
Biochemical and Biophysical Research Communications 403 (2010) 46–51
Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate /ybbrc
The role of active site residues in the oxidant specificity of the Orp1
thiol peroxidase q

Christina L. Takanishi, Li-Hua Ma, Matthew J. Wood ⇑
Department of Environmental Toxicology, University of California, Davis, One Shields Ave, 4138 Meyer Hall, CA 95616, USA

a r t i c l e i n f o
Article history:
Received 20 October 2010
Available online 29 October 2010

Keywords:
Yap1
Sulfenic acid
Reactive oxygen species
tert-butyl-hydroperoxide
Cumene hydroperoxide
Oxidative stress
0006-291X/$ - see front matter � 2010 Elsevier Inc. A
doi:10.1016/j.bbrc.2010.10.109

q This work was funded by a grant from the
(0635328N).
⇑ Corresponding author. Fax: +1 530 752 3394.

E-mail address: mjwood@ucdavis.edu (M.J. Wood)
a b s t r a c t

In this study we investigated the role of active site residues in the peroxidase activity of Orp1 (GPx3)
using three different peroxide substrates. Using a structural homology model of the reduced form of
Orp1, we identified Asn126 and Phe127 as evolutionarily conserved residues that line the back of the
Orp1 active site and which are likely to affect the peroxidase activity of Orp1. Additionally, we identified
Phe38 as a surface residue that could influence substrate specificity as it is located adjacent to Cys36, in
the same position occupied by similar hydrophobic amino acids in many Orp1 homologs. We individually
mutated these residues to alanine and examined the effect of each mutation in vitro and in vivo. Chloro-4-
nitrobenzo-2-oxa-1,3-diazole was used to identify Cys-SOH modification of Cys36 in response to H2O2,
tert-butyl-hydroperoxide (tert-BHP), and cumene hydroperoxide (CHP) in Orp1WT. Mutation of Asn126
and Phe127 eliminate Cys-SOH formation and peroxidase activity in response to H2O2, tert-BHP and
CHP. Furthermore, the pKa of Cys36 is elevated closer to that of free cysteine compared to Orp1WT. Muta-
tion of Phe38 does not affect the peroxidase activity of Orp1 upon exposure to H2O2. The Phe38 mutation
decreases Orp1 peroxidase activities in response to either tert-BHP or CHP. The in vivo sensitivity of the
Phe38 mutant to both tert-BHP and CHP is increased, while the H2O2 sensitivity is unchanged. The pKa of
Cys36 in the Phe38 mutant is 5.0, which is the same as Orp1WT. Taken together, these results suggest that
Phe38 does not play a role in the reactivity of Cys36, but does modulate the affinity of Orp1 for alkyl
hydroperoxides.

� 2010 Elsevier Inc. All rights reserved.
1. Introduction

The damage caused by reactive oxidative species (ROS) has been
linked to a wide variety of human diseases such as atherosclerosis,
Parkinson’s disease, Alzheimer’s disease, and cancer [1,2]. There-
fore, the ability to sense and respond to a wide range of ROS is vital
for the survival of all aerobic organisms. Intracellular ROS, such as
hydrogen peroxide (H2O2) and alkyl hydroperoxides, occur natu-
rally within cells, but also result from exposure to environmental
contaminants such as cadmium and arsenic [3–6]. To counteract
the damaging effects of ROS, the intracellular environment of the
cell is maintained under reducing conditions in part by proteins
that detoxify reactive oxidative species. Many of these proteins
are involved in peroxide scavenging as well as the regulation of
peroxide mediated signaling through complex redox-relay systems
that have yet to be fully characterized [7].
ll rights reserved.
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Glutathione peroxidases (GPxs) form a large, phylogenetically
conserved family of over 700 enzymes that utilize a peroxidatic
cysteine (CP) or selenocysteine (UP) to reduce and thereby detoxify
peroxides [8,9]. The three-dimensional environment surrounding
CP or UP affect both its reactivity and accessibility. The Orp1 thiol
peroxidase is homologous to glutathione peroxidases and plays a
dual role in the oxidative stress response pathway in S. cerevisiae.
It detoxifies both H2O2 and alkyl hydroperoxides, such as tert-
butyl-hydroperoxide (tert-BHP) and cumene hydroperoxide
(CHP), and mediates the oxidative stress response in concert with
the Yap1 transcription factor [10,11]. The CP (Cys36) on Orp1 has
been shown to form a cysteine sulfenic acid (Cys-SOH) intermedi-
ate upon exposure to H2O2 [12]. The Cys-SOH intermediate either
forms an intramolecular disulfide bond with resolving cysteine
(Cys82), which is reduced by thioredoxin, or an intermolecular
disulfide bond with Cys598 on Yap1, leading to its activation
[10,11]. In Orp1, the residues Gln70 and Trp125 form the catalytic
triad with Cys36. Mutation of Gln70 or Trp125 to alanine removes
the ability of Cys36 to form Cys-SOH and increases the pKa of Cys36
from 5.1 to 8.3 [12]. This work investigates the role of residues
surrounding the Orp1 active site in moderating its peroxide
reactivity.
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2. Materials and methods

2.1. Chemicals

Chloro-4-nitrobenzo-2-oxa-1,3-diazole (NBD-Cl), b-NADPH,
tert-BHP and iodoacetamide, were purchased from Sigma–Aldrich.
Thioredoxin reductase (Escherichia coli recombinant, lyophilized
powder) was purchased from CalBiochem. Dithiothreitol (DTT),
H2O2, and cumene hydroperoxide (CHP) were purchased from
Fisher. (2-pyridyl)-dithiobimane (PDT-Bimane) was purchased
from Toronto Research Biochemicals.

2.2. Homology model of Orp1

The three-dimensional model of reduced Orp1 was calculated
based on the X-ray crystal structures of human hGPx2 (PDB code
2HE3) and hGPx5 (PBD code 2I3Y) as previously described [12].

2.3. Protein cloning, expression, and purification

The ORP1 gene was cloned from S. cerevisiae genomic DNA, sub-
cloned into the pRSET vector, and purified as described previously
[12,13]. Orp1 single and double point mutants were made using
standard PCR-based mutagenesis. The Yap1-cCRD protein was de-
signed and purified as described previously [14].

2.4. Homology model of Orp1, detection of cysteine sulfenic acid
modifications with NBD-Cl, pKa determination of Orp1 sulfhydryls
with PDT-Bimane

Experiments were carried out as previously described [12].

2.5. Enzyme activity assay

The decrease in absorbance of NADPH was used to indirectly
measure peroxidase activity of Orp1 in vitro. 1.35 lM of purified
wild-type Orp1 or mutant Orp1 was mixed with 1.35 lM TrxA,
1.44 lM TrxB, and 300 lM b-NADPH in a total volume of 100 lL
in a buffer containing 100 mM Tris (pH 8.0) and 10 mM EDTA
and incubated at 25 �C for 10 min. One hundred lM of peroxide
(H2O2, CHP, or tert-BHP) in 1 lL was added to start the reaction
and the absorbance of NADPH at 340 nm was measured every
15 s for 5 min. The results were baseline corrected and normalized
using the absorbance from a reaction containing all components
except peroxide.

2.6. Analysis of Orp1 mutations in vivo

In vivo analysis was carried out as previously described [12].
Yeast were normalized for cell number and serial dilutions were
spotted onto freshly prepared YPD plates with 0, 0.75, 1.5, and
2.25 mM H2O2, 0, 0.05, 0.10, and 0.15 mM CHP, or 0, 0.15,
0.30, 0.45, and 0.60 mM tert-BHP and incubated at 30 �C for
2 days.
3. Results

3.1. Identification of Orp1 active site residues that modulate redox
activity

The amino acid sequence of Orp1 is highly conserved among
other members of the GPx family. Fig. 1A presents a protein se-
quence alignment of seven homologous proteins. Orp1 Cys36 is
conserved in all aligned proteins. We hypothesized that conserved
residues in structural proximity to Cys36 influence the peroxidase
activity of Orp1 and would therefore have the greatest effect when
mutated. To identify candidate residues, we used a homology mod-
el of reduced Orp1 based on the X-ray crystallographic structures
of hGPx2 and hGPx5 (Fig. 1B). We identified Phe38, Asn126 and
Phe127 as residues that would likely play a role in Orp1 redox
activity. Phe38 and Phe127 are located within 4.20 and 3.07 Å,
respectively, of Cys36, while the carboxamide group of Asn126 is
located 4.47 Å away from Cys36. Both Asn126 and Phe127 are
strictly conserved in Orp1 homologs (Fig. 1A). Conversely, Phe38
is conserved in only three of the seven Orp1 homologs. In the
remaining three, this position is occupied by a leucine. The proxim-
ity to Cys36, coupled with its hydrophobicity and position on the
surface of Orp1, indicate that Phe38 might play a role in Orp1 reac-
tivity with peroxides such as tert-BHP and CHP.

3.2. Mutational analysis of Orp1 peroxidase activity

To determine if Phe38, Asn126 and Phe127 are required for the
peroxidase activity of Orp1, we purified wild-type Orp1 and Orp1
containing point mutations of Phe38 to Ala (Orp1F38A), Asn126 to
Ala (Orp1N126A), and Phe127 to Ala (Orp1F127A) for use in peroxi-
dase activity assays. For these assays, enzyme activity was mea-
sured using a spectrophotometric assay that indirectly measures
the ability of Orp1 to reduce peroxides via a decrease in absorbance
of NADPH at 340 nm [15]. Orp1 was mixed with bTrxA, bTrxB, and
NADPH and the reaction was initiated with the addition of 100 lM
H2O2, tert-BHP, or CHP. The rate of enzyme activity, was similar for
wild-type Orp1 upon exposure to H2O2 or tert-BHP, but was de-
creased for CHP (Fig. 2A). Orp1F38A showed slightly decreased per-
oxidase activity compared to WT Orp1 upon addition of tert-BHP,
and CHP (Fig. 2B). In contrast, both Orp1N126A and Orp1F127A

showed a dramatic loss of peroxidase activity for all three perox-
ides (Fig. 2C and D).

3.3. Characterization of Cys36 sulfenic acid formation in response to
peroxides

To further characterize the Orp1F38A, Orp1N126A and Orp1F127A

mutations, we monitored the formation of Cys-SOH on Cys36.
We used the chemical 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole
(NBD-Cl) to probe for Cys-SOH modification of Cys36 in response
to upon addition of H2O2, tert-BHP, and CHP [15]. We have previ-
ously shown that the Orp1 active site Cys36 forms Cys-SOH in re-
sponse to H2O2 [12]. To determine if the mutation of residues
Phe38, Asn126, or Phe127 affect the formation of Cys-SOH on
Cys36, we used a previously characterized Orp1 mutant in which
Cys64 and Cys82 were mutated to serine (Orp1C36). We subse-
quently mutated Phe38 to Ala (Orp1C36/F38A), Asn126 to Ala
(Orp1C36/N126A), and Phe127 to Ala (Orp1C36/F127A).

We treated Orp1C36 with H2O2, tert-BHP, or CHP before the addi-
tion of NBD-Cl. As a negative control Orp1C36 was reacted with NBD-
Cl alone. Unreacted NBD-Cl was removed from all solutions by gel
filtration chromatography and protein samples were concentrated
prior to UV–visible spectroscopy. Fig. 3A shows the spectra of
Orp1C36. The Orp1C36 protein alone shows a peak with a maximal
absorbance at 280 nm, while the spectrum of Orp1C36 combined
with NBD-Cl shows an additional peak with a maximal absorbance
at 420 nm. The presence of a peak at 420 nm is indicative of the
reaction of NBD-Cl with the sulfhydryl form of Cys36 (R-S-NBD).
The reaction of NBD-Cl and Orp1C36 in the presence of H2O2, tert-
BHP, or CHP all show peaks with maximal absorbance at 347 nm
(Fig. 3A). The presence of the 347 nm peak is indicative of Cys-
SOH formation on Cys36 (R-SO-NBD). The results for tert-BHP and
CHP are consistent with previous results obtained with Orp1C36.
The reaction of NBD-Cl with Orp1C36/F38A after addition of H2O2 re-
sults in a similar spectrum as that of Orp1C36 (Fig. 3B). This spectrum



Fig. 1. Orp1 active site model. (A) Primary sequence alignment of homologous proteins Candida albicans GPx1, Arabidopsis thaliana GPx7, GPx4, and GPx3, Drosophila
melanogaster PHGPx, and human GPx7 and GPx5. Conserved cysteine residues are highlighted in yellow. Conserved residues of interest are highlighted in green. All other
conserved amino acids are highlighted in grey. (B) A three-dimensional model of Orp1 shows Cys36 (stick) in close proximity to surrounding key residues (space-filled) in the
active site. Phe38 and Phe127 line the hydrophobic left side of the pocket, while Asn126 lines the polar right side of the pocket. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)

Fig. 2. Orp1 peroxidase activity varies between mutants. Orp1 was exposed to 100 lM H2O2, tert-BHP, or CHP and Orp1 peroxidase activity was measured using an NADPH-
coupled assay. The absorbance of NADPH was measured at 340 nm. The activity for wild-type Orp1 (A), Orp1F38A (B), Orp1N126A (C), and Orp1F127A (D) is shown for all three
peroxides.
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has a peak at 347 nm indicating the formation of Cys-SOH on Cys36.
In contrast to H2O2-treated Orp1C36/F38A, treatment with tert-BHP
results in a decrease in the intensity of the 347 nm peak and an in-
crease in the 420 nm peak, suggesting that Cys-SOH formation is de-
creased in response to tert-BHP (Fig. 3B). Treatment with CHP
results in a slight decrease in absorbance at 347 nm, compared to
wild-type. Finally, the reaction of NBD-Cl and Orp1C36/N126A or
Orp1C36/F127A in the presence of H2O2, tert-BHP, or CHP shows only
one peak at 420 nm, suggesting that Cys-SOH was not formed on
Cys36 in these Orp1 mutants (Fig. 3C and D).



Fig. 3. Sulfenic acid formation differs between mutants. NBD-Cl was used to test for the ability of Orp1 to form sulfenic acid in response to various peroxides. When reacted
with NBD-Cl, the wild-type Orp1 spectra show a peak at 347 nm (R-S(O)NBD) for H2O2, tert-BHP, and CHP (A). The Orp1F38A spectra show a peak at 347 nm for H2O2 and CHP
and a peak at 420 nm (R-S-NBD) for tert-BHP (B). The Orp1N126A (C) and Orp1F127A (D) spectra show peaks at 420 nm.
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3.4. pKa determination of the Orp1 thiols

The pKa of a cysteine residue is a measure of its propensity to
exist as a deprotonated thiolate anion. Since the thiolate has en-
hanced nucleophilicity when compared to the parent thiol, cys-
teine pKa directly impacts its reactivity with other molecules.
Reactive cysteines known to form Cys-SOH have a pKa lower than
that of free cysteine and are found in proteins such as the cysteine
protease papain (pKa = �4) [16] and Salmonella typhimurium AhpC
(pKa = 5.9) [24]. The pKa of Cys36 on Orp1 was previously deter-
mined to be 5.1 using an assay involving chemical modification
by PDT-Bimane [17]. The reaction of PDT-Bimane with cysteine
forms pyridine-2-thione, which has a maximum absorption wave-
length of 343 nm. When measured over time, this reaction spec-
trum can be fit to a first order exponential function to determine
a t1 value. Reactions using PDT-Bimane were conducted with
Orp1C36/F38A, Orp1C36/N126A, and Orp1C36/F127A over a range of pH
values, from 3.5 to 11.0. The t1 values were normalized and plotted
as a function of pH (Fig. 4A) and the points were fit to the Hender-
son–Hasselbach equation to determine the pKa of Cys36. The pKa of
the Orp1C36/F38A mutant was found to be 5.0, very close to that of
wild-type Orp1 (5.1). Similar to previous observations with mu-
tants containing alanine in place of Gln70 or Trp125, the pKa values
determined for mutants containing alanine in place of Asn126 or
Phe127 were elevated to 8.6 and 8.3, respectively, closer to that
of free cysteine. These data suggest that Asn126 and Phe127 are in-
volved in the stabilization of Cys36 in its thiolate form and modu-
lating its general reactivity.

3.5. Analysis of Orp1 mutations in vivo

For Orp1 containing the Phe38 to Ala mutation, the enzyme
activity, Cys-SOH formation, and complex formation with Yap1-
cCRD differed from that of wild-type Orp1 in a peroxide dependent
manner. Both Orp1C36/F38A and Orp1F38A were able to react nor-
mally with H2O2, but had impaired reactivity with tert-BHP and
CHP. To better understand the role of Phe38 in Orp1 peroxide reac-
tivity, we characterized the phenotype of the Orp1F38A S. cerevisiae
mutant in response to various peroxides. To accomplish this, we
transformed a Dorp1 S. cerevisiae strain with integrating plasmids
containing wild-type orp1, orp1F38A, or ppp81 as a vector control.
The resulting strains were tested for their ability to form colonies
in the presence of peroxide. The parental strain, YPH499, was used
as the positive control. All strains were spotted onto plates con-
taining increasing amounts of H2O2, tert-BHP, or CHP. The wild-
type strain was able to grow on plates containing up to 2.25 mM
H2O2, 0.6 mM tert-BHP, or 0.15 mM CHP, while the Dorp1 strain
showed a significant decrease in colony forming ability (Fig. 4B).
This highlights the crucial role of Orp1 for yeast survival upon
exposure to hydroperoxides. Yeast transformed with the empty
vector showed the same phenotype as the Dorp1 strain. The phe-
notype of yeast containing wild-type Orp1 was restored to that
of the parental wild-type strain YPH499. The strain containing
Orp1F38A grew similar to YPH499 in response to H2O2 (Fig. 4B). In
contrast, and consistent with our in vitro assays, Orp1F38A has
diminished colony forming ability compared to wild-type Orp1 at
concentrations of tert-BHP and CHP approaching 0.6 and
0.15 mM, respectively.

4. Discussion

In this study we characterized the role of Orp1 active site resi-
dues in peroxide reactivity and redox-mediated signal transduc-
tion. We observed Cys-SOH formation on Cys36 of Orp1 in
response to the alkyl hydroperoxides tert-BHP and CHP. We used
a structural model of reduced Orp1 derived from the crystal



Fig. 4. Analysis of Orp1 mutants. (A) Reactions of Orp1C36/F38A, Orp1C36/N126A, or Orp1C36/F127A with PDT-Bimane were monitored at 343 nm at pH values ranging from 4.0 to
7.5 or 8.0 to 11.0. First order rate constants (t1) were determined and plotted as a function of pH. The results were fit to Henderson–Hasselbach equation and sulfhydryl pKa

values of 5.0, 8.6, and 8.3 were determined for the Orp1C36, Orp1C36/F38A, Orp1C36/N126A and Orp1C36/F127A, respectively. (B) H2O2, tert-BHP, and CHP resistance phenotypes of
the parental S. cerevisiae strain (YPH499), Orp1 deletion (Dorp1), empty ADH1 integrating vector (ppp81), ADH1 integrated Orp1, and Orp1F38A are shown. Both YPH499 and
ADH1 integrated Orp1 were able to form colonies out to 2.25 mM H2O2, 0.6 mM tert-BHP, and 0.15 mM CHP. Orp1F38A showed a phenotype similar to wild-type Orp1 when
exposed to H2O2, but was not as resistant as wild-type Orp1 when exposed to tert-BHP or CHP.
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structures of hGPx enzymes to discover residues that could poten-
tially modulate the reactivity of Cys36. Mutation of conserved res-
idues Asn126 or Phe127 to alanine resulted in the loss of Orp1
peroxidase activity, loss of Cys-SOH formation on Cys36, and a
notable increase in the pKa of Cys36 compared to wild-type. Simi-
lar results were observed in Orp1 Gln70 and Trp125 mutants [12].
The Orp1F38A mutant responded similar to wild-type when ex-
posed to H2O2 and retains the ability to form Cys-SOH on Cys36
in response to H2O2. Though the pKa of Cys36 in Orp1F38A was unaf-
fected, there was a decrease in Cys-SOH formation in response to
tert-BHP or CHP, suggesting that Phe38 is not involved in the cat-
alytic activity of Orp1, but influences peroxide specificity, which
alters the ability of Orp1 to act as an alkyl hydroperoxidase.

The results of our initial mutational studies of Asn126 and
Phe127 were similar to the results of studies involving mutations
of Gln70 or Trp125, which show that these residues decrease the
pKa of Cys36 and are necessary for Orp1 peroxidase activity in re-
sponse to all peroxides tested. Asn126 in S. cerevisiae is homolo-
gous to Asn136 in D. melanogaster, previously described as the
4th member of the catalytic triad [18]. The finding that the F38A
mutation leads to the decreased ability to grow in the presence
of alkyl hydroperoxides, but not H2O2, raises interesting questions
about Orp1 peroxide specificity. Our model of Orp1 shows Phe38
on the surface of Orp1 near Cys36. Mutation of this residue to ala-
nine removes the large benzyl side chain on the surface of the pro-
tein, which may decrease Van der Waals interactions and eliminate
possible ring stacking with other aromatic compounds, such as
CHP. The benzyl side chain may also affect the steric conformation
of the active site pocket to alter the binding of larger hydroperox-
ides. Phe38 is partially conserved among GPxs, while other mem-
bers of the GPx family contain a leucine in the corresponding
position. These bulky, hydrophobic amino acids may work to in-
crease substrate specificity for hydrophobic hydroperoxides, while,
simultaneously, maintaining the affinity for hydrogen peroxide.
Further evidence for the role of Phe38 in Orp1 substrate specificity
would be provided by structural data showing Orp1-substrate
complexes.

In contrast to Phe38, Asn126, and Phe127 are found in the inte-
rior of the active site of Orp1. These mutations likely affect differ-
ent aspects of Cys36 reactivity. Phe127 does not have the ability to
contribute to the hydrogen bonding network in the active site, and
thus does not directly contribute to the lowered pKa of Cys36. It
does lie directly behind Cys36 and the bulky aromatic side chain
could provide structure to the surrounding residues in the active
site. The mutation of Phe127 to alanine likely results in the col-
lapse of the active site and decoupling of the catalytic triad.
Asn126 is located between Trp125 and Gln70 and its carboxamide
group points directly at Cys36. As suggested for Asn136 and Gln 80
in D. melanogaster, coordination of the carboxamide groups on
Asn126 and Gln70 with the thiol group on Cys increases the reac-
tivity of the CP, with Asn126 aiding in activation of CP, allowing for
polarization of the hydroperoxide by Gln to facilitate its cleavage
[18].

Our homology mode, which is based on hGPx enzyme struc-
tures, aligns well with the X-ray crystal structure of Bos taurus
GPx1 (BtGPx1, PDB code 1GP1). The partial X-ray crystal structure
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of what appears to be oxidized Orp1, was also recently published
(called Hyr1, PDB code 3CMI) [19]. Our model is very close to that
of the Orp1 crystal structure, with the main difference in the posi-
tion of the Cys36 residue. The Hyr1 structure shows Cys36 facing
out and away from the active site residue, too far for hydrogen
bonding to occur between the members of the catalytic triad. As
noted in a previous publication, the active site cysteine Cys36 is
approximately 10 Å away from the resolving cysteine Cys82, sug-
gesting that the loop containing Cys82 is flexible. The published
Hyr1 structure was crystallized under conditions lacking reducing
agent and therefore likely represents the Cys36–Cys82 disulfide
bonded form of Orp1. Superimposition of the Hyr1 structure onto
BtGPx1 shows Cys36 in close proximity to the a-helix of BtGPx1,
where the resolving Cys82 on Orp1 would be. We suggest that
the Cys36-containing loop of Orp1 is flexible and that the reactive
cysteine is able to move in and out of the active site pocket,
depending on the redox state of the protein, and that our model
likely represents the reduced form of Orp1.

In the mammalian catalytic triad, it is known that hydrogen
bonding between the imino group of the active site Trp residue
and the amido group of the active site Gln residue stabilizes the
selenol group and increases the reactivity of the active site seleno-
cysteine towards hydroperoxides [20]. Increasing evidence has
shown that residues that alter the reactivity of CP are not limited
to those in the catalytic triad. It has been reported that in the serine
protease subtilisin replacement of the catalytic serine residue with
a selenocysteine residue changes the protease into a peroxidase
and that interactions between selenocysteine and neighboring
His and Asp residues give selenosubtilisin its efficient peroxidase
activity [21]. Molecular modeling has also demonstrated the exis-
tence of a catalytic triad in human TrxR involving Cys, His, and Glu
and subsequently Sec, His, and Glu [22]. These examples highlight
the importance of the interactions between the active site Cys or
Sec and surrounding residues.

The ability to differentiate between classes of hydroperoxides
influences peroxidase activity as well as cellular signaling of GPxs
and related peroxiredoxins. For example, Salmonella typhimurium
AhpC is a peroxiredoxin shown to have a substrate preference for
small peroxides, such as H2O2, over tertiary hydroperoxides [23].
This preference may help StAhpC regulate peroxide signaling
through its over oxidation and inactivation in response to large
amounts of H2O2 and maintenance of its activity in response to
equivalent amounts of tert-BHP or CHP. As with peroxide scaveng-
ing proteins and peroxiredoxins, such as AhpC, reactivity of CP and
substrate specificity of the active site are important for defining the
physiological role of Orp1 and other members of the GPx family.
Certain residues, such as Asn126 and Phe127 play a role in the sta-
bility of active site cysteines, while residues such as Phe38, may
not directly affect the reactivity of the CP, but serve to modulate
the substrate specificity of the active site.
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