA GCT ATA CAA TAT GCA AAA TAT GGA ATT AGA TGC AAC GCA GTA CTT CCT GGG CTT ATT GCA ACA
Gly Val Asn Asn Ile Thr Lys Gln Ile Ala Ile Gln Tyr Ala Lys Tyr Gly Ile Arg Cys Asn Ala Val Leu Pro Gly Leu Ile Ala Thr

EcoRI
910 , 920 930 940 950 960 970 980 990

GAT GCA GCT ATG AAT TCT ATG CCA GAT GAA TTT AGA AAA TCA TTT TTA TCT CAT GTT CCA TTA AAT CGA ATT GGA AAT CCA GAA GAT ATA
Asp Ala Ala Met Asn Ser Met Pro Asp Glu Phe Arg Lys Ser Phe Leu Ser His Val Pro Leu Asn Arg Ile Gly Asn Pro Glu Asp Ile

1000 1010 1020 1030 1040 1050 1060 1070 1080
GCA AAC TCA GTA CTA TTT TTT GTA CCA AGT GAA GAT TCA TCA TAT ATA ACA GGT TCT ATT TTA GAG GTA TCA GGA GGA TAT AAT CTT GGA
Ala Asn Ser Val Leu Phe Phe Val Pro Ser Glu Asp Ser Ser Tyr Ile Thr Gly Ser Ile Leu Glu Val Ser Gly Gly Tyr Asn Leu Gly

1090 1100 1110 1120 1130 1140 1150 1160 1170
ACA CCT CAA TAT GCA GAA TTT GTA GGA AGT AAA GTT GTA GAA TAA AAT TTA ATT TAT AAG AAA AAA CTT TAA ATA AAG TAC ATA GAT TTT
Thr Pro Gln Tyr Ala Glu Phe Val Gly Ser Lys Val Val Glu --- >

1180 1190 1200 1210 1220 1230 1240 1250 1260
ATC TAC GTG CTT TAT TTT TTA TTT AAC TAT AAA TTA AAA TTT ATA AAG ATG AAT TTA AAT TTA TTA TAA AAA TAT ATC AAA ATT AAT GAA

1270 1280 1290 1300 1310
AAG ATT TTA ATA TTA ATT TAA TAT CAC ATT TAG CAC TAA GTT AAT ATA TGT TTT

FIG. 4. Nucleotide and amino acid sequences of the 7aL-HSDH gene. Restriction recognition and cleavage sites for HpaI, AccI, and EcoRI are
indicated by boldface type and arrowheads, respectively. Possible rho-independent terminator regions are indicated by horizontal arrow pairs below
the sequence. Possible promoter -35 and -10 regions are indicated by the horizontal bars below the sequence. The putative Shine-Dalgarno
region complementary to the 3' end of C. perfringens 16S rRNA (21) is indicated by asterisks. The amino acid sequence corresponding to that
determined experimentally by N-terminal analysis is underlined. The nucleotide sequence at the N terminus which is a subpopulation of the probe
I mixture is also underlined.

reading frame included codons for the identical amino acid
residues determined by the N-terminal amino acid analysis of
the purified 7a-HSDH and the corresponding sequence con-
tained in a subpopulation of probe I (bases 325 to 344).
Downstream (25 bp) from the termination codon of this ORF
was a sequence resembling a rho-independent terminator
(AG37-C = -11.9 kcal [ca. -49.8 kJ]/mol). In the upstream
region, the presence of another rho-independent terminator-
like structure (AG37-C =-9.1 kcal [ca. -38 kJ]/mol) suggests
that the ORF extending through base 108 encodes the carboxyl
terminus of a peptide. The region from the end of this putative
upstream terminator (base 153) to the start codon for the
804-base reading frame is characterized by an extremely low
G+C composition (14% G+C compared to 28 and 29% for
the upstream and downstream ORFs, respectively). This base
composition pattern is also seen in the region downstream
from the 804-base ORF, with.a G+C composition of 13%. The

entire sequenced region has an overall base composition of
25% G+C.
The region upstream from the 804-base ORF contains

sequences with homology to previously recognized promoter
sequences from gram-negative and gram-positive organisms
(24, 47, 51). These include a sequence (TATAAT) identical to
the consensus -10 region from gram-positive and enteric
gram-negative organisms. The calculated frequency of random
occurrence of the sequence TATAAT is high (approximately
once per 175 bases) in a DNA region with the observed low
G+C composition. However, the presence of additional resi-
dues shown to be highly conserved in prokaryotic promoters,
such as the TG 1 base upstream from the - 10-like hexameric
sequence, lends support to the function of this region as the
promoter. Further upstream lies a sequence (TITAAA) which
matches the consensus -35 sequence (TTGACA) from E. coli
and gram-positive organisms in 4 to 6 bases. The spacing
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IND UNIND
RNA RNA A

DNA SEQUENCE
C G T

FIG. 5. Primer extension mapping of the 5' end
transcript. The 5' end of the 7a-HSDH message (14
shown (IND RNA) alongside a DNA sequencing lad
primer. The DNA sequence which can be read fr4
shown to the right. The vertical bar indicates the p(
three bases of the consensus -10 hexamer just up
transcriptional start site. Uninduced RNA (UNINE
same time point is also included.

between these putative -35 and -10 sequen
which is considered the optimum distance.
primer extension analyses (see below) also s
that this region functions as the promoter.
bases) from this promoter region lies a pote
binding sequence consisting of a heptanucleo
-10.4 kcal [ca. -43.5 kJ]/mol) with 100%
homology to the 3' end region of clostridial
This putative Shine-Dalgarno sequence pre
codon by 11 bases.

Transcript analysis. Total RNA was isolated from C. sor-

delli at time intervals throughout the logarithmic and station-
3

ary growth phases under both inducing (0.2 mM chenodeoxy-

T A -10 cholic acid) and noninducing conditions. Samples of this RNA
A T' were subjected to Northern blot analysis using a 22-mer
T A oligonucleotide probe (5'-GCTGATGCAAGTCCTATTCCC

TC A6 C-3') based on the N-terminal coding region of the 7ct-HSDHA ' T'"gene (bases 368 to 389). The 7at-HSDH bands observed after
T A autoradiography were excised and quantitated by liquid scin-

A T tillation counting. The results clearly show a dramatic elevation
T A ''''' +1 of 7a-HSDH mRNA levels in response to the presence of bile
G C acid in the growth medium (Fig. 2). Also noteworthy and in

T A agreement with measured enzyme levels is the apparent
T A growth phase-dependent elevation of 7oa-HSDH mRNA levels

C in the absence of bile acid. The mechanisms of both the bile
T A acid-dependent and growth phase-dependent increases in 7ct-
A T HSDH mRNA levels are currently under investigation.

C' 6' The size of the 7ao-HSDH band seen (<1,000 bases) is also
A T consistent with the prediction based on the DNA sequence

T A analysis that the gene is located on a monocistronic operon.

A T The 5' end of the 7a-HSDH RNA (from bile acid-induced,
A T late-log-phase cells) was mapped by primer extension analysis

T using the 22-mer oligonucleotide used for the Northern

5 analysis (Fig. 5). The 5' end of the transcript was localized to
an A residue corresponding to position 291 of the DNA
sequence (Fig. 4). This base is located 7 bases downstream
from the consensus -10 sequence (bases 278 to 283) described
above.

of the 7a-HSDH Amino acid sequence comparisons. The predicted amino
40-min sample) is acid sequence encoded on the 804-base ORF (267 residues;
der with the same 29,175 Da) shows significant homology to enzymes in the
om this region is short-chain dehydrogenase family. The closest relative among
osition of the last previously described enzymes is the NADP-linked 7a-HSDH
)stream from this from Eubacterium sp. strain VPI 12708 (8) (48% identity; 65%
RNA) from the similarity), followed by the NAD-linked 7a-HSDH from E. coli

(61) (34% identity; 58% similarity). Table 1 summarizes the
identity scores between the C. sordeiii 7at-HSDH and six other
bacterial HSDHs as well as two other closely related proteins,

ces is 17 bases, the 3-oxoacyl-(acyl carrier protein) reductase from E. coli
The results of (involved in fatty acid biosynthesis) (50) and the putative
trongly suggest 3-oxoacyl reductase from Streptomyces violaceoruber (involved
)ownstream (20 in polyketide antibiotic biosynthesis) (53). The relationship of
:ntial ribosomal the C. sordellii and Eubacterium NADP-linked 7a-HSDHs to
tide (AG37aC = the E. coli NAD-linked 7a-HSDH and the E. coli NADP-
complementary linked 3-oxoacyl reductase is noteworthy in that the two
16S rRNA (21). NADP-linked HSDHs appear to be as closely related to the
cedes the start NADP-linked 3-oxoacyl reductase as they are to the NAD-

linked HSDH from E. coli (see below).

TABLE 1. Pairwise identity scores for short-chain dehydrogenases similar to the C. sordeflii 7oa-HSDH

% Identityb with:
Enzymeam

CTE3DH EUB3DH1 EUB3DH2 EC03KR EUB7DH CS07DH EC07DH STV3KR

STH20DH 36 32 33 36 35 29 31 32
CT1E3DH 100 29 30 28 30 30 31 30
EUB3DH1 100 90 33 30 29 27 26
EUB3DH2 100 34 30 29 27 25
ECO3KR 100 35 34 31 28
EUB7DH 100 48 34 33
CSO7DH 100 34 33
ECO7DH 100 29

a See Fig. 6 legend for sequence abbreviations.
"The GCG DISTANCES program was used to calculate scores based on a cutoff value of 1.5 (residue identity) and the alignment shown in Fig. 6. The total number

of matches for each pair is divided by the length of the shortest member of that pair to obtain the identity score, expressed as a percentage.
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20
.... .mnd lsgKtvi ITgga
.... . tnrlqgKva lVTgga
.... .mklvqdKiti ITggt
.... .mn lvqdKvti ITggt
.... .mnf .egKia lVTgas

.......mrlkdKvilVTast

.... . mnkl enKvalVTsat
mfnsdnlrldgKcaiITgag
... matdapeapvalVTgss
-_______-------VT---

____---K---..Kv1!
----------------tG--

100
vvayareefGsvDgLVNNaG
vmaavqrrlGtlnVLVNNaG
avgtvaqkyGrlDVMINNaG
avgqvaqkyGrlDVMINNaG
vlekiraefGevDILVNNaG
mieeiieqeGriDVLVNNfG
midtiikneGkiDILVNNfG
ladfaisklGkvDILVNNaG
lvdtavehyGrlDVLVNNaG
---------G--DVLVNN-G
m-D--i---j- Ijj-g---t-

------------d-----ag
180

altssYgaSKwgvrglskla
eqyagYsaSKaavsaltraa
lsgigYptSKagviglthgl
lsgvgYpaSKasviglthgl
ggqanYaaaKagligfsksl
isqiaYgtSKaainyltkli
isrigYgvSKsgvnnitkqi
inmtsYasSKaaashlvrnm
gssipYavSngghraqtrll
------Y--SK----------

-----.s---.-s---------
-Y---K----------

260
avvkL.lSdtssyvtgaela
lvlfL.aSdessvmsggelh
vylfL.aSdlasgitattis
vylfL.aSdlasgitattvs
avafL.aSdeaayitgetlh
avvyF.aSddaayttgqilt
svlfFvpSedssyitgsile
aalfL.cSpaaswvsgqilt
avlgLv... ratyttgqvll
----L--S------------
---FF--. --Y--G-iL-
-v-FF-- s~dd--Y-tG--L-

40 60 80
rGlGaeaArqavaaGarVvl .advldEegaatarel.... gdaaryqhlDvtieedwqr
sGVGlevvklllgeGakVaf .saineaagqqlaael.... .gersmfvrhDvsseadwtl
rGIGfaaAklfienGakVsi .fetqEevdtalaqlkely peeevlgfapDltsrdavma
rGIGfaaAkifidnGakVsi .fgetqEevdtalaqlkely peeevlgfapDltsrdavma
rGIGraiAetlaarGgkV.i .gtatsEngaqaisd.... y lgangkglmlnvtdpasies
rGIGlaiAqacakeGakVym .garnlErakarademnaa. .ggnvkyvynDatkeetyvt
rGIGlasAiklaqnGaiVym .lgvriEatqeicdkykee. . glilkpvffDaynidiyke
aGIGkeiAitfataGasVvv .sdTnaDaanhvvdeiqql. .ggqafacrcDitseqelsa
sGIGqtvAqrlaaeGyrVvv nsarsvEdgektaaal.... ..pdalyvraDvseeadarr
-GIG----------G--V-- -------------------- ----------D---------
---A-.a---E------d---d------
--a-A----A- -g-----E------------- -G---k--------------

-g-G---------------- -------------------------G-----D-
120 140 160

is ... tgmfLetesvErFrk vvdiNltgvFigmktvipaM kdaggGsIVnisSaaglmgl
il ...lpgdMetgrlEdFsr llkiNtesvFigcqqgiaaM ke.tgGsIInmaSvsswlpi
it ... mnsvFsrvseEdFkn imdiNvngvFngawsayqcM kdakqGvIIntaSvtgiygs
it...snnvFsrvseEeFkh imdiNvtgvFngawcayqcM kdakkGvIIntaSvtgifgs
it ... rdnlLmrmkdEeWnd iietNlssvFrlskavmraM mkkrhGrIItigSvvgtmgn
ssnpkkdlgiantdpEvFik tvniNlksvFiasqtavkyM aenggGsIInisSvgglipd
tgrpekdldLvngdeDtFfe lfnyNvgsvYrlskliiphM ienkgGsIVnisSvggsipd
gggp.kpfdMpmad... Frr ayelNvfsfFhlsqlvapeM eknggGvIltitSmaaenkn
rtraiphadLaaatpEvWre ilglNvigtWqttvaamphL arsgnGsVVnvsSiagsrpa
---L-----E-F------N-----F- -M -----G-II---S-------
---p-k-i- d---d - --S---S---- --n-e-.--I-.j--
-~-d-------- e-.s ~-- s--s------..I----.S-s ;$v-g----

-------------------- ----n--------------- -----G------s-------
200 220 240

ave..lgtdrIRvnsVhPGm tyTpmtaetgirqg...egn ypntPmgRvgne..PgEIAg
alscrkqgyaIRvnsIhPdg iyTpm.mqaslpkgvskemv lhdpklnRagraymPerIAq
gre..iirknIRvvgVaPGv vdTd.mtkglppe..iledy lktlPmkRmlk... PeEIAn
gre..iirknIRvvgVaPGv vnTd.mtngnppe..imegy lkalPmkRmle...PeEIAn
are..vasrgItvnvVaPGf ieTd.mtralsdd..qragi laqvPagRlgg.. .aqEIAn
avh..earhnIRcnaVlPGm taTdavqdnltdd..frnff lkhtPiqRmgl.. .PeEIAa
aiq..yakygIRcnaVlPGi iaTdaamnsnpde..frksf lshvPlnRign... PeDIAn
afd..lgeknIRvngIaPGa ilTdalksvitpe..ieqkm lqhtPirRlgq... PqDIAn
a... ntvgpaVRvnaVaPGi ieTpwtqnsdffap.iaehv rqttPlrRtgr... PeDVAe
----------I----V-PG- --T----------------- -------R---------IA-
A------ Er-N- - -:D E--- L- ----G----A:--4-N--------D.:5A--- a - <- -----1-dD---r--- L---P--. -G------E.S

280
VdGgwttgptvkyvmgq*.. ....
adns...... ilgmgi* ......

VdGayrp*.... ....

VdGayrp*.... ....

VnGgmymv*........
VsGgfgiatpifgdlsersd arg*
VsGgyn1gtpqyaefvgskv ve*.
VsGg.. gvqen*.... ....

VdGgahi1*. ....

VsGG---------------- ----

V-GG---
_-

FIG. 6. Amino acid sequence homologies between nine bacterial HSDHs and closely related short-chain dehydrogenases aligned with the GCG
PILEUP program. Below the actual protein sequences are listed various consensus sequences generated with the GCG DISTANCES program.
ALLCON, nine members; 7DHCON-3, residues conserved in the three 7a-HSDHs (CS07DH, EUB7DH, and ECO7DH); TPNCON, residues
conserved in the most closely related NADP-linked enzymes (CSO7DH, EUB7DH, and ECO3KR). For 7DHCON and TPNCON, residues unique
to either are noted by lowercase letters. PJKCON, the 13 residues which are identical in all (uppercase) or most (lowercase) of the 20 short-chain
dehydrogenases examined by Persson et al. (49). For actual sequences, highly conserved or identical residues are indicated in uppercase letters.
The C. sordellii sequence is marked by the horizontal arrow. Underlined residues around position 40 are polar residues which may be involved in
cofactor specificity. The Asn residue of STV3KR in the otherwise highly conserved -Y---K- region is also underlined. Sequence abbreviations:
STH20DH, Streptomyces hydrogenans 3cL,20P-HSDH (44); CTE3DH, Comamonas testosteroni 3P-HSDH (60); EUB3DH1 and EUB3DH2,
Eubacterium sp. strain VPI 12708 3a-HSDHs involved in bile acid 7-dehydroxylation (23); CSO7DH, C. sordeiii 7a-HSDH (this work); EUB7DH,
Eubacterium sp. strain VPI 12708 7a-HSDH (8); ECO7DH, E. coli HB101 7a-HSDH (61); ECO3KR, E. coli 3-keto-(acyl carrier protein) reductase
(fatty acid biosynthesis) (50); STV3KR, S. violaceoruber putative 3-keto reductase (polyketide biosynthesis) (53).

The nine HSDHs and closely related proteins are shown in
alignment in Fig. 6. The consensus sequence ALLCON listed
below the alignments indicates that five of the six highly
conserved residues (PKJCON) of the short-chain dehydroge-
nase family (49) are also found in the C. sordeiii 7a-HSDH
and its close relatives. Exceptions are found in that this group
of sequences lacks the conserved Gly-18. In addition, the
highly conserved Lys-170 is apparently replaced by Asn-170 in
the case of the S. violaceoruber 3-oxoacyl reductase.
The consensus sequences 7DHCON and TPNCON show

additional residues which are conserved in particular sequence
subsets exclusive of those residues conserved throughout the

entire group. TPNCON shows the residues which are con-
served between the two NADP-linked 7a-HSDHs and the
NADP-linked 7a-HSDHs and the NADP-linked E. coli 3-keto
reductase. 7DHCON shows those residues conserved in the
three 7a-HSDHs (NADP or NAD linked). Although definitive
conclusions cannot be drawn from such a small number of
sequences, the differences between 7DHCON and TPNCON
may be indicative of residues which play a role as cofactor
determinants (TPNCON) versus residues which play a role as
7a-hydroxy group determinants (7DHCON). There also ap-
pears to be some correlation between the polarity of charged
amino acid residues in the region around amino acid 37

STH20DH
CTE3DH
EUB3DH1
EUB3DH2
ECO3KR
EUB7DH

-4 C8O7DI
ECO7DH
STV3KR
ALLCON
7DHCON
TPNCON
PKJCON

STH20DH
CTE3DH
EUB3DH1
EUB3DH2
ECO3KR
EUB7DH

.4 C8O7DK
ECO7DH
STV3KR
ALLCON
7DHCON
TPNCON
PKJCON

STH20DH
CTE3DH
EUB3DH1
EUB3DH2
ECO3KR
EUB7DH

.4 C807DR
ECO7DH
STV3KR
ALLCON
7DHCON
TPNCON
PKJCON

STH20DH
CTE3DH
EUB3DH1
EUB3DH2
ECO3KR
EUB7DH

.4 CSO7DH
ECO7DH
STV3KR
ALLCON
7DHCON
TPNCON
PKJCON

J. BAC-1ERIOL.
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(STH20DH numbering) and the cofactor specificity. Several of
the enzymes known to be NAD linked (STH20DH, CTE3DH,
and ECO7DH) have aspartic residues in this region, whereas
the majority of the NADP-linked members (EUB7DH,
CSO7DH, and STV3KR) have arginine residues in the same

region. This region has previously been suggested to be
involved in cofactor specificity via H bonding to the adenosine
ribose C2-hydroxy group of NAD (acidic or uncharged resi-
dues) or the adenosine ribose C2-phosphate group of NADP
(basic residues). The cofactor specificity of Drosophila alcohol
dehydrogenase (a short-chain dehydrogenase) has actually
been altered by mutation of Asp-38 to Asn-38 (12). However,
three-dimensional structural predictions for the 3ot,200-HSDH
(STH20DH) instead suggest that this region (Asp-37) is in-
volved in H bonding to the carboxamide group of the nicotin-
amide moiety rather than the adenosine ribose hydroxyl posi-
tions (22).
Our research activities are now directed toward elucidating

the mechanism of bile acid and growth phase regulation of the
7a-HSDH gene in C. sordellii.
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