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Abstract

Heme, in the presence of hydrogen peroxide, can act as a peroxidase. Intravascular hemolysis
results in a massive release of heme into the plasma in several pathophysiological conditions such
as hemolytic anemia, malaria, and sickle cell disease. Heme is known to induce heme
oxygenase-1(HO-1) expression, and the extent of induction depends on the ratio of aloumin to
heme in plasma. HO-1 degrades heme and ultimately generates the antioxidant bilirubin. Heme
also causes oxidative stress in cells, but whether it causes protein-radical formation has not yet
been studied. In the literature, two purposes for the degradation of heme by HO-1 are discussed.
One is the production of the antioxidant bilirubin and the other is the prevention of heme-
dependent adverse effects. Here we have investigated heme-induced protein-radical formation,
which might have pathophysiological consequences, and have used immunospin trapping to
establish the formation of heme-induced protein radicals in two systems: human serum albumin
(HSA)/H,0, and human plasma/H,0,.We found that excess heme catalyzed the formation of
HSA radicals in the presence of hydrogen peroxide. When heme and hydrogen peroxide were
added to human plasma, heme was found to oxidize proteins, primarily and predominantly HSA;
however, when HSA-depleted plasma was used, heme triggered the oxidation of several other
proteins, including transferrin. Thus, HSA in plasma protected other proteins from heme/H,0,-
induced oxidation. The antioxidants ascorbate and uric acid significantly attenuated protein-radical
formation induced by heme/ H,O5; however, bilirubin did not confer significant protection. Based
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on these findings, we conclude that heme is degraded by HO-1 because it is a catalyst of protein-
radical formation and not merely to produce the relatively inefficient antioxidant bilirubin.
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Introduction

Heme is an iron-containing porphyrin with important biological functions [1]. It is
synthesized in all cells, and cellular heme levels are tightly controlled by enzymatic
synthesis and degradation in a synchronized manner [2,3]. Being hydrophobic, heme readily
diffuses through plasma membranes and enhances oxidative stress in cells in the presence of
hydrogen peroxide [1]. Release of heme is involved in several pathophysiological conditions
such as hemolytic anemia, malaria, sickle cell disease, and rhabdomyolysis.

In these diseases, hemolysis leads to very high concentrations of heme in plasma as
erythrocytes contain heme at a concentration of 20 mM and are vulnerable to lysis due to
their enucleate status [1]. After lysis, extracellular hemoglobin is easily oxidized to form
methemoglobin, which in turn releases heme into the plasma [4]. This released heme
predominantly binds to human serum albumin (HSA) and hemopexin [3]. HSA is the most
abundant protein in plasma, characterized by its tremendous ligand binding capacity, which
provides a reservoir for many compounds present in quantities well beyond their solubility
in plasma [5,6]. HSA has a single high affinity binding site for heme in addition to 10 lower
affinity ones [4,6].

Excess heme induces HO-1 expression in cells [4]. HO-1 acts as a rate-limiting enzyme in
the heme degradation pathway, which leads to the formation of equimolar amounts of
biliverdin, iron, and carbon monoxide [7]. Biliverdin is subsequently reduced to bilirubin,
which is an antioxidant [8,9].

Under normal conditions, tissue or plasma H,O5 levels are quite low; however, it has been
estimated that under conditions of inflammation, the production of H,O5 by activated
macrophages and neutrophils can go up sufficiently high to allow some of it to react with
heme or hemoproteins [10]. It has been known for decades that hemoproteins react with
H>0,,which leads to protein modifications [11], but there are very few reports on
heme/H,0,-induced protein oxidation [12]. To the best of our knowledge, nobody has
reported heme/H,O,-induced formation of protein radicals.

Heme is degraded in vivo to produce the antioxidant bilirubin [8,9]; however, the prevention
of heme-mediated toxicity also appears as a possible purpose for its degradation. We
hypothesized that protein-radical formation and subsequent protein oxidation are
mechanisms of this toxicity. Therefore, we studied heme-induced oxidation of HSA in the
presence of H,O, using the highly sensitive immuno-spin-trapping technique, which
provides direct evidence of protein-radical formation [13].
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In the present study we report that heme triggers HSA-radical formation in the presence of
H,0,, and in human plasma it is a potent protein oxidant whose action is not efficiently
prevented by physiological concentrations of bilirubin. We also report a sacrificial role of
HSA to protect other plasma proteins from heme/ HoO»-induced oxidation. We conclude
that one purpose for the heme degradation by HO-1 is to eliminate this potent catalyst of
protein oxidation.

Materials and methods

Materials

Methods

Ascorbic acid, bilirubin, catalase from Aspergillus niger, diethylenetriaminepentaacetic acid
(DTPA), dithiothreitol (DTT), gelatin from cold water fish skin, hemin, human serum
albumin (HSA), hydrogen peroxide (obtained as a 30% solution), reduced glutathione,
Tween-20, and uric acid were from Sigma Chemical Co. (St. Louis, MO). The hydrogen
peroxide concentration was determined from its absorbance at 240 nm (£=39.4 M~1 cm™1).
DMPO was obtained from Dojindo Laboratories (Rockville, MD) and used without further
purification. Chelex 100® resin was purchased from Bio-Rad Laboratories (Hercules, CA).
Human plasma was obtained from the American Red Cross (Charlotte, NC). The PD-10
column was from GE Healthcare Biosciences (Pittsburgh, PA). Mouse monoclonal and
rabbit polyclonal anti-DMPO antibodies were developed in our laboratory and used in the
immuno-spin-trapping studies.

Human serum albumin preparation—Globulin and fatty acid free, human serum
albumin (20 mg/ml) were dissolved in 100 mM sodium phosphate buffer (pH 7.4) treated
with Chelex 100® containing 25 uM DTPA. Preparations of HSA were passed through a
prepacked Sephadex G-25 column (PD-10) preequilibrated with Chelex-treated 100 mM
phosphate buffer containing 25 pM DTPA to eliminate traces of metals and preservatives.

Chemical reactions—Typically, reactions of 7.5 uM HSA, 30 uM H,0,, and 30 uM
hemin were carried out in the presence or absence of 100 mM DMPO in 100 mM Chelex-
treated sodium phosphate buffer (pH 7.4) containing 25 uM DTPA, in a total volume of 300
UM. The reaction mixture was incubated for 2 h at 37 °C. Samples were diluted and used for
electrophoresis and immuno-spin-trapping experiments using an anti-DMPO antibody.

Dialyzed human plasma preparation—Human plasma (3 ml) was dialyzed against
three changes of 500 ml of 10 mM Chelex-treated phosphate buffer, pH 7.4 at 4 °C, using a
10-kDa cutoff Slide-A-Lyzer Dialysis Cassette as per the manufacturer's instructions
(Pierce, Rockford, IL).

Preparation of HSA-depleted human plasma—HSA-depleted human plasma was

prepared using a Swell Gel Blue albumin removal kit (Pierce, Rockford, IL) according to the
manufacturer's instructions, using 50 pl of regular or dialyzed plasma per disk.
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Peroxidase activity—The peroxidase activity of heme was measured using Amplex Red
(Invitrogen, Carlsbad, CA). In brief, reactions containing various concentrations of heme
and HSA with 50 pM Amplex Red were prepared. Reactions were initiated by the addition
of H,0, and absorbance was followed at 571 nm for 8 min. Chelex-treated 100 mM
phosphate buffer containing 25 pM DTPA, pH 7.4, was used to make up the specified
volume. To rule out the possible artifactual oxidation of Amplex Red by the
spectrophotometer instrumental light [14] the resorufin formation was also tested using
dark-incubated experiments. Final absorbance measurements of those samples showed the
same resorufin yield as detected in the continuous monitoring experiments.

SDS-PAGE, Coomassie blue stain, and immuno-spin trapping—Reaction
mixtures were resolved under reducing conditions in 4-12% Bis Tris NuPage acrylamide
gels (Invitrogen, Carlsbad, CA) and either subjected to Coomassie blue staining or
transferred to nitrocellulose membranes. Subsequently, membranes were blocked with 4%
cold water fish gelatin solution in 100 mM (bi) carbonate buffer, pH 9.6, for 90 min at room
temperature. Membranes were washed once with washing buffer (0.2 % fish gelatin and
0.05% Tween-20 in Tris-buffered saline, pH 7.4) and then incubated with mouse
monoclonal anti-DMPO antibody (1:100, diluted in washing buffer). After a 1-h incubation,
membranes were washed 4 times and incubated with fluorescent secondary anti-mouse
antibody (1:15,000, diluted in washing buffer) labeled with infrared dyes for 1 h at room
temperature in the dark. After incubation, traces of unbound antibody were eliminated by
washing. An Odyssey infrared imaging system (Li-Cor Biosciences, Lincoln, NE) was used
to acquire the images [15]. In some experiments where the concentration-dependent effect of
hydrogen peroxide was investigated (Fig. 2A and B), reaction mixtures were resolved under
nonreducing conditions (without DTT) to rule out the possible artifactual generation of
hydrogen peroxide by the dithiothreitol oxidation during the heating step for the
electrophoresis sample preparation.

Enzyme-linked immunosorbent assay (ELISA)—Rabbit polyclonal anti-DMPO
antibody was used to detect DMPO-protein-derived nitrone adducts using a standard ELISA
as described previously [16]. In brief, samples were immobilized by incubating reaction
mixtures (2.5 pg/well) in 100 mM (bi)carbonate buffer, pH 9.6, for 90 min at 35 °C. The
plate was washed once and blocked (4% fish gelatin in PBS) for 90 min at 35 °C. Following
another wash, rabbit polyclonal anti-DMPO antibody (1:5000) was added and incubated for
60 min. After incubation, plate wells were washed four times followed by incubation with
anti-rabbit, IgGalkaline phosphatase-conjugated secondary antibody (1:5000) for 60 min at
35 °C. After another four washes, CDP star (25 pM) was added and the chemiluminescent
product was detected using a Tecan SpectraFluor-Plus multifunction plate reader with
Xfluor software (Tecan US, Research Triangle Park, NC, USA).

Mass spectrometry—The protein bands stained with Coomassie blue were manually
excised from the gel, chopped into small pieces, transferred into a 96-well microtiter plate,
and subjected to automatic tryptic digestion as described elsewhere [17]. The resulting
mixtures were desalted, purified, and analyzed using a 4800 MALDI-TOF/TOF analyzer
(AB Sciex, Foster City, CA) operated in the positive ion reflector mode. For all MS
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analyses, data-dependent spectra were acquired in a fully automated mode, and the MS
spectrum was followed by MS/MS analyses of the most abundant ions in the spectrum. Data
were analyzed using a Global Protein Server Workstation (AB Sciex) with Mascot software
(Matrix Science, London, UK). Searches were performed against the NCBI nonredundant
database to search peptide mass fingerprints and MS/MS data as shown in the supplemental
data.

Heme-induced formation of HSA radicals in a heme/HSA/H,0, system

To investigate whether heme induces protein-radical formation, we incubated HSA with 30
UM H,0,, 100 mM DMPO, and various concentrations of heme. The samples were analyzed
using the immuno-spin-trapping technique by Western blot and ELISA [13], which detects
DMPO-nitrone adducts as a measure of free radical formation. We observed an increase in
HSA-radical formation with increasing concentrations of heme (Fig. 1A, B, and C). It is
noteworthy that samples with higher concentrations of heme (30 and 45 uM) showed HSA
radicals on the dimers and monomers of the protein along with radicals on smaller
fragments. The distinct fragmentation of HSA by heme/H,0, indicates that this oxidizing
system acts on multiple sites of HSA and triggers site-specific radical formation [15,18].

The HSA-radical formation was completely dependent on the concentration of H,O», as can
be seen in experiments where samples were prepared with a fixed concentration of heme (30
uUM), HSA (7.5 uM), and various concentrations of H,O» (Fig. 2B and C). In the absence of
H,0,, heme did not elicit any HSA-radical formation. When catalase was added to the
complete reaction mixture (heme/HSA/H,05), HSA-radical formation was significantly
attenuated, proving that H,O, plays a significant role in the HSA-radical formation by heme
(data not shown).

Effect of HSA or H,0, on the peroxidase activity of heme

The peroxidase activity of heme is central to heme-induced oxidative damage. To
investigate the effect of H,O, on the peroxidase activity of heme, various concentrations of
H,0, were added to heme/HSA along with 50 uM Amplex Red, a typical peroxidase
substrate. Results obtained with resorufin formation demonstrated that H,O, augmented the
peroxidase activity of heme in a concentration-dependent manner (Fig. 3A). The increase in
peroxidase activity with increasing concentrations of H,O, is in concordance with the effect
of H,0, on protein-radical formation (Fig. 2B and C). Taken together, these results link the
peroxidase activity of heme to the protein-radical formation.

The addition of HSA to heme/H,0, augmented the heme peroxidase activity at all
concentrations of heme tested (Fig. 3B). To further investigate the effect of HSA on
peroxidase activity of heme, we carried out reactions with different ratios of HSA to heme
(Fig. 3C), and the peroxidase activity of heme was assessed using resorufin formation. The
addition of HSA increased the baseline peroxidase activity of heme. Further increases in the
HSA concentration increased the peroxidase activity up to an HSA-to-heme ratio of
approximately 1:1. An excess of HSA over heme decreased the peroxidase activity of heme
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(Fig. 3C). This experiment clearly shows that HSA augments the peroxidase activity of
heme, but only when heme is in excess.

HSA:heme ratio and its effect on HSA-radical formation

Reactions containing different ratios of HSA to heme (Fig. 4) were carried out and analyzed
using the immuno-spin trapping technique with Western blot and ELISA (Fig. 4B and C).
Samples in which heme was in excess showed remarkably higher HSA-radical formation.
The HSA-radical formation was almost completely attenuated when the HSA-to-heme ratio
approached 1:1. This experiment clearly shows that protein-radical formation is in line with
the modulation of peroxidase activity with a change in HSA: heme ratios.

Heme/H,05-induced formation of HSA radicals in human plasma

To demonstrate that the peroxidase activity of heme may have biological significance,
experiments were performed with human plasma and heme in the presence of H,O, (Fig. 5).
Human plasma was diluted to get the equivalent of 7.5 uM HSA, the same concentration
used in the heme/HSA/H,0, reactions. Reactions containing different ratios of human
plasma (expressed as HSA in plasma) to heme (Fig. 5) were made and analyzed using
Western blot (Fig. 5B) and ELISA (Fig. 5C). Results were remarkably similar to those
obtained with heme/HSA/H,0,, with HSA being the preferential target for protein-radical
formation. At a heme to HSA ratio of less than one, HSA-radical formation, even though
evident, was very low (Fig. 5B and C). However, noticeably in the reactions with excess
heme, several other proteins in addition to HSA were oxidized by heme in the presence of
H202.

To further elucidate the possible role of HSA in protecting other plasma proteins from
heme/H,0,-induced oxidation, HSA-depleted plasma was incubated with heme and H,05.
These samples clearly showed oxidation of other proteins that had not been oxidized in the
presence of HSA (Fig. 6). Mass spectrometric analyses (Supplementary Table 1) of the
proteins oxidized in the HSA-depleted human plasma identified one of them as transferrin
(Fig. 6). To further confirm that transferrin was oxidized by heme/ H,0,, we performed
immunoprecipitation of reaction mixture (heme/HSA-depleted plasma/H,05) using anti-
transferrin antibody and analyzed immunoprecipitation products with Western blot using
anti-transferrin and anti-DMPO antibodies (Supplementary Fig. 1). These experiments
clearly showed oxidation of transferrin in HSA-depleted plasma in the presence of
heme/H,0,. When reactions were carried out in regular plasma and HSA was depleted after
the reaction, protein-radical formation on these proteins was undetectable (data not shown).
These experiments clearly indicate a possible protective role for HSA.

Effect of antioxidants on HSA-radical formation in vitro and in dialyzed human plasma

Physiological concentrations of the antioxidants ascorbate, reduced glutathione, uric acid,
and bilirubin were used in reactions of heme/HSA/H,0, to test the possible protection of
these smaller antioxidants against HSA-radical formation. Ascorbate and uric acid
significantly attenuated the formation of HSA radicals; however, reduced glutathione and
bilirubin did not (Fig. 7A and B). When dialyzed plasma was incubated with heme/H,05 in
the presence of these antioxidants, the same trend was observed (Fig. 8). Physiological
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concentrations of ascorbate and uric acid significantly attenuated the formation of HSA
radicals in human plasma; however, bilirubin and reduced glutathione did not confer
significant protection at their physiological concentrations. Though, bilirubin and reduced
glutathione were evidently effective against protein oxidation, when used at higher
concentrations (data not shown).

Discussion

Heme plays a crucial role in regulating the physiological functions of a number of specific
hemoproteins involved in oxygen transport, mitochondrial respiration, xenobiotic
metabolism, steroid biosynthesis, and signal transduction [19,20]. Normally, hemoglobin
released in plasma is bound by haptoglobin and efficiently cleared. When excess
hemoglobin that is released during pathophysiological conditions overwhelms haptoglobin
binding capacity, it is oxidized to methemoglobin, which releases heme in plasma [4]. Heme
is potentially toxic, in particular, when high concentrations of free heme occur during
pathophysiological conditions, trauma, or hemorrhage [2].

It is known that free heme can generate free radicals, which in turn can cause DNA damage
and lipid peroxidation [12,21]. During hemolysis, organisms defend against free heme
initially by induction of heme scavengers such as hemopexin, and subsequentlyby
expression of cytoprotective genes such as HO-1 and ferritins[1,22]. Despite ample evidence
of heme-induced oxidative damage, heme-induced protein-radical formation, especially in
the context of plasma proteins, had not been studied. Therefore, we investigated the possible
formation of protein radicals in heme/HSA/H,0, and heme/plasma/H,0, systems using the
highly sensitive immuno-spin-trapping technique [13,23].

HSA-radical formation by heme and H,0»

Heme and H,0, triggered the formation of HSA radicals. The absence of DMPO adducts
when heme was absent indicates the inability of H,O, per se to induce the formation of HSA
radicals (Fig. 1B). Similarly, in the absence of H,05, heme could not trigger protein-radical
formation (Fig. 2B). The inability of heme to trigger protein-radical formation in the absence
of H,0; clearly indicates the role of the peroxidase activity of heme in protein-radical
formation. The intrinsic peroxidase activity of heme is dependent on its reaction with H,0,.

HSA binds up to seven molecules of fatty acids with different affinities in each site. In
subdomain 1B, a well-characterized fatty acid binding site, heme also binds with a very high
affinity [5,17,24]. In aqueous solutions, heme spontaneously forms multimeric species [25].
A decrease in the polarity of the solvent or in the concentration of heme favors the
stabilization of the monomeric species. Alterations in the equilibrium of monomeric and
multimeric species would, indeed, dramatically change the peroxidase activity of heme since
it is known that the monomeric species is the only active form that reacts with H,0,[26,27].

Unbound heme, which occurs when heme is in excess of HSA, generates more protein
radicals. The fact that the peroxidase activity of solutions of heme and HSA increases up to
a 1:1 heme:HSA ratio shows that concentrations of HSA up to equimolar with heme favor
the monomerization of the polymeric species of heme. The heme-HSA complex, however,
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is less reactive toward H,0,[26], probably due to the binding of the heme iron to tyrosine in
the HSA complex instead of histidine as occurs in peroxidases [6]. The lower reactivity of
heme bound to HSA is ultimately reflected in the low yields of protein-radical formation in
samples with low heme:HSA ratios (Fig. 4B and C).

Protein-radical formation in plasma

Fresh blood plasma has been used to study the effect of heme/H>05 as an in vitro model for
many pathophysiological conditions such as hemolytic anemia, malaria, and sickle cell
disease [27,28]. When ratio experiments were extended to human plasma, protein-radical
formation was remarkably similar to that of the heme/HSA/H,0, system. At a slight excess
of heme, only HSA was detectably oxidized and, thus, conferred protection to the other
proteins in plasma. However, at higher concentrations of heme, HSA could not confer total
protection (Fig. 5B). At high concentrations of heme, the capacity of HSA to retain heme is
overwhelmed [28], and free heme efficiently targets other proteins, which are present in
lower concentrations (Fig. 5B). The addition of heme to HSA-depleted plasma induced
protein-radical formation on other proteins such as transferrin (Fig. 6). Radicals on
transferrin and other proteins were formed by low heme concentrations in HSA-depleted
human plasma, but radicals on these proteins were detected in regular human plasma
containing HSA only when exposed to high concentrations of heme (at heme-to-HSA ratio
of 20:1). These results clearly show that HSA mediates the protection of other plasma
proteins that are often involved in pathophysiology [29].

Specifically, plasma transferrin is a potent chelator capable of maintaining iron homeostasis
by binding iron tightly, but reversibly [30]. Transferrin also plays an indirect defensive role
against infection by chelating extracellular iron [31]. In view of their vital functions,
heme/H,0,-induced radical formation on transferrin and other proteins may impair iron
dishomeostasis and other related functions [32].

Implications of protein oxidation for heme degradation

Activation of HO-1 is a ubiquitous response for cellular defense from oxidative damage
[9,33,34]. In the literature, two purposes are discussed for the degradation of heme by HO-1
[2]. One is the production of the antioxidant bilirubin [9], and the other is the prevention of
heme-dependent adverse effects. Despite ample evidence of bilirubin being an antioxidant
[35], it appeared to be a relatively inefficient antioxidant, in the context of preventing
protein oxidation by heme (Fig. 8). Bilirubin contains an extended system of conjugated
double bonds and a reactive hydrogen atom and thus shows antioxidant properties against
lipid peroxides and their breakdown products [9,35], and does not appear as effective against
protein oxidation. Inefficiency of bilirubin to mitigate HSA oxidation is not due to
competition with heme because heme binds to HSA on different sites than that of bilirubin
and so heme does not compete with bilirubin for its binding sites on HSA [36]. This
inefficiency of bilirubin supports the view that heme degradation by HO-1 is beneficial
mainly because it eliminates heme as a catalyst of protein-radical formation. The induction
of HO-1 would then be beneficial because it safeguards the protein pool from heme-
catalyzed oxidation.
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Concentration-dependent effects of heme on the formation of HSA radical. (A) Coomassie
blue-stained gel to show equal loading, (B) anti-DMPO blotting, and (C) anti-DMPO
ELISA. Reactions included 7.5 uM HSA, 30 uM H,05,, 100 mM DMPO, and different
concentrations of heme. The samples were incubated for 2 h at 37 °C in Chelex-treated, 100
mM phosphate buffer (pH 7.4) containing 25 uM DTPA. Data show representative gel/blot
or mean values +SE from at least three experiments in duplicate (n=3). M shows the
molecular weight markers and RLU means relative light units.
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Fig. 2.
Effect of Hy,O, on the formation of HSA radical by heme. (A) Coomassie blue-stained gel to

show equal loading, (B) anti-DMPO blotting, and (C) anti-DMPO ELISA. Reactions
contained 7.5 uM HSA, 30 uM heme, 100 mM DMPO, and different concentrations of
H»0,. The reaction mixture was incubated for 2 h at 37 °C in Chelex-treated, 100 mM
phosphate buffer (pH 7.4) containing 25 pM DTPA. Gels were run under nonreducing
conditions (2.5 pg of protein per lane) followed by anti-DMPO Western blotting. Data show
representative gel/blot or mean values + SE from at least three experiments in duplicate
(n=3).
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Peroxidase activity of heme. (A) Effect of H,O, concentration on the peroxidase activity of
heme. Reactions contained 7.5 uM HSA, 30 uM heme, 50 uM Amplex Red, and different
concentrations of H,O5 (5, 15, 30, 60 uM). (B) Effect of HSA on the peroxidase activity of
heme. Reactions contained 30 UM H,0,, 7.5 uM HSA, 50 uM Amplex Red, and different
concentrations of heme (15, 30, 60 uM). (C) Effect of HSA-to-heme ratios on the peroxidase
activity of heme. Reactions contained different ratios of HSA to heme as shown in the figure
in the presence of 50 UM Amplex Red and 30 pM H,0,. Chelex-treated, 100 mM phosphate

buffer (pH 7.4) containing 25 uM DTPA was used to make up volumes.
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Fig. 4.
Concentration-dependent effects of HSA on the formation of HSA radical in the presence of

heme and H,0,. (A) Coomassie blue-stained gel to show equal loading, (B) anti-DMPO
blotting, and (C) anti-DMPO ELISA. Reactions included 30 uM H,,05,100 mM DMPO, 30
UM heme, and different concentrations of HSA (1.5, 7.5, 30, 60, 90 uM). Reaction mixtures
were incubated for 2 h at 37 °C in Chelex-treated, 100 mM phosphate buffer, pH 7.4,
containing 25 UM DTPA. Data show representative gel/blot or mean values +SE from at
least three experiments in duplicate (n=3).
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Fig. 5.
Effect of increasing HSA-to-heme ratios on the protein-radical formation in human plasma

by heme/H,0,. (A) Coomassie blue-stained gel to show equal loading, (B) anti-DMPO
blotting, and (C) anti-DMPO ELISA. Reactions included 30 uM H,0,, 100 mM DMPO, 30
UM heme, and different concentrations of human plasma, expressed here as HSA in plasma
(1.5, 7.5, 30, 60, 90 uM). Reaction mixtures were incubated for 2 h at 37 °C in Chelex-
treated, 100 mM phosphate buffer, pH 7.4, containing 25 uM DTPA. Data show
representative gel/blot or mean values £SE from at least three experiments in duplicate
(n=3).
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Fig. 6.
Effect of heme/H,0, on the formation of protein radicals in human plasma. Western blot

depicts anti-DMPO immunoreactivity of human plasma (HSA depleted or not) in the
presence of heme and H,O5. Reactions included human plasma (HSA depleted or not; 7.5
UM HSA equivalents in plasma and an equal volume equivalent where HSA was depleted),
100 mM DMPO, 30 uM H,0,, and 30 uM heme. Reaction mixtures were incubated for 2 h
at 37 °C in Chelex-treated, 100 mM phosphate buffer, pH 7.4, containing 25 uM DTPA.
Data show a representative blot from at least three experiments in duplicate (n=3). Encircled
band was excised and subjected to mass spectrometric analysis.

Free Radic Biol Med. Author manuscript; available in PMC 2014 October 13.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Page 18

Anti-DMPO Western blot
kDa
98

62
- o < usa (monomer)

49

— — ¢ &— HSA (dimer)

38
28

<— HSA Fragments

4000 1

3500 A

3000 A

2500 A

2000 A

1500 A

Anti-DMPO ELISA (RLU)

1000 A

500 A

Fig. 7.
Effect of physiological concentrations of antioxidants (ascorbate, GSH, uric acid, and

bilirubin) on the formation of HSA radical by heme/H,0,. (A) Anti-DMPO Western blot
and (B) anti-DMPO ELISA. Reactions contained 7.5 pM HSA, 100 mM DMPO, 30 pM
H»0,, and 30 uM heme. Samples were incubated for 2 h at 37 °C in Chelex-treated, 100
mM phosphate buffer, pH 7.4, containing 25 pM DTPA. Data show representative blots or
mean values +SE from at least three experiments in duplicate (n=3), and asterisks indicate
statistically significant differences (***P<0.001) with respect to samples marked as HSA
+Heme+H,0,.
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Fig. 8.
Effect of physiological concentrations of antioxidants (ascorbate, GSH, uric acid, and

bilirubin) on the formation of protein radicals in dialyzed human plasma. Anti-DMPO
ELISA of samples of dialyzed human plasma exposed to heme/H,05 in the presence and
absence of antioxidants. Reactions contained 7.5 uM HSA equivalents in dialyzed plasma,
100 mM DMPO, 30 uM H,0,, 30 uM heme, and physiological concentration of
antioxidants. Samples were incubated for 2 h at 37 °C in Chelex-treated, 100 mM phosphate
buffer, pH 7.4, containing 25 pM DTPA. Data show mean values +SE from at least three
experiments in duplicate (n=3), and asterisks indicate statistically significant differences
(***P<0.001) with respect to samples marked as Dialysed Plasma+heme+H505.
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