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Pyruvate decarboxylase is like acetolactate synthase (/LV?2) and not
like the pyruvate dehydrogenase E1 subunit
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Protein sequences of pyruvate decarboxylase {PDC) derived from cloned yeast (Saccharomyces cerevisiae) and bacterial

(Zymomonus mobilis) genes were compared with each other and with sequence databases. Exlensive sequence similarities

were found belween them and with two others: cytochrome-linked pyruvate oxidase from Escherichia cofi and acetolac-

tate synthase (ivi in E. cofi; ILV2 gene in S. cerevisiae). All catalyse decarboxylation of pyruvate using thiamine pyro-

phosphate (TPP) as cofactor. General overall similarity suggests common ancestry for these enzymes. None of the se-

quences was similar to the E1 component of pyruvate dehydrogenase from E. coli which also decarboxylates pyruvate
with the help of TPP.

Thiamine pyrophosphate; Sequence homology; Protein sequence; Dala base, FASTP; Data base, SWISS-PROT

1. INTRODUCTION

In this paper I present polypeptide sequence
similarities that point to evolution of an enzyme
family and provide important information for en-
zymologists pursuing structure/function analysis
of any of these molecules. Although one pair of
similarities that 1 have included were already
known, I clearly demonstrate the existence of a
larger family which may hereby be designated the
pyruvate decarboxylase (PDC) family. I also
describe an enzyme that is catalytically, essentially
identical to PDC but is, by sensitive sequence
¢riteria, structurally unrelated.

Thiamine pyrophosphate (vitamin B;) is a cofac-
tor whose biochemical functions and mechanistic
role are well understood (e.g. [1,2]). Some of the
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enzymes that use it and whose genes have been
cloned are listed (with references) in table 1. PDC
links glycolysis to alcohol dehydrogenase and
thence ethanol synthesis in the yeast Sac-
charomyces cerevisiae and the bacterium
Zymomonas mobilis. Acetolatate synthase is part
of the highly conserved isoleucine-valine biosyn-
thesis pathway and is perhaps better known as the
product of the ilvl (Escherichia coli) and ILV2 (S.
cerevisiae) genes. POX (cytochrome) is a
membrane-bound enzyme of E. coli of unknown
physiological role [10], while PDH E1 subunit is
known to link glycolysis to respiration via acetyl-
CoA. Other TPP-binding enzymes are known but
genes for these four have been cloned. From the
start-point of the yeast PDC sequence I show that
PDC, 1LV and POX sequences are highly similar
while that of PDH E|l is quite different.

2, METHODS AND RESULTS

Using the program FASTP [11], I compared the
8. cerevisiae pyruvate decarboxylase protein se-
quence derived from the nucleotide sequence of the
gene PDC! [3] with the SWISS-PROT protein se-
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Some TPP- and pyruvate-binding enzymes

Enzyme name Reaction catalysed Cloned Refs
(number) sequence
Pyruvate decarboxylase  Pyruvate = acetaldehyde + CO» SCPDC1 3
(EC4.1.1.1) ZMPDC 4
Acetolactate synthase 2 pyruvate = acetolactate + CO; ECILVI 5
(EC 4.1.3.18) ECILVG 6
SCILV2 7
Pyruvate oxidase Pyruvate + H»O + ferricytochrome b1 = ECPOXB 8§
(cytochrome}
(EC 1.2.2.2)* acetate + CO: + ferrocytochrome bl
Pyruvate dehydrogenase, Pyruvate + lipoamide = ECACEE 9

El subunit

(EC 1.2.4.1) S-acetyldihydrolipoate + CO»

* The IUB Enzyme Nomenclature Commission (1984) [19] recommends the name pyruvate dehydrogenase (cytochrome). However,
‘pyruvate oxidase, (cytochrome)’ is the name used in all the cited references as well as in the sequence databases. This enzyme need
not be confused with EC 1.2.3.3 (also known as pyruvate oxidase) which produces acetyl-phosphate and hydrogen peroxide and which

is also a TPP-requiring enzyme

quence database. (The SWISS-PROT protein se-
quence database at EMBL, Heidelberg, FRG, is
based on the PIR protein sequence databank (Na-
tional Biomedical Research Foundation, Washing-
ton, DC, USA) but includes translations of some
EMBL nucleotide sequence database entries.) The
similarity score of acetolactate synthase, encoded
by the ifvl gene in E. coli [5] was sufficiently high
to indicate a genuine structural likeness (see
below). The ifvf protein sequence and that of an
isoenzyme, ilvG, [6] also scored highly when I com-
pared Zymomonas PDC DNA sequence [4]
translation with the SWISS-PROT database. The
next highest score, that for sheep vasopressin, was
not sufficiently above the average score for the
database to warrant further analysis.

The similarities detected between these peptide
sequences by FASTP were not detected when com-
paring nucleotide sequences against the EMBL
nucleotide database using FASTP.

The similarities between PDC and acetolactate
synthase proteins suggested that other proteins
with similar catalytic functions might likewise
show structural resemblance. The sequence of E.
coli POX (cytochrome) was already known to be
similar to that of the ILV gene [8]. Fig.1 shows dot-
matrix similarity plots generated by the DIAGON
program [12] for the PDC, POX and ILV proteins,
The program compares sequences on the basis of

2

amino acid similarity using a statistically derived
interchangeability score for all possible amino acid
pairs [15,16]. The regions of extended similarity
appear as diagonal lines on or near the main
diagonal. They show varying degrees of inter-
relatedness and two particularly well-conserved do-
mains detectable in almost all of the diagons.

The extensive similarities suggested that it would
be possible to align all five sequences on a single
axis. I did this using programs GAP and LINEUP
[13] (fig.2). Note that there are some regions in
which alternative alignments are equally plausible.
To the computer-generated alignment I have added
marks indicating positions of better-conserved
residues (see fig.2 legend for details). Regions of
greatest similarity can be seen at positions 100-200
and 545-600 of fig.2. There is also a more dis-
persed similarity between these two regions.

The EI1- subunit of pyruvate dechydrogenase
catalyses much the same reaction as PDC and
might therefore be expected to have some struc-
tural resemblance. The DIAGON program [13]
was used with a range of parameter values to try
and detect regions of structural similarity between
the PDH sequence [9] and any of the other TPP
pyruvate enzymes. No regions of similarity were
detectable (not shown). No significant similarity
was detected either by the more sophisticated pro-
gram of Argos [14], which uses physical as well as
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Fig.1. DIAGON [12] comparisons of TPP- and pyruvate-binding protein sequences. Axes represent the two sequences being compared;

N to C direction is bottom-to-top and left-to-right. Complete sequences (lengths in the range 550-690 amino acids) were used for all

comparisons and sequence names are according to table 1. Diagonal lines indicate regions of extended similarity. Span length: 25,
‘match’ threshold 275 (defaults 11 and 300; see [12] for scoring system).

evolutionary criteria and scans all ‘window’ sizes
for comparison (see [14]). As a check against se-
quencing errors in the published PDH El se-
quence, comparisons were also made with transla-
tions in alternative reading frames but no sequence
similarities were uncovered thereby.

3. DISCUSSION

Protein sequences of pyruvate decarboxylases
from 8. cerevisiae [3] and Zymomonas mobilis [4]
were found to be similar to each other and to those
of acetolactate synthase [5-7] and E. coli pyruvate
oxidase (cytochrome) [8]. The similarities are ob-
vious when the sequences are aligned and since they

extend over most of the length of each protein it is
reasonable to conclude that the similarity arises
from common ancestry: these enzymes constitute a
homologous family [17].

Ullrich [18] found that modification of PDC
tryptophan blocks TPP binding. None of the veast
PDC tryptophan residues is conserved in more
than one other sequence but two of the five tryp-
tophans in veast PDC lie in relatively well-
conserved domains (positions 132 and 587 in fig.2).
Few other relevant protein chemical experiments
that wouid help characterise functional sites in
these enzymes are to be found in the literature and
more are needed.

The absence of similarity between E. cofi

3
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zmpdc  ALVOIGLKHH FAVAGDYNLV LLDNLLLNKN MEQVYCCNEL NCGFSAEGYA RAKADAAAV. VTYSVGALSA FDAIGGAYAE NLPVILISGA PNKNDHAAGH
scpdcl RLEKQVNVNTV FCLPGDFNLS LLOKIYEVEG MRWAGNANEL NAAYAADGYA RIKGMSCII. TTFGVGELSA LNGIAGSYAE HVGVLHVVOV PEISSQAX.Q
scilv2 MMSRONVDTV FGYPGGAILP VYDAIHNSDK FNFVLPKHEQ GAGHMAEGYA RASGKPGVVL VTSGPGATNV VTPMADAFAD GIPMVVETGQ VPTSAIGTDA
ecilvi SLIDQGVEQY FCYPGGAVLD IYDALHTVGG ILDHVLVRHEQ AAVHMADGLA RATGEVGUVL VTSGPGATNA ITGIATAYMD SIPLVVLSGQ VATSLIGYDA
ecpoxb TLESAGVNRI WGVTGDSLNG LSDSLNRMGT IEWMSTRHEE VAAFAAGAEA QLSGELAVCA GSCGPGNLHL INGLFDCHRN HVPVLALAAH IPSSEIGSGY
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200 299
zmpdc  VLHRALGKTD YHYQL.EMAKX NITAAAEAIY TPEEAPAKID HVIXTALREK . .... ....K PVYLEIACNI ASMPCAAPGP ASALENDEAS DEASLNAAVE
scpdel LLLHTLGNGD FTVFH.RMSA NISETTAMIT DICTPQAEID RCIRTTYVTQ ......... R PVYLGLPANL VDLNVPAKLL QTPIDMSLKP NDAESEKEVI
scilv2 FQEADV.... ..... VGISR SCTKWNVMVK SVEELPLRIN EAFEIATSGR PGPVLVDLPX DVTAAILRNP IPTRTTLFSN ALNQLTSRAQ DEFVMQSINK
ecilvi FQECDHM.... ..... VGISR PVVKHSFLVK QTEDIPOQVLK KAFWLAASCR PCPVVVDLPK DILNPANKLP YVWPESVSMR SYNPTTTCHK GQ.....IKR
acpoxn FOETHP.... ..... QELFR ECSHYCELVS SPEQIPOVLA IAMRKAVLNR GVSVVV.... .LPGDVALKP APEGATMHWY HAPQPVVTPE EE....ELHK
[ _ W ' R ' __
300 339

zmpdc ETLKFIANRD KVAVLVGSKL . .RAAGAEEA AVKTADALGG AVATHAAAKS FFOKKTALHR YIMGEVSYPG VEKTMXEADA VIALAPVFND YSTTGWTOIP
scpacl DTILVLVKOA KNPVILADAC CSRHDVKAET KKLIDLTQE? AFVTPMGKGS ISEQHPRYGG VYVGTLSKPE VXKEAVESADL ILSYGALLSD FNTCSFSYSY
scilv2 AADLINLA.. KKPYLYVGAG ILNHADCPRL LKELSDARAQI PVITTLQCLG SFLQEDPKSL DMLGMHGCAT ANLAVONADL I IAVGARFDD AVTINTSKFA
acilvi ALQSVVAV.. KKPVVYVGCG AIT.AGUHQG LKETVEALNL PVVCSLMGLG AFPATHRQVL CMLGMHEGTYE ANMTMHNADV IFAVGVRFDD RTTNNLAKYC

ecpoxb LAQLLRYSSN IALMCGSGC. ....AGAHKE LVETAGKIKA PIVHALAGKE HVEYDNPYDV GMTGLIGFSS GEHTMMNADT LVLLGTOF.. ..........
_t v o . 4 _ AN b _H_tr et 4
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zrpdc  DPKKLYLAEP RSVVVNGVRF BSVHUKDYLT RLAQKVSXET GALDFF.... .......... creeereen. < KS.LNAGE LKKAAPADPS APLVNAEIAR
acpdcl KTXNIVEFHS DHMKIRNATF POVOMKFVLO KLLTINIAD.. AAKGYK.... .v.uernane cneaens +oa +2PV.AVPAR TPANAAVFAS TPLHQEWMWN
scillv2 PEARRAAAEG RGGLIHFEVS PKNINKVVQT QIAVEGDATT NLGKMM.... ..SKIFPVKE RSENFAQINK WKKE.YPYAY MEETPGSKIX PQTVIKKLSK
ecilvi PNA....... ..TVLHIDID PTSISKTVTA DIPIVGDARQ VLEQMLELLS QESAHQPLDE IRDWWOQIEQ WRAR.QCLKY ..OTHSEKIX POAVIETLWR
acpoxp . .PYRAFYPT DAKIIQIDIN PASIGAHSKV DMALVGDIXS TLRALL.... ..PLVEEKAD RXFLDMALED YRDARXGLDD LAKPSERAIH PQYLAQQISH
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zmpde QVEALLTPNT TVIAETGDSW FRAQRMKLPN GARVEYEMOW GHIGWSVPAA FGYAVGA... .PEARNILMV GDGSFOQLTAC EVAQMVRLKL PVIIFLINNY
sepdcl QLGNELQEGD VVIAETGTSA FGINQTTERN NTYGISGVLW GSIGETTGAT LGAAFAAEEI DEXKRVILFI GDGSLQLTVQ EISTMIRWGL KPYLFVLNND
acilv2 VANDIGRHVI VTTGVGOHQM WAAGHWIWRN PHTFITSGGL GTMGYGLPAA IGAQVAK... .PESLVIDID GDASFNMTLT ELSSAVQAGT PVKILILNNE
acilvi LTKGDA...Y VITSDOVGQHCM FAALYYPFDX PRRWINSGGL GSMGFGLPAA LGVEMAL... .PEETVVCVT GCGSIQMNIQ ELSTALQYEL BUYLVVNLNNR
acpoxb FAADUA...I FTCDVGTPTV WAARYLKMNG KRRLLGSFNH GSMANAMPQA LCAQATE... .PERQVVAMC GDGGFSMLMG DFLSVVCOMKL PVKIVVENNS
_ _ 4 h_t_ R N N L R T
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zmpde GYTIEVMIHD ..CPYNNIKK WDYACLMEVF NCNGLYDSCA GECLKAKTGG ELAEAIKVAL ANTDGPTLIE CFIGR...ED CTEELVMWGK RVAARQQP
scpdel  GYTIEKLIHG PRAQYNEIQG WDHLSLLPTF GAK.....DY ETHRVATTGE WDKLTQDKSF NDNSKIRMIE VMLPV...FD CSTKLG
scilv2 EQGMVTQWOS . .LFYEHRYS HTHQLNPDSI KLAEAMGL.. .XGLRVKKQE ELDAKLKEFV STXCPVLLEV EVDKK...VP VLPMVAGCSG LDEFINFCPE

ecilvi YLGMVNQWQD ..MIYSGRHS QSYMQSLPDF VRRGAYGH..

-VGIQISHPH GWKANLARRW NRCAIIAWCL LMLPS...MA ASTSTRCRFA GAEWMKCG

ecpoxb VLGFVAM... EMEAGGYLTD GTELHDTNFA RIAEACGI.. .TGIRVEKAS EVDEALQRAF SIDGPVLVDV VVAKEELAIP PQIKLEQAKG FSLYMLRAIL
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Fig.2. Alignment of five TPP pyruvate protein sequences. Made using GAP and LINEUP programs [13]. Numbering is arbitrary. Dots

indicate spaces introduced to optimise alignment (corresponding to insertion or deletion during evolution). Symbols: () 4 or 5 matches;

{—) 3 matches where a maich means amino acids are identical or similar (i.e. scoring +2 or more on the similarity matrix of Dayhoff
[15,16]).

pyruvate dehydrogenase E1 subunit (PDH E1) and
any of the other enzymes is striking in view of the
fact that it catalyses a virtually identical reaction.
This may be an example of convergent evolution.
An alternative explanation is that though PDH E1
may have had the same ancestor, its incorporation

i

into a multienzyme complex has provided strong
evolutionary pressures to make it fit better into the
complex and enhance the catalytic advantage there-
by gained. Primary sequence similarity to the other
TPP pyruvate enzymes might thereby have been
lost. As far as is known, none of the other enzymes
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examined in this paper is part of such an enzyme
complex.
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