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Carnitine dehydratase from Escherichia coli 044 K74 is an inducible enzyme detectable in cells grown

anaerobically in the presence of L- (-)-carnitine or crotonobetaine. The purified enzyme catalyzes the
dehydration of L-(-)-carnitine to crotonobetaine (H. Jung, K. Jung, and H.-P. Kleber, Biochim. Biophys. Acta
1003:270-276, 1989). The caiB gene, encoding carnitine dehydratase, was isolated by oligonucleotide screening
from a genomic library ofE. coli 044 K74. The caiB gene is 1,215 bp long, and it encodes a protein of 405 amino
acids with a predicted Mr of 45,074. The identity of the gene product was first assessed by its comigration in
sodium dodecyl sulfate-polyacrylamide gels with the purified enzyme after overexpression in the pT7 system
and by its enzymatic activity. Moreover, the N-terminal amino acid sequence of the purified protein was found
to be identical to that predicted from the gene sequence. Northern (RNA) analysis showed that caiB is likely
to be cotranscribed with at least one other gene. This other gene could be the gene encoding a 47-kDa protein,
which was overexpressed upstream of caiB.

L-( - )-carnitine [R-( - )-3-hydroxy-4-trimethylaminobutyr-
ate] is a compound which is ubiquitous in nature. It can be
found in animals, higher plants, and some procaryotes (6, 11).
Within eucaryotes, L-( - )-carnitine serves as an essential factor
in the transport of long-chain fatty acids through the inner
mitochondrial membrane (3).
From the function of L-( - )-carnitine in cell metabolism

cited above, a series of clinical and biotechnological applica-
tions follow. It is used, for example, in the treatment of
patients with carnitine deficiency syndromes and of dialysis
patients (1) and for the stimulation of production of monoclo-
nal antibodies (26).
Some microorganisms, especially Pseudomonas species, as-

similate L-(-)-carnitine as their sole source of carbon and
nitrogen (9); others, for instance Acinetobacter species, de-
grade only the carbon backbone by formation of trimethyl-
amine (16). Finally, different members of the family Enterobac-
teriaceae, such as Escherichia coli, Salmonella typhimurium, and
Proteus vulgaris, are able to convert carnitine, via crotonobe-
taine, to y-butyrobetaine in the presence of C and N sources
and under anaerobic conditions (17, 20-22). The activities of
L-(-)-carnitine dehydratase [L-(-)-CDHT] (8, 10), crotono-
betaine reductase (7, 10), and carnitine racemase (9) were
demonstrated in E. coli. Studies with whole cells of E. coli
suggest that these enzymes are inducible in the presence of
either L-(-)-carnitine or crotonobetaine in the growth me-
dium during anaerobiosis (10). The biological significance of
the pathway (Fig. 1) could lie in the transfer of redox equiva-
lents to crotonobetaine in the absence of other electron
acceptors. In support of this hypothesis is the suppression of
this reaction by fumarate, nitrate, or glucose (17, 20-22).
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L-( - )-CDHT was purified and characterized by its kinetic
and molecular properties (7, 8). During the purification pro-
cess, a thermostable, low-molecular-weight factor which is
essential for enzyme activity was lost. So far, it has been
impossible to replace this component with any of the known
cofactors which are involved in hydration (dehydration) reac-
tions.

Further details concerning carnitine metabolism in members
of the family Enterobacteriaceae are interesting in view of its
possible application for stereoselective L-( - )-carnitine synthe-
sis (18).

This study deals with the cloning, sequencing, and overex-
pression of CDHT from E. coli 044 K74. This is the first
reported sequence of a gene belonging to the carnitine path-
way in procaryotes.

MATERIALS AND METHODS

Strains, plasmids, and media. E. coli 044 K74 was used to
isolate the gene encoding CDHT. E. coli Sure (Stratagene) and
E. coli NM 522 (Stratagene) were used for gene library
construction and for the propagation of plasmids. E. coli
K38 (4) was used for overexpression of CDHT, and SK1592
(S. R. Kuschner, Athens, Georgia) was used for the integration
of the caiB::uidA Kmr mutation. A caiB mutant was con-
structed by integration of an uidA Kmr operon fusion cassette
(2) into the EcoRV-1 site (see Fig. 2) of a plasmid-borne caiB
gene and subsequent transfer into the chromosome of strain
SK1592 (sbcB15 hsdR hsdM) by the method described by
Winans et al. (27). Plasmids pUC18 and pUC19 (Boehringer)
were used as the cloning and sequencing vectors. Overexpres-
sion was carried out with the help of plasmids pT7-3 and
pT7-4, described by Tabor and Richardson (25). Bacteria were
grown aerobically in Luria broth (L broth) at 30, 37, and 42°C,
as indicated, or on plates with L broth supplemented with 1.5%
agar. Anaerobic growth took place in tightly stoppered 250-ml
bottles filled almost to the top with L-broth medium supple-
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FIG. 1. Schematic representation of the biotransformation of tri-
methylammonium compounds in E. coli

mented with 2 ,uM ammonium molybdate as described previ-
ously (28). The minimal medium used was M9 (15). When
required, antibiotics were added at the following final concen-
trations: ampicillin, 50 pug/Iml; kanamycin, 20 ,ug/ml; and ri-
fampin, 200 ,ug/ml.
DNA manipulation. All restriction enzymes were purchased

from Boehringer Mannheim, and digestions were performed
under the conditions recommended by the manufacturer. T4
DNA ligase and calf intestinal phosphatase were also obtained
from Boehringer Mannheim. Chromosomal DNA was pre-
pared from E. coli 044 K74 by the method of Smith (24). The
following procedures were carried out by the standard methods
described by Maniatis et al. (15): preparation of plasmid DNA,
agarose gel electrophoresis, DNA ligation, bacterial transfor-
mation in the presence of calcium chloride, and Southern
blotting.

N-terminal amino acid determination. The N-terminal
amino acid sequence of the purified CDHT was determined by
the Protein and Nucleic Acid Chemistry Facility in the Depart-
ment of Chemistry, Zentralinstitut fur Molekularbiologie, Ber-
lin-Buch, Federal Republic of Germany.

Screening of the E. coli 044 K74 genome library. Chromo-
somal DNA from E. coli 044 K74 was partially digested with
Sau3A and separated by sucrose density gradient centrifuga-
tion. Fragments between 9 and 11 kb in size were chosen and
ligated into the dephosphorylated BamHI site of pUC19. The
ligation mixture was transformed into competent E. coli Sure,
and the transformants were screened on L broth agar plates
containing ampicillin (50 ,ug/ml), isopropyl-p-D-thiogalactopy-
ranoside (IPTG) (120 p,g/ml), and 5-bromo-4-chloro-3-indolyl-

M1 M2 B2

P1 P2 B1 A E1 E2 S
. I . .\ ././/
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(a.) (b.)

1Ikb

FIG. 2. Restriction map of two clones encoding CDHT isolated
from a genomic library of E. coli 044 K74. The arrows indicate the
direction of transcription of the gene encoding a 47-kDa protein (a.)
and caiB encoding CDHT (b.). The 3.4-kb fragment BamHI-1-
BamHI-2 (B1-B2) was subcloned for expression. The 1.5-kb fragment
AccI-EcoRV-2 (A-E2) was subcloned for sequencing (see Fig. 3).
Restriction enzyme abbreviations: A, AccI; B, BamHI; E, EcoRV; M,
MluI; P, PstI; S, SmaI.

P-D-galactopyranoside (X-Gal) (50 ,ug/ml). Colonies were
transferred onto a positively charged nylon membrane (Boehr-
inger Mannheim) and screened with three different oligonu-
cleotides directed against the N-terminal sequence of CDHT
(see Fig. 3). Oligonucleotides were synthesized by the Protein
and Nucleic Acid Chemistry Facility in the Department of
Chemistry, Zentralinstitut fir Molekularbiologie. Hybridiza-
tion and detection were carried out with the digoxigenin (DIG)
oligonucleotide 3'-end labeling kit and the DIG luminescence
detection kit (Boehringer Mannheim).
DNA sequence analysis. All the components for DNA

sequence analysis were purchased in the form of a kit from
Pharmacia Biochemicals Inc.; the T7 sequencing kit was used
for sequencing, and reactions were carried out by methods
recommended by the manufacturer. [ax-35S]dATP (1,000 Ci/
mmol) was purchased from NEN DuPont. DNA restriction
fragments encompassing the entire region of interest were
subcloned into pUC18 and pUC19, and both strands of the
region were sequenced. Analysis of DNA and amino acid
sequences was performed with Mac Molly Tetra from Soft
Gene GmbH.
Northern (RNA) blot analysis. RNA was prepared from

log-phase cultures harboring pKE05 or pKE09 which encode
CDHT, or pUC19, as a standard, as previously described (23).
Cells were grown under anaerobic conditions in the presence
of 20 mM DL-carnitine (10). A Northern blot analysis was
performed by standard molecular biological techniques (15).
The probe used was an internal fragment of the gene encoding
CDHT, excised from agarose gel and then labeled with the
DIG-labeled dUTP by the random oligonucleotide method of
Feinberg and Vogelstein (5). Detection was carried out with
the DIG luminescence detection kit (Boehringer Mannheim).

Overexpression of CDHT. Plasmids pT7-3 and pT7-4 con-
tain the T7 +10 promoter upstream of different multiple
cloning sites (25). These two plasmids were used for the
construction of the hybrid plasmids pT7-3KE15 and pT7-
4KE16 (which both contain the gene encoding CDHT and a
gene encoding a 47-kDa protein) and plasmids pT7-3KE17 and
pT7-4KE18 (which harbor only a DNA fragment encoding the
47-kDa protein). Cloning into pT7-3 and pT7-4 generates
constructions with both orientations of the insert with respect
to the promoter. These four plasmids were transformed into
strain K38 harboring the compatible plasmid pGP1-2 contain-
ing the gene coding for T7 RNA polymerase under the control
of the heat-inducible A PL promoter. The proteins specifically
expressed from the genes cloned downstream of the 410
promoter of pT7-derived plasmids were labeled with a mixture
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AccI
1 TGTAGACCGC GTCTCCGGGG GATCTGACGA AATGCAGATC CTGACGCTGG GTCGCGCGGT GCTGAAGCAA

71 TACCGCTAAG TCCGTGCGCT GCCTGATGCG ACGCTGACGC GTCTTATCAG GCCTACGGGAG CACGAATGT

141 AGGCCGGATA AAGCGTTTAC GCCGCATCCG GCAGTCATGC GCTACATAAA TTTTTCAGG&flCTAATAATG

D E L P M P K F G P L A G L R VV F S G I E I A
211 GATCATCTAC CCATGCCGAA ATTCGGACCG CTGGCCGGAT TGCGCGTTGT CTTCTCCGGT ATCGAAATCG

G P F A G Q M F A E W G A E V I W I E N V A W
281 CCGGACCGTT TGCCGGGCAA ATGTTCGCAG AATGGGGTGC GGAAGTTATC TGGATCGAGA ACGTCGCCTG

A D T I R V Q P N Y P Q L S R R N L H A L S L
351 GGCCGACACC ATTCGCGTTC AACCGAACTA CCCGCAGCTC TCCCGCCGCA ATTTGCACGC GCTGTCGTTA

N I F K D E G R E A F L K L M E T T D I F I E A
421 AATATTTTCA AAGATGAAGG CCGCGAAGCG TTTCTGAAAT TAATGGAAAC CACCGATATC TTCATCGAAG

S K G P A F A R R G I T D E V L W Q H N P K L
491 CCAGTAAAGG TCCGGCCTTT GCCCGTCGTG GCATTACCGA TGAAGTACTG TGGCAGCACA ACCCGAAACT

V I A H L S G F G Q Y G T E E Y T N L P A Y N
561 GGTTATCGCT CACCTGTCCG GTTTTGGTCA GTACGGCACC GAGGAGTACA CCAATCTTCC GGCCTATAAC

T I A Q A F S G Y L I Q N G D V D Q P M P A F P
631 ACCATCGCCC AGGCCTTCAG TGGTTACCTG ATTCAGAACG GTGATGTTGA CCAGCCAATG CCTGCCTTCC

Y T A D Y F S G L T A T T A A L A A L H K A R
701 CGTATACCGC CGATTACTTT TCTGGCCTGA CCGCCACCAC GGCGGCGCTG GCAGCACTGC ATAAAGCGCG

E T G K G E S I D I A M Y E V M L R M G Q Y F
771 TGAAACCGGT AAAGGCGAAA GTATCGACAT CGCCATGTAT GAAGTGATGC TGCGTATGGG CCAGTACTTC

M M D Y F N G G E M C P R M S K G K D P Y Y A G
841 ATGATGGATT ACTTCAACGG CGGCGAAATG TGCCCGCGCA TGAGCAAAGG TAAAGATCCC TACTACGCCG

C G L Y K C A D G Y I V M E L V G I T Q I E E
911 GCTGCGGTCT GTATAAATGT GCCGACGGCT ACATCGTGAT GGAACTGGTG GGTATTACCC AAATTGAAGA

C F K D I G L A H L L G T P E I P E G T Q L I
981 GTGCTTTAAA GATATTGGCC TCGCACATCT ACTCGGTACG CCGGAAATCC CGGAAGGCAC TCAGCTTATC

H R I E C P Y G P L V E E K L D A W L A A H T I
1051 CACCGTATCG AATGCCCTTA CGGCCCACTG GTAGAAGAAA AACTCGATGC CTGGCTGGCG GCACATACCA

A E V K E R F A E L N I A C A K V L T V P E L
1121 TCGCAGAAGT TAAAGAACGC TTTGCCGAAC TGAATATCGC CTGTGCCAAA GTACTGACCG TACCGGAACT

E S N P Q Y V A R E S I T Q W Q T M D G R T C
1191 GGAAAGCAAT CCACAGTATG TTGCCCGTGA ATCAATCACT CAGTGGCAAA CGATGGATGG TCGCACCTGC

K G P N I M P K F K N N P G Q I W R G M P S H G
1261 AAAGGGCCGA ACATCATGCC GAAATTCAAA AATAACCCCG GACAAATCTG GCGCGGAATG CCCTCACATG

M D T A A I L K N I G Y S E N D I Q E L V S K
1331 GCATGGACAC GGCTGCCATT TTGAAAAATA TCGGCTACAG CGAAAACGAC ATTCAGGAGT TGGTCAGCAA

G L A K V E D STOP
1401 AGGTCTGGCC AAAGTTGAGG ACTAAACGCG TGGGCGTCAG TCGGCTTGCC TGACTAGCGC CCGCCCAATA

EcoRV
1471 ACAAACGAAC AAAAATGGAT AGAGGTGCAA TGGATATC

FIG. 3. Sequence of the 1.5-kb AccI-EcoRV-2 fragment which gave a positive signal in Southern hybridization with oligonucleotide probes
derived from the N-terminal sequence of CDHT. The deduced amino acid sequence of the caiB gene product is given over the coding sequence.
The putative ribosome binding site is underlined. An inverted repeat located upstream is indicated by the two arrows. The putative termination
codon of the gene encoding the 47-kDa protein is overlined. The N-terminal sequence of CDHT is presented in boldface type.

of [35S]methionine and [35S]cysteine (1,000 Ci/mmol; NEN RESULTS AND DISCUSSION
DuPont) bythe protocol of Tabor and Richardson (25). Cells
were then lysed in a solution containing 60 mM Tris-HCl (pH
6.8), 1% sodium dodecyl sulfate (SDS), and 1% 2-mercapto- Cloning of CDHT gene from E. coli 044 K74. E. ccli 044
ethanol by heating the solution for 5 min at 95°C and finally, K74 has a significantly higher CDHT activity than other E. cli
the cells were loaded onto an SDS-12.5% polyacrylamide gel strains (18). Therefore, we decided to construct a chromo-
as described by Laemmli (12). somal library from this strain, which was isolated from the
Enzyme assays. CDHT was assayed by the method described intestine of a rat which had been fed a carnitine-rich diet (19).

by Jung et al. (8). Protein concentration was determined by the Approximately 3,000 transformants of the Sure strain carrying
method of Lowry et al. (13), using bovine serum albumin as the fragments from the E. coli 044 K74 chromosome were ob-
standard. tained. This chromosomal library represents more than 99% of

Nucleotide sequence accession number. The nucleotide data theE. coli 044 K74 genome, as calculated by the formula given
reported in this article will appear in the EMBL data library by Maniatis et al. (15).
under accession number X67748 ECCAIB. Five colonies harboring the recombinant plasmids pKE05,
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pKE06, pKE07, pKE08, and pKE09 were isolated after screen-
ing with three different degenerate oligonucleotide probes
derived from the N-terminal sequence of the purified CDHT
(see Fig. 3).

Whole-cell preparations of these five colonies were assayed
for CDHT activity after growth under anaerobic conditions in
the presence of 20 mM DL-carmitine. For an unknown reason,
two colonies harboring the recombinant plasmids pKE05 and
pKEO9 (Fig. 2) displayed a twofold increase of CDHT activity
over that of E. coli Sure carrying the plasmid vector pUC19.

Restriction mapping of positive clones. Plasmids were iso-
lated from the five positive colonies and digested with several
restriction enzymes. Hybridization was confirmed by Southern
analysis. The restriction map of pKE05 and pKE09 is shown in
Fig. 2. Within each of the five clones (pKE05, pKE06, pKE07,
pKE08, and pKE09), a hybridizing fragment MluI-l-EcoRV-1
0.35 kb long was located. A 3.4-kb BamHI-1-BamHI-2 frag-
ment and a 2.0-kb BamHI-1-EcoRV-1 fragment were sub-
cloned into pT7-3 and pT7-4 for overexpression (discussed
below), allowing us to determine the approximate location and
transcription direction of the gene encoding CDHT. Thus, the
1.5-kb AccI-EcoRV-2 fragment, assumed to contain the entire
gene encoding CDHT, was chosen for further subcloning and
sequenced in both directions.

Nucleotide sequence of the gene encoding CDHT. The
nucleotide sequence of CDHT is shown in Fig. 3. Analysis of
the sequence with the Mac Molly Tetra nucleotide and amino
acid interpretation program revealed one open reading frame
(ORF). All other reading frames had multiple stop codons.
The sequenced ORF is 1,215 bp long and encodes a protein of
45,074 Da. This result is in perfect agreement with the
estimated molecular mass of 45,000 Da proposed by Jung et al.
(8) for the purified CDHT. In addition, the previously deter-
mined N-terminal sequence of purified CDHT was compared
with the deduced amino acid sequence from the sequenced
ORF. With the exception of a Leu or Arg residue at position
16, both sequences were identical. Since the nucleic acid
sequence was determined five times and consistently revealed
an arginine residue at position 16, we propose that arginine is
the correct residue. Therefore, the mismatch might result from
the technical limitations of the protein chemistry facility.
A putative Shine-Dalgarno sequence (AGGAG underlined

in Fig. 3) is located 7 bp upstream of the ATG start codon. An
inverted repeat from nucleotides 100 to 113 (GACGC----
GCGTC, indicated by the arrows in Fig. 3) was found 94
nucleotides upstream of the initiating ATG codon. The in-
verted repeat may be a putative regulatory element for the
expression of CDHT. Upstream of the gene encoding CDHT,
another ORF was observed, at a distance of 129 nucleotides.
Since this second ORF was expressed in the same transcription
direction as that of the CDHT gene (see below) and the two
were separated by a short distance that does not include a
terminator sequence, they might belong to the same operon.
The upstream ORF is currently being sequenced. Thus, we
assigned the name caiB (carnitine) to the gene encoding
CDHT.
A search of data bases (NBRL and Swiss-Prot) by use of the

deduced amino acid sequence for caiB revealed that this
protein sequence displayed a high degree of homology
(FASTA 706, 38% identity in a 405-amino-acid overlap) with
the sequence of the 47-kDa BaiF protein from Eubacterium sp.
(14). The 47-kDa BaiF protein is involved in bile acid dehy-
dration reactions in the human intestine. Since both proteins
come from anaerobic intestinal bacteria and catalyze dehydra-
tion reactions, they may share a common evolutionary origin.
Comparing the substrate specificity of CDHT for bile acids, as

1 2

2.8 kb

1.6 kb

FIG. 4. Northern blot analysis of transcripts from the caiB gene
and the upstream ORF. Luminograph of a Northern blot of RNAs
extracted from E. coli Sure harboring pUC19 (control) (left lane),
pKEO9 (center lane), and pKE05 (right lane) probed with an internal
fragment of caiB labeled with DIG dUTP and detected by the DIG
luminescence detection kit (Boehringer Mannheim).

well as that of 47-kDa BaiF protein for carnitine, will require
additional studies.

Northern analysis. In order to determine whether caiB is
transcribed alone, Northern blot analysis was carried out. The
mRNA species were extracted from log-phase anaerobic cul-
tures of the Sure strain harboring either pKE05 or pKE09.
Both plasmids encoded CDHT, and revealed an augmentation
of CDHT activity in the enzymatic assay. A DNA probe which
contained an internal fragment of caiB was used for hybridiza-
tion. The probe hybridized to two mRNA species which
appeared to be 2.8 and 1.6 kb long (Fig. 4). The 2.8-kb mRNA
species therefore appears to have the coding capacity for an
additional ORF(s), which indicates that the caiB gene is
cotranscribed with at least one other gene. The upstream gene
is a likely candidate. The 1.6-kb mRNA species might be a
product of degradation or the result of the presence of a
second promoter.
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(a) (b)

FIG. 5. Overexpression of the caiB gene product using the T7 RNA polymerase-promoter system of Tabor and Richardson (25). The
35S-labeled polypeptides were separated on a 12.5% polyacrylamide gel containing 0.1% SDS. Visualization was done by autoradiography (a) and
Coomassie blue staining (b). The radioactivity of each sample loaded onto the gel was approximately 106 cpm. The 31-, 29-, and 26-kDa
polypeptides of ,-lactamase (BLA) were expressed from pT7-3 and pT7-4 recombinant derivatives. The positions of molecular mass markers are

shown in kilodaltons. From left to right, the five lanes in panel a contain pT7-3, pT7-4KE16, pT7-3KE15, pT7-3KE17, and pT7-4KE18, and the
three lanes in panel b contain purified CDHT, pT7-3KE15, and pT7-3.

Overexpression of CDHT. Identification of the CaiB protein
was performed with the in vivo T7 promoter-RNA polymerase
system, in which the genes are expressed under the control of
the j10 promoter (25).

Derivatives of plasmids pT7-3 and pT7-4 gave rise to the
synthesis of three protein bands of 31, 29, and 26 kDa, which
are characteristic of ,B-lactamase (Fig. Sa). The middle band
corresponding to the processed enzyme was expressed very
strongly. Plasmid pT7-3KE15 (containing the 3.4-kb BamHI-
1-BamHI-2 fragment) directed the synthesis of proteins with
the estimated molecular masses of 47 and 45 kDa. Plasmid
pT7-3KE17 (containing the 2.0-kb BamHI-1-EcoRV-1 frag-
ment) expressed only the 47-kDa protein. The expression of
these proteins was not observed from pT7-4KE16 or from
pT7-4KE18, where the encoding fragments are cloned in the
opposite direction. The 45-kDa protein corresponded perfectly
in size with the purified CDHT, as shown on a Coomassie
blue-stained gel (Fig. 5b). The expression of caiB confirmed
the estimated molecular mass of CDHT and showed that there
is no posttranslational modification of the enzyme. Overex-
pression of the 47-kDa protein confirmed the presence of an

ORF in the flanking DNA fragment upstream of caiB.
Enzymatic assay of overexpressed CDHT. In order to con-

firm the identity of the overexpressed product of caiB as

CDHT, enzymatic activities of crude extracts from strains
harboring the caiB recombinant plasmids pT7-3KE15 and
pT7-3KE17 were measured in comparison with those detected

in the strain carrying the vector pT7-3 alone. The results are
shown in Table 1. The recombinant plasmid pT7-3KE15
showed levels of CDHT 21-fold higher than those of the
wild-type 044 K74 after growth in the presence of 20 mM
DL-carnitine (Table 1). It has been shown that CDHT requires
an unknown cofactor which is necessary for activity. This

TABLE 1. Assay for CDHT activity in crude cell extracts of the
wild-type E. coli 044 K74 and E. coli K38 harboring

various plasmids

Sp act (tLmol min-' mg-')

E. coli strain' With 20 mM Without carnitine
carnitine With cofactor" Without cofactor

044 K74 0.030 0.01 0
K38(pT7-3KE17)C 0.030 0.01 0
K38(pT7-3KE15)c 0.650 0.05 0
K38(pT7-3)C 0.030 0.01 0
SK1592 0.015
KE3011d 0

a Strains were grown anaerobically in L broth, in the presence of camitine
when required.

I Cofactor was prepared from E. coli 044 K74 by the method of Jung et al. (8).
c Overexpression took place under anaerobic conditions by using the protocol

of Tabor and Richardson (25).
d This strain was a caiB::uid.A Km' mutant derived from strain SK1592.

J. BAC-rERIOL.
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cofactor can be found only in cells grown under anaerobic
conditions in the presence of carnitine (7, 8). Moreover, it was
possible to reconstitute the activity of CDHT after overexpres-
sion of the corresponding gene in the pT7 system, even in the
absence of inducer, provided that a cofactor preparation
necessary for the activity had been added (Table 1). In
addition, an operon fusion cassette, which carries the promot-
erless gene of 3-glucuronidase (uidA) and a kanamycin resis-
tance gene flanked by a polylinker (2), was integrated into the
EcoRV-1 site to disrupt the caiB gene. This construction was
then transferred into the genome of E. coli SK1592. The
obtained mutant, KE3011, was found to display no CDHT
activity. These results strongly support the identity of the caiB
gene product as CDHT.

In this study we report for the first time the isolation of a
gene participating in the carnitine pathway in procaryotes.
Sequencing, Northern blot analysis, and expression studies
suggest that this gene belongs to a cai operon which also
contains other genes. Current work in our laboratory is aimed
at elucidating the genetic organization of the anaerobic carni-
tine pathway in E. coli and the functions of the proteins
involved. It would be of particular interest to identify the
control mechanism by which this system is regulated under
anaerobiosis.
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