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Malonyl-CoA decarboxylase (E.C.4.1.1.9) catalyzes the
conversion of malonyl-CoA to acetyl-CoA. Although the
metabolic role of this enzyme has not been fully defined, it
has been reported that its deficiency is associated with mild
mental retardation, seizures, hypotonia, cadiomyopathy,
developmental delay, vomiting, hypoglycemia, metabolic
acidosis, and malonic aciduria. Here, we isolated a cDNA
clone for malonyl CoA decarboxylase from a rat brain
cDNA library, expressed it in E. coli, and characterized its
biochemical properties. The full-length cDNA contained a
single open-reading frame that encoded 491 amino acid
residues with a calculated molecular weight of 54, 762 Da.
Its deduced amino acid sequence revealed a 65.6% identity
to that from the goose uropigial gland. The sequence of the
first 38 amino acids represents a putative mitochondrial
targeting sequence, and the last 3 amino acid sequences
(SKL) represent peroxisomal targeting ones. The
expression of malonyl CoA decarboxylase was observed
over a wide range of tissues as a single transcript of 2.0 kb
in size. The recombinant protein that was expressed in E.
coli was used to characterize the biochemical properties,
which showed a typical Michaelis-Menten substrate
saturation pattern. The Km and Vmax were calculated to be
68 µM and 42.6 µmol/min/mg, respectively.
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Introduction

Malonyl-CoA decarboxylase activity (EC 4.1.1.9, MCD),
which catalyzes the decarboxylation of malonyl CoA to acetyl
CoA, has been observed in a variety of organisms from
microbes to mammals (Kim and Kolattukudy, 1978a, b; An
and Kim, 1998; Sacksteder et al., 1999). However, its
physiological role is unclear. The enzyme from the goose

uropygial gland and rat liver, especially in mitochondria and
cytosol, has been extensively studied and characterized (Kim
and Kolattukudy, 1978a, b). Recently, malonyl CoA has been
in the spotlight as a regulator of the maintenance of
mammalian cell function. Especially in the mitochondrial
enzyme from geese, it has been proposed that this enzyme
might act in removing intra-mitochondrial malonyl CoA,
which is non-specifically generated by the action of propionyl
CoA carboxylase (Kim and Kolattukudy, 1978b). If malonyl-
CoA is accumulated once, then the key mitochondrial
enzymes, such as methylmalonyl-CoA mutase (Babior, 1973)
and pyruvate carboxylase (Scrutton and Utter, 1967), could be
inhibited. In the case of the cytosolic form, the evidence
showed that it participates in the synthesis of methyl
branched-chain fatty acids. In the goose uropygial gland,
because methylmalonyl CoA is the only chain that elongates
the substrate for fatty acid synthesis, this enzyme activity
brings about the production of multimethyl-branched fatty
acids (Kim and Kolattukudy, 1978a). In addition, a pivotal
role for malonyl-CoA decarboxylase in mammalian
metabolism is suggested by the severe phenotypes of patients
who lack this enzyme activity (Hann et al., 1986; Krawinkel
et al., 1994; Ozand et al., 1994; Gregg et al., 1998). Malonyl-
CoA decarboxylase deficiency, also known as malonic
aciduria, is a genetic disorder that is characterized by
developmental delay, cardiomyopathy, mental retardation, and
in its more severe forms, neonatal death. These patients show
several phenotypes that are similar to deficiencies in
mitochondrial fatty acid oxidation, including diet-induced and
infection-induced vomiting, seizures, hypoglycemia, and
organic aciduria, as well as cardiomyopathy (Yano et al.,
1997).

Recently, it was suggested that the regulation of the cellular
malonyl CoA level is one of the important physiological and
cellular events, especially liver energy metabolism. As MCD
is involved in the regulation of the cellular malonyl CoA level,
this enzyme may play an essential role in regulating energy
utilization in response to various nutritional changes and/or
pathological states.
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MCD activity was detected in the cell extract of bacteria, such
as Pseudomonas fluorescens and Acinetobacter calcoaceticus,
which are grown on the malonate as a sole carbon source
(Byun and Kim, 1995). Recently we cloned and expressed the
first bacterial MCD from Rhizobium trifolii (An et al., 1999).
Thus, it would be worthwhile to have more information on
MCD of higher organisms other than just bacterial sources. In
this study, we describe the cloning of the full-length cDNA for
a novel rat MCD, its expression of the recombinant protein in
E. coli, and its biochemical characterization of the
recombinant protein.

Materials and Methods
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Sequencing of cloned genes The plasmid DNA was isolated and
purified using a Qiaprep Spin Miniprep Kit from Qiagen (Valencia,
USA). PCR was performed with purified DNA as a template, M13
reverse and M13 forward (−20) primers, and Dye Terminator Cycle
Sequencing Ready mixture (Perkin Elmer) according to the
manufacturer's instructions. The PCR product was sequenced using
a ABI PRISM 377 automatic sequencer.
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Determination of malonyl-CoA decarboxylase activity Malonyl-
CoA decarboxylase activity was assayed by measuring the rate of
production of acetyl-CoA spectrophotometrically by coupling the
decarboxylase with malate dehydrogenase and citrate synthase
(Kolattukudy et al., 1981). The reaction mixture contained 40 mM
sodium phosphate (pH 7.0), 0.2 mM dithiothreitol, 4 mM malate,
0.2 mM NAD+, 0.2 mM malonyl-CoA, 20 unit malate
dehydrogenase, 4 unit citrate synthase, and malonyl-CoA
decarboxylase preparation in a total volume of 1.0 ml. The reaction
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was initiated by the addition of decarboxylase. The increase in
absorbance at 340 nm was then determined.

Results

Cloning and sequencing of malonyl-CoA decarboxylase
gene from rat brain cDNA library A rat-expressed
sequence tag that is related to goose MCD was initially
identified from searches of public databases from the National
Center for Biotechnology Information (Bethesda, USA).
Perusal of rat and goose DNA sequence databases
demonstrated a closely related homologue of MCD in both
species. By using various protocols, including PCR methods
and screening a brain cDNA library, we obtained a full-length

sequence of rat MCD. Briefly, a fragment of rat MCD cDNA
(amplified by PCR based on the EST sequence and its length
was 106 bp) was used as a probe to isolate a full-length rat
cDNA from a rat brain cDNA library. Of the clones, the
longest has an insert of 2020 bp that comprised 491 amino
acid residues with a single open-reading frame. Its deduced
amino acid sequence had a 84% and 78% of identity with
those of humans and geese, respectively. The sequence of the
491 amino acid (molecular mass 54,610 Da) from rat protein
is illustrated in Fig. 1, where it is compared with the reported
MCDs from humans, geese, and R. trifolii (Fig. 2). MCD
from rats shared a 65.6%, 87.2%, and 28.7% identity with
those from geese (Jang et al., 1989), humans (Gao et al.,
1999), and R. trifolii, respectively. This sequence analysis

Fig. 1. Nucleotide sequence of rat malonyl-CoA decarboxylase cDNA and its deduced amino acid sequence. The ATG, which may
serve as a translation start site, is shown by white-on-black type. The mitochondrial presequence is indicated in bold type at the
beginning of the sequence and the positive arginine residues are framed. Amino acids are presented in single letter code. The Ser-Lys-
Leu (SKL) peroxisomal-targeting sequence at the C-terminus is shown by white-on-black type.
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suggests that the rat and human homologues appear to have
shorter N-terminal regions than geese, which may be involved
in mitochondrial targeting. MCD from geese includes a 33
amino acid N-terminal motif, which forms an amphipathic
helix structure that corresponds to the mitochondrial targeting
sequence (Fig. 2). In spite of the difference in amino acid
length, those from humans and rats have 25 amino acid
stretches, which could be predicted as the mitochondrial-
targeting motif; rat enzyme especially has a PRLCSG
cleavage signal by mitochondrial processing peptidase. This
enzyme contains a perfect match to the consensus sequence

for the peroxisomal targeting signal, Ser-Lys-LeuCOOH, which
is strictly conserved in humans and geese. MCD may then
contribute to the peroxisomal metabolic processes.

Tissue distribution of malonyl-CoA decarboxylase We
also analyzed the expression of malonyl-CoA decarboxylase
mRNA in different rat tissues. A multitissue Northern blot that
contained poly (A)+ RNA from 8 different tissues was
hybridized with a radiolabeled probe (Fig. 4). A 2.0 kb rat
malonyl-CoA decarboxylase transcript was detected in all of
the tissues examined. However, the abundance of the rat
malonyl-CoA decarboxylase mRNA appeared to vary
considerably with a strong expression in the heart and liver.
The levels of mRNA were much lower in the brain, skeletal
muscle, and kidney, and low but detectable in all other tissues.

Expression and purification of recombinant malonyl-CoA
decarboxylase The recombinant protein that was fused with
glutathione S-transferase (GST) to discriminate it from the E.
coli enzyme was expressed at a high level in a soluble form, as
well as an insoluble form, and could be efficiently purified by
glutathione-affinity chromatography. The recombinant rat MCD
was purified to apparent homogeneity from the E. coli in which
this enzyme was expressed. As shown in Fig. 5, the GST-fusion

Fig. 2. Sequence alignment of the deduced amino acid sequences of the rat malonyl-CoA decarboxylase with the homologous sequence.
An asterisk indicates cysteines in rat malonyl-CoA decarboxylase (*) and mitochondrial targeting sequence is underlined.

Fig. 3. Structure of malonyl-CoA decarboxylase from various
sources. � : mitochondrial targeting sequence. � : cytosolic
form.�� : peroxisomal targeting sequence. 
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protein migrated to ~80 kDa in a SDS-PAGE analysis. After the
GST carrier was removed by thrombin cleavage, the purified
recombinant protein moved as a single band at ~54 kDa, which
correlates with what we calculated from the cDNA sequence.
Although the purified recombinant protein has a different
degree of (or lack of) glycosylation from the original rat
enzyme, the protein has in vitro biological activity to generate
the acetyl CoA from malonyl CoA.

Malonyl-CoA decarboxylase activity of the overexpressed
enzyme The purified MCD enzyme was used to

characterize the biochemical properties in vitro. The substrate
dependence curves for MCD were consistent with Michaelis-
Menten kinetics that showed typical hyperbolic substrate
dependence (Fig. 6). From the double-reciprocal plots, the Km

value for rMCD was 6.8 nM, and the Vmax value was 42.6
µmole/min/mg protein. Specific activity was also calculated to
be 43.4 unit/mg. Judging from the Km values, the rat rMCD
had a high affinity for the substrate compared with those of
humans, geese, and R. trifolii.

Discussion

We cloned rat malonyl-CoA decarboxylase cDNA from the
rat brain cDNA library in order to gain insight into the
function and regulation of malonyl-CoA decarboxylase. We
show here that the recombinant MCD protein has high
intrinsic malonyl CoA decarboxylase activity, which confirms

Table 1. Properties of malonyl-CoA decarboxylases from various sources.

Sources Molecular weight Subunit molecular 
weight Subunit composition Km Vmax

kDa kDa mM unit/mg
Rat 54 0.068 42.6

Humana 46 0.20
Gooseb 186 47 Homotetramer 0.10 80

R. trifoliic 208 53 Homotetramer 0.47 52

ataken from Ref. (Katherine et al., 1999)
btaken from Ref. (Kolattukudy et al., 1981)
ctaken from Ref. (An and Kim, 1998)

"��.� #$�.
����� �
���
���
��� �!� ������	��	������������0	���&� ���

���� �����	������	�
�&�/�� � 	���������
��������0
����	&�9 µ#��!
��	���� ���� !���� � �� !�		��
�#� ���� �
����&� ����� ':�  ����&� ����

9:� ���
�&� ����� 7:� ��	���&� ����� <:� 	��#&� ����� 5:� 	
2��&� ����

=:�+�	���	� ����	�&� ����� >:� +
���&� ����� -:� ����
�&� ���� ���
�

4����
���
2�� �.����&� ���� ���� �0�������� !���� 2��
���� �
�����

!���� ���	�� ���&� '&� ���
�%� 9&�  ����%� 7&� +
���%� <&� 	
2��%� 5&� 	��#%� =&

�+�	���	�����	�%�>&���	���%�-&� ����
�&

Fig. 5. SDS-PAGE analysis of protein extracts containing
malonyl-CoA decarboxylase. SDS-PAGE analysis of purified
malonyl-CoA decarboxylase using glutathione affinity column.
Lane 1: size marker. Lane 2: soluble fraction induced with 1
mM IPTG. lane 3: GST-MCD is indicated by an arrow. Lane 4:
purified malonyl-CoA decasrboxylase. The sizes of standard
proteins are indicated on the left side. Affinity gel
chromatography and cleavage of GST from GST-MCD was
carried out as described under “Experimental Procedures.”
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that this gene encodes rat MCD. The full-length cDNA
sequence showed a 87.2% and 65.6% identity with the cDNA
that was cloned previously from the human and goose
uropygial gland, respectively. It indicated that this gene is well
conserved between birds and mammals. Its deduced amino
acid sequence contains 491 amino acid residues, which have a
calculated molecular weight of 54.6 kDa. In the sequence
analysis, we were able to provide the feasible features in the
rat MCD structure. The N-terminal portion has a positively
charged amphiphilic helix structure known as the
mitochondrial targeting sequence, and the C-terminal region
ends with a putative peroxisomal (Ser-Lys-LeuCOOH) targeting
motif. Especially, the deduced amino acid sequence of rat
MCD has several features of mitochondrial target pre-
sequence. First, it contains the compositional tendency of the
mitochondrial targeting sequence. They are rich in Ala, Ser,
Leu, Arg, but there are no acidic residues (D/E). Second, it
represents some loops as amphiphilic loops. Third, it appears
to encode the substrate specificity of the mitochondrial
processing peptidase. By a cleavage-site motif (PRLCSG)
(defined by Gavel around position 31), this evidence suggests
that rat MCD is, at least in part, a mitochondrial matrix
enzyme. Although its presence and physiological roles in
mitochondria remains elusive, the mitochondrial localization
of the goose MCD has suggested that this enzyme may first

function in removing intramitochondrial malonyl CoA that is
produced by the adventitious activity of propionyl CoA
carboxylase. Alternative transcription initiators generated two
transcripts from one gene. In the case of the human MCD
gene, two types of cDNA were similarly reported. Also, as
suggested, three types of MCD may exist as mitochondrial,
cytoplasmic, and peroxisomal forms. Thus, each form of
MCD (mitochondrial, peroxisomal and cytoplasmic forms) is
likely to play a different role in cellular metabolism. The
peroxysomal form may catalyze the reaction from malonyl
CoA to CO2 and acetyl CoA, since the β-oxidation of
dicarboxylic fatty acids that occurs exclusively in peroxisomes
and malonyl CoA is the ultimate β-oxidation product of the
odd-chain length dicarboxylic fatty acids.

From a Northern blot analysis and semi-quantitative PCR
analysis, a single transcript about 2 kb in size is distributed
over a wide range of rat tissues. It is interesting to note that the
expression level of malonyl-CoA decarboxylase is highest in
the heart and liver, the two tissues that have the greatest
dependence on fatty acids as an energy source. A lot of
evidence has accumulated during the last few years. It
indicates that malonyl CoA is a cytosolic signal of glucose
sensing, particularly in the liver, heart, and adipose. These
tissues derive significant amounts of energy from fatty acid
oxidation. Furthermore, the interaction between malonyl CoA
and carnitine palmitoyltransferase I is considered a pivotal site
of intervention in diabetes and obesity (Prentki, 1996;
McGarry and Brown, 1997). Previous studies have implicated
that patients show several phenotypes that are similar to
deficiencies in mitochondrial fatty acid oxidation, including
diet-induced and infection-induced vomiting, seizures,
hypoglycemia, and organic aciduria, as well as
cardiomyopathy (Yano et al., 1997). Thus, MCD is likely to
be involved in the regulation of lipid metabolism and the
cytosolic malonyl CoA concentration in mammalian cells in
many aspects.

In this study, we describe the cloning of a novel rat MCD
cDNA, the expression of recombinant protein, and its
biochemical characterization. If MCD is implicated in the
regulation of lipid metabolism and other cellular functions in
mammalian cells, it could be a clue for the molecular and
metabolic basis of malonyl CoA in the eukaryotic kingdom,
as well as in the lower kingdom, and for the pathological
mechanism of human diseases, such as aciduria.
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