JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Conversion of a PLP-Dependent Racemase into
an Aldolase by a Single Active Site Mutation
Florian P. Seebeck, and Donald Hilvert
J. Am. Chem. Soc., 2003, 125 (34), 10158-10159+ DOI: 10.1021/ja036707d * Publication Date (Web): 05 August 2003
Downloaded from http://pubs.acs.org on March 29, 2009

PLP
(6] . + O

HO o-  Y265A alanine o Hko-
NHg* racemase NH;*

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 12 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja036707d

JIAIC[S

COMMUNICATIONS

Published on Web 08/05/2003

Conversion of a PLP-Dependent Racemase into an Aldolase by a Single
Active Site Mutation

Florian P. Seebeck and Donald Hilvert*

Laboratorium fu Organische Chemie, Swiss Federal Institute of Technology, EThbéferberg,
CH-8093 Zuich, Switzerland

Received June 16, 2003; E-mail: hilvert@org.chem.ethz.ch

Pyridoxal B-phosphate (PLP) serves as a cofactor for a wide
range of enzyme-catalyzed reactions, including racemizations,
transaminationsp/y-eliminations, and aldol condensations. This
functional diversity can be attributed to the modulation and
enhancement of the cofactor’s intrinsic chemical properties at the .
respective enzyme active site. Previous work has established that
subtle modifications of such an environment are often sufficient to

: 26 i : His166
change either substrateor reactiofi—® specificity. In this report,
we present an example of a single amino acid substitution that (
changes both substrate preference and reaction profile, turning an

Figure 1. Superposition of the PLP cofactor at the active sites of alanine
isomerase into a lyase. We find that alanine racemase (Alr) [EC racemase(yellow) andL-threonine aldolasggray). The alanine racemase

5.1.1.1] from Geobacillus stearothermophillss provided with structure shows PLP complexed as a Schiff base with the inhitiet {
novel aldolase activity, and greatly decreased racemase activity,aminoethylphosphonic acid and residues His166 and Tyr2G5threonine
when Tyr265 is mutated to alanine. aldolase, PLR-allothreonine forms a hydrogen bond with His83.

Alanine racemase fror®. stearothermophiluandL-threonine
aldolase fromThermatoga maritim&are evolutionarily unrelated
and have completely different tertiary and quaternary structures, HO> o]
substrate preferences, and reaction specificities. Nevertheless, both
initiate their catalytic cycles by forming aldimine intermediates

/
between PLP and their respective substrates, alaning-biydroxy- N\ )
a-amino acic® The aldimine is subsequently converted to a quinoid 204P0 - 20;P0 | X

'{J/

Hy
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intermediate by abstraction of thg-@ydrogen in the case of alanine
racemase and by general base-promoted cleavage of th€,C
bond inL-threonine aldolase. Protonation of the quinoid followed

by aminolysis liberates alanine or glycine and regenerates an internal Glycine Benzaldehyde
aldimine between PLP and an active site lysine.

The crucial carborrcarbon bond cleavage step in threonine o It
aldolase is initiated by proton abstraction from fhiydroxyl group H{\ 0 f\ Ir, o
of the cofactor-bound substrate. A histidine, His83, whiestacks 2NH BH (’ NH
against the cofactor, has been assigned this role (Figdralahine 20.p0 O 20.p0 | (o}
racemase also has an active site histidine, His166, which stacks s | _ ® | Al
against the other face of the cofactor, but this residue does not ”+ ”

interact with the substrate directly (Figure 1). Instead, it forms a a pLP-tiependent conversion Sfphenylserine to glycine and benzal-

hydrogen bond with the side chain of Tyr265 to lower thé pf dehyde. The general base B may be the imidazole side chain of His166
the phenol? The latter has been postulated to be the base needed(see text).

to convertL- to p-alanine, and its replacement by alanine has been
shown to decrease racemase activity by more thanl@®-fold.!* higher activities are observed at 80, as expected for an enzyme
We surmised that removal of this tyrosine would also allow an of thermophilic origin. The apparent second-order rate constat (
appropriately substituted-hydroxy-a-amino acid to bind in the Km) for the Alr Y265A-catalyzed retroaldol reaction is 2310°-
enlarged active site and form an aldimine with PLP; His166 might fold higher than that for wild-type alanine racemase. By this
then serve as a general base to initiate a retroaldol reaction (Schemeriterion, the variant is still 19fold less efficient than-threonine
1). To test this hypothesis, we prepared and purified wild-type aldolase fromEscherichia coli(eTA), but it has a rather largéy,
alanine racemase together with the Alr Y265A varignt. value for substrate. Indeed, Alr Y265A hag&g value that is only

In accord with our expectations, alanine racemase gains consid-50-times smaller than that of eTA. Furthermore, comparisdgof
erable aldolase activity when Tyr265 is replaced by alanine. Table with the first-order rate constant for decomposition of Pi-P-
1 contains a summary of the kinetic data obtained for several phenylserine to PLP-glycine in solutitfrshows that the modified
variants of the racemase and a natural threonine aldolase. At 30active site enhances the rate of carboarbon bond cleavage by
°C, Alr Y265A converts 3-phenylserine to benzaldehyde and a factor of at least 4« 10°.
glycine with multiple turnovers. The steady-state parameters for  To test whether His166 is required for the retroaldol reaction,
this reaction arék.st = 5.7 mim! and Ky, = 8.5 mMZ13 Ten-fold the double mutant Alr H166N/Y265A was prepared and character-
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Table 1. Steady-State Parameters for the Conversion of
S-Phenylserine to Benzaldehyde and Glycine?
Keat Kn KealKm
enzyme (min—?) (mM) (M~tmin—?)
Alr-WT 0.0029
Alr-Y265A 5.7 8.5 670
Alr-H166N/Y265A 0.34 30 11
eTA® 278 0.38 7.3 10°

aThe proteins were assayed at @ in 100 mM HEPES buffer (pH 8)
with S-phenylserine (i.e., a racemic mixture ofS3R)-phenylserine and
(2R,39)-phenylserine). Th&, values were calculated assuming that only
p-threof3-phenylserine is a substrate for the enzyme (see tekp
saturation was observed up to 200 mpAphenylserine. Thekca/Km

parameter was therefore estimated from initial rate measurements using the

equatiorkealKm = vo/[S][E]. ¢ Data forE. coliL-threonine aldolase measured
under similar conditions wit{8-phenylserine are from Contestabile e24l.
The standard error on all kinetic parametersz1%.

ized. The kinetic parameters for this protein (Table 1) show that
removal of histidine reduces catalytic efficiency by a factor of 60,
stemming mostly from a decrease kg, (17-fold). This result is
consistent with a possible role for the imidazole side chain as a
general base in catalysizResidual activity of the double mutant

presumably reflects other features of the alanine racemase active

site which have evolved to stabilize a dianionic transition state.

In contrast to the reaction promoted by PLP in solution, the Alr
Y265A-catalyzed retroaldol reaction is stereoselective. The rate of
reaction decreases to background level after 50% offtpbe-
nylserine sample has been transformed to product. Analysis of the
product mixture by circular dichroism spectroscopy revealed that
(2R,39)-phenylserine, a-amino acid, is the preferred substrate,
whereas its enantiomer is not processed by the modified enzyme.
This preference is consistent with a binding mode that places the
C,—Cjs bond of theB-hydroxy-a-amino acid orthogonal to the PLP
plane, allowing the aromatic side chain to bind in the newly created
cavity. In the case of the wild-type racemase, the-8 bond of
L-alanine occupies an analogous position (Figure 1). The specificity
of the reengineered enzyme thus supports the profdkat some
naturally occurring-threonine aldolases, in contrast.tthreonine
aldolases, are evolutionarily related to alanine racemases.

Our data show that a single point mutation is able to convert an

alanine racemase into an aldolase, changing both substrate specific-

ity and reaction profile simultaneously. While the starting enzyme
abstracts the Ehydrogen of eithep- or L-alanine, the mutant
selectively cleaves the,& Cs bond of ap-3-hydroxy-a-amino acid
with a bulky aromatic side chain. The 2:3 1(P-fold increase in
aldolase activity coupled with the»4 10*-fold decrease in racemase
activity underscores the ease with which the intrinsic catalytic

grateful to the Swiss National Foundation, the ETHiZh, and
Novartis Pharma for generous support of this work.

Supporting Information Available: Experimental details for the
preparation and characterization of the proteins, kinetic measurements,
and product analysis (PDF). This material is available free of charge
via the Internet at http:/pubs.acs.org.
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