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Report:
S. Hederos, K. S. Broo, E. Jakobsson, G. J. Kleywegt, B. Mannervik, L. Baltzer. (2004)
Incorporation of a single His residue by rational design enables thiol-ester hydrolysis by
human glutathione transferase A1-1. Proc. Natl. Acad. Sci. USA, 101, 13163-13167.
A strategy for rational enzyme design is reported and illustrated by the engineering of a
protein catalyst for thiol-ester hydrolysis. Five mutants of human glutathione (GSH; -GluCys-Gly) transferase A1-1 were designed in the search for a catalyst and to provide a set of
proteins from which the reaction mechanism could be elucidated. The single mutant A216H
catalyzed the hydrolysis of the S-benzoyl ester of GSH under turnover conditions with a
kcat/KM of 156 M-1·min-1, and a catalytic proficiency of >107 M-1 when compared with the
first-order rate constant of the uncatalyzed reaction. The wild-type enzyme did not hydrolyze
the substrate, and thus, the introduction of a single histidine residue transformed the wild-type
enzyme into a turnover system for thiol-ester hydrolysis. By kinetic analysis of single, double,
and triple mutants, as well as from studies of reaction products, it was established that the
enzyme A216H catalyzes the hydrolysis of the thiol-ester substrate by a mechanism that
includes an acyl intermediate at the side chain of Y9. Kinetic measurements and the crystal
structure of the A216H GSH complex provided compelling evidence that H216 acts as a
general-base catalyst. The introduction of a single His residue into human GSH transferase
A1-1 created an unprecedented enzymatic function, suggesting a strategy that may be of

broad applicability in the design of new enzymes. The protein catalyst has the hallmarks of a
native enzyme and is expected to catalyze various hydrolytic, as well as transesterification,
reactions.

