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Identification of Tyr58 as the proton donor in the
aspartate-a-decarboxylase reaction
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The decarboxylation of L-aspartate by E. coli L-aspartate-a-
decarboxylase (ADC) is shown to occur with retention of
configuration; analysis of the protein structure identifies
Tyr58 as the proton donor in the decarboxylation mecha-
nism.

ADC catalyses the decarboxylation of L-aspartate to b-alanine.1
It is one of four enzymes in E. coli involved in the biosynthesis
of pantothenate (vitamin B5),2 the precursor of 4A-phospho-
pantetheine and coenzyme A. ADC is a tetrameric protein
comprising four 14 kDa subunits. The X-ray crystal structure of
E. coli ADC has been determined, and shows that the active
sites are between subunits.3

The mechanism of decarboxylation involves formation of an
imine between the amino group of aspartate and an integral
pyruvoyl group. The pyruvoyl group is formed by an autocata-
lytic post-translational modification which cleaves the Gly24–
Ser25 bond and converts Ser25 into the pyruvoyl group. This
reaction is analogous to that which occurs in histidine
decarboxylase4 and S-adenosylmethionine decarboxylase.5

The proposed enzyme mechanism is depicted in Scheme 1.
After formation of the enzyme–substrate adduct (1), carbon

dioxide is lost to form the extended enolate (2). This then
reprotonates to form the imine adduct of the product b-alanine
(3), which is finally released by hydrolysis to regenerate the
pyruvoyl group. Evidence for this mechanism comes from
trapping of the enzyme–substrate adduct and enzyme–product
adduct by reduction with cyanoborohydride, and subsequent
detection by electrospray mass spectrometry.6

In this paper we report the results of our investigation into the
stereochemical course of the decarboxylation reaction catalysed
by ADC. Analysis of the crystal structure of ADC suggests that
the proton may come from the phenolic group of Tyr58 or the
hydroxy group of Thr57, which lie above and below the face of
the enzyme–intermediate adduct (2) respectively (Fig. 1). If the
proton donor were Tyr58, the proton would be added to the re
face (Scheme 1, path a), corresponding to decarboxylation–
protonation occurring with overall retention of configuration.
Conversely, decarboxylation–protonation would occur with
inversion of configuration if the proton were added from Thr57
to the si face of (2) (path b). Alternatively, but less probable, the
reprotonation could be non-stereospecific.

The stereochemical course of the reaction can be determined
by using ADC to catalyse the conversion of L-aspartate into b-
alanine in deuterium oxide. Stereospecific deuteriation of (2)
will generate chirally-labelled b-alanine which can be charac-† These authors contributed equally to this work.

Scheme 1 Catalytic mechanism of ADC showing the possible stereochemical outcomes in the presence of 2H2O.
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terised as its camphanoyl derivative by comparison with
previously assigned spectra of (3R)- and (3S)-N-camphanoyl-
[3-2H1]-b-alanine.7

The panD gene6,8 in E. coli was overexpressed with an N-
terminal hexa-histidine tag to facilitate protein purification by
affinity chromatography on a nickel–nitrilotriacetic acid (Ni–
NTA) column. L-Aspartate (50 mg) and His6-ADC (6 mg) were
incubated in phosphate buffer (pD = 7.6, 50 mM) in 2H2O for
four days at 25 °C. The enzyme was removed by ultrafiltration
and the solution lyophilised to dryness. The residue was
derivatised with camphanoyl chloride by shaking in a biphasic
mixture of 2 M NaOH and toluene for 3 h, followed by
extraction with chloroform, drying with Na2SO4 and evapora-
tion. Unlabelled N-camphanoyl-b-alanine was also synthesised
by this procedure. The 1H NMR spectra of the C3 protons of N-
camphanoyl-b-alanine and the camphanoyl derivative of the
biotransformed material are shown in Fig. 2.9

Comparison of the two spectra in Fig. 2 shows that a
deuterium atom has been incorporated, leading to loss of the
signal for one proton. The geminal 1H coupling to the remaining
proton has been replaced by a smaller 2H coupling, causing an
apparent simplification of the multiplet and broadening of the
signals. This confirms that the reprotonation is stereospecific.

In order to determine the absolute stereochemistry of the
labelling of b-alanine, the spectra were compared to published
data on (3R)- and (3S)-N-camphanoyl-[3-2H1]-b-alanine, deter-
mined as part of a study on the dihydropyrimidine dehy-
drogenase reaction.7 The upfield multiplet in Fig. 2a has been
assigned to the 3R proton. The biotransformed compound, in
which this proton has been replaced by a deuteron, is
consequently (3R)-N-camphanoyl-[3-2H1]-b-alanine. This is
the expected product if deuterium is delivered from Tyr58 to the
re face of (2), with the decarboxylation–protonation steps
proceeding with overall retention of configuration (Scheme 1,
path a).

The enzyme–intermediate adduct (2) has been modelled into
the crystal structure of ADC (Fig. 1). In this model the distance
between the hydroxy proton of Thr57 and the C3 carbon is 3.3
Å. The corresponding distance from C3 to the phenolic proton
of Tyr58 is 3.8 Å. Despite being the closest potential donor,

Thr57 may not be the most appropriate. It is relatively buried in
the active site, and deprotonation of the hydroxy group could
destabilise the neighbouring salt bridge between the b-carboxyl
of the enzyme–intermediate adduct (2) and Arg54. Tyr58
appears to be better placed; in particular it is part of a potential
proton relay with Lys9 and His11. All three are conserved
residues. As His11 is close to the surface of the protein it could
acquire a proton from the solvent.

In conclusion, the stereochemical labelling study and analy-
sis of a model of the putative intermediate bound to the enzyme
(2), together suggest that the source of the proton in the
reprotonation step is the phenolic group of Tyr58.
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Fig. 1 Active site of ADC with the enzyme-intermediate adduct (2)
modelled in. The active site is at the interface of subunits and is composed
of residues from both subunits (in this case subunits A and D).

Fig. 2 1H NMR (500 MHz, C2HCl3) of the C3 protons of b-alanine in (a)
N-camphanoyl-b-alanine and (b) camphanoyl derivative of the bio-
transformed material.
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