
F
a

J
D

a

A
R
R
A
A

T
H
b
i
a

K
A
E
F
D
S
M

1

i
a
i
i
a
f
t
v

f
a

1
d

International Journal of Mass Spectrometry 316– 318 (2012) 292– 299

Contents lists available at SciVerse ScienceDirect

International  Journal  of  Mass  Spectrometry

jou rn al h om epa ge: www.elsev ier .com/ locate / i jms

ragmentation  of  protonated  dansyl-labeled  amines  for  structural  analysis  of
mine-containing  metabolites

iamin  Zheng,  Liang  Li ∗

epartment of Chemistry, University of Alberta, Edmonton, Alberta T6G 2G2, Canada

 r  t  i  c  l  e  i n  f  o

rticle history:
eceived 8 January 2012
eceived in revised form 19 February 2012
ccepted 22 February 2012
vailable online 3 March 2012

his work is dedicated to Professor Alex
arrison on the occasion of his 80th
irthday and in recognition of his

mportant contributions to ion chemistry
nd mass spectrometry.

eywords:
mine-containing compound
SI-MS/MS
ragmentation pattern
ansylation labeling
kimmer fragmentation

a  b  s  t  r  a  c  t

Dansylation  of  amine-containing  metabolites  has  been  shown  to provide  a significant  enhancement  in
detectability,  thereby  allowing  the  generation  of a more  comprehensive  metabolome  profile  of  biofluids
using  liquid  chromatography  (LC)  electrospray  ionization  (ESI)  mass  spectrometry  (MS).  The  relatively
stable  structures  of  dansyl-labeled  amines  afford  no  fragmentation  during  the  ESI  and  ion  transport  to  a
mass  analyzer,  ensuring  that  all peaks  detected  are  from  the  metabolites,  not  fragment  ions  produced,  for
example,  in  the  interface  region.  However,  for  deducing  or confirming  chemical  structures  of  metabolites,
generation  of fragment  ions  of the  intact  molecular  ions  by tandem  MS  is  required.  We  report  a study  of  the
fragmentation  behaviors  of  protonated  dansyl-labeled  amines  in comparison  to those  of  the  unlabeled
counterparts.  Characteristic  fragment  ions  of unlabeled  amines  were  observed  in  a  quadrupole  linear
trap  (QTrap)  tandem  mass  spectrometer,  while  collision-induced  dissociation  (CID)  of  the  corresponding
labeled  amine  ions  mainly  produced  the  fragment  ions  that  contain  the  dansyl  moiety  with  neutral  losses
of parts  of the  original  amine  molecules.  In  most  cases,  no  fragment  ions  from  the  original  amine  molecules
were detected  from  a labeled  amine.  MS3 in  the  linear  trap  did  not  generate  any  useful  second  generation
of  fragment  ions  from  the  original  amine  molecules.  However,  it was  found  that by  increasing  the  skimmer
voltage to produce  the fragment  ions  of  the labeled  amine  in  the  skimmer  region,  followed  by  a priori
selection  of  the  fragment  ion  in  the  first  quadrupole  mass  analyzer  with  an  m/z  value  corresponding  to
etabolomics the mass  difference  between  the  molecular  ion  of  the  dansyl-labeled  amine  and the  expected  mass  of  the
dansyl group,  second  generation  of  fragment  ions  could  be produced  by  CID  and  stored  in  the  linear  trap
for  improved  detection.  These  second  generation  of  fragment  ions  generally  show  a similar  fragmentation
pattern  to that  of  the  protonated  unlabeled  amine.  In some  cases,  additional  fragment  ions  were  found.
Thus,  chemical  structure  information  of dansyl-labeled  amines  could  be generated  using  MS/MS  and  this
pseudo-MS3 approach.
. Introduction

Liquid chromatography (LC)–mass spectrometry (MS) has been
ncreasingly used for metabolome profiling as it is highly sensitive
nd specific [1–3]. However, due to the great diversity of phys-
ochemical properties of metabolites, it is difficult to detect and
dentify all the metabolites with the LC–MS-based metabolome
nalysis. One approach to meeting this challenge is to classify or
ractionate all the metabolites into different groups according to
heir functional groups, followed by targeted analysis of the indi-
idual groups of metabolites using LC–MS.
Our group has been developing a metabolome profiling plat-
orm whereby a metabolome sample is selectively labeled with
n isotope reagent that reacts with a specific functional group.

∗ Corresponding author. Tel.: +1 780 492 3250; fax: +1 780 492 8231.
E-mail address: Liang.Li@ualberta.ca (L. Li).

387-3806/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijms.2012.02.019
© 2012 Elsevier B.V. All rights reserved.

The labeling reagents are rationally designed to improve the
performance of LC separation (i.e., better retention on a high-
efficiency reversed-phase column) and electrospray ionization (i.e.,
better detectability and higher sensitivity in overall detection).
We  reported the 13C2- and 12C2-dansylation chemistry for pro-
filing amine- and phenol-containing metabolites [4] and 13C2-
and 12C2-p-dimethylaminophenacyl (DmPA) bromide chemistry
for profiling carboxylic acid-containing metabolites [5].  Our  work
on the use of 14N2-/15N2-dansylhydrazine for profiling ketones,
aldehydes, and sugars has been submitted for publication. These
three isotope labeling chemistries offer a convenient and quanti-
tative route to profiling a large number of metabolites; more than
80% of the 8000 known human metabolites in Human Metabolome
Database or HMDB [6] contain one or more of the targeted func-

tional groups. As an example, using a two-dimensional LC–MS
system, more than 3500 putative amine- and phenol-containing
metabolites could be detected from a human urine sample
[7]. The labeled metabolites show significant improvement in

dx.doi.org/10.1016/j.ijms.2012.02.019
http://www.sciencedirect.com/science/journal/13873806
http://www.elsevier.com/locate/ijms
mailto:Liang.Li@ualberta.ca
dx.doi.org/10.1016/j.ijms.2012.02.019
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etectability over their unlabeled counterparts (i.e., 10–1000 fold
ignal enhancement can be obtained by dansylation).

While rational design of chemical labeling can improve the
verall detection of the metabolome, it is also critical to con-
ider another important aspect of the metabolome profiling work,
.e., metabolite identification. With chemical labeling, particularly
sing a large molecular tag to affect the physiochemical proper-
ies of unlabeled metabolites so to improve their chromatography
etention, enhance ionization efficiency, and reduce low-mass
ackground interference in ESI, one important question that needs
o be addressed is: can the labeled metabolites produce useful frag-

ent ions during the tandem MS  analysis for structural analysis?
In this work, we report a study of ESI-MS/MS fragmentation

athways of 32 amine-containing metabolites and compare their
ragmentation patterns before and after dansylation labeling. We
llustrate that MS/MS  analysis of the fragment ions produced in
he skimmer region from the protonated dansyl amine with the
/z value corresponding to the protonated unlabeled amine can

enerate similar fragmentation patterns to those of the unlabeled
etabolites, suggesting that structural information can be obtained

rom tandem MS  analysis of the dansylated compounds.

. Experimental

.1. Chemical and reagents

All chemicals and reagents were purchased from Sigma–Aldrich
anada (Markham, ON, Canada) except those otherwise noted.
C–MS grade water and acetonitrile (ACN) were purchased from
hermo Fisher Scientific (Edmonton, AB, Canada).

.2. Labeling reaction

The synthesis of 13C-dansyl chloride as the isotope labeling
eagent has been described by Guo and Li [4].  The dansylation
abeling reaction has also been described [4],  but with some minor
hanges. Briefly, amine standard compounds were dissolved with
CN/H2O (50:50) at a concentration of 100 �M.  Fifty microliters
f standard solutions were mixed with 25 �L sodium carbon-
te/sodium bicarbonate buffer (500 mM,  pH 9.4) and 25 �L ACN in
eaction vials. 12C-dansyl chloride solution in ACN (18 mg/mL) or
3C-dansyl chloride solution in ACN (18 mg/mL) was  then added,
nd the reaction stood for 1 h at 60 ◦C. After 60 min, 10 �L NaOH
250 mM)  was added to the reaction mixture to consume the
xcess dansyl chloride and quench the labeling reaction. After addi-
ional 10 min  incubation at 60 ◦C, 50 �L of formic acid in ACN/H2O
425 mM)  was added to neutralize the solution. Finally, the dansy-
ation labeled solutions were diluted 5 folds with ACN/H2O (10:90)
ontaining 0.1% formic acid for MS  analysis.

.3. Direct flow injection-MS/MS

An AB Sciex 2000 QTrap LC–MS/MS system (AB Sciex, Toronto)
as used. The sample solutions were infused directly by a syringe
ump at a flow rate of 5 �L/min. The MS  instrument was operated
nder the following conditions: Curtain Gas (CUR) 15 psi, IonSpray
oltage (IS) 4800 V, Temperature (TEM) 250 ◦C, Ion Source Gas 1

GS1) 20 psi, Ion Source Gas 2 (GS2) 15 psi. The mass range was
et at m/z  50–1000. An enhanced MS  (EMS) scan was performed
rst to find the protonated molecular ion, followed by an enhanced
roduct ion (EPI) scan to generate an MS/MS  spectrum. EPI scans
ere also carried out to generate MS3 spectra of the high intensity
ragment ions observed in MS/MS  spectrum. Declustering potential
DP) and collision energy (CE) were adjusted for each different scan.
o generate the pseudo-MS3 spectra from the labeled amines, the
ragment ions were first produced in the skimmer region by raising
pectrometry 316– 318 (2012) 292– 299 293

DP to 45 V, followed by selecting the skimmer-fragment ions using
the first quadrupole mass analyzer (Q1) that were then subjected to
collision-induced dissociation (CID) in Q2. The second generation
product ions were analyzed by EPI scan in the quadrupole linear
trap (Q3). All the MS,  MS/MS, MS3 and pseudo-MS3 spectra were
obtained in the positive ion mode.

2.4. Fragmentation pattern analysis

The MS/MS  and MS3 data from the unlabeled amines were
compared to look for common fragmentation patterns includ-
ing diagnostic neutral losses and common fragment ions. For the
dansyl-labeled compounds, pseudo-MS3 spectra of the fragment
ions at the same m/z value as the protonated original unlabeled
amines were generated. Comparison between the pseudo-MS3

spectra of the labeled amines and the corresponding MS/MS  spectra
obtained from the unlabeled amines was carried out to determine
any similarity in fragmentation patterns before and after dansyla-
tion labeling.

3. Results and discussion

The main objective of this work is to determine whether any
useful fragment ions can be generated from the dansyl-labeled
amines that can be used for structural analysis. Aside from deduc-
ing the chemical structure of a completely unknown metabolite,
generation of characteristic fragment ions from the dansyl-labeled
amines can also facilitate metabolite identification via spectral
matching where the fragment ion spectrum of an unknown is
searched against those of standards in a library. MS/MS spectral
libraries of metabolites and other small molecules have become
available in publicly accessible websites [6,8,9].  The number of
entries is expected to grow as more compounds are being iden-
tified. However, these libraries are generally constructed using
unlabeled compounds. To utilize these resources for metabolite
identification, it is important that similar types of fragment ions
can be obtained from the labeled and unlabeled metabolites. In this
work, we first examine the fragmentation pathways or patterns
of amine-containing compounds in ESI-MS/MS. We  then compare
the fragmentation patterns of the unlabeled and labeled amines to
determine whether dansylation affects the types and numbers of
the fragment ions generated in tandem MS.

For unknown metabolite identification, it is useful to generate
as many different fragment ions as possible to produce structural
information on different moieties of a molecule. Thus, whenever
possible, MSn of a molecular ion is often conducted. As the QTrap
MS  instrument has the ability to carry out the MS/MS  and MS3

experiments [10], these fragment ion spectra were generated for
the standard amine-containing compounds both before and after
dansylation labeling. A total of 32 amine-containing compounds
were chosen from the Human Metabolome Database (HMDB) [6],
representing a wide range of chemical diversity, with no par-
ticular reason or purpose other than the availability of these
standards. While these standards only represent a small set of
amine-containing metabolites, the observed fragmentation behav-
iors described in this work should be representative of most amines,
with a caution that some exceptions may  likely be encountered
for some amines. The fragment ion spectra of the 32 labeled and
unlabeled compounds are provided in the supplemental material
(Supplemental Scheme S1).
3.1. Neutral loss of unlabeled amines

Molecules containing an amino group or primary amines are
protonated in positive ion ESI at the nitrogen atom [11] and get
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Fig. 1. (A) CID MS/MS  spectrum of the protonated 3-aminobenzoic acid. (B) Pseudo-
MS3 spectrum of the skimmer-fragment ion with m/z 138.1 with enhanced product
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Fig. 2. (A) MS/MS spectrum of the protonated methionine sulfoxide. Peak with m/z
166.0 represents methionine sulfoxide molecular ion after protonation, and peak
with m/z 149.0 shows the fragment ion after neutral loss of 17 from the protonated
methionine sulfoxide ion. (B) MS3 spectrum of the deaminated ion of methionine
on (EPI) scan in the QTrap. (C) CID MS/MS  spectrum of the protonated dansyl-3-
minobenzoic acid. The collision energy used for each spectrum reported in this
ork is given in the original spectra presented in Supplemental Scheme S1.

leaved at the C N bond in CID. As a result, a neutral loss of a nomi-
al mass of 17 Da in the form of NH3 is observed. Thus, in the MS/MS
pectra of primary amines, the molecular ion, [M+H]+, for a singly
harged species along with a fragment ion, [M+H−17]+, are com-
only observed. One example is shown in Fig. 1A for the CID MS/MS

pectrum of 3-aminobenzoic acid (HMDB01891). The peak at m/z
38.1 is from the protonated precursor ion, while the fragment ion
t m/z  121.0 is the deaminated ion. Most of the primary amines
tudied gave neutral loss of 17. However, in the case of serine (see
upplemental Scheme 1, under HMDB00187), the loss of 18 was
etected, instead of 17. In this case, intramolecular hydrogen-bond

nvolving the primary amino group can be formed to prevent the
oss of amino group in the form of NH3 [12,13]. The loss of H2O is a
referred route.

Neutral loss of 17, followed by neutral loss of 28, is also observed
oth in MS/MS  of the protonated amines or MS3 of the fragment
ons from neutral loss of 17 of the protonated amines. This pattern
pplies mainly to primary amines which also have a carboxy group
ttached to the same carbon atom, to which the amino group is
ttached, namely, alpha-amino acid structure. As a primary amine,
sulfoxide. Peak with m/z 149.1 represents the deaminated ion after neutral loss of 17
from the protonated methionine sulfoxide precursor ion, and peak with m/z 121.0
shows the fragment ion after neutral loss of 28 from the deaminated ion.

the charge is retained on the nitrogen atom and cleavage occurs to
lose NH3, resulting in a neutral loss of 17. The resulting deaminated
ion, if isolated and fragmented in the MS3 experiment, can further
lose the carbonyl group in the original molecule, giving arise a neu-
tral loss of 28 in the MS3 spectrum. Panels A and B in Fig. 2 show
the MS/MS  and MS3 spectra of methionine sulfoxide (HMDB02005),
respectively. The peak at m/z  166.0 is from the protonated parent
ion, and the one at m/z 149.0 is from the fragment ion after a neu-
tral loss of 17. Furthermore, the deaminated ion with m/z  149.0 was
isolated for further dissociation. In Fig. 2B, the peak at m/z  121.0 is
from the fragment ion generated from a neutral loss of 28 from m/z
149.1. In addition, some other neutral losses are also observed in
the MS3 spectrum, such as neutral loss of 44 and 46, corresponding
to the loss of CO2 and HCOOH, respectively. Similar results were
obtained for selenomethionine (HMDB03966).

3.2. Fragment ions of unlabeled amines

The MS/MS  spectra shown in Figs. 1A and 2A are typical
of the CID spectra that can be obtained from the protonated
amines. Notably there are several fragment ion peaks detected
from low to high masses. These fragment ions can be readily
assigned to the chemical structures of the amines. More impor-
tantly, these ions provide the chemical signature that is needed
for compound identification based on fragment ion spectral match.
There are no characteristic core fragment ions, representative of

diverse structures of amines, found from the MS/MS  spectra of
the 32 compounds. However, a couple of interesting observa-
tions are worth noting. One is related to a common fragment
ion of m/z 72 observed in the MS/MS  spectra of long chain
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Fig. 3. (A) MS/MS  spectrum of the protonated dansyl-threonine. (B

rimary amines, such as N-acetylputrescine (HMDB02064) and
gmatine (HMDB01432), which has the amino group present
t one end of the molecular chain, and connected with four
ethylene groups (H2N CH2 CH2 CH2 CH2 R). In this type of

mine-containing compounds, positive charge is initially retained
t the nitrogen atom. Upon CID, cleavage occurs at the C R bond,
orming the ion with the structure of H2C CH CH2 CH2 NH3

+

t m/z 72.
Another common fragment ion with m/z  102 is observed in the

S/MS  spectra of primary amines which have the alpha-amino
cid structure present in the original molecule and have at least
wo methylene groups ( CH2 CH2 R) connected to the carbon
tom, to which both the amino group and the carboxy group are
ttached. As in the case of molecules that give a fragment ion at
/z 72, in this group of amines, protonation also occurs at the
itrogen atom. Cleavage of the protonated amines occurs at the

 R bond, resulting in the fragment ion which also forms a double-
ond between the two methylene groups mentioned above, with its
/z value of 102. This is exemplified by the MS/MS  fragmentation
atterns of methionine sulfoxide (HMDB02005), selenomethionine
HMDB03966), and biocytin (HMDB03134).

.3. MS2 fragmentation patterns of dansylated amines
For the dansyl-labeled amines, the fragment ions detected in
he MS/MS  spectra are mostly from the dansyl part, as the charge
fter protonation is carried by the nitrogen atom in the dansyl
mer-fragmentation spectrum of the protonated dansyl-threonine.

moiety. In most cases, there is no fragment ion containing the part
belonging to the original amine molecule without the dansyl moi-
ety. In some cases, fragment ions containing the dansyl group from
the neutral loss of a moiety from the original amine molecule are
observed, which can provide some structural information on the
amine molecule.

As an example, Fig. 3A shows the MS/MS  spectrum of dansyl-
threonine (HMDB00167). The major peaks detected in Fig. 3A can
be assigned and the fragmentation scheme of dansyl-threonine is
given in Supplemental Scheme 2. Most peaks are from the fragment
ions containing the dansyl group. Since the charge is located mainly
on the dansyl group, no fragment ions corresponding to the original
threonine part are observed in the MS/MS  spectrum. In this case,
the peak at m/z 353.2 is from the protonated dansyl-threonine. At
the high m/z region, several fragment ions are detected including
the peaks at m/z 338.1, 307.1 and 291.2. The peak at m/z  338.1 is
from the loss of the CH3 group in the dansyl moiety. The peak at
m/z 307.1 is generated after losing HCOOH from the original thre-
onine molecule. From the comparison between the MS/MS  spectra
of the labeled and unlabeled amines, it was also found that the
neutral loss fragmentation pathways from the original amine com-
pounds, as described in Section 3.1, can be applied to those of the
dansyl-labeled amines. However, since only neutral loss of sim-

ple molecules, such as H2O and HCOOH, from the amine itself are
detected in the MS/MS  spectra of dansyl-labeled amines, these
spectra alone are not sufficient for compound identification with
high confidence.
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In the MS/MS  spectrum of dansyl-threonine, there is no peak
etected at the same m/z value as the protonated unlabeled
hreonine (m/z 119.06). We  attempted to use a more ener-
etic skimmer-fragmentation by applying a high declustering
otential in the QTrap instrument to dissociate the protonated
ansyl-threonine, followed by the detection of the fragment ions
enerated. Fig. 3B shows the skimmer-fragmentation spectrum.
he fragmentation pattern appears to be similar to the CID spec-
rum shown in Fig. 3A. Although more intense low-mass fragment
ons are observed, no peaks corresponding to the protonated threo-
ine or its characteristic fragment ions are detected. Similar results
re obtained for the other dansyl-labeled amines and another
xample is given in Supplemental Scheme 3 for dansyl-tryptophan.

.4. MS3 fragmentation patterns of the fragment ions from
ansylated amines

The neutral loss fragment ions from the dansyl-labeled amines
an be selected for further fragmentation in the linear trap. For
xample, in Fig. 3A, the ions at m/z  338.1, 307.1 and 291.2 gener-
ted by the loss of CH3, HCOOH, and HCOOH + CH4, respectively,
rom the protonated dansyl-threonine, were individually selected
or fragmentation. However, the MS3 spectra of these species (not
hown) do not show any further fragment ions from the original
mines. Other high-intensity low-mass ions shown in Fig. 3A are
ainly from the fragmentation of the dansyl group itself and their
S3 spectra do not give useful fragment ion information on the

riginal amine molecules.

.5. Pseudo-MS3 fragmentation patterns of dansylated amines
nd comparison to those of unlabeled amines

As it was pointed out above, the MS/MS  spectra and the
kimmer-fragmentation spectra of dansylated amines do not show
ragment ions from the original amine molecules. However, for
tructural analysis or comparison with the fragment ion spec-
ral library of unlabeled amines, it is critical to produce fragment
ons directly from the amines. We  resorted to the use of pseudo-

S3 to produce these fragment ions. Specifically, EPI scans of the
econd generation of CID product ions of the fragment ions pro-
uced from the skimmer-fragmentation of the protonated dansyl
mine were conducted to generate the pseudo-MS3 spectrum for
ach skimmer-fragment ion. We  found that all the neutral loss
kimmer-fragment ions containing the dansyl group did not show
ny characteristic product ions belonging to the original amine
olecule, which is consistent with the MS3 experiment results dis-

ussed in Section 3.3.  However, by selecting the skimmer-fragment
ons with the same m/z value as the unlabeled protonated amine
or CID, it was possible to generate a pseudo-MS3 spectrum con-
aining peaks corresponding to the characteristic product ions
hat were found in the CID spectrum of the protonated unla-
eled amine. While the skimmer-fragmentation spectrum did not
how much signal at m/z of the protonated unlabeled amine, it
as observed that, by raising the declustering potential to induce

kimmer-fragmentation while selecting this particular ion by the
rst quadrupole mass analyzer, this skimmer-fragment ion could
e detected in EPI. This indicates that skimmer-fragmentation did
roduce this ion, but its intensity was too low to be detected in the
kimmer-fragmentation spectrum. However, by selecting this ion
or detection or CID, the linear trap allowed sensitive detection of
his ion and its product ions. We  speculate that the enhanced for-
ation of the protonated unlabeled amine in the skimmer region
as likely due to the collision of the dansylated metabolite ions
ith many types of gaseous species in the skimmer interface, such

s solvents, salts and other neutral or ionic molecules.
pectrometry 316– 318 (2012) 292– 299

The above observations are not surprising as, in QTrap, product
ion spectra of low-intensity precursor ions can often be gen-
erated using selected reaction monitoring (SRM) to trigger EPI
scans, even if the precursor ions are not detectable or buried with
the background ions using the normal MS  scan [10,14].  We  note
that, in a few cases, such as dansyl-adenine, dansyl-5-hydroxy-
l-tryptophan and dansyl-cytosine, the CID spectra as well as the
skimmer-fragmentation spectra of the dansyl amines do contain
a low-intensity peak with m/z corresponding to the protonated
unlabeled amine. For the 32 compounds tested in this work,
pseudo-MS3 spectra of this type of ion can all be generated (see
the middle spectrum in each file in Supplemental Scheme 1). One
example of such a spectrum is shown in Fig. 1B. Note that, as in
Fig. 1, each file in Supplemental Scheme 1 for a particular amine
contains three spectra. The spectrum at the top (e.g., Fig. 1A) is the
MS/MS  spectrum of the protonated unlabeled amine, the one in the
middle (e.g., Fig. 1B) is the pseudo-MS3 spectrum of the fragment
ion of the labeled amine which has the same m/z  value as the pro-
tonated unlabeled amine, and the one at the bottom (e.g., Fig. 1C)
is the MS/MS  spectrum of the protonated dansyl-labeled amine. By
comparing the first and second fragmentation spectra correspond-
ing to the same standard amine, it was  found that the fragmentation
patterns, in terms of the number and types of fragment ions, before
and after dansylation labeling are similar, while for some of the
compounds, additional fragment ions can be detected to provide
further structural information on the amines.

One example is shown in Fig. 1 for 3-aminobenzoic acid. The
MS/MS  spectrum (Fig. 1C) of dansyl-3-aminobenzoic acid does not
show any characteristic peaks from the fragmentation of the 3-
aminobenzoic acid molecule. Based on this MS/MS  spectrum alone,
it is difficult to confirm the chemical structure of 3-aminobenzoic
acid. However, the pseudo-MS3 spectrum (Fig. 1B) of the ion at m/z
138.1 displays the same types of fragment ions as those observed
in the MS/MS  spectrum of the unlabeled 3-aminobenzoic acid at
m/z 138.1 (Fig. 1A). Thus, in this case, the pseudo-MS3 spectrum
would provide the needed fragment ion information to identity this
compound, if this were an unknown metabolite.

Another example is shown in Fig. 4 for N-acetylputrescine
(HMDB02064). Fig. 4A shows the MS/MS  spectrum of the proto-
nated N-acetylputrescine, in which the peak at m/z  131.2 is from
the protonated N-acetylputrescine precursor ion, while the peaks
at m/z 114.0 and 71.8 represent the two fragment ions generated.
Fig. 4B shows the pseudo-MS3 spectrum of the skimmer-fragment
ion generated from the dansyl-N-acetylputrescine ion with the
same m/z value as that of the protonated N-acetylputrescine. In
this spectrum, the fragment ions with m/z  114.1 and 72.1 are
the same ions generated as above, while the peak at m/z 103.1
is from an extra fragment ion generated from the labeled com-
pound (the fragmentation scheme for peak assignment is shown
in Supplemental Scheme 4). Note that, in this particular case, the
same fragment ions at m/z 114.1 and 72.1 are detected in the
skimmer-fragmentation spectrum as shown in Fig. 4C. However,
the pseudo-MS3 spectrum generated from the precursor ion at m/z
131.2 is more reliable in determining or confirming the chemi-
cal structure of N-acetylputrescine, particularly when the MS/MS
spectrum of the protonated N-acetylputrescine is known.

Among the 32 compounds investigated, all, except one, give sim-
ilar fragmentation patterns in their pseudo-MS3 spectra to those
from the MS/MS  spectra of unlabeled amines. The exception is
for dansyl-agmatine (HMDB01432). In this case, the characteristic
skimmer-fragment ions with m/z corresponding to the protonated
agmatine was detected (see the middle spectrum in Supplemental

Scheme 1, under HMDB01432). However, little fragment ions were
detected. Fortunately, for this compound, the MS/MS  spectrum of
dansyl-agmatine itself contains the two  major fragment ion (m/z
72.1 and 114.1) (see the bottom spectrum in Supplemental Scheme



J. Zheng, L. Li / International Journal of Mass Spectrometry 316– 318 (2012) 292– 299 297

8

6

4

2

0

In
te

ns
ity

 x
10

6

1401201008060
m/z

11
4.

0

71
.8

13
1.

2

NH2

NH

CH3

O

A

20

15

10

5

0

In
te

ns
ity

 x
10

3

1401201008060
m/z

61
.0 72

.1

91
.0

62
.1

66
.9

70
.0

74
.2

77
.0

95
.1

98
.9

10
3.

1

11
4.

1

13
0.

1
13

1.
2

85
.9

B

25

20

15

10

5

0

In
te

ns
ity

 x
10

6

350300250200150100
m/z

72
.1

17
0.

2

11
4.

1

12
9.

1 15
5.

2

18
6.

2

20
6.

2
21

7.
1

23
4.

1

26
9.

2

28
5.

2

30
0.

3
30

5.
2 32
2.

2

36
4.

2

N
CH3 CH3

OSO

HN

NH

CH3O

C

Fig. 4. (A) MS/MS spectrum of the protonated N-acetylputrescine. (B) Pseudo-MS3 spectrum of the skimmer-fragment ion with m/z 131.2 with enhanced product ion (EPI)
scan  in QTrap. (C) MS/MS  spectrum of the protonated dansyl-N-acetylputrescine.



2 Mass S

1
s
u
w
h
D
t
t

3

s
w
o
l
f
t
i
o
i

s
t
i
a
n
t
l
s
t
l
c
o
a
t
f
m
d
b
t
M
l
t
f
f
s
c

t
t
s
w
(
t
s
i
p
i
s
r
s
l
n
c
w

98 J. Zheng, L. Li / International Journal of 

) that can be used for identification of this compound. The rea-
on of this compound did not give a good pseudo-MS3 spectrum is
nknown. It may  be related to the structure of this unique molecule
here the amine group may  form a stable structure through a
ydrogen bridge with another nitrogen in the guanidine moiety.
uring the dansyl-agmatine dissociation process, this stable struc-

ure might be formed while in the protonated form as in MS/MS  of
he unlabeled amine a more open structure was formed.

.6. Relevance to metabolome profiling

Skimmer fragmentation is not widely used for structural analy-
is due to the lack of precursor ion selection. However, for this work,
e use the skimmer fragmentation to generate the precursor ion

f the unlabeled metabolite from the dansylated metabolite, fol-
owed by selecting the precursor ion using the first mass analyzer
or further fragmentation to generate the MS/MS  spectrum. Thus,
he precursor selection of the more useful, unlabeled metabolite
on is still performed. As a result, we generate the MS/MS  spectrum
f the precursor ion of the unlabeled metabolite, which is more
mportant than the precursor ion of the labeled metabolite.

Our results indicate that a pseudo-MS3 spectrum of the
kimmer-fragment ions that has the same m/z value as the pro-
onated unlabeled amine can be used for structural analysis. The
ntensity of the protonated unlabeled amine generated is gener-
lly low. As a result, the sensitivity of the pseudo-MS3 method is
ot as good as the MS  detection of the intact dansylated amine or
he MS/MS  spectral acquisition from the dansylated amine molecu-
ar ion. However, this low sensitivity in producing the pseudo-MS3

pectrum should not be a major barrier in the overall workflow of
he dansylation LC–MS metabolome profiling method. In the dansy-
ation LC–MS method, quantitative metabolome profiling of many
omparative samples (e.g., diseased vs. healthy group) is carried
ut first based on the MS  data only, not the MS/MS  data. Statistics
nalysis of the relative metabolome abundance differences among
hese samples is then conducted to determine which metabolite
eatures (each feature with specific retention time and accurate

ass) give the most separation of the two groups. Usually only a
ozen or so of these features are found. At last, research efforts will
e devoted to the identification of these features, i.e., determining
he structures of these metabolites. Thus, the proposed pseudo-

S3 approach is only used in the last step. To compensate for the
ow sensitivity of the method, samples can be pooled to increase
he analyte concentration for LC–MS injection. Alternatively, the LC
raction containing the important metabolite features is collected
rom a larger column separation or from multiple injections of a
mall column separation, followed by pseudo-MS3 analysis of the
ollected fraction.

It should also be noted that there are some significant advan-
ages of using the pseudo-MS3 spectra for structural analysis over
he use of MS/MS  spectra of dansylated compounds. As it was
hown earlier, the MS/MS  spectra of many dansylated metabolites
ere not informative about the original structures of the amines

e.g., only loss of H2O or CO2 was found). Thus, the usefulness of
hese spectra for spectral match with the MS/MS  spectra of dan-
ylated amine standards for unknown metabolite identification
s questionable. In contract, the pseudo-MS3 spectra contain the
eaks of fragment ions with the structural signatures of the orig-

nal amines and, thus, spectral match between the pseudo-MS3

pectrum and the MS/MS  spectrum of an amine standard is more
eliable for compound identification. In addition, the pseudo-MS3

pectra can be, in principal, used to facilitate unknown metabo-

ite identification, even if the MS/MS  spectrum of the unknown is
ot present in the spectral library of unlabeled standards. In this
ase, comparison of fragmentation patterns of different compounds
ith similar structures (e.g., a core structure with CH3O attached
pectrometry 316– 318 (2012) 292– 299

in the standard library vs. the same core structure with CH3CH2O
attached in the unknown sample) can be used to reduce the number
of metabolite candidates of an unknown metabolite.

4. Conclusions

We  have investigated the fragmentation behaviors of 32
dansyl-labeled amines with diverse chemical structures and their
unlabeled counterparts using an ESI QTrap mass spectrometer. It
was  found that the MS/MS  spectra of dansyl-labeled amines mainly
consist of peaks from the fragment ions containing the dansyl
group. In most cases, there were a few fragment ions observed from
the loss of H2O, NH3, HCOOH from the original amine molecule.
These ions are usually not informative for deducing or confirm-
ing the chemical structures of amines. In a few cases, fragment ions
from the original amine molecule were detected. However, they are
not sufficient to identify a compound, if spectral match to a spec-
tral library composed of fragment ion spectra of unlabeled amines is
used. In contrast, a pseudo-MS3 spectrum of the skimmer-fragment
ion that has the same m/z value as the protonated unlabeled amine
could be generated for structural analysis. In most cases, these spec-
tra contain the same types of fragment ions as those in the MS/MS
spectra of the protonated unlabeled amines, while in a few cases
additional types of fragment ions are observed. We  suggest that
the pseudo-MS3 spectra generated from the dansyl-labeled amines
could be used for metabolite identification in a workflow where the
metabolome is labeled with dansylation chemistry for comprehen-
sive profiling. The pseudo-MS3 spectra can be directly compared
to the library spectra of unlabeled amines for potential spectral
matching. The application of this approach for metabolome analysis
will be reported in the future.

Acknowledgments

This work was  supported by the Genome Canada and Genome
Alberta through the Metabolomics Innovation Centre (TMIC)
project and the Canada Research Chairs program. We  thank A.E.
Lewis-Stanislaus and A. Zuniga for their assistance in data collection
and data analysis.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ijms.2012.02.019.

References

[1] G. Theodoridis, H.G. Gika, I.D. Wilson, Mass spectrometry-based holistic ana-
lytical approaches for metabolite profiling in systems biology studies, Mass
Spectrom. Rev. 30 (2011) 884–906.

[2] K. Dettmer, P.A. Aronov, B.D. Hammock, Mass spectrometry-based
metabolomics, Mass Spectrom. Rev. 26 (2007) 51–78.

[3] N. Zehethofer, D.M. Pinto, Recent developments in tandem mass spectrometry
for lipidomic analysis, Anal. Chim. Acta 627 (2008) 62–70.

[4]  K. Guo, L. Li, Differential 12C-/13C-isotope dansylation labeling and fast liquid
chromatography/mass spectrometry for absolute and relative quantification of
the  metabolome, Anal. Chem. 81 (2009) 3919–3932.

[5] K. Guo, L. Li, High-performance isotope labeling for profiling carboxylic acid-
containing metabolites in biofluids by mass spectrometry, Anal. Chem. 82
(2010) 8789–8793.

[6] D.S. Wishart, C. Knox, A.C. Guo, R. Eisner, N. Young, B. Gautam, D.D. Hau, N.
Psychogios, E. Dong, S. Bouatra, R. Mandal, I. Sinelnikov, J.G. Xia, L. Jia, J.A. Cruz,
E.  Lim, C.A. Sobsey, S. Shrivastava, P. Huang, P. Liu, L. Fang, J. Peng, R. Fradette,
D.  Cheng, D. Tzur, M.  Clements, A. Lewis, A. De Souza, A. Zuniga, M. Dawe, Y.P.
Xiong, D. Clive, R. Greiner, A. Nazyrova, R. Shaykhutdinov, L. Li, H.J. Vogel, I.
Forsythe, HMDB: a knowledgebase for the human metabolome, Nucleic Acids

Res. 37 (2009) D603–D610.

[7] K. Guo, J. Peng, R.K. Zhou, L. Li, Ion-pairing reversed-phase liquid chromatogra-
phy fractionation in combination with isotope labeling reversed-phase liquid
chromatography–mass spectrometry for comprehensive metabolome profil-
ing, J. Chromatogr. A 1218 (2011) 3689–3694.

http://dx.doi.org/10.1016/j.ijms.2012.02.019


ass S

[

[

[

[

of  H2O and CO, Int. J. Mass Spectrom. 255–256 (2006) 265–278.
J. Zheng, L. Li / International Journal of M

[8]  C.A. Smith, G. O’Maille, E.J. Want, C. Qin, S.A. Trauger, T.R. Brandon, D.E. Custodio,
R.  Abagyan, G. Siuzdak, METLIN A metabolite mass spectral database, Ther. Drug
Monit. 27 (2005) 747–751.

[9] H. Horai, M. Arita, S. Kanaya, Y. Nihei, T. Ikeda, K. Suwa, Y. Ojima, K. Tanaka,
S.  Tanaka, K. Aoshima, Y. Oda, Y. Kakazu, M.  Kusano, T. Tohge, F. Matsuda, Y.
Sawada, M.Y. Hirai, H. Nakanishi, K. Ikeda, N. Akimoto, T. Maoka, H. Takahashi,
T.  Ara, N. Sakurai, H. Suzuki, D. Shibata, S. Neumann, T. Iida, K. Funatsu, F. Mat-
suura, T. Soga, R. Taguchi, K. Saito, T. Nishioka, MassBank: a public repository

for  sharing mass spectral data for life sciences, J. Mass Spectrom. 45 (2010)
703–714.

10]  J.W. Hager, J.C.Y. Le Blanc, High-performance liquid chromatography–tandem
mass spectrometry with a new quadrupole/linear ion trap instrument, J. Chro-
matogr. A 1020 (2003) 3–9.

[

pectrometry 316– 318 (2012) 292– 299 299

11] A. Weissberg, S. Dagan, Interpretation of ESI(+)-MS–MS spectra – towards
the identification of unknowns, Int. J. Mass Spectrom. 299 (2011)
158–168.

12] N.N. Dookeran, T. Yalcin, A.G. Harrison, Fragmentation reactions of protonated
�-amino acids, J. Mass Spectrom. 31 (1996) 500–508.

13] J. Zhao, T. Shoeib, K.W.M. Siu, A.C. Hopkinson, The fragmentation of protonated
tyrosine and iodotyrosines: the effect of substituents on the losses of NH3 and
14] A.E. Lewis-Stanislaus, L. Li, A method for comprehensive analysis of urinary
acylglycines by using ultra-performance liquid chromatography quadrupole
linear ion trap mass spectrometry, J. Am. Soc. Mass Spectrom. 21 (2011)
2105–2116.


	Fragmentation of protonated dansyl-labeled amines for structural analysis of amine-containing metabolites
	1 Introduction
	2 Experimental
	2.1 Chemical and reagents
	2.2 Labeling reaction
	2.3 Direct flow injection-MS/MS
	2.4 Fragmentation pattern analysis

	3 Results and discussion
	3.1 Neutral loss of unlabeled amines
	3.2 Fragment ions of unlabeled amines
	3.3 MS2 fragmentation patterns of dansylated amines
	3.4 MS3 fragmentation patterns of the fragment ions from dansylated amines
	3.5 Pseudo-MS3 fragmentation patterns of dansylated amines and comparison to those of unlabeled amines
	3.6 Relevance to metabolome profiling

	4 Conclusions
	Acknowledgments
	Appendix A Supplementary data
	References


