
Stereoselective Esterase from Pseudomonas
putida for D-βAcetylthioisobutyric Acid
Synthesis

Esterase (PpEST) from Pseudomonas putitda IFO12996 catalyzes
the stereoselective hydrolysis of methyl DL-β-acetylthioisobutyrate
(DL-MATI) to produce D-β- acetylthioisobutyric acid (DAT) serving
a key intermediate for the synthesis of angiotensin-converting
enzyme inhibitors. The PpEST gene was cloned and expressed in E.
coli; the recombinant protein is a non-disulfide linked homotrimer
with a monomer molecular weight of 33 kDa in both solution and
crystalline state, indicating that these PpESTs function as trimers.
PpEST hydrolyzed DL-MATI to produce DAT with the degree of con-
version of 49.5% and an enantiometric excess value 97.2% at opti-
mum pH 8~10 and temperature 57~67˚C. The crystal structure of
PpEST has been determined to a resolution 1.6 Å, confirming that
PpEST is a member of the α/β hydrolase fold superfamily of
enzymes and includes a catalytic triad Ser97, Asp227 and His256.
The active site is located approximately in the middle of the mole-
cule at the end of a pocket ~12 Å deep. The PpEST can hydrolyze
methyl ester group without affecting the acetylthiol ester moiety in
DL-MATI. The examination of substrate specificity of PpEST toward
other linear esters revealed that the enzyme showed specific activi-
ty toward methyl esters and it recognized the configuration at the
2-position.

Esterases belong to the hydrolase family and are ubiquitous en-
zymes identified in various species. These enzymes exist as either mo-
nomers or oligomers with subunit molecular weights in a range 25-60
kDa with a conserved pentapeptide (Gly-X1-Ser-X2-Gly) sequence around
the catalytic serine residue despite sharing a low sequence homology.
Unlike lipases, esterases preferentially hydrolyze water-soluble esters or
short-chain fatty-acid triglycerides. Their importance for application in
pharmaceutical and agrochemical industries is increasing because their
properties as stereo-selective catalysts in the synthesis of optically pure
molecule are diverse. D-β-acetylthioisobutyric acid (DAT), also known as
S-β-acetylthio-2-methylpropionic acid, is a key intermediate for the
synthesis of angiotensin converting enzyme inhibitors, such as Captopril
and Alacepril which are used to treat hypertension and congestive heart
failure. Esterase (PpEST) from Pseudomonas putitda IFO12996 is capable
of catalyzing the stereoselective hydrolysis of DL-MATI to produce DAT
(Scheme 1). To understand the biological and biochemical functions of
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Scheme 1:  PpEST-catalyzed optical resolution of DL-MATI.



PpEST with its structure, we have determined the 
X-ray crystal structure at 1.6-Å resolution, which can
also provide us an opportunity to engineer the en-
zyme for broader ester substrates.

Superimposing three monomers in the asym-
metric unit shows the foldings of three EST mole-
cules are essentially identical. PpEST has the α/β
canonical hydrolase fold, which is composed of re-
peating α-β-α motifs that form a central 8-strand 
βsheets, all parallel with the exception of the se-
cond strand. The topology of this arrangement corre-
sponds to the general α/β hydrolase fold (strand
order β1, β2, β4, β3, β5, β6, β7, β8). In total, 11
helices are flanked on both sides of the β-sheets. The
loop regions connecting the C-terminus of β-strands
and the N-terminus of α-helices constitute the sub-
strate-binding site. Except the hairpin loop con-
nected the strands 1-3, strands 3-6 and also 7 and 8
are connected by the helices α1, α2, α3 that “cross”
the central sheet. A large loop is formed between
strand 6 and 7 by five helices, labeled α4, α’1 to α’4
(Fig. 1).

In PpEST, the active catalytic triad, Ser-His-Asp, is
located approximately in the middle of the molecule
at the end of a pocket 10-12 Å deep to perform the
hydrolytic cleavage of the appropriate bond in the
substrate. The nucleophilic serine residue, Ser97, is lo-
cated in a sharply turning, nucleophilic elbow, be-
tween strand β5 and helix α3 (Fig. 1). This sharp turn
is stabilized with two strong backbone hydrogen
bonds between Ser97-CO...HN-Gly100 and Ser97-
NH...OC-Ile121. A moderate hydrogen bond can form
between carboxylic group of Ser97 with amide hy-

drogen atom of Gly99. The carboxylate oxygen OG
also forms an additional strong hydrogen bond to
the water molecule that can be connected to the ni-
trogen of Trp31. The second member of the triad,
His256, is located at the C-terminal end of strand β8
(Fig. 2). His256 is present in an appropriate conforma-
tion corresponding to the active orientation for a
catalytic triad histidine residue to form hydrogen
bonds with both Ser97 and the third catalytic residue
Asp227. Instead, the CE1 of His256 is in close proxi-
mity to the carbonyl oxygen of Ala122 located in the
adjacent loop; the important function of this hydro-
gen bond is to facilitate a general acid-base catalytic
role of the histidine residue during both the acyla-
tion and deacylation steps of hydrolysis.

In addition to the catalytic triad, another essen-
tial component of the active center is the oxyanion
hole. The architecture of the oxyanion hole is gene-
rated from a special arrangement of hydrogen bond
donors that can stabilize the tetrahedral transition
enzyme-substrate complex through accommodation
of the negatively charged carbonyl oxygen of the
scissile bond. Figure 3 shows that in the PpEST- DL-
MATI complex the oxyanion hole can form by pep-
tide NH groups of Thr98 and Trp31 that form hydro-
gen bonds with the carbonyl oxygen of the DL-MATI.

We examined linear ester compounds over a
broad range to reveal substrate specificity of PpEST.
The data indicated that PpEST has three potential
recognition sites for its substrates. i) The ester moiety
of substrates requires a small and neutral group; ii)
The substrates require a small and neutral group at
the 2-position; iii) Substitution at the 3-position of
substrates is also allowed. Although the acetylthio-
lester moiety of DL-MATI is more labile than the
methyl ester site for nucleophilic attack with PpEST,
the fascinating nature of this enzymatic catalysis is
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not only governed by decreasing its activation ener-
gy but also determined by its substrate specificity or
affinity. Both lipases and esterases are hydrolytic
enzymes and can serve extensively as catalysts in
enantioselective and regioselective synthesis, but
the substrate specificity of lipases and esterases
differ. In the case of DL-MATI as a substrate, lipase P
from Pseudomonas cepacia, and porcine pancreatic
lipase can catalyze only the thiotransesterification,
whereas PpEST can hydrolyze methyl ester group
without affecting the acetylthiol ester moiety in DL-
MATI. This distinction reflects their varied substrate
specificity but not substrate reactivity. The know-
ledge of substrate specificity and the structure of a
substrate binding site of PpEST is useful for enzyma-
tic engineering for broader ester substrates.
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