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Redox Potential and Peroxide Reactivity of Human Peroxiredoxin 3†
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ABSTRACT: Peroxiredoxins (Prxs) are a ubiquitous family of thiol peroxidases that protect cells from peroxides
and have a putative role in redox signaling. In this study, we investigated the redox properties of human
Prx 3, a typical 2-Cys Prx that is localized to the mitochondrial matrix. We found that Prx 3 displayed strong
reactivity with H2O2, with a competitive kinetic approach generating a second order rate constant of
2�107 M-1 s-1. This is considerably higher than typical thiols and similar to values for other mammalian
2-Cys Prxs. In contrast, Prx 3 reacted very slowly with the thiol alkylating agents iodoacetamide and
N-ethylmaleimide. Using dithiothreitol redox buffers, we measured the redox potential of Prx 3 of-290 mV.
This is similar to the redox potential of mitochondrial thioredoxin 2 and is consistent with optimal operation
of Prx 3 in the mitochondrial matrix.

Peroxiredoxins (Prxs) are a family of thiol peroxidases that
decompose H2O2 and organic hydroperoxides (1). There are six
mammalian Prxs that are classified into three subtypes (typical
2-Cys, atypical 2-Cys, and typical 1-Cys) depending on their
catalytic mechanism of H2O2 reduction (2). The typical 2-Cys
Prxs are highly abundant enzymes, distributed in various com-
partments including the cytosol (Prx 1 and 2), mitochondria
(Prx 3), and the endoplasmic reticulum (Prx 4). Typical 2-Cys
Prxs contain a peroxidatic cysteine residue in the active site that is
oxidized by hydroperoxides to form a sulfenic acid. The sulfenic
acid condenses with the resolving cysteine of an adjacent Prx to
form a disulfide-linked dimer reducible by thioredoxin. In
addition to the basic catalytic cycle, the sulfenic acid intermediate
can be hyperoxidized to form a sulfinic acid that is catalytically
inactive. This switch is proposed to play an integral role in these
proteins acting as redox sensors that control the cellular response
to oxidative stress (3).

The catalytic interconversion of Prx redox states in biological
systems will be dependent on the local environment including
peroxide fluxes, reductant concentrations, regulatory binding
proteins, and the innate biochemical properties of the individual
Prxs. There is limited information available on the enzymatic
properties of Prx 3, but differences from other members of the Prx
family are expected. Prx 3 functions in the mitochondrial matrix
and is reduced by mitochondrial-specific thioredoxin and thior-
edoxin reductase. Mitochondria are the major source of cellular
reactive oxygen species (ROS), accounting for up to 90% of the
total production (4). Most mitochondrial-derived ROS are

produced during aerobic respiration as electrons leak from respira-
tory complexes I and III to form superoxide (4). There is increasing
evidence that the mitochondrial redox environment is regulated
independently of the cytosol (5). We have previously shown
that Prx 3 is oxidized by apoptosis inducers (6, 7) and thioredoxin
reductase inhibitors (8) without effects on cytoplasmic Prxs.

The aim of this study was to measure kinetic parameters of
human Prx 3 that would enable the prediction of Prx 3 activity in
the mitochondrial environment. Competitive kinetic approaches
have revealed that many Prxs react with H2O2 at rates comparable
to that of catalase (∼107 M-1 s-1) (9-12). However, there have
been no kinetic studies examining the reactivity of Prx 3 with
H2O2. During the catalytic breakdown of H2O2, the peroxidatic
cysteine can be hyperoxidized to a sulfinic acid (1 per 1,300
turnovers for Prx 1) (13). We have observed Prx 3 to be less
susceptible to hyperoxidation than Prx 1 and Prx 2 (14). One
explanation would be slower turnover due to decreased reactivity
of Prx 3. The redoxmidpoint potential for the peroxiredoxin active
site dithiol has been extensively studied in plants yielding values
between -288 and -325 mV (15-17). Recently, the redox
potential of the bacterial 2-Cys peroxiredoxin AhpC was deter-
mined to be -178 mV, considerably more positive than the
chloroplast Prxs (12). There are no reports for the midpoint
potential of any mammalian peroxiredoxin. However, the redox
potentials of the physiological electron donors thioredoxin 1,
present in cytoplasm, and thioredoxin 2, localized tomitochondria,
have been determined to be -230 and -292 mV respectively (18,
19). In the present study,we determined the redoxpotential of Prx 3
and investigated its reactivity with H2O2 and alkylating agents.

MATERIALS AND METHODS

Materials. Recombinant human Prx 3, without the mito-
chondrial leader sequence, was from Young and Abfrontier

†This project was supported by the Royal SocietyMarsden Fund and
the National Research Centre for Growth and Development. A.G.C. is
a recipient of a Top Achiever Doctoral Scholarship from the Tertiary
Education Commission.
*Corresponding author. Phone: (64 3) 378 6225. Fax: (64 3) 364 1083.

E-mail: mark.hampton@otago.ac.nz.



6496 Biochemistry, Vol. 48, No. 27, 2009 Cox et al.

(Seoul, Korea). DL-Dithiothreitol (DTT), trans-4,5-dihydroxy-
1,2-dithiane (oxidized DTT), N-ethylmaleimide (NEM), and
iodoacetamide (IAM) were from Sigma-Aldrich (St Louis,
MO).Catalase derived frombovine liver and human erythrocytes
was from Sigma-Aldrich (St Louis, MO). Micro Bio-Spin 6
chromotography columns, acrylamide, and Bio-Rad DC protein
assays were purchased from Bio-Rad (Hercules, CA). H2O2 was
from BDH (Poole, UK). All other chemicals and reagents were
from Sigma-Aldrich (St Louis, MO) and BDH laboratory
Supplies (Poole, UK). All water was deionized and filtered using
a Milli-Q filtration system.
H2O2 and Protein Quantification. The concentration of

H2O2 solutions was measured at 240 nm (ε240=43.6 M-1 cm-1).
Folin-Lowry protein assays were performed on the commer-
cially obtained proteins prior to investigation. The protein
concentration for Prx 3 was determined by the absorption at
280 nm (ε280=19,420 M-1 cm-1) (personal communication with
Daniel Shin, Young and Frontier Co. Ltd.). The protein
concentration of HRP was determined by absorption at
403 nm (ε403=1.02 � 105 M-1 cm-1) (10).
Peroxiredoxin 3 Thiol Reduction. Prx 3 was reduced with

25 mMDTT for 30 min in 100 mM potassium phosphate buffer
at pH 7.4 containing 10 μg/mL bovine catalase and passed
through a Micro Bio-Gel 6 spin column (Bio-Rad, Hercules,
CA). If some oxidation was detected, we used a Micro Bio-Gel 6
spin column that had been pre-equilibrated with buffer contain-
ing 10 μg/mL bovine catalase followed by buffer alone to remove
any trace of catalase remaining. Reduced Prx 3 in the presence of
1% SDS had three free thiols as determined by reaction with
DTNB (ε412=14,200 M-1 cm-1).
Competition Reactions with Catalase. Reduced Prx 3

(5 μM) was treated with 5 μM H2O2 in the presence of various
concentrations of bovine or human catalase at 20 �C for 5 min.
Reactions were quenched with 50 mM NEM in sample buffer
containing 2% SDS, 10% glycerol, and 62.5 mM Tris at pH 6.8.
Samples run under nonreducing conditions on 15%SDS-PAGE
ran either as a reduced monomer (∼21 kDa) or a reversibly
oxidized dimer (∼42 kDa). Proteins were detected by Coomassie
or silver stain. Stained gels were scanned using a Fluor-S Multi-
Imager (Bio-Rad, Hercules, CA). Images were analyzed using
Quantity One software (Bio-Rad, Hercules, CA).
Competition Kinetics with Horseradish Peroxidase

(HRP). The second order rate constant for the reaction of
Prx 3withH2O2was determined by a competitive approach using
horseradish peroxidase (HRP) (10). HRP is rapidly converted by
H2O2 to compound I (k=1.7 � 107 M-1 s-1), which can be
monitored at 403 nm. In the presence of increasing concentra-
tions of reduced Prx 3, the amount of HRP converted to
compound I by H2O2 is diminished as Prx 3 competes for the
substrate. Knowing the initial concentrations of HRP and Prx 3
as well as the rate at which HRP reacts with H2O2, we can
determine the rate at which Prx 3 reacts with H2O2. Initial
concentrations of H2O2, HRP, and Prx 3 were determined
spectrophotometrically as described above. Twenty micromolar
HRPwas treated with 10 μMH2O2 in the presence of prereduced
Prx 3 (7-28 μM). Spectra were measured within 10 s of mixing
using aNanoDrop spectrophotometer (BioLabNanodrop Tech-
nologies, Wilmington, DE). The fractional inhibition of HRP
oxidation at different concentrations of Prx 3 was used to obtain
the second order rate constant for Prx 3. In experiments to
investigate the pH dependence of the competition reaction,
a BPACE buffer was used (10 mM sodium phosphate, 10 mM

sodium citrate, 10 mM boric acid, 1 mM EDTA, and 100 mM
ammonium sulfate with the pH adjusted with ammonium
hydroxide or sulfuric acid (20)).
Mass Spectrometry Analysis of Prx 3 Alkylation by

Direct Infusion. Reduced Prx 3 (10 μM) was treated with
IAM or NEM for 30 min before being desalted in a Micro
Bio-Gel 6 spin column equilibrated with water. The desalted
protein was diluted 1:1 with acetonitrile containing 0.1% formic
acid. Mass spectrometry was performed using a LCQ DECA
XPplus ion trap instrument (ThermoFinnigan, San Jose, CA).
Samples were directly infused using a Hamilton syringe at a flow
rate of 5 μL/min. A full scan for the mass range 100-2000 m/z
was monitored. Data were collected for 1 min before deconvolu-
tion using BioworksBrowser 3.1 SR1 (ThermoFinnigan).
Mass Spectrometry Analysis of Chymotrypic Digests of

Alkylated Prx 3. Reduced Prx 3 (10 μM) was treated with IAM
(100 μM-100 mM) or NEM (1 μM-1 mM) for 30 min before
being desalted in a Micro Bio-Gel 6 spin column equilibrated with
100 mMTris-HCl and 10 mMCaCl2 at pH 7.8. Sequencing grade
chymotrypsin (Roche, Mannheim, Germany) was prepared at a
concentration of 1 mg/mL in 1 mM HCl and was added to Prx 3
samples at a ratio of 1:60. Samples were incubated for 12 h with
chymotrypsin before being reduced with immobilized TCEP
disulfide reducing gel (Pierce, Rockford, IL) according to the
manufacturer’s instructions. Formic acid was added to a final
concentration of 0.1% w/w, and samples were placed in glass vials
for automated LC-MS analysis. Peptides were analyzed using a
Finnigan LCQDeca ion trap mass spectrometer equipped with
a Surveyor HPLC system and a Jupiter 4u Proteo 90A column
(150 � 2 mm) (Phenomenex, CA). Liquid chromatography was
carried out at ambient temperature at a flow rate of 200 μL/min.
The solvent system consisted of a linear gradient over 60 min from
95% solvent A (0.1% formic acid in water) and 5% solvent B
(0.1% formic acid in acetonitrile) to 5% solvent A and 95%
solvent B, followed by a 15 min wash period using 5% solvent A
and 95% solvent B. LC-MS data were processed using Qual
Browser v1.3.

FIGURE 1: Reactivity ofPrx-3withH2O2.Competitionwith catalase.
Reduced Prx 3 (5 μM)was reacted with 5 μMH2O2 in the presence of
increasing amounts of bovine (A) or human (B) catalase. After 2min,
the reaction was quenched by the addition of sample buffer contain-
ing 50 mM NEM. Samples were resolved by SDS-PAGE in non-
reducing conditions and Coomassie stained. (-) control in the
absence of H2O2; (+) control in the presence of H2O2. Gels are
representative of 3 independent experiments.
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Time Course of Prx 3 Alkylation. Reduced Prx 3 (5 μM)
was treated with 10 mM IAMor 100 μMNEM for various times
before the reaction was quenched by the addition of 10 μMH2O2

to oxidize remaining reactive thiols. Samples were subsequently
placed in nonreducing sample buffer containing 200mM IAMor
NEM and resolved by SDS-PAGE. Excess IAM or NEM were
used in the sample buffer to ensure that all thiols including the
nonactive site cysteine were fully alkylated. Proteins were de-
tected by silver stain. Stained gels were scanned using Fluor-S
MultiImager (Bio-Rad, Hercules, CA). Images were analyzed
using Quantity One software (Bio-Rad, Hercules, CA).
Determination of the RedoxPotential.The redox potential

of Prx 3 was determined by redox titrations with the reduced and
oxidized forms of DTT using an adapted method previously
described (21). Prx 3 (7 μM) was added to aliquots of 100 mM
potassium phosphate and 1 mM EDTA at pH 7, containing
various amounts of reduced and oxidizedDTT to achieve defined
Eh values (to a total DTT concentration of 2 mM). TheEh values
of the various DTT buffers were determined according to
the Nernst equation (Eh= E0+ 2.3 � RT/nF � log([DTTox]/
[DTTred])), where E0=-330 mV at pH 7, and n=2. Prx 3
was allowed to equilibrate at room temperature for 2 h before
the reaction was quenched by the addition of sample buffer
(2% SDS, 10% glycerol, and 62.5 mM Tris at pH 6.8) contain-
ing 50 mM NEM and run on 15% SDS-PAGE as described
above.

Statistics. Values are shown as the mean and standard error
of three ormore independent experiments, and all gels andkinetic
values are representative of at least three independent experi-
ments. Statistical analyses were performed with the software
package SigmaStat (Systat, San Rafael, CA, USA).

RESULTS

Reactivity of Prx 3 with H2O2. To investigate the reactivity
of Prx 3 toward H2O2, we monitored the oxidation of Prx 3 in
the presence of increasing amounts of bovine (Figure 1A) or
human catalase (Figure 1B). The oxidation of Prx 3 was
determined by monitoring the conversion of reduced monomer
to oxidized dimer on nonreducing SDS-PAGE. High concen-
trations of catalase were required to inhibit the reaction. Bovine
catalase, which has a rate constant of 6 � 106 M-1 s-1, was
less effective than human catalase, which has a rate constant of
3 � 107 M-1 s-1 (22). The catalase inhibition suggests that Prx 3
reacts with H2O2 at a rate in the order of 107 M-1 s-1.

Toobtain amore accurate rate constant, we used a competitive
kinetic approach with HRP, which reacts with H2O2 with a rate
constant of 1.7 � 107 M-1 s-1 to form compound I that can be
measured at 403 nm (Figure 2A). Prx 3 inhibited compound I
formation in a dose-dependent manner (Figure 2B). For each
concentration of Prx 3, the fractional inhibition (F) was deter-
mined and used to construct a plot of (F/(1 - F))kHRP[HRP]
versus [Prx 3] (Figure 2C). The slope of this line was used to

FIGURE 2: Determination of the second order rate constant for the reaction of Prx-3 with H2O2 by competition with HRP. Reaction mixtures
containing20μMHRPand7-28μMPrx3were treatedwith 10μMH2O2. Spectrawere recordedafter 10 s using aNanoDrop spectrophotometer
with a 1-mm path length (A). The change in absorbance at 403 nm was measured (B) and used to calculate the fractional inhibition (F) of HRP
oxidation at each Prx 3 concentration (C) enabling the determination of the rate constant.
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calculate a second order rate constant for the reaction between
Prx 3 and H2O2 of 2 � 107 M-1 s-1.

The pH dependence of the reaction between Prx 3 andH2O2 in
competitionwithHRP and human catalase wasmonitored.HRP
and catalase react withH2O2 in a pH-independent manner above
pH5 (10, 22). Prx 3 competed effectively forH2O2 in the presence
of either HRP or catalase at all measured pH values, with only a
subtle increase in the proportion of reduced Prx 3 in the HRP
system (Figure 3A), indicating that the peroxidatic thiol of Prx 3
has a pKa well below 7. Attempts to accurately quantify this value
are restricted by impairment of HRP and catalase activity at
lower pH values.
Reactivity of Prx 3 toward Thiol Alkylating Agents. To

investigate whether the high reactivity of Prx 3 with H2O2 is
reflected in reactivity toward the thiol reagents, reduced Prx 3
(10 μM) was alkylated with various doses of IAM (1-100 mM)
or NEM (10 μM-1 mM) for 30 min before being desalted and
analyzed by mass spectrometry. Prx 3 was only partially alky-
lated at one site with 1 mM IAM (+57mass units); however, with
10 or 100 mM IAM two sites were modified (+114 mass units)
(Figure 4A). Lower doses of NEM (10 μM) were required
for partial alkylation of two sites (+125 mass units, +250 mass
units), with complete modification of two sites at 100 μM
or 1 mM NEM (+250 mass units) (Figure 4B). Analysis of
chymotryptic digests by LC-MS revealed that IAMpreferentially
modified the peroxidatic cysteine (C107), closely followed by the
resolving cysteine (C229) (Table 1). NEM reacted to a similar
extent with both the peroxidatic and resolving cysteines. The
third cysteine (C126), which is not involved in catalysis, only
became modified with the highest dose of each thiol reagent. All
three cysteine residues were modified following incubation with

either 100 mM IAM or 100 mMNEM for 1 h in the presence of
1% SDS (data not shown).

Having shown that Prx 3 was alkylated primarily at the
peroxidatic and resolving cysteines, we used SDS-PAGE under
nonreducing conditions to estimate the global rate of alkylation.
Alkylated Prx 3 is unable to dimerize following the addition of
H2O2 and therefore migrates as the monomer. The accumulation
of monomer was followed with either 10 mM IAM over 120 min
or 100 μMNEM over 20 min (Figure 5). It is clear from the time
course data that the catalytic cysteines of Prx 3 react very slowly
with IAM and NEM over several minutes (NEM) or hours
(IAM). From these blots, values for the rate of reaction were
estimated to be 1� 10-3 h-1 and 1 h-1 for IAM and NEM,
respectively, which takes into account that two peroxidatic
cysteines have to be alkylated to prevent dimer formation.
Assuming a second order reaction, rate constants would be less
than 0.1 M-1 s-1 and 100 M-1 s-1, for IAM and NEM,
respectively, highlighting the relative resistance of Prx 3 to
alkylation compared to H2O2.
Determination of theMidpoint RedoxPotential of Prx 3.

Given that Prx 3 operates in the redox environment of the
mitochondria, we suspected that Prx 3 might exhibit a redox
potential appropriate for this environment. Prx 3 was equili-
brated in either its oxidized or reduced form in 2 mM DTTred/
DTTox buffers over a range of redox potentials (-330 to
-250 mV). Following a 2 h equilibration period, the reaction
was quenched by the addition of nonreducing sample buffer
containing 50mMNEM. The samples were run on SDS-PAGE
in nonreducing conditions in order to monitor the amounts of
reduced monomer and oxidized dimer (Figure 6A). Using this
nonreducing gel approach, we determined the midpoint redox
potential to be -290 mV (Figure 6B). Similar results were
obtained when the protein was equilibrated for longer periods
in 10 mM DTTred/DTTox buffers (data not shown).

DISCUSSION

In the current study, we have determined thatmitochondrial Prx
3 has an extremely high reactivity with H2O2, with a rate constant
of 2 � 107 M-1 s-1. This is considerably higher than any reported
thiol protein, excluding other members of the Prx family. An
increasing number of studies have revealed that many Prxs from
bacteria (AhpC) (12), yeast (Tpx 1 and Tpx 2) (10), and humans
(Prx 2) (11, 23) react withH2O2 at rates comparable to those of the
specialized heme and selenocysteine proteins catalase and glu-
tathione peroxidase (107-108 M-1 s-1). Calculation of these rate
constants is dependent on competitive enzyme kinetics. One
potential complication of the HRP competition assay is if the
reduced thiols of Prx 3 were able to convert HRP compound I to
compound II (24). However, we can exclude this having a
significant effect in this study because the HRP absorbances in
Figure 2,measured at 10 s, were unchanged after a further 30 s even
though residual reduced Prx 3 was present. Under our conditions,
compound I was stable over the period of analysis (data not
shown). If anything, these assumptions would only lead to an
underestimation of the rate of reaction between Prx 3 and H2O2.

The alkylation studies showed that IAM and NEM are
particularly slow in reacting with Prx 3, with the reaction 106-
109 times slower than the reaction with H2O2. The peroxidatic
and resolving cysteines were the major targets, while the third
cysteine of Prx 3 was resistant to alkylation, which may indicate
limited access to this cysteine. The reaction of IAM with Prx 3

FIGURE 3: Competition reactions between Prx 3 andHRP or human
catalase at different pH. (A)HRP (50 μM)and reducedPrx 3 (50μM)
were diluted 10-fold into BPACE buffer (10 mM sodium phosphate,
10mMsodiumcitrate, 10mMboric acid, 1mMEDTA, and 100mM
ammonium sulfate) at different pH. (B) Reduced Prx 3 (50 μM) was
diluted 10-fold into BPACE buffer containing 0.1 mg/mL human
catalase. Note that there is a solid line in the gel representing lanes
that have been removed. The reaction was started by the addition of
5 μM H2O2 and was quenched after 2 min by adding nonreducing
sample buffer containing 50 mM NEM. Samples were resolved by
SDS-PAGE and silver stained. (-) control in the absence of H2O2;
(+) control in the presence of H2O2. Gels are representative of 3
independent experiments.



Article Biochemistry, Vol. 48, No. 27, 2009 6499

was approximately 102-103 times slower than that with other
redox-active protein thiols such as thioredoxin, glyceraldehyde-
3-phosphate dehydrogenase, or protein disulfide isomerase
(25-27). It is clear that with a low Km for H2O2, the Prx active
site is constructed to rapidly react with peroxide substrates over
thiol reactive agents (11, 20). The low reactivity of Prxs with

NEM explains why very high concentrations (100 mM) are
required for efficient alkylation in cellular studies (6-8).

Prx 3 appears to have a very low redox potential (E0=-290
mV) that is closely matched to the redox potential of its
physiological electron donor, mitochondrial thioredoxin 2
(E0=-292 mV) (19). The proximity of these redox potentials

FIGURE 4: Mass spectrometry analysis of IAM andNEM alkylated Prx-3. Reduced Prx 3 (10 μM)was reacted with increasing concentrations of
either IAM (A) or NEM (B) for 30 min before samples were desalted and analyzed by mass spectrometry using an LCQDECAXPplus ion trap
instrument (ThermoFinnigan, San Jose, CA). P, parent protein with a m/z ratio of 21,470. For the alkylation of Prx 3 with IAM, +57, one
alkylated site, and + 114, two alkylated sites. For the alkylation of Prx 3 with NEM, +125, one alkylated site, and +250, two alkylated sites.
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leads to the prospect that Prx 3 could reduce oxidized thioredoxin
2, depending on kinetic factors such as interaction of thioredoxin
2 with the dimer (oxidized) or dodecamer (reduced) forms of Prx
3 (9). This intriguing possibility warrants further study. The
redoxpotential is at least 50mVmore negative than thioredoxin 1
(E0=-230 mV) (18), glutathione (E0=-240 mV) (28), glutare-
doxin 1 (E0=-232mV), and glutaredoxin 2 (E0=-221mV) (29),
providing a thermodynamic barrier to reduction by these alter-
native electron donors. Lipoic acid is present at a considerable
concentration in the mitochondria, where it can be reduced by
either dihydrolipoamide dehydrogenase or thioredoxin reduc-
tase (30). Interestingly, the redox potential of the dihydrolipoic
acid/lipoic acid couple (E0=-290 mV) (31) makes dihydrolipoic
acidwell poised to be an electron donor toPrx 3. Indeed, previous
studies have shown that dihydrolipoic acid is a potent reductant
for thioredoxin 1 and bovine 1-Cys Prx (32, 33). Studies have also
shown that the 2-Cys Prxs bind and can be reduced by cyclophilin
A (34, 35). Cyclophilin A is a cytoplasmic enzyme; however, the
mitochondrial isoform cyclophilin D may capable of being an
alternative electron donor to Prx 3. With this in mind, it is
noteworthy that the midpoint redox potential of a plant cyclo-
philin, cyp20-3, was recently determined to be -319 mV (36).
There is clearly a need for further studies investigating the
physiological relevance of such interactions.

Mitochondria contain both Prx 3 and the atypical 2-Cys Prx 5,
which is broadly distributed between several cellular compart-
ments. In mitochondria, Prx 5 is∼3-fold less abundant than Prx

3 (37). In vitro kinetic studies have revealed that Prx 5 functions
most efficiently as a peroxynitrite reductase, exhibiting a rate
constant of 107 M-1 s-1 for reaction with peroxynitrite, com-
pared to 105M-1 s-1 for H2O2 (38). Thus, Prx 3 has much higher
reactivity with H2O2. The rate of reaction of Prx 3 with
peroxynitrite has not been measured, but if it behaves similarly
to Prx 2 (23), the rate constant would be expected to be∼10-fold
less than that for H2O2. Therefore, the kinetic properties of the
mitochondrial Prxs suggest that these enzymes may have non-
redundant roles in antioxidant defense, with Prx 3 preferentially
decomposing H2O2 and Prx 5 being more effective against
peroxynitrite (38). A prevailing view was that glutathione per-
oxidase 1 is the major H2O2 catabolizing enzyme in the mito-
chondrial matrix; however, its peroxidase activity could only

Table 1: Peptide Adducts Detected by LC-MS in Chymotryptic Digest of Alkylated Prx 3a

IAM (mM) NEM (mM)

alkylated cysteine containing peptide alkylation expected mass (MH+) 0.1 1 10 100 0.001 0.01 0.1 1

VCPTEIVAF (C107) control 978.5 1+

IAM 1035.5 1+ + ++ +++ +++ + ++ +++ +++

NEM 1103.5 1+

HDVNCEVVAVSVDSHF (C126) control 1756.8 1+

IAM 1813.8 1+ - - - + - - - +

NEM 1881.8 1+

VETHGEVCPANW (C229) control 1341.6 1+

IAM 1398.6 1+ - + +++ +++ - ++ +++ +++

NEM 1466.6 1+

a (-) Not detected, (+) minor peak, (++) major peak, (+++) highest amount of alkylated product.

FIGURE 5: Time course of Prx 3 alkylation with IAM and NEM.
Reduced Prx 3 (5 μM) was treated with IAM (10 mM) or NEM
(100 μM) for various times before the reaction was quenched with
H2O2 (10 μM). Samples were resolved by SDS-PAGE in nonredu-
cing conditions and silver stained. (-) control in the absence ofH2O2.
Gels are representative of 3 independent experiments.

FIGURE 6: Redoxpotential ofPrx-3. Prx 3 (7μM)was added to redox
buffers containing different ratios of DTTred/DTTox. The samples
were left to equilibrate for 2 hbefore the reactionwas quenchedby the
additionof sample buffer containing50mMNEM.Sampleswere run
on SDS-PAGE in nonreducing conditions and Coomassie stained
(A). The amount of oxidized and reduced Prx 3 was determined by
densitometry (B), plotted against Eh, and fitted with an exponential
curve to calculate theE0. Data points represent the mean( the SE of
3 independent experiments.
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account for 15% of the total H2O2 production (39). The
abundance of Prx 3 in mitochondria (14, 40) coupled with the
reactivity toward H2O2 shown here suggests that Prx 3 is more
likely to perform this function.
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