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Abstract. Electron transfer dissociation (ETD) has attracted increasing interest due
to its complementarity to collision-induced dissociation (CID). ETD allows the direct
localization of labile post-translational modifications, which is of main interest in
proteomics where differences and similarities between ETD and CID have been
widely studied. However, due to the fact that ETD requires precursor ions to carry at
least two charges, little is known about differences in ETD andCID of small molecules
such as metabolites. In this work, ETD and CID of desmosine (DES) and
isodesmosine (IDS), two isomers that due to the presence of a pyridinium group
can carry two charges after protonation, are studied and compared. In addition, the
influence of DES/IDS derivatization with propionic anhydride and polyethyleneglycol

(PEG) reagents on ETD and CID was studied, since this is a common strategy to increase sensitivity and to
facilitate the analysis by reversed-phase chromatography. Clear differences between ETD and CID of non-
derivatized and derivatized-DES/IDS were observed. While CID is mainly attributable to charge-directed
fragmentation, ETD is initiated by the generation of a hydrogen atom at the initial protonation site and its
subsequent transfer to the pyridinium ring of DES/IDS. These differences are reflected in the generation of
complex CID spectra dominated by the loss of small, noninformative molecules (NH3, CO, H2O), while ETD
spectra are simpler and dominated by characteristic side-chain losses. This constitutes a potential advantage of
ETD in comparison to CID when employed for the targeted analysis of DES/IDS in biological samples.
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Introduction

Although collision induced dissociation (CID) is the
most common ion activation technique employed in

tandem mass spectrometry, several new methods, such as
surface induced dissociation (SID), electron capture dissoci-
ation (ECD), and infrared multiple-photon dissociation
(IRMPD) have been developed in the last years [1]. These
new techniques have been examined and their differences,
advantages and disadvantages compared to CID [2–5]. Among
them, ECD [6] and electron transfer dissociation (ETD) [7]
have proven to be complementary techniques to the more

widely used CID [8] in proteomic applications. In ECD and
ETD fragmentation occurs as a consequence of the transfer of
an electron to the parent ion in the gas phase, while
fragmentation is initiated by collision of the parent ion with a
neutral gas in CID. The advantages of ECD and ETD stem
from the radical-driven fragmentation mechanism that leads to
preferential cleavage of disulfide and N–Cα bonds in poly-
peptides [9, 10], without energy dissipation throughout the
molecule prior to fragmentation. As a result, labile post-
translational modifications such as phosphorylations or and
glycosylations are generally retained, permitting their localiza-
tion, which is often impossible with CID [11–13].

ECD and ETD mechanisms of peptides have been exten-
sively studied [14–18]. ECD uses free low-energy electrons,
while in ETD electrons are transferred from an anionic electron
donor molecule having a low electron binding energy (i.e.,
fluoranthene). In spite of these differences, both show quite
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similar peptide fragmentation patterns and yields [17]. While
ECD and ETD are mainly employed for peptide fragmentation
there are few studies in which ECD has been used to fragment
other molecules, such as poly(alkene) glycols [19], oligodeox-
ynucleotides [20], and phosphate-containing metabolites [21],
and to elucidate their respective fragmentation patterns. More
recently, ETD has proven to be useful for the structural
characterization of oligosaccharides [22] and glycerophospho-
choline lipids [23]. ETD of small molecules such as metabo-
lites has received little attention because of ETD requires
precursor ions that carry at least two positive charges. In this
paper, ETD and CID of desmosine (DES) and isodesmosine
(IDS), two isomeric pyridinium-based amino acid analogs that
act as cross-linkers within human elastin [24] (Scheme 1a), are
compared. DES and IDS are of interest since their release as
free amino acids or as part of DES- or IDS-containing peptides
into body fluids such as sputum, plasma, or urine have been
used to estimate levels of elastin degradation [25, 26]. This is of
particular interest in diseases such as chronic obstructive
pulmonary disease (COPD) where degradation of elastin-
containing lung tissue accompanies progression of the disease
towards emphysema. DES/IDS measurement in body fluids is,
thus, a potential indicator of elevated elastin turnover in the
lung and a marker of the effectiveness of agents with the
potential to reduce elastin breakdown [27, 28].

The existence of a permanently charged pyridinium group
and primary amine groups within these analytes (Scheme 1a)
results in multiply charged ions upon positive electrospray
ionization (ESI). Notably, the doubly charged ion is observed,
allowing the comparison of ETD and CID pathways. Since
derivatization of DES/IDS is often used to increase retention on
C18 stationary phases as well as to enhance ESI ionization
efficiency, we studied ETD and CID of derivatized and non-
derivatized DES/IDS. DES/IDS were derivatized with poly-
ethyleneglycol (PEG) based on our finding that derivatization of
amino acids with PEG increases ionization efficiency by a factor
10–500 ([29] and unpublished results). In addition, DES/IDS
were derivatized with propionic anhydride, as this approach has
been employed for the analysis of DES/IDS in urine [30].

Comparative studies between derivatized and non-derivatized
DES/IDS allowed us to gain a better understanding of the ETD
and CID mechanisms.

Experimental
Chemicals and Reagents

DES and IDS standards were purchased from Elastin
Products Inc. (Owensville, MO, USA). Stock solutions (5
mM) were prepared in ultrapure water containing 0.1 %
formic acid (Sigma Aldrich). These solutions were kept at
−20 °C till use. Propionic anhydride (Sigma Aldrich) was
employed as received. N-hydroxysuccinimide activated-
PEGs [shortPEG: MeO-EPr-NHS (1 ethylene oxide unit);
and longPEG:MeO-dPEG(8)-NHS (7 ethylene oxide units)]
were purchased from Iris Biotech GmbH (Marktrewitz,
Germany). For their use, the products were dissolved in
acetonitrile (HPLC supra gradient grade, Biosolve), divided into
1 μmol portions, vacuum dried and stored at −80 °C until use.
Pentafluorophenyl-activated PEG (mediumPEG, 4 ethylene
oxide units) esters containing zero or five 13C atoms (unlabeled-
mediumPEG, 13C5-mediumPEG) were synthesized as described
previously [29], dissolved in acetonitrile, divided into 1 μmol
portions, vacuum dried and stored at −80 °C until use.

DES and IDS Derivatization and LC/MS Analysis

DES/IDS (10 μL from 5 mM stock solutions) and the
derivatization reagent (1 μmol of activated PEG or 1 μL
propionic anhydride (7.8 μmol), Scheme 1b) were dissolved in
0.1 mL sodium phosphate buffer pH 8. This mixture was left to
react at 40 °C for 20 min in a thermomixer at 450 rpm. The
reaction was followed by LC-MS. The analytical LC/MS
system consisted of an Agilent series 1100 capillary LC system
(Waldbronn, Germany) comprising a degasser, a binary pump
with stream splitter, and flow controller, a thermostated
autosampler (4 °C), and a thermostated column compartment
(40 °C). Derivatized DES/IDS was chromatographically
separated with an Atlantis dC18 column (Waters, Etten-Leur,

(a) (b)
Propionic anhydride

shortPEG

mediumPEG

longPEG

*

*

*

*

Scheme 1. (a) Chemical structures of desmosine (DES, left) and isodesmosine (IDS, right). (b) Chemical structures of the
derivatization reagents, from top to bottom: propionic anhydride, shortPEG-NHS (MeO-EPr-NHS), mediumPEG-OPFP
(pentafluorophenyl-activated PEG), longPEG-NHS (MeO-dPEG(8)-NHS) employed for DES/IDS derivatization. The asterisk
indicates the position where the reagent binds to DES/IDS amino groups
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The Netherlands; 1.0 mm×150 mm, particle size 3 μm). Mobile
phase A consisted of 0.1 % (vol/vol) formic acid in ultrapure
water. Mobile phase B was 0.1 % (vol/vol) formic acid in
acetonitrile (HPLC-S gradient grade; Biosolve, Valkenswaard,
The Netherlands). Injection volumes were 10 μL. The separa-
tion was performed with an increasing gradient of B (5 %–80 %
at 2 %×min–1) at a flow rate of 50 μL/min. The mass
spectrometer was an Agilent SL ion trap mass spectrometer
equipped with an ESI source operated in positive mode. Data
were acquired over a scan range of m/z 200–2200.

MS/MS Analysis

DES and IDS derivatives were fractionated, vacuum dried, and
reconstituted in 20 % (vol/vol) acetonitrile, 0.1 % (vol/vol)
formic acid in ultrapure water to 10 μM in the case of the
propionylated DES/IDS derivatives and 5 μM for pegylated
DES/IDS. Different concentrations of non-derivatized and
derivatized-DES/IDS were employed in order to obtain similar
intensity of the precursor ions. MS/MS experiments were
carried out in a Bruker HCT ultra ETD II ion trap (BrukerDal-
tonics, Bremen, Germany). Samples were infused at 1 μL/min
using a 0.5 mL Hamilton syringe and a KdScientific syringe
pump. The parameter settings for positive-ion ESI-MS were as
follows: capillary voltage –4000 V; end plate offset −500 V;
nebulizer 12 psi; drying gas (N2) 5 L×min–1; drying gas
temperature 300 °C. The amplitude for CID MS/MS was 0.6.
For ETD MS/MS, the maximum accumulation time of
fluoranthene anions was 20 ms. The “Remove” function was
activated at m/z 210 to remove excessive fluoranthene anions.
The reaction time was set to 100ms and the cutoff was 160. The
ion charge control (ICC) ETD target was 500,000. “Smart
Decomposition” was set at z02 or off. “Smart Decomposition”
uses resonant excitation to dissociate fragment clusters that are
held together by hydrogen bonds or other non-covalent forces
after ETD without inducing further fragmentation. This
function extends the reaction time automatically based on the
m/z ratio and charge state of the precursor ions. The software
used for data processing and interpretation of the spectra was
Compass 1.3 for Esquire HCTDataAnalysis (BrukerDaltonics).

Results and Discussion
ETD Versus CID of Non-Derivatized DES and IDS

DES and IDS are isomers consisting of a pyridinium ring
where positions 3, 4, and 5 of the aromatic ring as well as
the pyridinium nitrogen atom are substituted with amino
acid chains of different length. The substituents at positions
3 and 5 are identical and contain two CH2 groups, while the
substituents at position 4 (DES) or 2 (IDS) contain three
CH2 groups, and the substituents at the pyridinium nitrogen
atom contain four CH2 groups (Scheme 1a). Since DES and
IDS show the same type of fragmentation upon ETD or CID,
the patterns will be discussed using the results of DES
(Figure 1). ETD of the doubly-charged precursor ion of non-
derivatized DES ([DES +H]2+, m/z 263.6, Figure 1a) leads to

the generation of two fragment ions derived from the loss of
a neutral radical ([DES – R•]+, m/z 411.2) and a hydrogen
atom ([DES]+, m/z 526.3) (the peak observed at m/z 217 is a
background signal occurring in all spectra). The ETD-
derived, singly-charged fragment ion at m/z 411.2 ([DES –
R•]+) cannot be assigned unambiguously, since two path-
ways (I and II) may result in the loss of the same radical (R•,
Scheme 2). In order to elucidate which pathway is followed,
the fragment ion at m/z 411.2 ([DES – R•]+) was subjected to
CID (Figure 1b), which led to the heterolytic N–C bond
cleavage shown in Scheme 3. This cleavage derives in two
fragment ions: one at m/z 282.2 ([[DES – R•] – C6H11NO2]

+)
and one at m/z 130.1 (C6H12NO2

+) corresponding to
heterolytic N–C bond cleavage with or without proton
transfer, supported by intramolecular nucleophilic reaction
with the amino group. This shows that pathway I in Scheme 2
is followed upon ETD to generate the m/z 411.2 fragment ion.
We propose that ETD proceeds as follows: the doubly-
charged precursor ion ([DES +H]2+, m/z 263.6, Scheme 2)
captures an electron transferred from fluoranthene to one of the
protonated primary amino groups, analogous to what has been
described for peptides [9, 17, 18], where it induces the transfer of a
hydrogen atom to the electron-deficient pyridinium ring inducing
the loss of a neutral radical (R•, 116.0 Da) triggered by the
restoration of aromaticity resulting in [DES – R•]+ (m/z 411.2). A
similar behavior has been observed in cyclohexadienones where
single electron transfer was employed as a method of generating
functionalized radicals that can subsequently cyclize or take part
in cascade reaction processes [26]. The formation of [DES]+ (m/z
526.3, Figure 1a) is explained by the loss of a hydrogen atom after
electron transfer (Scheme 2). Proton donation from doubly
charged DES to the fluoranthene radical anion may also be
considered, but it is uncertain if the proton affinity of the
fluoranthene radical anion (m/z 202) is sufficiently high. The
Bruker ion trap provides specific settings (not used by us) for
proton transfer, where the ring-opened, monohydroanion derived
from fluoranthene (m/z 203) is used as an effective proton
acceptor [31]. ETD was performed with and without smart
decomposition giving identical results, which indicates that no
CID is induced by the use of smart fragmentation.

CID of the doubly-charged precursor ion of DES ([DES +
H]2+, m/z 263.7, Figure S1 in Supporting Information) leads to
dissociation into a doubly charged product ion at m/z 232.1
([DES –NH3 –H2O –CO+H]2+) and two singly charged ions at
m/z 397.2 ([DES – C6H11NO2]

+), and at m/z 130.1
(C6H12NO2

+). The most comprehensive model currently avail-
able to describe how protonated molecules dissociate under CID
conditions is based on the “mobile proton” hypothesis [32].
In this model, protonated molecules activated under low-
energy CID conditions fragment mainly by charge-
directed reactions. Taking the DES structure into consid-
eration, protonation likely takes place at one of the
terminal primary amino groups where the proton can be
stabilized by hydrogen bond formation with the adjacent
carbonyl oxygen [33] (Scheme S1 in Supporting Informa-
tion). Charge-directed reactions lead to the combined loss of
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small molecules (NH3, H2O, and CO, doubly-charged fragment
ion atm/z 232.1). In addition, the N–C bond next to the nitrogen
in the pyridinium ring undergoes heterolytic cleavage favored by
the intramolecular nucleophilic reaction with the amino group
(as already described in Scheme 3), yielding two singly charged
product ions at m/z 397.2 ([DES – C6H11NO2]

+), and at m/z
130.1 (C6H12NO2

+).

ETDVersus CID of DESDerivatized with Propionic
Anhydride (PR-DES)

Derivatization with propionic anhydride has been employed
for the analysis of DES/IDS in urine. Derivatization

facilitates the analysis by reversed-phase chromatography
since it converts a highly hydrophilic analyte into a more
hydrophobic compound that is retained on standard reversed
phase LC columns [30]. Derivatization results in the
conversion of primary amines into amide groups thus
modifying the protonation site of the molecule, which may
affect the ETD and/or CID patterns.

ETD resulted in a similar pattern as for non-derivatized
DES (Figure S2 in Supporting Information) with respect to
the generation of a fragment ion derived from the loss of a
neutral radical (see m/z 411.2 ([DES – R•]+ in Figure 1a for
analogy). However, in this case, the fragment ion derived
from the loss of a hydrogen atom after electron transfer was
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Figure 1. (a) Positive ESI-MS/MS in the ETD mode of doubly-charged DES (m/z 263.6, [DES +H]2+) upon infusion of a 0.05 mM
solution in 20 % acetonitrile, 0.1 % formic acid at 1 μL/min. (b) Positive ESI-MS/MS in the CID mode of the singly-charged ETD
fragment ion at m/z 411.2 ([DES -R•]+, see (a)) upon infusion of 0.05 mM DES in 20 % acetonitrile, 0.1 % formic acid at 1 μL/min
(for ETD and CID conditions see experimental section)
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not detected. When ETD is performed on the doubly charged
ion ([PR-DES +H]2+, m/z 375.7) we propose that an electron
is transferred to the protonated carbonyl oxygen of the amide

group (Scheme S2 in Supporting Information) in agreement
with earlier reports on the proton affinities of methyl esters
of N-acetylated amino acids [33]. This intermediate is

e- transfer

H loss

Pathway IPathway II

H transfer

Scheme 2. ETD fragmentation pattern elucidation of doubly-charged DES (m/z 263.6, [DES +H]2+)

Scheme 3. CID fragmentation pattern elucidation of the singly-charged ETD fragment ion at m/z 411.2 ([DES – R•]+, Figure 1a)
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stabilized through the transfer of a hydrogen atom to the
pyridinium ring leading to the loss of a C8H14NO3 radical
and formation of a product ion at m/z 579.3 in analogy to
non-derivatized DES (pathway I, Scheme 2) and as
described for peptides [9, 17, 18].

Contrary to ETD, the CID pattern of PR-DES differs from
that of the non-derivatized molecule. CID on PR-DES leads to
the loss of H2O, CO, and C3H4O (56 Da) (Figure S3 and
Scheme S3 in Supporting Information). Since derivatization
with propionic anhydride converts the primary amine into an
amide, protonation will not take place at the nitrogen atom but
rather at the carbonyl oxygen, as outlined above [33]. Collision
induced dissociation will therefore result in the loss of H2O,
CO and C3H4O ([PR-DES – C3H4O]

2+, 56 Da, m/z 347.7)
through charge directed fragmentation in an analogous manner
as the observed loss of ketene from acetylated amino acids and
peptides. The loss of a side chain in analogy to the mechanism
given in Scheme 3 does not take place.

ETD Versus CID of DES Derivatized with PEG
Molecules of Different Length

PEG is widely used in the derivatization of proteins and
peptides notably to extend their in vivo half-lives [34]. We
recently showed that PEG derivatization may also be useful

in enhancing the ionization efficiency of small molecules
such as amino acids, as well as to increase their hydropho-
bicity allowing analysis by reversed-phase LC-MS [29]. In
addition, PEG ether functionalities may be protonated which
could affect the ETD and CID pattern of derivatized DES
[19, 35, 36]. To investigate the behavior upon ETD and
CID, DES was derivatized with PEG molecules consisting of
1 (shortPEG), 4 (mediumPEG), or 7 (longPEG) ethylene
glycol units (Scheme 1b). In addition, these molecules differ
slightly in their structure. While short and longPEG have
two CH2 groups between the carbonyl group and the first
ether oxygen atom of the PEG chain, mediumPEG has only
one CH2 group. After derivatization, shortPEG-DES and
mediumPEG-DES were detected mainly as doubly charged
ions while longPEG-DES was primarily detected as triply
charged ion.

ETD of doubly charged shortPEG-DES and triply-
charged longPEG-DES resulted in similar patterns as for
non-derivatized-DES and PR-DES with the loss a radical
and a proton through pathway I (see Figure 2 and Scheme 4
for longPEG-DES as an example). Protonation in pegylated-
DES most probably takes places at the carbonyl group of the
PEG molecule and in the case of longPEG-DES an extra
proton may be located in the PEG-chain itself (Scheme 4)
due to stabilization by hydrogen bond formation with the
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Scheme 4. ETD fragmentation pattern elucidation of triply-charged longPEG-derivatized DES (m/z 702.0, [lPEG-DES +2H]3+)
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PEG chain ether oxygen atoms [37]. The assumption that an
extra proton is located within the side chain that is lost from
the longPEG-DES is corroborated by detection of the
protonated radical at m/z 511.3 that is generated through
pathway I (C23H45NO11

+, Figure 2).
ETD of mediumPEG-DES resulted in the generation of an

additional fragment ion ([mPEG-DES – C9H20O5]
+, m/z

1311.7, Figure 3) apart from the already described loss of a
radical through pathway I ([mPEG-DES – R•]+, 364.1 Da,
Figure 3). Generation of [mPEG-DES – C9H20O5]

+ may be
explained by the fact that an electron is transferred from
fluoranthene to the protonated carbonyl group from the PEG
molecule where it is stabilized along the five-membered ring
that is formed by hydrogen bonding within the PEG molecule
inducing its fragmentation (Scheme 5). This fragmentation only
takes place in mediumPEG-DES and not in short or longPEG-
DES most likely due to the difference in structures (number of
CH2 units between the carbonyl and the first ether group within
the PEG chain, Scheme 1b). Stabilization of the electron along
the five-membered ring in the PEGmolecule is supported by the
observation that the singly charged mediumPEG-DES radical
ion ([mPEG-DES +H]+•,m/z 1519.8, Figure 3 right spectrum) is
detected when no smart decomposition is employed. The use of
resonant excitation during smart decomposition favors the loss
([mPEG-DES]+, m/z 1518.8, Figure 3 left spectrum) and

transfer of a hydrogen atom to the pyridinium ring to induce
the loss of a radical following pathway I ([mPEG-DES – R•]+,
m/z 1155.7, Scheme 5) as previously described for the non-, and
propionic anhydride-derivatized DES.

To confirm the structure of C9H20O5, ETD was per-
formed on doubly charged mediumPEG-DES that was
derivatized with mediumPEG containing 0 or 5 13C atoms
(Scheme 5 for the location of the 13C atoms within the PEG
molecule). When DES is derivatized with unlabeled-
mediumPEG a loss of 208.1 Da is observed (loss of
C9H20O5, m/z 1311.7, Figure 3) while a loss of 212.1 Da
is observed when DES is derivatized with 13C5-medium-
PEG. The 4 Da mass difference is in agreement with the
proposed fragmentation pattern (Scheme 5).

CID of DES derivatized with the different PEG molecules
shows that it follows a charge-directed mechanism (see Figure 4
for an example of themediumPEG-DESCID spectrum). Figure 4
shows that fragmentation takes place by the loss of H2O, CO,
and C7H16O4 ([PEG-DES – C7H16O4 +H]2+, 164.1 Da, m/z
677.8) whichwas confirmed byCID of DES that was derivatized
with unlabeled-mediumPEG and 13C5-mediumPEG-OPFP. The
observed fragments can be explained by the fact that protonation
takes places at the PEG carbonyl oxygen atom where the proton
is stabilized by hydrogen bond formation between the carbonyl
group and one of the oxygen-ether atoms of the PEG molecule
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Scheme 5. ETD Fragmentation pattern elucidation of doubly-charged mediumPEG-derivatized DES (m/z 759.9, [mPEG-DES
+H]2+). Location of the 13C atoms within the PEG molecule is marked with *
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(Scheme 6a). Due to the difference in structure, hydrogen bond
formation within shortPEG-DES after protonation resulted in the
formation of fragment ions through loss of H2O, CO, and
C3H8O2 (76 Da) (Scheme 6b). The CID spectra of longPEG-
DES resulted in a very complex spectrum (results not shown)
where characteristic losses of ethylene oxide units, as commonly
observed in the mass spectra of PEG-containing surfactants and
free PEG molecules, dominated the CID pattern [36]. This is
because longPEG-DES contrary to shortPEG-DES andmedium-
PEG-DES can accommodate an extra proton within the PEG
chain triggering the typical CID fragmentation of PEGmolecules
[19, 36].

Previous ECD studies on free PEG molecules reported a
similar fragmentation pattern as in CID (loss of ethylene oxide
units, 44 Da) [14, 30]. This type of fragmentation was,
however, not observed for any of the studied DES-PEG
derivatives upon ETD. The absence of this type of fragmen-
tation indicates that the hydrogen atom that is generated after
electron transfer is not transferred to the ether functionalities of
the PEG molecule [14, 30], but to the electron deficient
pyridinium ring, which acts as a “hydrogen atom trap.”

Conclusions
DES and IDS are molecules of interest in the study of
diseases that progress through elastin breakdown. Due to
their molecular structure they are detectable as doubly
charged ions in ESI-MS. This allows the comparison of
ETD and CID mechanisms in other molecules than peptides,
providing a more detailed understanding of ETD pathways.
DES and IDS were shown to fragment similarly in both
fragmentation modes, since the amino acid side chains
(chain in position 4 in DES and 2 in IDS, Scheme 1a)
occupy equivalent positions in the pyridinium ring (position
4 and 2 are both low electron density positions) and do not
affect the initial protonation site.

Clear differences in the CID and ETD patterns/mecha-
nisms were observed. Since CID is driven by charge-
directed reactions, fragmentation is mainly determined by
the initial protonation site(s) and by the hydrogen bond
interactions of the proton within the molecule. CID patterns
are, therefore, affected by derivatizations that modify the
protonation site(s) or hydrogen bonding of the proton within
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Figure 4. Positive ESI-MS/MS in the CID mode of doubly-charged mediumPEG-derivatized DES (m/z 759.9, [mPEG-DES +H]2+)
upon infusion of a 0.005mMsolution in 20%acetonitrile, 0.1% formic acid at 1 μL/min (for CID conditions see experimental section)
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Scheme 6. CID fragmentation pattern elucidation of doubly-charged (a) mediumPEG-DES, (b) shortPEG-DES

90 S. Ongay et al.: ETD and CID of (Non-)Derivatized Desmosine



the molecule. On the other hand, ETD is induced and
determined by the generation of a hydrogen atom and its
transfer to electron deficient groups within the molecule.
ETD of derivatized DES/IDS is dominated by the effect of
electron deficient groups in the molecule (such as the
pyridinium ring in DES/IDS) and is thus not affected by
derivatization.

A practical advantage of ETD is its simpler fragmentation
when compared to CID in the case of DES/IDS. While CID
spectra consist of many non-informative fragment ions due to
the loss of H2O, NH3, or CO, ETD spectra consist of 1–2 major
fragment ions that are derived from the loss of characteristic
side-chain radicals. We are currently investigating whether
ETD can be used for the sensitive, targeted analysis of DES/
IDS in biological samples from COPD patients.
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