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bstract

The nitric oxide-mediated Tyr-nitration of endogenous proteins is associated with several pathological and physiological processes. In order
o investigate the presence – and potential roles – of Tyr-nitration in the human pituitary, a large-format two-dimensional gel separation plus a

estern blot against a specific anti-3-nitrotyrosine antibody were used to separate and detect nitroproteins from a human pituitary proteome. The
itroproteins were subjected to in-gel trypsin digestion, and high-sensitivity vacuum matrix-assisted laser desorption/ionization (vMALDI) linear
on-trap tandem mass spectrometry was used to analyze the tryptic peptides. Those MS/MS data were used to determine the amino acid sequence
nd the specific nitration site of each tryptic nitropeptide, and were matched to corresponding proteins with Bioworks TuboSEQUEST software.
ompared to our previous study, 16 new nitrotyrosine-immunoreactive positive Western blot spots were found within the area pI 3.0–10 and Mr

0–100 kDa. Four new nitroproteins were discovered: the stanniocalcin 1 precursor—involved in calcium and phosphate metabolism; mitochondrial
o-chaperone protein HscB, which might act as a co-chaperone in iron–sulfur cluster assembly in mitochrondria; progestin and adipoQ receptor

amily member III—a seven-transmembrane receptor; proteasome subunit alpha type 2—involved in an ATP/ubiquitin-dependent non-lysosomal
roteolytic pathway. Those data demonstrate that nitric oxide-mediated Tyr-nitration might participate in various biochemical, metabolic, and
athological processes in the human pituitary.

2006 Elsevier B.V. All rights reserved.
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. Introduction
Reactive nitrogen species (RNS)-mediated protein nitration
s an important post-translational modification that is associated
ith many pathologies and physiological processes [1–5]. Our

Abbreviations: AGC, automatic gain control; ASF, auto spectrum fil-
er; BCIP/NBT, 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium;
HCA, �-cyano-4-hydroxycinnamic acid; CPS, crystal-positioning system;
MALDI, vacuum matrix-assisted laser desorption/ionization; MS, mass spec-
rometry; Mr, relative molecular mass (dimensionless); MS/MS, tandem
ass spectrometry; m/z, mass-to-charge ratio; pI, isoelectric point; SDS-

AGE, sodium dodecylsulfate-polyacrylamide gel electrophoresis; 2DGE, two-
imensional gel electrophoresis; LTQ, linear ion-trap; S/N, signal-to-noise ratio;
NS, reactive nitrogen species; Th, Thomson (m/z unit)
∗ Corresponding author. Tel.: +1 901 448 5488; fax: +1 901 448 7842.

E-mail address: ddesiderio@utmem.edu (D.M. Desiderio).
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tudies [1,5] and others [6–11] have indicated that nitric oxide
nd protein nitration play important roles in the human pituitary.

two-dimensional Western blot against an anti-3-nitrotyrosine
ntibody is a sensitive method to detect nitroproteins in a human
ituitary tissue proteome [1]. We had previously discovered
our nitroproteins in a human pituitary post-mortem control
issue with a two-dimensional Western blot on a 2D gel
ithin the area pI 4.3–6.0 and Mr 18–60 kDa. The amino acid

equence of those nitroproteins were determined with liquid
hromatography–electrospray ionization–quadrapole-ion-trap
ass spectrometry (LC–ESI–Q-IT-MS) [1]. Because the

mount of each nitroprotein was very low, a high-sensitivity

ass spectrometer was needed to characterize each nitropro-

ein. Although we had previously used an LC–ESI–Q-IT-MS
LCQDeca) to characterize several high-abundance 2D-
eparated nitroproteins, we could not characterize several

mailto:ddesiderio@utmem.edu
dx.doi.org/10.1016/j.ijms.2006.06.009
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xtremely low-abundance nitroproteins. In this present study, a
igh-sensitivity (ca. 1 fmol) vMALDI-LTQ mass spectrometer
as used to characterize several extremely low-abundance
itroproteins. Sixteen new immune-positive nitroprotein-spots
gainst an anti-3-nitrotyrosine antibody were detected; four new
itroproteins were discovered, and their nitration-sites were
etermined; a consensus sequence for nitration is suggested;
nd photochemical-induced fragments confirmed the presence
f a nitrotyrosine.

. Materials and methods

.1. Separation of human pituitary nitroproteins

A normal (control) human pituitary post-mortem tissue
male, 45-years old, drowning) was obtained from the Memphis
egional Medical Center. The extracted protein mixture was

eparated with two-dimensional gel electrophoresis (2DGE)
ith an 18 cm IPGstrip (pH 3–10 NL) and 12% sodium
odecylsulfate-polyacrylamide gel electrophoresis (SDS-
AGE). The 2DGE-separated proteins were transferred onto a
VDF membrane, and a Western blot reaction was performed
gainst a rabbit anti-human nitrotryrosine antibody. The nitro-
roteins on that Western blot membrane were visualized with
-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium
BCIP/NBT). The proteins on the 2DGE gel were visualized
ith silver staining. The visualized Western blot membrane

nd the 2DGE gel were both digitized and analyzed with
DQuest software (Bio-Rad, version 7.1, Hercules, CA). Each
ositive Western blot spot was matched to its corresponding
DGE gel-spot. The detailed experimental procedures have
een described [1]. The 2DGE-separated nitroproteins, which
orresponded to the positive Western blot spots, were subjected
o trypsin treatment and MS/MS analysis.

.2. Trypsin-digestion of 2DGE-separated nitroproteins

The silver-stained 2D gel-spots that corresponded to the pos-
tive Western blot spots were excised, and the proteins were
ubjected to in-gel trypsin digestion [12]. The tryptic peptide
ixture was purified with a ZipTipC18 micro-column according

o the manufacturer’s instructions. The purified tryptic peptides
ere eluted directly from the microcolumn onto a vMALDI
6-well plate with 2 �l of a �-cyano-4-hydroxycinnamic acid
CHCA) solution (2.5 mg/ml in 50% (v/v) acetonitrile/0.1%
v/v) TFA) (seven cycles); the matrix was dried in ambient air.

.3. vMALDI-LTQ linear ion-trap tandem mass
pectrometry

The tryptic peptide mixture was analyzed with a vacuum
atrix-assisted laser desorption/ionization-linear ion-trap mass

pectrometer (vMALDI-LTQ) (ThermoFinnigan, San Jose, CA,

SA) in the “Nth-order double-play” data-dependent experi-
ent mode to obtain the amino acid sequence of each peptide.
he instrument parameters were: (1) for an MS scan, wide range

m/z 600–4000), normal scan rate, full scan, polarity, profile data

e
1
a
a
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ype, and five microscans of each experiment were used; (2) for
n MS2 scan, the 50 most-intense peaks in the full-MS spectrum
m/z 50–4000), normal scan rate, polarity, profile data type, iso-
ation width 3.0 Th, normalized collision energy 40%, default
harge-state 1, minimal signal threshold 100 counts, activation
-value 0.25, activation time 30 ms, and 5 microscans of each

xperiment were used; (3) for the vMALDI source, the crystal-
ositioning system (CPS) and auto spectrum filter (ASF) were
nabled. The ASF threshold was 500 counts for an MS scan,
nd 250 counts for an MS2 scan; (4) automatic gain control
AGC) was enabled to allow the vMALDI software to automat-
cally adjust the number of laser shots to maintain the quality
f the spectra. The vMALDI-LTQ MS/MS data analysis was
erformed with Xcalibur software. A number (n = 20–200) of
S2 spectra of each precursor ion were acquired to improve

ignificantly the signal-to-noise ratio (S/N) and the quality of
ach MS2 spectrum. The nitration site of each nitroprotein was
etermined from an MS2 spectrum.

.4. Database analysis of MS/MS data

An MS/MS spectrum was used to identify each nitropro-
ein by searching the SWISS-PROT and NCBInr databases
ith Bioworks 3.2 software. Mass modifications of +45 Da

+NO2–H) at Tyr and of +57 Da (+NH2COCH2–H) at Cys were
onsidered in the search. Each positive search result (K or R at
he C-terminus; K or R preceding the N-terminus; 0 or 1 missed
rypsin cleavage sites; singly charged b-, y-, and a- product ions,
omo sapiens database, and high-quality MS and MS2 spectra)
as confirmed with a manual interpretation of the MS and MS2

ata. The function of each nitroprotein was obtained from the
iterature data that are indexed on the SWISS-PROT annotation
age.

. Results and discussion

.1. Nitroproteins detected with a 2D Western blot

Fig. 1A shows a representative silver-stained 2D gel image
pI 3–10; Mr 10–100 kDa) that contained ca. 1000 protein spots
efore the transfer of proteins onto a PVDF membrane. Fig. 1B
hows the corresponding silver-stained 2D gel image after the
ransfer of proteins onto a PVDF membrane to demonstrate that

ost (ca. 99%) of the proteins were transferred onto the PVDF
embrane. Fig. 1C shows the Western blot image against an

nti-3-nitrotyrosine antibody; each positive-stained Western blot
pot represents a nitroprotein that was transferred onto the PVDF
embrane. Fig. 1D shows a parallel negative-control experiment

n order to determine any cross-reactivity of the secondary anti-
ody with a protein. Each 2D gel in Fig. 1 encompasses the area
I 3–10 and Mr 10–100 kDa. A total of 32 positive Western blot
pots that were labeled in Fig. 1C were determined on the 2D
mage with PDQuest software by comparing the digitized West-

rn blot image (Fig. 1C) to the negative-control (Fig. 1D). Spots
–7 in Fig. 1C demonstrated a cross-reactivity of the secondary
ntibody with a protein in Fig. 1D. However, a semi-quantitative
nalysis showed that the intensity of spots 1–7 in Fig. 1C was
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Fig. 1. Two-dimensional Western blot analysis of anti-3-nitrotyrosine-positive proteins in a human pituitary (70 �g protein per 2D gel). (A) Silver-stained image on
a 2D gel before the transfer of proteins onto a PVDF membrane. (B) Silver-stained image on a 2D gel after the transfer of proteins onto a PVDF membrane. (C)
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estern blot image of anti-3-nitrotyrosine-positive proteins (anti-3-nitrotyrosin
he cross-reaction of the secondary antibody (only the secondary antibody; no a

uch higher than that intensity of the corresponding negative-
ontrol spot. Those data suggested that nitroproteins were also
ontained in those seven spots in Fig. 1C, and by extension also
n the other spots in Fig. 1A and C. The positive Western blot
pots in Figure 1C were matched to the corresponding silver-
tained 2D gel-spots in Fig. 1A.

Even though the abundance of a nitroprotein in a human tissue
roteome is very low, 2DGE separates and enriches each nitro-
rotein to improve its immunodection and MS-characterization.

.2. vMALDI-MS/MS characterization of nitroproteins

The mass spectrometric characterization of low-abundance
itroproteins is limited by various confounding factors between
n-gel trypsin digestion and database analysis: (a) because a visu-
lized 2D gel-spot could include several proteins, non-nitrated
roteins and nitroproteins could also co-exist in a positive West-
rn blot spot. Three potential factors could result in multiple
roteins in a 2D gel-spot: poor electrophoretic focusing (some
roteins cannot be separated effectively in the pI direction), poor
DS-PAGE (some proteins cannot be separated effectively in the

r direction), and proteins with an extremely similar pI and Mr

those proteins cannot be separated effectively on a 2D gel); (b)
o uniform database analysis method and evaluation criteria are
vailable for MS/MS data-derived database search results; (c)

o
s
r

ibodies + secondary antibody). (D) Negative control of a Western blot to show
nitrotyrosine antibody).

ome unavoidable contaminants often interfere with the iden-
ification of low-abundance nitroproteins. Those contaminants
sually include trypsin-autodigestion fragments, keratins from
kin and hair, matrix (e.g., CHCA), and other unknown contam-
nants. The intensity of trypsin autodigestion fragments and of
he peptides from contaminated keratins is much higher than
he intensity of tryptic nitropeptides and, therefore, interfere
eriously with the detection of tryptic nitropeptides in a mass
pectrum.

Commonly occurring “background” ions (Fig. 2) from a
lank region of a human pituitary 2D gel occur in an MS spec-
rum at m/z 665.2, 780.3, 843.2, 879.4, 992.2, 1121.1, 1180.2,
422.0, 1476.2, 1549.2, 1697.0, 1810.1, 1924.2, 1942.0, 1995.2,
065.82, 2084.1, 2212.1, 2222.2, 2240.1, 2300.2, 2384.9,
421.2, 2686.2, 2915.3, 3097.2, 3113.3, 3332.2, and 3348.2.
ome of those interfering ions often also appeared in the MS
pectrum of an analyzed sample. If any one of those “back-
round” ions is selected as a precursor ion for MS/MS analysis,
hen careful attention must be taken to the b-, y-ion series to
etermine whether they derive from a “real” peptide from the
nalyzed sample.
To improve the quality of an MS2 spectrum, an accumulation
f up to hundreds of MS2 spectra for a precursor ion improved
ignificantly the S/N of an MS/MS spectrum, and commensu-
ately increased the confidence in the database analysis result.
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ig. 2. A representative vMALDI-LTQ MS “background” spectrum from a hu
el).

MS/MS data and a database search were used to analyze each
ositive Western blot sample. Most of those analyzed samples
emonstrated very weak spots in a 2D gel (Fig. 1A and C). A
otal of four nitropeptides, which were matched to four differ-
nt proteins, respectively, were characterized (Table 1). Table 1
ontains the nitroprotein name, SWISS-PROT accession num-
er, nitropeptide amino acid sequence, Tyr-nitration site in the

itroprotein, spot number, and Xcorr score.

A representative vMALDI-LTQ MS/MS spectrum of a
itropeptide that contained 24 amino acids is shown in Fig. 3.
he [M + H]+ ion at m/z = 2730.18 of a tryptic peptide in the

h
P
a
p

able 1
uman pituitary nitroproteins characterized with vMALDI-LTQ tandem mass spectr

rotein name (SWISS-PROT number) Nitropeptide

tanniocalcin 1 precursor (P52823) K.RNPEAITEVVQLPNHFSNRY*YN
o-chaperone protein HscB,
mitochondrial precursor (Q8IWL3)

K.HSTLVNDAY*KTLLAPLSRGLYL

rogestin and adipoQ receptor family
member III (Q6TCH7)

R.LYTY*EQIPGSLKDNPYITDGYRA

roteasome subunit alpha type 2
(P25787)

K.DY*LAAIA.-

*, nitrotryrosine. The period in each nitropeptide amino acid sequence refers to the
ituitary 2D gel (spectrum taken from a “blank” region near the margin of the

S spectrum (Fig. 3A) was selected as the precursor ion, and
ig. 3B contains the MS/MS spectra of that [M + H]+ precur-
or ion. The product ions labeled in Fig. 3B include the singly
harged b-, y-, and a-ions (see Table 2). The corresponding
mino acid sequence, HSTLVNDAY*KTLLAPLSRGLYLLK
Y* = nitrotyrosine), of that peptide is shown in Table 2. That
itropeptide matched the amino acid sequence 120–143 of

uman mitochondrial co-chaperone protein HscB (SWISS-
ROT number = Q8IWL3) (Table 1). The Tyr-nitration was
ssigned to Tyr-128 in the nitroprotein (position 9 in the
eptide—Table 2). Moreover, the loss of NH3 from the singly

ometry

Spot number Tyr nitration site Xcorr

R.L N5 159 2.51
LK.L N4 128 2.53

YLPSR.L N10, N14 33 2.85

N3, N6, N10, N19, N22 228 1.65

trypsin cleavage site.
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harged b11, b12, b13, b17, y20 ions, the loss of H2O from the
ingly charged b14, b18, b21, b22, y23 ions, and the addition of
Na to the singly charged b19, b21, b22-NH3 ions were also

etected (Table 2). Each MS/MS spectrum was interpreted man-
ally to confirm the amino acid sequence.

.3. Expanded data in this present study

Our overall goal is to develop a high-throughput, specific,
nd sensitive analytical method to discover nitroproteins in the
uman pituitary in order to provide a database of pituitary
umor-related nitroproteins, to characterize the human pituitary
n a molecular level, and to elucidate molecular mechanisms
hat contribute to the formation of a pituitary adenoma [13].

two-dimensional Western blot based on a specific anti-3-
itrotyrosine antibody is an effective method to array and detect

itroproteins in a human pituitary tissue proteome [1]. Com-
ared to our previous study [1], (1) in this current study we
xpanded the area of study of a 2D Western blot from pI 4.3–6.0
nd Mr 18–60 kDa to pI 3–10 and Mr 10–100 kDa. More anti-

p
e
T
t

ig. 3. MS spectrum and precursor ion (A; m/z = 2731.2) and MS2 spectrum (B) of the n
n the protein; Y9 in the peptide), from human mitochondrial co-chaperone protein H

− 14 = M + 2H − O; M − 16 = M − O; M − 32 = M − 2O; M − 45 = M + H − NO2.
of Mass Spectrometry 259 (2007) 96–104

itrotyrosine positive Western blot spots (n = 16; spots N7–N18,
21–N24) were found (Fig. 3C). The positive Western blot spots
–7, N1–N6, N19, N20, and N25 were the same as the spots
n our previous study; (2) a vMALDI-LTQ MS/MS instrument
nd Bioworks software were used here instead of the previ-
us LCQDeca LC–ESI–Q-IT-MS/MS instrument and SEQUEST
oftware. The sensitivity of a vMALDI-LTQ instrument is sig-
ificantly higher than that of an LCQDeca; for example, some
xtremely low-abundance proteins (such as spot N10) were char-
cterized in this present study. Compared to an LCQDeca, another
dvantage of a vMALDI-LTQ is that the sample on a MALDI
late can be kept up to several weeks for reanalysis; that pos-
ibility is always useful for a precious human pituitary sample
14,15]. Also, an accumulated MS/MS spectrum was obtained to
mprove significantly the quality of each MS/MS spectrum and
o increase the confidence in each result; (3) the four new nitro-

roteins discovered here in a human pituitary post-mortem tissue
xtended our database of the human pituitary nitroproteome.
hose four new nitroproteins were the stanniocalcin 1 precursor

hat is involved in the metabolism of calcium and phosphate [16],

itropeptide, 120HSTLVNDAY*KTLLAPLSRGLYLLK143 (nitration site = Y128

scB (SWISS-PROT number = Q8IWL3). *The loss of NH3; #the loss of H2O;
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Fig. 3. (

he mitochondrial co-chaperone protein HscB that might act as
co-chaperone in iron–sulfur cluster assembly in mitochron-

ria [17], the progestin and adipoQ receptor family member
II that is a seven-transmembrane receptor [18], and the pro-
easome subunit alpha type 2 that is a multicatalytic proteinase
omplex that is involved in an ATP/ubiquitin-dependent non-
ysosomal proteolytic pathway [19,20]. The presence of those
ewly discovered nitroproteins in the human pituitary demon-
trated that nitric oxide-mediated Tyr-nitration might participate
n various biochemical, metabolic, and pathological processes
n the pituitary; (4) the nitration of mitochondrial co-chaperone
rotein HscB that participates in the iron–sulfur cluster assem-
ly in mitochondria is an interesting phenomena in the human
ituitary because the iron–sulfur (Fe–S) cluster assembly that
s involved in electron-transfer processes is an important post-
ranslational modification in the mitochondrial complex I that
s responsible for superoxide anion generation that is frequently
inked to disease pathophysiology [21,22]. That result indicates

hat the reactive nitrogen species (RNS) system is associated
ith the reactive oxygen species (ROS) system, and that nitra-

ion and denitration [23,24] might play roles in superoxide anion
eneration in the human pituitary.

s
o
o
t

nued ).

.4. Sensitivity, MS/MS analysis of endogenous
itropeptides, and diagnostically important
hotochemical-induced decomposition products
f nitrotyrosine

Four endogenous nitroproteins and their sites of nitration
ere characterized from eight 2D gel spots that had a positive

mmunoreactivity against an anti-3-nitrotyrosine antibody
Table 1). However, the nitroproteins (and their sites of
itration) in the other 24 (32 − 8 = 24) immunopositive 2D
el spots were not identified—perhaps due to several factors:
1) extreme low-abundance. The vMALDI-LTQ instrument
as a 1 fmol sensitivity under our experimental conditions.
he amount of most of the endogenous nitroproteins in the
D gel spots was very low—probably lower than 1 fmol. (2)
ALDI-mediated photochemical fragmentation of nitrated

yrosine. Photochemical-induced decomposition of nitrotyro-
ine under MALDI conditions has been demonstrated in in vitro

tudies [25–28]. The photochemical-induced decomposition
f a Tyr-nitrated peptide includes the loss of one or two
xygen and hydrogen atoms from the nitro (–NO2) group
o form [M + H − 14]+, [M + H − 16]+, [M + H − 30]+, and
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Table 2
Singly charged MS2 product ions of the precursor ion ([M + H]+, m/z 2730) of a nitropeptide, corresponding to Fig. 3B

Number AA a-Ion b-Ion y-Ion Number –H2O(#) –NH3(*) +Na −14 −16 −30 −32 −45

1 H 110.1 138.1 24
2 S 197.1 225.1 2594.5 23 y23 y#

23
3 T 298.2 326.2 2507.4 22
4 L 411.2 439.2 2406.4 21
5 V 510.3 538.3 2293.3 20 y20 y20, y∗

20 y20

6 N 624.4 652.3 2194.2 19
7 D 739.4 767.4 2080.2 18
8 A 810.4 838.4 1965.2 17
9 Y* 1018.5 1046.5 1894.1 16 y16

10 K 1146.6 1174.6 1686.1 15
11 T 1247.6 1275.6 1557.9 14 b11 b∗

11 b∗
11 b∗

11
12 L 1360.7 1388.7 1456.9 13 b12 a12 b12 b12

13 L 1473.8 1501.8 1343.8 12 b13 b13, b∗
13 b∗

13 b13

14 A 1544.8 1572.8 1230.8 11 b14 b14, b#
14

15 P 1641.9 1669.9 1159.7 10
16 L 1754.9 1782.9 1062.6 9 b16 b16, a16

17 S 1841.9 1869.9 949.6 8 b17

18 R 1998.1 2026.1 862.6 7 b18 b18, b#
18 b18, b#

18 b18, b#
18

19 G 2055.1 2083.1 706.5 6 b19 + Na b19 a19 b19 + Na, b19

20 L 2168.2 2196.2 649.4 5
21 Y 2331.3 2359.3 536.3 4 b#

21 b#
21 + Na

22 L 2444.3 2472.3 373.3 3 b#
22 + Na b#

22 b#
22 + Na b#

22 + Na
23 L 2557.4 2585.4 260.2 2
24 K 147.1 1

Y +2H −
i

[
w
a
o
f

M

T
C

−
K
D
K
K
K
K
R
K
K
R
K
K
K
K
K
K
R

A
a
k
p
n
r
a

*, nitrotyrosine; #loss of H2O; *loss of NH3; −14, +2H − O; −16, −O; −30,
n the MS/MS spectrum.

M + H − 32]+ ions. In addition, a low-mass immonium ion

as formed. That triad (immonium ion; loss of one oxygen

tom; loss of two oxygen atoms) provides a unique signature
f a nitrotyrosine peptide, and provides unequivocal evidence
or the presence of a nitrotyrosine-containing protein [26]. Our

F
p
p
i

able 3
onsensus sequence for nitration of a tyrosine residue in a protein

1 Position Y* +1

.GQC@KDALEI Y* K

. Y* TT

.DL Y* A

.GE Y* FG

.RNPEAITEVVQLPNHFSNR Y* Y

.HSTLVNDA Y* K

.LYT Y* EQ

.D Y* LA

.HIGFV Y* H

.SSNP Y* LL

.DLYRDVMLEI Y* SN

.GC@EL Y* V

.YGY*APKGSSLVL Y* SD

.LM#CELGNVIINQI Y* EA

.D Y* LA

.DIMDL Y* N

.AAGVLN Y* LK

mino acid sequences of the 17 endogenous nitrotyrosine peptides discovered in our h
re tryptic peptides. However, the amino acid residue that precedes the N-terminus o
ept in an acidic solution [1]. The amino acid residue at the C-terminus of GEY*F
rotease inhibitors were used to extract proteins; for example, some endogenous prot
ovo analysis [1]. Those nitropeptides are collected from our three studies [[1,5], pres
efers to the cleavage site at N-terminus and C-terminus of the nitrated peptide. – r
ligned to the nitrotyrosine residue.
2O; −32, −2O; −45, +H − NO2. The underlined ion means that it was found

S data also contained those diagnostic ions; for example, in

ig. 3A, the peak at m/z 2714.18 (2730.18 − 16 = 2714.18),
lus many others (see Table 2). Photochemical-induced decom-
osition could reduce the MS signal of nitrotyrosine-containing
ons and might hamper a protein identification. We also found

Position

.R
QNLIR.M

NNVLSGGTTMYPGIADR.M
EKALI.S

NR.L
TLLAPLSRGLYLLK.L

IPGSLKDNPYITDGYRAYLPSR.L
AIA-

PTKETCLSGQNCTDIK.V
SHPSEPLELVVSGATETLNPAQKK.S
LLSMGYQVSKPDALSK.L

QLHGIQQVLKDC@IVHLCISK.P
KK.Y
RVEAM#AVKK.P
AIA-

QPEPVKSFLFYHSQSGR.N
.D

uman pituitary studies [[1,5], present]. Those nitrotyrosine-containing peptides
f Y*TTQNLIR is the acid-labile D residue; the purified tryptic peptides were
GEKALI is the residue I; that peptide might have been produced because no
einases might cleave I at its C-terminus; that nitropeptide was confirmed by de
ent study]. Y*, nitrotyrosine; M#, oxidized Met; C@, Cys-CAM. The “period”

efers to the C-terminus of a nitrated protein. These amino acid sequences are
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characteristic decomposition cluster pattern for b-/y-ions in
he MS2 spectrum (Fig. 3B; Table 2) for those product ions
hat contained a nitro group: y20 − 16, y∗

20 − 16, y20 − 32;
∗
11 − 14, b∗

11 − 30, b∗
11 − 32; b12 − 16, b12 − 32; a12 − 14;

13 − 16, b∗
13 − 16, b∗

13 − 30; b16 − 16 (Fig. 3B, top-left);
18 − 14, b18 − 30, b18 − 32; b#

18 − 14, b#
18 − 30, b#

18 − 32;
19 − 14, b19 − 32, a19 − 16, etc. (*, loss of ammonia; #, loss
f water). Furthermore, for a precursor ion that contained a
itrotyrosyl group, the neutral loss of a nitro group might occur
n the MS/MS spectra. In the high-mass region of Fig. 3B, the
eak at m/z 2685.64 (2730.18 − 45 = 2685.18) corresponded to
he neutral loss of a nitro group from the [M + H]+ ion at m/z
730.64. The loss of a nitro group was found in the product
ons at b13 − 45, b14 − 45, b#

14 − 45, b16 − 45, and a16 − 45
Fig. 3B; Table 2). In the present study, amino acid sequence
ata were not obtained from the photochemical-induced decom-
osition ions ([M + H − 14]+, [M + H − 16]+, [M + H − 30]+,
nd [M + H − 32]+), or the neutral loss [M + H − 45]+ ions
f nitropeptides because those ions from those endogenous
itroproteins were of very-low abundance.

In vitro studies [25,26] also indicated that the immonium
on [+H2N CH–CH2–C6H3(OH)(NO2)] at m/z 181.06 from
itrotyrosine (Tyr-NO2), at m/z 165 for nitrosotyrosine (Tyr-
O), at m/z 149 from nitrenetyrosine (Tyr-N), and at m/z 151

rom aminotyrosine (Tyr-NH2) might occur in an MS/MS spec-
rum. The immonium ion [+H2N CH–CH2–C6H3(OH)] from
yrosine (Tyr) occurs at m/z 136.10. Therefore, screening the
recursor ions that produce those immonium ions would be an
ffective method to identify nitropeptides in a mixture. How-
ver, in the present study, the low-end cut-off (<m/z 200) of our
on trap did not allow that analysis.

.5. Consensus sequence for nitration of a tyrosine residue
n a protein

Table 3 collects the amino acid sequences of the 17 endoge-
ous nitropeptides (18 nitrotyrosine residues) that we have dis-
overed in our three studies of the human pituitary [[1,5]; present
tudy]. Those amino acid sequences are aligned to the 3-NT
esidue in each nitropeptide. The amino acids at the −1 position
nclude 12 aliphatic (I, L, A, V, P, N, G), five possible (depends
n pH) ionic (D, R, E), and one hydroxylic (T) amino acids. The
mino acids at the +1 position include eight aliphatic (L, A, V, N),
ve possible (pH-dependent) ionic (E, K, H), 3 hydroxylic (S, T),
nd two aromatic (F, Y) amino acids. That limited dataset sug-
ests that the consensus sequence. . .aliphatic-Y-aliphatic. . .is
equired for the nitration of a tyrosine residue in a protein.

. Conclusions

The mapping and characterization of the human pituitary
itroproteome is a crucial first step to elucidate the role of pro-
ein nitration in human pituitary physiological and pathological

rocesses. The large-format (18 cm × 20 cm) two-dimensional
estern blot against a specific anti-3-nitrotyrosine antibody

s an effective approach to array and detect nitroproteins in
human pituitary tissue proteome. A total of 32 immunore-

[
[

[

of Mass Spectrometry 259 (2007) 96–104 103

ctive positive nitroprotein-spots were detected. Tandem mass
pectrometry (MS/MS) was used to characterize each 2D gel-
eparated nitroprotein and to determine each nitration-site. A
igh-sensitivity vMALDI-LTQ mass spectrometer character-
zed each low-abundance nitroprotein. Four new nitroproteins
ere discovered, and each nitration-site was identified. Those
ata indicate that protein nitration could play an important role
n the human pituitary, and extend our database of the human
ituitary nitroproteome. We observed several photochemical-
nduced decomposition ions [25,26] that confirmed the presence
f a nitrated tyrosine residue in the endogenous nitrotyrosine-
ontaining peptides that derived from a human pituitary.

This present study differs significantly from most previ-
us nitroprotein studies. Many previous nitroprotein studies
28] were performed on in vitro systems of nitroproteins; this
resent study used a human tissue, endogenous nitroproteins
ere located and characterized, and amino acid sequence data
ere obtained.
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