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Abstract
The heme-containing peroxidase family comprises eight members in humans. The physiological
and pathophysiological roles of heme-containing peroxidases are not well understood. Phagocyte-
derived myeloperoxidase (MPO) utilizes chloride and bromide, in the presence of hydrogen
peroxide (H2O2), to generate hypochlorous acid and hypobromous acid, potent oxidizing species
that are known to kill invading pathogens. Vascular peroxidase 1 (VPO1) is a new member of the
heme-containing peroxidase family; VPO1 is highly expressed in the cardiovascular system, lung,
liver, pancreas, and spleen. However, functional roles of VPO1 have not been defined. In this
report, we demonstrate the capacity for VPO1 to catalyze the formation of hypohalous acids, and
characterize its enzymatic properties. VPO1, like MPO but unlike lactoperoxidase, is able to
generate hypochlorous acid, hypobromous acid, and hypothiocyanous acid in the presence of
H2O2. Under physiological pH and concentrations of halides (100 µM KBr, 100 µM KSCN, and
100 mM NaCl), VPO1 utilizes approximately 45% of H2O2 for the generation of hypobromous
acid, 35% for hypothiocyanous acid, and 18% for hypochlorous acid. The specific activity of
VPO1 is ~10- to 70-fold lower than that of MPO, depending on the specific substrate. These
studies demonstrate that the enzymatic properties and substrate specificity of VPO1 are similar to
MPO; however, significantly lower catalytic rate constants of VPO1 relative to MPO suggest the
possibility of other physiologic roles for this novel heme-containing peroxidase.
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Introduction
Heme-containing peroxidases (hPxes) participate in host defense, biosynthesis of thyroid
hormone, and in pathological conditions by the generation of hypohalous acids which may
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induce cell/tissue injury. It is widely accepted that generation of hypohalous acids by hPxes
is via a two-electron oxidation of halides and thiocyanate (wherein the latter is considered a
“pseudohalide”). hPxes first react with hydrogen peroxide (H2O2) to form compound I;
compound I then reacts with halides or thiocyanate to generate hypohalous or
hypothiocyanous acids [1]. Hypohalous or hypothiocyanous acids have the capacity to
oxidize proteins, lipids, and DNA, resulting in damage to cells and tissues. Generation of
hypohalous acids is the primary biochemical basis for both the physiological and the
pathological roles of hPxes.

Members of the hPx family have distinct cell/tissue distributions [2]. Myeloperoxidase
(MPO), the proto-enzyme of this family, has been extensively studied and is proposed to
play an important role in innate immunity and inflammatory responses. MPO expression is
restricted to neutrophils and monocytes; MPO oxidizes chloride, bromide, iodide, and
thiocyanate to generate hypohalous and hypothiocyanous acids. The products generated are
largely dependent on the concentration of halides at sites of enzymatic activity. Generally,
chloride is considered the major physiological substrate of MPO, as it is present at relatively
high concentrations in plasma and the phagosome of neutrophils (100–140 mM) [1]. It has
been reported that, at 100 mM chloride and 100 µM thiocyanate, MPO utilizes ~60% of
H2O2 to oxidize chloride to hypochlorous acid (HOCl) and ~40% of H2O2 to
hypothiocyanous acid (HOSCN) [3]. Eosinophil peroxidase (EPO) is expressed in
eosinophils. EPO oxidizes bromide, iodide, and thiocyanate. The major physiological
substrates of EPO are bromide (20–120 µM in plasma) [4] and thiocyanate (19–203 µM in
blood) [5]. However, at acidic pH (≤ 6.5), EPO may also oxidize chloride to HOCl [4].
Lactoperoxidase (LPO) is secreted into some body fluids, including milk, saliva, and airway
secretions. LPO can oxidize bromide, iodide, and thiocyanate, but not chloride. Its
physiological role is to prevent bacterial growth at these sites. Thiocyanate is the major
substrate of LPO in cow’s milk (87.5 ± 52.5 µM) [6] and saliva (542 ± 406 µM) [5]. Thyroid
peroxidase (TPO) is produced in the thyroid; it oxidizes iodide and thiocyanate, but not
chloride or bromide [7]. The physiological role of TPO is to catalyze the iodination of
tyrosine residues in thyroglobulin and to synthesize thyroid hormone [8]. There is no
evidence demonstrating the capacity of hPxes to oxidize fluoride in the presence of H2O2. A
common physiological role for hPxes (with the exception of TPO) is in host defense [1].

Vascular peroxidase 1 (VPO1) was identified by our group as a novel member of the hPx
family; it contains a catalytic domain at its C-terminus and a large N-terminal domain that
includes five leucine-rich repeats (LRRs) and four immunoglobulin-like domains [9]. Unlike
other members of the family, VPO1 is highly expressed in the cardiovascular system, lung,
pancreas, and spleen [9]. VPO1 is secreted into plasma at high concentrations,
approximately three orders of magnitude higher than that of MPO [10]. VPO1 is induced by
lipopolysaccharides and TNF-α [10], and mediates proliferation of vascular smooth muscle
cells [11]. We previously reported that VPO1, in the presence of H2O2, catalyzes the
oxidation of chloride to generate HOCl under physiological conditions [12]. This
observation changed the prevailing view that the sole enzymatic source of HOCl generation
is MPO. However, it is unclear whether VPO1 catalyzes the oxidation of other halides and
“pseudohalides,” given plasma concentrations of chloride (100–140 mM), bromide (20–120
µM), and thiocyanate (19–203 µM) in the presence of H2O2 (1–7 µM) [13,14]. In present
study, we demonstrate that VPO1, like MPO, catalyzes the oxidation of chloride, bromide,
and thiocyanate. In a phosphate buffer (pH 7.4) containing chloride (100 mM), bromide
(100 µM), and thiocyanate (100 µM) in the presence of H2O2 (10 µM), VPO1 utilizes ~18,
~45, and ~37% of H2O2 to oxidize chloride, bromide, and thiocyanate, respectively. Thus,
bromide, thiocyanate, and chloride are all the physiological substrates of VPO1. In addition,
the specific activity of VPO1 is ~10- to 70-fold lower than that of MPO, depending on
substrate. The significantly lower catalytic rate constants of VPO1 (relative to MPO) suggest
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the possibility of alternative physiologic roles of this novel hPx. We propose that VPO1
plays a role in H2O2 homeostasis and in maintaining plasma sterility. The enzymatic
properties of VPO1 reported here may be useful for distinguishing this novel hPx from other
members of the family.

Materials and methods
Materials

All reagents were purchased from Sigma-Aldrich (St. Louis, MO), unless otherwise noted.
Recombinant VPO1 (rVPO1) was used for this study; it was produced from cells stably
expressing VPO1 and purified as described previously [10]. MPO was purchased from
Elastin Product Company (Cat. No. MY167, Owensville, MO). H2O2 was purchased from
Sigma-Aldrich as 30% solution and its molar concentration was determined by measuring its
absorbance at 240 nm (ε240 = 43.6 M−1 cm−1). 5-Thio-2-nitrobenzoic acid (TNB) was
prepared from 5,5′-dithiobis-2-nitrobenzoic acid (DTNB) as described in [12]. Preparation
of reagent HSCN was as previously described [15]. Reagent HOCl was synthesized and its
concentration determined, as previously described [16]. Reagent HOBr was prepared by
mixing NaOCl with KBr, as previously described [17]. Chlorotaurine (Cl-tau) was prepared
as previously reported [18]. The concentration of Cl-tau was determined by absorbance at
252 nm (ε252 = 415 M−1 cm−1). Bromotaurine (Br-tau) was prepared by mixing reagent
taurine and HOBr, as previously described [19].

Measurement of heme concentration
All peroxidase concentrations are expressed as nM per heme. The concentrations of MPO,
bLPO, and rVPO1 were determined by using the extinction coefficients 91, 114 and 112
mM−1 cm−1 at 428, 412, and 410 nm, respectively [12].

Taurine-TMB oxidation assay
HOBr and HOCl were detected by utilizing taurine in combination with subsequent 3,3′,
5,5′-tetramethylbenzidine (TMB) oxidation in the presence of iodide, as previously reported
[12,16] or in the absence of iodide [19] with slight modifications. Cl-tau is unable to directly
oxidize TMB. Herein, iodide catalyzes TMB oxidation by Cl-tau. The reactions were
proposed previously [16]. In brief, H2O2 was added to 100 µl of 20 mM phosphate buffer
(pH 7.4) containing140 mM NaCl or 100 µM KBr, 5 mM taurine, and 100 nM rVPO1 to 50
µM to start the reaction. The reaction was incubated at 37 °C for 30 min and stopped by
adding catalase (25 µg/ml). This reaction mixture was then mixed with freshly made
developing agent. The developing agent consisted of 400 mM acetate buffer, pH 5.4, 1 mM
TMB (predissolved in 100% dimethylformamide), and 100 µM sodium iodide. After 5 min,
absorbance at 650 mm was recorded. In some experiments, peroxidase inhibitors [4-
aminobenzoic acid hydrazide (ABAH) and NaN3], H2O2 scavenger (catalase), or HOCl
scavenger (methionine) was added. In some experiments, TMB was directly oxidized by
indicated amounts of Cl-tau and/or Br-tau. In pH-dependent or dose-dependent experiments,
the pH values of buffer, substrate concentrations, or peroxidase concentrations were
indicated.

TNB oxidation assay for detection of VPO1-mediated generation of HOSCN
HOSCN generation was detected by utilizing TNB oxidation assay, as previously reported
[16], with slight modifications. TNB is yellow, whereas the oxidized product, DTNB, is
colorless. By monitoring absorbance at 412 nm, the activity of hPx is measured. In the
presence of hPx, the decrease of absorbance at 412 nm is proportionally (linearly) enhanced.
In brief, 100 µl of 20 mM phosphate buffer, pH 5.5, contains 500 nM rVPO1, 100 µM
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KSCN, and 100 µM TNB. The reaction was initiated by adding H2O2 (100 µM, final
concentration) to the reaction mixture. Absorbance at 412 nm was recorded at 37 °C every
30 s for 30 min by a VersaMax microplate reader (Molecular Devices, Sunnyvale, CA). In
pH-dependent or dose-dependent experiments, the pH values of buffer, substrate
concentrations, or peroxidase concentrations were varied as indicated.

VPO1-mediated H2O2 decomposition in the presence of halides
Reactions were carried out at 22 °C in 20 mM potassium phosphate, pH 7.4, containing 10
µM H2O2, 100 mM NaCl, 100 µM KBr or 100 µM KSCN, and 100 nM rVPO1 or 10 nM
bLPO. The reactions were started by adding hPx. H2O2 concentrations were continuously
monitored by using an Apollo 4000 Free Radical Analyzer (World Precision Instruments,
Inc., Sarasota, FL). The H2O2 electrode was calibrated by known amounts of H2O2. The
current measured by the Free Radical Analyzer was following the amount of H2O2 added. It
was linearly proportional to the amount of H2O2 in the solution. To observe the effects of
substrate concentration, substrate concentrations were varied as indicated, and initial rates of
H2O2 loss were determined over the first 10 s of the reaction.

Results
VPO1 mediates HOBr generation

Our previous report demonstrated that VPO1 is able to catalyze chloride oxidation to
generate HOCl under physiological conditions [12]. The redox potential of bromide
oxidation (2Br− ↔ Br2 + 2e, 1.07) is less than that of chloride (2Cl− ↔ Cl2 + 2e, 1.36)
[2,7,20]; therefore, we hypothesized that VPO1 catalyzes bromide oxidation to generate
HOBr. HOBr generation by VPO1 was measured by an assay that combines bromination of
taurine and TMB oxidation in the presence of iodide ion (I−) [16]. The original assay was
used to detect HOCl generation by the MPO/H2O2/Cl− system, and was recently
demonstrated to be suitable for measurement of HOBr [19]. We first confirmed the
suitability of this assay to detect HOCl and HOBr in the presence of I−. We found that
bromination of taurine and subsequent oxidation of TMB correlate in a dose-dependent
manner with HOBr and HOCl concentrations (Fig. 1A). Both HOCl and HOBr have similar
oxidation rates for taurine (Fig. 1A). We then measured HOBr generation by the VPO1/
H2O2/Br− system. The dependency of HOBr generation on pH was evaluated. At pH 6.5,
VPO1 generated the largest amount of HOBr (Fig. 1B). At physiological pH, HOBr
generation by VPO1 was ~75% of that at pH 6.5. HOBr generation by VPO1 was dependent
on bromide concentration (Fig. 1C), similar to that by MPO. In addition, HOBr generation
was dependent on VPO1 concentration (Fig. 1D). The amount of VPO1-mediated HOBr
generation is approximately one-tenth that of MPO-mediated HOBr generation. VPO1-
mediated bromination of taurine is time-dependent, similar to MPO and LPO (Fig. 1E).
Taurine bromination by VPO1, as well as by MPO or bLPO, was blocked by a variety of
peroxidase inhibitors (ABAH and NaN3), and H2O2 scavenger (catalase) (Fig. 1F). These
data indicate that VPO1 is capable of catalyzing the production of HOBr from H2O2 and
bromide.

VPO1 mediates generation of hypohalous acids under physiological concentrations of
chloride and bromide

VPO1 is secreted into human plasma at a high concentration of ~1.1 µM [10]. Circulating
plasma also contains 1–7 µM H2O2 [13,14], 100–140 mM chloride, and 20–120 µM
bromide. Therefore, we investigated the potential generation of HOCl and HOBr in plasma
by VPO1. To distinguish the bromination from chlorination, we carried out the assay
reported by Senthilmohan et al. [19], with slight modifications. In this assay, taurine is
oxidized by HOBr and/or HOCl to produce Br-tau and Cl-tau, respectively. Br-tau oxidizes
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TMB in the presence or absence of iodide, while Cl-tau only oxidizes TMB in the presence
of iodide (Fig. 2A). Cl-tau mediated TMB oxidation revealed rates similar to that of Br-tau
(Fig. 2A), consistent with the observations using reagent HOCl or HOBr (Fig. 1A). These
data were further verified by detection of TMB oxidation by a series of mixtures of Cl-tau
and Br-tau (the total concentration of oxidants was maintained at 20 µM) in the presence of
iodide (Fig. 2B). We then evaluated VPO1-mediated bromination and chlorination of taurine
using this strategy. In the presence of 140 mM NaCl and varying concentrations of bromide
(from 0 to 400 µM), VPO1-mediated Cl-tau decreased with increasing bromide
concentrations. At 140 mM chloride and 100 µM bromide, VPO1-mediated generation of
HOCl was approximately 30% that of HOBr (Fig. 2C). We assumed that, under these
conditions, ~30 and ~70% of H2O2 were used for the generation of HOCl and HOBr,
respectively.

VPO1 mediates HOSCN generation
Human plasma also contains 19–203 µM thiocyanate [5]. It has been reported that the
oxidation of thiocyanate and the generation of HOSCN may be mediated by MPO and EPO
in the presence of H2O2 [3,21]. During inflammatory responses, increased HOSCN
generation may induce damage to cells/tissues (e.g., oxidation of thiol groups on proteins),
and activate transcriptional factors that regulate proinflammatory pathways [22]. Since
VPO1 concentration is ~1000-fold higher than that of MPO in plasma, we further
determined if VPO1 is able to catalyze thiocyanate oxidation and characterized its
enzymatic features. The ability of VPO1 to mediate HOSCN generation was evaluated by
the TNB oxidation assay. We carried out the assay at pH ranging from 4.0 to 8.0. TMB
oxidation by VPO1 was highest at pH 5.0 (Fig. 3A). The rate of TMB oxidation by VPO1-
mediated HOSCN was dependent on SCN− concentration (Fig. 3B), as well as on VPO1
concentrations (Fig. 3C). These data strongly support the ability of VPO1 to catalyze
HOSCN generation.

Kinetic measurements of VPO1-catalyzed generation of HOCl, HOBr, and HOSCN
We further evaluated VPO1-catalyzed HOBr, HOCl, and HOSCN generation using the
H2O2 electrode. Reactions were initiated by adding VPO1 and decomposition rates of H2O2
were continuously monitored. As shown in Fig. 4A, VPO1 catalyzed H2O2 decomposition
in the presence of Cl−, Br−, and SCN− at physiological pH. Loss of H2O2 was not observed
when omitting either VPO1 or the halide from the reaction mixture (data not shown). bLPO
mediated H2O2 decomposition in the presence of SCN− or Br−, but not Cl− (Fig. 4B). These
data confirm the results from the taurine oxidation assay and the TNB oxidation assay,
supporting VPO1-catalyzed formation of HOCl, HOBr, and HOSCN (Figs. 1 and 3); this is
also consistent with our previous report [12]. Interestingly, the rate of H2O2 decomposition
is greater in the presence of multiple halides than with any single halide alone (Fig. 4A).

Next, we assessed the effects of substrate concentration on VPO1 activity. To minimize
inhibition of VPO1 by the product, we utilized a relatively low concentration of H2O2 in our
VPO1/H2O2/halide system. The plot of the rates of H2O2 loss against halide concentration is
shown in Fig. 5. The kinetics of VPO1 activity was calculated from the plot (Table 1). From
these results, thiocyanate and bromide were found to be more specific and preferred
substrates for VPO1 than chloride. However, under physiological pH and concentrations of
halides (100 mM chloride, 100 µM bromide, and 100 µM thiocyanate), VPO1 utilized
approximately 18% of H2O2 to convert Cl− into HOCl, 45% into HOBr, and 35% into
HOSCN. Taken together, our data demonstrate that VPO1 is capable of mediating oxidation
of Cl−, Br−, and SCN− to generate HOCl, HOBr, and HOSCN, respectively, under
physiological conditions and in the presence of H2O2.
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Discussion
In the present study, we have, for the first time, characterized VPO1-catalyzed generation of
hypohalous and hypothiocyanous acids, and defined salient enzymatic properties. VPO1 is
able to oxidize Cl−, Br−, and SCN− in the presence of H2O2 to generate hypochlorous,
hypobromous, and hypothiocyanous acids. Under physiological conditions, VPO1 utilizes
~45% of H2O2 for the generation of HOBr, 35% for HOSCN, and ~18% for HOCl. Our data
suggests that Br−, SCN−, and Cl− may serve as physiological substrates for VPO1.

VPO1 reveals distinct Kcat (s−1) for different halide substrates. The Kcat values of Br− and
SCN− are ~4- and 2-fold that of Cl− (Table 1). It has been reported that Kcat values of MPO
for Cl−, Br−, and SCN− are 79, 54, and 163, respectively [3]. Thus, the turnover rates of Cl−,
Br−, and SCN− by MPO are 67-, 12-, and 58-fold faster than that by VPO1. This is in good
agreement with our previous observation that MPO activity was ~20 higher than VPO1 for
TMB oxidation [9]. Although the relative activity of VPO1 is lower than that of MPO, the
total peroxidase activity of VPO1 in the bloodstream is predicted to be higher based on the
~1000-fold higher concentration of VPO1 (relative to MPO) in plasma [10]. On the other
hand, the lower activity of VPO1 with relatively slow generation of hypohalous acids may
suggest the possibility of alternative physiologic roles for this novel hPx. For example, it
may play a homoeostatic or antioxidant function in controlling local concentrations of H2O2.
Other functions for this hPx may be uncovered when other (more preferred) substrate(s) of
VPO1 are discovered.

A number of factors determine the type and amount of the oxidants generated by hPx-
mediated reactions, including the relative concentrations, substrate availability, and the
cellular microenvironment. Although VPO1-catalyzed HOCl generation is less than HOBr
and HOSCN on a molar basis, this may still be important from a pathophysiological
perspective. HOCl is the strongest oxidant of the three hypohalous acids, and the net effect
of VPO1-mediated halogenations to mediate oxidization of biomolecules may be similar.
Our unpublished data show that 2 µM HOCl may completely kill Escherichia coli in solution
in 30 min, whereas the same result requires 6 µM HOBr. Thus, VPO1-catalyzed HOCl and
HOBr could each contribute to host defense under physiological conditions, as well as
contribute to cell/tissue damage in pathological, inflammatory contexts.

VPO1, similar to MPO, EPO, and LPO, generates HOSCN. This finding suggests that VPO1
may contribute to inflammation, particularly in conditions of elevated SCN− levels as found
with cigarette smoking and related lung disease. It has been proposed that HOSCN
contributes to cell/tissue damage, in part by its ability to oxidize thiol groups on proteins.
Increased generation of HOSCN is seen in inflammatory sites and induces apoptosis of
murine macrophages [23]. HOSCN is up to 100-fold more potent than other oxidants in
inducing tissue factor activity in human umbilical vein endothelial cells (HUVECs) [22].
HOSCN also regulates a number of cellular signaling pathways, including p65/c-Rel,
ERK1/2, NFγB, and MAPK pathways [22,24,25]. As previously noted, VPO1 concentration
in plasma is 1000-fold higher than that of MPO [10], and highly expressed in vessel walls
[9]. The findings of the current study suggest a role for VPO1-mediated HOSCN generation
in inflammatory responses at these sites of high VPO1 expression.

Our data indicate that the activity of VPO1 is greater with a combination of halides and the
“pseudohalide” (thiocyanate) than either of them alone in generating hypohalous acids and
HOSCN. Thus, when considering physiological and pathological roles of VPO1, one should
not underestimate the synergistic effects of these substrates. Under certain pathological
conditions such as excess intake of salt, cigarette smoking, and Cl− accumulation in cells (as
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in the case of cystic fibrosis), increases in halides and thiocyanate may enhance oxidant
generation and perpetuate tissue inflammation.
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Abbreviations

VPO1 Vascular peroxidase 1

MPO Myeloperoxidase

bLPO Bovine lactoperoxidase

TMB 3,3′,5,5′-tetramethylbenzidine

ABAH Aminobenzoic acid hydrazide

PBS Phosphate-buffered saline

Cl-tau Chlorotaurine

Br-tau Bromotaurine
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Fig. 1.
HOBr generation by VPO1. (A) Verification of detection of HOBr by taurine-TMB
oxidation assay. One hundred microliters of reaction containing 20 mM phosphate buffer,
pH 7.4, 5 mM taurine, and HOCl or HOBr as indicated was carried out at 37 °C for 30 min.
The reaction was stopped by adding catalase (25 µg/ml). The stopped reaction was then
mixed with developing agent. After 5 min, absorbance at 650 nm was recorded. (B) pH-
dependent HOBr generation by VPO1. One hundred microliters of reaction containing 20
mM phosphate buffer, pH as indicated, 100 µM KBr, 50 µM H2O2, 5 mM taurine, and 100
nM rVPO1, 20 nM MPO, or 100 nM bLPO was carried out at 37 °C for 30 min. The
reaction was stopped by adding catalase (25 µg/ml). The stopped reaction was then mixed
with developing agent. After 5 min, absorbance at 650 mm was recorded. (C) Dose-
dependent HOBr generation by VPO1, compared with that by MPO. The experiments were
carried out as in B at pH 7.4 containing 100 nM rVPO1 or 20 nM MPO, Concentrations of
KBr and NaCl are indicated. (D) VPO1-dependent HOBr generation. The experiments were
carried out as in B at pH 7.4, 100 µM Br−. The concentrations of rVPO1 and MPO are
indicated. (E) Time course of rVPO1, MPO, and bLPO-mediated Br-tau formation. The
experiments were carried out as in B at pH 7.4 with 100 µM Br−. Reactions started by
adding hPx. Absorbance at 288 nm was continuously monitored. (F) Inhibition of HOBr
generation. The experiments were carried out as in C with 100 µM Br−. In the reaction
mixture, ABAH (200 µM), NaN3 (1 mM), and catalase (25 µg/ml) were added, respectively.
The data are from three independent experiments. Error bars, SD.
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Fig. 2.
VPO1-mediated HOBr and HOCl generation at physiological concentrations of chloride and
bromide. (A) Oxidation of TMB by Cl-tau and Br-tau in the absence or presence of I−. The
experiments were carried out by adding Cl-tau and Br-tau (as indicated) into TMB solution
± I− (5 mM). After 5 min, absorbance at 650 nm was recorded. (B) Oxidation of TMB by
mixture of Cl-tau and Br-tau in the presence of I−. The concentrations of Cl-tau and/or Br-
tau were sustained at 20 µM. (C) Oxidation of TMB by VPO1-mediated HOCl and HOBr at
physiological concentrations. One hundred microliters of reaction containing 20 mM
phosphate buffer, pH 7.4, 50 µM H2O2, 5 mM taurine, and 100 nM rVPO1, 140 mM NaCl,
and 0–400 µM KBr was carried out at 37 °C for 30 min. The reaction was stopped by adding
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catalase (25 µg/ml). The stopped reaction was then mixed with developing agent in the
presence or absence of I−. After 5 min, absorbance at 650 mm was recorded. The data are
from three independent experiments. Error bars, SD.
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Fig. 3.
VPO1-mediated HOSCN generation. (A) pH-dependent HOSCN generation by VPO1. One
hundred microliters of reaction containing 20 mM phosphate buffer, pH range from 4 to 8 as
indicated, 500 nM rVPO1, 100 µM H2O2, 100 µM KSCN, and 100 µM TNB was carried out
at 37 °C for 30 min. The absorbance at 412 nm was recorded. (B) VPO1 dose-dependent
HOSCN generation. Experiments were carried out as in A at pH 5.5 and VPO1
concentration as indicated. (C) HOSCN dose-dependent generation by VPO1. Experiments
were carried out as in A at pH 5.5. rVPO1 concentration was 500 nM and KSCN
concentrations are indicated. The data are from three independent experiments. Error bars,
SD.
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Fig. 4.
VPO1-catalyzed H2O2 decomposition in the presence of Cl−, Br−, and/or SCN−. (A)
Reactions were started by adding 100 nM rVPO1 (A) or 10 nM bLPO (B) to 20 mM
phosphate buffer, pH 7.4, containing 10 µM H2O2, 100 mM NaCl, 100 µM KBr, and/or 100
µM KSCN at 22 °C. Loss of H2O2 was continuously monitored with H2O2 electrode. Traces
are representative of three independent experiments.
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Fig. 5.
Effects of substrate concentrations on VPO1 activity. Reactions were started by adding
rVPO1 (100 nM, final concentration) to 20 mM phosphate buffer, pH 7.4, containing 10 µM
H2O2, and varied concentrations of halides as indicated. Loss of H2O2 was continuously
monitored with H2O2 electrode. The initial rates of H2O2 loss were measured over the first
10 s. The data are means and ranges of duplicate experiments.
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