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Abstract
Atmospheric pressure matrix assisted laser desorption/ionization (AP-MALDI)-derived tryptic
peptide ions have been subjected to ion/ion reactions with doubly deprotonated 4-formyl-1,3-
benzenedisulfonic acid (FBDSA) in the gas phase. The ion/ion reaction produces a negatively
charged electrostatic complex composed of the peptide cation and reagent dianion, whereupon
dehydration of the complex via collision-induced dissociation (CID) produces a Schiff base
product anion. Collisional activation of modified lysine-terminated tryptic peptide anions is
consistent with a covalent modification of unprotonated primary amines (i.e. N-terminus and ε-
NH2 of lysine). Modified arginine-terminated tryptic peptides have shown evidence of a covalent
modification at the N-terminus and a non-covalent interaction with the arginine residue. The
modified anions yield at least as much sequence information upon CID as the unmodified cations
for the small tryptic peptides examined here and more sequence information for the large tryptic
peptides. This study represents the first demonstration of gas phase ion/ion reactions involving
MALDI-derived ions. In this case, covalent modification upon charge inversion is shown to
enhance MALDI tandem mass spectrometry of tryptic peptides.

Keywords
Ion/ion; gas phase covalent modification; tryptic peptides; AP-MALDI

INTRODUCTION
Peptide sequencing for identification and structural characterization of proteins is a
longstanding activity in molecular biology research.1 Matrix-assisted laser desorption/
ionization (MALDI)2,3 and electrospray ionization (ESI)4, two very successful means for the
derivation of gas phase ions from proteins and peptides, coupled with tandem mass
spectrometry, have become the dominant tools for generating sequence information from
mixtures of peptides.5,6,7,8 While there is significant overlap, ESI and MALDI have each
found applications for which they are best suited.9 For example, ESI has been widely used to
interface on-line liquid separations with mass spectrometry, whereas MALDI is widely used
for sampling surfaces, as in imaging applications. MALDI has been adapted to several
tandem MS instrument geometries, e.g. tandem time-of-flight (i.e., TOF/TOF), 10

quadrupole/time-of-flight (i.e., Q/TOF), 11 and ion trap12,13,14 analyzers. The appeal of ion
trap technology is that it permits MSn experiments to be conducted on MALDI-derived
biomolecule-ions.15,16
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From the standpoint of sequencing, a significant difference between MALDI and ESI is their
propensities for generating multiply charged ions. Under commonly used conditions,
MALDI generates ions of lower charge than does ESI. In fact, for peptides, singly charged
ions usually dominate. Low energy collisional activation of singly protonated tryptic
peptides, however, often does not produce extensive sequence information.17,18 Dissociation
behavior is dominated by low energy fragmentation pathways, e.g. cleavage C-terminal to
an aspartic acid residue or N-terminal to a proline residue.19 Furthermore, MALDI-derived
tryptic peptides may generate limited sequence information due to the basic residue present
at the C-terminus.20,21,22 Tryptic peptides often generate fragment ions associated with the
C-terminus (e.g. y-ions) as a result of the C-terminal lysine or arginine sequestering the
excess proton.20 A variety of approaches have been attempted to improve peptide
sequencing in conjunction with MALDI. For example, condensed-phase peptide
modification, such as fixed-charged derivatization of the N-terminus, has been attempted
with mixed success.23,24 A noteworthy approach, developed by Keough et al., to increase
sequence information from the dissociation of MALDI-derived tryptic peptides involved
conjugating a sulfonic acid group to the N-terminus via solution phase chemistry.25,26 The
objective was to alter fragmentation pathways by introducing a highly acidic group into the
peptide. Fragmentation was dramatically improved in derivatized tryptic peptides compared
to the underivatized tryptic peptides. However, the N-terminal position of this modification
precluded the presence of N-terminal fragments due to the anionic sulfonate group.26

We and others have been developing approaches to modify ions in the gas phase and within
the context of a tandem mass spectrometry experiment (i.e., modification of mass-selected
ions) to expand the capabilities of tandem mass spectrometry for ion structure
characterization using ion/ion reactions. 27 Ion/ion reactions can be used to decouple the ion-
type initially generated by the ionization method from the ion-type subjected to tandem mass
spectrometry.28 Structural information derived from fragmentation is highly dependent upon
the nature of the ion (e.g., positive ion vs. negative ion, even-electron ion versus odd-
electron, etc.).29 Therefore, ion/ion reactions can expand the range of ion-types that can be
subjected to tandem mass spectrometry relative to the ion-types available from the
ionization method. For example, ion/ion reactions have been used to manipulate peptide ion
charge state30,31 and polarity32,33,34 via the transfer of one or more protons, generate odd-
electron ions from even-electron ions via electron transfer,35,36 and insert metal ions into
polypeptides.37 Recent studies have demonstrated the alteration of peptide dissociation
behavior via the gas phase electrostatic attachment of reagents34, 38 and via the gas phase
covalent modification of peptide ions.39, 40, 41 All such examples to date have been
restricted to peptide ions generated via ESI.

In this work, we demonstrate the gas phase modification of peptide ions generated by
atmospheric pressure MALDI (AP-MALDI) 42 using a dual source interface developed by
Schneider et al.43 attached to a hybrid triple quadrupole/linear ion trap tandem mass
spectrometer and the structural characterization of the modified and unmodified versions of
the ions via ion trap CID. The formation of imine bonds (i.e. Schiff base formation) using an
aldehyde containing dianion, 4-formyl-1,3-benzenedisulfonic acid (FBDSA)44,45 has been
demonstrated with peptide ions generated via ESI. Possible sites of peptide covalent
modification are the N-terminus and the ε-NH2 of lysine. Strong non-covalent interactions
(i.e. electrostatic modification) have also been observed between the sulfonate groups of
FBDSA and peptides containing an arginine residue and one or more carboxyl groups.38

Covalent bond cleavage is competitive with disruption of this strong electrostatic interaction
under collisional activation conditions. In either case (i.e., covalent modification or strong
electrostatic binding), the reaction product is a singly charged anion. The overall approach
described here differs from the Keough et al. approach in that singly charged anions are
subjected to CID, rather than singly charged cations, but is similar in that sulfonate is
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introduced into the peptide to alter dissociation behavior. Ion/ion reactions have been
performed on tryptic peptides of ubiquitin and two synthetic peptides, APPGFSPFR and
GLSDGEWQQVLNVWGK. Collisional activation of modified tryptic peptide anions
demonstrates modification of the primary amine at the N-terminus and the C-terminal basic
residue. Such modifications produce both modified N- and C-terminal fragment ions
compared to the solely C-terminal information observed by Keough. Ion trap CID of the
modified anions is shown to generate more sequence information than the unmodified ion,
especially in the form of b-type ions. This study represents the first demonstration of gas
phase modification of MALDI-derived ions via ion/ion reactions.

EXPERIMENTAL SECTION
Materials

Trifluoroacetic acid (TFA) was purchased from Pierce (Rockford, IL). Ubiquitin from
bovine erythrocytes, TPCK treated trypsin from bovine pancreas, alpha-cyano-4-
hydroxycinnamic acid (CHCA), FBDSA, and ammonium bicarbonate were purchased from
Sigma-Aldrich (St. Louis, MO). Synthetic peptides APPGFSPFR and
GLSDGEWQQVLNVWGK were purchased from SynPep (Dublin, CA). Peptides
MQIFVK, TITLEVEPSDTIENVK, EGIPPDQQR, LIFAGK, TLSDYNIQK, and
ESTLHLVLR were generated from a tryptic digestion of ubiquitin.

Methods
The MALDI matrix, CHCA, was prepared in 39.5/59.5/1 (v/v/v) water/acetonitrile/TFA at a
concentration of 10 mg/mL. Peptide analytes were prepared in a ~100 μM aqueous solution
prior to a 50/50 (v/v) mixture with the MALDI matrix solution. 2.0 μL of the matrix/analyte
solution was spotted onto the MALDI stage plate and allowed to air-dry prior to attachment
to the AP-MALDI source. The anion reagent was composed of a 3.5 mM solution of 50/50
(v/v) water/acetonitrile for negative micro-ionspray.

Tryptic Digest
The procedure for the tryptic digest of ubiquitin has been described previously. 46

Separation of the tryptic peptides was performed on a reverse-phase HPLC (Agilent 1100,
Palo Alto, CA) using an Aquapore RP-300 (7μm pore size, 100 × 4.6 mm i.d.) column
(Perkin-elmer, Wellesley, MA). The gradient for the HPLC separation has been described
previously.46 Following HPLC separation, the collected fractions were concentrated and
reconstituted in 200 μL of water.

Mass Spectrometry
Experiments were performed on a 4000 AB Sciex QTRAP (Concord, ON, Canada), which
has been modified to perform ion/ion reactions.47 The ion source is equipped with an AP-
MALDI source (MassTech, Columbia, MD) and with a micro-ionspray emitter (New
Objective Inc, Waburn, MA) orthogonal to the sample inlet (Figure 1).43,48 The micro-
ionspray emitter, remote to the MS inlet and MALDI stage plate, allows for the introduction
of opposite polarity ions into the MS. Briefly, the AP-MALDI source has a circular opening,
where a conductive transfer tube penetrates into the ion source and attaches to the curtain
plate. The micro-ionspray is directed towards the transfer tube and upon ionization/
nebulization, ions travel into the transfer tube and the ion source.

The reagent anion, doubly deprotonated FBDSA, was generated via micro-ionspray at a
continuous flow rate of 8.0 μL/min from a silica sprayer (364 μm outer dimension, 48 μm
inner dimension, Polymicro Technologies, Phoenix, AZ). N2 acts as the nebulizing gas,
which helps guide the reagent anions into the ion source. The nebulizing gas was triggered/
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pulsed via MS Expo software (AB Sciex, Concord, ON, Canada) during negative ion
injection conditions. Once doubly deprotonated FBDSA entered the MS, it was transferred
to the q2 collision cell and stored. Tryptic peptides, individually spotted in CHCA, were
ablated via a 337-nm nitrogen laser (AP-MALDI Ion Source 110, MassTech, Columbia,
MD) and transferred to the q2 collision cell to undergo ion/ion reactions with the reagent
anions.49,50 In the peptide mixture study, multiple peptides from the reconstituted solutions
were spotted on the MALDI stage plate with CHCA. All cations produced via MALDI in
the mixture study were transferred to q2 without mass discrimination and reacted with
FBDSA dianions. Product ions generated in q2 were transferred to Q3 for further collisional
activation and subsequent mass analysis.51

RESULTS AND DISCUSSION
Ubiquitin was subjected to tryptic digestion and the tryptic peptides MQIFVK,
TITLEVEPSDTIENVK, EGIPPDQQR, LIFAGK, TLSDYNIQK, and ESTLHLVLR were
collected. The MALDI-derived tryptic peptide ions were subjected to ion/ion reactions with
doubly deprotonated FBDSA. The main product of the ion/ion reaction is a negatively
charged, long-lived complex comprised of the reagent dianion and tryptic peptide cation.
The complex is formed when a negatively charged sulfonate interacts strongly with a
protonated site on the peptide. The aldehyde group of the reagent undergoes nucleophilic
attack by a neutral primary amine of the peptide during collisional activation of the complex
leading to the formation of an imine bond (i.e., Schiff base) and loss of a water molecule.
The Schiff base product anion is represented in spectra by [M+◆]−. The process of forming
a Schiff base via gas phase ion/ion reactions is depicted in process (1):

(1)

The diamond symbol (◆) represents the mass addition of the reagent anion following a
water loss. Fragments that are consistent in mass with those that retain the covalent
modification are labeled with the diamond. The negative ion mode post-ion/ion reaction
spectrum (Figure 2(a)) and positive MALDI mass spectrum of a mixture of three tryptic
peptides (viz., LIFAGK, EGIPPDQQR, and TLSDYNIQK) are compared in Figure 2.
Figure 2(a) was generated by exposing peptide cations of Figure 2(b) to reaction with
doubly deprotonated FBDSA. The ion/ion reaction generated a product spectrum containing
primarily the intact complex (i.e., [M+FBDSA]−) and signals due to [M+◆]− of much lesser
abundance. The [M+◆]− ions were likely generated by CID upon transfer from q2 to Q3.
Subsequent isolation and activation of the [M+FBDSA]− ion generates abundant [M+◆]−

for subsequent interrogation. Contributions from strong electrostatic binding of the reagent
were much more apparent in the data for the arginine terminated peptides than for the lysine
terminated peptides (vide infra). For this reason, results from lysine and arginine terminated
peptides are presented separately.

Lysine Terminated Tryptic Peptides
Ion trap CID spectra of protonated TITLEVEPSDTIENVK and the modified peptide anion
(i.e. [M+H]+ and [M+◆]−, respectively) are compared in Figure 3. Collisional activation of
[M+H]+ leads to nine of fifteen amide bond cleavages, producing eleven fragment ions
(Figure 3(b)). Fragmentation of the singly protonated peptide produces limited sequence
informative ions as well as non-informative neutral losses. The product ion spectrum
produces relatively large contributions from the fragment ions y6 and y9. The fragment ion
y6 arises from the well-established C-terminal cleavage of aspartic acid,52 while the
fragment ion y9 originates from the well-established N-terminal cleavage of the proline
residue.53 Dominance of low-energy fragmentation pathways has been frequently observed
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in tandem MS experiments with MALDI-derived peptide cations.19 When compared to b-
ions, the y-ions clearly dominate the fragmentation spectrum of the unmodified cation.
Collisional activation of the peptide cation produced only four b-ions compared to seven y-
ions. Limited N-terminal information (e.g. b-ions) from the collisional activation of [M+H]+

can be explained by the presence of a C-terminal basic lysine residue as reported by
Biemann.20

Collisional activation of modified TITLEVEPSDTIENVK (Figure 3(a)) produces distinct
dissociation behavior compared to the unmodified spectrum. In the product ion spectrum,
the most abundant peaks are associated with modified b- and y-ions, which are represented
as b◆ or y◆. The nomenclature of modified fragment anions is adapted from the peptide
literature for protonated peptides.54 The b◆-ions are interpreted to arise from a covalent
modification of the N-terminus, while the y◆-ions are interpreted to arise from the covalent
modification of the ε-NH2 of lysine. Collisional activation of the modified peptide anion
produces a higher degree of fragmentation than the unmodified peptide cation, where twelve
of fifteen amide bonds are cleaved, generating a total of sixteen fragment ions and a
significant increase in N-terminal information. In the spectrum of the modified ion, seven
b◆-ions are produced compared to four b-ions in the spectrum of the unmodified peptide.
We note that previous studies have clearly shown that [M+◆]− ions yield significantly more
sequence information upon CID than the corresponding [M−H]− ions.38,44,45 The
incorporation of the two sulfonate groups into the peptide is expected to have a significant
impact on proton mobility within the anion, which influences the favored dissociation
pathways. This may favor charge remote processes55,56 or it may require the ions to be
elevated to higher energies in order to promote intramolecular transfer. In any case, the
disulfonic acid modification to the peptide has been shown to lead to consistently greater
sequence coverage than singly charged versions of the unmodified peptide (i.e., [M+H]+ or
[M−H]−).38,44,45 Furthermore, modification at the N-terminus gives rise to much greater
contributions from anionic b◆-ions, which are not readily observed without the
modification. Ion trap CID of [M+◆]− also appears to have less selective cleavage along
the peptide backbone compared to the peptide cation, which has been observed in previous
studies.45

Another ubiquitin tryptic peptide with a C-terminal lysine, TLSDYNIQK, produced results
similar to those noted for the peptide TITLEVEPSDTIENVK. Ion trap CID of modified
TLSDYNIQK (i.e. [M+◆]−) produced a high degree of sequence information, where a
cleavage at every amide bond is observed (Figure 4(a)). The presence of many b◆- and
y◆-ions is consistent with the covalent modification of the N-terminus and ε-NH2 of lysine.
The high relative contribution of b4◆ in the product ion spectrum is attributed to the labile
C-terminal cleavage of aspartic acid.52 The presence of b1◆ is particularly noteworthy
because the b1-ion is not typically observed in the collisional activation of unmodified
protonated and unprotonated peptides.57,58 Ion trap CID of the singly protonated peptide
generates a product ion spectrum with seven of eight amide bond cleavages (Figure 4(b));
however, many less informative fragment ions are also observed in the spectrum (e.g.,
internal fragments and neutral losses). The product spectrum of the unmodified peptide
cation is dominated by the C-terminal cleavage of aspartic acid, generating the highly
abundant y5-ion. Conversely, the modified anion appears to fragment more uniformly.
Dissociation of the peptide cation is dominated by the generation of y-ions, while the
presence of b-ions is limited. The modified peptide anion produces a significant number of
b◆-ions and an even higher number of y-type ions due to the presence of y1◆ and y2◆.
With a near doubled increase of y-and b-type ions (i.e. thirteen versus seven fragment ions),
the modified peptide ion clearly produced more sequence information compared to the
unmodified peptide.
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The peptides TITLEVEPSDTIENVK and TLSDYNIQK are illustrative of the synthetic
peptide GLSDGEWQQVLNVWQK. Collisional activation of the modified and unmodified
GLSDGEWQQVLNVWQK is provided in the Supplementary data (Figure S-1). Ion trap
CID of [M+◆]− produces a high order of b◆- and y◆-ions (Figure S-1(a)), while the
protonated peptide produces limited b- and y-ions (Figure S-1(b)). The modified peptide
anion again produced a higher order of sequence information than the unmodified peptide
cation. However, the aforementioned lysine containing peptides are not necessarily
illustrative of low m/z peptides, such as MQIFVK (Figure 5) and LIFAGK (Figure S-2).

Ion trap CID of modified MQIFVK (i.e. [M+◆]−) produces mainly y◆-ions at four of the
five amide bond cleavages (Figure 5(a)) and only one ion in the b◆-ion series (i.e., the
b◆5-ion), which is distinct from the observation of many more b◆-ions from the large
modified peptide ions (i.e. TITLEVEPSDTIENVK, TLSDYNIQK, and
GLSDGEWQQVLNVWQK). Ion trap CID of the unmodified peptide cation produces many
b- and y-ions, which account for four of the five amide bond cleavages (Figure 5(b)).
Smaller peptide ions tend to yield more extensive sequence information in general.17 While
similar amide bonds are cleaved in the modified and unmodified peptide ions, there is a
degree of complementarity from the two peptide ion-types. The modified anion produces
lower m/z y◆-ions, while the [M+H]+ produces mainly b-ions. Also, the relative
contributions of the fragment ions in the product ion spectra are markedly different. The
modified peptide ion produces a highly abundant y3◆-ion, and the peptide cation generates
a highly abundant internal fragment ion, showing the distinct dissociation behavior. The
results from the peptide MQIFVK are illustrative of the peptide LIFAGK (Figure S-2). Ion
trap CID of [LIFAGK+◆]− produces mainly modified y◆-ions, which is consistent with
the covalent modification of the ε-NH2 of lysine. Collisional activation of the unmodified
peptide cation produces a-, b-, and y-ions. Ion trap CID of both the modified and unmodified
versions of LIFAGK displays a degree of complementarity, much like MQIFVK.

Arginine Terminated Tryptic Peptides
Previous studies of the ion trap CID of modified arginine containing peptides (i.e.
angiotensin II (DRVYIHPF) and ubiquitin tryptic peptides) demonstrated product ion
spectra consistent with two product populations: Schiff base formation and non-covalent
binding of the reagent to the guanidinium side chain of arginine.39,45 Product ion spectra
showed the appearance of y◆-ions; however, the only primary amine in the peptide capable
of engaging in Schiff base formation was the N-terminus. The y◆-ions were determined to
arise from [M+◆]− ions composed of an electrostatic interaction with the arginine
guanidinium side chain. The water loss leading to the nominal [M+◆]− originated from
elsewhere in the peptide (i.e., it was unrelated to the reagent). The presence of y+FBDSA-
ions also provided evidence of an electrostatic rather than a covalent interaction. Model
systems (i.e. YGGFLX peptides) further demonstrated strong interactions between the
sulfonate groups and peptides containing an arginine residue and one or more carboxyl
groups (e.g. C-terminus) in the gas phase.38 These non-covalent interactions with FBDSA
dianions are sufficiently strong that covalent bond cleavage can compete with reagent
detachment upon collisional activation.38,45

Ion trap CID of modified EGIPPDQQR is displayed in Figure 6(a). Collisional activation of
the modified anion generated fragment ions consistent with covalent and electrostatic
modifications. The presence of b◆-ions is consistent with the covalent modification of the
N-terminus, while y◆ and y-FBDSA-ions are consistent with an electrostatic attachment to
the peptide (e.g. reagent interaction with arginine and C-terminus). The presence of y◆-ions
can be attributed to the electrostatic attachment of the FBDSA dianion to the C-terminal
arginine and a water loss within the fragment ion (e.g. aspartic acid residue). The loss of
[FBDSA-H]− also indicates an electrostatic interaction between the analyte and reagent. The
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loss of [FBDSA-H]− generates a neutral dehydrated peptide due to proton transfer within the
complex, as seen in process (2).

(2)

The high relative abundances from [FBDSA-H]− and y3+FBDSA are particularly
noteworthy. The significantly higher relative abundance of y3+FBDSA than [FBDSA-H]−

suggests that the electrostatic interaction can compete with cleavage of covalent bonds upon
collisional activation. Such a competition gives rise to the y◆ and y-FBDSA-ions.

Collisional activation of the modified anion produces a higher order of sequence information
than the peptide cation. The modified anion produces a mixture of ten y+FBDSA and y◆-
ions, and when combined, the mixture produces seven of the eight possible C-terminal
amide bond cleavages. The modified peptide also produces more N-terminal fragments, i.e.,
b3◆, b6◆, and b8◆, relative to the unmodified peptide cation. Collisional activation of the
singly protonated EGIPPDQQR produces limited sequence information in comparison to the
modified version, as seen previously. The unmodified cation produces mainly y-ions, while
only a single b-ion was produced. Dissociation of the peptide cation is dominated by
cleavage C-terminal to the acidic residues, i.e., the y3- and y8-ions, as seen in many
MALDI-derived MS/MS experiments. Activation of the unmodified peptide cation produces
similar y-type ions to the modified version, while the modified anion produces lower m/z y-
type ions that the unmodified version lacks.

Ion trap CID of the modified and unmodified synthetic tryptic peptide, APPGFSPFR, is
illustrated in Figure 7. The modified anion produces cleavages at all eight amide bonds, and
the most notable observation in the product ion spectrum is the generation of a b◆-ion at
each peptide bond (Figure 7(a)), including the b1◆-ion. Collisional activation of [M+◆]−

produces a combination of y◆- and y+FBDSA-ions. The product ion spectrum shows a
high contribution from the well-established N-terminal cleavage of the proline residue (i.e.
b6◆-H2O); however, more uniformity of cleavage among amide bonds is observed
compared to the unmodified cation. While the ion trap CID of [M+H]+ (Figure 7(b)) and [M
+◆]− produces similar higher m/z y-type product ions, the modified anion also produces
lower m/z modified y-ions (i.e. y1+FBDSA). The most noteworthy observation of the
product ion spectra is the drastic difference between the N-terminal fragment ion
information. Collisional acitivation of the peptide cation produces only three b-ions, while
the modified anion produces eight b◆-ions. The presence of the b◆-ions significantly
increases the observed sequence information. The results of EGIPPDQQR and APPGFSPFR
are illustrative of ubiquitin tryptic peptide ESTHLVLR (S-3). Ion trap CID of [ESTHLVLR
+◆]− produces a mixture of y◆- and y+FBDSA-ions along with higher m/z b◆-ions. The
unmodified peptide cation produces similar b- and y-type ions; however, the modified anion
additionally produces lower m/z modified y-ions, i.e. y1+FBDSA.

We note that many of the singly protonated peptides derived by MALDI and subjected to
ion/ion reactions in this work have also been derived via electrospray and subjected to
reactions with the same reagent.45 Very similar product ion spectra were derived from the
same peptide ions derived by these two ionization methods. Not surprisingly, the main
difference in the two approaches was that singly protonated peptides dominated in all cases
in the MALDI experiment whereas multiply protonated peptides were the major ions noted
for the larger peptides in the electrospray experiment.
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CONCLUSIONS
Covalent and electrostatic modification of MALDI-derived tryptic peptide cations via gas
phase ion/ion reactions with doubly deprotonated FBDSA has been demonstrated. Covalent
modification is observed at the N-terminus and ε-NH2 of lysine for lysine terminated tryptic
peptides. Covalent and electrostatic modification is observed for arginine terminated tryptic
peptides, where the covalent modification occurs at the N-terminal primary amine and
electrostatic modification occurs at the C-terminal arginine residue. Both modified lysine
and arginine terminated tryptic peptides have shown to result in increased sequence
information upon collisional activation compared to the unmodified version in high m/z
peptides (>1000 Th). Ion trap CID of the modified anions generally shows an increase in the
relative contribution of b-type ions, where unmodified peptide cations have shown limited b-
ions. In many cases, the modified anion produces sequence-informative y-ions of lower m/z
that are often not observed from the unmodified peptide cation. In general, modified anions
have shown more uniform fragmentation compared to the unmodified cations, which often
show dominant cleavages due to low energy CID pathways. This study demonstrates the
first example of gas phase ion/ion reactions involving MALDI-derived ions (other than
those that may occur inherently in the MALDI process). In this case, we demonstrate the gas
phase modification of the ions to improve the MS/MS performance of MALDI-derived
tryptic peptides without recourse to solution phase chemistry.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Modified AP-MALDI source, attached to a QTRAP 4000, capable of multisource injection.
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Figure 2.
a) Ion/ion product spectrum of peptide cation mixture and [FBDSA-2H]−2 b) Positive ion
spectrum of peptide mixture LIFAGK, EGIPPDQQR, and TLSDYNIQK
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Figure 3.
Ion trap CID product ion spectra of (a) [M+◆]− (b) [M+H]+ derived from M=
TITLEVEPSDTIENVK
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Figure 4.
Ion trap CID product ion spectra of (a) [M+◆]− (b) [M+H]+ derived from M=
TLSDYNIQK
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Figure 5.
Ion trap CID product ion spectra of (a) [M+◆]− (b) [M+H]+ derived from M= MQIFVK
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Figure 6.
Ion trap CID product ion spectra of (a) [M+◆]− (b) [M+H]+ derived from M=
EQIPPDQQR
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Figure 7.
Ion trap CID product ion spectra of (a) [M+◆]− (b) [M+H]+ derived from M= APPGFSPFR
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