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Matrix-assisted laser desorption ionization (MALDI), Peptide Mass Fingerprinting (PMF) and MALDI-
MS/MS ion search (using MASCOT) have become the preferred methods for high-throughput identification
of proteins. Unfortunately, PMF can be ambiguous, mainly when the genome of the organism under
investigation is unknown and the quality of spectra generated is poor and does not allow confident
identification. The post-source decay (PSD) fragmentation of singly charged tryptic peptide ions generated
by MALDI-TOF/TOF typically results in low fragmentation efficiency and/or complex spectra, including
backbone fragmentation ions (series b and y), internal fragmentation etc. Interpreting these data either
manually and/or using de novo sequencing software can frequently be a challenge. To overcome this
limitation when studying the proteome of adult Angiostrongylus costaricensis, a nematode with unknown
genome, we have used chemical N-terminal derivatization of the tryptic peptides with 4-sulfophenyl
isothiocyanate (SPITC) prior to MALDI-TOF/TOF MS. This methodology has recently been reported
to enhance the quality of MALDI-TOF/TOF-PSD data, allowing the obtainment of complete sequence
of most of the peptides and thus facilitating de novo peptide sequencing. Our approach, consisting of
SPITC derivatization along with manual spectra interpretation and Blast analysis, was able to positively
identify 76% of analyzed samples, whereas MASCOT analysis of derivatized samples, MASCOT analysis
of nonderivatized samples and PMF of nonderivatized samples yielded only 35, 41 and 12% positive
identifications, respectively. Moreover, de novo sequencing of SPITC modified peptides resulted in
protein sequences not available in NCBInr database paving the way to the discovery of new protein
molecules. Copyright  2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Peptide mass fingerprinting (PMF) using matrix-assisted
laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) has become the preferred method for
high-throughput identification of proteins.1 The enzymatic
digestion of a protein with specific enzymes (e.g. trypsin)
produces a set of different peptides which are characteristic
of each protein.2,3 With the increasing number of completely
sequenced genomes, the chance of correctly identifying
the protein by PMF is likely high. However, the eventual
presence of more than one protein in the same gel spot, as
well as the occurrence of post-translational modifications,
incomplete digestion and/or unspecific cleavage, can impair
reliable identification. On the other hand, in the case of

ŁCorrespondence to: Jonas Perales, Av. Brasil, 4365, Manguinhos,
21040-900, Rio de Janeiro, RJ, Brazil. E-mail: jperales@ioc.fiocruz.br

uncharacterized genomes, protein identification by PMF is
virtually impossible.4

To identify a protein from a species with unknown
genome, additional information regarding its primary struc-
ture is necessary. MALDI post-source decay (PSD) analysis,
introduced by Kaufmann and coworkers,5 has been used to
determine amino acid sequences of peptides by recording
in a reflectron TOF mass spectrometer those fragment ions
formed after the ions have left the ionization source, but
prior to their entrance into the reflectron. The fragmentation
pattern in PSD reflectron TOF can be very complex due to
the possible generation of several fragment ion types, such
as N-terminal (an, bn and cn)5,6 and C-terminal (xn, y00

n and
zn)7 series, as well as immonium8 and other internal cleav-
age ions (for nomenclature, see Ref. 9). To complicate it even
more, very often peptides show differences in their ability to
fragment. As a consequence, interpreting these data either
manually and/or using de novo sequencing software can
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frequently be a challenge. Precise sequencing of peptides is
rarely possible, and in certain cases the partial amino acid
sequence eventually retrieved from a PSD spectrum is too
short or not specific enough to allow unambiguous protein
identification because the number of proposed sequences
resulting from a database search is too large.10

To overcome these limitations, Keough et al. introduced
a procedure that dramatically improves the interpretation of
PSD spectra.11,12 This protocol includes an N-terminal deriva-
tization with 4-sulphophenyl isothiocyanate (SPITC),13 lead-
ing to the formation of a strongly negative N-terminal group
by a simple sulfonation reaction. The presence of the newly
formed acidic group greatly enhances the fragmentation effi-
ciency of tryptic peptides. Moreover, the negative charge at
the N-terminus neutralizes the positive charge of the cap-
tured proton in the bn fragment ions, rendering them neutral
and thus undetectable by mass spectrometry. The resulting
spectra are mainly composed of a well-characterized series
of y00 ions, making the interpretation easier and more effi-
cient to analyze using different automatic software as well
as manual de novo sequencing.

The ability to reliably interpret these spectra de novo facil-
itates both error-tolerant database searching14 and sequence
homology searching using commercially available search
algorithms. This latter capability was used for definitive
protein identification in a Pseudomonas species having an
uncharacterized genome. Tryptic peptides containing up to
three amino acid substitutions relative to known peptides
from the NCBI database were unambiguously identified
using this sequencing method.15

In the present study, we have compared the efficiency of
N-terminal chemical derivatization combined with either
MASCOT software or manual sequencing followed by
BLAST algorithm for database searching to identify proteins
with confidence. Control samples without derivatization
were also analyzed using MASCOT. Proteins were extracted
from our model organism, the nematode Angiostrongylus
costaricensis. This parasite presents unknown genome, infects
rodents and shows widespread distribution in the Central
and South Americas, including Brazil.16,17 A complete
rediscription of the life history of A. costaricensis, based on
the experimentally infected Sigmodon hispidus, was recently
reported.18 Humans are accidentally infected through the
ingestion of contaminated food or water, developing a
disease named abdominal angiostrongyliasis.19,20 There is
neither a diagnostic test nor a specific treatment for
human angiostrongyliasis, and usual antihelminthic drugs
are not effective against this nematode, and may worsen
the clinical picture.21 We expect that proteomic studies
can ultimately contribute to the overall understanding of
this uncharacterized worm, helping the development of an
efficient treatment against this disease.

EXPERIMENTAL

Materials
3-[(3-Cholamidopropyl)dimethylammonio]1-propanesulfo-
nate (CHAPS), dithiothreitol (DTT), iodoacetamide (IAA),
urea, thiourea, tris base, Coomassie R-250, 4-sulphophenyl

isothiocyanate (SPITC), ammonium bicarbonate and ˛-
cyano hydroxycinaminic acid (CHCA) were purchased from
Sigma-Aldrich (St Louis, USA). Sequencing grade modi-
fied trypsin was from Promega Corp. (Madison, USA). C18
ZipTip was purchased from Millipore Corp. (Billerica, USA).
Trifluoroacetic acid (TFA) and sodium bicarbonate were pur-
chased from Merck KGaA (Darmstadt, DE). Trichloroacetic
acid (TCA) was from J. T. Baker (Phillipsburg, USA). Immo-
bilized pH Gradient (IPG) strips, IPG buffer 4–7, Sample
Grinding Kit and 2-D Quant Kit were from GE Health-
care (Chalfont St Giles, UK). All other reagents were either
sequencing or HPLC grade.

Procedures
Protein extraction
Eighteen milligrams of isolated female adult A. costaricensis
specimens22 were rinsed with cold phosphate buffered saline
and ground for 3 min into a 1.5 ml microcentrifuge tube
containing abrasive resin (Sample Grinding Kit) and 300 µl
of extraction solution made of 7 M urea, 2 M thiourea, 4%
w/v CHAPS, 40 mM tris base, 60 mM DTT and 1% v/v IPG
buffer 4–7. After centrifugation, the supernatant extract was
analyzed for protein content (2-D Quant Kit) using bovine
serum albumin as a standard.

2-D PAGE
One milligram of the protein extract was precipitated
in 10% w/v TCA, on ice, for 2 h, washed twice with
90% acetone and dissolved overnight, at 4 °C, in 350 µl
of the above-described extraction solution without tris.
After centrifugation, the sample was applied to an 18 cm
3–10 linear strip using the sample in-gel rehydration
method. Isoelectric focusing conditions in the IPGPhor (GE
Healthcare) were: 30 V/12 h, 200 V/1 h, 500 V/1 h, 1000
V/1 h, up to 8000 V in 30 min and 8000 V/4 h. After focusing,
the strip was incubated for 15 min in 10 ml of 50 mM tris-
HCl buffer pH 8.8, 6 M urea, 30% v/v glycerol, 2% w/v
sodium dodecyl sulfate, 0.002% bromophenol blue, 100 mg
DTT, followed by a second incubation step in the same
buffer solution, except for DTT, which was replaced by
400 mg IAA. After briefly rinsing the strip in tris-glycine
electrode buffer,23 it was placed directly on the top edge
of a second-dimension slab gel (15% T) and ran in the
DALTSix system (GE Healthcare) at 2.5 W/gel for 30 min
and 100 W to the end. The gel was stained with Coomassie
R-250 and digitalized using a conventional light scanner.
Image analysis was performed using the ImageMaster 2-D
Platinum software (GE Healthcare).

In-gel tryptic digestion
Digestion was performed as previously described24 with
modifications. Protein spots were excised from the gel,
transferred to 0.5 ml tubes and cut into smaller pieces.
Four hundred microliters of a 1 : 1 (v/v) 50 mM ammonium
bicarbonate pH 8.0/acetonitrile solution was added to each
tube, followed by shaking for 15 min, and then discarded.
This washing procedure was repeated until destaining was
complete. The washing solution was then removed and
the gel dehydrated by the addition of 200 µl of acetonitrile
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for 5 min. The solvent was removed, and samples were
completely dried in a vacuum centrifuge. Each sample
was rehydrated with approximately 10 µl of ice-cold trypsin
solution (20 ng/µl in 50 mM ammonium bicarbonate pH 8.0)
and left on ice for 10 min. After gel reswelling, 20 µl of 50 mM

ammonium bicarbonate pH 8.0 was added to the samples
followed by incubation for 16 h at 37 °C. Following digestion,
peptides were extracted by the addition of 15 µl of 50 mM

ammonium bicarbonate pH 8.0 with ultrasonification for
10 min, and the solution was transferred to new 0.5 ml tubes.
Each sample was divided into two equivolumetric aliquots
and stored at �20 °C until use.

N-terminal chemical derivatization
The N-terminal chemical derivatization with SPITC was
based on a previously described method25 with some
modifications. Briefly, a 5 to 10 µl aliquot of sample tryptic
peptides (described above) was concentrated in a vacuum
centrifuge to approximately 0.5 µl followed by the addition
of 8.5 µl of reagent solution (10 mg/ml of SPITC in 20 mM

NaHCO3 pH 8.6) and incubated for 1 h at 56 °C. The reaction
was stopped by addition of 1 µl 5% (v/v) TFA in water and
stored at �20 °C until use.

Sample desalting
C18 ZipTip micropipette tips were used for the desalting
of the derivatized and nonderivatized peptides. The tips
were first activated with 50% acetonitrile in water and then
equilibrated with 0.1% (v/v) TFA in water. The samples
were aspirated and dispensed for eight cycles and the tips
were washed with 0.1% (v/v) TFA in water three times. The
peptides retained on the tips were eluted using 1 µl of a 50%
acetonitrile, 0.1% (v/v) TFA in water. 0.3 µl of this eluate
were immediately spotted on the ABI 192-target MALDI
plate (Applied Biosystems, USA) by cocrystallization with
0.3 µl of CHCA matrix (10 mg/ml in 30% acetonitrile, 0.3%
(v/v) TFA in water).

MALDI-TOF/TOF
MALDI-MS was performed on a 4700-Proteomics Analyzer
with version 3.0 software (Applied Biosystems). MS spectra
were acquired in positive ion reflector mode with 1250
laser shots per spot, processed with default calibration
and the six most intense ions submitted to fragmentation.
PSD spectra were acquired with 3000 laser shots and 1 keV
collision energy with CID off (1 ð 18�8 Torr). The MS data
were analyzed by PMF using the MASCOT26 software. The
MS/MS data were analyzed both by running MASCOT
as well as through manual analysis in order to obtain a
larger number of de novo sequences to be compared with the
NCBI nonredundant (NCBInr) database using the BLAST
software27 for short sequences.

MASCOT search parameters
PMF searches were carried out in the NCBInr database
with no taxonomy restriction and a maximum peptide
mass tolerance of 60 ppm, allowing one missing cleavage
for trypsin and assuming carbamidomethylation of cysteine
as a fixed modification. Variable modifications allowed

were: methionine oxidation, N-terminal pyroglutamic acid
and Ser/Thr phosphorylation. Identification was considered
positive when the sequence coverage and MASCOT protein
scores were bigger than 20 and 78% (p < 0.05), respectively.
Furthermore, good correlation between experimental and
theoretical molecular mass and pI values were taken into
account.

MS/MS ion searches were carried out with the same
parameters indicated above and included a 50 ppm maxi-
mum mass tolerance for fragment ions as well as SPITC as a
variable modification. Positive identifications were accepted
considering: (1) appearance of at least three to four con-
secutive fragment ions in spectrum; (2) precursor ion error
smaller than 0.02 Da; (3) consistent fragment ion error pattern
and (4) MASCOT individual ion scores indicating identity or
extensive homology with p < 0.05.

RESULTS AND DISCUSSION

Figure 1 shows the bidimensional electrophoresis pattern of
the proteins extracted from female adult A. costaricensis. We
detected a total number of 434 spots from which we have
selected 49 to be used in the present work. These spots are
circled along with their respective numbers in the figure.
Most of the spots selected are located in the 4–7 pI range,
scattered all over the molecular mass interval and present
variable staining intensities.

Figure 2(a) displays a traditional strategy for protein
identification in proteome analysis currently used in our
laboratory. This method is based on a MALDI-TOF/TOF
running under PSD conditions, namely a 4700-Proteomics
Analyzer from Applied Biosystems. Although it is technically

Figure 1. 2-D PAGE of 1 mg of A. costaricensis protein extract.
In the first dimension, the sample was applied to an 18 cm
3–10 linear strip using the sample in-gel rehydration method.
The second dimension was run in a 15% T slab gel, which was
stained with Coomassie R-250 and analyzed with the
ImageMaster 2-D Platinum software. Spots selected for MS
analysis are outlined.
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Figure 2. Schematic diagram showing: (A) traditional strategy for protein identification in proteome analysis, consisting of in-gel
trypsin digestion, sample desalting/concentration and analysis by PMF followed by PSD of the six more intense peptides and
identification by MS/MS ion search; (B) alternative approach consisting of in-gel trypsin digestion and peptide N-terminal sulfonation
with SPITC, followed by desalting/concentration and analysis of MS/MS spectra both by MS/MS ion search using MASCOT and by
manual interpretation associated to BLAST database search.

possible to run the instrument using collision-induced
dissociation (CID), instead of PSD, it is our experience that the
MS/MS spectra obtained are poorly informative, displaying
mostly the low mass immonium ions (data not shown).
On the other hand, PSD spectra are more complex and,
hence, more difficult to interpret.5 – 8 The traditional strategy
depicted in Fig. 2(a) consists of initial sample desalting
and concentration (using C18 reversed phase microcolumn)
followed by two consecutive mass spectrometric stages: an
initial MS broad (900–3500 Da) scan whose set of masses is
used to carry out identification by PMF, followed by PSD
analysis of the six more intense peptides and identification
by MS/MS ion search.

Table 1 shows that the samples analyzed in the present
work using the PMF approach yielded only 12% of positive
identifications (spots 17, 18, 21, 33, 41 and 53). It is
documented that for organisms with well annotated genomic
sequences available in the databases most proteins can be
identified by PMF with great confidence, except for heavily
modified proteins or protein mixtures. In the case of an
organism with uncharacterized genome, it is very difficult to
identify proteins because most derived peptide masses will
not match the theoretical masses calculated using similar
genomes deposited in the databases.4 This is the case for the
present work where, basically, identification is being made
by comparison to genomic data of a close organism that
is well characterized, the nematode Caenorhabditis elegans.
Figure 3(a) shows a MALDI-PSD spectrum of a tryptic
peptide from spot 19. This spectrum may be considered
as representative of the majority of spectra obtained by
MALDI-PSD analysis in a TOF/TOF instrument. It confirms
some limiting characteristics of this technology, regarding
de novo sequencing, such as low fragmentation efficiency
and complex spectra interpretation due to the presence of
diverse fragment ions (b, y00, immonium and internal).5

Consequently, these spectra are not ideal for de novo
sequencing and what we do usually obtain is a short
sequence tag (3–4 amino acid residues per spectrum). In most
cases, this is not enough to obtain confident identification by

homology searching using the BLAST software. However,
extensive use of the PSD approach has revealed that the
corresponding spectra contain the necessary information
to identify proteins in the databases, whenever we are
analyzing proteins with deposited sequences using MS/MS
ion search strategy, such as the one used by the MASCOT
software.28 Hence, when we submitted the most intense
peptides originated from MS mode to sequencing by PSD
and analyzed the data using MASCOT’s MS/MS ion search
capability, we were able to identify 41% (20 spots) of the
processed spots (Table 1 and Fig. 4).

A way to overcome PSD limitations, and hence get better
identification yields, is to drive peptide fragmentation to
favor the appearance of specific fragment ion series.11,12,29

We used SPITC to introduce a fixed negative charge at the
N-terminus15 of all tryptic digests, desalted/concentrated
the samples and analyzed the obtained MS/MS spectra
both by MS/MS ion search using MASCOT and by
manual interpretation associated with BLAST database
search (Fig. 2(b)). As we can see in Fig. 3(b), the derivatized
tryptic peptide from spot 19 has an addition of 215 Da
corresponding to the mass of the modifying group. As
expected, the major fragment ions present in the spectrum
are y’’-ions and, to a lesser degree, their z-ions. In this
particular case, the whole y’’-ion series is present, whereby
ten consecutive amino acids could be de novo determined
(Fig. 3(b)). The spectrum also shows the loss of the modifying
group and sulfanilic acid.30 When the MS/MS spectra of
the SPITC modified peptides were analyzed manually (de
novo sequencing) and submitted to BLAST homology search,
our identification rate attained 76% (37 spots – Table 1 and
Fig. 4). However, when the MS/MS spectra of the SPITC
modified peptides were directly analyzed by MASCOT, only
17 spots (35%) could be identified (Table 1 and Fig. 4). This
was not surprising since high identification yield by MS/MS
ion search is also dependent on studied organism-specific
genomic data.

Although no positive identifications were obtained for
spots 8 and 49, we got good sequencing data using the

Copyright  2007 John Wiley & Sons, Ltd. J. Mass Spectrom. 2007; 42: 781–792
DOI: 10.1002/jms



Improved protein identification efficiency by MS 785

T
ab

le
1.

P
ro

te
in

s
fr

om
A

.c
os

ta
ric

en
si

s
id

en
tifi

ed
in

th
is

w
or

ka

Sp
ot

b
pI

/
M

rc
M

et
ho

d
(P

M
F

an
d

/
or

M
S/

M
S)

Se
qu

en
ce

co
ve

ra
ge

(%
)

M
A

SC
O

T
an

al
ys

is
N

o
d

er
iv

at
iz

at
io

nd

M
A

SC
O

T
an

al
ys

is
SP

IT
C

d
er

iv
at

iz
at

io
n

D
e

no
vo

se
qu

en
ci

ng
/

B
L

A
ST

SP
IT

C
d

er
iv

at
iz

at
io

ne,
f

Pr
ot

ei
n

d
es

cr
ip

ti
on

8
–

M
S/

M
S

–
–

–
E

E
N

JD
E

FJ
SJ

R
N

O
ID

E
N

T
IF

IC
A

T
IO

N
SC

T
V

SR
G

V
P

IV
R

9
5.

80
/

24
43

5
M

S/
M

S
–

H
G

E
V

C
P

A
G

W
T

P
G

K
SV

D
E

T
JR

B
JT

V
N

D
JP

V
G

R
Pe

R
ox

ir
eD

oX
in

fa
m

ily
m

em
be

r(
pr

d
x-

2)
[C

.e
le

ga
ns

]
Q

JT
V

N
D

JP
V

G
R

Q
JT

V
N

D
JP

V
G

R
D

D
E

G
JA

Y
R

JV
Q

A
FQ

FV
D

K
D

D
E

G
JA

Y
R

SV
D

E
T

JR
D

Y
G

V
JK

D
D

E
G

JA
Y

R
10

5.
94

/
25

06
5

M
S/

M
S

–
–

G
JF

JJ
D

P
E

G
V

V
R

G
JF

JJ
D

P
E

G
V

V
R

Pe
R

ox
ir

eD
oX

in
fa

m
ily

m
em

be
r(

pr
d

x-
2)

[C
.e

le
ga

ns
]

Q
JT

V
N

D
JP

V
G

R
..

.G
V

V
R

N
FG

V
JD

E
E

A
G

V
SF

R
N

O
ID

E
N

T
IF

IC
A

T
IO

N
12

4.
24

/
47

88
2

M
S/

M
S

–
–

–
W

E
D

Y
R

C
al

um
en

in
-l

ik
e

pr
ot

ei
n

[C
.e

le
ga

ns
]

W
W

A
D

Y
D

JD
SG

JD
R

13
4.

83
/

24
69

8
M

S/
M

S
–

–
–

N
JQ

FF
JG

E
R

R
es

is
ta

nc
e

to
in

hi
bi

to
rs

of
ch

ol
in

es
te

ra
se

fa
m

ily
m

em
be

r
(r

ic
-8

)
15

8.
04

/
38

59
8

M
S/

M
S

–
–

–
D

D
JF

N
T

N
A

G
JV

R
M

al
at

e
d

eh
yd

ro
ge

na
se

pr
ot

ei
n

1
FA

N
A

JV
R

16
4.

48
/

55
36

8
M

S/
M

S
–

A
H

A
A

E
T

FE
K

–
FY

SR
C

al
re

ti
cu

lin
[N

ec
at

or
am

er
ic

an
us

]
K

PE
D

W
D

E
R

17
4.

76
/

57
68

2
M

S/
M

S
–

V
JD

Y
T

G
D

R
N

FD
Q

V
A

R
FD

E
G

R
Pr

ot
ei

n
d

is
ul

fi
d

e
is

om
er

as
e

[A
nc

yl
os

to
m

a
ca

ni
nu

m
]

JM
E

FF
G

JK
V

JD
Y

T
G

D
R

FE
V

R
SH

N
L

L
FV

SK
N

FD
Q

V
A

R
Y

A
D

H
E

N
II

IA
K

SW
JQ

A
N

R
V

JD
Y

T
G

D
R

PM
F

21
18

4.
53

/
29

95
1

M
S/

M
S

–
V

T
E

JG
A

E
JS

N
E

E
R

–
G

D
Y

Y
R

Fo
ur

te
en

-t
hr

ee
-t

hr
ee

fa
m

ily
m

em
be

r
(f

tt
-2

)
SQ

Q
SY

Q
E

A
FD

JA
K

J..
Q

A
E

R
[C

.e
le

ga
ns

]
K

V
T

E
JG

A
E

JS
N

E
E

R
M

Q
PT

H
PJ

R
M

Q
PT

H
PJ

R
PM

F
36

19
7.

93
/

25
35

5
M

S/
M

S
–

–
–

JT
Y

FN
G

R
G

lu
ta

th
io

ne
S-

tr
an

sf
er

as
e

[A
nc

yl
os

to
m

a
ca

ni
nu

m
]

Q
P

Y
A

JA
D

Q
P

Y
E

D
V

R
E

JA
Q

SB
A

JN
R

Copyright  2007 John Wiley & Sons, Ltd. J. Mass Spectrom. 2007; 42: 781–792
DOI: 10.1002/jms



786 I. R. León et al.

T
ab

le
1.

(C
on

tin
ue

d
)

Sp
ot

b
pI

/
M

rc
M

et
ho

d
(P

M
F

an
d

/
or

M
S/

M
S)

Se
qu

en
ce

co
ve

ra
ge

(%
)

M
A

SC
O

T
an

al
ys

is
N

o
d

er
iv

at
iz

at
io

nd

M
A

SC
O

T
an

al
ys

is
SP

IT
C

d
er

iv
at

iz
at

io
n

D
e

no
vo

se
qu

en
ci

ng
/

B
L

A
ST

SP
IT

C
d

er
iv

at
iz

at
io

ne,
f

Pr
ot

ei
n

d
es

cr
ip

ti
on

20
6.

24
/

66
74

3
M

S/
M

S
–

N
V

JJ
E

Q
SW

G
SP

K
V

T
D

A
JC

A
T

R
..

.A
V

E
H

om
ol

og
ou

s
to

ch
ap

er
on

in
pr

ot
ei

n
[C

.e
le

ga
ns

]
A

A
V

E
E

G
JV

PG
G

G
V

A
JJ

R
..

.A
V

E
JR

E
D

..J
JR

21
5.

34
/

46
81

9
M

S/
M

S
–

A
G

FA
G

D
D

A
P

R
A

V
FP

SJ
V

G
R

G
Y

SF
T

T
T

A
E

R
A

C
T

in
fa

m
ily

m
em

be
r

(a
ct

-4
)[

C
.e

le
ga

ns
]

G
Y

SF
T

T
T

A
E

R
G

Y
SF

T
T

T
A

E
R

B
E

Y
D

E
SG

PS
JV

H
R

Q
E

Y
D

E
SG

PS
JV

H
R

Q
E

Y
D

E
SG

PS
JV

H
R

JJ
A

PJ
JR

SY
E

L
PD

G
Q

V
JT

V
G

N
E

R
A

V
FP

SJ
V

G
R

V
A

PE
E

H
PV

JJ
T

E
A

PJ
N

PK
PM

F
34

Si
m

ila
r

to
A

C
T

in
-5

C
[A

pi
s

m
el

lif
er

a]
22

6.
00

/
53

57
0

M
S/

M
S

–
–

–
A

..Q
JJ

V
V

R
N

O
ID

E
N

T
IF

IC
A

T
IO

N
A

N
A

FE
FJ

JG
R

SJ
Y

E
T

JJ
R

C
L

C
-t

yp
e

ch
lo

ri
d

e
ch

an
ne

lf
am

ily
m

em
be

r
(c

lh
-2

)
[C

.e
le

ga
ns

]
23

6.
29

/
16

46
7

M
S/

M
S

–
–

–
E

..K
P

N
JE

FV
R

F3
0A

10
.6

[C
.e

le
ga

ns
]

E
..

.G
JM

T
R

25
6.

00
/

21
81

9
M

S/
M

S
–

–
N

FM
JQ

G
G

D
FT

R
..

.S
V

V
R

C
ha

in
A

,C
yc

lo
ph

ili
n

5
Fr

om
[C

.e
le

ga
ns

]
N

FM
JQ

G
G

D
FT

R
E

D
V

V
JA

D
C

G
A

JR
26

4.
88

/
14

89
5

M
S/

M
S

–
–

–
V

..V
SJ

P
R

T
R

Y
P

SI
N

A
A

JV
D

G
T

S
G

A
V

W
A

R
Pr

ofi
lin

-1
[C

.e
le

ga
ns

]
..

.J
A

V
Y

E
G

E
N

E
V

S
A

Q
V

R
27

4.
36

/
16

12
8

M
S/

M
S

–
E

JF
N

JY
D

E
E

JD
K

–
JD

G
T

Q
JG

D
W

R
M

yo
si

n
L

ig
ht

C
ha

in
fa

m
ily

m
em

be
r

(m
lc

-3
)

H
JJ

JA
JG

E
R

[C
.e

le
ga

ns
]

JJ
S

A
E

JR
V

..V
SJ

PR
T

R
Y

PS
IN

28
4.

81
/

19
22

5
M

S/
M

S
–

–
–

W
FR

tr
an

sp
os

as
e

[C
.e

le
ga

ns
]

E
H

A
JR

FQ
N

JR
N

O
ID

E
N

T
IF

IC
A

T
IO

N
29

3.
22

/
17

45
3

M
S/

M
S

–
–

–
..

.G
N

JR
T

R
Y

PS
IN

V
A

T
V

SJ
PR

31
5.

32
/

40
93

3
M

S/
M

S
–

A
P

H
FP

Q
Q

P
V

A
R

A
P

H
FP

Q
Q

P
V

A
R

A
P

H
FP

K
K

PV
A

R
D

is
or

ga
ni

ze
d

M
us

cl
e

fa
m

ily
m

em
be

r
(d

im
-1

)
FE

V
PQ

G
A

PT
FT

R
D

D
G

Q
V

M
V

M
E

FR
FE

V
PB

G
A

PT
FT

R
[C

.e
le

ga
ns

]
JT

G
FS

SP
T

FV
E

K
PQ

JS
SR

FE
V

PQ
G

A
PT

FT
R

V
JN

V
JR

Copyright  2007 John Wiley & Sons, Ltd. J. Mass Spectrom. 2007; 42: 781–792
DOI: 10.1002/jms



Improved protein identification efficiency by MS 787

32
5.

19
/

41
32

2
M

S/
M

S
–

FE
V

P
Q

G
A

P
T

FT
R

–
A

P
H

FP
Q

Q
P

V
A

R
D

is
or

ga
ni

ze
d

M
us

cl
e

fa
m

ily
m

em
be

r
(d

im
-1

)
JT

G
FS

SP
T

FV
E

K
PQ

JS
SR

D
D

G
Q

V
M

V
M

E
FR

[C
.e

le
ga

ns
]

FE
V

PQ
G

A
PT

FT
R

D
..

.D
S

D
A

G
G

Y
R

V
JN

V
JR

N
O

ID
E

N
T

IF
IC

A
T

IO
N

33
5.

18
/

55
29

5
M

S/
M

S
–

FV
SJ

E
E

T
JR

JJ
JE

V
SQ

H
JG

D
N

V
V

R
JJ

JE
V

SQ
H

JG
D

N
V

V
R

A
T

P
sy

nt
ha

se
su

bu
ni

tf
am

ily
m

em
be

r
(a

tp
-2

)
JM

N
V

JG
E

PJ
D

E
R

JM
N

V
JG

E
PJ

D
E

R
JM

N
V

JG
E

PJ
D

E
R

[C
.e

le
ga

ns
]

A
H

G
G

Y
SV

FA
G

V
G

E
R

V
SJ

V
Y

G
Q

M
N

E
PP

G
A

R
V

SJ
V

Y
G

Q
M

N
E

PP
G

A
R

V
SJ

V
Y

G
Q

M
N

E
PP

G
A

R
FT

Q
A

G
SE

V
SA

JJ
G

R
FT

Q
A

G
SE

V
SA

JJ
G

R
FT

Q
A

G
SE

V
SA

JJ
G

R
FV

SJ
E

E
T

JR
T

A
JF

G
PN

Q
N

R
G

JA
E

L
A

JY
PA

V
D

PJ
D

ST
SR

FV
SJ

E
E

T
JR

JJ
JE

V
SQ

H
JG

D
N

V
V

R
PM

F
31

A
tp

sy
nt

ha
se

su
bu

ni
tp

ro
te

in
2

[C
.e

le
ga

ns
]

34
5.

16
/

59
38

3
M

S/
M

S
–

E
D

A
A

N
N

Y
A

R
E

D
A

A
N

N
Y

A
R

E
D

A
A

N
N

Y
A

R
T

uB
ul

in
,A

lp
ha

fa
m

ily
m

em
be

r
(t

ba
-8

)[
C

.e
le

ga
ns

]
E

JJ
D

JV
JD

R
E

JJ
D

JV
JD

R
E

JJ
D

JV
JD

R
..

.V
D

E
JR

35
7.

22
/

34
94

3
M

S/
M

S
–

–
–

JA
Y

E
R

N
O

ID
E

N
T

IF
IC

A
T

IO
N

Q
JJ

R
SY

JT
JN

R
A

nn
ex

in
fa

m
ily

pr
ot

ei
n

1
[C

.e
le

ga
ns

]
JJ

A
T

Q
N

B
Y

B
JR

JJ
T

SJ
SN

A
B

R
36

7.
59

/
25

62
7

M
S/

M
S

–
–

–
JT

Y
FD

G
R

G
lu

ta
th

io
ne

S-
T

ra
ns

fe
ra

se
fa

m
ily

m
em

be
r

(g
st

-2
1)

E
JA

Q
SB

A
JN

R
[C

.e
le

ga
ns

]
G

JA
E

C
A

R
W

JE
SR

N
O

ID
E

N
T

IF
IC

A
T

IO
N

37
5.

79
/

72
18

3
M

S/
M

S
–

D
A

G
Q

JA
G

JN
V

JR
V

C
Q

G
E

R
H

ea
ts

ho
ck

pr
ot

ei
n

9B
[D

an
io

re
ri

o]
V

Q
Q

T
V

Q
D

JF
G

R
D

A
G

Q
JA

G
JN

V
JR

V
JE

N
A

E
G

V
R

V
JE

N
A

E
G

V
R

V
Q

Q
T

V
Q

D
JF

G
R

D
A

G
B

JA
G

JN
V

JR
H

ea
tS

ho
ck

Pr
ot

ei
n

fa
m

ily
m

em
be

r
(h

sp
-6

)
V

JE
N

A
E

G
V

R
[C

.e
le

ga
ns

]
V

Q
B

T
V

Q
E

V
FG

R
38

8.
53

/
14

68
5

M
S/

M
S

–
V

H
JT

D
A

E
K

–
V

N
H

D
A

V
G

A
E

A
JG

R
H

em
og

lo
bi

n
be

ta
su

bu
ni

t(
H

em
og

lo
bi

n
be

ta
ch

ai
n)

JH
V

D
PE

N
FR

J..
D

..N
FR

(B
et

a-
gl

ob
in

)
G

T
FA

SJ
SE

JH
C

D
K

Copyright  2007 John Wiley & Sons, Ltd. J. Mass Spectrom. 2007; 42: 781–792
DOI: 10.1002/jms



788 I. R. León et al.

T
ab

le
1.

(C
on

tin
ue

d
)

Sp
ot

b
pI

/
M

rc
M

et
ho

d
(P

M
F

an
d

/
or

M
S/

M
S)

Se
qu

en
ce

co
ve

ra
ge

(%
)

M
A

SC
O

T
an

al
ys

is
N

o
d

er
iv

at
iz

at
io

nd

M
A

SC
O

T
an

al
ys

is
SP

IT
C

d
er

iv
at

iz
at

io
n

D
e

no
vo

se
qu

en
ci

ng
/

B
L

A
ST

SP
IT

C
d

er
iv

at
iz

at
io

ne,
f

Pr
ot

ei
n

d
es

cr
ip

ti
on

39
5.

71
/

38
67

1
M

S/
M

S
–

–
–

A
T

V
E

W
FR

In
or

ga
ni

c
PY

ro
Ph

os
ph

at
as

e
fa

m
ily

m
em

be
r

G
..

.Y
G

JD
Y

R
(p

yp
-1

)[
C

.e
le

ga
ns

]
JY

..
.J

V
E

JP
R

40
5.

64
/

32
60

8
M

S/
M

S
–

–
–

V
Y

V
G

T
T

Y
A

R
A

sp
ar

ty
lp

ro
te

as
e

in
hi

bi
to

r
[P

ar
el

ap
ho

st
ro

ng
yl

us
te

nu
is

]
41

6.
50

/
34

02
8

M
S/

M
S

N
SJ

JS
N

E
W

G
N

E
E

R
E

Y
E

H
R

FA
SY

A
H

R
G

al
ec

ti
n

[H
ae

m
on

ch
us

co
nt

or
tu

s]
G

E
W

G
K

E
E

R
FA

SY
A

H
R

E
Y

E
H

R
N

SJ
JS

N
E

W
G

N
E

E
R

D
G

D
JA

JH
FN

PR
N

SJ
JS

N
E

W
G

N
E

E
R

PM
F

38
–

–
–

G
aL

E
C

ti
n

fa
m

ily
m

em
be

r
[C

.e
le

ga
ns

]
42

6.
60

/
35

10
9

M
S/

M
S

SA
D

FS
G

N
D

V
P

JH
JS

V
R

SY
P

V
P

Y
R

D
Y

E
H

R
32

-k
D

a
ga

le
ct

in
[C

.e
le

ga
ns

]
D

Y
E

H
R

43
6.

89
/

35
74

7
M

S/
M

S
–

E
FK

D
Y

E
H

R
SA

D
FS

G
N

D
V

PJ
H

JS
V

R
SA

D
FS

G
N

D
V

PJ
H

JS
V

R
G

aL
E

C
ti

n
fa

m
ily

m
em

be
r

[C
.e

le
ga

ns
]

FT
SF

A
H

R
FT

SF
A

H
R

N
A

JQ
A

N
E

W
G

N
E

E
R

G
al

ec
ti

n
[H

ae
m

on
ch

us
co

nt
or

tu
s]

SA
D

FS
G

N
D

V
PJ

H
JS

V
R

FT
SF

A
H

R
44

6.
73

/
25

56
4

M
S/

M
S

–
–

–
JE

Q
T

E
N

Y
JF

T
H

SD
E

G
..

.
N

O
ID

E
N

T
IF

IC
A

T
IO

N
G

E
M

JG
D

R
V

A
T

V
SJ

PR
JT

Y
FD

G
R

G
lu

ta
th

io
ne

S-
T

ra
ns

fe
ra

se
fa

m
ily

m
em

be
r

(g
st

-2
1)

E
JA

Q
SB

A
JN

R
[C

.e
le

ga
ns

]
46

6.
49

/
31

33
6

M
S/

M
S

–
–

–
T

D
V

P
G

E
C

T
H

R
H

yp
ot

he
ti

ca
lp

ro
te

in
R

11
E

3.
4

[C
.e

le
ga

ns
]

47
6.

65
/

30
20

0
M

S/
M

S
–

N
Q

Y
D

SD
V

T
V

W
SP

Q
G

R
JQ

A
N

T
Q

Y
Y

G
R

JQ
A

N
T

Q
Y

Y
G

R
H

yp
ot

he
ti

ca
lp

ro
te

in
C

B
G

09
36

5
[C

.b
ri

gg
sa

e]
FJ

Q
T

E
C

SS
W

R
FJ

Q
T

E
C

SS
W

R
Pr

ot
ea

so
m

e
al

ph
a

su
bu

ni
tp

ro
te

in
6

[C
.e

le
ga

ns
]

Y
E

E
JQ

JT
A

G
R

K
E

R
A

T
IN

48
6.

72
/

30
28

6
M

S/
M

S
–

–
JQ

A
N

T
Q

Y
Y

G
R

JQ
A

N
T

Q
Y

Y
G

R
H

yp
ot

he
ti

ca
lp

ro
te

in
C

B
G

09
36

5
[C

.b
ri

gg
sa

e]
49

6.
58

/
51

55
7

M
S/

M
S

–
–

–
FJ

Q
T

E
C

SS
W

R
N

O
ID

E
N

T
IF

IC
A

T
IO

N
JD

H
N

R
..

.D
H

V
Y

D
R

50
5.

98
/

58
83

6
M

S/
M

S
–

–
–

D
G

V
E

SQ
A

Y
D

G
P

R
P

ro
te

in
D

is
ul

fid
e

Is
om

er
as

e
fa

m
ily

m
em

be
r

(p
d

i-
3)

T
Q

G
N

JF
Q

FE
Q

R
[C

.e
le

ga
ns

]
..

.N
D

V
P.

..
FE

V
R

Copyright  2007 John Wiley & Sons, Ltd. J. Mass Spectrom. 2007; 42: 781–792
DOI: 10.1002/jms



Improved protein identification efficiency by MS 789

51
5.

73
/

54
85

9
M

S/
M

S
–

..
.JD

Q
Q

JN
T

JT
R

N
O

ID
E

N
T

IF
IC

A
T

IO
N

V
A

FT
G

ST
E

IG
R

V
A

FT
G

ST
E

IG
R

..
.T

G
ST

E
JG

R
A

ld
eh

yd
e

d
eH

yd
ro

ge
na

se
fa

m
ily

m
em

be
r

(a
lh

-1
)

JY
D

D
FV

E
R

[C
.e

le
ga

ns
]

53
5.

35
/

52
65

8
M

S/
M

S
–

A
G

FA
G

D
D

A
PR

G
Y

SF
T

T
T

A
E

R
A

V
FP

SJ
V

G
R

A
ct

in
[C

.e
le

ga
ns

]
Q

E
Y

D
E

SG
PS

JV
H

R
Q

E
Y

D
E

SG
PS

JV
H

R
G

Y
SF

T
T

T
A

E
R

G
Y

SF
T

T
T

A
E

R
–

JJ
A

PP
E

R
A

C
T

in
fa

m
ily

m
em

be
r

(a
ct

-4
)[

C
.e

le
ga

ns
]

SY
E

JP
D

G
Q

V
JT

V
G

N
E

R
Q

E
Y

D
E

SG
PS

JV
H

R
V

A
PE

E
H

PV
JJ

T
E

A
PJ

N
PK

–
PM

F
31

–
–

–
PR

E
D

IC
T

E
D

:s
im

ila
r

to
A

ct
in

-5
C

[A
pi

s
m

el
lif

er
a]

54
7.

42
/

11
63

0
M

S/
M

S
–

E
G

JP
P

D
Q

Q
R

E
G

JP
P

D
Q

Q
R

E.
..

PP
D

Q
Q

R
U

B
iQ

ui
ti

n
fa

m
ily

m
em

be
r

(u
bq

-1
)[

C
.e

le
ga

ns
]

E
ST

JH
JV

JR
E

ST
JH

JV
JR

E
..

.H
JV

JR
T

JT
JE

V
E

A
SD

T
JE

N
V

K
–

–
–

a
T

he
fo

llo
w

in
g

st
ra

te
gi

es
w

er
e

em
pl

oy
ed

:
(1

)P
M

F
fo

llo
w

ed
by

PS
D

of
th

e
si

x
m

or
e

in
te

ns
e

pe
pt

id
es

an
d

d
ir

ec
t

id
en

ti
fi

ca
ti

on
us

in
g

M
A

SC
O

T
;(

2)
N

-t
er

m
in

al
su

lf
on

at
io

n
of

th
e

tr
yp

ti
c

pe
pt

id
es

w
it

h
SP

IT
C

,f
ol

lo
w

ed
by

an
al

ys
is

of
PS

D
sp

ec
tr

a
bo

th
by

M
S/

M
S

io
n

se
ar

ch
us

in
g

M
A

SC
O

T
an

d
by

m
an

ua
ld

e
no

vo
se

qu
en

ci
ng

as
so

ci
at

ed
to

B
la

st
d

at
ab

as
e

se
ar

ch
.

b
Sp

ot
nu

m
be

rs
re

fe
r

to
sp

ot
s

ex
ci

se
d

fr
om

ge
ls

ho
w

n
in

Fi
g.

1.
c

E
xp

er
im

en
ta

lp
Ia

nd
M

r
va

lu
es

w
er

e
ca

lc
ul

at
ed

us
in

g
th

e
Im

ag
eM

as
te

r
2-

D
Pl

at
in

um
so

ft
w

ar
e.

d
R

es
id

ue
Jc

an
be

ei
th

er
Il

e
or

L
eu

an
d

re
si

d
ue

B
st

an
d

s
fo

r
ei

th
er

G
ln

or
L

ys
.

e
R

es
id

ue
s

ou
tl

in
ed

in
bo

ld
d

iff
er

fr
om

th
e

pr
ot

ei
n

se
qu

en
ce

d
ep

os
it

ed
in

th
e

N
C

B
In

r
d

at
ab

as
e.

f
R

es
id

ue
s

in
it

al
ic

ar
e

pr
es

en
ti

n
th

e
id

en
ti

fi
ed

pr
ot

ei
n

se
qu

en
ce

bu
td

id
no

ts
uf

fic
e

fo
r

an
un

am
bi

gu
ou

s
id

en
ti

fic
at

io
n.

Copyright  2007 John Wiley & Sons, Ltd. J. Mass Spectrom. 2007; 42: 781–792
DOI: 10.1002/jms



790 I. R. León et al.

Figure 3. Example of PSD spectra, acquired on a 4700-Proteomics Analyzer mass spectrometer, of the same peptide, either
(A) nonderivatized or (B) derivatized with SPITC. Determined peptide sequence was EJAQSBAJNR, where residue J can be either Ile
or Leu and residue B stands for either Gln or Lys.

SPITC derivatization (Table 1). These data could be used
for oligonucleotide synthesis in order to pursue protein
identification by the use of molecular biology techniques.

Considering all the data obtained employing both
strategies described in Fig. 2, we were able to achieve a
78% positive identification rate as well as generating, by de
novo sequencing, protein sequences not available in NCBInr
database. Moreover, even for those 20 nonderivatized spots
readily identified by MASCOT, complementary SPITC-
derivatized peptides data contributed to a higher sequence
coverage since, in most cases, different peptides were
sequenced (Table 1). It is important to note that this kind
of information can be important when you need more
structural data about the identified protein, as for example
to determine the presence of different isoforms, as recently
demonstrated,31 or posttranslational modifications.

Another advantage of SPITC derivatization is the 215
Da increase in the precursor ion mass which, especially for
tryptic peptides, promotes a mass shift of small peptides
(3–4 amino acids) from the matrix cluster region (<900 Da)
to a higher mass one, where they can be easily analyzed
without matrix interference.

One drawback associated with SPITC is that because of
the acidic nature of sulfonic groups that react with lysine’s
ε-amino group, MALDI-PSD analysis of derivatized peptides

Figure 4. Venn diagram showing the number of proteins
identified in this study by the following strategies: MASCOT
analysis of nonderivatized samples, MASCOT analysis of
SPITC modified samples and de novo sequencing of SPITC
modified peptides.
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is insensitive to the detection of lysine-terminated peptides
and, hence, only arginine-terminated peptides are detected.
Furthermore, it should be noted that it has also been observed
that peptides having unprotected lysine residues often form
disulfonate products, which result in poor ionization and
unpredictable fragmentations.30

To increase the positive identification rate using SPITC,
one can analyze the lysine-terminated peptides by previously
derivatizing them by guanidation32 and thus avoiding
unwanted sulfonation by SPITC. Alternatively, it has been
recently demonstrated that SPITC derivatized peptides can
be analyzed by reversed phase chromatography coupled to
electrospray ionization (ESI) ion trap mass spectrometer. It
should be noted, however, that the analysis of the spectra
is not so straightforward since SPITC peptides submitted to
these CID conditions lead to the formation of a major yn�1

ion along with low-intensity fragments that correspond to
y’’-series ions of the peptide.30

CONCLUSIONS

When analyzing 2D gel trypsin digested spots from an
organism with unknown genome (A. costaricensis), the
use of an approach consisting of SPITC derivatization
along with manual spectra interpretation and BLAST
analysis was able to positively identify 76% of analyzed
samples, whereas MASCOT analysis of derivatized samples,
MASCOT analysis of nonderivatized samples and PMF of
nonderivatized samples yielded only 35, 41 and 12% positive
identifications, respectively. Moreover, de novo sequencing
of SPITC modified peptides resulted in protein sequences
not available in NCBInr database, paving the way to the
discovery of new molecules.
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