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Abstract Nitration of tyrosine residues in proteins has been mainly characterised by immuno-
analytical methods using anti-3-nitrotyrosine antibodies, and nitration sites and sequences have 
been hitherto identified only in a few cases using mass spectrometric methods. Immuno-analytical 
methods frequently suffer from low and poorly characterised detection specificity of anti-
nitrotyrosine antibodies, while mass spectrometric methods for identification of Tyrosine nitra-
tion may be hampered by low levels of modification, and by possible changes of structure and 
proteolytic degradation of proteins introduced by the nitration. Moreover, no detailed, molecular 
characterisation of the specificity of anti-3-nitrotyrosine antibodies has been reported. In this 
study we describe a molecular study of the recognition specificities and affinities of two com-
mercially available, monoclonal anti-nitrotyrosine antibodies by affinity-mass spectrometry, using 
different 3-nitrotyrosine containing peptides. Tyrosine-nitrated and non-nitrated substrate pep-
tides of prostacyclin synthase (PCS), an enzyme inactivated by nitration of the active site Tyr-
430 residue, were synthesised by solid-phase peptide synthesis (SPPS), purified by reversed phase- 
high performance liquid chromatography (RP-HPLC) and characterised by electrospray (ESI) 
and matrix-assisted laser desorption-ionisation (MALDI) mass spectrometry. Binding affinities 
and specificities of PCS peptides with different Tyr-nitration sites and sequence mutations adja-
cent to Tyr-430 were determined by evaluation of anti-nitrotyrosine antibodies using an affinity- 
mass spectrometry approach, compared to immuno-analytical determination using dot-blot and 
ELISA. The results showed that the antibodies may discriminate in the recognition of peptides 
with different N-terminal adjacent sequences to the nitrotyrosine residues, depending on the type 
of immunogen employed. A quantitative ELISA estimation was developed for the determination 
of antibody binding by Tyrosine-nitrated peptides.

1. Introduction 

Tyrosine nitration is a covalent protein modification resulting from the addition of 
a nitro- (NO2) group onto one of the two equivalent ortho carbons of the aromatic 
ring of tyrosine residues. Tyrosine nitration may be the result of an excessive gen-
eration of nitric oxide (NO) or its by-products as well as reactive oxygen species 
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(ROS). Several mechanisms for tyrosine nitration have been proposed, the two  
of which most widely advanced to occur in vivo involve (i), the formation of 
peroxynitrite (PN), and (ii), catalytic nitration via heme-peroxidases [1]. Nitration 
thus may occur under physiological conditions, but may be substantially enhanced 
under pathophysiological conditions. Several proteins found to be modified by 
nitration, have been associated with different disorders such as lung infection [2], 
inflammation [3,4], Parkinson’s [5] and Alzheimer’s disease [6], and diabetes [7], 
all of which have been associated with enhanced oxidative stress.

Specific nitrated tyrosine residues or tyrosine-nitration motifs in a protein should 
be more specific oxidative biomarkers, than merely the characterisation of overall 
nitro-tyrosine levels. Several methods have been employed to detect and identify 
protein tyrosine nitration in both in vitro and in vivo studies. Anti-3-NT antibodies 
permit detection by immunohistochemistry [8], Western blot [9], or enzyme-linked 
immunosorbent assay (ELISA) [10,11]. However, these methods do not identify 
which specific tyrosine residue(s) have been nitrated; moreover, they are fre-
quently limited by low detection specificities of commercial anti-3-NT-antibodies. 
Only little information on the characterization and properties of different anti-
bodies against 3-nitrotyrosine is available from previous publications [12], and 
the identification and localization of the sites of nitration in proteins remains a 
significant methodological challenge. Of the currently available methods, only mass 
spectrometry (MS) is able to specifically locate 3-nitro-tyrosine sites in proteins due 
to its sensitivity and molecular specificity. High resolution Fourier-transform- ion 
cyclotron resonance mass spectrometry (FTICR-MS), in combination with immuno-
analytical procedures has been recently developed as a powerful tool for the 
unequivocal, molecular identification of tyrosine-nitrations, such as upon peroxy-
nitrite treatment at the active site Tyr-430 residue of bovine prostacyclin synthase 
(PCS) [13]. Detailed structural studies were performed with Tyr-nitrated peptides, 
prepared by solid phase peptide synthesis (SPPS), using FTICR-MS in combina-
tion with CD spectroscopy and structure modelling [14]. 

In the present study we have characterized two commercially available anti-
bodies raised against different immunogens containing 3-nitrotyrosine (Table 1), 
with regard to their recognition specificities and affinities to different Tyr-nitrated 
peptides of prostacycline synthase. Tyr- nitrated and non-nitrated PCS peptides were 
compared using (i), conventional dot blot and ELISA, and (ii), a newly developed 
immunoaffinity – mass spectrometric approach as shown in Figure 1. Affinity – 
mass spectrometry methods, in combination with proteolytic digestion, have been 
previously developed and employed in our laboratory (i), for the identification 
of antigen- epitopes (epitope- excision and – extraction-MS) [15,16]; and (ii), in 
an affinity- proteomics approach which enables direct protein identification from 
biological material with unprecedented selectivity [17,18]. The affinity- MS pro-
cedure (see Figure 1) is based on the binding of antigen- peptides to an antibody 
immobilized on a micro-column; upon removal of unbound material by washings 
steps, the affinity- bound peptides are specifically dissociated from the column by 
acidification and analyzed by MS. Using this procedure we have characterized the 
recognition specificity of anti 3-NT antibodies by mass spectrometry.
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Figure 1. Schematic representation of an immuno-affinity experiment using immobilized 
antibody column. (A) Binding of peptides to the immobilized Ab column; (B) removal of 
unbound peptides; (C) dissociation of the antigen-antibody complex followed by washing 
steps and storage 

2. Materials and Methods 

2.1. ANTIBODIES 

The anti-nitrotyrosine-antibodies employed in this work were obtained from 
Chemicon International (Bubendorf, Switzerland) and from Santa Cruz Antibodies 
(Santa Cruz, USA); characteristics of both antibodies as given by the anufactur-
ers are summarized in Table 1. 

The following commercially available reagents were used: N- -Fmoc-3-
Nitrotyrosine: Bachem (Bubendorf, Sitzerland); N- -Fmoc protected amino acids, 
NovaBiochem TGA (Darmstadt, Germany); benzotriazole-1-yl-oxy-tris-pyrrolidino-
phosphonium hexafluoro-phosphate (PyBOP): NovaBiochem; Roti®-Block (10 × 
concentrate): Roth (Karlsruhe, Germany); ECL solution: Amersham Biosciences 
(München, Germany); activated CH-Sepharose 4B, poly-oxyethylenesorbitanmono-
laureate (Tween20): Sigma (St.Louis, USA); -cyano-4-hydroxycinnamic acid 
(HCCA): Bruker Daltonics (Bremen, Germany). Water was taken from an in-house 
high purity water system (Milli Q plus, Millipore, 18.2 M ). All reagents and sol-
vents were of analytical grade or highest available purity. 
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TABLE 1. Investigated monoclonal antibodies against 3-nitro-tyrosine 

Supplier Antibody details
Chemicon International (1) Mouse Anti-Nitrotyrosine Monoclonal Antibody 

(MAB5404)
Concentration: 1 µg/µl 
Immunogen: Nitrated KLH (Keyhole-limpet hemocyanin) 

Santa Cruz (2) Mouse Monoclonal Nitrotyrosine (39B6)
Concentration: 0.2 µg/µl 
Immunogen: 3-(2-(4-hydroxy-3-nitrophenyl)acetamido) 
propionic acid-bovine serum albumin conjugate 

2.2. PEPTIDE SYNTHESIS 

The 3-nitro-Tyrosine and Tyrosine containing peptides were synthesised on a semi-
automated peptide synthesizer (EPS-221, Intavis, Langenfeld, Germany) by SPPS, 
using Fmoc/t-butyl protection chemistry with all chemicals and reagents of ana-
lytical grade or highest available purity. To synthesise peptides with C-terminal 
free carboxylate the TGA resin was employed with 40 min coupling and 5 min 
deprotection times in 20% piperidine solution in DMF.

2.3. HPLC PURIFICATION 

Analytical RP-HPLC was performed on a BioRad (München, Germany) HPLC 
system using a 5 µm Nucleosil® 300-7 C18 column as a stationary phase. Linear 
gradient elution of peptides dissolved in eluent A (20% B, 5 min; 70% B, 55 min) 
was performed with eluent A (0.1% TFA in MilliQ water) and eluent B (0.1% TFA 
in acetonitrile-MilliQ water 80:20, v/v) at a flow rate of 1 ml/min. Peaks were 
detected at 365 nm for nitrated peptides and 220 nm for non-nitrated peptides. The 
crude products were purified 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, 
using identical eluent conditions as for analytical HPLC. 

2.4. DOT BLOT ANALYSIS 

Peptide solutions of 1-2 µl aliquots (1 µg/µl) in PBS (pH=7.4) were spotted on  
nitrocellulose (NC) membranes and dried for 5 min at room temperature. NC mem-
branes were blocked for 2 h by using Roti®-Block solution in Milli-Q water. 
Membranes were then probed for 1 h with mouse monoclonal antibody against 3-
nitro-tyrosine (1:2,500) in PBS-Tween buffer. The membranes were then washed 
three times in PBS-Tween buffer and probed again with a goat anti-mouse horse-
radish peroxidase conjugate (Sigman; 1:5,000) in PBS-Tween for 45 min. After 
washing the membrane five times in washing buffer, the immuno-positive spots 
were visualised by using ECL- Plus system (Amersham Pharmacia). 
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2.5. PREPARATION OF AFFINITY COLUMNS AND AFFINITY- MASS 
SPECTROMETRY

The monoclonal anti 3-nitrotyrosine antibody (100 µg/µl) was dissolved in coupling 
buffer (0.2 M NaHCO3, 0.5 M NaCl, pH 8.3). The solution was added to the appro-
priate amount of dry NHS-activated 6-aminohexanoic acid-coupled Sepharose (1 g 
sepharose- swell in approximately 3 ml of coupling buffer) and the coupling reac-
tion was performed for 2 h at 25°C under vigorous stirring. The reaction mixture 
was then loaded into a micro-column and extensive washing steps (0.2 M NaOAc, 
0.5 M NaCl, pH = 4.0) and blocking steps (0.1 M ethanolamine, 0.5 NaCl, pH 8.3) 
were carried out. Affinity experiments of the column prepared in this manner were 
performed by binding of the antigen peptides (solution prepared in PBS buffer, pH 
= 7.4) to the antibody column and subsequent reaction for 2 h. The unbound pep-
tides were removed by washing steps using PBS buffer as described above, and 
the immune complex was dissociated by addition of 0.1% TFA (aqueous solution, 
pH = 2). The washing and elution fractions were collected, lyophilized, redissolved 
in 0.1% TFA and desalted using ZipTip procedure before MALDI-MS analysis. 

MALDI-TOF (matrix assisted laser desorption-ionisation -time-of-flight) mass 
spectrometry was performed with a Bruker BiFlex-DE mass spectrometer equipped 
with a Scout MALDI source and video system, a nitrogen UV laser (337 nm), and 
dual channel plate detector. Sample preparation was performed with 0.7 µl of a satu-
rated solution of HCCA in acetonitrile /0.1% TFA (2:1), which was mixed on the 
MALDI target with 1 µl of the sample solution. Spectra were recorded at an acceler-
ating voltage of 25 kV and were averaged over forty single laser shots. Calibration 
was performed with a standard peptide mixture within an m/z range, 1,000–5,000. 

2.6. ELISA 

All assays were performed in 96-well CovaLink-NH plates which were activated 
for 1 h using disuccinimidyl suberate (DSS) solution. After three times washing with 
distilled water, 100 µl/well of the peptide solution (dilutions prepared in PBS buffer 
containing 5 mM NaHPO4 and 150 mM NaCl, pH = 7.4) was added onto the plate 
and incubated over night. The non-specific adsorption sites were then blocked by 
treatment with 150 µl blocking buffer for 1 h (0.1 M ethanolamine). After washing 
steps, the plates were coated for 2 h at room temperature with 100 µl of the mono-
clonal 3-nitrotyrosine antibodies (dilution 1:2,500). The wells were washed four 
times with 200 µl/well of 0.05% Tween-20 (v/v) in PBS, and 100 µl of peroxidase 
labelled goat anti-mouse IgG diluted 5,000 times in 5% BSA was added to each well 
and incubated for 1 h at room temperature. The wells were washed three times with 
200 µl/well PBS-Tween and two times with 200 µl/well 0.05 M sodium phosphate-
citrate buffer, pH = 5, 100 µl of o-phenylenediamine dihydrochloride (OPD) in 
sodium phosphate-citrate buffer at 1 mg/ml, and 2 µl of 30% hydrogen-peroxide  
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per 10 ml of substrate buffer was added. After 5–10 min, the absorbance at  = 490 
nm was measured on a Wallac 1420 Victor2 ELISA Plate reader (Perkin Elmer, 
Boston, USA). 

3. Results and Discussion 

Two monoclonal 3-nitro-tyrosine antibodies (see Table 1) were characterised by 
dot blot, immunoaffinity chromatography – mass spectrometry and ELISA using 
different synthetic prostacycline synthase (PCS) peptides. A series of nitrated and 
non-nitrated tyrosine containing peptides within the domain PCS (419–432) were 
synthesised by SPPS as described in Materials and Methods. The use of 3-nitro-
tyrosine within the standard Fmoc and side-chain protection chemistry (t.-butyl, 
trityl) provided high coupling yields and homogeneities already for the crude pep-
tides following deprotection. All peptides were subjected to final purification by 
preparative RP-HPLC (see Table 2) and characterised by MALDI-TOF mass spec-
trometry. The UV-MALDI –TOF mass spectra showed abundant molecular ions 
for all peptides and a series of specific photochemical fragmentations only in the 
case of the Tyr-nitrated peptides was observed. Peaks occurring with 16 and 32 
mass units lower than those corresponding to the nitrated peptides resulted from 
products formed by prompt fragmentation caused by the immediate loss of oxygen 
from the nitro group to yield a nitroso species, followed by loss of second oxygen 
to form a nitrene- type ion, as previously described [19]. The mass spectrometric 
characterisation of nitrated peptides by high resolution MALDI-FTICR- MS enabled 
the detection of the specific photochemical decomposition products due to the nitro 
group in 3-nitrotyrosine containing peptides [14].

Dot blot is a straightforward, simple technique for peptide and protein detection 
in which the samples are spotted directly onto a membrane through circular tem-
plates. The method is based on the antigen-antibody recognition by using a first anti-
body against the membrane- immobilized antigen, and a second label-conjugated 
antibody for detection of the first antibody. The PCS peptides were spotted on a 
nitrocellulose membrane, and the unspecific sites were blocked with Roti®-Block
solution. After washing steps with PBS-Tween buffer, the membrane was incu-
bated with anti-3-NT antibody for 1 h at room temperature. After further washing 
steps, a second enzyme-conjugated antibody (horse radish peroxidase (HRP) 
goatanti-mouse IgG) which recognizes the Fc (crystallizable fragment) fragment 
of the first antibody was added and incubated for 45 min. A mixture of ECL-
solutions was added in order to develop the membrane and expose it on a film. 

Figure 2 shows the dot blot binding responses of the 3-NT- antibodies to differ-
ent PCS peptides. We observed that the MAB5404 (Chemicon; 1) gave an intense 
positive response only for the authentic Tyr-430 –nitrated peptide containing the 
actual Tyr-nitration site in PCS (see Figure 2A); the 39B6 antibody (Santa Cruz; 2)
gave an intense response for the same peptide, however additional weaker positive
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TABLE 2. HPLC and MALDI-TOF-MS data of synthetic PCS peptides 

– Peptide
code

– Sequence – HPLC
– retention
time (min)c

– MALDI-TOF d

–  m/z [M+H]+
calc/exp

– PCS-Ya – DFYKDGKRLKNYSL-OH – 18.52 – 1,746.91/1,747.72

– PCS-NO2
a – DFYKDGKRLKNY(NO2)SL-OH – 18.37 – 1,791.90/1,792.96

– PCS-
NO2(RR)b – DFY(NO2)KDGRRLKNYSL-OH – 20.11 – 1,819.90/1,822.13

– PCS-
NO2(Ala)a – DFYKDGKRAAAY(NO2)AL-OH – 18.05 – 1,633.79/1,634.71

– PCS-Fa – DFYKDGKRLKNFSL-OH – 20.47 – 1,730.92/1,732.71
–  PCSa – LKNY(NO2)-NH2 – 12.25 – 581.64/582.97

aTyr-430 of Prostacycline synthase. 
bTyr-421 of Prostacycline synthase, Lys425 was replaced by an Arg. 
cRP-HPLC column: Vydac C18 (250 × 4 mm, 300 , 5 µm); 365 nm for nitro-Tyr containing pep-
tides and 220 nm for Tyr/Phe containing peptides. 
dMALDI-TOF mass spectra were recorded with a Bruker BiflexTM linear TOF mass spectrometer. 

responses were observed for the PCS peptide nitrated at Tyr-421 (3) and for the 
peptide (4) in which the amino acid residues around the nitrated Tyr-430 were 
replaced by alanine residues (see Figure 2B). Since no response was observed for 
the two non-nitrated Tyr- and Phe-containing peptides (1, 5) of PCS (419–432) 
fragment, we can conclude that both antibodies show high specificity for nitro-
tyrosine.

PCS-Y       (1) 419DFYKDGKRLKNYSL432

PCS-NO2 (2) 419DFYKDGKRLKNY(NO2)SL432

PCS-RR    (3) 419DFY(NO2)KDGRRLKNYSL432

PCS-Ala    (4) 419DFYKDGKRAAAY(NO2)AL432

PCS-F       (5) 419DFYKDGKRLKNFSL432

(A) (B)

PCS-Y       PCS-NO2      PCS-RR    PCS-Ala     PCS-F                PCS-Y     PCS-NO2 PCS-RR     PCS-Ala      PCS-F

PCS-Y       (1) 419DFYKDGKRLKNYSL432

PCS-NO2 (2) 419DFYKDGKRLKNY(NO2)SL432

PCS-RR    (3) 419DFY(NO2)KDGRRLKNYSL432

PCS-Ala    (4) 419DFYKDGKRAAAY(NO2)AL432

PCS-F       (5) 419DFYKDGKRLKNFSL432

(A) (B)

PCS-Y       PCS-NO2      PCS-RR    PCS-Ala     PCS-F                PCS-Y     PCS-NO2 PCS-RR     PCS-Ala      PCS-F

Figure 2. Dot blots analysis of (A) MAB5404 (Chemicon) antibody (1) and (B) 39B6 (Santa 
Cruz) antibody (2) to synthetic PCS (419–432) peptides 

In order to ascertain the results of the dot blot experiments by a molecular recog-
nition response, the 3-NT-antibody interactions were characterised by using the 
immunoaffinity- MS illustrated in Figure 1. Two antibody columns were prepared 
by coupling the mouse antibody MAB5404 (1) and the mouse antibody 39B6 (2)
to NHS-activated Sepharose, as described in Materials and Methods. The PCS 
peptides were dissolved in PBS buffer, pH 7.4 and added to the antibody columns. 
After 2 h incubation, the unbound peptides were removed, the column was washed 
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several times with PBS buffer, and the peptide-antibody complexes were dissociated 
using 0.1% TFA. The first washing fractions containing unbound peptides, and the 
elution fractions which contain the peptides specifically bound to the 3-NT anti-
body column were collected, lyophilized and analysed by mass spectrometry.

Corresponding binding results for a mixture of the PCS (Y-430) (1) and the 
PCS-(Y(NO2)-430) peptide (2) to the monoclonal MAB5404 (Chemicon) antibody 
column (1) are shown in Figure 3. The affinity-mass spectrometric data showed 
that only the Tyr-430- nitrated PCS- peptide bound to the MAB5404 (Chemicon) 
antibody column. In contrast, affinity–MS experiments performed with several PCS 
(419–432) peptides that (i), contained a nitration site at Tyr-421, or (ii) contained 
an alanine sequence adjacent to the Tyr-430 residue did not show binding affinity. 
These results suggest high recognition specificity for this nitration site that had 
been shown previously to cause specific inactivation of prostacyclin synthase upon 
treatment with peroxynitrite [13].

Furthermore, these results indicate that the affinity of the MAB5404 antibody (1)
(raised against nitrated keyhole limpet hemocyanin carrier protein) is not merely 
directed by a nitrated tyrosine residue, but also by a recognition sequence encom-
passing amino acid adjacent to the nitration site.

Somewhat different results regarding a possible sequence-specific motif for 
recognition of nitro-Tyrosine were obtained for the 39B6 (Santa Cruz) antibody 
(2). The affinity-mass spectrometry data for this antibody generally showed bind-
ing affinity for the nitrated PCS peptides, consistent with the results obtained by  
the dot blot experiments. In order to compare the binding in affinity-MS analyses, 
equimolar mixtures (200 µmol) of nitrated PCS peptides were applied to the 3-NT 
antibody column. The MALDI- mass spectrum of the elution fraction of the equi-
molar mixture of nitrated Tyr-430 PCS peptides 2 and 4 (see Figure 4) showed  
affinity for both peptides, albeit with lower affinity for the peptide containing the  
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Figure 3. Affinity-mass spectrometry analysis of PCS (419–432) peptides 1 and 2 (nitrated 
at Tyr-430) with the monoclonal antibody MAB5404 (1); MALDI-TOF-MS of the washing 
(A) and elution (B) fractions. 
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alanine-sequence mutation adjacent to the nitration site. Similar results with the 
39B6 antibody (2) column were obtained by affinity-MS of PCS peptides nitrated 
at different Tyr residues, such as using peptide 3. Thus, the elution fraction of an 
equimolar mixture of nitrated Tyr-430 PCS-Ala (4) and nitrated PCS-RR (3); nitro-
Tyr-421) indicate comparable affinities for both peptides (see Figure 5).

The binding affinity observed was significantly lower than that of the Tyr-430 
nitrated peptide 2; however, due to the photochemical decomposition of the nitro 
group in Tyr-nitrated peptides under UV-MALDI-MS conditions, no quantitative 
determination was carried out from the mass spectrometric data. 
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A quantitative estimation of the bindining affinities of the PCS peptides was 
performed by ELISA as an established technique for comparison of biomolecular 
affinities. In this study, only a comparative semi-quantitative analysis was aimed 
at, with regard to the observation that antibody binding may be influenced by a 
hindered of access of 3-nitrotyrosine residues, and by the structural environment of a 
nitro-tryosine motif [10]. Corresponding ELISA experiments with the two anti-
nitrotyrosine antibodies are compared in Figure 6 for the series of nitrated PCS 
peptides. Due to the substantial differences in surface adsorption of small pep-
tides, and to minimize unspecific adsorption, covalent attachment was employed 
with CovaLink-NH plates [20], in which a polystyrene surface is grafted with sec-
ondary amino groups to orientate the immobilized peptide on the surface in order 
to expose the epitope. In a first step of the ELISA determination, the NH-linker 
was activated using an excess of disuccinimidyl suberate (DSS) and then the diluted 
peptides solution was added and incubated overnight. 

After suitable washing and blocking steps, the CovaLink-NH plate was then  
incubated with the anti- 3-NT antibody, and horse radish peroxidase (HRP) goat 
anti-mouse IgG was used as a detection antibody with OPD/H2O2 used as the sub-
strate for HRP as described in Materials and Methods. For comparison of the  
affinities of the PCS peptides, the concentrations needed for obtaining an OD450 =1 
were determined (see Figure 6). 

According to the ELISA data with the MAB5404 antibody (see Figure 6A), 
only the Tyr-430 nitrated PCS- peptide 2 showed significant affinity to this anti-
body (lowest amount of PCS-NO2 peptide to obtain an OD450 =1: 0.37 µM). This 
result is consistent with the affinity-MS data and confirmed the requirement of a 
specific sequence motif around the 3-nitrotyrosine for antibody interaction. Thus, 
sequence mutation by alanine residues adjacent to the Tyr-430 nitration site, and 
change of the nitration position (Tyr-421), resulted in drastically diminished anti-
body binding. In contrast, the 39B6 antibody revealed significant binding for all 
nitrated PCS peptides (Figure 6B). The results of the ELISA determinations revealed 
some differences to the affinity-mass spectrometric analyses in which the Tyr-430 
nitrated PCS-peptide (2) showed lower affinity than the alanine-mutated peptide 4
(lowest amount of PCS-NO2 peptide to obtain an OD450 = 1: 0.095 µM). This ef-
fect might be explained by the increase in hydrophobicity introduced by the 
alanine mutation causing increased exposure of the nitrated Tyr-430. In the ELISA 
determination with the 39B6 antibody (2), significant affinity was also found for 
the short, nitrated PCS tetra-peptide, PCS (427–430) fragment which was not 
detected with the MAB5404 antibody (1).

The differences found in binding affinities of Tyr-nitrated peptides by affinity-
mass spectrometry in comparison to dot blot and ELISA determinations, may be 
attributed to the different types of antigens used for producing the anti-3-NT an-
tibodies have been raised. Thus, the 39B6 antibody (Santa Cruz) was raised 
against a 3-(2-(4-hydroxy-3-nitrophenyl) acetamido) propionyl-bovine serum albumin 
conjugate in which the (4-hydroxy)-3-nitrophenyl group is more exposed and 
freely accessible, compared to the nitrotyrosine residue in the polypeptide chain of
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Figure 6. ELISA determination of the binding of the MAB5404 (Chemicon) antibody (A) and 
the 39B6 (Santa Cruz) antibody (B) to synthetic prostacycline synthase peptides 

the nitrated KLH (Keyhole-limpet hemocyanin) carrier protein, employed as antigen 
for the MAB5404 (Chemicon) antibody. Hence, the 39B6 antibody showed gener-
ally high affinity to single 3-nitrotyrosine amino acid residues, in contrast to the 
epitope-peptide sequence motif determining the recognition specificity of the 
MAB5404 antibody. This recognition motif has been recently characterised in our 
laboratory to require a set of positively charged residues (Lys, Arg) at the N-
terminal adjacent to the nitrotyrosine residue (Dragusanu et al.; J. Peptide Sci., 
submitted for publication). 

4. Conclusions 

In complementing the conventional immuno-analytical techniques such as dot blot 
and ELISA, affinity- mass spectrometry is shown in this study as a powerful, 
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molecular tool for characterising recognition specificities of antibodies, especially 
for protein structure modifications such as tyrosine nitration. The comparison of 
the three methods essentially provided consistent results to reveal differences in 
binding affinities and specificities by the anti-nitrotyrosine antibodies, suggesting 
that antibody binding may be influenced by the peptide structure adjacent to the 
nitrotyrosine modification. The capability of anti-nitrotyrosine antibodies to dis-
criminate between nitrotyrosine in different environments in proteins may be use-
ful for producing antibodies to specific motifs containing tyrosine residues, and 
for the development of highly specific biomarkers. 
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