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Amine agid sequence comparison of & a und 6 £ subunits of the a-keto acid dehydrogenase (E,) component of the pyruvate dehydrogenase complex

and branched-chain a-keto acid dehydrogenase complex from multiple speeies was performed by computer analysis. In addition to 2 previously

recognized regions of hamology in the & subunit, a 3rd region of extensive homology wus identified in E)2, and may be one of the sites invalved

in subunit interaction, E, 7 contains 4 regions of extensive homology. Region I containg 10 amino acids that are homologous to a 10-amino acid

stretch in Excherichia coll E,. Regions 2 and 3 have sequence homologies with other dehydrogenases suggesting that these reglons may be involved
in eatalysis,

Pyruvate dehydrogenase: Pyruvate dehydrogenase complex; Branched-chain a-keto acid dehydrogenase complex: «-Keto acid dehydrogenase com-
plex; Amino acid sequence comparison ‘

1. INTRODUCTION

The mammalian pyruvate dehydrogenase complex
(PDC) is a mitochondrial multienzyme complex that
catalyzes the conversion of pyruvate to. acetyl-CoA
{1,2]. The complex ‘consists of 3 catalytic and 2
regulatory components, and a protein X component. In
plant {3], eukaryotic, and some prokaryotic species [4],
the first catalytic component, pyruvate dehydrogenase,
(E)) (py.uvate: lipoamide 2-oxidoreductase, EC
1.2.4.1), is composed of 2 non-identical « and @
subunits which form a heterotetramer. E,, which re-
quires thiamin pyrophosphate as a cofactor, catalyzes
the oxidative decarboxylation of pyruvate according to
the following 2 partial reactions.

CH;COCO; +E,- TPP+H* —
E, CH:C(OH)=TPP+ CO: @)

E, - CH3;C(OH)=TPP + E;LipS; —
E: - TPP + E;lip(SH)-SCOCH; i)

Based on limited data, it has been postulated that
reaction (i) is carried out by the o« subunit, and reaction
(1) by the 3 subunit [5]. Eje activity is regulated by
phosphorylation~-dephosphorylation by a specific E,
kinase and phosphatase [1]. Sequence comparison of
multiple thiamine-dependent enzymes has allowed for
the identification of a putative thiamin pyrophosphate

binding motif in Bio [6]. Chemical modification of °
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amino acid residues has identified critical amino acids
in the E, heterotetramer that are critical for enzyme
function [7]. Recent studies have shown that E,3, but
not Ea, is protected from trypsin digestion when
bound to dihydrolipoy! acetyltransferase (E;), the 2nd
catalytic component of PDC, suggesting that E,3 binds
to E; [8). Structure-function analysis has been
facilitated by the cloning of both the « [4,9-11] and 38
[4,12,13]) subunits of PDC from multiple species.
However, the critical amino acid residues in the func-
tional domains of E\a and E;8 remain unidentified."In
the present study, we have used computer analysis to
identify several regions of the « and 3 subunits that are
highly conserved not only in all the known sequences of
the 2 subunits of PDC from various species, but also in
those of the branched-chain a-keto acid d~hydrogenase
complexes (BCKDC) in both prokaryotic  and
eukaryotic species. Similarities with other proteins sug-
gest that one of the conserved domains may play a
critical role in the oxidative decarboxylation of the o-
keto acids.

2. MATERIALS AND METHODS

All the published seguences known for both Eix and.E,8 PDC and
BCKDC were analyzed. The sequence for PDC E;8 of the nematode,
Ascaris suum [13] was kindly provided by Keith Johnson (University
of Toledo, Toledo, OH)., Comparison of sequences was done using
Prosis software (Mitachi America, Brisbane, CA) using a best fit
algorithm. Final alignment was done visually based on a comparison
of all the sequences analyzed for a specific subunit. Compatison with
other protein sequences was done by searching the: National
Biomedical Research Foundation (NBRF) data bank updated to
September 1990 using the FastA program (Genetics Computer
Group, University of Wisconsin). For reference, amino acid number-
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ing referred is baved on the mature By (Khromeosome X1 amd B of
human PDC. Throughout this paper, an asterhk (*) denates ldentical
amino acidvand a plus {+ ) indicatey conserved amine acids,

1, RESULTS AND DISCUSSION

Four Eie PDC and 4 B\a BCKDC sequences were
analyzed, including both eukaryotic. and prokaryotic
species (Fig. 1). There were 2 regions of extended
homology, as -identified previously inciuding the
thiamin pyrophosphate binding motif {6) located bet-
ween human E e amino acids 156-203, nnd a region en-
compassing phosphorylation sites 1 and 2, spanning
amino -acids 263-274, Also present is a previously
unrecognized region of high homology located between
amino acids  217-261. Withia this 45 amino acid
streteh, 10 of the amino acids are identical in all 8 se-
quences. There is 33% identity and 48% homology
among at least 7 of the 8 sequences (Fig. 1). No func-
tion has been attributed to this region. This region ap-
pears to be unique to a-keto acid dehydrogenases which
have both & and # subunits, and it is not homologous
to any sequences in £, ¢coli PDC E, [14] or the E, com-
ponents of E. coli. and yeast a-ketoglutarate
dehydrogenase complexes [15,16], which are dimers
composed of only a single E, polypeptide. Neither is
there  significant. homology between this region and
amino acid sequences from other proteins listed in the
NBRF protein sequence data bank., We have found a
human E & point mutation located in this region {17].
This mutation affects protein stability but not catalytic
activity [18]. Since previous studies have shown that «
and B require each other’s presence for stability in both
PDC and BCKDC [19,20}, this mutated amino acid
residue may disrupt a critical site of interaction for the
2 subunits located in this homologous region thereby
rendering both subunits unstable. The fact that this
highly conserved region is only found in PDC and
BCKDC. which contain « and 8 subunits, and is not
found in single protein E; catalytic units (in distinction
to the thiamin pyrophosphate binding motif) is also
suggestive that this region may play a role in subunit in-
teraction. There:is another region of a lesser degree of
homology, spanning amino acid residues 61-90
(Fig. 1). In this region, 6 residues are identical and 6
other residues are conserved in all 8 of the sequences
compared. The significance of this homology is not yet
known.

Six E (8 sequences were also compared and included
human [12], nematode Ascaris suum [13], and Bacillus
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stearothermophilus B\ [4] sequences as well as human
(21], bovine [22], and. Psewdomonas putida BCKDC
E8 23] (Fig. 2). There is greater sequence homology
among B than e subunit sequences. There are 4 regions
of extensive homology (Fig. 2). Region | consisting of
35 amino acids spanning amino acid residues 25-59
(34% identity and 69% homology amang at least § of
the 6 sequences) contains 10 residues (human E3
amino acid residues 41~30) which are homologous to a
region in E. coli Ey (amino acid residues 672-681) [14]
as -shown below. There is 50% identity and 70%
homology in this region with the underlined identical
amino acid residues being conserved in all the species
that were compared (see below and Fig. 2).

" * +* * K+ W
E. ‘coli E, 0 G LERMYGGCEK
Human E 8 RE L WKIKYGLGDK

This is the only region besides the thiamin
pyrophosphate binding domain that had areas of
homology with E. coli E; [14]. It is interesting that this
homology exists since the E; from E. coli appears (o be
the result of evolutionary divergence [24]. It is tempting
to speculate that just as the thiamin pyrophosphate
binding motif is similar for all enzymes requiring
thiamin pyrophosphate as a cofactor, presumably
because binding to thiamin dictates a certain structure,
this region of homology might also serve in a similar
capacity for both E, coli E; and PDC E,8. Since both
the E; polypeptide of E. coli-and the E 8 of PDC bind
to PDC E; (which has extensive homology with Ess
from other «-keto acid dehydrogenase complexes [24]),
it is possible that this conserved stretch of amino acids
in region 1 is one of the sites at which E,8 binds to E,.
Region 2, spanning amino acids 140-176, is also very
well conserved with 49% identity and 65% homology
among at least 5 of the 6 sequences compared. There is
very strong - homology between Region 2 and
3-isopropyl: malate dehydrogenase from Thermus
aquaticus (amino acids 108-145) {25]. When compared
to human E8, there is 30% identity and 49%
homology as shown below.

3-Isopropylmalate dehydrogenase

*kkx  Txx * atat Tt o+ 4 * *
PGLERLSPLKEEIARGVDVLIVRELTGGIYFGEPRGMS
PGLKVVSPWNSEDAKGLIKSAIRDNNPVV-VLENELMY
Human E 8

—

Fig. 1. Alignment of 8 Eio sequences from PDC and BCKDC. An asterisk (*) over a column denotes identity for at least 7 of the 8 amino acids

in that columin, and a plus'sign (+) signifies homology among at least 7 of the amino acid residues in a column. Amino acids are boxed if if

4 or more residues are identical in a'column. Shaded serine residues are sites of phosphorylation. Shaded lines indicate regions of increased

homology. Key: B-H, BCKDC human Eia [20]; B-B, BCKDC bovine E,«a [26]; B-R BCKDC rat E(a [27]; B-P, BCKDC Pseudomonas putida

Ejor [23); P-B, PDC Bacillus stearothermophilus Eix [4); P-Y, PDC. yeast E,a [10]; P-H4, PDC human processed gene Eio located on
chromosome 4 {11]; and P-HX, PDC human E;« located on chromosome X [9].
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The similarity of region 2 to d-isopropylmalate
dehydregenase, a non-thiamin pyrophosphate binding
enzyme, catalyzing the oxidative decarboxylation of
3-isopropylmalate to a-ketoisocaproate, suggests that
this region may represent & site that is invelved in the
oxidative decurboxylation  of ' pyruvate and: the
branched-chain a-keto acids. This hypothesis is also
supported by the fact that consensus sequences
generated {rom regions 2 and 3 were shown by a com-
puter search of the NBRF protein sequence data bank
to have moderate degrees of homology with other
dehydrogenases including E. coli NADH dehydro-
genase (30% identity and 57% homology with 37
amino acids of region 2), Xenopus laevis NADH-
ubiquinone dehydrogenase (24% identity and 49%
homology with 37 amino acids of region 2), porcine
malate dehydrogenase (28% identity and 48%
homology with 29 amino acids in region 3), E. coli
glutathione (NADPH) reductase (40% identity and
60% homology with 20 amino acids in region 3), and
Corynebacterium glutamicern homoserine dehydro-
genase (29% identity and 48% homology with 21
amino acids of region 3). Region 4, spanning amino
acids 270-303 near the C-terminus, contains 12 iden-
tical amino acid residues and 7 conserved amino acid
residues in at least 5 of the @ sequences. A possible
function has not been suggested for this region.

The above analysis shows that certain regions of both
Eix and E|8 are conserved among the o-keto acid
dehydrogenases. With the exception of the thiamin
pyrophosphate binding motif and the phoshorylation
sites, no definitive functions can be assigned to these
regions at this time. However, the fact that these
regions are so conserved among species suggests that
they do serve some critical function that is shared
among all the «-ketoacid dehydrogenase complexes
that have o and:f subunits for the E; component.
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Fig: 2. Alignment of 6 E,; sequences from PDC and BCKDC. An asterisk (*) over a column denotes identity among at least:3 of the 6 amino

acids in that column, and a plus sign. (+) signifies homology of at least 5.of :the amino acid residues in a column. Amino acids are boxed in

if 4 or more residues in a column are identical. Shaded lines indicate regions of increased homology. Key: B-H, BCKDC human E;8 [21]; B-B,

BCKDC bovine E\8 [22], B-P, BCKDC Pseudomonas putida E,3 [23}; P-B, PDC Bacillus stearothermophilus Ei8 [4); P-N, PDC nematode
Ascaris suum E,8 [13}; and P-H, PDC human E 3 [12].
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