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ABSTRACT: Myeloperoxidase (MPO), a hemoprotein that uses H2O2 as the electron acceptor in the catalysis
of oxidative reactions, is implicated as a participant in inflammatory injury and cardiovascular diseases.
Mechanisms for turning off this enzyme once released, preventing unwanted tissue injury, are poorly
understood. We recently demonstrated that MPO heme reduction causes collapse of the heme pocket, as
monitored by significant reductions in the rates of diatomic ligand binding to the heme iron. Using spectral
and rapid kinetic measurements, we now demonstrate that molecular oxygen (O2) binds to ferrous MPO
(MPO-Fe(II)) in a distinct and novel mechanism. Rather than occurring through a simple, reversible,
one-step mechanism, as is typical for O2 binding to other ferrous hemoproteins, the reaction involves
several kinetically and spectroscopically distinguishable intermediates. Diode array spectrophotometric
and stopped-flow studies reveal that the formation of the MPO-Fe(II)-O2 complex consists of at least
three elementary steps and includes at least two sequential transient intermediates. The first step involves
reversible formation of a transient intermediate via an O2-dependent mechanism, followed by two sequential
O2-independent steps that appear to be conformational in origin. Insights into mechanisms for inactivating
MPO and the novel mode of O2 binding to the hemoprotein may provide important clues toward
understanding the catalytic action of MPO.

Myeloperoxidase (MPO),1 an abundant hemoprotein present
in neutrophils and monocytes, plays an essential role in
immune surveillance and innate host defense mechanisms
(1). However, recent evidence also suggests that MPO
contributes to oxidative tissue injury during inflammatory
diseases and perhaps participates in the pathogenesis of
cardiovascular disorders (2-5). Levels of MPO per leukocyte
in patients strongly predict a risk for angiographic evidence
of coronary artery disease (6), and plasma and serum levels
of MPO predict a future risk of adverse cardiac outcomes in
patients presenting chest pain (7) and acute coronary
syndromes (7, 8). Moreover, several genetic studies have
recently demonstrated cardioprotective effects associated with

subjects harboring functional polymorphisms in the MPO
gene that lead to decreased MPO expression, as well as in
subjects with MPO deficiency (9-11). Despite the many
links between MPO and cardiovascular and inflammatory
diseases, little is known about the factors that regulate its
catalytic mechanism and structure. Indeed, current kinetic
models suggest that catalytic activity of MPO is for the most
part regulated by the availability of competing cosubstrates
(5, 12-16) and levels of nitric oxide (•NO, nitrogen
monoxide), which at low levels is catalytically consumed
by the enzyme but at elevated levels can form inactive
nitrosyl complexes with the hemoprotein (17-20). Recently,
we have demonstrated that MPO up-regulates the catalytic
activity of inducible•NO synthase by preventing the catalytic
activity inhibition that is attributed to nitrosyl complex
formation (21).

In the ground state, MPO exists in the ferric (MPO-
Fe(III)) form. MPO-Fe(III) reacts in a rapid and reversible
manner with hydrogen peroxide (H2O2) to form compound
I, a two-electron-oxidized intermediate possessing a ferryl
oxy group and a resonance-stabilized porphyrinπ cation
radical (Fe(IV)dO•+π). This redox intermediate oxidizes
halides and pseudohalides through a two-electron transition
generating ground state (Fe(III)) MPO and the corresponding
hypohalous acid. Hypohalous acids such as HOCl, the
predominant oxidant formed by MPO under physiological
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levels of halides (22, 23), play an important role in killing
microorganisms (24, 25). However, overproduction of ha-
logenating oxidants can injure normal tissues by oxidative
modification of proteins and lipoproteins, bleaching of heme
groups, and oxidative destruction of electron transport chains
(26, 27). Like other peroxidases, MPO compound I can also
oxidize multiple organic and inorganic compounds by two
successive one-electron transitions generating radical species
and the peroxidase intermediates compound II (Fe(IV)dO)
and ground state Fe(III) enzyme (5, 12-16). Oxidation of
•NO by MPO occurs via this sequential pathway (5, 17-
20) and has been linked to endothelial dysfunction in
cardiovascular disease and sepsis through catalytic consump-
tion of •NO (17-20, 28). Similarly, MPO may also use nitrite
(NO2

-), a major end product of•NO metabolism, as a one-
electron substrate to generate nitrogen dioxide (•NO2) (29),
a diffusible radical implicated in both nitration of protein
tyrosyl residues in vivo (28), and LDL modification and
conversion into an atherogenic form (27-32).

Mechanisms for “shutting off” MPO activity are thus of
considerable interest. MPO is highly resistant to protease and
chemical inactivation, a property likely the result of evolu-
tionary pressures for development of an enzyme that
produces caustic reactive oxidant species within the harsh
environs of the phagolysosomal compartment. Over 2
decades ago, it was recognized that heme reduction of
MPO-Fe(III) converts the enzyme into an inactive ferrous
MPO (MPO-Fe(II)) form (12). A variety of physiological
reductants, including NADPH, ascorbate, and superoxide
(O2

•-), can inhibit MPO catalysis (12). It has also been
suggested that O2 binding to MPO-Fe(II), and O2

•- binding
to MPO-Fe(III), each leads to formation of another inactive
form, a ferrous dioxy intermediate termed compound III
(MPO-Fe(II)-O2) (12, 33).

With the use of a combination of rapid kinetic methods
and diatomic ligand binding studies with NO and CO,
changes in the heme pocket environment attendant with heme
reduction were monitored (20). A model was developed
suggesting that MPO heme reduction is accompanied by
significant alterations (collapse) in the heme environment,
preventing access of substrates to the catalytic site of the
enzyme (20). We now show that O2 binding to MPO-Fe(II)
proceeds through a complex multistep process, including
generation of at least two kinetically and spectroscopically
distinct transient Fe(II)-O2-like intermediates. As far as we
are aware, this behavior is unique among hemoprotein model
compounds and advances our understanding of the catalytic
cycle of MPO. Collectively, these kinetic behaviors distin-
guish MPO from other hemoprotein model compounds and
provide a foundation to advance our understanding of the
catalytic cycle of MPO.

EXPERIMENTAL PROCEDURES (MATERIALS
AND METHODS)

Materials. O2 gas was purchased from Matheson Gas
products, Inc., and used without further purification. All other
reagents and materials were of the highest purity grades
available and obtained from either Sigma Chemical Co. or
Aldrich.

Enzyme Purification.MPO was purified from detergent
extracts of human leukocytes as described (34). Trace levels

of contaminating eosinophil peroxidase were then removed
by passage over a sulfopropyl Sephadex column (35). Purity
of isolated MPO was established by demonstrating a Rein-
heitzal (RZ) value of>0.85 (A430/A280), by SDS PAGE
analysis with Coomassie Blue staining, and by in-gel
tetramethylbenzidine peroxidase staining to confirm no
observable contaminating eosinophil peroxidase activity.
Enzyme concentration was determined spectrophotometri-
cally utilizing a molar extinction coefficient of 89 000
M-1 cm-1/heme of MPO (36).

Optical Spectroscopy and Rapid Kinetic Measurements.
Optical spectra were recorded on a Cary 100 UV-visible
spectrophotometer at 25°C. Anaerobic spectra were recorded
using septum-sealed quartz cuvettes that were attached
through quick-fit joints to an all-glass vacuum train system.
MPO samples were made anaerobic by several cycles of
evacuation and equilibrated with catalyst-deoxygenated N2.
Separate buffer solutions were evacuated, gassed with N2,
and anaerobically transferred either to the stopped-flow
instrument or to anaerobic cuvettes using gastight syringes.
Cuvettes were maintained under N2 positive pressure during
spectral measurements.

All kinetic measurements were performed with a temper-
ature-controlled stopped-flow apparatus (180-π*, Applied
Photophysics) equipped for anaerobic work. Measurements
were carried out at 10°C and initiated by rapidly mixing
equal volumes of the enzyme solutions (0.86µM) with buffer
solution supplemented with increasing concentrations of O2.
The reaction for O2 binding to MPO was monitored at
wavelengths determined on the basis of the spectral changes
that occur upon O2 binding to MPO-Fe(II), as indicated in
the text. In all cases, the MPO-Fe(III) samples were reduced
by a slight molar excess of dithionite prior to mixing with
O2. In a control experiment, the reduced MPO sample was
applied to a PD-10 Sephadex G-25-M column (Amersham
Biosciences) equilibrated with an anaerobic phosphate buffer
to eliminate any dithionite residual presence that may
interfere in the reaction. The column was eluted with the
same buffer under anaerobic conditions, and the enzyme
sample was collected, adjusted to the desired concentration,
and then transferred using Hamilton gastight syringe to the
stopped-flow reservoir, which is maintained under nitrogen
atmosphere. The MPO-Fe(II) and O2 solutions were allowed
to cool to 10°C in syringes housed in the stopped-flow
instrument (closed to the atmosphere) prior to mixing. In
both cases, comparable results were observed monitoring the
reaction of MPO-Fe(II) with O2 indicating that residual
dithionite present in the reaction system has no influence
on the kinetic results. To determine the apparent rate
constants for generation of MPO-Fe(II)-O2 complex, the
time course of absorbance change was fit to single (Y )
1 - e-kt) or double (Y ) A e-kt + B e-k2t + C) exponential
functions using a nonlinear least-squares method provided
by the instrument manufacturer. Signal-to-noise ratios were
improved by averaging 7-10 individual traces for each
experiment.

Solution Preparation.Anaerobic 0.2 M sodium phosphate
buffer solutions, pH 7.0, containing various concentrations
of O2 were prepared by mixing different volumes of buffer
saturated with O2 gas at 21°C with anaerobic buffer solution.
Saturation was achieved by bubbling O2 for 1 h in aseptum-
sealed flask at 21°C. Final O2 concentrations were calculated
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on the basis of a saturating concentration of O2 of ∼1.2 mM
at 21°C and 1 atm pressure.

RESULTS

Initial Rapid Spectroscopic Characterization of O2 Binding
to Ferrous MPO.Addition of a slight molar excess of
dithionite to MPO-Fe(III) caused immediate MPO heme
iron reduction, as judged by a shift in the Soret absorbance
peak from 430 to 473 nm, and the appearance of additional
absorbance peaks in the visible range at 642 nm, as
previously reported (12, 16, 18). To investigate more closely
the formation of the MPO-Fe(II)-O2 complex, compound
III, we first monitored absorbance changes versus time upon
mixing prereduced MPO (i.e., MPO-Fe(II)) with O2-
equilibrated buffer at 10°C, using a diode array stopped-
flow instrument. The characteristics of the spectral change
occurring in the various time ranges through the reaction of
MPO-Fe(II) with O2 are shown in Figure 1, panels A and
B. The variety of shapes of the reaction curves as a function
of time indicates that the reaction involves several intermedi-
ates having different distinct spectral properties. The first
set of the spectral alterations, of which the Soret spectrum
was characterized by absorbance peak at 434 and additional
visible peaks at 575, 627, and 700 nm (Figure 1, panel A),
occurs within 0.2 s after mixing at 10°C. These spectral
changes were unstable and converted to the final form shown
(Figure 1, panel B) within 6 s, as evidenced by a time-
dependent shift in Soret and visible absorbance peaks to 450,
577, and 627 nm through isosbestic points located at 440,
547, 597, and 640 nm. The spectral changes that occur
through the reaction of MPO-Fe(II) and O2 differ from that
observed with either ferric or ferrous forms of MPO, the

Soret absorbance maxima of which are centered at 430 and
473 nm, respectively (12, 16, 18). However, the final spectral
changes (Figure 1, panel B) are identical to that previously
reported for MPO-Fe(II)-O2 complex generated from either
MPO-Fe(III) in the presence of NADH, O2, and 2,4-
dichlorophenol, which is known to be an activator of the
aerobic oxidation of NADH by peroxidase, or from a direct
reaction of MPO-Fe(II) and O2 (37, 38). Collectively, these
results indicate that O2 binds MPO-Fe(II) generating one
or more transient intermediates before generating a more
stable, low-spin, six-coordinate Fe(II)-O2 complex, classi-
cally known as compound III.

Kinetic Analysis of O2 Binding to Ferrous MPO.The time
course for the appearance of MPO-Fe(II)-O2 obtained at
various single wavelengths indicates that the reaction is
triphasic with sequential steps occurring at sufficiently
different rates to enable each process to be studied by
conventional stopped-flow methods. Experiments were per-
formed under pseudo-first-order conditions by rapid mixing
of equal volumes of MPO-Fe(II) with buffer solutions
supplemented with different O2 concentrations. A trace
obtained at 460 nm, a wavelength selected because it permits
kinetic assessment of both early and late phases of the
reaction, is shown in Figure 2. An initial rapid absorbance
decrease was observed, followed by a slower increase in
absorbance. The inset to Figure 2 shows the change in
absorbance at 460 nm that takes place during the first 0.20
s of the reaction. An initial lag phase in the curve (over the
first 25 ms) was observed, indicating that a faster process
not visible at this wavelength is involved. Consistent with
this notion, the absorbance changes at 460 nm during the
first 0.2 s of the reaction were best fitted to a double-
exponential function with observed rate constants of 65 and
23 s-1. The absorbance decrease at 460 nm was followed
by a slower increase in absorbance, which was best fit to a
single-exponential function with an observed pseudo-first-
order rate constant of 0.73 s-1. These results collectively
support the presence of at least three sequential kinetically
distinct intermediate reactions during the overall interaction
between MPO-Fe(II) and O2. In addition, comparable results
were observed monitoring MPO-Fe(II) reaction with O2

FIGURE 1: Formation of MPO-Fe(II)-O2 complex. Diode array
rapid scanning spectra for the intermediates and final product
formed by reacting MPO-Fe(II) with air-saturating buffer at two
sequential time frames are shown. Spectra traces were collected at
0.01, 0.05, 0.075, 0.1, 0.125, and 0.15 s (panel A) and at 0.2, 0.25,
0.3, 0.4, and 0.5 s (panel B) after mixing an anaerobic solution
containing 3.6µM MPO-Fe(II) with an equal volume of air-
saturated buffer solution. Experiments were performed under
anaerobic conditions in sodium phosphate buffer (200 mM, pH 7.0)
at 10 °C. Arrows indicate the direction of spectral change over
time as each intermediate advanced to the next.

FIGURE 2: Single-wavelength stopped-flow traces for the reaction
of MPO-Fe(II) with air-saturated buffer monitored at 460 nm. An
anaerobic solution containing 1.0µM MPO-Fe(II) [prepared by
mixing MPO-Fe(III) with a slight molar excess of dithionite] was
rapidly mixed with an equal volume of sodium phosphate buffer
(200 mM, pH 7.0) supplemented with differing concentrations of
O2 at 10°C. Experiments were carried out by monitoring the change
in absorbance at 460 nm (where all the intermediates have been
observed). The inset depicts the absorbance changes that occurred
within the first 200 ms of the reaction.
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following removal of any residual dithionite by passage of
the prereduced MPO sample over a desalting column. This
behavior indicates that residual dithionite present in the
reaction solution has no impact on the kinetic results.

Because of the unusual nature of MPO-Fe(II)-O2

interactions, we further examined the kinetics of formation
of the transient intermediate species as a function of O2

concentration. Pseudo-first-order rate constants of their
formation were ascertained and plotted as a function of O2

concentration (Figure 3). The plot of the pseudo-first-order
rate constant for the initial Fe(II)-O2 complex (kinetically
modeled and detected as the lag phase in the initial reaction;
Figure 2 insert) was linear with a positive intercept, indicating
that formation of the first detectable intermediate is O2-
dependent and reversible and proceeds through a simple, one-
step mechanism withkon of 7.1 × 104 M-1 s-1 and koff of
63 s-1 (Figure 3, panel A). The subsequent conversion of
this intermediate into the kinetically and spectroscopically
distinct second and third intermediates occurred via mech-
anisms independent of O2 concentration (Figure 3, panels B
and C), indicating that these steps are both irreversible and
likely conformational in nature.

DISCUSSION

For over 100 years, biochemists have studied the binding
of molecular O2 to hemoproteins such as hemoglobin, both
because of its importance to various biological functions and
because of the ease with which it may be monitored. Upon

O2 binding to the iron atom of hemoproteins, marked
alterations in the spectral properties of the prosthetic group
typically occur, a process known as a shift in the Soret
absorbance spectrum (39-51). In all cases thus far described,
O2 binding occurs through a simple, either one- or two-step
process (39-51). In a one-step model (e.g., E+ O2 T EO2),
increasing O2 concentration results in an ever-increasing
observed pseudo-first-order rate constant of binding to the
heme moiety (52). In a two-step mechanism (e.g., E+
O2 T E′-O2 T E′′-O2), the rate of O2 binding to the heme
exhibits saturation at some finite value governed by the first-
order process described by E+ O2 T E′-O2 (52). A
multiple-step mechanism may also be detected by the
observation of more than one transient phase upon mixing
O2 and hemoprotein. This could be provoked by either a
significantly different rate constant for each phase or changes
in extinction coefficient between E′-O2 and E′′-O2 or both.
Even for O2 binding to the R vs T conformers of hemoglobin,
the observed interaction between O2 and the heme prosthetic
group may be described by these simple reversible mecha-
nisms (51). Therefore, one of the most remarkable findings
of the present study is the unusual multistep mechanism
governing O2 binding to the heme of ferrous MPO.

A kinetic model accounting for the complex mechanism
of O2 binding to MPO-Fe(II), within the context of the
classic peroxidase cycle, is shown in Figure 4. MPO exists
as a variety of interchangeable catalytic intermediates that
differ in oxidation state, form of oxygen binding, catalytic
activity, and conformation. These intermediate forms gener-
ate at least two interconnecting cycles, one active and another
inactive (Figure. 4). The “active cycle”, also termed the
“classic peroxidase cycle” of heme peroxidases, describes
various intermediate forms of MPO (compounds I and II)
capable of executing one- and two-electron oxidation reac-
tions with numerous organic and inorganic compounds. The
“inactive cycle” consists of the reduction of ground-state
MPO into its ferrous form and the newly appreciated
multistep pathway necessary for its reentrance into the
catalytic cycle via interactions with O2 and subsequent
formation of compound III (Figure 4).

Rapid mixing of MPO-Fe(II) with O2 ultimately generates
a relatively stable ferrous dioxy complex (MPO-Fe(II)-
O2) with Soret absorbance and visible optima at 450 and
625 nm, previously termed “compound III” (12, 37, 38). The
present studies, however, reveal that at least three distinct
ferrous-dioxy intermediate forms of MPO exist, which may
be kinetically described by the following equation (Figure
4):

FIGURE 3: Effect of O2 concentration on the formation of various
oxygenated MPO-Fe(II) intermediates. Spectral changes and
kinetic measurements indicate that the reactions are triphasic. Panel
A plots the observed rates for the formation of the first phase
([MPO-Fe(II)-O2]′) versus O2 concentration, while panel B plots
the observed rates for the formation of the second and third phases
([MPO-Fe(II)-O2]′′ and MPO-Fe(II)-O2, respectively) versus
O2 concentration.

FIGURE 4: A kinetic model accounting for the complex mechanism
of O2 binding to MPO-Fe(II), incorporated within the context of
the classic peroxidase cycle.
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Figure 1 (panel A) represents spectral changes produced
upon initial binding of O2 to MPO-Fe(II). During the first
200 ms of the reaction, the rapid sequential formation of
two transient intermediates occurs, [MPO-Fe(II)-O2]′ and
[MPO-Fe(II)-O2]′′, accompanied by an initial lag phase,
and then an overall shift in Soret absorbance and visible
optima from 473 and 638 to 435, 573, and 630 nm. A single
set of isosbestic points were observed over this time frame,
suggesting formation of one intermediate in the initial
reaction. The spectral changes at 460 nm over this time
interval reveals the presence of a lag phase with the kinetic
tracing over the initial 200 ms of reaction best fit using two
exponential functions (Figure 2 inset). These findings
demonstrate that not one but at least two sequential kineti-
cally distinct intermediates are formed during the initial
binding of O2 to MPO-Fe(II), the first ([MPO-Fe(II)-O2]′,
corresponding to the lag phase) possessing similar spectral
characteristics to the native enzyme (MPO-Fe(II)). Kinetic
analyses reveal that formation of [MPO-Fe(II)-O2]′ and
[MPO-Fe(II)-O2]′′ are clearly distinguishable by their
differing response to varying O2 concentrations (Figure 3,
panels A and B). The initial reaction proceeds through an
O2-dependent process, as shown by the positive slope (k1 )
7.1× 104 M-1 s-1) obtained when O2 concentration is plotted
against observed pseudo-first-order rate constant for binding
(Figure 3, panel A). The positiveY intercept, which corre-
sponds to a first-order dissociation rate constant (k-1 of
63 s-1), confirms the reversible nature of this reaction. This
dissociation rate constant is also relatively fast compared to
that reported for other model Fe(II)-O2 interactions (39-
51). In contrast, the conversion from [MPO-Fe(II)-O2]′ to
[MPO-Fe(II)-O2]′′ proceeds through an irreversible, O2-
independent process, as revealed when O2 concentration is
plotted against observed first-order rate constant (k2 )
23 s-1) (Figure 3, panel B). Finally, the penultimate “MPO-
compound III”-like spectral intermediate is formed during
the ensuing 6 s of thereaction with Soret absorbance and
visible optima at 450 and 625 nm (Figure 1, panel B). This
final reaction proceeds through a single irreversible, O2

-independent reaction, as judged by one set of isosbestic
points (Figure 1, panel B) and the lack of O2-dependence
on the observed first-order rate constant (k3 ) 0.73 s-1;
Figure 3, panel C).

A narrowing or collapse in the heme pocket geometry upon
MPO heme reduction may result from a significant increase
in the affinity of the heme iron toward a sixth ligand,
provided by either a water molecule or one of the amino
acids located above the heme prosthetic group (20, 53-55).
Indeed, kinetic characterization of the binding of CO and
NO to MPO ferric and ferrous forms was recently used to
demonstrate that reduction of the MPO heme moiety
significantly restricts access of diatomic ligands to the heme
catalytic site (20). The results of the present studies
demonstrate that O2 binding to MPO-Fe(II) is also signifi-
cantly influenced by steric constraints in the distal heme
pocket, as manifest through the observed unusual multistep

kinetic mechanism (Figure 4). Taken together, kinetic
interrogations of the heme environment of ferrous MPO
through diatomic ligand binding studies strongly support the
hypothesis that tertiary structural alterations of the MPO-
Fe(II) heme pocket serve as the primary determinant govern-
ing the reaction mechanism of O2, CO, and NO binding to
the enzyme.

Classically, it is generally believed that the mammalian
heme peroxidase superfamily contains at least two additional
pathways for the formation of ferrous-dioxy complexs
superoxide addition to ferric enzyme and H2O2 addition to
compound II (12, 16, 33, 56, 57). Direct reaction between
ground-state enzyme and O2

•- to generate compound III is
a common and biologically significant route, as evidenced
in studies employing activated neutrophils (12, 16, 33).
Previous in vitro studies by Kettle and co-workers have
demonstrated that the formation of MPO-Fe(II)-O2 com-
plex through this route is fast, displays a second-order rate
constant of 2× 106 M-1 s-1, and occurs via a simple one-
step mechanism (12, 33). This finding is consistent with the
notion that at ground state, MPO-Fe(III) exhibits a relatively
open heme pocket geometry that permits easy access of O2

•-

to the MPO heme iron (20). A second alternative pathway
for compound III formation has been reported for multiple
members of the mammalian heme peroxidase superfamily
(MPO, lactoperoxidase (LPO), and eosinophil peroxidase
(EPO))sreaction of a large excess of H2O2 with compound
II. However, formation of compound III via this mechanism
is unlikely to occur in vivo since the reaction is relatively
slow and is not detectable at physiologically plausible levels
of H2O2 (12, 16, 56, 57).

The MPO-Fe(II)-O2 complex is extremely stable under
anaerobic conditions. Formation of this stable MPO inter-
mediate is thought to inhibit overall catalytic activity of heme
peroxidases. Previous spectroscopic studies demonstrated that
decay of compound III to native enzyme apparently occurs
without any detectable intermediate and with at1/2 of
∼15 min at 25°C (37, 58-60). Instability of MPO-Fe(II)-
O2 complex is significantly enhanced in basic solution, as
well as in the presence of superoxide dismutase (37, 58-
60). Kinetic measurements carried out on MPO indicated
that ascorbic acid reduces compound III to native enzyme
with a second-order rate constant of (4.0( 0.1) × 102

M-1 s-1 (61). Reduction of compound III by ascorbic acid
has potential physiological relevance since it could help
regenerate active ferric MPO, which may then enter into the
catalytic cycle. Compound III is also able to react with a
second molecule of O2•- yielding compound I, which in the
presence of Cl- is converted into native (MPO-Fe(III))
enzyme and HOCl (61).

Furthermore, our preliminary studies examining oxygen
binding to ferrous LPO and EPO indicated that the buildup
of LPO-Fe(II)-O2 and EPO-Fe(II)-O2 complexes follow
a simple reversible one-step mechanism with second-order
rate constants of 3.8× 104 and 3.7 × 104 M-1 s-1,
respectively (Abu-Soud, unpublished results). Decay of the
EPO-Fe(II)- and LPO-Fe(II)-O2 complexes were inde-
pendent of O2 concentration and occurred via a one- or two-
step mechanism depending on the experimental condition.
This kinetic behavior is again typical for other hemoproteins
but not the complex triphasic behavior noted for MPO.
Therefore, O2 binding to MPO-Fe(II) is unique among other

MPO-Fe(II) + O2 798
k1

k-1
[MPO-Fe(II)-O2]′ 98

k2

[MPO-Fe(II)-O2]′′ 98
k3

MPO-Fe(II)-O2 798
k4

MPO-Fe(III) + O2
•-
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members of the mammalian heme-peroxidase superfamily
and from that described in the literature of other hemopro-
teins (i.e., none follow a multistep mechanism as is observed
for MPO).

In summary, the interaction of ferrous MPO with molec-
ular oxygen is distinct from that observed with other
hemoproteins, illustrating a complex multistep process. The
affinity of ferrous MPO with O2 is lower than that observed
with other ferrous hemoprotein model compounds and
consistent with a model where conformational changes in
the heme pocket environment dominate the interaction
(17, 20). The stopped-flow data present herein and that
previously reported for NO and CO binding to both ferrous
and ferric forms of MPO (17, 20) provide a wealth of
information that allow us to obtain new insights into the
structure-function relationship of MPO catalysis.
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