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The overall aim of this PhD-work is to understand the design of
the active site architecture of alkyl hydroperoxide reductase E
(AhpE) from Mycobacterium tuberculosis, the pathogen that
causes tuberculosis. AhpE belongs to the peroxiredoxin
enzyme family. Proteins from this family reduce peroxides to
alcohols. Via this reduction reaction AhpE protects M.
tuberculosis against the peroxides released by the human
immune system. In most peroxiredoxins, the sulfenic acid
cysteine forms a disulfide with another cysteine, the resolving
cysteine. However, AhpE has only one cysteine, the
peroxidatic cysteine. The lack of a resolving cysteine makes
AhpE an ideal enzyme for studying the oxidation step of the
thiolate within the peroxiredoxin family.
In this thesis the peroxide used to study the reaction is
hydrogen peroxide (H2O2). We combined kinetics and structure
analysis with computational techniques to investigate this
reaction. One of questions that we addressed is how the
environment influences the reduction reaction. With
quantumchemical calculations of the reaction as a small model
system in the presence of various environmental ligands, we
found that the environmental chemical groups lower the
activation barriers of the reaction with 10 to 30 kcal mol-1.
With MD simulations on active site mutants of AhpE, structural
changes were correlated to changes in hydrogen bonding
network and reaction rates. Our results showed that the
conserved residues play a pivotal role in excluding water
molecules from the active site of AhpE.
Secondly, we evaluated the current established methods for
hydrogen bond detection in proteins. Three established
methods that use geometrical criteria were compared with the
NCI index method, which uses the electron density and the
reduced density gradient. This comparison led to the proposal
of an improved equation for detecting H-bonds in proteins
using geometrical criteria.
Finally, we looked at the structure of the oxidized AhpE. We
found that the architecture of the active site is designed to
avoid further oxidation of the sulfenic acid. Most likely, it is a
state that can quickly relax to allow disulfide formation with
either of the reducing agents mycothiol or mycoredoxin-1.

