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Stellingen

1.

De konklusie dat de E: - en de Ez komponenten wvan het pyruvaat
dehydrogenase complex uit E.geli op verschillende plaatsen op
de Ez-keten binden, is niet af te leiden uit de beschreven
experimenten.

L.C. Packman & R.N. Perham (1986), FEBS Lett. 206, 193-198

2.

De veronderstelling dat de drie lipoyldomeinen in Ez van het
pyruvaat dehydrogenase complex uit E.coli onafhankelijke
mobiliteit bezitten, lijkt tegengesproken te worden dcor
resultaten uit fluorescentiemetingen.

Dit proefschrift

3.

De concentratie van een eiwit met een afwijkend gehalte aan
tryptofaan, tyrosine of arginine, of van een eiwit waar de
aminozuursamenstelling niet van bekend is, kan noch met de
methode wvan Lowry, noch met de Coomassie brilliant blue
methode nauwkeurig bepaald worden.

O.H. Lowry, N.J. Rosebrough, A.L. Farr & R.J. Randall (1951}
J.Bicl.Chem. 193, 265-275
5§.J. Compton & C.G. Jones (1985), Anal.Bicchem. 151, 369-374

4.

Het toenemend gebruik in wetenschappelijke terminclogie wan
het wvoorvoegsel bic—, waar pseudo- bedoeld wordt, kan ten
koste gaan van de waardering van het vakgebied biochemie.

5.
De konklusie van Makinen & Makinen, dat modifikatie wvan een
tyrosyl residue ten grondslag ligt aan de inaktivatie wvan
collagenase door o-cloranil, 1is voorbarig en niet uit de
beschreven resultaten af te leiden.

P-L Makinen & K.K. Makinen {(1988)
Biochem.Biophys.Res.Commun. 153, 74-80



6.
De konstatering van Yang et al. dat STEM-metingen een uit 24
subunits bestaande PDC-core ondersteunen, is onjuist.

H. Yang, J.F. Hainfeld, J.S. Wall & P.A. Frey (1985}
J.Biocl.Chem. 260, 16049-16052

7.

De kwaliteit van de beoordeling van wetenschappelijke
publikaties is niet gediend met een uitbreiding van het forum
met goochelaars, journalisten en Robin Hood's.

E.Davenas et al. (1988), Nature 333, 816-818
J.Maddox J. Randi & W.W.Stewart (1988}, Nature 334, 287-250
J. Benveniste (1988), Nature 334, 291

8.

Het verwijzen wvan ethische wvraagstukken, bijvoorbeeld die
betreffende de prenatale diagnostiek, naar de aktuele
fatscensopvattingen van de maatschappij biedt weinig garantie
voor de zwakken in de samenleving.

["De pelis van de partikuliere verzekeraar is net zo
fatsoenlijk als de samenleving zelf wenst te zijn", Dr. R
Scheerens, direkteur KLOZ, Volkskrant 14-11-1987]

R.J. Lifton (1986), The -Nazi Doctors, Basic Books, Inc.,

Publishers, New York

9.
Een titel stelt geen jota voor

10.
Passende kleding zit niet lekker.

Roeland Hanemaailjer
"Structural studies on dihydrolipoyl transacetylase”

Wageningen, 5 oktober 1988
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INTRODUCTION

Basic structure and mechanism

The pyruvate dehydrogenase complex is a multi-enzyme complex
which catalyzes the oxidative decarboxylation of pyruvate to
acetylCoA. It is built from multiple copies of three enzymes:
pyruvate dehydrogenase (Ej), dihydrolipoyl tramsacetylase {Ep)
and lipoamide dehydrogenase (Ez) [1]. The mechanism of reaction
is shown schematically in Fig. 1. Eq, which requires TPP as an
essential cofactor, catalyzes the decarboxylation of pyruvate
with formation of an hydroxyethyl intermediate. E; then catalyzes
the reductive acetylation of the lipoic acid cofactor of Ep. This
lipoyl greoup is covalently bound to the Ep core through an amide
linkage with a lysine e-aminogroup [2]. The acetylgroup is
transferred by Ez to CoA. The reduced lipoic acid cofactor is
reoxidized by E3, which via FAD and a redox-active $-S bridge
transfers the reduction equivalents to NAD*.

PDC is closely related to two other 2-oxoacid dehydrogenase
multi-enzyme complexes: the 2-oxoglutarate dehydrogenase complex
(0GDC) of the tricarboxylic acid cycle, and the branched-chain
2-oxcacid dehydrogenase complex (BCOADC) of the common pathway

for the catabalism of the essential hranched-chain amino acids
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Nel reaction: pyruvate + NAD® + [oASH —— acetyl CoA « (0y + NADH + H°

Figure 1. Reaction mechanism of the pyruvate dehydrogenase complex.



[3)}(Fig. 2). These complexes are built from similar components,
2-pxoacid dehydrogenase (E1), acyltransferase (Ep) and lipoamide
dehydrogenase (Ea)}. Eg is apparently common to all three complexes
[4], whereas E; and Ez are unigue to each complex. The basis of
overall structure of the three complexes is similar, with Ep
forming a structural, symmetrical core to which the E; and Ej
components are tightly but non-covalently bound [5]. OGDC is iso-
iated from Gram-negative bacteria {6,7] and mammals [8]. It is
composed of a core of 24 Ey subunits, arranged in a cubic struc-
ture with 432 symmetry. The same structure is found for BCOADC

from mammals [9]. The guaternary structure is most variable in
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Figure 2. Qutline of the metabolic role of the 2-oxoacid dehydrogenase complexes. PDC = pyru-
vate dehydrogenase complex; OGDC = 2-oxoglutarate dehydrogenase complex; BCOADC = branched-
chain 2-oxoacid dehydrogenase complex; TCA cycle = tricarboxylic acid cycle. The broken lines
indicate that several steps are involved.

PDC. The Ez core of PDC from the Gram-negative bacterium E.coli is
also composed of 24 subunits [6,10], but the Ez core of PDC from
mammalian sources [5], yeast [11) or Gram-positive bacteria [12]
consists of 60 subunits, showing icosahedral symmetry. In the gram
negative A.vinelandii PDC is based on a tetrameric Ex core [13].
This care, upcn removal of the periphal components, asscociates to
an E.coli-like structure, as observed on electronmicrographs and
in the analytical ultracentrifuge (14].

In all organisms studied E; and E3 are hound as dimers to the

Ez core [5,31,12]. In Gram-negative bacteria E; is identified as a




homodimer [5], in Gram-positive bacteria and mammals as a dimer of
non-identical chains [9,12]. E3 is always identified as a dimer,
the same is shown for E{ from OGDC [15]. Transmission electron
microscopy of partly assembled PDC and OGDC from E.coli reveals Ea
as binding on the faces of the cube with E; bound along the edges
[16]. This has been confirmed by computer modeliing [17] and by

scanning transmission electron microscopy [18,1¢].

Regulation

Bacterial PDC's are regulated by feed-back inhibition (NADH,
acetylCoA) and by cooperative binding of pyruvate and CoA [20-

22]. The sites of allosteric action are located on the Ej-

component. It was shown for PDC from Pseudomonas aerigunosa that

also NAD®, which will act on the E3 component, shows cooperativity
towards the enzyme complex [23]. Mammalian PDC has a more
sophisticated regulation mechanism. To the E» component a kinase
is tightly bound and a phosphatase is loosely bound [24,25).
Inactivation of the complex occurs after phosphorylation by kinase
of the ¢-subunit of Ey [26]. Multiple sites are phosphorylated,
although inactivation occurs with phosphorylation of one specific
site [27,28]. The role of the additional sites are unclear yet.
The inactivation is reversible. After action of the phosphatase,
activity is restored for 100%. The kinase and phosphatase activi-
ties are regulated by the present amount of substrates and pro-
ducts, cations (Mg2+, Ca2+) and hormones [29-31]. Recently an
additional component of mamma]lian PDC, protein X, has been iden-
tified. It possesses a lipoic acid cofactor which can be acety-
lated [32]. The role of protein X is unclear yet, but a possible
involvement in anchoring the kinase to the PDC core has been

suggested [33].

Stoichiometry and size

The best studied PDC is that of E.coli. However, subunit
structure and molecular weight have been subject to considerable
controversy. Reconstitution experimemnts by the group of Reed [10]
showed a catalytic optimum stoichiometry of 24:24:12 (Ej:Ep:Egz).
By the group of Perham [34] in reconstitution experiments a
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stoichiometry of 38:24:19 is reported, which agrees well with
direct chain stoichiometry determinations of 28-36:24:14-20
{35.38]. These ratios have been recalculated [37] from the
original values using the aminoe acid compositioms and melecular
masses obtained from the DNA-sequences of the structural genes
for E;, Ep and Egz [38-40]. Recent reconstitution experiments by
De Kok et al. [41] confirmed the catalytic optimum stoichiometry
of 24:24:12. In reconstitution experiments using analytical
ultracentrifugation saturation at an E4/Es ratio of 2.0 and an
Ea/Ep ratio of 2.5 was observed [41]. Obviously, more Ey and Eg
can bind without effecting the activity. Therefore it is
concluded that the complex is not an exact, homogeneous
structure. This is in agreement with the determination of the
molecular mass of the whole complex, ranging from 3.8-6.1 MDa
[42-45]. PDC from A.vinelandii shows a catalytic optimum at a
stoichiometry of 6:4:2 {13]. It is the smallest complex isolated,
Mr + 860 kDa [14]. Because of their large structural cores
complexes from other sources are large enzymes with M. 5-10x106.
On electron micrographs they can easily be seen as particles
having a diameter of 20-45 nm [12,16]. This means that they are
larger than ribosomes. There are reports [46-48] that the isolated
E.coli PDC is not homogeneous, but that in addition to the main
component with sgp, 4 = 605 it contains a smaller subcomplex, sp¢,yw
= 178, which is enzymatically active. Also in pigeen breast muscle
in the presence of Tritom a 1000 kDa active PDC has been deter-
mined {49], and in mammalian PDC in the presence of Triton an
equilibrium between a small enzymatically active particle of
1000-3000 kDa and the regular PDC of 8000 kDa [50] has been
observed [51]. After immunolabelling of innermembrane vesicies no
large PDC was found. The same result was obtained after immunola-
belling of permeabilized mitechondria. These studies suggest that
in situ and probably in vivo, PDC is not present as the large

molecule which is found after isolation of the complex.




The E; component of PDC

Primary structure and the lipoic acid cofactor

In A.vinelandii 2-2.5 lipoyl groups per Ep chain were determined
by '4C-acetyl incorporation [52], NEM-labelling [53] and by
modification with TNBS [14]. E.coli Es possesses two lipoyl groups

per chain after labelling of the complex with substrates [54-56]
and by direct measurements by means of mass spectrometry [57],
although the possibility of three lipoyl groups per Ez chain,
found after growing E.coli on (®*®g)_gylphate, could not be
excluded [57]. Since only one lipoyl-lysine residue containing
sequence could be identified, the presence of repeating sequences
in the primary structure of Ep was suggested [58]. Such an orga-
nization of the Ep chain became evident from the primary struc-
ture, inferred from the determination of the DNA-sequence of the
structural gehe encoding Ep [39]; three highly homologous regions
of sequence, comprising ahout 100 amino acid residues each, are
repeated in the N-terminal half of the protein (Fig. 3}. A poten-
tial lipoylation site is present in each repeat. All three sites
in Ep are at least partly lipoylated [37) and each lipoyl group
can be reductively acetylated by pyruvate.

Three lipoyl groups per Ep chain of PDC is specific for Gram-
negative bacteria. Ep chains from PDC from mitochondria or Gram-
positive bacteria contain only one lipoyl group [51,59-8t]. Also
0GDC's possess anly one lipoyl group per Ez chain [57,62]. The
three repeats in Ep of PDC from E.coli can be obtained by limited

proteclysis (see below) as functional entities [37], indicating an
independent folding. Why the Ej chains from E.coli and
A.vinelandii possess a three-fold repeat of lipoyl domains is
obscure. It is shown that not all lipoyl domains in E.coli are
required for activity. A part of them can be chemically modified
or excised enzymatically without a corresponding loss of complex
activity [63-66]. With genetic engineering experiments, in which'
deletions were made of one or two of the repeating units in the
gene encoding E.coli Ep [67,68], a fully active complex was
obtained, suggesting that the extra two lipoyl domains can be

regarded as surplus.
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Domain structure

The tertiary structure of Ep contains specific features to locate
the lipoyl groups, the transacetylase active site, the binding
sites for the E; and Eg components and the Ep intersubunit
binding sites. The Ep components of all 2-oxoacid dehydrogenase
complexes are exceptionally sensitive to prateolytic cleavage
under non-denaturing conditions [59,62,63,69-71]. After limited
proteolysis usually a domain bearing the lipoyl group{s) is
readily cleaved off, suggesting that this domain distinguishes
itself physically from a structural core. In E,coli the lipoyl
domain can be proteolysed into three stable domains, resembling
the single stable domain obtained after proteolysis of Ez from
Gram-positive bacteria or mitochondria [37]. In the structural
core domain the quaternary structure of intact Ep and the tran-
sacetylase active site are retained [62,63]. The binding sites for
the E; and E3 companents are retained [63,72] or lost [70,73-75]
during proteolysis, depending on the source of the E; and on the
conditions of proteclysis. After limited proteolysis of E,coli Ry
a core domain is found which is still able to bind E; and Ej
{83,76]. Under harsher conditions a + 6 kDa smaller domain is
found (called catalytic domain), which no longer contains the Ej
binding site [74]. The E; binding site has been claimed to be
retained on the catalytic domain, although limited proteolysis
experiments with PDC and OGDC from other organisms suggest that
the Eq and E3 binding sites are located in the same regions
[70,73]).

The region between the lipoyl! domain and the catalytic domain is
easily proteolysed. It contains many charged residues and is
therefore indicated as a hinge region. From limited proteolysis
experiments and the primary structure a model for the structure
of the Es chain can be derived as shown in Fig. 3. On electron
micrographs the structural core shows a similar, but somewhat
clearer cubic appearance as intact Ep [63]. Obviously, in
electron micrographs of Ez the lipoyl! domain, accounting for about
half of the Ep chain, is only visible as a diffuse appearance

around the cubic structure.
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Pigure 3. A medel for the structure of the Ez chain from PDC. Ep{G~)= Ez chain from Gram-
negative bacteria: Ep(G+,M}= Es chain from Gram-positive bacteria and mitochondria. It also .
represents the Ep-chain from 0GDC. The site of lipoylation is indiceted by 0. repres?nts.a part
of the Ep chain rich in alanine, proline and charged amino acids. The residue numbering is
based on data from E.goli.

Mobility and active-site coupling

The extent of reductive acetylation of the reconstructed complex
with ope lipoyl domain is 40-50% below the expected value,
indicating that only 50% of the sites are lipoylated [64-66],
while still full activity was present. In Bacillus

staerothermophilus PDC, containing only one lipoyl domain, about

half of the lipoyl domains could be removed from Es by chymotryp-
tic digestion, without loss of activity [60]. These resuits can
be explained in the light of active site coupling: the lipoy}
groups of different Ez chains can interact with each other via an
extensive network of intramolecular coupling reactions that per-
mits the transfer of acetyl groups between Ez subunits within the
enzyme core [55,56,77]. In addition, the active site of an Eg
subunit can be visited by more than ane lipoyl group {65,66,78).
The lipoyl group, shuttling the substrates between the different
active sites in the complex, is thought to rotate as a 'swinging
arm' between the active sites [79]. After labelling the lipovl
group with spinlabels indeed mobility was found [80,81]. However,
in fluorescence experiments no energy transfer between the

labelled active sites of the different components was found, from
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which it was concluded that the active sites of the different com-
ponents are at least 4 nm apart in the complex [82-84], too far
away for a single lipoyl-lysine group. Both the large distance and
the active site coupling involve movement of the region of the

Ez chain around the lipoyl group. Strong evidence in favor of the
existence of conformational mobility in the Es chain has been
obtained from 'H-NMR spectroscopy [85,86]. The 'H-NMR-spectrum of
the intact complex features some sharp signals characteristic of
mobile polypeptide chain [85). A major source of the unusually
sharp signal is thought to be the three long alanine+proline-rich
regions which link the lipoyl domains to each other and to the Eg
binding domain [37,87-89]. In addition a second sharp signal is
found, probably arising from a smaller alanine+proline-rich
region, located at the N-terminus of the catalytic domain [87,89].
Because the Ez binding site is located in the region between the
lipoyl domain and the catalytic (core) domain [74,75], it is
suggested [89,90] that, if this alanine-proline segment is confor-
mationally moblle, this could explain the unexpected mobility of
Ez, bound to the Ez core {91]. Because of the limited solubility
of E.coli Ep no 'H-NMR spectrum of isolated E; is Kknown.

A.vinelandii PDC

The A.vinelandii PDC is the smallest PBC which is isolated. Its
sedimentation coefficient is 17-195 [14,92], and its molecular
mass 1is about 850 kDa. Previously it was isolated as a four-
component complex [92,93]. The function of the fourth component
{63 kDa on SDS-gel) was obscure. It has been shown that it could
act as an additional transacetylase [94], may be analogous tc the
protein X, which is found as a fourth component in mammals
[32,33]. The fourth component of A.vinelandii PDC can be resolved
from the complex without leoss in activity (8U/mg)[23], and via a
modification in the isolation procedure a three component complex
ig isolated with a high specific activity (15-18U/mg)[52].

The complex can be resolved into its components by thiol-
Sepharose chromatography [95]. After reconstitution the overall-
activity is restored for 100% [96]. After resolution the

tetrameric Ez core associates to a multimeric structure,




analogous to the E.coli structure [14]. Based on the molecular

mass of the large structure (1,9-2.1 MDa), the cubic appearance
on electronmicrographs, and the E.coli model aof a cube composed
of eight morphological! subunits, a 32-meric structure was
concluded [14], built from eight tetramers. Within the tetrameric
Ea core active-site coupling is observed, but, in contrast to

E.coli, no coupling is observed within the larpge aggregated core

[52). Upon addition of the peripheral components the 32-mer
dissociates again into tetramers. Besides aggregation of the
isolated Ep core also aggregation of the whole complex is found.
In the presence of polyethylene glvcol and MgClp the A.vinelandii
complex associates to a well defined, E.colji-like, polymer with a
sedimentation coefficient of 58-60S [97]. From pressure-dependent
light-scattering studies [42] an association from tetramer into
32-mer is proposed, although from the results an association into
24-mer cannot be excluded. In reconstitution experiments [98]

active hybrid complexes can be obtained from either an

EjEs subcomplex from A.vinelandii and the Eg component from E.coli

or from an EpEs subcomplex from E.coli and the E; component from
A.vinelandii, showing that the binding sites on Ep for the
peripheral components are largely conserved.

Obviously, many similarities exist between the A.vinelandii and
the E.coll complexes, although differences are present like mole-
cuelar mass, stoichiometry and active site coupling. Since the
similarities and differences are mainly concerned within the Ep
component, we focussed our attention to this component of the
pyruvate dehydrogenase complex from A.vinelandii.

In this thesis the domain structure of A.vinelandii Es is
analysed by limited proteolysis, the primary strucure is
determined by cloning and sequencing the gene encoding Ez. A
production clone is obtained of Ez and of the two main domains,
yielding a 15-fold higher expression of Ep with a two-fold higher
specific activity as found in A.vinelandii itself. The mobility
of the lipoyl domain is analysed by time-resclved fluorescence
anisotropy decay. Because of the high solubility of Ez and the
catalytic domain we were able to obtain 600 MHz 'H-NMR spectra of
OGDC, PDC, Ep and the catalytic domain. From hydrodynamic studies
on E2 and the catalytic domain it is shown that isolated



A.vinelandii E» consists of 24 subunits. A model is presented in

which the A.vinelandii complex can be regarded as a morphological

subunit of the cubic pyruvate dehydrogenase complex from E.coli.

This model may be universal for all the related 24-meric 2-oxoacid

dehydrogenase complexes.
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The domain structure of the dihydrolipoyl transacetylase component
of the pyruvate dehydrogenase complex from Azotebacter vinelandii

Roeland HANEMAADER', Ariec de KOK ', Jacqueline JOLLES? and Cees VEEGER!!

Limited proteolysis with trypsin has been used to study the domain structure of the dihydrolipoyltransacetylase
(E,) component of the pyruvate dehydrogenase complex of Azotobacter vinelandii. Two stable end products were
obtained and identified as the N-terminal lipoyl domain and the C-terminal catalytic domain. By performing
proteolysis of Ez, which was covalently attached via its lipoyl groups to an activated thiol-Sepharose matrix, a
separation was obtained between the catalytic domain and the covalently attached lipoyl domain. The latter was
removed from the column after reduction of the S-S bond and purified by ulirafiltration. The lipoy! domain is
monomeric with 4 mass of 32.6 kDa. It is an elongated structure with f/f, = 1.62. Circulair dichroic studies
indicates little secondary structure. The catalytic domain is polymeric with 520, = 17 S and mass = 530 kDa, It
is a compact structure with /7, = 1.24 and shows 40% of the secondary structure of E;. The cubic structure of
the native E; is retained by this fragment as observed by electron microscopy. Ultracentrifugation in & M guanidine
hydrochloride in the presence of 2 mM dithiothreitol yields a mass of 15.8 kDa. An N-terminal sequence of 36
aminoe acids is homologous with residues 370 —406 of Escherichia coli E,. The catalytic domain possesses the
catalytic site, but in contrast to the £. cofi subunit binding domain the pyruvate dehydrogenase (E,) and lipoamide
dehydrogenase {E1) binding sites are lost during proteolysis. From comparison with the E. coli E; sequence a
model is presented in which the several functions, such as lipoyl domain, the E; binding site, the catalytic site,

The pyruvate dehydrogenase complex {PDC) catalyzes
the oxidative decarboxylation of pyruvate resulting in the
production of acetyl-coenzyme A and NADH. In gram-nega-
tive bacteria three enzymes take part in this reaction: pyruvate
dehydrogenase (E,), lipoylacetyltransferase (E;) and
lipoamide dehydrogenase (Es). E; and E; are non-covalently
bound as dimers 1o a core of E; [1]. The structure of PDC
from Azotobacter vinelandii is based on a tetrameric core of
E;. to which three E, dimers and one E; dimer are bound [2].
This quaternary structure differs considerably from that of
the Escherichia coli PDC which is based on a core of 24 E,
chains arranged in 4 cubic structure with 432 symmetry [3].
To this core twelve E; dimers and six E, dimers ar¢ bound in
the catalytically optimum stoichiometry [4]. Upon removal of
the peripheral components, the 4. vinelandii F; associates to
a multimer. Although its appearance in the electron
microscope s similar to that of £, coli E;, hydrodynamic
studies indicate differences in quaternary structure [5, 6]. Ex-
periments with hybrid £. colifA. vinelandii PDC complexes

Correspondence to A. de Kok, Laboratorium voor Biochemie,
Landbouwuniversiteit, De Dreijen 11, NL-6703 BC Wageningen, The
Netherlands

Abbrevigtions. Pyruvate dehydropgenase complex. PDC; phen-
ylmcthylsulfonyl Muoride, PhMeSO,F.

Enzvmes. Pyruvate dehydrogenase (E, ). pyruvate:lipoate oxido-
reductase (EC 1.2.4.1): lipoale acetyltransfecase {E.), acetylCoA di-
Jhydrolipoamidc S-acetyltransferase {EC 2.3.1.21); lipoamide dehy-
drogenase (E;) NADH:lipoamide oxidoreductase (EC 1.8.1.4);
rypsin (EC 3.4.21.4).

the E,/E; interaction sites, and the E, binding site, are indicated.

showed that the differences in quaternary siructure reside in
the E, component [7].

Limited proteolysis has proved to be useful tool in study-
ing the domain structure of proteins. [n the case of
multifunctional proteins such as the fatty acid synthetase
complex [8] and the enzyme complex for the synthesis of
aromatic amino acids [9] structural domains are obtained
which catalyze partial reactions. The E; chain of PDC
comprises many functions: the E;, E; and E; intersubunit
binding sites, the covalently bound lipoyl groups which are
involved in the transport of activated substrates between the
three different active site of the complex, and the site for
acetyltransferase activity. Bleile et al. [10] and Packman et al.
[11] bave studied the domain structure of the E. coli E;. Bleile
et al. [10] obtained two stable fragments by limited proteolysis
with trypsin: an N-terminal lipoyl domain containing the
potential lipoyl binding sites, and a C-terminal domain which
contains the active site, the E; intersubunit binding sites and
the binding site for E, and E;. Sequence determination [12]
showed that the lipoyl domain consists of three homologous
sequences which contain alanyl prolyl-rich regions at their C-
termini. Packman et al. [11] showed by digestion with Staphy-
lococcus aureus VB proteinase that these homologous
sequences can be considered as separate domains, each con-
taining a potential lipoyl binding site. We will use here the
term lipoyl domain to indicate the intact N-terminal fragment.

The C-terminal domain (residues 317 —629) is usually
calied the subunit binding domain [10, 12— 14], although
other names such as inner core fragment [11], binding and
catalytic domain [12] or cat [13, 14] have been used as well.
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In this paper we will refer 1o this fragment as the subunit
binding domain.

In order to analyse the structural basis for the differences
between the E; components ol A, virelandii and E. coli we
performed limited proteolysis with trypsin of the A, vinelandii
E, compenent. Again two slable fragments were isclated, a
lipoyl domain and a domain which contained the catalytic
activity and the E; intersubunit binding sites, which we call
the catalytic domain. In contrast lo limited protcalysis of £.
coli E;, both the E; and E; binding sites arc lost. A
comparison with the sequence data of the E. co/i E; was made
which resulted in the assignment of the lunction in the primary
structure.

MATERIALS AND METHODS
Materials

Trypsin {treated with tosylphenylalanylchleromethane)
was obtained from Worthington Biochemical Corp. Activated
thiol-Sepharose 4B wus from Pharmacia.

Dihydrolipoamide was synthesized by the method of Reed
[15). Eosin 5-maleimide was obtained from Molecular Prabes
Inc. (Oregon). All other chemicals used were of analytical
grade.

Isolaiion of the complex and resolution into its components

The pyruvate dehydrogenase complex was isolated from
Azotobacter vinelandii as described by Bosma et al. [16]. After
ethanolamine — Sepharose chromatography the ¢nzyme was
concentrated by precipitation with 1G% poly{ethyleneglycol)
6000 instead of ultracentrifugation. The complex was resolved
into its components by covalent chromatography on thicl-
Sepharose 4B as described belore [17] with the following
modifications. Dissociation of E, was performed at pH 9.4
instead of pH 8.8. The E; was cluted overnight with 3 M KBr

in ¢thanolamine buffer pH 9.0 to remove small amounts of

E, still present. The E; and Ey components were dialysed
against standard buffer (50 mM potassium phosphate pH 7.0
containing 0.5 mM EDTA and 0.05 mM PhMeSO.F) and
used immediately or stored under liquid nitrogen. The E,
component was dialysed against standard buffer containing
(.1 mM thiamin diphosphate and 1 mM MgCl;, and stored
in 20% (v/v) glycerol at —20°C.

Limited proteolysis

The isolated E, component (0.8 —1.0 mg/ml} was in-
cubated with trypsin (10 pg/ml) in standard buffer without
PhMeSO,F at 0°C. Samples were withdrawn at timed in-
tervals and added to an equal volume of sample buffer (80°C)
for SDS/polyacrylamide gel electrophoresis.

Isolation of the main fragments
obtained by limited protesiysis of E,

Isolatien of the main proteolytic fragments was performed
by proteelysis of E; which was covalently bound on thiol-
Sepharose 4B through covalent linkage of the activated thiol
groups with the lipoyl SH groups, which were generated by
incubation of the complex with pyruvate, thiamin
diphosphate and MgCl,. The E, and E; compenents were
eluted as described before [17]. After washing with standard
buffer without PhMeSQO; F the E, component, still bound on
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Fig. 1. Limited proteclysis of pyruvare debpdrogenase complex. PDC
(2 mg/mly was incubated with trypsin (10 pg/ml) in standard buffer
without PhMeSO,F al 0°C. Aliguots of 5 ul were taken at the in-

dicated timed intervals, added to an equal volume of sample buffer
(807°C) and analysed by SDS gel electrophoresis

the matrix, was digested by incubating with standard buffer
containing 10 pg/ml trypsin at 4-C for 1 h. After washing with
standard buffer containing 0.2 mM PhMeSO,F the catalytic
domain fragment was eluted with standard bufler containing
3M KBr. The lipoyl domain fragment, still covalently
attached 1o the column matrix was eluted like undigested
E; by standard buffer containing 0.5 M hydroxylamine or
50 mM Tris/HCl pH 8.5 containing 20 nM dithiothreitol,
This fraction was separated from large proteins such as the
E; dimer and undigested E; by ultrafiltralion using an
Amicon YM-100 membrane. The lipeyl domain, which passed
the membrane, was concentrated on an Amicon YM-10 mem-
brane. Both fragments were dialysed immediately against
standard buffer and stored under liguid nitrogen.

Other technigues

Sedimentation velocity and equilibrium experiments were
performed in standard buffer or standard buffer containing
6 M guanidine hydrochloride in an MSE Centriscan 75,
equipped with an ultraviolet/visible monochromator. Cor-
rections for the solvent density and viscosity were made ac-
cording to standard procedures [18]. For the E; component,
the catalytic and the lipoyl domain, partial specific volumes
of 0,740, 0.747 and 0.736 mljg respectively were calculated
from the amino acid composition, according to the method of
Cohn and Edsall [19]. For the determination of the molecular
mass of the catalytic domain monomer, gel chromatography
in 6 M guanidine hydrochloride was carried out, using FPLC
equipped with 1 Superose 12 HR 10/30 column {Pharmacia).
The peak fraction was directly used for sedimentation
equilibrium experiments.

For amino acid analysis, samples were hydrelysed under
nitrogen in sealed tubes in 3 M mercaptoethanesulfonic acid
for 72 h at 110C [20). Analyses were performed on a Kontren
Liquimat LI[ analyser. Corrections were made [or threonine,
serine and tyrosine. For protein sequencing the samples were
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puritied as follows. Gel chromatography was carried out in
6 M guanidine hydrochloride, after which the protein fraction
ways S-carboxymethylated. After dialysis against ammonium
carbonute the samples were concentrated by freeze-drying,
and gel Gltration in 50% acetic acid was carried out.
Protein sequencing was carried cut by automated Edman
degradation in an Applied Biosystems 470 A gas-phase pro-
tetn sequencer. The phenylthiohydantoin derivatives were
automatically identified with an Applied Biosystems 120 A
PTH analyser used on-line with the sequencer.
CD spectra were measured with a Jobin Yvon mark V
dichrograph using quartz cells with a 0.1 — 0.5-mm pathlength
in the wavelength region 195—255 nm. The <ell holder was
thermostatted at 20°C and the cell compartment purged with
nitrogen.
Flectron microscopy of E, was carried out after cross-
linking of the protein by reaction with 2% (w/v) glutaralde-
hyde in standard buffer, at room temperature for 10 min.
The sample was stained with 1% (w/v) uranyl acetate and
examined in a Jeol electron microscope operated at 80 kV.
The catalytic domain was examined withoul cross-linking
beforehand. Enzyme activites were assayved at 25°C us de-
scribed previcusly [21). Protein concentrations were cal-
culated (rom measurements of absorbance at 280 nm. The
absorption coefficients 4 35 for E; and the catalytic domain
were (1.45 and 0.93, respectively, as determined by amino acid
analysis. Because of the low coetTicient for the lipeyl domain
A%y < 0.0%) this protein concentration was measured ac-
:ording to the method of Lowry [22]. Gel ¢lectrophoresis
in the presence of sodium dodecyl sulfate was carried ont
kessentially as described by Laemmli [23].
For the production of antisera, digested and undigested
£, were subjected to preparative SDS gel electrophoresis.
k\l’lcr lightly staining, the protein bands were cut out and
rotein was extracted from the gel. The protein was dissolved

Fig. 2. Limited protoalvsis of difordrolipeyitransacetylase ( By ) (A) SDS gel electrophoresis of E; and its tryptic digest at limed intervals, Lane
1. markers {mass is indicated in kDa): lanes 2—6, E; (1 mg/ml) incubated with trypsin for 0 min (lane 2), 0.5 min {lane 3). 10 min (lane 4).
60 min (lant 5) and 150 min (lanc 6}. (B) Western blotting of E; and its tryptic digest after incubation for 0 min (lanes 1), 10 min {lanes 2)
and 90 min (lancs 3). The blots were incubated with antibodies raised against the $1-kDa fragment (1), the 27-kDa fragmend (1T} and intact

in phosphate-buffered saline pH 7.2 and mixed with Freund's
incomplete adjuvants. For immunisation male New Zealand
White rabbits were used. After five weeks a booster injection
was given and ten days later the antisera were collected. For
the immunelogical detection of proleins the western blotting
method wus used as described by Voordouw et al. [24],
whereby visualization of the bands was performed with
aikaline-phosphatase-linked immunodetection (Protoblot
Immunoblotting System, Promega Biotec).

RESULTS
Limited proteoiysis of PDC and the E, core

Incubation of the pyruvate dehdrogenase complex with
trypsin at pH 7 and 4°C resulted in digestion of the E, and
E» compenents (Fig. 1). The overall activity was lost as well
as the E,; activity, but no loss was observed of
dihydrolipoyltransacetylase (E) activity, i.e. the acetylation
of exogenous dihydrolipoantide, or of lipoamidehydrogenase
{E2) activity.

It is well known that E, and its fragments behave
anormalously on SDS gels [6, 10]. Therefore the chain masses
given below are an indication of relative position rather than
presenting true molecular mass data. When trypsin-digested
E. {mass 83 kDa on SDS gels) was subjected to SDS gel
electrophoresis two main products were found: a 51-kDa
fragment and a 27-kDa fragment (Fig. 2A). With antibodies
raised against the 51-kDa fragment, a 40-k Da minor fragment
was identified as a proteolytic degradation product of the 51-
kDa fragment. A 34 —37-kDa minor fragment {mass varying
between isolutions) showed cross-reactivity with antibodies
raised ugainst the 27-kDa fragment (Fig. 2B}. Some cross-
reactivity is observed with the 51-kDa fragment. This could
be due to contamination of the 27-kDa fragment with degra-
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M,{kDa)

Fig. 3. Isolation of the proteviytic fragments of E;. (A) Aller incuba-
tion of E;, covalently bound to thiol-Sepharose, with trypsin,
fractions were cluted with standard bulfer containing 0.2 mM
PhMeS0,F (fane 1), standard bulfer containing 3 M KBr (lanc 3)
or standard buller containing 0.5 M hydrexylamine (lane 2). (B)
Purification of the 51-kDa fragment by ultrafitiration. The fraction
containing the 51-kDa fragment (lanc 1) was cluled over an YM 100
membrane (lang 2)

dation products originating from the 51-kDa fragment.
Alternatively the presence of homologous epitopes (c.g. the
Ala — Pro-rich sequence in the N-terminal sequence of the 27-
kDa fragment, see Fig. 4B) may be the cause of this weak
cross-reactivity. The cross-reactivity of antibodies raised
against SDS-denatured E, was larger with the 51-kDa frag-
ment than with the 27-kDa fragment. This was confirmed
with the ELISA techaique. With antibodies raised against
native E, this difference was even larger. No fragments below
27 kDa could be detected on SDS gels up to 20% acrylamide
or by using antibodies raised against intact E;, the 51-kDa or
the 27-kDa fragmenl.

Proteolysis of E, with trypsin after amidination of the
lysyl residues (cf. [25]} yielded essentially the same results,
which indicates that proteolysis takes place on arginyl resi-
dues, or on closely spaced lysyl and arginyl residues. These
experiments indicate that the presence of E5 or E, does not
protect potential cleavage sites on E;.

Purification of the proteolytic frugments

The purification of the tryptic fragments was carried out
as described in Methods. After elution with buffer containing
3 M KBrt, pure 27-kDa lragment was obtained (Fig. 3A, lane
3). After elution with buffer contaimng hydroxylamine or
dithiothreitol a fraction containing the 51-kDa fragment was
abtained (Fig. 3A, lane 2, and Fig. 3B, lane a). This fragment
was purified by removing undigested E, and the 27-kDa frag-
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ment, which are polymeric (>0.5 MDa), by ultrafiltration
which resulted in a fraction containing the 31-kDa fragment
and a trace of its 40-kDa degradation product (Fig 3B,
lane 2).

Characterization of the fragments

The 51-kDa fragment was eluled in the same way as
undigesied E; and should for this reason contain the lipoyl
moieties by which E, is covalently bound to the matrix. This
was confirmed by labelling E; with an SH-binding fluorescent
probe, eosin 5-maleimide. After trypsinolysis of the labelled
E; a fluorescent 51-kDa band was observed on the SDS gel.
This fragment, which we will call the lipoyl domain in analogy
with £. cofi E; [10], has a molecular mass of 32.6 kDDa us
determined by sedimentation equilibrium analysis. 1s sedi-
mentation coefficient $55, = 2.2 8, from which a frictional
ratio can be calculated of 1,62, By using analytical ultracentrif-
ugation no binding of E; with the lipoyl domain was observed.

The transacetylase activity, which 1s retained after E,
digestion, is located on the 27-kDa lragment. When this frag-
ment is titrated with either the E; or the E; componenl no
significant change in sedimentation coefficient was found.
During E; titration, when scanned al 456 nm where E; is
detected, a sedimentation coefficient ef 5.9 S was found,
belonging to the E; dimer. These results show that the 27-
kDa fragment possesses no deteclable E( or E; binding sites.
In this respect it differs from the subunit-binding domain
obtained by limited proteclysis with trypsin of E. coli E;
[10], which has a larger peptide chain (29.6 kDu instead of
15.8 kDa, see below) and still possesses the E; and E; binding
sites. To distinguish the 4. vinefandii 27-kDa fragment from
the E. cofi subunit-binding d omain it will be called the catalytic
domain. Also in ¢ontrast 1o the E. coli domain, the catalytic
domain remains soluble in 50 mM potassium phosphate bul-
fer and is sunable for further characterization such as sedi-
mentation analysis, circular dichroism and electron microsce-
py. It has a sedimentation coeflicient of 16.8 S; for intact E;
a sedimentation coefficient of 21.8 § was found. By sedimen-
tation equilibrium analysis of the catalytic domain a molee-
ular mass of 530 + 17 kDa (» = 3) wus determined {(intact E
mass = 1.9 MDu); apparently it still possesses the E; in-
tersubunit binding sites, resulting in the same guaternary
structure as E» (see electron microscopy below). From the
molecular mass and sedimentation coefficient a [rictional
ratio of 1.24 was calculated, indicating a compact, globular
structure. The mass of the catalylic domain as determined by
sedimentation equilibrium aaalysis in the presence of 6 M
guanidine hydrochloride and 2 mM dithiothreitel was found
to be 15.8 £ 0.5kDu (n = 6), which agrees with a 32-mer
structure as proposed by Bosma et al. [2, 6]

Because the E, and E; binding sites are present neither on
the lipoyl domain nor on the catalytic domain they are lost
during proteolysis. This loss is also observed in an experiment
where an E,-E; subcomplex, covalently bound on a thiol-
Sepharose matrix, is digested with trypsin. After washing with
standard buffer more than 75% of the bound E; was lost.
Apparently bound E; does not protect its binding site. In the
eluted E, fraction no pretein fragments could be obscrved by
using SDS gel electrophoresis, probably because they are oo
small for detection. The results indicate thal upon proteolysis
of E; {(mass 63 kDa by sedimentation equilibrium analysis)
two large fragments, the lipoyl domain (32.6 kDa) and the
catalytic domain (15.8 kDa) are formed, but that in addition




Table 1. Antine acid compasitions of the A, vinelandn E; compenent
and its proteolyiic fragmenty

For comparison the amino acid cemposition of E. coli E; and its
lipeyl domain are given. The £ cofi amino acid composilions are

Table 2. Cross-reactivity between A, vinelandii K, lipopl dosain and
catalytic domain and E. coli ¥, of amibodies raised against A,
vinelandii £, its tipopl domain and its caralvtic domain

from Stephens et al. [12]. The tryplophan content of the A. vinelundii  Antibodies to A. vinelandii A. vinelandii E. col
polypeptides was determined by direct amino acid analysis and by the e =
method of Pajot {27] lipoyl catalytic E,
domain  domain
Amino acid E, Lipoyl domain Catalytic
B —- = ~  domamn Anii-E; ¥+ + 4 ++ 4
A vin E. coli A.vin  E.coli A, vin Anti-(lipoyl domain) ++ - ++ +
1-629 1-316 Anti-(catalytic domain) — ++ + +
residues/molecule
Asx 19 50 19 23 10 .
Thr 20 27 1? 11 6 by & vieetgngd SEIRRNED T GLOLTTE V]
Ser 35 29 24 13 8§
Glx o8 73 46 44 14 Lol Soiypnage-pey
Pro 33 37 20 22 9
Gly 55 51 2 25 "
Ala 132 % 68 67 23 i ‘s o 21 31 PR
Cys " 1 o p 1 ‘ S anslare {_—qwam.}n“ LLF‘IJH‘FIJFTEYIM \[W?Prﬂm
;“:‘;ﬂ] 73 ?2 3i 4% 12 |, beal dldh shinmini, Igj»J:‘r I T o e
EE :;% ig ;Z ]3 l; Fig. 4. Alignment for amino actd sequences of the N-termiial sequeiice
TEL' p 3 ) 2 3 of E. the catalytic domain and B. coli E;. The sequences, shown in
P?;t’ " 19 N 5 5 single-letter aming acid code, were aligned for maximum homology.
L f 3 . 1(-) 29 9 Identical residues arc enclosed by solid boxes. For £ colt E; only the
H’f? 4 75 i 9 1 related aminoe acid sequence is shown. The £ coff amino acid sequence
A:-; ” 0 9 0 ] is from Stephens et al. [12]
Trp 3 3 0 0 2
Total 629 629 328 g 149 and lysyl residues. The difference in arginy] residue content
explains why the £. coli lipoyl domain. lacking arginyl resi-
Mass kD dues, can hardly be visualized on SDS gels by the Coomassie
;,-1 46 "’1';’6 B e - s 8* —  staining {10, 25], whereas the 4. vinelandii domain gives a well-

small fragments which constitute the E, and E; binding sites,
are lost (total molecular mass 14 kDa).

Amino acid composition of Es and ity domains

The amino acid compositions of E3, the lipoyl domain and
the catalylic domain are listed in Table 1. The compositions
of the E. cofi E; and lipoyl domain as determined {rom the
DNA sequence by Stephens et al. [12] are shown for
comparison. Much similarity exists in the compositions of
the lipoyl domains of both organisms. Both contain large
amounts ol prolyl and alanyl residues which indicates a
common domain structure. One striking difference is the pres-
ence of a single histidyl, a tyrosyl and nine argininyl residues
in the A. vinelandii lipoyl domain. [n the E. colfi sequence a
tyrosyl and a histidyl residue are found 9— 1§ amino acids C-
terminal of the trypsin cleavage site at residue 316 [11] This
result, together with a shight difference in molecular mass of
the A. vinelundii lipoyl domain (32.6 kDa) and Lhe £, cofi
lipoyl domain (31.6 kDa [10]} indicates that the A. vinelandii
lipoyl domain extends aboul 10— 25 residues beyond the £.
coli cleavage site. The small frugmented material of pro-
teolysed A. vinelandii E2, compared to the corresponding £.
coli sequences (restdues 329—369 and 519 —629) contains
many proiyl, alanyl and lysyl residues. In £. cofi E; a hinge
region is indicated hetween the lipoyl domain and the subunit
binding domain (10, 12]. This region is rich in prolyl, alanyl

coloured band [26].

The lurgest differences in amino acid composition between
the three PDC components of A. vinelandii and E. coli arc
found in E, [6]. The differences in number of prolyl and
small-chain residues were considered to produce differences in
secondary structure. Nevertheless, antibodies raised against
A. vinelandii E;, its lipoyl domain and its catalytic domain
show exlensive cross-reactivity between the £. coli and A.
vinelandii E, (Table 2), whereas with antibodics raised against
A. vinelandii E; no  cross-reactivity between the E,
components of the two organisms as found.

N-terminal aniing acid sequences of intact £
and the catalytic domain

The N-terminal amino acid sequences of the intact E;
chain and the catalytic domain were determined by automated
Edman degradation. In both cases 1 nmel of the
carboxymethylated sample was used. The N-terminal se-
quence of the intact E; chain is shown in Fig. 4 A. The homol-
ogy with the £. coli E; sequence is obvious. It shows that the
lipoyl domain is. like that of £. cofi E;, located at the N-
terminal part of the E; chain,

The catalytic domain fragment shows two N-termini in
the ratio 3:2. They show considerable homology with residues
371 —406 and 373 —406 of the £. ¢ali E; amino acid sequence
as reported by Stephens et al. [12). The 36-amino-acid-long
N-terminal sequence is shown in Fig. 4 B. Apparently the two
N-termint arc the result of random cleavage at two hasic
residues separated by one amino acid. [['the residue at position
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A B

Fig. 5. Electran mierographs of the isolated K { A) and the catalytic domain (B, C ) {A) B, (0.01 mg/m)) was cross-linked by reaction with 2%
glutaraldehyde at room temperature for 10 min and applied on a grid. Uranyl acetate was used as 2 negative stain. {B) [solated cutalytic
domain (0.01 mg/ml). negatively stained with uranyl acctate. (C) Jsolated catalytic domain (0.01 mg?mD applicd on a negatively loaded grid.

Uranyl acelale was uscd as a negative stamn

@] « 17 tdeqg tm dmol Tl

L4 a7 ' : 4|
B0 210 220 230 280 250
» {nm}

by 6. Cirewlar diclroic spectra of isolated Ex, fiporl dosain and
catelviic domein, The peptides were dissolved in standard buffer, The
cell holder was thermostatied at 20 C. The tesponse lime was 105

370 is an arginine i may explain why amidination docs not
elfect the proteolysis pattern.

Electron microscopy of infact Ey und the catalvric domuin

We have shown previously [£6] that intact E.. when freed
of E; and E;. aggregates from a tetrumer 1o a large particle
of similar sedimentation coeflicient but larger mass than that
of E£. coli Es. For the A. vinelandii E; rather blurred cubic
structures with edges of 13— 15 nm ure observed by electron
micrascopy (Fig. 5A). The catalytic domain gives much
sharper structures with the same dimensions. Apparently the
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Table 3. Percentases of x-heliv, B-sheet and randems coil jn Ky the
fipovt domain and the catalvtic demain of AL vinelandii PDC

Protein x-Helix  f-Shect Riandom coil
Y

K, 1 37 52

Lipoyl domain & 24 70

Calalytic domain 13 50 37

information for the quaternary structure is retained in the
catalytic domain (Fig. 5B}). The lipoyl domain and the E, and
E, binding sites are not observed although they constitute
three quarters of the intact E, chain. They may be the cause
of the vagueness of the cubes, probably because they form
open, extended structures, which are not well stained. When
a negalive loaded grid was used the catalylic domain shows
the tendency te form semi-crystalline aggregates (Fig. 5C),
which may be used for three-dimensiona!l recenstruction
{work in progress}).

Cirewlar dichroism

[n order to determine the secondary structure of E; and|
its proteolytic fragments CD studies in the peptide region
were carried out. The spectra are shown in Fig. 6. From the|
spectra the percentages of secondary structure were calculated
according to the method of Saxena and Wetlaufer [28]
(Table 3). The lipoyl domain has relatively little secondary
structure. The catalytic domain and the part of the E; chai
which is proteolysed into smali fragments contribute the same]
amount Lo the E; secondary structure, as calculated from
the difference in molar ellipticity between intact E; and thd
isolated fragments,




DISCUSSION

The data presented in this paper show that the 4. vinelandii
transacetylase consists of at least twe distinct folding
domains: the lipoyl domain and the catalytic domain. To-
gether these domains represent about 80% of the native E,
chain. The E; and E; binding sites are lost during proteolysis.
The N-terminal lipoyl domain contains two to three lipoyl
moieties [2] and makes up hall of the E; chain. It has many
properties in common with the lipoyl domain of E. ¢eli . The
high Ala + Pre content is indicative of an analegous structure
with three distinct domains [11]. The lipoyl domain constitules
the flexible protuberant structures [30) which gives E; iis
swollen and extended character. This can be concluded from
a comparison of the frictional ratios of 2.41 for the polymeric
E4, 1.62 for the menomeric lipoyl domain and 1.24 for the
polymeric catalytic domain. The experiments with antibodies
against native E, are in agreement with this mode). Westhof
et al, [29] have shown that a good correlation exists between
chain flexibility and antigenicity. This may explain the higher
cross-reactivity with the lipoyl domain compared te the cata-
lytic domain. It is more difficult to understand why this
difference in response, though less pronounced, is alse found
with antibodies against SDS-denatured E,. The lipoyl domaia
contributes little to the secondary structure of E,. Neverthe-
less it is well protected against limited proteolysis, despite its
many lysyl and arginyl residues. Probably these residues are
confined to regions which do possess secondary structure,
whereas other parts devoid of these residues, but rich in alanyl
and prolyl residues, form coiled regions. Quly at longer reac-
tion times or higher trypsin concentration does further degra-
dation takes place.

The catalytic demain, which also possesses the E;/E in-
teraction sites, forms a compact, globular core with apparent
cubic symmetry. In contrast with the £. cofi subunit binding
domain [10] no E, and E, binding sites are located on this
fragment. In this respect it is more comparable to the inner
core domain obtained by limited digestion of the Bacifius
stearothermophilus pyruvate dehydrogenase complex [31] and
the branched-chain 2-oxo-acid dehydrogenase complex from
hovine liver [32]. It 15 readily soluble in standard buffer,
whereas the £. coli subunit binding domain is not. This makes
the 4. vinelandii catalytic domain suitable for accurate
characterization.

Size determinations of E; and its domains give large
deviations depending on the method used. By SDS gel ¢lectro-
phoresis E; has an apparent mass of 83 kDa (£. coli 82 kDa).
By sedimentation equilibrium analysis in 6 M guanidine hy-
drochlenide a value of 63 kDa (E. coli 63 kDa [6]) is found.
The lipoyl domain has on gel an apparent mass of 51 kDa (in
our gel system £. cofi 56 kDa} and by sedimentation
equilibrium analysis 32.6 kDa (E, cofi 31,6 kDa [10)). It is
thought that the large deviations are caused by the acidic
nature of the lipoyl domain [10], or by the alanine + proline-
tich regions [13], whick are thought to be responsible for
anomalous electrophoretic mobility in other proteins, such as
the bovine f-crystallin B, chains [33]. But also the catalytic
domain gives a substaatial difference in mass determinations:
an apparent mass of 27 kDa on gel and of 15.8 kDa by sedi-
mentation equilibrium analysis. For the E. coli subunit-bind-
ing domain values of 36 —39 kDa and 29.6 kDu respectively,
have been reported [10].

Although the amino acid sequence of A. vinelandii E is
Inct yet known, we can compare cur data with the known
sequence of £. coli E; [12] (Fig. 7). From the size of the lipoyl

residue number for E coli €,
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Fig. 7. A4 model for the structure 6f E. cali £, and A. vinclandii .
The E. coli structure is according to Packman and Perham [34]

domain and the presence of an extra tyrosyl and histidyl
residue, which are not present in the £. eoli lipoyl domain but
are present at position 325 and 327, we locate the C-terminus
of the A. vinelandii lipoyl domain between residues 325 — 340.
The N-terminus of the catalytic domain is homologous with
the sequence 370 —406 of E. coli E; and therefore this domain
will have its C-terminal residue near position 520. Recentiy
Packman and Perham [34, 35] have shown that the E; binding
domain in the E. ¢oli transacetylase and transsuccinylase is
located between the lipoyl domain and the catalytic domain.
This binding domain is probably located between two ‘hinge’
regions which allow a high mobility of E; when bound to the
complex. Fluorescence anisetropy measurements of the FAD
in the free or bound E, indicate almost nc change on
rotational correlation coefficient, both in the A. vinelandii
PDC [16] and in the much larger £. coli PDC [36]. Because a
large fragment at the C-terminus of E; is lost during pro-
teolysis it may be argued that this fragment may represent the
E, binding site. On the other hand E, and E, may share the
same binding site. Binding experiments have shown competi-
tion between E, and E5 and an equivalent binding site was
proposed [7). However, such a binding site could be composed
from sequences quite far apart in the primary structure but
closety related in the tertiary structure. Further studies will be
devoted to elucidating the primary structure of E; and the
exact location of the E; and E; binding sites.
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