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Epitope motif of an anti-nitrotyrosine antibody
specific for tyrosine-nitrated peptides revealed
by a combination of affinity approaches
and mass spectrometry
Mihaela Drǎguşanu, Brı̂nduşa-Alina Petre and Michael Przybylski∗

Nitration of tyrosine residues has been shown to be an important oxidative modification in proteins and has been suggested
to play a role in several diseases such as atherosclerosis, asthma, lung and neurodegenerative diseases. Detection of nitrated
proteins has been mainly based on the use of nitrotyrosine-specific antibodies. In contrast, only a small number of nitration sites
in proteins have been unequivocally identified by MS. We have used a monoclonal 3-NT-specific antibody, and have synthesized
a series of tyrosine-nitrated peptides of prostacyclin synthase (PCS) in which a single specific nitration site at Tyr-430 had been
previously identified upon reaction with peroxynitrite [17]. The determination of antibody-binding affinity and specificity of
PCS peptides nitrated at different tyrosine residues (Tyr-430, Tyr-421, Tyr-83) and sequence mutations around the nitration
sites provided the identification of an epitope motif containing positively charged amino acids (Lys and/or Arg) N-terminal to
the nitration site. The highest affinity to the anti-3NT-antibody was found for the PCS peptide comprising the Tyr-430 nitration
site with a KD of 60 nM determined for the peptide, PCS(424-436-Tyr-430NO2); in contrast, PCS peptides nitrated at Tyr-421
and Tyr-83 had substantially lower affinity. ELISA, SAW bioaffinity, proteolytic digestion of antibody-bound peptides and
affinity-MS analysis revealed highest affinity to the antibody for tyrosine-nitrated peptides that contained positively charged
amino acids in the N-terminal sequence to the nitration site. Remarkably, similar N-terminal sequences of tyrosine-nitration
sites have been recently identified in nitrated physiological proteins, such as eosinophil peroxidase and eosinophil-cationic
protein. Copyright c© 2011 European Peptide Society and John Wiley & Sons, Ltd.
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Introduction

Tyrosine nitration has recently found increasing interest as
an oxidative post-translational modification in proteins that
has been shown to occur both at physiological conditions
and to play a role in pathophysiological processes associated
with oxidative stress such as atherosclerosis [1,2], bronchio-
alveolar diseases, Alzheimer’s and Parkinson’s disease, and
diabetes [3–5]. Nitrations of tyrosine residues in vivo have
been detected (i) upon reaction with peroxynitrite and other
nitrating agents [6] and (ii) by enzymatic reaction catalyzed by
specific heme-peroxidases [7]. Thus, nitration may occur under
physiological conditions, but may be substantially enhanced
at pathophysiological conditions; however, details of reaction
pathways and biochemical mechanism(s) of tyrosine nitrations
are presently unclear [6,7]. Tyrosine-nitrated peptides have
been discussed as potential oxidative biomarkers with higher
specificity than merely the characterization of overall nitration
levels in proteins [3,4,7]. However, the identification and structural
characterization of tyrosine nitrations have been a significant
bioanalytical and methodological challenge, as pointed out in
recent reviews [6–10]. Protein nitrations have been detected
in previous studies using antibodies against 3-NT [11] and
by immunoanalytical methods such as immunohistochemistry
[12], immunoprecipitation, Western blot [13,14], and ELISA [15],
which provide overall determinations of nitration levels. However,

only a few studies on the specificity and properties of 3-
NT-antibodies have been reported [11,15]. Identifications of
tyrosine nitration sites have been obtained by MS, but even
with the use of MS methods major problems may arise due
to (i) the typically low nitration levels in biological proteins and
(ii) the photochemical instability and decomposition of nitrated
peptides under conditions of MALDI-MS analysis which severely
hampers the identification of nitration sites in proteins [16,17].
In recent years, combined approaches using affinity and MS
methods (termed affinity-MS), particularly selective proteolytic
digestion (‘epitope-excision’) have been successfully developed
and applied to the molecular identification and structural
characterization of epitopes in biopolymer–ligand complexes
and protein modifications [18–21]. Using the combination
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of proteolytic affinity extraction and high-resolution MS with
immobilized 3-NT antibodies, nitration sites and structures have
been unequivocally identified in vivo in several eosinophil granule
proteins, even at low levels of nitration [22].

High specificities have been reported for both enzymatic and
non-enzymatic tyrosine nitrations in biological proteins; however,
significant differences were observed in binding affinities of
tyrosine-nitrated peptides to anti-3NT- antibodies [11,15] which
prompted our interest in the examination of a possible specific
epitope motif to 3NT-specific antibodies. Based on the previously
identified nitration at Tyr-430 of PCS [17], several PCS peptides
comprising sequence variations at the Tyr-430 nitration site, and
nitrated peptides comprising other tyrosine-containing peptides
of PCS(Tyr-421; Tyr-83) were synthesized by SPPS. Binding affinities
and specificities of the nitrated PCS peptides to a monoclonal anti-
3NT-antibody were determined by ELISA, SAW-biosensor analysis,
and proteolytic digestion in combination with affinity-MS. The
results revealed an epitope motif for tyrosine-nitrated sequences
with highest binding affinity for peptides containing positively
charged amino acids at the N-terminal sequence to the nitration
site, suggesting a corresponding motif as a basis for stabilization
of tyrosine nitration sites in proteins.

Materials and Methods

Chemicals

The mouse monoclonal anti-3-NT antibody (MAB5404) em-
ployed was obtained from Chemicon International (Bubendorf,
Switzerland) and was produced by using nitrated KLH as an
immunogen. N-α-Fmoc-3-nitrotyrosine, N-α-Fmoc-protected
amino acids, and PyBOP activator used for peptide synthesis were
obtained from Bachem (Bubendorf, Switzerland). NHS-activated
6-aminohexanoic acid-coupled Sepharose was obtained from
Sigma (St Louis, MO, USA). Micro-columns (0.2 ml) were obtained
from Mobitec (Göttingen, Germany). Enhanced Chemilumines-
cence (ECL)-Western-blotting reagents were from Amersham
(Mainz, Germany), TGA and TGR resin were from NovaBiochem
(Laufelfingen, Switzerland).

Synthesis and High-Performance Liquid Chromatography of
Nitrated PCS Peptides

Tyrosine- and 3-NT-containing peptides were synthesized on a
semi-automated peptide synthesizer (EPS-221, Intavis, Langenfeld,
Germany) by SPPS using Fmoc/t-butyl protection chemistry.
Peptides with free carboxylate and amidated C-terminal were
synthesized with TGA and TGR resin, respectively, using 40-min
coupling and 5-min deprotection in 20% piperidine solution in
DMF. Fmoc groups were removed from the Fmoc-protected resin
prior to the first coupling cycle for 30 min at 25 ◦C. Cleavage and
deprotection of the peptide from the resin was performed for
3 h at 25 ◦C trifluoroacetic acid/triethylsilane/water (95 : 2.5 : 2.5,
v/v/v), and the crude peptide precipitated with 40 ml TBME
at −20 ◦C. The resin and crude peptide were separated by
filtration, and the peptide was frozen with liquid nitrogen and
lyophilized. Peptides were purified by RP-HPLC using a Waters-
Millipore (Eschborn, Germany) HPLC system with a M600A/M45
pump, 490E multi-wavelength detector and data system MAXIMA
820. Separations were carried out on a Vydac-C18-column at
a flow rate of 1 ml min−1 using a gradient elution system of
0.1% TFA (solvent A) and 0.1% TFA in acetonitrile: water 80 : 20

(v : v) (solvent B), 10–50%/50 min. Detection of tyrosine-nitrated
and non-nitrated peptides was carried out at 365 and 220 nm,
respectively (Figure 1(B)). Preparative purification was performed
on a 250 ×20 mm preparative C18 column Grom-Sil 120 OSD-4 HE,
10 µm (Grom, Herrenberg, Germany) at a flow rate of 10 ml min−1

using identical eluent conditions as for analytical RP-HPLC.

Enzyme Linked Immunosorbent Assay

ELISA was performed in 96-well CovaLink-NH plates activated
for 1 h at 25 ◦C with disuccinimidyl suberate solution (DSS) using
12 serial dilutions from 5 µM with the MAB5404 antibody. After
overnight incubation at 25 ◦C, plates were washed four times
with PBS-buffer and then blocked with two different blocking
buffers (5% BSA, 0.05% Tween in PBS; and 0.1 M ethanolamine,
0.5 M NaCl pH 8.3), respectively, for 2 and 1 h. After washing with
PBS-Tween, the plates were then incubated for 2 h at 25 ◦C with
100 µl per well antibody: BSA-Tween (1 : 3000), and unbound
antibody removed with PBS-Tween. Plates were then incubated
for 2 h with 100 µl mouse HRPAb: 5% BSA-Tween (1 : 5000) and
unbound detection antibody removed by three washing steps
with 200 µl per well PBS-Tween and one washing step with 200 µl
per well citrate-phosphate buffer. Aliquots of 100 µl per well of
substrate solution were poured into the wells of the CovaLink
plate and the reaction monitored with a Wallac 1420- Victor2
ELISA plate counter at 450 nm.

Proteolytic Excision and Affinity-MS Methods

Immobilization of the MAB5404 antibody on NHS-activated
sepharose was performed essentially as previously described
[18,22]. Briefly, 100 µg of antibody was dissolved in coupling buffer
(0.2 M NaHCO3, 0.5 M NaCl, pH 8.3) and the solution added to dry
NHS-activated 6-aminohexanoic-acid coupled sepharose and the
coupling reaction performed for 2 h at 25 ◦C. The coupling product
was loaded onto a 0.5 ml micro-column and washed sequentially
three times each with buffer A (0.1 M ethanolamine, 0.5 M NaCl
pH 8.3), buffer B (0.2 M CH3COONa) and 0.5 M NaCl. The column
was then stored at 4 ◦C in 5 mM NaH2PO4, 150 mM NaCl, pH 7.5,
washed again with 20 ml PBS buffer and stored at 4 ◦C.

Epitope excision was carried out with 20 µg (10 µg µl−1) of
tyrosine-nitrated peptides subjected to the affinity column which
was gently shaken for 1–2 h at 25 ◦C to allow complete binding
of antigen. The supernatant was removed by blowing out of the
column using a 10 ml syringe. The affinity matrix was washed
with 60 ml PBS buffer for removal of unbound peptide, and the
remaining affinity-bound peptide was digested for 2 h at 37 ◦C
by addition of Trypsin (substrate: enzyme ratio, 50 : 1) in 200 µl
PBS. Supernatant non-epitope peptide fragments were removed
by blowing out of the column with a syringe, followed by washing
the affinity matrix with 60 ml PBS buffer, until no background
ions were detectable by ESI-MS. The immune complex was then
dissociated by addition of 10 ml 0.1% TFA, and the eluate samples
lyophilized and reconstituted in 0.1% TFA for MS analysis. The
column was regenerated by extensive washing with PBS buffer.

Affinity-MS analysis was performed with 10 µg antigen peptides
(µg µl−1) in PBS buffer containing 5 mM Na2HPO4, 150 mM NaCl,
pH 7.4 bound to the antibody column for 2 h. Unbound peptides
were removed by washing with PBS, and the immune complex
dissociated by addition of 0.1% TFA, pH 2. The washing and
elution fractions were collected, lyophilized, redissolved in 0.1%
TFA and desalted using the Zip Tip C18 procedure for ESI-MS

J. Pept. Sci. 2011; 17: 184–191 Copyright c© 2011 European Peptide Society and John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci
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Figure 1. Tertiary structure of human PCS and characterization of synthetic tyrosine-nitrated PCS peptide. (A) Reconstructed 3D structural model of
human PCS (PDB-ID, P450BM-3). Structural segments containing different tyrosine residues are highlighted by colored (blue, green, magenta) ribbons;
the red arrow and structure denote the active site channel and heme, with the nitrated tyrosine-430 residue embedded in a tight fold around the
heme-binding site [14]. (B)–(D) Characterization of tyrosine-430 nitrated peptide 5 PCS(424–436) by HPLC (B), UV-MALDI-MS (C), and nano-ESI-FTICR-MS
(D). Photochemical fragmentation at the nitro-group in 5 is observed by UV-MALDI-MS.

analysis. Cross-reactivity of the column was tested with a series of
tyrosine-nitrated and non-nitrated peptides (Table 1).

UV-MALDI and nano-ESI-FTICR MS was performed using a
Bruker Daltonics APEX III Fourier transform ICR mass spectrometer
(Bruker Daltonik, Bremen, Germany) equipped with a 7 tesla
superconducting magnet, and external nano-ESI and MALDI
ionization sources. 2,4-Dihydroxybenyzoic acid (DHB) was used
as a matrix for MALDI-MS with the solvent, acetonitrile/0.1% TFA
(1 : 1). ESI-ion trap-MS was performed with a Bruker Esquire 3000+
mass spectrometer (Bruker Daltonik) at the following conditions:
capillary temperature, 200 ◦C; nebulizer gas, 20 psi (Ar); drying
gas, 9 l min−1 (N2); ESI source potential difference, 4 kV (positive
ion mode); endplate offset, 500 V; skimmer, 40 V; capillary exit,
136 V. The ion trap was locked on automatic gain control, and six
microscans were collected for each full MS scan with a maximum
accumulation time of 200 ms for each ion.

Determination of Dissociation Constants

Dissociation constants were determined with an S-sens-K5
Biosensor instrument (SAW Instruments, Bonn, Germany) which
is a chip-based bioaffinity system for marker-free detection of
affinity-interactions based on the conversion of a high-frequency
signal into a SAW due to the inverse piezoelectric effect [24,25].
The velocity of the SAW is sensitive toward changes in mass
loading and viscosity causing shifts in the signal’s amplitude
and/or phase which enable sensitive detection on a gold-coated

chip. Thus, interactions on the chip surface can be observed at
near-physiological conditions. For measurements and calibration,
the instrument was operated in the double-frequency mode,
using five independent working channels on the chip [24]. A self-
assembled monolayer (SAM) was formed on the gold surface by
incubating a 10 mM solution of 16-mercaptohexadecanoic acid in
chloroform for 12–14 h at 25 ◦C. After extensive washing of the
chip surface, immobilization of peptide 5 (10 µM) was performed
by activation using 50 mM NHS and 200 mM EDC, followed by
buffer change to 5 mM Na2HPO4, 150 mM NaCl, pH 7.5. Antibody-
association kinetics were determined by extracting the data from
the sensor signals at all concentrations employed (1–100 nM),
using the monomolecular growth model; the experimental decay
model was used for determination of corresponding dissociation
kinetics. The changes of sensor-phase signals were fitted with the
program OriginPro 7.5 (OriginLab Coorporation, Northampton,
USA) and FitMaster (Biosensor, Bonn, Germany); data were fitted
for 1 : 1-Langmuir binding using

�ϕ(t) = �ϕeq[1 − exp(−kobst)] for association and (1)

�ϕ(t) = �ϕres + [�ϕ(tstop) − �ϕeq] exp(−kdisst) for dissociation

(2)

�ϕ(t), phase shift at time t; �ϕeq, phase shift at equilibrium;
�ϕres, phase shift of remaining ligand on surface; kobs, pseudo-first
order rate constant; �ϕtstop, phase shift following dissociation.

wileyonlinelibrary.com/journal/jpepsci Copyright c© 2011 European Peptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2011; 17: 184–191
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Corresponding fits were applied to the signals as shown in
Figure 3, and the observed rate constant (kobs) of the association
phase plotted for each curve against the concentration, to extract
KD from the resulting linear regression line. Determination of the
equilibrium dissociation constant is provided by

KD = koff kon
−1. (3)

Results

Synthesis and Structural Characterization of Tyrosine-nitrated
Peptides of PCS

In a previous study, a specific nitration of PCS was identified
upon reaction of bovine aortic microsomes with peroxynitrite
at a single residue, Tyr-430, which is embedded in a tight fold
around the heme-binding site of PCS [17]. Since the nitrated PCS
showed high affinity to the 3-NT antibody MAB5404, Tyr-nitrated
and non-nitrated peptides comprising sequence variations and
partial sequences of PCS(421–439) were synthesized by SPPS
using Fmoc protection [26] (peptides 5–17; Table 1). The crude
peptides were purified by preparative HPLC and characterized by
nano-ESI-FTICR MS. HPLC characteristics and molecular ions of
the PCS peptides are summarized in Table 1 (see also spectra in
Figure 1(C) and (D)). It has been observed in previous studies of
tyrosine-nitrated peptides by UV-MALDI-MS using the standard
UV-N2 laser at 337 nm, that photochemical decomposition occurs
at the nitrotyrosine group [16], as illustrated in Figure 1(C) by the
MALDI-FTICR-mass spectrum of peptide 5. Fragment ions of 16
and 32 Da below the mass of the intact-nitrated peptide result
from photochemical decomposition by loss of oxygen from the
nitro-group to initially yield a nitroso-fragment, followed by loss
of a second oxygen to form a nitrene-type fragment ion [16]. In
contrast, ESI-mass spectra of tyrosine-nitrated peptides provide

most abundant intact multiply protonated molecular ions without
any detectable fragmentation (Table 1) [17,22].

Affinity-MS Characterization of Tyrosine-nitrated Peptides

Binding affinities of the tyrosine-nitrated and non-nitrated PCS
peptides were initially characterized by affinity-MS [18], by
affinity binding of peptides on the anti-3NT antibody column
and subsequent MS analysis of eluted peptides, in order to
characterize the specificity of the MAB5404 antibody. Figure 2
illustrates the analysis of a mixture of the nitrated and non-
nitrated peptides PCS(424–439) (5 and 6) after incubation for 2 h
on the antibody affinity column, followed by removal of non-
binding peptides (supernatant fraction) and extensive washing
with buffer. The immune complex was then dissociated with 0.1%
TFA and the elution fraction characterized by ESI-MS. The affinity
eluate showed exclusively the nitrated peptide 5 (Figure 2(A)). In
a second experiment, an equimolar mixture of the Tyr-430- and
Tyr-83-nitrated PCS peptides 5 and 3 were analyzed (Figure 2(B)).
A significantly higher abundance in the affinity eluate was found
for the Tyr-430 nitrated peptide 5. This result suggested an effect
of the amino acid sequence adjacent to the Tyr-nitration site on
the binding affinity to the antibody (Figure 2(B)); thus peptide 5
contained basic amino acids N-terminal to the nitration site, while
peptide 3 contained neutral and acidic residues.

Determination of Dissociation Constants of the PCS
Peptide–Antibody Complexes

Quantitative affinity-binding studies of the nitrated peptides to
the anti-3-NT antibody were performed with the SAW biosensor
[24], after immobilization to a SAM on the gold chip surface.
Peptide 5 (10 µM) was bound to the SAM and remaining active
sites on the surface deactivated with 1 M ethanolamine and

Table 1. Structural and affinity characterization of tyrosine-nitrated and non-nitrated peptides of PCS

HPLC ESI-FTICR-MSa Affinityb

Peptide
No. Sequence

Nitration
site

Retention
time (min) m/zexp .

�m
(ppm) Dotblot

1 H-416EKKDFY421(NO2)KDGKRL426-OH Y421 28.2 1571.8075 6.4 +
2 H-416EKKDFY421KDGKRL426-OH – 32.5 1526.8298 2.3 −
3 H-79DPHSY83(NO2)DAVVWEPR91-OH Y83 27.5 1615.7130 1.2 +
4 H-79DPHSY83DAVVWEPR91-OH – 28.2 1570.7280 3.1 −
5 H-424GKRLKNY430(NO2)SLPWGA436-OH Y430 39.6 1534.8206 5.2 +
6 H-424GKRLKNY430SLPWGA436-OH – 32.7 1489.8270 4.6 −
7 H-424AKRLKNY430(NO2)SLPWGA436-OH Y430 36.5 1548.8230 3.2 +
8 H-424GARLKNY430(NO2)SLPWGA436-OH Y430 37.2 1477.7631 5.7 +
9 H-424GKALKNY430(NO2)SLPWGA436-OH Y430 38.1 1449.7565 5.5 +
10 H-424GKRAKNY430(NO2)SLPWGA436-OH Y430 37.7 1492.7770 7.7 +
11 H-424GKRLANY430(NO2)SLPWGA436-OH Y430 38.5 1477.7637 6.1 +
12 H-424GKRLKAY430(NO2)SLPWGA436-OH Y430 38.9 1491.8090 1.5 +
13 H-424GKRLKNA430SLPWGA436-OH – 33.6 1397.8059 3.3 −
14 H-427LKNY430(NO2)-NH2 Y430 31.1 581.3071 4.0 −
15 H-427LKNY430(NO2)SLP433-NH2 Y430 31.7 878.4743 0.8 −
16 H-424GKRLKNY430(NO2)SLP433-NH2 Y430 32.5 1220.6831 6.5 +
17 H-421YKDGKRLKNY430(NO2)SLPWGAGHN436-OH Y430 37.4 2249.1320 4.6 +
a ESI-FTICR MS measurements were carried out with a 7T Bruker Daltonics APEX II FTICR mass spectrometer incorporating an external nano-ESI
ionisation source [17].
b Affinity to the MAB5404 characterized by Dot blot; +, affinity to anti-3NT antibody; −, no affinity to anti-3NT antibody.
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Figure 2. Affinity-MS analysis of binding of tyrosine-nitrated and non nitrated mixtures of PCS peptides to the antibody MAB5404: (a) ESI-MS of binding
(supernatant), washing and elution fractions of a mixture of Tyr-430-nitrated peptide 5 and non-nitrated peptide 6 PCS(424–439); (b) binding and elution
fraction of a mixture of Tyr-430-nitrated peptide 5 and Tyr-83-nitrated peptide 3.

unspecific binding blocked by addition of anti-lysozyme antibody
(500 nM; See Section on Materials and Methods). Following
injection of increasing concentrations (10–100 nM) of the MAB-
5404, binding curves were determined for peptide 5 (Figure 3(A)).
Application of linear regression to the association kinetics and
determination of the pseudo first-order constant kobs from the
biosensor signal–antibody concentration dependence provided
kon (2.1 × 10−5 s−1nM−1) and koff values (1.3 × 10−3 s−1), yielding
a dissociation constant KD of approximately 60 nM (Figure 3).

Epitope Motif of Tyrosine-nitrated Peptides to the Anti-3-NT
Antibody

In order to identify a possible epitope motif for the tyrosine-
nitrated PCS peptides to the anti-3NT antibody, affinity-binding
experiments of the synthetic nitrated peptides were performed
by trypsin digestion of the immobilized antibody–peptide
complexes, followed by MS analysis of the eluted epitope-peptide
fragments (epitope-excision; Figures 4 and 5) [18,19]. The Tyr-430
nitrated peptide 5 PCS(424–436) was bound to the antibody and
the immobilized immune complex subjected to digestion with
trypsin. Although the N-terminal sequence of the Tyr-430-nitrated
peptide 5 contained two lysine and one arginine residues which
are readily cleaved by trypsin without antibody binding, only
the intact peptide 5 was isolated and identified in the affinity
elution fraction. This suggested that the Lys-425, Arg-426, and Lys-
428 residues were shielded by the antibody binding, and hence

were considered to be part of the binding epitope. For further
characterization of the binding epitope, the Tyr-430 nitrated
peptide 5 PCS(424–436) was N-terminally elongated by three
amino acids, Tyr-Asp-Lys. Proteolytic excision-MS again showed
only intact uncleaved peptide indicating that Lys and Arg residues
are shielded to proteolytic digestion and hence are part of the
antibody binding site (Figure 4).

In contrast to the PCS peptide 5, binding affinity to the
antibody was substantially reduced in the short tetrapeptide
14 PCS(427–430-TyrNO2) lacking basic N-terminal amino acids
(Figure 5). Trypsin cleavage of 5 prior to antibody binding
provided uninhibited cleavage at the N-terminal Lys and Arg
residues, and yielded reduced antibody binding (data not
shown). In contrast, C-terminal elongation of the Tyr-430-nitrated
peptide sequence by basic or neutral amino acids – Ser-Leu-
Pro – (peptide 15) had no effect on the antibody binding
(Figure 5(B)).

Additional characterization of the antibody-binding specificity
and a possible preferential epitope motif was performed with
a series of PCS peptides that contained different nitrated
tyrosine residues. Three peptides, PCS(79–91), PCS(416–426), and
PCS(424–436) containing the nitrated tyrosine residues 83, 421,
and 430 were compared for their binding affinity, using the
corresponding non-nitrated peptides PCS(416–426) (2), (79–91)
(4), and (424–436) (6) as a control. While the non-nitrated peptides
did not show any affinity, significant differences were found for
the nitrated PCS peptides, with the Tyr-83-nitrated peptide 3

wileyonlinelibrary.com/journal/jpepsci Copyright c© 2011 European Peptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2011; 17: 184–191
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concentration, and KD determination of the immune complex. Antibody
concentrations 10–100 nM, and a linear best fit was applied to the data
evaluation, providing a KD of 60 nM.

PCS(79–91) having the lowest affinity and the Tyr-430-nitrated
peptide 5 (424–436) having the highest affinity (Figure 5(B)).
These results were consistent with an epitope motif containing
positively charged amino acids N-terminal to the nitration site.

Discussion

In the present study, we have characterized the affinity and
binding specificity of a monoclonal 3-NT-specific antibody to
tyrosine-nitrated peptides of PCS which had been previously
found to be specifically nitrated in vivo at the Tyr-430 residue
[17]. The comparison of different tyrosine-containing peptides
(comprising tyrosine residues 83, 421, 430) showed that high
affinity was not merely dependent on a single nitrated tyrosine
residue, but comprised an epitope motif with positively charged
neighboring amino acids (Lys and/or Arg) N-terminal to the
tyrosine nitration site. High antibody binding was found with
basic (Lys, Arg) amino acids located at a distance of 2–3 residues
from the nitrated tyrosine. However, basic amino acids directly
adjacent to the nitration site, or basic residues C-terminal to
the nitration site did not provide increased antibody binding,
suggesting some spatial extension is required for the binding
structure. In contrast, neutral or negatively charged residues at the
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Figure 4. Proteolytic digestion (epitope excision) and MS analysis of
immune complexes of MAB5404 antibody with Tyr-430-nitrated PCS
peptides. (a) ESI-MS of the elution fraction from proteolytic excision with
trypsin of PCS(424–439) 5; (b) ESI-MS of the elution fraction from proteolytic
excision of PCS(421–439) 17. Tryptic cleavage site (K, R) shielded by the
antibody binding are indicated by broken arrows.

N-terminal neighboring peptide sequence showed considerably
lower affinity.

A preliminary epitope motif derived from the antibody-
binding affinities of the tyrosine-nitrated PCS peptides is shown
in Figure 6. In addition to the characterization of sequence
variations of PCS(424–426), a comparison of this motif with
sequences at tyrosine nitrations recently identified in physio-
logical proteins of eosinophile granules [22] reveals remarkable
similarities (Figure 6(B)), suggesting that (i) stabilization by ad-
jacent positively charged residues and (ii) surface exposition of
tyrosine-nitrated sites are important factors [7,22]. It should be
pointed out that the present data can provide only a prelim-
inary characterization of a tyrosine-nitration motif in proteins.
It will be of interest in future studies to evaluate and char-
acterize a possible ‘nitration epitope’ as a potential oxidative
biomarker.
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