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Identification of glutamate 344 as the catalytic residue
in the active site of pig heart CoA transferase
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Abstract

The enzyme CoA transferase (succinyl-CoA:3-ketoacid coenzyme A transferase [3-oxoacid CoA transferase],
EC 2.8.3.5) is essential for the metabolism of ketone bodies in the mammalian mitochondrion. It is known that
its catalytic mechanism involves the transient thioesterification of an active-site glutamate residue by CoA. As
a means of identifying this glutamate within the sequence, we have made use of a fortuitous autolytic fragmenta-
tion that occurs at the active site when the enzyme-CoA covalent intermediate is heated. The presence of prote-
ase inhibitors has no effect on the extent of cleavage detectable by SDS-PAGE, supporting the view that this
fragmentation is indeed autolytic. This fragmentation can be carried out on intact CoA transferase, as well as on
a proteolytically nicked but active form of the enzyme. Because the resulting C-terminal fragment is blocked at
its N-terminus by a pyroglutamate moiety, it is not amenable to direct sequencing by the Edman degradation
method. As an alternative, we have studied a peptide (peptide D) generated specifically by autolysis of the nicked
enzyme and predicted to have an N-terminus corresponding to the site of proteolysis and a C-terminus determined
by the site of autolysis. This peptide was purified by reversed-phase HPLC and subsequently characterized by elec-
trospray mass spectrometry. We have obtained a mass value for peptide D, from which it can be deduced that
glutamate 344, known to be conserved in all sequenced CoA transferases, is the catalytically active amino acid.
This information should prove useful to future mutagenesis work aimed at better understanding the active-site
structure and catalytic mechanism of CoA transferase.
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Ketone bodies such as acetoacetate and 3-hydroxybutyrate con-
stitute the major metabolic fuel for the mammalian heart and
kidney. In the mitochondria of these tissues, acetoacetate is con-
verted to acetoacetyl-CoA, which is then further broken down
to 2 acetyl-CoA molecules capable of entering the tricarboxylic
acid cycle (Fig. 1). The homodimeric enzyme CoA transferase
(succinyl-CoA:3-ketoacid coenzyme A transferase, EC 2.8.3.5)
is responsible for the formation of acetoacetyl-CoA by trans-
fer of a CoA moiety from succinyl-CoA to acetoacetate. This
reaction is characterized by ping-pong kinetics and by the for-
mation of a stable enzyme-CoA covalent intermediate (Hersh
& Jencks, 1967a, 1967b). It has been shown that the enzyme’s
catalytically active moiety, to which CoA is thioesterified, is a
glutamate side chain (Solomon & Jencks, 1969).

Reprint requests to: William A. Bridger, Department of Biochemis-
try, 4-74 Medical Sciences Building, University of Alberta, Edmonton,
Alberta T6G 2H7, Canada; email: bill _bridger@darwin.biochem.
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Abbreviations: CoA, coenzyme A; RP-HPLC, reversed-phase HPLC;
MALDI, matrix-assisted laser desorption/ionization; TFA, trifluoro-
acetic acid; PMSF, phenylmethylsulfonyl fluoride.
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A full-length cDNA encoding the cytoplasmic precursor to
this enzyme has been cloned from a pig heart library and se-
quenced (Lin & Bridger, 1992). The deduced amino acid se-
quence reveals a 481-residue mature subunit of molecular weight
52,197 Da. Furthermore, a hydrophilicity plot for CoA trans-
ferase is strongly indicative of a structure characterized by 2 in-
teracting domains that are linked by a hydrophilic hinge region
(Lin & Bridger, 1992).

Two distinct cleaved forms of CoA transferase relevant to this
study may be prepared. One of these, referred to as the nicked
enzyme, is produced by proteolysis in the hydrophilic region that
connects the 2 proposed domains. SDS-PAGE analysis indicates
that this linker region is nicked when the enzyme is purified in
the absence of the serine proteinase inhibitor phenylmethylsul-
fonyl fluoride. This proteolytic cleavage generates N- and
C-terminal fragments of 28 kDa and 24 kDa, respectively (Lin
& Bridger, 1992). The proteolytically nicked enzyme retains full
catalytic activity.

The second cleaved form of CoA transferase involves an au-
tolytic fragmentation at the active-site thiol ester. Several plasma
proteins that have an internal thiol ester involving glutamate and
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Fig. 1. Role of CoA transferase in ketone body metabolism.

cysteine are known to be autolytically cleaved when subjected
to heat (Howard et al., 1986). This autolysis reaction, involv-
ing cyclization to form an oxyproline (Khan & Erickson, 1984),
was also found to occur at the active site of CoA transferase
when the enzyme-CoA intermediate is heated (Howard et al.,
1986). On the basis of the size of the autolytic products, the
location of the catalytically active glutamate residue was esti-
mated to be approximately two-thirds of the distance from the
enzyme’s N-terminus. The deduced amino acid sequence reveals
3 glutamates in this vicinity of the CoA transferase primary
structure (Fig. 2). The site of autolysis could not, however, be
identified more precisely by Edman sequencing of the C-terminal
fragment because the latter is blocked at the N-terminus by a
pyroglutamate moiety. Attempts to remove this group either
enzymatically with pyroglutaminase (Howard et al., 1986) or
chemically by methanolysis (procedure of Kawasaki & Itano,
1972) have proven unsuccessful.

In this study, we provide further evidence for the autolytic na-
ture of the heat-dependent fragmentation of CoA transferase
by demonstrating its occurrence in the presence of a number of
protease inhibitors. In addition, the proteolytically nicked form
of the enzyme is also shown to be susceptible to autolysis. This

2
g

VKTRSGF{LGDNVRERI IKRA
ALEFEDGMYANLGIGIPLLA
SNFISPNMTVH LQSENGI LG
LGPYPLQNEVDADLI NAGKET

Fig. 2. Primary structure of pig heart CoA transferase in the vicinity
of the active-site glutamate. Numbers based on the sequence of the pre-
cursor form of the enzyme (Lin & Bridger, 1992) indicate amino acids
referred to in the text.
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reaction generates a small protein segment whose N-terminus
corresponds to the site of proteolysis and whose C-terminus is
determined by the location of the autolytic fragmentation. Fi-
nally, we have determined the molecular weight of this peptide
using electrospray mass spectrometry (Fenn et al., 1989; Smith
et al., 1990). The molecular weight value obtained, when com-
pared with predicted values deduced from the amino acid se-
quence, allows us to identify Ser 343 as the C-terminus of the
peptide and therefore Glu 344 as the residue that participates
covalently in catalysis.

Results

SDS-PAGE analysis of autolytically
fragmented CoA transferase

The extent of autolysis of CoA transferase under different con-
ditions was monitored by SDS-PAGE analysis. In an initial ex-
periment, pure (>95%), unnicked enzyme isolated from pig
myocardium was incubated, with or without 3 mM succinyl-
CoA, for 75 min at 25 °C, or for 15 min at 25 °C and subse-
quently for 60 min at 70 °C. Samples were then diluted in an
appropriate volume of sample buffer and analyzed by SDS-
PAGE (Fig. 3A). Two bands representing fragments of molec-
ular weights approximately equal to 40 kDa and 20 kDa are
diagnostic for the autolytic fragmentation of CoA transferase;
these fragments are only produced by samples in which the
enzyme-CoA intermediate has formed (Fig. 3A, lanes 1 and 3).
Furthermore, incubation of the covalent intermediate at 70 °C
results in about 50% of the enzyme being fragmented, an effi-
ciency much superior to that achieved by incubating at lower
temperatures (Fig. 3A, compare lanes 1 and 3).

Although this fragmentation clearly depends on the exposure
of the enzyme-CoA intermediate to an elevated temperature, the
involvement of a protease had not been ruled out prior to this
study. CoA transferase is known to undergo a conformational
change upon forming the thiolester intermediate (White et al.,
1976) and could hence become more susceptible to the effects
of a heat-insensitive proteolytic activity. Figure 3B reveals, how-
ever, that the autolytic fragmentation occurs to similar yield in
the presence and in the absence of a protease inhibitor cocktail
consisting of pepstatin A, antipain, PMSF, and EDTA (compare
lanes 1 and 2). This result, along with the temperature optimum
of the cleavage reaction, confirms that the fragmentation is not
likely the result of a proteolytic event.

Finally, although the initial autolysis protocol (Howard et al.,
1986) suggested a range of 1-3 mM as the optimal concentra-
tion of succinyl-CoA, we found that the ultraviolet absorbance
due to this excess of substrate tended to obscure a large num-
ber of potentially significant peaks in the analysis of fragmented
enzyme by reversed-phase HPLC. Furthermore, we aimed to
lower the salt concentration within the autolytically fragmented
sample in order that it not interfere with subsequent mass spec-
trometry measurements. Therefore, the fragmentation protocol
described above was repeated using a range of succinyl-CoA
concentrations and the samples were analyzed by SDS-PAGE
as before. Figure 3C indicates that a concentration of succinyl-
CoA as low as 0.5 uM, or 2,000-fold lower than the minimum
amount previously recommended (Howard et al., 1986), is suf-
ficient to allow for heat-induced autolysis.
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Fig. 3. SDS-PAGE analysis of autolytically fragmented CoA transfer-
ase. For all 3 gels, the top arrow identifies the band corresponding to
intact enzyme, while the lower 2 arrows indicate bands that represent
the fragments generated by autolysis. A: Standard autolytic fragmenta-
tion of CoA transferase. Unnicked enzyme (1.7 nmol or 90 ug) was in-
cubated at 25 °C for 15 min and then at 70 °C for 60 min in the presence
(lane 1) or absence (lane 2) of 3 mM succinyl-CoA. The same amount
of enzyme was incubated at 25 °C for 75 min in the presence of 3 mM
succinyl-CoA (lane 3). Samples were subjected to electrophoresis on a
12% (w/v) polyacrylamide gel, which was subsequently stained with
Coomassie blue. B: Effect of protease inhibitors on the autolytic frag-
mentation of CoA transferase. Unnicked enzyme (1.0 nmol or 50 ug)
was subjected to autolysis in the presence (lane 1) or absence (lane 2)
of a protease inhibitor cocktail consisting of pepstatin A, antipain,
PMSF, and EDTA. The same amount of enzyme was left unfragmented
and included as a control (lane 3). Samples were subjected to electro-
phoresis on a 7-15% (w/v) gradient polyacrylamide gel, which was sub-
sequently stained with Coomassie blue. C: Effect of succinyl-CoA
concentration on the autolysis of CoA transferase. Unnicked enzyme
(0.6 nmol or 30 ug) was autolytically fragmented in the presence of the
indicated amounts of succinyl-CoA. Samples were subjected to electro-
phoresis on a 12% (w/v) polyacrylamide gel, which was subsequently
stained with silver.

Autolysis of proteolytically nicked CoA transferase

The above results allowed us to predict that the proteolytically
cleaved form of CoA transferase should also be autolytically
fragmented when heated in the presence of micromolar concen-
trations of succinyl-CoA. This reaction was expected to gener-
ate a peptide bordered at its N-terminus by the nicking site and
at its C-terminus by the site of autolysis (Fig. 4, fragment D).
Our ultimate goal consisted of obtaining a value for this frag-
ment’s molecular weight. Because the location of proteolytic
cleavage has been identified in the sequence of CoA transfer-
ase (Lin & Bridger, 1992), accurate determination of the mass
of peptide D should lead to the identification of the active-site
glutamate residue (Table 1). Prior to developing this approach,
we had attempted to purify the C-terminal autolytic fragment
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(Fig. 4, fragment C) by RP-HPLC, with little success. This was
likely due to the poor solubility of the autolytically fragmented
sample prior to application to the HPLC column, although it
could not be ruled out that successfully injected fragment C was
not eluted from the column. We therefore predicted that the
much smaller fragment D, by virtue of its lower hydrophobic-
ity, might be more easily isolated prior to analysis by electro-
spray mass spectrometry.

In order to verify that fragment D can indeed be generated,
nicked CoA transferase was incubated in the presence or absence
of 10 uM succinyl-CoA and subsequently heated as described
above. The reaction was then terminated by dilution in an ap-
propriate volume of sample buffer and analyzed by tricine SDS-
PAGE (Fig. 5). Two bands, representing fragments of molecular
weights approximately equal to 20 kDa and 5 kDa, are again as-
sociated only with the sample in which the nicked enzyme-CoA
intermediate has formed (Fig. 5, lane 1). The deduced molecu-
lar weight of the smaller fragment (possibly fragment D) is 5,900
Da, which suggests that Glu 344 or possibly Glu 358 could be
the site of autolysis. Curiously, however, the apparent molec-
ular weights of CoA transferase and its proteolytic fragments,
as measured by SDS-PAGE analysis, are generally greater than
the values calculated from the sequence. For this reason, we
aimed to obtain a more accurate value for the mass of the
smaller peptide.

RP-HPLC and electrospray mass spectrometry

Nicked CoA transferase was autolytically fragmented as de-
scribed above and subsequently analyzed by RP-HPLC. Nicked
but unfragmented enzyme was similarly analyzed as a control.
A comparison of their corresponding elution profiles (Fig. 6) in-
dicates that 3 peptides, represented by peaks denoted X, Y, and
Z, are specifically associated with the autolytically fragmented
sample. Conversely, peaks labeled 1-5 are present in both plots

Table 1. Predicted molecular weights for fragment D*

Potential active-site Predicted mass

residue Fragment® M + H* (Da)*
E344 S294-S343 5,491.3
G295-S343 5,404.2
K296-S343 5,347.2
E358 S294-N357 6,958.0
G295-N357 6,870.9
K296-N357 6,813.8
E369 S294-K368 8,084.2
G295-K368 7,997.1
K296-K368 7,940.1

2 The size of this peptide is related to the site of autolysis, which
could be located at 1 of the 3 glutamate residues listed. Masses for the
corresponding hypothetical fragments were calculated using the program
MacProMass.

b Three alternative peptides are listed in each case because protease
and/or aminopeptidase activities apparently generate N-terminal het-
erogeneity in the 24-kDa fragment (see text for further discussion).

¢ Calculation of predicted mass assumes the oxidation of both me-
thionine residues to methionine sulfoxide. The mass of the correspond-
ing unoxidized fragments is obtained by subtracting 32.0 Da.



978

J.-C. Rochet and W.A. Bridger

' 28 Fig. 4. Schematic representation of the nicked

form of CoA transferase, both prior and subse-

A quent to autolysis. Proteolysis alone generates

A B A B segments A and B, while the autolytic fragmen-
24 ' tation releases peptides C and D. Numbers refer

28 24 28 24 HPLC to previously determined molecular weight val-
——— B ues in kDa (Lin & Bridger, 1992). Fragments C

28 24 Autolysis 28 ? | Tricine and D are shown to be released from only 1 of
SDS-PAGE the 2 subunits to reflect the observed 50% effi-

A B A ciency of the autolytic fragmentation. Signifi-

and are therefore not likely to represent the peptide of interest,
fragment D.

Electrospray mass spectrometry of a pool of HPLC fractions
representing peaks X and Y indicated the presence of a single
peptide of molecular weight 2,510.0 Da (data not shown). This
value does not match any of the masses predicted for frag-
ment D (Table 1). On the other hand, a similar analysis of a pool
of fractions representing peak Z revealed that the mass of its
major component is 5,404.3 Da (Fig. 7, peak Al). This value
is virtually equal to the mass predicted for fragment D (with
N-terminal Gly 295) if the site of autolysis is Glu 344 (Table 1).
The minor component of mass 5,347.0 Da (Fig. 7, peak B1) most
likely corresponds to the main component minus the N-terminal
glycine. Similarly, the minor component of mass 5,491.0 Da
(Fig. 7, peak C1) represents the major component with an ad-
ditional serine at its N-terminus. Thus, although Lin and Bridger
(1992) had shown Lys 296 to be the N-terminal residue of the
24-kDa fragment, it is clear that this sample of nicked CoA
transferase contains a population of C-terminal proteolytic seg-
ments that are heterogeneous in their N-terminal extensions. The
major component Al, then, is likely to have Gly 295 at its
N-terminus, whereas the minor components Bl and C1 have
Lys 296 and Ser 294 at their N-termini, respectively. Further-
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Fig. 5. Tricine SDS-PAGE analysis of nicked, autolytically fragmented
CoA transferase. Nicked enzyme (0.6 nmol or 30 ug) was incubated at
25°C for 15 min and then at 70 °C for 60 min in the presence (lane 1)
or absence (lane 2) of 10 uM succinyl-CoA. Samples were subjected to
electrophoresis on a 16.5% T, 3% C polyacrylamide gel, which was sub-
sequently stained with silver. Letters A, B, C, and D identify the frag-
ments represented by each band indicated.
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cantly, peptide D is bordered at its N-terminus
by the previously identified proteolytic cleavage

' site and at its C-terminus by the site of autoly-
sis (i.e., the active site).

D

more, the measured masses are equal to those calculated with
the assumption that both methionine residues are oxidized to
methionine sulfoxide. The oxidation of methionine to methio-
nine sulfoxide on peptide D is a likely outcome of the elevated
temperature used in the autolytic fragmentation reaction.
Table 2 summarizes the identification of these fragments and
other more minor components predicted to be sodium or potas-
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Fig. 6. Elution profiles for RP-HPLC of CoA transferase, either (A)
nicked or (B) nicked/autolytically fragmented. Separations were per-
formed as described in the Materials and methods. The gradient curve
indicates 25% B — 70% B — 100% B — 100% A, where A is 0.1% TFA
in H,O and B is 0.1% TFA in CH;CN. Peaks appearing in both plots
are labeled 1-5, whereas those unique to the lower plot are labeled X,
Y, or Z. Adapted from Rochet and Bridger (1994).
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Fig. 7. Electrospray mass spectrum of peptide Z (approximately 10 pmol).
The symbols Al, A2, A3, B1, and C1 indicate peaks referred to in the
text. See also Table 2 for a summary of relevant peaks.

sium adducts. Clearly, the molecular weight values obtained
by electrospray mass spectrometry point to Ser 343 as the
C-terminus of peptide D, and therefore to Glu 344 as the site of
the autolytic fragmentation.

Discussion

The fragmentation of CoA transferase at 70 °C was proposed
to be autolytic in nature because it only occurs under conditions
allowing for the formation of the enzyme-CoA intermediate.
Furthermore, the release of an N-terminally blocked C-terminal
fragment supported the predicted mechanism for autolysis
(Howard et al., 1986). This mechanism, which suggests that the
enzyme’s catalytic glutamate may be identified by locating the
site of autolysis, is further substantiated by our demonstration
that the degree of fragmentation is not altered by the presence
of a mixture of protease inhibitors. In order to determine where
the fragmentation occurs in the CoA transferase sequence, we

Table 2. Summary of significant components detected
by electrospray mass spectrometry

Peak Predicted Associated
identity? M + H* (Da) peptide® ion(s)
Al 5,404.3 G295-S343 -

A2 5,426.4 G295-S343 1 Na*
A3 5,444.3 G295-S343 1K*

B1 5,347.0 K296-S343 -

Ci 5,491.0 S$294-5343 —

2 Peaks are identified according to the lettering scheme used in Fig-
ure 7.

b The single-letter amino acid code is used to indicate the N-terminal
and C-terminal residues of each peptide. Numbering is based on the se-
quence of the precursor form of the enzyme (Lin & Bridger, 1992). Note
that the 2 methionine residues in each of the 3 peptides listed are pre-
dicted to be oxidized to methionine sulfoxide.
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have applied RP-HPLC in combination with mass spectrometry,
techniques that are generally susceptible to interference by a high
concentration of salt. For this reason, determining that micro-
molar amounts of succinyl-CoA are sufficient for obtaining a
high yield of autolysis contributed significantly to the success
of our approach.

A peptide (fragment D) bordered N-terminally by the previ-
ously identified proteolytic cleavage site (Lin & Bridger, 1992)
and C-terminally by the autolytic fragmentation site is released
upon subjecting the nicked form of CoA transferase to autoly-
sis. RP-HPLC analysis of a sample of nicked, fragmented en-
zyme revealed the presence of 2 species absent from the control.
The first of these, represented by 2 peaks eluting at very simi-
lar retention times, was assigned a molecular weight of 2,510.0
Da by electrospray mass spectrometry. This species may corre-
spond to a degradation product of fragment C, given that its
mass is significantly less than the minimum predicted for pep-
tide D, and consistent with our inability to determine its
N-terminal sequence by the Edman degradation method. The
second eluted species, similarly analyzed by electrospray mass
spectrometry, consists predominantly of a 5,404.3-Da peptide.
This mass value is nearly equivalent to that predicted for frag-
ment D (with N-terminal Gly 295) if Glu 344 is the site of au-
tolysis. The fact that a peptide of this size is specifically
associated with the nicked, autolytically fragmented form of the
enzyme was further confirmed by MALDI mass spectrometry
(data not shown).

The electrospray mass spectrum also reveals peaks at 5,491.0
Da and 5,347.0 Da (i.¢., respectively, 86.7 Da greater than and
57.3 Da less than the mass of the 5,404.3-Da species). These
mass increments most likely represent the addition of a serine
and the loss of a glycine, respectively, at the N-terminus of the
5,404.3-Da species, assuming that the C-terminus of all peptides
in this fraction must be strictly defined by the autolytic fragmenta-
tion. Based on our knowledge of the sequence of CoA transfer-
ase, we predict that this identification of terminal Ser-Gly- and
Gly- reflects the N-terminal sequence of the 24-kDa fragment.
Thus, we have successfully identified the species represented by
peak Z as peptide D, both by its mass and by its N-terminal
sequence.

The identification of 3 components with an N-terminal Ser 294,
Gly 295, or Lys 296 in the electrospray mass spectrum of frag-
ment D suggests that the 24-kDa C-terminal proteolytic segment
of nicked CoA transferase likely consists of a population of
polypeptides differing in length at their N-termini. Given that
the enzyme is not nicked when purified in the presence of PMSF,
a serine proteinase such as trypsin or thrombin is likely respon-
sible for the cleavage when the inhibitor is omitted. We have
also observed that native CoA transferase is cleaved by trypsin
at a unique site during incubations of 8-12 h (data not shown);
this proteolysis generates 2 fragments equivalent in size to those
present in a preparation of nicked enzyme (28 kDa and 24 kDa).
It is conceivable, then, that CoA transferase purified in the ab-
sence of PMSF is cut in its hydrophilic linker between Arg 293
and Ser 294, which corresponds to a trypsin cleavage site. Con-
taminating aminopeptidases (e.g., cathepsin C) may subse-
quently remove 1 or 2 amino acids from the N-termini of some
of the resulting proteolytic fragments. Significant N-terminal
heterogeneity was not detected previously (Lin & Bridger, 1992)
because the sequence of the 24-kDa fragment was obtained by
the Edman degradation method, which, when applied to a pro-
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tein of unknown sequence, is normally used to identify the most
abundant amino acid released at each cycle. Furthermore, it is
conceivable that the predominant species present in 2 different
proteolytically nicked enzyme preparations may not be identical.

Finally, given that the enzyme may bind Na* and K* by virtue
of its exposure to potassium phosphate during the purification and
to sodium phosphate and sodium succinyl-CoA upon autolysis,
our identification of Na* and X * adducts present as minor com-
ponents in the electrospray mass spectrum is reasonable.

Recently, mass spectrometry has been successfully applied to
probe mechanism-based events occurring at the active sites of
various enzymes. These processes include: covalent modification
by a suicide substrate, leading to inactivation of enzymes such
as l-aminocyclopropane-1-carboxylate synthase (Yip et al., 1990)
and S-adenosylmethionine decarboxylase (Diaz & Anton, 1991);
transient covalent-bond formation between a substrate and its
cognate enzyme, as demonstrated for a-glucosyltransferase
(Mooser et al., 1991); and autolysis of an enzyme such as my-
eloperoxidase (Taylor et al., 1992). In this report, we demon-
strate that the mass spectrometric analysis of autolytic fragments
can be used to identify the catalytic residue in an enzyme whose
mechanism involves an activated glutamate. Other enzymes po-
tentially sharing this mechanistic feature, and therefore presum-
ably amenable to this approach, include CoA transferases from
different species (Fig. 8), tryptophanyl-tRNA synthetase (Kis-
selev et al., 1979; Kovaleva et al., 1983), long-chain fatty acyl-
CoA synthetase (Spector, 1982), and 3-galactosidase (Cupples
et al., 1990).

The assignment of Glu 344 as the catalytic amino acid of the
pig heart enzyme is supported by the previously reported iden-
tity within this region of the known CoA transferase sequences
(Parales & Harwood, 1992; Fig. 8). Furthermore, following the
completion of this work, we have learned that this identifica-
tion is also entirely consistent with the results of Williams (1990),
who isolated and sequenced peptides containing the thioester-
ified glutamic acid residue. Our results reveal an active-site el-
ement suitable for modification by site-directed mutagenesis,
thus effectively permitting a more thorough exploration of the
structure-function relationships governing the mechanism of
this enzyme.

Materials and methods

Enzyme isolation, assay, and purity

Pig heart CoA transferase was isolated from fresh myocardium
as previously described (Moore & Jencks, 1982; Lin & Bridger,
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Fig. 8. Alignment of deduced CoA transferase sequences in the region
of the active-site glutamate. Sequences are from Pseudomonas putida
(Pcal), Acinetobacter calcoaceticus (CatJ), Clostridium acetobutylicum
(ClosTr), and pig heart (PigTr). Underlined residues indicate identity
among all 4 proteins. Numbers are based on the sequence of the pre-
cursor form of the pig heart enzyme (Lin & Bridger, 1992). Adapted
from Parales and Harwood (1992).
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1992). Intact enzyme was purified in the presence of 0.1 mM
PMSF, whereas the nicked form of CoA transferase was prepared
by omission of this serine proteinase inhibitor from all purifi-
cation buffers. Activity was determined by monitoring the ab-
sorbance increase at 310 nm, representative of the initial rate of
appearance of acetoacetyl-CoA from the reaction of succinyl-
CoA with acetoacetate (Stern et al., 1956). Assays were per-
formed at 22 °C by adding 10 L of enzyme preparation to
1 mL of assay solution (50 mM Tris-chloride, pH 9.1, 0.3 mM
succinyl-CoA, 67 mM acetoacetate, and 15 mM magnesium
chloride). The intact and nicked CoA transferase preparations
were >95% homogeneous by SDS-PAGE, with typical specific
activities ranging from 900 Stern units/mg to 3,000 Stern
units/mg.!

Autolytic fragmentation

Microgram quantities of intact or nicked CoA transferase were
subjected to autolysis as previously described (Howard et al.,
1986). Briefly, the enzyme was diluted in 3-4 volumes of 50 mM
sodium phosphate buffer (pH 8.0) containing 3 mM or 10 uM
succinyl-CoA (see text for details). Where applicable, a prote-
ase inhibitor cocktail consisting of pepstatin A (1 ug/mL), anti-
pain (1-2 ug/mL), PMSF (100 ug/mL), and EDTA (1 mM) was
included. Samples were incubated at 25 °C for 15 min and then
at 70 °C for a further 60 min. The reaction was terminated by
adding trifluoroacetic acid (TFA) or formic acid to 0.5% before
analysis by RP-HPLC or MALDI mass spectrometry; alterna-
tively, an equivalent volume of sample buffer (consisting of:
50 mM Tris-Cl, pH 6.60; 2.5% SDS; 1% 2-mercaptoethanol;
35% glycerol; and 0.01% bromophenol blue) was added prior
to analysis by SDS-PAGE.

Tricine SDS-PAGE

Preparation and electrophoresis of 1.5-mm polyacrylamide gels
designed to resolve peptides of low molecular weight were per-
formed as described by Schagger and von Jagow (1987). The
overall assembly consisted of a 16.5% T, 3% C separating gel
(23 mL), a 10% T, 3% C spacer gel (6 mL), and a 4% T, 3%
C stacking gel (4 mL). Electrophoresis was carried out at a con-
stant voltage of 85 V for a period of 20-24 h.

RP-HPLC

Liquid chromatography was performed on a Vydac 218TP C18
column (50 mm X 2.1 mm ID, 5-um particle size, 300-A pore
size) purchased from The Sep/a/ra/tions Group (Hesperia, Cal-
ifornia). A gradient defined by a 1% /min increase in solvent B
(where A is 0.1% TFA in H,O and B is 0.1% TFA in CH,CN)
was used to elute peptides at a flow rate of 0.2 mL/min. Elu-
tion was monitored by measuring absorbance at 206 nm and 1

! Stern units reflect the change in absorbance of a defined volume of
solution through a specific path length, and their calculation thus re-
quires the inconvenience of a factor correcting for the dimensions of the
cuvette used in the assay. We therefore propose that the specific activ-
ity of CoA transferase be expressed in the more conventional units of
pmol/min/mg, based on a molar extinction coefficient of 7,800 cm~!
M~! for acetoacetyl-CoA (Howard et al., 1986). Thus, for the assay de-
scribed above, 1 umol/min = 257 Stern units and our enzyme’s specific
activity ranged from 3.5 to 11.7 gmol/min/mg.
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fraction was collected per min. Beckman System Gold (IBM)
was used for analysis and printing of data.

Electrospray ionization mass spectrometry

Molecular weight measurements were performed using a VG
Platform electrospray mass spectrometer provided by Fisons In-
struments (Manchester, UK). Samples of 10-100 pmol protein
diluted in 10 L of (1) H,O:CH;CN (50:50, v/v) + 0.5% for-
mic acid or (2) isopropanol + 0.05% TFA were injected into the
ion source at a flow rate of 10 uL./min. The electrospray poten-
tial was approximately 4 kV. The quadrupole mass analyzer was
set to scan the range from m/z = 400 to m/z = 2,400 at 2 s per
scan for a total duration of 10-20 s. The sum of the data ac-
quired over this period constituted the final spectrum. Each mo-
lecular weight was determined as the mean value calculated for
several multiply charged ions within a coherent series. The in-
strument was calibrated using the series of ion peaks from ei-
ther bovine ubiquitin or a synthetic peptide of known mass.

Note added in proof

Subsequent to the completion of this work, we have expressed
a mutant form of pig heart CoA transferase in which alanine
replaces Glu 344. This form of the enzyme is both completely
inactive and incapable of undergoing autolysis, which further
confirms our identification of Glu 344 as the site of thioesterifi-
cation (manuscript in prep.).
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