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Two bile acid-inducible polypeptides from Eubacterium sp. strain VPI 12708 with molecular weights of
27,000 and approximately 45,000 have previously been shown to be encoded by genes residing on a 2.9-kb
EcoRI fragment. We now report the cloning and sequencing of three additional overlapping DNA fragments
upstream from this EcoRI fragment. Together, these four fragments contain a large segment of a bile
acid-inducible operon which encodes the 27,000- and 45,000-Mr (now shown to be 47,500-Mr) polypeptides and
open reading frames potentially coding for four additional polypeptides with molecular weights of 59,500,
58,000, 19,500, and 9,000 to 11,500. A bile acid-inducible polypeptide with an apparent Mr of 23,500, as

determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, was purified to homogeneity, and the
N-terminal amino acid sequence that was obtained matched the sequence deduced from the open reading frame
coding for the 19,500-Mr polypeptide. A short DNA segment containing the 3' downstream end of the gene

coding for the 47,500-Mr polypeptide was not successfully cloned but was directly sequenced from DNA
fragments synthesized by polymerase chain reaction. The mRNA initiation site for the bile acid-inducible
operon was shown by primer extension to be immediately upstream from the gene encoding the 58,000-Mr
polypeptide. A potential promoter region upstream from the mRNA initiation site displayed significant
homology with the promoter regions of previously identified bile acid-inducible genes from Eubacterium sp.

strain VPI 12708. We hypothesize that this bile acid-inducible operon codes for most of the enzymes involved
in the bile acid 7a-dehydroxylation pathway in this bacterium.

During enterohepatic circulation, bile acids can undergo
numerous biotransformations carried out by anaerobic intes-
tinal bacteria (10, 11). One of the quantitatively most impor-
tant bile acid biotransformations is 7-dehydroxylation.
Cholic and chenodeoxycholic acids undergoing 7-dehydrox-
ylation yield deoxycholic and lithocholic acids, respectively.
Deoxycholic acid makes up approximately 20 to 25% of the
total bile acid pool in humans (19).
Eubacterium sp. strain VPI 12708 is an anaerobic intesti-

nal bacterium that possesses a bile acid 7-dehydroxylation
activity which is induced by culturing in the presence of
unconjugated C-24 bile acids that possess a 7ot-hydroxyl
group (22). This activity is thought to proceed by a multistep
pathway in which the bile acid is first linked to an adenosine
nucleotide upon entering the cell. The bile acid undergoes a
pair of oxidation reactions followed by loss of the 7s-
hydroxyl group in a dehydration step and then undergoes a
series of reduction steps, yielding the final dehydroxylated
product (5).

Following cholic acid induction, the Eubacterium strain
synthesizes at least six new polypeptides with approximate
molecular weights of 77,00, 56,000 (two polypeptides),
45,000, 27,000, and 23,500, as determined by one- and
two-dimensional sodium dodecyl sulfate (SDS-polyacryl-
amide gel electrophoresis (PAGE) (17, 21). The genes coding
for two identical copies of the 27,000-Mr polypeptide (baiAl
and baiA3) have been cloned and sequenced from separate
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chromosomal DNA fragments (4, 5, 8). The gene coding for
most of the 45,000-Mr polypeptide has also been cloned on a
separate 2.9-kb EcoRI fragment (24). The gene coding for a
third copy of the 27,000-Mr polypeptide (baiA2) is also
located on the 2.9-kb EcoRI fragment, immediately up-
stream from the 45,000-Mr polypeptide (25). The baiA2 gene
shares 81% nucleotide sequence identity with the baiAl and
baiA3 genes, while the polypeptide encoded by the baiA2
gene shares 92% amino acid sequence identity with the other
two 27,000-Mr polypeptides (8, 25).
Northern (RNA) blot analysis of transcripts from the

baiAl and baiA3 genes has suggested that they code for
small (-950-bases) monocistronic mRNAs (5). However,
Northern blot analysis of the transcript containing the baiA2
gene and the gene encoding the 45,000-Mr polypeptide
indicated the presence of an mRNA species greater than 6 kb
in length (24). This paper reports the cloning and sequencing
of chromosomal DNA fragments adjacent to the baiA2 gene
and the gene encoding the 45,000-Mr polypeptide.

MATERIALS AND METHODS
Bacterial strains and culture conditions. Eubacterium sp.

strain VPI 12708 stock cultures were maintained in chopped
meat medium as described by Holdeman and Moore (9). The
Eubacterium strain was grown anaerobically as previously
described (22) for protein and DNA isolation. Strains of
Escherichia coli used in the various cloning experiments are
identified in the appropriate sections.

Polypeptide purification. For isolation of the 23,500-Mr
polypeptide, Eubacterium sp. strain VPI 12708 was grown in
4 liters of medium and induced by addition of sodium cholate
as previously described (17, 22). The cells were harvested by
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centrifugation, resuspended in a minimum volume of 50 mM
sodium phosphate buffer (pH 6.8) containing 100 ,ug of
DNase I, and lysed by two passages through a French
pressure cell at 12,000 lb/in2. The cell lysate was centrifuged
at 105,000 x g for 2 h, and the supernatant was collected and
dialyzed (40C) against 50 mM sodium phosphate buffer (pH
6.8). The sediment from a 35 to 75% ammonium sulfate
precipitation of the soluble cell extract was then dialyzed
and passed through a high-performance liquid chromatogra-
phy (HPLC) system composed of two Altex TSK 3000 SW
gel filtration columns attached in tandem and equilibrated
with 50 mM sodium phosphate buffer (pH 6.8)-100 mM
NaCl. Fractions displaying the 23,500-Mr polypeptide
bands, as determined by SDS-PAGE, were pooled, dialyzed,
and concentrated with a PF10 filter attached to a positive-
pressure stirred-cell filtration devise (Amicon Corp., Dan-
vers, Mass.). Concentrated samples were applied to an
analytical Beckman DEAE 3SW HPLC column equilibrated
with 20 mM sodium phosphate buffer (pH 6.0). Fractions
containing the 23,500-Mr polypeptide from a 0 to 500 mM
NaCl gradient were subjected to a second gel filtration
purification step and finally to a second DEAE-HPLC (pH
5.0) purification step. Final fractions containing the
23,500-Mr polypeptide were extensively dialyzed against
HPLC-grade water and concentrated in Amicon Centricon
10 filtration units. Protein concentrations were determined
by the Bio-Rad protein assay system (Bio-Rad Laboratories,
Richmond, Calif.).

Polypeptide sequencing. A 25-,ug aliquot from a final pool
of 120 ,ug of the purified 23,500-Mr polypeptide was used for
N-terminal amino acid sequence determination on an Ap-
plied Biosystems (Foster City, Calif.) 477A protein se-
quencer at the University of Illinois Biotechnology Center.
Western immunoblot procedures. For Western blot analy-

sis, crude cell extracts and fractions collected from HPLC
fractionations were separated by SDS-PAGE and electro-
blotted to nitrocellulose filters. The filters were then exposed
to purified immunoglobulin G prepared against HPLC frac-
tions containing 7-dehydroxylation activity from Eubacte-
rium sp. strain VPI 12708 (17). Reaction to antibody was
detected by use of a goat anti-rabbit secondary antibody with
a colorimetric horseradish peroxidase detection system as
instructed by the manufacturer (Bio-Rad).
Recombinant DNA methods. Eubacterium sp. strain VPI

12708 chromosomal DNA was isolated by the method of
Marmur (15). For preparation of the Agtll libraries, Eubac-
terium chromosomal DNA was digested to completion with
EcoRI and size fractionated on 0.7% agarose gels. Frag-
ments of the appropriate size were cut out of the gel and
purified with GeneClean (Bio 101 Inc., La Jolla, Calif.) or by
electroelution in dialysis tubing, followed by phenol-chloro-
form extraction and ethanol precipitation. Purified fragments
were ligated to EcoRI-digested Xgtll arms (Bethesda Re-
search Laboratories, Gaithersburg, Md. [BRL]), packaged,
and used to infect E. coli Y1090 (27). Xgtll DNA was
isolated as described by Davis et al. (6).
For construction of the pUC19 libraries, Eubacterium

DNA was digested to completion by the appropriate restric-
tion endonuclease and size fractionated on appropriate aga-
rose gels. Fragments of the appropriate size were cut out of
the gels and purified with GeneClean or by electroelution,
followed by phenol-chloroform extraction and ethanol pre-
cipitation. The fragments were ligated to appropriately di-
gested pUC19 DNA that had been treated with bacterial
alkaline phosphatase (BRL). The ligated mixture was then
used to transform HB101, DH5a, or DH5aMCR competent

cells as described by the supplier of the cells (BRL). Plasmid
DNA was isolated by the method of Birnboim and Doly (2).
Fragments used for subcloning into M13mpl8 and

M13mpl9 vectors were obtained by digesting DNA from
pUC19 or Xgtll clones with appropriate restriction endonu-
cleases and separating the fragments on agarose or poly-
acrylamide gels. Fragments were cut out of the gels and
purified as described above. Purified fragments were ligated
to M13 DNA that had been digested with the appropriate
restriction endonucleases and treated with bacterial alkaline
phosphatase. Ligated mixtures were used to transform E.
coli DH5aF' or DHSaF'IQ competent cells (BRL). For
sequencing, M13 clones were grown in E. coli JM101 (26)
and single-stranded DNA was prepared according to the
procedure described by Davis et al. (6).
DNA hybridization procedures. Oligonucleotides were syn-

thesized on either a Cyclone DNA synthesizer (Millipore
Corp., Burlington, Mass.) or an Applied Biosystems model
380A DNA synthesizer and purified as previously described
(4). Several of the oligonucleotides used were synthesized at
the Medical College of Virginia/Virginia Commonwealth
University Nucleic Acids Core Facility. Purified oligonucle-
otides were endlabeled for Southern blots and screening of
clone banks with T4 DNA kinase and [.y-32P]ATP (3,000
Ci/mmol). Unincorporated label was removed with Nensorb
20 cartridges (Dupont, NEN Research Products, Boston,
Mass.).
For Southern blot analyses, DNA restriction fragments

were transferred from agarose gels to Dupont GeneScreen
membranes as described in the package insert. Prehybrid-
ization, hybridization to end-labeled DNA probes, and
washing of the membranes were performed as described by
Davis et al. (6).
The procedure of Davis et al. (6) was used for Xgtll plaque

lifts to nitrocellulose filters and for hybridization of the filters
with end-labeled synthetic oligonucleotide probes. Colonies
of E. coli transformed with plasmid DNA were lifted from
agar plates to nitrocellulose filters and placed sequentially in
puddles on plastic wrap containing 0.5 M NaOH for 5 min,
1.5 M NaCl and 0.5 M Tris (pH 7.4) for 5 min, and 1.5 M
NaCl and 2x SSC (0.3 M NaCl, 0.03 M sodium citrate) for 5
min. The filters were air dried for 1 h at room temperature
and then baked for 2 h in an 80'C vacuum oven. Baked filters
were prewashed for 1 to 2 h at 370C in a solution of 1 M
NaCl-1 mM EDTA-0.1% SDS-50 mM Tris hydrochloride,
pH 8. Prehybridization, hybridization, and washing of the
filters were performed as described by Davis et al. (6).
Filters from the Southern blots and from the plaque and
colony lifts were placed in cassettes with X-Omat RP or
X-Omat AR film (Eastman Kodak Co., Rochester, N.Y.)
and a DuPont Cronex Lightning-Plus intensifying screen for
4 to 48 h at -700C before the film was developed.
DNA sequencing. DNA sequences were obtained by the

dideoxy-chain termination method (18), using the Sequenase
procedure of United States Biochemical Corp. (Cleveland,
Ohio) with either double-stranded plasmid DNA or single-
stranded M13 DNA as the template. Commercially available
universal sequencing primers (17-mers) and other synthetic
oligonucleotides were used in the sequencing procedures.
Regions of ambiguous DNA sequence were further analyzed
by use of dITP in the sequencing reactions. The DNA was
labeled with [a-35S]dATP. All sequence information was
obtained from both strands of overlapping fragments.
Primer extension. The primer extension procedure was

performed as described by Ausubel et al. (1).
PCR procedures. Inverse polymerase chain reaction (PCR)
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Time (min)
FIG. 1. Fractionation of the 23,500-Mr (19.5K) polypeptide on a DEAE-HPLC column (pH 6.0). The column was injected with

approximately 25 mg of protein from fractions containing the 23,500-Mr polypeptide from an initial gel filtration HPLC fractionation step.

was used to amplify downstream (3') segments of the op-
eron. Eubacterium sp. strain VPI 12708 chromosomal DNA
was first digested with restriction endonuclease HaeIII and
size fractionated on a 0.7% agarose gel. Gel slices containing
the appropriate-size fragments, as determined by Southern
blot analysis, were cut out of the gels and purified by
GeneClean. Purified fragments were ligated with T4 DNA
ligase. Approximately 10 to 20 ng of the ligated mixture was
subjected to PCR amplification, using a pair of 23-mer
oligonucleotide primers located within the sequenced region
of the fragment and hybridizing to opposite strands. The
Perkin Elmer (Norwalk, Conn.) PCR kit was used according
to insert instructions, with cycling temperatures of 940C (1
min), 550C (2 min), and 720C (1 min) on a Perkin Elmer
thermal cycler for 30 cycles.
Asymmetric PCR was used to obtain DNA for sequencing

and was performed both on the starting ligated mixtures and
on fragments obtained from a first round of PCR. A 50:1 ratio
of primers was used with the ligated mixtures, and a single
primer was used with the PCR material. The asymmetric
PCRs were run for 25 to 30 cycles as described above.

Analysis of sequence data. Analysis of nucleic acid and
protein sequence data was performed with the IBI/Pustell
DNA analysis program (International Biotechnologies, Inc.,
New Haven Conn.) and the Genetics Computer Group
program (University of Wisconsin Biotechnology Center,
Madison, Wis.).

Nucleotide sequence accession number. The GenBank ac-
cession number for the sequences reported in this article is
M36292.

RESULTS

Sequencing of the 2.9-kb EcoRI fragment. Sequencing was
completed on a 2.9-kb EcoRI fragment that had been previ-
ously cloned in Xgtll and shown to contain the gene coding

for a 27,000-Mr bile acid-inducible polypeptide (baiA2) and
the major portion of a gene coding for a bile acid-inducible
polypeptide with an apparent Mr of 45,000 (as determined by
SDS-PAGE of cholic acid-induced cell extracts; 24, 25). An
open reading frame potentially coding for a polypeptide
containing 166 amino acids and having a calculated Mr of
19,514 was found immediately upstream (5') from the baiA2
gene. Immediately upstream from the open reading frame
coding for the hypothetical 19,500-Mr polypeptide was what
appeared to be the 3' end of a fourth open reading frame.

Isolation of the 19,500-Mr polypeptide. To determine
whether the hypothetical 19,500-Mr polypeptide was identi-
cal to the 23,500-Mr cholic acid-induced polypeptide ob-
served on SDS-PAGE, the 23,500-Mr polypeptide was puri-
fied to homogeneity as described in Materials and Methods.
Separation of this polypeptide on a DEAE-HPLC column
(pH 6) is shown in Fig. 1, and analysis of the purification
steps by SDS-PAGE is shown in Fig. 2. The purified
polypeptide was shown by Western blot analysis to react
with antibodies prepared to HPLC fractions containing
7-dehydroxylation activity from extracts of cholic acid-
induced Eubacterium sp. strain VPI 12708 (Fig. 3). No
detectable 23,500-Mr polypeptide was observed in cell ex-
tracts prepared from uninduced cultures. The purified poly-
peptide was subjected to N-terminal amino acid sequence
analysis, and 31 residues of amino acid sequence were
obtained. Comparison of this sequence with the deduced
amino acid sequence of the proposed 19,500-Mr polypeptide
from the open reading frame on the 2.9-kb EcoRI fragment
revealed a 100% amino acid sequence identity with the
exception of the second amino acid, where a questionable
residue was suggested to be a phenylalanine instead of a
threonine (Fig. 4). Southern blots using an oligonucleotide
probe made from this N-terminal sequence showed a single
hybridizing band corresponding to a 2.9-kb EcoRI fragment.
The purified polypeptide and the hypothetical polypeptide
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FIG. 2. Purification steps for the 23,500 (19,500)-Mr polypeptide
(arrow) demonstrated by SDS-PAGE with a 7 to 20% polyacryl-
amide gradient. Lanes: 1, molecular weight markers; 2, uninduced
cell extract from Eubacterium sp. strain VPI 12708; 3, cholic
acid-induced cell extract; 4, pooled fractions from the initial gel-
filtration HPLC step; 5, pooled fractions from the first DEAE-HPLC
step; 6, pooled fractions from the second gel filtration HPLC step.

coded for by the open reading frame were thus judged to be
identical, migrating as a 23,500-Mr polypeptide on SDS-
PAGE, and will be referred to hereafter as the 19,500-Mr
polypeptide.

Cloning of a 300-bp Nrul fragment. Since it was apparent
that the entire bile acid-induced operon was not contained on
the 2.9-kb EcoRI fragment, attempts were made to clone
larger surrounding DNA fragments. Attempts were made to
clone a 6-kb BamHI fragment that contained the entire

I r i 4

FIG. 3. Western immunoblot using antibodies made to HPLC

fractions from cholic acid-induced extracts of Eubacterium sp.

strain VPI 12708. Lanes 1 prestained molecular weight markers; 2,

purified 23,500 (19,500) Mr polypeptide (arrow); 3, cholic acid-

induced Eubacterium cell extract; 4, uninduced cell extract.

1 _2 3
N-term: Met PhILeu
Operon: Met Leu

4 5 6 7 8 9 10 11
Glu Glu Arg Val Glu Ala Leu Glu
Glu Glu Arg Val Glu Ala Leu Glu

12 13 14 15 16 17 18 19 20 21 22
N-term: Lys Glu Leu Gln Glu Met Lys Asp Ile Glu Ala
Operon: Lys Glu Leu Gln Glu Met Lys Asp Ile Glu Ala

23 24 25 26 27 28 29 30 31
N-term: Zle Lys Glu Leu Lys Gly Lys Tyr Phe
Operon: Ile Lys Glu Leu Lys Gly Lys Tyr Phe

FIG. 4. Comparison of amino acid sequences obtained from
N-terminal amino acid sequencing of purified 23,500 (19,500)-Mr
polypeptide (N-term) and the deduced amino acid sequence from an
open reading frame on the operon (Operon). Highlighted amino
acids at positions 2, 23, and 25 represent residues that could not be
accurately determined by N-terminal sequence analysis. Un-
matched amino acids at position 2 are boxed.

2.9-kb EcoRI fragment and to clone a 4-kb BglII fragment
that overlapped the EcoRI fragment and contained addi-
tional 5' sequence. Attempts were also made to clone a large
(15- to 20-kb) fragment from a partial Sau3A digest cloned
into XDASH (Stratagene, La Jolla, Calif.; 8). None of these
clones were isolated. In fact, of 23 XDASH clones obtained
that hybridized to a probe recognizing all three copies of the
baiA gene, none contained the baiA2 gene residing on the
2.9-kb EcoRI fragment.
We therefore decided to try to clone a smaller fragment

overlapping the upstream (5') EcoRI site in order obtain a
DNA probe for possible cloning of another EcoRI fragment
in Xgtll. For this purpose, an attempt was made to obtain a
300-bp NruI fragment overlapping the upstream EcoRI site.
This clone was obtained by inserting the NruI fragment into
the SmaI site of a pUC19 vector and using E. coli DHSa as
the host strain. This fragment was sequenced and shown to
contain the N-terminal coding region for a possible polypep-
tide containing from 87 to 105 amino acids, depending on the
correct initiation codon, and having a calculated Mr of 9,099
to 11,447. The fragment also contained what appeared to be
the 3' end of a fifth open reading frame.

Cloning of a 3-kb KpnI fragment. The EcoRI fragment
overlapping the NruI fragment on the upstream side was
only 270 bp in length. Although this fragment was obtained
in a Xgtll clone, it was not used for sequencing. Instead, a
3-kb KpnI fragment that had its 3' restriction site within the
NruI fragment was obtained (Fig. 5). This KpnI fragment
was cloned into the KpnI site of pUC19, using E. coli DH5a
as the host strain. Sequencing of this fragment revealed the
presence of an open reading frame potentially coding for a
fifth polypeptide containing 540 amino acids and having a
calculated Mr of 59,513. The 3' end of this open reading
frame is contained in the NruI fragment. Once again there
also appeared to be the 3' end of an additional open reading
frame within the KpnI fragment.

Cloning of a 2.4-kb EcoRI fragment. A fourth overlapping
DNA segment was obtained by cloning a 2.4-kb EcoRI
fragment into Xgtll. This fragment contained an approxi-
mately 600-bp segment of DNA upstream from the 5' KpnI
site (Fig. 5). Sequencing of this fragment revealed the 5' end
of an open reading frame extending into the KpnI fragment
and potentially coding for a sixth polypeptide containing 521
amino acids and having a calculated Mr of 58,272. Upstream
from the sixth open reading frame was a possible promoter
structure.
Sequencing of downstream PCR fragments. To determine

the sequence of the 3' end of the gene coding for the
45,000-Mr polypeptide, attempts were made to clone a
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FIG. 5. Partial restriction map and locations of open reading frames for the proposed bile acid-inducible operon from Eubacterium sp.

strain VPI 12708. O/P, Operator-promoter region.

300-bp overlapping HaeIII fragment and a 600-bp overlap-
ping BclI fragment. Both of these fragments overlapped the
2.9-kb EcoRI fragment by about 150 bases. When these
cloning attempts were unsuccessful, amplification of the
300-bp HaeIII fragment by inverse PCR was attempted.
Amplified fragments were then subjected to a second round
of asymmetric PCR amplification of each strand before
sequencing of the fragments was attempted. Sequencing
results revealed the 3' end of the gene coding for the
45,000-Mr polypeptide and resulted in an open reading frame
coding for 426 amino acids and a polypeptide with a calcu-
lated Mr of 47,448. Insufficient sequence information was

obtained to determine whether an additional open reading
frame existed in the 3' sequence.

We propose to label the open reading frames coding for
the individual polypeptides as bile acid-inducible (bai) genes.

The genes coding for the hypothetical 58,000-, 59,500-, and
9,000-Mr polypeptides will be called baiB, baiC, and baiD,
respectively. The genes coding for the 19,500- and 47,500-Mr
polypeptides will be called baiE and baiF, respectively. The
gene within the operon coding for the 27,000-Mr polypeptide
has previously been called the baiA2 gene (8). Figure 5
shows the locations of open reading frames on this operon

and the locations of the overlapping clones. Figure 6 shows
the entire nucleotide and amino acid sequences for the six
open reading frames.
Primer extension. The 5' end of the mRNA species con-

taining the bile acid-inducible operon was determined by
primer extension to be 68 bases upstream from the proposed
initiation codon for the 58,000-Mr polypeptide (Fig. 7). The
DNA sequence containing the first 2 bases of the proposed
mRNA species and extending 127 additional bases upstream
from this point displayed 69.8% sequence identity with a

stretch of DNA containing the proposed promoter regions
for the baiAl and baiA3 bile acid-inducible genes from
Eubacterium sp. strain VPI 12708 (5, 8; Fig. 8).
Data bank searches for sequence similarities. Data bank

searches revealed no amino acid sequences significantly
similar to the 59,500-, 47,500-, 19,500-, or 9,000- to 11,500-M,
polypeptides. As previously reported, the amino acid se-

quence for the 27,000-Mr polypeptide showed significant
homology to sequences for several alcohol/polyol dehydro-
genases (5, 25). Significant homology was also obtained
between the amino acid sequences for the 58,000-Mr poly-
peptide and for several polypeptides involved in reacting
cyclic carboxylated compounds with ATP to form active
adenylated compounds. These homologous polypeptides in-
clude a 4-coumarate:coenzyme A ligase from Petroselinum
crispum (parsley; 14), tyrocidine synthetase 1 (tycA gene
product) from Bacillus brevis (20), luciferase from Photinus
pyralis (North American firefly; 7), and a polypeptide (entE

gene product) involved in the activation of 2,3-dihydroxy-
benzoate during enterobactin (enterochelin) synthesis in E.
coli (13). The sequence homologies for these polypeptides
with the 58,000-Mr polypeptide ranged from 19 to 31% amino
acid sequence identity over a span of 118 to 521 amino acids
with optimum alignment, including gaps.

DISCUSSION

We report here the cloning and sequencing of the major
portion of a large bile acid-inducible operon from Eubacte-
rium sp. strain VPI 12708. At least six open reading frames
are included in this operon, potentially coding for polypep-
tides with molecular weights of (5' to 3') of 58,000, 59,500,
9,000 to 11,500, 19,500, 27,000, and 47,500.
Three of these polypeptides have been conclusively

shown to be bile acid induced. The 47,500-Mr polypeptide
has been previously isolated from cholic acid-induced ex-

tracts of the Eubacterium strain, and the N-terminal amino
acid sequence obtained matches the sequence deduced from
the cloned gene (24). It has also been previously shown that
there are three copies of the baiA gene, which codes for the
bile acid-inducible 27,000-Mr polypeptides. One of the cop-
ies (baiA2) resides on the large operon, while the other two
(baiAl and baiA3) reside on separate chromosomal frag-
ments producing monocistronic messages (5, 8). The
19,500-Mr polypeptide was shown in this report to be the
same polypeptide that had been previously described as a

23,500-Mr bile acid-induced polypeptide (21). The reason for
the discrepancy between the apparent Mr and the calculated
Mr is unclear.

Characterizing the other three hypothetical polypeptides
(58,000, 59,500, and 9,000 Mr) as bile acid-induced polypep-
tides is based on several lines of reasoning. First, it was

previously reported that there appeared to be two bile
acid-induced polypeptides of about 56,000 Mr, as determined
by two-dimensional SDS-PAGE of induced versus unin-
duced cell extracts (21). It is possible that those two poly-
peptides are the 58,000- and 59,500-Mr polypeptides re-

ported in this study. In regard to the hypothetical 9,000-Mr
polypeptide, it was reported (23) that a substantial portion of
7-dehydroxylation activity lost in HPLC-purified protein
fractions could be recovered by adding material from low-
molecular-weight (8,000 to 14,000) eluting fractions.
The open reading frame coding for the proposed 9,000- to

11,500-Mr polypeptide (baiD) appears to be the only open
reading frame on the operon with a questionable initiation
codon. There are 4 methionine residues in the first 19
residues of this open reading frame (Fig. 6). However, the
last of these methionines appears to be the correct initiation
codon when one looks for possible ribosome-binding sites

VOL. 172, 1990

5'
O/Fd baiB

EcoRPI
KpnI

Y

-0



7016 MALLONEE ET AL.

10 30 S0
AAAAGATATTAAGCATTAAGAAAATGCACAAAAAATCAGCGTGTGAGAGGGABGGCAAGG

MetHi sLysLysSerAl aCysGI uArgGl uGlyLysG

70 90 110
AGTTGAAGCGTGACTTTTTTAACAAGTTTAATTTGGGGACATCGAACTTTGTCACGCCGG
1 uLeuLysArgAspPhePheAsnLysPheAsnLeuGlyThrSerAsnPheVal ThrProG

130 1S0 170
GAAAACAGTTGGAATACGTTTCGGAATGCAAGCCAGATTCTACTGCSGTCATTTGCTTAG
lyLysGlnLeuGluTyrValSerGluCysLysProAspSerThrAlaVal lleCysLeuA

190 210 230
ATAAAGAACAGAACTGTTCCGTTATTACTTGGCATCAGCTGCACGTCTATTCCAGCCAGC
spLysGluGnAsnCysSerVallIeThrTrpHislinLeuHisValTyrSerSerGlnL

019 tW270 290
TGGCATBGTACCTTATAGAAAATGAGATTGGCCCGGGGTCGATCGTACTTACAATGTTTC
euAlaTrpTyrLeuIleGluAsnGluIleGlyProGlySerIleVal LeuThrMetPheP

310 330 350
CGAACAGCATCGAGCACATTATTGCGGTATTTGCAATCTGGAAGGCGGGCGCCT6CTATA
roAsnSerIleG6uHisIleIleAlaValPheAlaIleTrpLysAlaGlyAlaCysTyrM

370 390 410
TGCCCATGTCCTATAAGGCGGCGGAATCCGAGATCAGGGAGGCCTGCGATACCATCCACC
etProMetSerTyrLysAlaAlaGluSerGluIleArgGluAlaCysAspThrIleHisP

430 450 470
CGAATGCGGCTTTT6CGGAAT6CAAGATTCCAGGATTAAAATTCTGCCTTAGCGCAGACG
roAsnAlaAlaPheAlaGluCysLyslIeProGlyLeuLysPheCysLeuSerAlaAspG

490 510 530
AGATATATGAGGCGATGGAAGGAAGATCCAAGGAGATGCCTTCGGACCGTCTGGCCAATC
lulleTyrGluAlaMetGluGlyArgSerLysGluMetProSerAspArgLeuAlaAsnP

550 570 590
CGAACATGATATCCTTATCAGGCGGAACCAGCGGAAAGATGAAGTTCATCCGTCAGAACC
roAsnMet 1eSerLeuSerGlyG1yThrSerGlyLysMetLysPheI1eArgGlnAsnL

610 630 650
TTCCATGCGGGCTGGACGATGAGACGATCAGAAGCTGGTCTTTGATGTCTGGAATGGGAT
euProCysGlyLeuAspAspGluThrIleArgSerTrpSerLeuMetSerGlyMetGlyP

670 690 710
TTGAGCAGCGCCAGCTGCTGGTAGGCCCGCTGTTTCATGGCGCGCCTCACTCCGCGGCGT
heG6 uG6 nArgGl nLeuLeuVal GlyProLeuPheHl sGlyAl aProHi sSerAl aAl aP

730 750 770
TTAATGGACTGTTCATGGGCAACACCCTGGTACTGACCAGGAACCTTTGCCCGGGAAATA
heAsnGlyLeuPheMetGlyAsnThrLeuVal LeuThrArgAsnLeuCysProGlyAsnI

790 810 830
TCCTGAACATGATTAAGAAATATAAGATTGAATTTATACAGATGGTGCCGACCCTGATGA
1eLeuAsnNetlleLysLysTyrLysIleGluPhelleG6nietValProThrLeuth tA

ACCG6CTTGCCAAACT6GAGA66ATCBGAAAA6AAGACTTTGCATCCCTGAAG6CGCTGT
snArgLeuAl aLysLeuGl uGlyVal GlyLysGi uAspPheAl aSerLeuLysAl aLeuC

910 930 950
GCCATACAGGGGGCGTCTGTTCTCCCTGGCTTAAGCAGATCTGGATCGACCTGCTGGGGC
ysHisThrGlyGlyValCysSerProTrpLeuLysGlnhleTrpIleAspLeuLeuGlyP

970 990 1010
CTGAAAAGATCTATGAGATGTATTCCATGACGGAATGCATCGGCCTTACCTGCATCCGGG
roGluLyslleTyrGluMetTyrSerMetThrGluCysIleGlyLeuThrCysIleArgG

1030 1050 1070
GAGACGAGTGGGTGAAGCATCCGGGAAGCATCGGACGGCCAGTGGGCGATAGCAAGGTGT
lyAspGluTrpValLysHisProGlySerlleGlyArgProValGlyAspSerLysValS

1090 1110 1130
CTATCCGGGATGAGAATGGCAAGGAAGTTGCGCCTTTTGAGATTGGCGAGATCTATATGA
erIleArgAspGluAsnGlyLysG6uValAlaProPheGluIleGlyGluIleTyrMetT

1150 1170 1190
CAGCGCCGGCCTCCTATCTGGTTACCGAGTACATCAATTGGGAACCGCTGGAAGTGAAAG
hrAlaProAlaSerTyrLeuValThrGluTyrIleAsnTrpGluProLeuGluValLysG

1210 1230 1250
AGGGAGGCTTCCGAAGCGTAGGGGATATCGGCTACGTGGATGAGCAGGGCTATCTGTACT
luGlyGlyPheArgSerValGlyAspI1eGlyTyrValAspGluGlnGlyTyrLeuTyrP

1270 1290 1310
TTTCTGACCGGCGCAOCGACATGCTGGTATCAGGCGGAGAAAACGTGTTCGCCACCGAAG
heSerAspArgArgSerAsp4etLeuValSerGlyGlyGluAsnValPheAlaThrGluV

1330 1350 1370
TCGAGACGGCGCTTTTGAGATATAAGGATATCCTGGACGCTGTAGTGGTAGGGATACCGG
alGluThrAlaLeuLeuArgTyrLysAspIleLeuAspAlaValValValGlylleProA

1390 1410 1430
ATGAAGATCTGGGGCGAAGGCTCCATGCGGTCATTGAGACAGGGAAAGAGATACCGGCAG
spG1uAspLeuG1yArgArgLeuHi sAlaValI1eG1uThrGlyLysGluIleProAlaG

1450 1470 1490
AGGAACTGAAAACATTCCTGAGAAAGTATCTGACTCCATATAAGATACCAAAGACGTTCG
uGluLeuLysThrPheLeuArgLysTyrLeuThrProTyrLyslIeProLysThrPheG

1510 1530 1550 N
AGTTCGTAAGGAGCATACGAAGGGGAGACAATGGAAAGGCCGACAGGAAGCGGATCCTGG
luPheVa1ArgSerI1eArgArgG1yAspAsnG1yLysAlaAspArgLysArg I1Leu6

1570 1590 1610
AAGATTGTATTGCCCGCGGGGGATGATTCTATAAATGCAAAGAAAACAAATTATATAAAG
uAspCysIleAlaArgGlyGly-

1630 1650 1670
GAGGAGTAACAAAATGAGTTACGAAGCACTTTTTTCACCATTCAAGGTCAGAGGACTGGA

MetSerTyrGluAlaLeuPheSerProPheLysValArgGlyLeuGl
baC

1690 1710 1730
ACTTAAAAACCGTATCGTCCTGCCTGGAATGAACACCAAGATGGAAAGAACAAGCACGA
uLeuLysAsnArglleVal LeuProG1yletAsnThrLysMetAlaLysAsnLysNisAs

1750 1770 1790
CATAGGCGAGGATATGATAGCCTACCATGTTGCCABGCAAAAB6CGGATGCGCGTTAAA
pI1eGlyGluAsp#4etl1eAlaTyrHisValAl&ArgAlaLysAlaGlyCysAlaLeuAs

1810 1830 1850

TATATTTGAATGCGTAGCATTATGTCCGGCGCCTCACGCTTATATGTATATGGSGcTTTA
nhlePheGluCysValAlaLeuCysProAlaProHisAlaTyrwetTyrMetGlyLeuTy

1870 1890 1910
TACGGACCATCATGTAGAACAGCTTAAGAAATTGACGTATCAGTCCATGAAGCAGGCGG
rThrAspHisHisValG6uG6nLeuLysLysLeuThrAspAlaValHisG6uAlaGlyGI

1930 1950 1970
CAAGATGGGCATCCAGCTGTGGCATGGAGGATTCAGCCCGCAGATGTTCTTTGACGAGAC
yLystetGlyIleGlnLeuTrpHis6lyGlyPheSerProG61nMetPhePheAspGluTh

1990 2010 2030
CAACACCCTGGAAACTCCGGACACTCTTACGGTAGAGAGGATTCATGAGATCGTAAAU
rAsnThrLeuGluThrProAspThrLeuThrValGluArg1IeHisGsuIleValGluG6
E 2050 2070 20tO
ATTCGGACGCGGCGCAAGGATGGCT6TTCAGGCTGGATTTGACGCAGTAGAATTCCATGC
uPheGlyArgGlyAlaArgMetAlaValG6nAlaGlyPheAspAlaValGluPheNisAl

2110 2130 2150
GGCTCACAGTTATCTGCCTCACGAGTTCTTAAGCCCTGGAATGAACAAACGTACGGATBA
aAl aHi sSerTyrLeuProHi sGl uPheLeu$erProGlyMetAsnLysArgThrAspGI

2170 2190 2210
GTACGGCGGAAGTTTTGAGAACCGCTGCAGATTCTGTTATGAAGTCGTTCAGGCAATCCG
uTyrGlyGlySerPheGluAsnArgCysArgPheCysTyrGluValValGlnAlalleAr

2230 2250 2270
TTCCAATATCCCGGATGACATGCCATTCTTTATGCGTGCAGACTGCATCGACGAATTAAT
gSerAsn I eProAspAsp~etProPhePheMetArgAl aAspCysI 1 eAspGl uLeuNe

2290 2310 2330
G6AACAGACCATGACAGAGGAAGAGATCGTTACATTTATCAATAAGT6C6CAGAACTTG6
tG1uG1nThrMetThrGluGluGluI1eValThrPheI1eAsnLysCysAlaG1uLeu61

2350 2370 2390
CGTGGATGTGGCAGACCTTTCCCGTG6AAACGCGACTTCATTCGCAACC6TATATGAA6T
yValAspValAlaAspLeuSerArgGlyAsnAlaThrSerPheAlaThrValTyrGluVa

2410 2430 2450
TCCGCCATTCAACCTGGCTCATGGCTTCAACATAGAGAATATTTACAACATCAAAAAGCA
ProProPheAsnLeuAl aHi sGl yPheAsnI 1 eG6 uAsnI 1 eTyrAsnI 1 eLysLysGI

2470 2490 2510
GATCAATATCCCGGTTATGGGAGTTGGCCGTATCAATACAGGAGAGATGGCAAACAAGGT
nIleAsnIleProValMetGlyValGlyArgIleAsnThrGly61uletAlaAsnLysVa

2530 2550 2570
CATTGAAAAGGCAAGTTTGACCTBGTAGGCATCGGACGCGCCCAGCTTGCAGATCCAAA
IleGluGluGlyLysPheAspLeuValGlyIleGlyArgAlaG6nLeuAlaAspProAs

2590 2610 2630
CTGGATCACCAAAGTAAGAGAAGGCAAAGAAGACCTGATCCGCCACTGTATCGGATGTGA
nTrplleThrLysValArgGluGlyLysGluAspLeulleArgHisCysIleGlyCysAs

2650 2670 2690
CCAGGGATGCTATGACGCAGTCATCAATCCAAAGATGAAGCATATCACCTGCACCCACAA
pGlnGlyCysTyrAspAlaVal IleAsnProLysMetLysHisileThrCysThrHisAs

2710 2730 2750
TCCAGGATTGTGCTTAGAGTATCAG6GAATGCCAAAGACAGACGCTCCTAAGAAAGTCAT
nProGlyLeuCysLeuGluTyrG6nGlyMetProLysThrAspAlaProLysLysValle

2770 2790 2810
GATCGTAGGAGGCGGAATGGCAGGCATGATCGCTGCGGAAGTATTAAAGACCAGAGGCCA
tIleValGlyGlyGlyMetAlaGlyMetIleAlaAlaGluValLeuLysThrArgGlyHi

2830 2850 2870
TAACCCGGTAATCTTCGAGGCATCCGACAAGCTTGCAGGACAGTTCAGGCTGGCAGGCGT
sAsnProVa IlePheGluAlaSerAspLysLeuAlaGlyGlnPheArgLeuAlaGlyVa

2890 2910 2930
AGCGCCGATGAAGCAGGATTGGGCAGATGTTGCAGAATGGGAAGCAAAAGAAGTAGAGCG
lAlaProMetLysGlnAspTrpAlaAspValAlaGluTrp6luAlaLysGluValGluAr

2950 2970 2990 EWR
CCTTGGAATCGAAGTACGTCTGAATACCGAAGTGACTGCAGAGACCATCAAGGAATTCAA
gLeuGlyIleGluValArgLeuAsnThrGluValThrAlaGluThrIleLysGluPheAs

3010 3030 3050
TCCGGATAATGTCATCATCGCAGTAGGCTCTACCTATGCGCTGCCTGAGATTCCGGGAAT
nProAspAsnValIleIleAlaValGlySerThrTyrAlaLeuProGluIleProGlyIl

3070 3090 3110
CGACAGCCCAAGCGTATACTCCCAGTATCAGGTACTGAAAGGGGAAGTAAATCCGACAGG
eAspSerProSerValTyrSerG6nTyrGlnValLeuLysGlyGluValAsnProThrGl

3130 3150 3170
CCGTGTAGCCGTTATCGGATGCGGACTGGTTGGTACGGAAGTCGCAGAACTTCTGGCATC
yArgVal Al aVal Il eGlyCysGlyLeuVal GlyThrGl uValAlaG1 uLeuLeuAlaSe

3190 Nul 3210 w 3230
CAGAGGCGCACAGGTAAtCGCGATCGAGAGGAAGGGCGTAG6TACCGGCCTTAGATGCTT
rArgGlyAlaG6nVal IleAlaIleGluArgLysGlyValTyThrGlyLeuArgCysPh

NvtLeu
bwD

3250 E 3270 3290
CGCAGAATGTTCATGAACCCGGAATTCAAATATTACAAGATCGCCAAGATGTCCGGAACA
eAlaGluCysSer---
ArgArgMetPheNetAsnProGluPheLysTyrTyrLysIleAlaLysdetSerGlyThr

J. BACTERIOL.
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3310 3330 3350 4810 4830 4850
AATGTCACCGCTTTAGAGCAGGGCAAGGTTCACTACATCATGACAGACAAGAAGACCAAA ATACCTGTTCCTGGCATCTGACTTGGCAAGCGGCATTACGGCTACTACGGTCAGCGTAGA
AsnValThrAlaLeu6luG6n6lyLysValHisTyrIleMetThrAspLysLysThrLys 1TyrLeuPheLeuAlaSerAspLeuAlaSerG1y11eThrAlaThrThrvalSerValAs

3370 3390 3410 4870 4890 4910
GAAGTGACGCAGGGAGTCCTGGAATGCGACGCTACCGTTATCTGTACAGGAATTACCGCA CGGGGCTTACAGACCATAATTTTAATTTTTACTAAGTAGAATATGTGATATAGAAAAGGA
GluValThrG6nGlyValLeuGluCysAspAlaThrValIleCysThrGlyIleThrAla pGlyAlaTyrArgPro ---

3430 3450 3470 4930 4950 4970
CGTCCAAGCGATGGGCTTAAGGCAAGATGCGAAGAACTTGGAATCCCGGTTGAGGTGATC GATATAAAAACATGGCTGGAATAAAAGATTTTCCAAAATTCGGAGCTCTTGCAGGGCTTA
ArgProSerAspGlyLeuLysAlaArgCysGluGluLeuGlyfleProValGluVal1le - MetAlaGlyIleLysAspPheProLysPheGlyAlaLeuAlaGlyLeuL

3490 3510 MA 3530 4990 5010 5030
6GAGACGCTGCTGGCGCAAGAGACTGCACGATCGACACGCGAAGGCTATGACGCAGGA AGATACTTGACAGCGGATCTAACATCGCCGGACCTTTAGGCGGAGGCCTTCTGGCAGAAT
GlyAspAlaAlaGlyAlaArgAspCysThrIleAlaThrArgGluGlyTyrAspAlaGly ysIleLeuAspSerGlySerAsnIleAlaGlyProLeuGlyGlyGlyLeuLeuAlaGluC

3550 3570 3590 5050 5070 5090
ATGGCAATCTAGAAAATCAGAACTTATCAATCTTACATATAGAAAGGATGATACATATGA GCGGAGCAACGGTCATCCATTTTGAAGGACCAAAGAAACCTGATAACCAGAGAGGATGGT
MetAlalle--- MetT ysGlyAlaThrVallleHisPheGluGlyProLysLysProAspAsnGlnArgGlyTrpT

bWE -.
3610 3630 3650 5110 5130 5150

CATTAGAAGAGAGAGTTGAAGCATTAGAAAAAGAATTGCAGGA6ATGAAGGATATTGAGG ACGGCTATCCACAGAATCACCGTAATCAGCTGTCTATGGTAGCAGACATCAAATCTGAAG
hrLeuGluGluArgValGluAlaLeuGluLysGluLeuGlnGluMetLysAspIleGluA yrGlyTyrProGlnAsnHisArgAsnGlnLeuSerMetValAlaAspIleLysSerGluG

3670 3690 3710 5170 5190 5210
CAATCAAGGAACTGAAAGGAAAGTATTTCCGCTGCCTGGACGGAAAGATGTGGGATGAGC AAGGAAGAAAGATCTTCCTTGATCTGATCAAATGGGCAGATATCTGGGTAGAGTCATCCA
laIleLysG6uLeuLysGlyLysTyrPheArgCysILeuAspGlyLysMetTrpAspGluL luGlyArgLyslIePheLeuAspLeulIeLysTrpAlaAsplIeTrpValGluSerSerL

3730 3750 3770 5230 5250 5270
TGGAGACCACCCTGTCACCAAATATCGTAACCTCTTATTCCAACGGGAAACTGGTATTCC AAGGCGGACAGTATGACAGGCTGGGACTTTCCGATGAAGTCATCTGGGAAGTAAATCCTA
euGluThrThrLeuSerProAsnIleValThrSerTyrSerAsnGlyLysLeuValPheH ysGlyGlyGlnTyrAspArgLeuGlyLeuSerAspGluVallleTrpGluValAsnProL

3790 3810 3830 5290 5310 5330
ATAGCCCGAAGGAAGTTACCGATTACTTAAAGAGCTCGATGCCAAAAGAAGAGATCAGCA AGATTGCCATCGTGCACGTATCCGGATATGGACAGACAGGAGACCCGTCTTACGTTACAC
isSerProLysGluValThrAspTyrLeuLysSerSerMetProLysGluGluIleSerM ysI1eAlaI1eValHisValSerGlyTyrGlyGlnThrGlyAspProSerTyrValThrA

3850 3870 3890 5350 5370 5390
TGCATATGGGCCACACGCCGGAGATCACCATTGACAGCGAGACTACGGCTACGGGCAGAT GTGCATCCTATGACGCAGTAGGCCAGGCATTCAGCGGCTATATGTCACTGAACGGAACAA
etHisMetGlyHisThrProGl6uIleThrIleAspSerGluThrThrAlaThrGlyArgT rgAlaSerTyrAspAlaValGlyGlnAlaPheSerGlyTyrMetSerLeuAsnGlyThrT

3910 3930 3950 5410 5430 5450
GGTATCTGGAAGATAGACTGATCTTTACGGACGGTAAGTACAAAGACGTAGGAATCAATG CGGAAGCGCTGAAGATCAATCCTTATCTGAGCGATTTCGTATGCGGACTTACCACATGCT
rpTyrLeuGluAspArgLeullePheThrAspGlyLysTyrLysAspValGlylIeAsnG hrGluAlaLeuLysIleAsnProTyrLeuSerAspPheValCysGlyLeuThrThrCysT

3970 3990 4010 5470 5490 5510
GCG6CGCGTTCTATACAGACAAATATGAGAAGATAGACGGCCAGTGGTACATCCTTGAAA GGGCTATGCTTGCCTGCTATGTAAGCACCATTCTTACCGGAAAAGGCGAATCTGTTGACG
lyGlyAlaPheTyrThrAspLysTyrGluLysIleAspGlyGlnTrpTyrIleLeuGluT rpAlaMetLeuAlaCysTyrValSerThrlleLeuThrGlyLysGlyGluSerValAspV

4030 4050 4070 5530 5550 5570
CCGGCTATGTACGAATCTATGAAGAACATTTCATGCGTGATCCAAAGATCCATATCACGA TTGCACAGTACGAAGCGCTGGCACGTATCATGGACGGACGTATGATCCAGTACGCTACAG
hrGlyTyrValArgIleTyrGluGluHisPheMetArgAspProLysIleHisyleThrM alAlaGlnTyrGluAlaLeuAlaArgIleMetAspGlyArgMetIleGlnTyrAlaThrA

4090 4110 4130 5590 5610 5630
TGAACATGCACAAATAAGAATATTGTAAAAGAAAGGCAGGAGTAAGAGTATGAATCTCGT ACGGCGTGAAGATGCCAAGAACCGGCAATAAGGATGCGCAGGCTGCCCTGTTCAGCTTCT
etAsnetHi sLys --- MetAsnLeuVa spGlyVa1 LysMetProArgThr6lyAsnLysAspAla6lnAlaAlaLeuPheSerPheT

SU2 -.
5650 5670 56904150 4170 4190 ACACCTGTAAAGACGGACGTACGATCTTTATCGGAATGACTGGCGCGGAAGTATGTAAGAACAAGACAAAGTTACGATCATCACAGGCGGCACAAGAGGTATTGGATTCGCCGCTGCCAA yrThrCysLysAspGlyArgThrIlePhelleGlyMetThrGlyAlaGluValCysLysAlGlnAspLysValThrIleIleThrGlyGlyThrArgGlyIleGlyPheAlaAlaAlaLy
5710 5730 57504210 4230 4250 GAGGCTTCCCGATCATCGGACTTCCGGTACCTGGAACCGGAGACCCGGACTTCCCGGAAG

AATATTTATCGACAATGGCGCAAAAGTATCCATCTTCGGAGAGACGCAGGAAGAAGTAGA rgGlyPheProlleIleGlyLeuProValProGlyThrGlyAspProAspPheProGluG
sIlePheIleAspAsnGlyAlaLysValSerIlePheGlyGluThrGlnGluGluValAs

5770 5790 5810
4270 4290 4310 GCTTCACAGGCTGGATGATCTATACTCCTGTAGGACAGAGAATGGAAAAGGCTATGGAGA

TACAGCGCTTGCACAGTTAAAAGAACTTTATCCGGAAGAAGAGGTTCTGGGATTCGCGCC lyPheThrGlyTrpMetlleTyrThrProValGlyGlnArgMetGluLysAlaMetGluL
pThrAl aLeuAl aGI nLeuLysGi uLeuTyrProGl uGl uGl uVal LeuGlyPheAl aPr

5830 5850 5870
4330 4350 4370 AGTATGTATCTGAGCATACGATGGAAGAAGTAGAGGCTGAGATGCAGGCACACCAGATTC

GGATCTTACATCCAGAGACGCAGTTATGGCAGCGGTAGGCCAGGTAGCACAGAAATATGG ysTyrValSerGluHisThrMetGluGl uValGluAlaGluMetGlnAlaHisGlnIleP
oAspLeuThrSerArgAspAlaYal etAlaAlaValGlyGlnValAlaGlnLysTyrGl

5890 5910 5930
4390 4410 4430 CATGCCAGAGAGTATACGAGCTGGAAGACTGCCTGAACGATCCTCACTGGAAAGCACGTG

CAGACTGGATGTCATGATCAACAATGCAGGAATTACCAGCAACAACGTATTCTCCAGAGT roCysGlnArgValTyrGluLeuGluAspCysLeuAsnAspProHisTrpLysAlaArgG
yArgLeuAspValMetIleAsnAsnAlaGlylleThrSerAsnAsnValPheSerArgVa

5950 5970 59
4450 4470 4490 GAACTATTACGGAGTGGGATGACCCGATGATGGGACATATCACAGGCCTTGGACTGATCA

GTCTGAAGAAGAGTTCAAGCATATTATGGACATCAACGTAACAGGCGTATTCAACGGCGC lyThrIleThrGluTrpAspAspProMetMetGlyHislleThrGlyLeuGlyLeulleA
1 SerGl uGl uGl uPheLy$Hi sI1 eMetAspI 1 eAsnVal ThrGl yVal PheAsnGl yAl

6010 6030 6050
4510 4530 4550 ACAAGTTCAAGAGAAATCCTTCCGAAATCTGGAGAGGCGCTCCGCTGTTCGGTATGGATA

ATGGTGCGCATACCAGTGCATGAAGGATGCCAAAAAGGGCGTTATCATCAACACGGCATC snLysPheLysArgAsnProSerGl ulleTrpArgGlyAlaProLeuPheGlyMetAspA
aTrpCysAlaTyrGlnCysMetLysAspAlaLysLysGlyVaIllel1eAsnThrAlaSe

6070 6090 6110
4570 4590 4610 ACCGCGATATCCTGAAAGACCTGGGATATGACGATGCAAAGATCGATGAACTCTATGAGC

CGTTACAGGCATCTTCGGATCACTCTCAGGCGTAGGATATCCGGCCAGCAAGGCAAGCGT snArgAspIleLeuLysAspLeuGlyTyrAspAspAlaLysIleAspGluLeuTyrGluG
rValThrGlyllePheGlySerLeuSerGlyyalGlyTyrProAlaSerLysAlaSerVa

6130 EaS 6150 6170
4630 4650 4670 AGGGCATCGTCAATGAATTCGACCTTGACACTACTATCAAACGCTATAGACTGGATGAAG

GATCGGACTCACCCATGGACTTGGAAGAGAGATCATCCGCAAGAATATCCGTGTAGTAGG lnGlylleValAsnGluPheAspLeuAspThrThrIleLysArgTyrArgLeuAspGluV
lIleGlyLeuThrHisGlyLeuGlyArgGluIleIleArgLysAsnIleArgValValGl

6190 6210
4690 4710 4730 TAATTCCACATATGAGAAAGAAAGAGGAGTAA-3

AGTGGCTCCTGGAGTTGTGAACACGGATATGACCAATGGCAATCCTCCGGAGATCATGGA a l IeProHisMetArgLysLysGluGl u ---
yVal Al aProGlyVal Val AsnThrAspMetThrAsnGlyAsnProProGl ul eMetGl

4750 4770 4790
AGGATATCTGAAGGCGCTTCCGATGAAGAGAATGCTTGAGCCGGAAGAGATCGCTAATGT
uGlyTyrLeuLysAl aLeuProMetLysArgMetLeuGl uProGl uGl ul 1 eAl aAsnVa

FIG. 6. Complete nucleotide and amino acid sequences of the proposed bile acid-inducible operon from Eubacterium sp. strain VPI 12708.
Putative ribosome-binding sites are underlined. Restriction sites are overlined and appropriately labeled. Four methionine residues within the
first nineteen amino acid residues of open reading frame baiD are presented in bold italic type. The correct initiation codon for this proposed
baiD gene is unknown.
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FIG. 7. Primer extension analysis for the 5' mRNA initiation
site. Lanes: I, primer extension using mRNA isolated from cholic
acid-induced Eubacterium sp. strain VPI 12708 and a 32P-labeled
primer; A, C, G, and T, sequencing reactions using 35S-labeled
DNA.

and takes intergenic spacing into consideration. The inter-
genic spacing between the proposed baiC and baiD genes
would then be similar to the spacing between the other genes
on the operon (Fig. 7). The possibility of multiple initiation
sites cannot be discounted for this proposed polypeptide.
The question of whether all six of the open reading frames

reside on the same operon is partly answered by noting that
a potential promoter region is situated immediately upstream
from these open reading frames and that primer extension
analysis reveals that mRNA synthesis initiates in this region.
This potential promoter region shares considerable sequence
homology with the promoter regions of previously reported
bile acid-inducible genes from Eubacterium sp. strain VPI

27K-1&3: CTATAGGGAAACAAAATAG
5' * * * * * **

OPERON: ATGTTAGAAGTTATAAATC

27K- 1&3- XGGACTGCIATATTTG
OPERON: ~ MA~C.......

27K-1&3: TAGA G.CGTGT...

OPERON: ~ AACAQ A

-10 mRNA
27K-1&3: iAAGTXCTACGATAC

OPERON: ...A AGCAAAA.

12708 (5, 8). Also, the previously reported mRNA length for
this operon was greater than 6 kb (24). These data together
strongly suggest that all six open reading frames are tran-
scribed as a polycistronic message from a single bile acid-
induced operon. Determination of whether there are addi-
tional open reading frames downstream from the baiF gene
will require further work, as it has been difficult to clone
DNA restriction fragments from this region of the chromo-
some. Determination of the regulatory functions of the
promoter-operator regions for the bile acid-inducible operon
and the other bile acid-inducible genes will also require
further study. However, the extensive homology exhibited
in this regulatory region (Fig. 8) suggests the possibility of
binding sites for regulatory proteins.

It is hypothesized that most or all of the polypeptides
encoded by this bile acid-inducible operon are involved in
the multistep 7-dehydroxylation pathway. Antibodies pre-
pared against the 27,000-Mr polypeptides have been shown
to inhibit 7-dehydroxylation activity (17). Antibodies pre-
pared against HPLC fractions containing 7-dehydroxylation
activity (17) have also been shown to react against the
19,500-, 27,000-, and 47,500-Mr polypeptides and possibly
against the 58,000-, and 59,500-Mr polypeptides (4, 24; Fig.
3).
Data bank searches for amino acid sequences similar to

those of the bai genes have previously revealed that the
27,000-Mr polypeptides exhibit extensive homology with
several alcohol/polyol dehydrogenases (5, 12, 25). There-
fore, the 27,000-Mr polypeptides may catalyze the oxidation-
reduction of the 3a-hydroxy group of bile acid substrates in
the 7a-dehydroxylation pathway. We report here that the
58,000-Mr polypeptide has sequence homology with several
polypeptides from wide-ranging species. These polypeptides
share the common activity of adenylation of compounds
containing cyclic ring structures. Therefore, the 58,000-Mr
polypeptide may be involved in the formation of the bile acid
adenosine nucleotide described by Coleman et al. (3). Two
of the homologous polypeptides, the firefly luciferase and the
4-coumarate:coenzyme A ligase from parsley, have similar
Mrs of 61,000 and 60,000, respectively (7, 14). The tyrocidine
synthetase 1 from B. brevis has a reported Mr of approxi-

GATACTTTGGCAGATATGATAAGCCAA
* * ** * * * *

,AAGAAAATGTTGAAAAAATGTACAAAT

27K- 1&3 AGGAAAAGAAAGGAAGGAAAAGTTC ATG
** * * ** * *** 3'

OPERON AGCACGAAGAAAAGATATTAAGCATTAAGAAA ATG

FIG. 8. Comparison of promoter regions for the cholic acid-inducible operon and the baiAl and baiA3 bile acid-inducible genes (27K-1&3).
The proposed -10 and -35 regions are boxed, and the mRNA initiation sites are indicated. A region containing significant homology is
shaded. The ATG sequences on the 3' ends represent the proposed initiation codons for the baiAl and baiA3 genes and for the baiB gene
(OPERON).
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mately 120,000 (16), while the Mr of the polypeptide from E.
coli involved in the activation of 2,3-dihydroxybenzoate has
not been determined and the gene coding for this polypeptide
has only been partially sequenced (13). The task of assigning
specific catalytic activities to these polypeptides will require
further study.
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