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Probing of arginine residues in peptides and proteins
using selective tagging and electrospray ionization
mass spectrometry
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A general labelling method is presented which allows the determination of the number of guanidine
groups (related to arginine and homoarginine in peptides and proteins) by means of mass spectrometry.
It implies a guanidine-selective derivatization step with 2,3-butanedione and an arylboronic acid under
aqueous, alkaline conditions (pH 8–10). The reaction mixture is then directly analysed by electrospray
ionization mass spectrometry without further sample pretreatment. Other amino acids are not affected by
this reaction although it is demonstrated that lysine side-chains may be unambiguously identified when
they are converted to homoarginine prior to derivatization. Guanidine functionalities, as e.g. in the amino
acid arginine, are easily identified by the characteristic mass shift between underivatized and derivatized
analyte. The tagging procedure is straightforward and selective for guanidine groups. The influence of
several experimental parameters, especially the pH of the solution and the choice of reagents, is examined
and the method is applied to various arginine-containing peptides and to lysozyme as a representative
protein. Possible applications of this technique and its limitations are discussed. Copyright  2003 John
Wiley & Sons, Ltd.
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INTRODUCTION

In recent years, the selective recognition of amino acid
residues in peptides or proteins has played an ever-
increasing role in analytical chemistry, especially in combi-
nation with mass spectrometry (MS). In this respect, cysteine
residues are frequently used for attaching labels for affinity
purification and/or stable isotope labelling in proteomics.1 – 7

Selective amino acid modification is also used to improve
the mass spectrometric analysis of peptides (in addition to
N- or C-terminal derivatization techniques8), e.g. to facili-
tate de novo sequencing or to improve detection sensitivity
in general. Conversion of lysine residues to homoarginine
is an example of this approach,9,10 which can be used to
increase the sensitivity of peptides with a C-terminal lysine,
which suffer from a poorer ionizability in matrix-assisted
laser desorption/ionization (MALDI) compared with those
with arginine on the C-terminus, as shown by Krause et al.11

A different lysine modification procedure for application in
proteomics has also been described recently.12
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Arginine stands out from the rest of the 20 common
(proteinogenic) amino acids owing to its pronounced basicity
(pKa D 12.5). It is involved in many important biochemical
processes, e.g. as part of active sites in enzymes13,14 and in
RNA recognition domains.15 – 17 Arginine-rich peptides or
derivatives bearing guanidine groups have been shown to
be promising drug carriers which allow the transmembrane
transport of macromolecules.18 – 21 In addition, guanidine and
amidine moieties can be used to increase the membrane
permeability of drugs.22

There are only relatively few mechanisms for the
selective chemical recognition of arginine groups. Zenobi
and co-workers used arylsulfonic acids for the non-covalent
probing of arginine residues in peptides, proteins and small
guanidines23,24 and applied their technique to both MALDI
and electrospray ionization (ESI) mass spectrometry (MS).
They found that certain arylsulfonic acids, e.g. naphthalene-
1,5-disulfonic acid, form specific adducts with the guanidine
group whereas other basic functionalities such as lysine
and the N-terminus remain unaffected. A structure for the
complex has been proposed.24

Recently, molecular recognition of arginine in peptides
using crown ether complexation in combination with ESI-MS
has been reported,25 although the applicability to probing
of multiple arginine residues was limited. Schrader and
co-workers have been working on the design of guanidine
receptors, where non-covalent complexation is achieved with
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bisphosphonate moieties,26 – 30 although these interactions
have not been followed with MS. Guanidinium complexation
with other types of group-specific selectors has also been
reported.31,32

Derivatization (i.e. covalent modification) of arginine
residues in peptides using 2,4-pentanedione33 or its
trifluoromethyl-substituted analogue34 has been employed
to alleviate the problematic fragmentation behaviour of
arginine-containing peptides in MALDI-MS using post-
source decay. However, the most widely used derivatization
reaction for arginine residues has been the reaction with
˛-dicarbonyl compounds such as glyoxal, phenylglyoxal or
2,3-butanedione. It has been used since the 1960s to identify
the presence of arginine as part of the active site of enzymes
by modifying arginine residues in biomolecules13 when tech-
niques such as mass spectrometry and x-ray analysis were in
their infancy. Today, this approach is still frequently applied
in biochemical research in order to deactivate arginine-
dependent enzymes.

In this paper, we report on a modification of the
‘classical’ reaction of guanidine groups with ˛-dicarbonyl
compounds. This reaction results in the formation of
a dihydroxyimidazoline ring with two adjacent hydroxy
groups (see Fig. 1). After the addition of 2,3-butanedione, the
resulting vicinal diol is complexed with an arylboronic acid
to form a bicycle comprising a boronic ester functionality.
The two-step (but ‘one-pot’) reaction has been optimized
regarding its reaction conditions and reagents using ESI-MS
detection and the concept was found to be applicable to the
selective labelling of peptides and proteins.

EXPERIMENTAL

Materials
All common chemicals and solvents were of analytical grade
or higher purity and were obtained from Fluka (Buchs,
Switzerland), Riedel-de Haën (Seelze, Germany) or Merck
(Darmstadt, Germany). Water was doubly distilled prior
to use.

3-Aminophenylboronic acid monohydrate, 2,3-butane-
dione (BD), glyoxal (40% solution in water), DL-tryptophan,
DL-phosphoserine and O-methylisourea sulfate were pur-
chased from Fluka, phenylboronic acid (PBA), phenyl-d5-
boronic acid, 1,2-cyclohexanedione and (1S)-(C)-camphor-
quinone from Aldrich (Steinheim, Germany), DL-cysteine,
DL-cysteic acid, DL-histidine and lysozyme (from chicken

egg-white) from Sigma (Steinheim, Germany) and furan-
2-boronic acid, thiophene-3-boronic acid and pyrimidine-
5-boronic acid from Frontier Scientific (Carnforth, Lan-
cashire, UK). 4-Hydroxy-3-nitrophenylglyoxal was synthe-
sized according to Borders et al.35

All peptides were obtained from Bachem (Heidelberg,
Germany) and were used without further purification. Pep-
tide concentrations were calculated using peptide content
and purity as given by the manufacturer.

Synthesis of 3-acetamidophenylboronic acid
3-Acetamidophenylboronic acid was synthesized accord-
ing to the following protocol: 155 mg (1 mmol) of 3-
aminophenylboronic acid monohydrate were dissolved in
5 ml of acetonitrile and 20 µl of ammonia solution (25% in
water) were added. To this solution 940 µl (10 mmol) of
acetic anhydride were added in small portions with stir-
ring. After 3 h, the solvent and the excess acetic anhydride
were removed in vacuo. To facilitate removal of residual
acetic anhydride, the residue was suspended in anhydrous
THF (¾2 ml) and, after evaporation, white crystals were
obtained (170 mg, 0.94 mmol, 94%). The identity and purity
of the product were confirmed by ESI-MS and 1H NMR
spectroscopy (400 MHz, solvent D2O).

Instrumentation and mass spectrometry
A Perkin-Elmer Sciex API 365 triple quadrupole mass
spectrometer (Perkin Elmer Sciex, Thornhill, ON, Canada)
equipped with a pneumatically assisted electrospray ion
source was used for all experiments. Samples were intro-
duced into the instrument via a 50 µm i.d. fused-silica cap-
illary (Composite Metal Services, Hallow, Worcestershire,
UK) using a syringe pump from Harvard Apparatus (South
Natick, MA, USA) at a flow-rate of 5 µl min�1. Spectra were
acquired in the positive ion mode by scanning over an appro-
priate m/z range at a scan rate of 250 Th s�1 and a step size
of 0.1. The spectra shown in the figures represent 10–25
averaged scans. Typical instrument settings were as follows:
ionization voltage 4.0 kV, declustering potential 15 V and
focusing potential 140 V. For MS/MS experiments, nitrogen
was used as the collision gas.

The mass spectrometer was controlled by Analyst 1.2
software (Applied Biosystems/MDS Sciex, Concord, ON,
Canada). For peptide and protein mass calculations, the
program massXpert36 was used.

General labelling procedure for guanidine groups
A solution of 10 mM ammonium acetate in water, adjusted
to the appropriate pH (i.e. 8–10) with ammonia solution,
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Figure 1. General derivatization scheme of guanidine groups with ˛-dicarbonyl compounds and phenylboronic acid, illustrating the
two-step reaction. For 2,3-butanedione, R0 D CH3.

Copyright  2003 John Wiley & Sons, Ltd. J. Mass Spectrom. 2003; 38: 891–899



Probing of arginine residues with ESI-MS 893

was added to an equal volume of a solution of the analyte
in water so that the final concentration of the analyte
was ¾50 µmol l�1. Except for the studies on the influence
of reagent excess, aqueous solutions of the dicarbonyl
compound (e.g. 2,3-butanedione, BD) and the arylboronic
acid (e.g. phenylboronic acid, PBA) were added so that the
molar excess of BD and PBA per guanidine group was ¾50-
and ¾100-fold, respectively.

Mass spectra were either acquired by infusion of these
reaction solutions via a syringe pump after various reaction
time intervals (e.g. 15/60/120 min), or the progress of the
reaction was monitored by continuous infusion directly after
the start of the derivatization reaction.

RESULTS AND DISCUSSION

Principle of the reaction
The reaction between ˛-dicarbonyl compounds and guani-
dine compounds proceeds only relatively slowly under
alkaline conditions and is reversible when diones are used.
In the 1960s it was observed that the reaction proceeded
significantly faster when it was performed in borate buffer.13

This was attributed to the complexation of the diol group
with the borate anion, a reaction already well documented
at that time. For our strategy, we substituted the borate
buffer with a solution of an arylboronic acid which should
serve the same purpose, which is to shift the equilibrium
of the first (condensation/cyclization) step to the product
side by formation of a bicyclic 2-substituted[4,5]-imidazolyl-
1,3,2-dioxaborolan-type moiety (see Fig. 1). In addition, a
stable and defined complexation product for the second step
should ensue and allow, in contrast to the borate-accelerated
reaction, the mass spectrometric detection of the boronic
ester system.

To test our hypothesis, we performed initial experi-
ments with a model arginine-containing peptide (Lys-[Ala3]-
bradykinin) with the sequence KRPAGFSPFR. A solution of
the peptide in water was mixed with a 10 mM ammonium
acetate solution adjusted to pH 8.5 with ammonia solution.
The system was chosen as to make direct examination of the
reaction by ESI-MS possible. To the alkaline peptide solution,
we added BD and PBA in 50- and 100-fold excess per argi-
nine residue, respectively. After a reaction time of 2 h, the
sample was examined by ESI-MS. The mass spectrum (data
not shown) exhibited mainly the derivatization product, i.e.
the addition of BD and PBA to the two arginine residues,
resulting in a shift of 172 Th on the m/z scale for the doubly
protonated peptide ion, [KR*PAGFSPFR* C 2H]2C (modified
arginine residues are denoted RŁ throughout the text). With
the exception of the only partially derivatized intermediate,
no by-products of the reaction were observed.

Optimization of the reaction
After these encouraging preliminary results, the reaction
conditions were optimized, again using the model system
Lys-[Ala3]-bradykinin C BD C PBA.

Reaction conditions
For these experiments, continuous infusion of the sample
solution over a longer period of time proved to be very

helpful since it allowed the monitoring of the reaction
progress. The derivatization was monitored for 60–90 min
and mass spectra were averaged over a 1–2 min period.
Examples are shown in Fig. 2(a)–(c). The relative intensities
of the signals for underivatized (m/z of [M C 2H]2C D 582.0),
partially derivatized (m/z of [M C 2H]2C D 668.0) and
completely derivatized (m/z of [M C 2H]2C D 754.0) analytes
were then plotted against reaction time as shown in Fig. 2(d)
for the derivatization of Lys-[Ala3]-bradykinin at pH 9.0.
The assumption was made that the ionization efficiency
of free and derivatized peptides was comparable, which
was found to be reasonable for the peptides investigated,
because the absolute intensities were similar for the free
peptide at the beginning and the derivatized peptide at the
end of the reaction. Judging from several experiments that
were performed in triplicate, the variation of individual data
points was in the range of 5–10%.

Not surprisingly, the solution pH has the most significant
influence on the progress of the reaction, since the formation
of the boronic ester is known to be very much pH dependent.
An increase of one pH unit (from 7.5 to 8.5 and from
8.5 to 9.5) resulted in a 10-fold faster formation of the
bicyclic reaction products. pH values above 10 were not
examined in view of the possible instability of the analytes
under these conditions. Other variables investigated were
reaction temperature and analyte/reagent ratio. Increasing
the temperature was found to accelerate the reaction only
moderately and it was found that a 50-fold excess of dione
and a 100-fold excess of arylboronic acid were sufficient to
guarantee rapid and quantitative derivatization.

Choice of reagents
Several other ˛-dicarbonyl compounds were examined for
their suitability for this approach. In addition to 2,3-
butanedione, glyoxal, 1,2-cyclohexanedione, 4-hydroxy-3-
nitrophenylglyoxal and camphorquinone were examined.
More bulky reagents slowed the reaction significantly,
although the proposed reaction products were observed in
all cases (data not shown), while the use of glyoxal resulted
in a complex reaction pattern owing to competing dehydra-
tion reactions, which make the second complexation step
impossible. The tendency of glyoxal to form various reaction
products with arginine has been reported previously.37

We evaluated several other boronic acids to compare
their reactivities with that of PBA. Furan-2-boronic acid and
thiophene-3-boronic acid were found to react comparably to
PBA whereas derivatization with pyrimidine-5-boronic acid
proceeded more slowly (data not shown).

The solubility in water is, however, a significant prob-
lem for some more hydrophobic arylboronic acids. Even
PBA itself is only moderately soluble in water (maxi-
mum concentration in the range of 100 mM). Therefore, 3-
acetamidophenylboronic acid (AA-PBA) was synthesized; it
is easily obtained from the reaction of 3-aminophenylboronic
acid and acetic anhydride (see Experimental). AA-PBA is
much more soluble and exhibits a reactivity almost identical
with that of PBA itself. However, it has an increased ten-
dency to form di- and oligomers under the ESI conditions
employed, which may be disadvantageous for analytes in
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Figure 2. Modification of Lys-[Ala3]-bradykinin (KRPAGFSPFR) with 2,3-butanedione and phenylboronic acid, pH 9.0. Spectra
(a) before the addition of the reagents and (b) 10 and (c) 90 min after addition of the reagents; (d) relative intensity (%) of the signals
of free (m/z 582.0), partially derivatized (m/z 668.0) and completely derivatized peptide (m/z 754.0) as a function of the reaction time
(in minutes). For reaction conditions, see Experimental.

the lower m/z range since the clusters may overlap with the
analyte signal.

ESI-MS performance
Despite the fact that ESI was performed with pure aqueous
solutions, without the presence of organic solvents, the
sensitivity and signal stability were completely satisfactory
in routine use. Several experiments regarding the possible
improvement of the signal intensity were performed. The
sensitivity for Lys-[Ala3]-bradykinin in the ammonium
acetate–aqueous ammonia solution (pH 9.5) was identical (a
difference of less than 5% in both intensity and signal-to-noise
ratio) with that in 0.05% trifluoroacetic acid, so it can be said
that the alkaline pH does not have a significant negative
influence on the detection of labelled versus unlabelled
arginine-containing peptides. The addition of the reagents
(dione, arylboronic acid) had no detrimental effect on the
sensitivity or stability of the spray, even when the reaction
was continuously monitored for 90 min.

While it would be possible to add organic solvents (e.g.
acetonitrile) to the sample after the derivatization step, it was
found that the signal-to-noise ratio could only be improved
by a factor of two through the addition of CH3CN or CH3OH
in various concentrations (10–75%, v/v), despite the fact that
the instrumental parameters were optimized for each solvent
system. However, different ion source set-ups might show

more pronounced effects regarding the solvent composition
or the presence of the reagents.

Application to Arg-containing peptides
A variety of arginine-containing peptides were derivatized
to gain an insight into possible limitations of the tagging
strategy. An overview of the model peptides is given in
Table 1. Arg-rich peptides were chosen to see if there is any
limitation for the derivatization of repetitive R-sequences.
Even peptide ε (ERMRPRKRQGSVRRRV) with an RRR motif
and seven arginines in total was completely modified on all
residues in less than 30 min at pH 9.5. Since the side-chains of
adjacent arginine residues tend to face in opposite directions
in order to minimize Coulombic repulsion of the positively
charged groups, steric hindrance is not observed. For all
peptides examined, no other inexplicable signals were found
in the spectra which could result from modifications of other
amino acid residues. Amino acids not present in the peptides
(cysteine, histidine and tryptophan) and also phosphoserine
and cysteic acid were added to Lys-[Ala3]-bradykinin during
the labelling step to guarantee that they are not influenced
by the derivatization protocol and do not have any negative
effect on the arginine modification procedure.

Preliminary tandem MS experiments were performed to
investigate the fragmentation of the Arg-labelled peptides.
As shown for des-Arg9-bradykinin (Fig. 3), the tag stays
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Table 1. Overview of the peptides investigated using the
tagging approach with BD and PBA, with arginine residues
marked in bolda

Sequence (common name) Mr pI
No. of

arginines

Bradykinins and derivatives:
KRPAGFSPFR (Lys-[Ala3]-BK) 1161.6 12.01 2
RPPGFSPF (des-Arg9-BK) 903.5 9.75 1
PPGFSPFR (des-Arg1-BK) 903.5 10.18 1
RPPGFSPFR (BK) 1059.6 12.00 2
KRPPGFSPFR (Lys-BK) 1187.7 12.01 2

Arg-rich peptides:
RRR 486.3 12.30 3
RKRTLRRL 1097.7 12.48 4
QRRQRKSRRTI 1483.9 12.60 5
ERMRPRKRQGSVRRRV 2066.2 12.40 7

Small Arg-containing peptides:
RGD 346.2 6.09 1
RGDS 433.2 5.84 1
GPR 328.2 9.75 1
LWMR 604.3 9.75 1
GPRP 425.2 9.75 1
FRR 477.3 12.00 2
RKDV (thymopoietin II) 516.3 11.00 1

Acidic peptides:
DSDPR 588.3 4.21 1
RNIAEIIKDI 1183.7 6.07 1

Lys-containing peptides:
KRPPGFSPFR (Lys-BK) See above 2 (1 Lys)
KRPAGFSPFR (Lys-Ala3-BK) See above 2 (1 Lys)
LQAAPALDKL 1038.6 5.84 0 (1 Lys)

a Molecular mass (Mr) is given in the monoisotopic form; pI
values were calculated using the ExPASy pI tool (available at
http://www.expasy.org/tools/pi tool.html).

intact during collision-induced dissociation, yielding several
b-ions (bearing the modified arginine residue) and y-ions
(no modification). However, we also observed in some cases
that losses of water and of the phenylboronic acid moiety
can be dominant pathways. Currently, we are performing
a detailed study to address the fragmentation behaviour of
tagged peptides.

We also investigated if lysine side-chains can be deriva-
tized after their conversion to homoarginine by reaction
with O-methylisourea (OMIU). Several Lys-containing pep-
tides were converted according to the protocol of Beardsley
and Reilly,10 which allows a very rapid modification in
10–15 min by using very high concentrations (1 g ml�1�
of OMIU and a temperature of 60 °C. After clean-up by
solid-phase extraction, the peptides were examined by ESI-
MS to verify the guanidination and then were derivatized
using the usual protocol. No modifications of the N-terminal
amino group of the sample peptides were observed under
the conditions of the guanidination step, confirming the
findings of Beardsley and Reilly,10 who only observed
some N-terminal guanidination when glycine was present
on the N-terminus. The side-reactions of the procedure

in complex mixtures have been addressed by the same
group.38

The results obtained indicate that the combined modi-
fication procedure works very well. An example is given
in Fig. 4, where the spectra of the peptide LQAAPALDKL
(underivatized, guanidinated and guanidinated and mod-
ified) are shown. As can be seen from Fig. 4(b), after the
guanidination step only a small amount of the unmodified
peptide remains ([M C 2H]2C at m/z 520.6), while most of
the analyte is present in the guanidinated form ([M C 2H]2C

at m/z 541.6), which can be quantitatively tagged (Fig. 4(c),
m/z 627.6).

Investigation of the (chemical) stability of the
complexes
Boronic esters are known to be unstable at low pH,
leading to the dissociation of the adduct, but the stability
of the derivatives under the reaction conditions (pH
8–10) was still unknown. To elucidate their behaviour,
comparative labelling studies using non-deuterated (d0-
PBA) and deuterated (d5-PBA) phenylboronic acid were
designed to reveal whether an exchange of the labels is taking
place even at high pH (i.e. 9–10). Accordingly, Lys-[Ala3]-
bradykinin (containing two arginines) was derivatized with
either d0-PBA or d5-PBA in two individual batches of the same
peptide concentration, which were mixed subsequently in a
1 : 1 ratio and analysed by ESI-MS (recall that the excess
of PBA is 100-fold). From the resulting spectrum, it can be
seen that not two individual signals, as expected, but three
are observed from the doubly protonated, doubly labelled
peptide (see Fig. 5): one species incorporating two d0-PBA
esters (m/z 754.1), one incorporating two d5-PBA esters (m/z
759.1) and an intermediate form consisting of one d0- and
of one d5-form (m/z 756.6), obviously resulting from an
exchange of the labels after mixing. From these experiments
it can be deduced that the PBA exchange is completed after
¾60 min at pH 9.0, resulting in a statistical 1 : 2 : 1 distribution
(not accounting for isotope effects) of 2d0, d0 C d5 and 2d5

forms. Furthermore, the exchange is only slightly slowed at
higher pH (data not shown).

Apparently, under the given conditions, there still exists
an equilibrium of free and complexed PBA in the alkaline pH
range, which does not play a role in the simple derivatization
reaction, since a large excess of the reagents is used, but which
makes comparative labelling studies impossible.

As a further consequence, liquid chromatographic (LC)
separation of the derivatives, even under high pH conditions,
would lead to a disintegration of the adduct because
the excess of reagent which shifts the equilibrium is
chromatographically removed. Therefore, the use of LCMS
techniques for these modified analytes would not easily be
possible, although it seems feasible using excess PBA as a
mobile phase component.

On the other hand, the present technique easily allows
the determination of the number of arginine residues present
in a peptide mixture as shown in Fig. 6. A mixture of
six peptides containing from no to five arginine residues
(labelled A–F, see Table 2) was tagged with BD and PBA
and the spectra before and after labelling were compared. In
Fig. 6(b), it can be seen that after the modification step, all
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Figure 4. Example for the guanidination/homoarginine
modification strategy with the Lys-containing peptide
LQAAPALDKL. Spectra (a) before guanidination, (b) after
guanidination and solid-phase clean-up and (c) after
guanidination, solid-phase clean-up and modification with
2,3-butanedione and phenylboronic acid. For reaction
conditions, see Experimental.
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Figure 5. Exchange of the arylboronic acid part of the tag
under alkaline conditions. Lys-[Ala3]-bradykinin
(KRPAGFSPFR) was derivatized in separate vials with d0- and
d5-PBA and the batches were then mixed in a 1 : 1 ratio. The
m/z range of the [M* C 2H]2C ions (obtained 60 min after
mixing) is shown. For reaction conditions, see Experimental.

signals except the one from the arginine-free peptide (B) are
shifted, according to the arginine content of the peptides,
by increments of 172 Da (i.e. 86 Th for [M C 2H]2C ions
and 57.3 Th for [M C 3H]3C ions) when compared with the
underivatized mixture in Fig. 6(a). This information, strictly
related to guanidine groups, can serve as an additional,
potentially valuable constraint in database searches, similar
to the approach taken by Karty et al.39 The mass-to-charge
ratios of free and derivatized forms are given in Table 2.

Application of arginine-selective tagging to
proteins
To investigate the suitability of the derivatization approach
for larger polypeptides or proteins with significant tertiary
structure, lysozyme was chosen as an example. Lysozyme
is a 14.2 kDa protein consisting of 129 amino acids, 11 of
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Figure 6. Arginine labelling of a mixture of six peptides (marked A–F) illustrating the suitability of the derivatization approach for
peptide mixtures. Spectra are shown (a) before and (b) after modification with BD and PBA at pH 9.5 for 45 min. Peptide sequences
and corresponding mass-to-charge ratios are listed in Table 2. An asterisk denotes the completely derivatized form of the peptide.
For reaction conditions, see Experimental.

Table 2. Sequences (with arginine residues marked in bold)
and mass-to-charge ratios of the peptides from Fig. 6a

ID Sequence n
[M C nH]nC

theor.
[M* C nH]nC

theor.

A RPPGFSPF 1 904.5 1076.6
2 452.7 538.7

B LQAAPALDKL 1 1039.6 1039.6
2 520.3 520.3

C RPPGFSPFR 1 1060.6 1404.8
2 530.8 702.9

D KRPAGFSPFR 1 1162.7 Not observed
2 581.8 753.9

E KRPPGFSPFR 1 1188.7 Not observed
2 594.8 766.9

F QRRQRKSRRTI 2 743.0 1173.2
3 495.6 782.4

a An asterisk denotes the completely derivatized form of the
peptide; n D charge state.

which are arginines. Lysozyme has, in its native solution
conformation, several ˛-helical regions and a ˇ-sheet part

and has four disulfide bonds, leading to a very compact
structure,40,41 possibly leading to problems with the tagging
of every arginine side-chain. However, applying the labelling
approach with BD and PBA at pH 9.5, all 11 Arg residues
were accessible for the modification. After a reaction time of
90 min, ¾70% of the protein was modified on all Arg side-
chains and 30% was modified on 10 out of 11, as shown in
Fig. 7(b). No other signals stemming from protein derivatized
to a lesser extent could be observed. The large shift in the
molecular mass (172 per arginine) facilitates the identification
of the derivatives even at high charge states without the need
for high-resolution MS instrumentation.

As the charge state distribution for lysozyme in the
reaction medium (at pH 9.5) is identical with that at neutral
pH (data not shown), with charge states +7 to +9 dominating
(+8 being the most intense signal), it may be assumed that
the tertiary structure of the protein is more or less preserved.
An unfolded conformation would most likely result in a
shift to higher charge states since more residues able to
carry the positive charge would become accessible. Owing
to the relatively rigid structure of lysozyme caused by the
disulfide bonds, denaturation is less likely to occur than for
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Figure 7. Labelling of arginine residues in lysozyme
(¾14 200 Da) using 2,3-butanedione and phenylboronic acid.
Spectra are shown (a) before and (b) after the reaction at pH
9.5 for 90 min. 7C and 8C stand for [M C 7H]7C and
[M C 8H]8C, respectively.

other commonly studied model proteins, e.g. cytochrome c.
Despite this fact, the actual conformation does not interfere
with the presented derivatization concept and protocol.

Although this preliminary result proves that the
approach should also be suitable for proteins, there is still
limited information regarding protein conformation under
the conditions employed for the labelling step and/or differ-
ences in reactivity of arginine residues depending on tertiary
structure elements. This is a topic of ongoing research in our
group.

CONCLUSION

A method for the selective recognition/tagging of arginine
residues in peptides via the derivatization of the guanidino
group with a dione and an arylboronic acid under alkaline
conditions (pH 8–10) has been developed. The labelling
is performed in a straightforward manner using readily
available reagents under conditions specially chosen for
subsequent analysis by ESI-MS without further sample
handling. The labelling procedure is selective for arginine
(or other analytes with guanidine functionalities) and is
not disturbed by the presence of other amino acids,
phosphorylation or cysteine oxidation. After guanidination
of the ε-amino group, lysine residues can also be tagged.

Analysis of model peptides and peptide mixtures under
the given conditions (alkaline pH, presence of reagents)
revealed no negative influence on the sensitivity or stability

of the ESI-MS detection. Reaction progress may be followed
by continuous infusion of the sample mixture and can be
used for the evaluation of modifications of the method.

Preliminary studies on the modification of Arg residues
in proteins have been promising and will be the focus of
future investigations, along with more detailed studies on
peptides.
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