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Catalytic domain ofSalmonella typhimurium2-oxoglutarate
dehydrogenase is localized in N-terminal region�
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Abstract

2-Oxoglutarate dehydrogenase (lipoamide) [OGDH or E1o: 2-oxoglutarate: lipoamide 2-oxidoreductase (decarboxylating
and acceptor-succinating); EC 1.2.4.2] is a component enzyme of the 2-oxoglutarate dehydrogenase complex.Salmonella
typhimuriumgene encoding OGDH (ogdh) has been cloned inEscherichia coli. The libraries were screened for the expression
of OGDH by complementing the gene inE. coliE1o-deficient mutant. Three positive clones (named Odh-3, Odh-5 and Odh-7)
contained the identical 2.9 kbSau3AI fragment as determined by restriction mapping and Southern hybridization, and ex-
pressed OGDH efficiently and constitutively using its own promoter in the heterologous host. This gene spans 2878 bases and
contains an open reading frame of 2802 nucleotides encoding a mature protein of 927 amino acid residues (Mr = 110,000).
The comparison of the deduced amino acid sequence of the cloned OGDH withE. coli OGDH shows 91% sequence iden-
tity. To localize the catalytic domain responsible forE. coli E1o-complementation, several deletion mutants lacking each
portion of theogdhgene were constructed using restriction enzymes. From the sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) analysis, a polypeptide which showed a complementation activity with anMr of 30,000 was
detected. The catalytic domain was localized in N-terminal region of the gene. Therefore, this is a first identification of the
catalytic domain in bacterialogdhgene.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The 2-oxoglutarate dehydrogenase (lipoamide)
[OGDH or E1o: 2-oxoglutarate: lipoamide 2-oxidore-

Abbreviations: OGDH, 2-oxoglutarate dehydrogenase (lipo-
amide) (2-oxoglutarate:lopoamide 2-oxidoreductase, EC 1.2.4.2);
ODHC, 2-oxoglutarate dehydrogenase (lipoamide) multienzyme
complex

� The nucleotide sequence of theogdhgene has been deposited
in the GenBank data base with an accession no. AF093783.
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ductase (decarboxylating and acceptor-succinating);
EC 1.2.4.2] multienzyme complex (ODHC) catalyzes
the oxidative decarboxylation of 2-oxoglutarate to
succinyl CoA and CO2, a reaction which is part of
the citric acid cycle[19,8]. Of them, OGDH or E1o
catalyzes the decarboxylation of a 2-oxoglutarate and
use thiamine pyrophosphate (TPP) as a prosthetic
group. It is located in mitochondria within the in-
ner membrane/matrix compartment. In eucaryotes
and eubacteria, this enzyme complex is composed
of three different enzymes, present in nonequivalent
stoichiometry[8]. Porcine OGDH (Mr = 216,000) is
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a dimer of identical subunits (Mr = 97,000–113,000)
[8]. The sequence of yeast OGDH gene was found
to have an open reading frame of 3042 nucleotides
capable of coding for a protein ofMr = 114,470
[15]. Escherichia coli OGDH (Mr = 190,000)
is similarly a dimer of identical subunits (Mr =
104,905) from the deduced amino acid sequence
[5,16].

In E. coli, ODHC contains 12 E1o (2-oxoglutarate
dehydrogenase; EC 1.2.4.2), 24 E2o (dihydrolipoamide
transsuccinylase; EC 2.3.1.61) and 12 E3 (dihy-
drolipoamide dehydrogenase; EC 1.8.1.4) suben-
zymes [14]. E1o and E2o are unique for ODHC,
whereas E3 is shared between ODHC and the anal-
ogous pyruvate dehydrogenase and the branched
chain 2-oxo-acid dehydrogenase complexes.E. coli
E2o polypeptides form a cubic core with octahedral
symmetry to which the E1o and E3 components are
bound [5]. The substrate is transferred between the
different active sites by a lipoyl moiety, bound to
a lysine residue in the E2o polypeptide. The genes
encoding E1o and E2o are situated adjacent to each
other as part of an operon which also contains the
genes encoding the� and � subunits of succinyl
CoA synthetases. The gene encoding E3, however,
is part of another operon also encoding the pyru-
vate dehydrogenase (E1p) and dihydrolipoamide
transacetylase (E2p) subenzymes of the pyruvate de-
hydrogenase multienzyme complex[18]. These gene
organizations in gram positiveBacillus subtilisappear
similar [4].

However,Salmonella typhimuriumOGDH has not
been reported yet. In this paper, the OGDH gene has
been cloned by complemention of the gene inE. coli
E1o-deficient mutant. Furthermore, the functional
OGDH domain was identified using complementation
method of E1o-deficientE. coli.

2. Materials and methods

2.1. Bacterial strains and culture

Restriction enzymes and modification enzymes
were purchased from BMS Korea, and were used as
recommended by the suppliers. Molecular marker kits
for sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) were obtained from Bio-Rad

Laboratories Korea (Seoul, Korea). Nylon membrane
filter (Hybond-C) and ECL DNA hybridization kit
were purchased from Amersham Korea (Seoul, Ko-
rea). Other chemicals used were of the purest grade
commercially available.

S. typhimuriumATCC 14028 was used on the
source of the gene that codes for the ODGH.
E1o-deficientE. coli JRG72 (sucA1 supE42 iclR)
mutant, E. coli JM109 and plasmid pUC19 were
used from our deposit in Bacterial Collection Lab-
oratory (BCL) of Department of Biochemistry and
Molecular Biology, Dongguk University COM,
Kyungju, Kyungbuk, Korea.Vibrio parahaemolyticus
ATCC 27519, Vibrio vulnificus ATCC 29307, En-
terobacter cloacaeATCC 13047,E. coli O157:H7,
Pseudomonas aeruginosaATCC 27582 andPro-
teus sp. N 13838 were also our deposit in BCL of
Dongguk University College of Oriental Medicine,
Kyungju City, Kyungpook, Korea.S. typhimurium,
E. coli JRG72 andE. coli JM109 were maintained
in Luria broth (1% peptone, 0.5% yeast extract and
0.5% NaCl, pH 7.2), while JM109, JRG72/plasmid
was maintained in Luria broth containing 40�g/ml
ampicillin. Cultures were preserved in 25% glyc-
erol at −70◦C. For selection of the cloned gene in
E. coli JRG72, minimal glucose medium was also
used.

2.2. DNA manipulation and cloning of ogdh
genem

Chromosomal DNA was extracted fromS. ty-
phimuriumaccording to the method of Canosi et al.
[2]. Large scale preparation of plasmid DNA was car-
ried out by the method as described[6]. Restriction
endonuclease (BRL, Gaithersberg, MD, USA) were
used under the assay conditions described by the man-
ufacturers. Agarose gel electrophoresis of DNA frag-
ments was carried out in Tris–acetate buffer, pH 7.8,
containing EDTA. DNA from the gel was transferred
onto Hybond Q membrane (Amersham) and used for
hybridization. The DNA probe was nick translated
with [�-32P]dCTP and hybridized as described by
Maniatis et al.[11].

E. coli cell extracts were prepared from sphero-
plasts[7], which were lysed in 50 mM potassium phos-
phate buffer (pH 7.4). Cell membranes were removed
by centrifugation at 35,000× g, at 4◦C, for 30 min.
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Fig. 1. Cloning and map of theogdhgene fromS. typhimurium.(A) Cloning scheme of theogdhgene. The closed box regions correspond
to clonedS. typhimuriumDNA containing ogdh gene. (B) Map of pSL2 carrying theogdh gene and its derivative plasmids. Open box
and arrow indicate the cloned DNA fragment carrying plasmid pSL2 and ORF direction ofogdh gene, respectively. Bar and dashed lines
indicate the cloned DNA fragment and deletion region, respectively.



196 C.-H. Kim / Journal of Molecular Catalysis B: Enzymatic 26 (2003) 193–200

Chromosomal DNA fromS. typhimuriumwas partially
digested withSau3AI. After removal of proteins, the
resulting fragments were ligated toBamHI-digested
pUC19 DNA using T4 DNA ligase.E. coli JRG72
was transformed using these recombinant plasmids ac-
cording to the method described by Mandel and Higa
[10]. The transformants were selected for growth in
minimum glucose medium.

S. typhimuriumOGDH expressed in an E1o-deficient
E. coli mutant was screened by complementing the
E1o-negative phenotype[3,12]. E. coli E1o-deficient
mutant, JRG72, was transformed with the plasmid
library of the chromosomal inserts, selecting for the
wild-type E1o phenotype (ability to grow on minimal
glucose plates).

2.3. DNA sequence analysis and Southern
hybridization

DNA sequence was determined by the dideoxy
chain reaction termination method[17] with T7
DNA polymerase to the manufacturer’s instructions
as described[6]. The nucleotide sequence of the
ogdh gene has been deposited in the GenBank data
base with an accession no. AF093783. Southern hy-
bridization was also carried out as described[11]
to the supplier’s instructions. DNA sequence infor-
mation was analyzed through the National Center
for Biotechnology Information, using the BLAST
network service to search the GenBank database
[1], and with MacVector sequence analysis software
(version 6).

2.4. SDS-PAGE and analytical methods

Sodium dodecyl sulfate-polyacrylamide gel elec-
trohporesis was performed in 17% (w/v) gels with
SDS by the method of Nevillei[13]. E. coli JRG72
strains carrying plasmids were cultured with or with-
out 1 mM isopropyl�-d-thiodgalactoside (IPTG) for
induction. The sample buffer was 0.01 M Tris–HCl
(pH 8.0) containing 2.5% SDS and in some cases 5%
(v/v) �-mercaptoethanol. Protein content was deter-
mined by the method of Lowry et al.[9] with bovine
serum albumin as standard. Protein in the column
eluates was routinely followed by the absorbance at
280 nm.

3. Results and discussion

3.1. Cloning of 2-oxoglutarate dehydrogenase
(OGDH) gene in E. coli

S. typhimuriumOGDH expressed in an E1o-deficient
E. coli mutant can complement the E1o-negative phe-
notype of the mutant[3]. Expression of functional
ogdh gene product from recombinant plasmids was
similarly determined.Sau3AI-digests of genomic
DNA was ligated into theBamHI site of plasmid
pUC19 andE. coli E1o-deficient mutant, JRG72, was
transformed with the plasmid library of the chromo-
somal inserts, selecting for the wild-type E1o pheno-
type (ability to grow on minimal glucose plates) as
described previously[3]. The libraries were screened
for the expression of OGDH by complementing the
gene inE. coli E1o-deficient mutant. Three positive
clones (named Odh-3, Odh-5 and Odh-7) contained
the identical 2.9 kbSau3AI fragment as determined by
restriction mapping and Southern hybridization, and
expressed OGDH efficiently and constitutively. Plas-
mids isolated from three Odh clones were named
pSL2.

The plasmid pSL2 carryingogdhgene, which com-
plement the E1o-negative phenotype of the mutantE.
coli JRG72, on a 2.9 kbSau3AI fragment was isolated
(Fig. 1). Subcloning of the 0.9 kbHindIII–HindIII
DNA fragment of pSL2 into pUC19 also resulted
in pSH2-08, which also complement E1o-negative
mutant. The wild type phenotype was restored inE.
coli JRG72 (pSL2) andE. coli JRG72 (pSH2-08),
which shows that functionalS. typhimuriumcan
be expressed from both plasmids (Fig. 1). When
Southern hybridization of clonedogdh gene withS.

Table 1
Complementation activity in OGDH-negativeE. coli mutant car-
rying pSL2 and its derivative plasmids

Plasmid Complementation (+/−)

pSL2 +
pSL18 +
pSL15 +
pSL18r +
pSL15r +
pSL10 −
pSL11 −
pSH2-08 +
pSH2-08r +
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typhimurium chromosomal DNA was carried out,
strong bands in onlyS. typhimuriumandE. coli were
detected, not inV. parahaemolyticus, V. vulnificus, E.
cloacae, P. aeruginosaandProteussp. N 13838 (data
not shown). This indicates that theS. typhimurium
ogdhgene is structurally similar to that ofE. coli.

Fig. 2. Nucleotide sequence ofS. typhimurium ogdhgene. (A) The 2.9 kb sequence contains the 5′-starting region ofogdhgene. Ribosome
binding sequence is indicated as SD. The nucleotide at position 1 corresponds to the first nucleotide in theHindIII recognition sequence. (B)
Comparison of DNA sequence corresponding to the catalytic domain ofS. typhimurium ogdhwith that of E. coli. Mismatched nucleotides
are indicated as stars. (C) Comparison of the deduced amino acid sequence corresponding to the catalytic domain ofS. typhimurium
OGDH with that ofE. coli. Mismatched amino acids are indicated as stars.

3.2. Localization of the gene encoding OGDH

To localize the structural gene in a 2.9 kb insert frag-
ment of pSL2 (5.3 kb),HpaI–HindIII-digested DNA
fragment (1.8 kb DNA) or DraI–HindIII-digested
DNA fragment (1.5 kb DNA) were religated into
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Fig. 2. (Continued).



C.-H. Kim / Journal of Molecular Catalysis B: Enzymatic 26 (2003) 193–200 199

HpaI- and DraI-digested plasmid pUC19. Plas-
mids obtained in forward direction were named as
pSL18 and pSL15, and reverse-directed plasmids
were named as pSL18r and pSL15r, respectively.
They showed complementation activity screened in
the E1o-deficient mutant (Table 1). However, plas-
mids pSL10 and pSL11, which were constructed by
deleting HpaI-digested DNA fragment (1.8 kb) and
DraI-digested DNA fragment (1.5 kb), had not any
complementation activity. Also,E. coli carrying plas-
mid pSH2-07, whichHindIII–BamHI-digested DNA
fragment (0.7 kb) was cloned in pUC19, did not re-
sult in any complementation activity. These results
clearly indicated that plasmid pSL2 carried the DNA
fragment responsible for the complementation gene
with its own promoter and a 0.9 kb DNA fragment of
HindIII–HindIII site might be its own 5′-promoter re-
gion for the gene transcription and structure gene for
the OGDH. Although the pUC9 as a plasmid vector
has lac transcriptional promoter, there was not any
significant difference between the complementing ac-
tivities by the forward or reverse-directed plasmids
(Table 1).

The newly designated plasmids pSL18r and pSL15r
conferred the same complementation activities as
those produced by pSL18, pSL15 and pSH2-08 to
the mutantE. coli, indicating that transcription of
the gene arose in part from aS. typhimuriumpro-
moter. For further characterization of the gene and
of the promoter localization for complementation, a
HindIII-digested 0.9 kb DNA fragment of pSH2-08
was subcloned to reverse direction of pUC19. Two
derivative plasmids, pSH2-08 and pSH2-08r in which
the pSH2-08 insert was in direct and reverse orien-
tation, revealing that a promoter was present in this
fragment.

3.3. Nucleotide sequence and deduced amino acid
sequence of S. typhimurium ogdh gene

The nucleotide sequence of theogdhgene was de-
termined using subcloned DNA fragment from pSL2.
The ogdh gene sequence contains an open reading
frame consisting 2802 bp (including ATG) with a pro-
tein having 927 amino acids (Fig. 2A). This open read-
ing frame is preceded by a putative ribosome-binding
site, d(TAAGGG), 12 bp from the ATG translational
stard codon. The nucleotide sequence of the open read-

ing frame shows 86% identity toE. coli sucA, which
encodes E1o[5] (Fig. 2B). The deduced amino acid
sequence of catalytic domain shows 91% similarity to
E. coli E1o (Fig. 2C).

The amino acid sequence of E1o, as deduced from
the nucleotide sequence, is presently known fromB.
subtilis [3], E. coli [5], Sacharomyces cerevisiae[14]
and human[8]. When these sequences were compared
with the clonedS. typhimuriumOGDH region, they
showed significant sequence homology; the overall
identity between theS. typhimuriumOGDH sequence
and that ofE. coli is 91% (Fig. 2C), indicating that the
S. typhimuriumOGDH is highly similar to theE. coli
E1o. S. typhimuriumOGDH region can complement
an E. coli mutant defective in E1o, showing that the
E1o components of these two bacteria are also func-
tionally similar. However, the overall identity between
the S. typhimuriumOGDH sequence and those ofB.
subtilis, S. cerevisiaeand human was 41, 37 and 37%,
respectively (data not shown).

3.4. Functional expression of ogdh gene carrying
a catalytic region of S. typhimurium OGDH in
E. coli

As the smallest protein expresses the comple-
mentation activity, 30 kDa polypeptide was the most
abundant protein in cytoplasmic extracts of bothE.
coli JRG72 (pSH2-08) andE. coli JRG72 (pSL2).
This polypeptide was not found inE. coli JRG72
(Fig. 3). It was reported that yeast, porcine and human
E1os were 114 kDa[14], 113 kDa [8] and 108 kDa
[8], respectively. In procaryotes, it was also known
that E. coli E1o has a molecular mass of 105 kDa
[5] and B. subtilis E1o has a molecular mass of
110 kDa[4], respectively. Thus, the 30 kDa polypep-
tide was concluded to be too small in its molecular
weights than those reported, even though the cloned
30 kDa protein functions as an active enzyme. Fur-
thermore, it was suggested that the 30 kDa would be
a N-terminal part ofS. typhimuriumOGDH having
the functional activity, indicating that the catalytic
domain of OGDH is localized on the N-terminal
region. Therefore, this is of interest in analysis of re-
lationship between molecular structure and biological
activity of OGDH. We are in progress to charac-
terize the molecular structure for complementation
activity.
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Fig. 3. SDS-PAGE of theE. coli extracts carrying the functional
N-terminal region having complementation activity. Total cell ex-
tracts were fractionated on an SDS, 10% (w/v) acrylamide gel and
stained for protein with Coomassie blue R250. Lanes: (1)E. coli
JRG72 (pSl2); (2)E. coli JRG72 (pSH2-08); (3)E. coli JRG72
(pUC19) without IPTG; (4)E. coli JRG72 (pUC19) with IPTG in-
duction. Approximately 20�g of protein was loaded on each lane.
The left indicates molecular weight positions as kDa dimension.
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