
KatG is also similar to CcP in that it has a high percentage of amino
acids that are easily oxidized. These oxidizable amino acids create
pathways for intrapeptide electron transfer in CcP that act as a
method to preserve the enzyme’s heme cofactor.2,3 It is reasonable to
suggest that a similar process may take place in KatG.

Though KatG’s active-site is superimposable with those of other plant
peroxidase active-sites (e.g., cytochrome c peroxidase (CcP) (figure
inset)), there are distinct features that impart to KatG unique
reactivity. The MYW adduct acts as a cofactor for KatG catalysis.
Another feature is the Arg switch that regulates electron flow through
the active site in a pH dependent manner. These KatG-unique
features impart catalase activity to this peroxidase active site not
seen in any other superfamily members.
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The narrow doublet EPR spectrum has been assigned to the
MYW•+ that is necessary for catalatic activity. Additionally, the
optical spectrum is similar to what is expected for a FeIII-O2•– -like
species. Correspondingly, we expect such a species to be the
prominent species during maximum catalatic turnover.

The exchange-coupled radical has been attributed to the oxidation
of an active-site tryptophan (W321 in M. tuberculosis numbering).
The optical spectrum for 6 s resembles that of FeIV=O species,
indicating that it is likely for inactive intermediates present to
resemble FeIV=O species.

Proposed mechanisms for KatG catalysis 

Investigating the catalase activity of a peroxidase active site: What is the role of the proximal Trp?KatG and heme peroxidases

Our preliminary data support the presence of
a III* species. However, a MYW-OO species
similar to IB has been identified by x-ray
crystallography.4 The optical spectra observed
thus far cannot rule out either intermediate.
Thus, a more rigorous investigation is called
for to elucidate the intermediates of KatG’s
novel catalase mechanism.

Enzymes that degrade H2O2 can be divided into two groups,
catalases and peroxidases. A common cofactor among enzymes
capable of these two different mechanisms is heme. Catalases and
peroxidases share the same initial step, but differ in how the enzyme
returns to its resting, FeIII state.

Surprisingly, KatG catalase activity is stimulated by the presence of
peroxidatic electron donors (PxEDs) like the ones seen above.1 This
synergistic cooperation between the catalase and peroxidase
mechanisms in KatG cannot be explained by the simple alternation of
these two mechanisms.

Arg switch

MYW adduct

Proximal Trp

Despite higher catalase initial rate, W321F
KatG undergoes more rapid inactivation.

Protein-based radicals are still present as the enzyme returns to
the FeIII state, though their intensity decreases over time. The
optical spectra at this point during the reaction are ill-defined. We
anticipate this to be a result of advanced oxidation of the protein,
causing significant changes to the protein structure.

Spectra during maximum catalase turnover (10 ms and 2.5ms) Spectra at the point of substrate depletion (6 s) Spectra during return of the FeIII state of the enzyme 

Unexpected roles of peroxidase reaction intermediates

The ambiguous nature of
optical spectra and
structural differences
make direct comparison
between heme peroxidase
spectra difficult. HRP
compound I (black) is
compared to compound I-
like spectra from KatG
reacted with PAA (blue)
and m-CPBA (orange).

Inclusion of PxED increases prominence of catalytic reaction
intermediates and reduces the accumulation of inactive species.

Inclusion of PxED increases the rate of FeIII

return of wtKatG following H2O2 depletion.
Inclusion of PxED shows lesser stimulation
of FeIII return with W321F KatG.

Comparison of Compound I spectra
among heme peroxidases KatG and HRP.

Recoverable catalase activity depends on
the time of PxED addition to a reaction.

Role reversal between peroxidase reaction intermediates generates the distinct catalase 
mechanism of catalase-peroxidase (KatG) 
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