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The long-term objective of this study is to use MALDI MS and MS/MS to study the fragmentation pat-
tern of in vitro nitrotyrosine-containing peptides in order to assist the interpretation of MS-identification
of endogenous nitroproteins in human tissues and fluids. The short-term objective is to study synthetic
leucine enkephalin, nitro-Tyr-leucine enkephalin, and ds-Phe-nitro-Tyr-leucine enkephalin with a vac-
uum matrix-assisted laser desorption/ionization linear ion-trap mass spectrometer (VMALDI-LTQ). The
results demonstrated the UV laser-induced photochemical decomposition of the nitro group. Although
photochemical decomposition decreased the ion intensity and complicated the MS spectrum, the recogni-
tion of that unique decomposition pattern unambiguously identified a nitrotyrosine. The a4- and b4-ions
were the most intense fragment ions found in the MS/MS spectra for those three synthetic peptides. Com-
pared to the unmodified peptides, more collision energy optimized the fragmentation of the nitropeptide,
increased the intensity of the as-ion, and decreased the intensity of the bs-ion. Optimized laser fluence
maximized the fragmentation of the nitropeptide. MS? analysis confirmed the MS?-derived amino acid
sequence, but required much more sample. To detect a nitropeptide, the sensitivity of VMALDI-LTQis 1 fmol
for MS detection and 10 fmol for MS? detection; the S/N ratio was ca. 50:1 in those studies. Those data are
important for an analysis of low-abundance endogenous nitroproteins, where preferential enrichment of

nitroproteins and optimized mass spectrometry parameters are used.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Reactive oxygen species and reactive nitrogen species (ROS and
RNS, respectively)-mediated oxidative/nitrative stress play impor-
tant roles in cellular, physiological, and pathological processes
[1,2]. Specific amino acid residues in proteins are sensitive tar-

Abbreviations: CHCA, a-cyano-4-hydroxycinnamic acid; CID, collision-induced
dissociation; LE1, leucine enkephalin; LE2, nitro-Tyr-leucine enkephalin; LE3, ds-
Phe-nitro-Tyr-leucine enkephalin; LTQ, linear ion-trap mass spectrometer; vMALDI,
vacuum matrix-assisted laser desorption/ionization; MS, mass spectrometry; MS?,
MS/MS, tandem mass spectrometry; MS?, MS/MS/MS; MW, molecular weight; m/z,
mass-to-charge ratio; NCE, normalized collision energy; S/N, signal-to-noise ratio;
RNS, reactive nitrogen species; ROS, reactive oxygen species; TFA, trifluoroacetic
acid.
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gets that can be modified by ROS/RNS. Tyrosine nitration in a
protein is an important redox-related modification that alters the
activity of that protein. Endogenous nitrotyrosine-containing pro-
teins and nitrotyrosine-sites have been discovered in a human
pituitary [3,4], a pituitary adenoma [5], a diabetic rat retina
[6], a SOD2-knockdown mouse eye-cup [7], sickle cell disease
[8], spinal cords of a mouse model of familial amyotrophic lat-
eral sclerosis [9], aging rat skeletal muscle [10,11], aging rat
heart [12], mouse brain [13], human gliomas [14], and a septic
patient’s rectus abdominis muscle [15]. Most of the nitrotyrosine-
sites studied to date are located within a specific functional and
structural domains or motifs of a protein. For example, tyrosine
nitration occurred within the enzyme-substrate activity region of
sphingosine-1-phosphate lyase 1 and within the receptor-ligand
region of leukocyte immunoglobulin-like receptor A4 in a human
pituitary adenoma [5]. The tyrosine nitration within critical regions
(enzyme-substrate; receptor-ligand) of a protein could decrease
interactions and interfere with protein functions because the nitro
(-NOy) group is a bulky electron-withdrawing group that shifts the
pK of a Tyr OH group from ca. 10 to ca. 7 and decreases the electron
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density of the phenolic ring of a nitrotyrosine residue to diminish
protein binding. Tyrosine nitration occurs within a tyrosine phos-
phorylation motif ([R or K]-x2(3)-[D or E]-x3(2)-[Y]) such as
insulin-responsive glucose transporter type 4 and protein tyrosine
phosphatase 1 in the diabetic rat retina [6]; and tyrosine nitration
competes with the same tyrosine site with phosphorylation.

Mass spectrometry-based proteomics effectively detects and
identifies endogenous nitroprotein and nitrotyrosine-sites. Pro-
teomics is limited by the low-abundance of the endogenous
nitrotyrosine-sites, which have been estimated to be 1 in 106
tyrosines [16], and the complicated mass spectrometric behavior
of a nitrotyrosine-containing peptide. Several protocols to study
nitrotyrosine-containing peptides or proteins were developed to be
used before mass spectrometry analysis, including (a) the chemical
reduction of nitrotyrosine to aminotyrosine [17], (b) derivatization
of nitrotyrosine into free sulfhydryl groups followed by enrichment
of sulfhydryl-containing peptides with thiopropyl sepharose beads
[18], (¢) dansyl chloride labeling of the nitration sites in combi-
nation with a precursor ion scan and an MS3 analysis [19], (d)
2D-PAGE fractionation in combination with nitrotyrosine West-
ern blot analysis [3,4,20], and (e) nitrotyrosine immunoaffinity
enrichment of endogenous nitroproteins [5-7]. Protocols (a), (b)
and (c) have succeeded only with an in vitro model peptide or pro-
tein, and in an in vitro nitrated proteome [17-19], but not with
any in vivo studies. Protocols (d) and (e) have succeeded in the
identification of endogenous nitrotyrosine-sites [3-7]. Neverthe-
less, a nitrotyrosine-containing peptide is still low in concentration
relative to the tryptic peptides that are derived from a nitro-
protein. Most nitroproteins have been identified with only one
or two nitropeptides; that low number results in a low protein-
coverage [3-15]. Therefore, a high-quality MS/MS-based amino
acid sequence is mandatory. However, the complicated mass spec-
trometric behavior of a nitropeptide makes it difficult to obtain
high-quality spectra and to interpret an MS spectrum. Studies have
shown that MALDI-induced photochemical decompositions of a
nitro group occur in in vitro nitroproteins and synthetic nitropep-
tides [21,22], and in endogenous nitroproteins [4]. This present
study shows that MALDI-induced photochemical decompositions
decrease the precursor-ion intensity of a nitropeptide, and compli-
cate the MS spectrum. Electrospray spectra do not contain those
decompositions [21,22].

This study describes the use of a VMALDI linear ion-trap mass
spectrometer to study the fragmentation details of three syn-
thetic peptides - leucine enkephalin, nitro-Tyr-leucine enkephalin,
and ds-Phe-nitro-Tyr-leucine enkephalin - to explore the frag-
mentation behavior of nitrotyrosine-containing peptides during
vMALDI-MS and MS/MS with the goal to assist our interpretation
of endogenous low-abundance nitropeptides that are derived from
human tissues and fluids. The accumulation of hundreds of MS/MS
spectra of a nitropeptide significantly optimized the signal-to-noise
ratio (S/N) of that spectrum. The spectrum of the 2H (d)-modified
nitro-Tyr-leucine enkephalin confirmed the interpretation of the
vMALDI MS and MS/MS spectra of nitro-Tyr-leucine enkephalin.

2. Materials and methods
2.1. Synthetic peptides

Leucine enkephalin acetate hydrate (LE1—Table 1) was pur-
chased (Sigma L9133-10 MG). Nitro-Tyr-leucine enkephalin (LE2)
and ds-Phe-nitro-Tyr-leucine enkephalin (LE3) were synthesized
by Dr. Peter Schiller (Clinical Research Institute of Montreal,
Canada). Each sample was lyophilized. Table 1 contains the code,
amino acid sequence, and theoretical accurate mass of those three
peptides.

2.2. Preparation of peptide samples

A separate stock solution (5pmol/wl) of each peptide was
prepared by dissolving 220 g LE1 (396 pmol) in 79 l 0.1% triflu-
oroacetic acid (TFA) with 2% acetonitrile; 350 pg LE2 (490 pmol) in
98 w1 0.1% TFA with 2% acetonitrile; and 505 g LE3 (702 pmol) in
140 10.1% TFA with 2% acetonitrile. Each solution was stored (4 °C).
An aliquot of a peptide stock solution (5 pmol) was diluted with a
solution to yield a final concentration of 50% acetonitrile and 0.1%
TFA. A series of dilutions was produced: 5000, 1000, 500, 100, 50,
10, 5, and 1 fmol/pl. The a-cyano-4-hydroxycinnamic acid (CHCA)
matrix solution (5 mg/ml) was prepared by dissolving 5 mg CHCA
in 1 ml of a solution to yield a final concentration of 50% acetonitrile
and 0.1% TFA. Each diluted peptide solution (4 j.l) was mixed with
4 wl of the CHCA matrix solution. The peptide-CHCA matrix solu-
tion (2 1) was loaded onto a vMALDI 96-well plate (1 pmol/spot),
and was dried in ambient air. Each sample was analyzed in triplicate
(three separate MALDI spots).

2.3. vVMALDI-LTQ mass spectrometer

Each peptide was analyzed with a vacuum matrix-assisted laser
desorption/ionization-linear ion-trap mass spectrometer (VMALDI-
LTQ) (ThermoFisher Scientific, San Jose, CA, USA) in the tune-page
operation mode to obtain the MS and MS/MS spectra. For the
VvMALDI source, the crystal-positioning system (CPS) was enabled,
auto spectrum filter (ASF) disabled, and the number of scans of
step 10 for the disabled ASF. The automatic gain control (AGC)
was enabled to allow the vMALDI software to automatically adjust
the number of laser shots to optimize the quality of the vMALDI
spectrum. The number of scans/file was 30. For an MS scan, mass
range (m/z 150-700), normal scan-rate, full scan, polarity pos-
itive, and 5 microscans of each experiment were used. For an
MS/MS scan, normal mass range, normal scan-rate, polarity neg-
ative, full scan, isolation width 1.0 Th, activation Q-value 0.25,
activation time 30 ms, and 5 microscans of each experiment were
used. The laser beam was attenuated to provide a series of flu-
ences (5, 10, 15, 20, 25, 30, 35, 40, and 45% of the unattenuated
beam; arbitrary units). To analyze the effect of laser fluence on the
product-ion intensity, the same series of laser fluence was used,
and the normalized collision energy (NCE) was fixed at 35 arbitrary
units. To analyze the effect of collision energy on the product-ion
intensity, the laser fluence was fixed at 30 arbitrary units, and a
series of NCE (10, 20, 30, 40, 50, 60, and 70 arbitrary units) was
used. For MS2, a laser fluence 30 units, NCE 35 units, isolation
width 1.0 Th, activation-Q 0.25, and activation time 30 ms were
used. For MS3, the laser fluence 30 units, NCE 35 units, isolation
width 1.0 Th, activation-Q 0.25, and activation time 30 ms were
used.

The MS and MS/MS data were managed with the Qual Browser
that is a part of the Xcalibur software package that is a part of the
vMALDI-LTQ system. The spectrum (MS; MS?; MS3) of each scan
(n=30 scans) in each file was processed and accumulated (n=30)
to obtain a synthetic spectrum. The m/z value and peak intensity
in the synthetic spectrum were copied into a Microsoft Excel pro-
gram for data analysis and graph construction. Each experiment
was performed in triplicate.

3. Results and discussion
3.1. MS analysis of LE1, LE2, and LE3

The MALDI MS spectrum of each peptide (1 pmol) was obtained
at a laser fluence of 30 units. Fig. 1 contains the MS spectrum of LE1
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Table 1
The amino acid sequence and theoretical mass of the synthesized peptides
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Code Sequences

Accurate mass (Da)

LE1
LE2
JLIES)

Tyr-Gly-Gly-Phe-Leu
(3-NO; )Tyr-Gly-Gly-Phe-Leu
(3-NO3 )Tyr-Gly-Gly-(ds)Phe-Leu

Y-G-G-F-L
(3-NO,)Y-G-G-F-L
(3-NO, )Y-G-G~(d5)F-L

555.1818
600.0909
605.1818

XZ01252008_LE1_MS_A1 # 1-30 RT: 0.00-0.41 AV:30 NL: 1.01ES
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Relative Abundance
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XZ01252008_LE3_MS_AS # 1-30 RT:  0.00-0.26 AV: 30 NL: 9.09E4
T: ITMS + p MALDI Full ms [ 50.00-1500.00]
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Fig. 1. MALDI MS spectra of LE1 (top), LE2 (middle), and LE3 (bottom). nY = nitro-Tyr. F(ds ) = Phe residue with five 2H (d) atoms.

(top; [M+H]* at m/z 556.2), LE2 (middle; [M+H]* at m/z 601.1), and
LE3 (bottom; [M+H]* at m/z 606.2). The results clearly showed that
the [M+H]" ion of LE2 shifted 45 mass units (due to the presence of
the nitro group) relative to LE1, and that the [M+H]* of LE3 shifted 5

mass units (ds) relative to LE2 and 50 mass units (nitro group +ds)
relative to LE1. Each peptide also has a sodium-adduct ion: for LE1
(m/z578.2), LE2 (m/z623.2), and LE3 (m/z 628.2); the mass of each
sodium-adduct ion also shifted appropriately.
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Fig. 2. MS? spectra of LE1 (top), LE2 (middle), and LE3 (bottom). nY = nitro-Tyr. F(ds )= Phe residue with five 2H (d) atoms.
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Fig. 3. MS?® spectra (b4 ion) of LE1 (top), LE2 (middle), and LE3 (bottom). nY = nitro-Tyr. F(ds ) = Phe residue with five 2H (d) atoms.

Compared to LE1, a unique decomposition pattern of ions ilar decomposition pattern for the loss of one/two oxygen atoms
([M+H]* - 16 and [M+H]* - 32) was observed in the LE2 and LE3 also occurred for the sodium adduct of LE2 and LE3. A product at
spectra; that pattern is due to the photodecomposition of the nitro [M+H]* - 30 was also observed in the LE2 and LE3 spectra, which
group (-NO,) to lose one and two oxygen atoms [4,21,22]. A sim- could result from the reduction of the nitro group (-NO;) to an
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amino group (-NH,) [22]. Furthermore, the base-peak intensity of
the [M+H]* ion of LE1 (NL=1.01E5) was higher than that of LE2
(NL=3.25E4) and LE3 (NL=9.09E4) (see discussion below; Fig. 4A).

3.2. MS? analysis of LE1, LE2, and LE3

Each [M+H]" ion of LE1, LE2, and LE3 was selected as the precur-
sor ion for MS/MS (MS2) analysis (Fig. 2). The amino acid sequence
of each peptide is listed in the upper-left of each spectrum, and
each product ion is underlined. A similar product-ion pattern was
found in those three MS/MS spectra; y3, y3; ba, b3, by, bs; and ag, as
were detected for each peptide. The b, (m/z 221.4), b3 (m/z 278.3),
bs (m/z425.1), and bs (m/z 538.1) ions of LE2 shifted 45 mass units
relative to the corresponding b,, b3, b4, and bs ions of LE1. Also, the
product ions y; (m/z 279.4) and y3 (m/z 336.2) in LE2 are the same
as LE1. This result confirmed that the nitro group (-NO;) was on Y
in LE2.

The y, (m/z 284.4) and y3 (m/z 341.2) ions of LE3 shifted 5 mass
units relative to the corresponding y, and y3 ions of LE1 and LE2.
Also, the by and b3 ions of LE3 are the same as LE2, but the b4 and
bs ions of LE3 shifted 5 mass units relative to LE2 and shifted 50
mass units relative to LE1. Those results clearly confirmed the d5-F4
in LE3.

Moreover, the abundant a4 and a5 ions in each spectrum (Fig. 2)
further confirmed the presence of the by and bs ions because an
a-ion equals the loss of CO from a b-ion. Compared to the by and
bs ion in the MS? spectra of LE1, LE2, and LE3, the same mass shift
occurred inthe az and a5 ions of LE1, LE2, and LE3. That result further
confirmed the nitro group (-NO,) on Y; in LE2 and LE3, and the ds5-
F4 in LE3. Furthermore, the base-peak intensity of the product-ion
spectrum of LE2 (NL=1.22E3) and LE3 (NL=5.59E2) was lower than
that of LE1 (NL=3.36E3) (see discussion below; Fig. 4B).

3.3. MS? analysis of LE1, LE2, and LE3

The by ion was the second most intense ion in the MS2 spectra
of LE1, LE2, and LE3 (Fig. 2). MS? analysis was performed on the by
product ion of LE1, LE2, and LE3. Fig. 3 contains the MS3 spectra
of the by product ion of LE1 (top), LE2 (middle), and LE3 (bottom).
The amino acid sequence is listed in the upper-left corner of each
spectrum. The MS3 ions (y, b, and a) are labeled in each spectrum.
From those three MS3 spectra, the range of base-peak intensity
(5.28E1-9.81E1) was significantly lower than the MS? base-peak
intensity range (5.59E2-3.36E3). No y-ions were detected; only y3-
H,0 was detected. Ions at by, bs, a4, and bs-H,0 were detected in
each MS3 spectrum. Compared to the MS2 product ions (Fig. 2), the
MS3 product ions demonstrated the same mass shift among LE1,
LE2, and LE3.

The MS3 by, b3, bs-H,0, and a4 ions of LE2 shifted 45 mass units
relative to LE1. The MS3 b, and b3 ions of LE3 were the same as LE2,
but the bs-H,0 and a4 ions of LE3 shifted 5 mass units relative to
LE2 and 50 mass units relative to LE1. Also, the MS3 y3-H,0 ion was
the same between LE1 and LE2, but the y3-H,0 ion in LE3 shifted 5
mass units relative to LE1 and LE2. Those MS3 data are consistent
with the MS? data.

3.4. Effect of laser fluence on the fragmentation of LE1, LE2, and
LE3

An appropriate laser fluence optimizes the ion signal of a
precursor ion and the fragmentation sensitivity of the selected
product-ion by of LE1, LE2, and LE3. The effect of laser fluence on
the intensity of a precursor-ion and product-ion was measured. The
b4 product ion (Fig. 2) was selected as the index for peptide frag-
mentation. The normalized collision energy (NCE) was fixed at 35
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Fig.4. The effect of laser fluence on the fragmentation of nitropeptides. (A) Relation-
ship between laser fluence and the precursor-ion intensity (n=3). (B) Relationship
between laser fluence and the product-ion b4 intensity (n=3).

units for the MS?2 laser-fluence analysis. The data in Fig. 4A show
the effect of laser fluence on the precursor-ion intensity of LE1, LE2,
and LE3. Each precursor-ion intensity maximized at a laser flu-
ence of 30 arbitrary units. However, the precursor-ion intensities
of LE2 and LE3 were, respectively, 3.5-fold and 4.9-fold lower than
LE1 due to the photochemical decompositions described above,
because the presence of a nitro group in LE2 and LE3 is the only
difference with LE1, and because data described above showed ion
losses (—16, —32) that derive only from a nitro group. That photo-
chemical decomposition pattern is consistent with previous studies
[4,21,22].

Fig. 4B shows the effect of laser fluence on the intensity of the by
product-ion at NCE 35 units. The LE1 and LE2 b4 ions maximized at a
laser fluence of 40 units, and the LE3 by ion at 45 units. Furthermore,
the LE2 and LE3 by ion intensities were, respectively, 7.1-fold and
11-fold lower than the LE1 by ion; that difference is consistent with
the result that the precursor-ion intensity of LE2 and LE3 was much
lower than LE1 (Fig. 4A).

A laser fluence of 30 units was used for subsequent MS and MS?2
experiments.

3.5. Effect of collision energy on the fragmentation of LE1, LE2,
and LE3

The fragmentation of a precursor ion occurs within the collision-
induced dissociation (CID) zone of a mass spectrometer. Collision
energy significantly affects fragmentation efficiency [23-25]. Here,
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Fig. 5. The effect of collision energy on the fragmentation of nitropeptides. (A) Relationship between collision energy and the product-ion intensity (n=3). (B) Relationship

between collision energy and the product-ion b4 and a4 intensities (n=3).

we investigated the effect of collision energy on the fragmentation
of a nitropeptide, and analyzed whether a nitro group affected the
fragmentation at a constant laser fluence of 30 units. Fig. 5A shows
the effect of NCE on the intensity of the MS? by, bs, and b, prod-

uct ions. The top three panels (from left to right) show NCE versus
intensity of those three product-ions for LE1; the middle three pan-
els for LE2; and the bottom three panels for LE3. The LE1 b, ion had
the (first peak) highest intensity at NCE 30, LE2 at 40, and LE3 at 40
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Fig. 6. The VMALDI-LTQ sensitivity in the detection of nitropeptides. (A) Relationship between peptide amount and the precursor-ion intensity (n=3). (B) Relationship

between peptide amount and the product-ion b4 intensities (n=3).

units. The LE1 b3 ion maximized at NCE 30, LE2 at 40, and LE3 at 40
units. The LE1 by ion maximized at NCE 20, LE2 at 20, and LE3 at
30 units. These results clearly showed that the generation of the b,
and b3 ions from LE2 and LE3, respectively, required a higher NCE
than LE1 because of the presence of the nitro group in LE2 and LE3;
and that the generation of the b, ion of LE3 required a higher NCE
than LE1 and LE2 because of the d5-F4 residue in LE3. However, the
generation of the b4 ion from LE1, LE2, and LE3 required a lower NCE
than the b, and bj ions. Perhaps the distance of the F-L bond from
the NO,-Y; residue affected the NCE-versus-intensity relationship.
Nevertheless, a higher collision energy is required to fragment a
nitropeptide.

Thus, a potential and significant problem is raised that, when an
endogenous nitroprotein is MS/MS-identified from a complex pro-
teome, a variable NCE cannot be set for each separate nitropeptide
relative to its unmodified species; that limitation could affect the
optimized fragmentation of nitropeptide relative to its unmodified
species.

Clearly, for an MS/MS identification of an amino acid sequence,
the complete b- and y-ion series are optimal. However, for the
VMALDI-LTQ experiments on LE1, LE2, and LE3, the a4 and a5 ions
are present in the MS/MS spectrum (Fig. 2). The [b-CO] ion is an
a-ion. Therefore, the effect of NCE on the relative intensity of a- and
b-ions was investigated (Fig. 5B). For the LE1 b4 and a4 ions, when
NCE <20 units, the by ion intensity is slightly higher than the a4
ion intensity, but when NCE > 20 units, the by intensity was lower
than the a4 ion intensity. For the LE2 b4 and a4 ions, when NCE <32
units, the by ion intensity was higher than the a4 ion intensity, but
when NCE > 32 units, the a4 ion intensity was higher than the b4 ion
intensity. For the LE3 b4 and a4 ions, when NCE < 35 units, the b4 ion

intensity was higher than the a4 ion intensity, but when NCE > 35
units, the a4 ion intensity was higher than the b, ion intensity. Those
results clearly showed that a higher NCE produced more a-ions and
fewer b-ions. That result is reasonable, and reflects for the a4 ion,
the energetically favorable loss of a molecule (CO; AHf=—26 kcal)
from the by-ions.

3.6. The detection sensitivity of a precursor-ion and product-ion
of LE1, LE2, and LE3

Sensitivity is the key issue for the MS-detection of endogenous
low-abundance nitroproteins (and for their future quantification).
The optimized experimental conditions described above were used
to determine the sensitivity of VMALDI-LTQ to detect the synthetic
nitropeptides LE2 and LE3. A series of peptide dilutions (5000, 1000,
500, 100, 50, 5, and 1 fmol) was analyzed. Data in Fig. 6A show the
sensitivity to detect the precursor ion of LE1, LE2, and LE3. The pre-
cursor ion of each peptide at 1 fmol can be effectively detected, and
an excellent MS spectrum was obtained. When the peptide amount
was >500 fmol, no linear response relationship existed between the
precursor-ion intensity and peptide amount. Fig. 6B shows the sen-
sitivity to detect the b4 ion of LE1, LE2, and LE3. The b4 ion can be
detected at 1fmol for LE1, and at 10 fmol for LE2 and LE3; and a
good MS? spectrum was obtained (Fig. 7). The S/N of those ions in
Fig. 7a-c are ca. 40-50:1. When the peptide amount was >500 fmol,
no linear response relationship existed between the b, ion inten-
sity and peptide amount. Therefore, the sensitivity to detect the by
ion of LE2 and LE3 is lower than for LE1; that difference is consis-
tent with the result that photochemical decomposition decreased
the precursor-ion intensity of LE2 and LE3 relative to LE1.
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4. Conclusions

Tyrosine nitration is an important redox-mediated protein
post-translational modification, is associated with a wide-range
of diseases, and is involved in physiological and pathologi-
cal processes. A variety of protein chemical approaches have
been used to detect endogenous nitroproteins and nitropeptides
[3,5,6,16,26-28]. However, mass spectrometry-based proteomics is
an effective, sensitive, and specific method to detect and charac-
terize the sites of nitrotyrosines in endogenous proteins. The MS
method has been documented [3-15], including studies of human
pituitary adenoma, diabetic retina, and lung disease. However, usu-
ally only one, or a few, nitropeptides were identified for each
endogenous nitroprotein, and a low protein-coverage was found.
Therefore, a high-sensitivity mass spectrometer and high-quality
MS/MS spectra are needed.

This present study used vVMALDI-LTQ to study the fragmen-
tation of a synthetic peptide and two synthetic nitropeptides in
order to assist in the interpretation of MS spectra of endoge-
nous nitropeptides. We analyzed synthetic leucine enkephalin
(LE1), nitrotyrosine-containing leucine enkephalin (LE2), and
nitrotyrosine-containing ds-F4 leucinine enkephalin (LE3). First,
the results showed that UV laser-induced photochemical decom-
position of the nitro group (loss of 16, 32Da) decreased the
precursor-ion intensity, and complicated the MS spectrum. How-
ever, in turn, the recognition of the unique photochemical
decomposition pattern significantly assisted in the identification
of a nitropeptide and the location of the nitrotyrosine site. Sec-
ond, the optimal fragmentation of the two nitropeptides (LE2, LE3)
required more collision energy compared to the unmodified pep-
tide LE1. However, more collision energy increased the intensity
of a-ions and decreased the intensity of b-ions. Third, MS? anal-
ysis confirmed the MS2-derived amino acid sequence, although
an MS? analysis requires a higher amount of peptides relative to
MS2. Therefore, MS? analysis might not be suitable for routine
analysis of endogenous low-abundance nitroproteins. Only when
a target is determined can MS3 be used for confirmation. Fourth,
the optimization of collision energy could depend on the position
of nitrotyrosine and length of the peptide, whereas optimization of
the laser fluence could rely on the nature of matrix and the ratio of
analyte to matrix because laser beam mainly excites the production
of the precursor ion ([M+H]*) and might not contribute to the frag-
mentation of the C-N bond of nitropeptide. Fifth, vVMALDI-LTQ MS
could detect (with a S/N of ~50:1) 1 fmol of a nitropeptide, and MS?2
10 fmol nitropeptide and 1 fmol unmodified peptide, because the
photochemical decomposition of the nitro group decreased the sen-
sitivity of fragmentation of nitropeptides. Finally, for vYMALDI-LTQ,
the laser fluence should be evaluated periodically with a standard
peptide so that an effective laser energy is used because a laser
degrades with time.
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