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Abstract

A method for the selection of arginine-containing peptides from a mixture by a solid phase capture and release technique is presented.
The method is based on the covalent modification of the guanidine group of arginine with 2,3-butanedione and phenylboronic acid under
alkaline conditions. Using polymeric materials with immobilised phenylboronic acid the arginine-peptides can be captured on a solid support
while arginine-free peptides are not covalently bound and can be washed away. Finally, the arginine-peptides can be cleaved again from the
boronic acid beads due to the reversibility of the reaction. The recovered peptides are then analysed by liquid chromatography—tandem mass
spectrometry. The method was optimised with model peptides with regard to the non-specific binding of arginine-free peptides and quantitative
cleavage of the label after the selection step. Using an adequate protocol, the applicability towards more complex samples was successfully
tested with a tryptic digest of a mixture of three standard proteins.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction on one-dimensional (reversed phase) or two-dimensional
(e.g. strong cation exchange plus reversed phase) HPLC,
Proteomics is a rapidly growing field in the chemical and combined with electrospray ionisation and tandem mass
biological sciences. Gene expression does not always correspectrometry gained popularity, especially for the analysis of
late with protein expression because many protein processingmore complex protein mixturgd—3]. However, compared
events cannot be predicted by genomic data alone. The idento 2D-GE separations, LC-based methods have a limited
tification of the proteins expressed in a cell can help to get resolution when they are applied to this type of sample.
an insight into biological processes and to explain biological In addition, the data acquisition speed of today’s MS/MS
phenomena. platforms is still compromised, so that not all peptides eluting
Traditionally, protein mixtures have been separated simultaneously from the column will actually be sequenced
by two-dimensional gel electrophoresis (2D-GE). The (fragmented), limiting the number of peptides that can be
gel spots of interest are subjected to enzymatic digestionidentified. Consequently there is still a need for methods
and the resulting peptides are then typically analysed by to reduce the sample complexity while maintaining enough
different mass spectrometric methods. For identification of information for the identification of proteins. In this context
the proteins the MS data (peptide masses and/or MS/MSchemo- and bio-affinity selection techniques have gained
data) is used for database search. However, GE-basegopularity and various methods have been developed over
methods have well known drawbacks. To overcome thesethe last yearf4—6]. They are directed to peptides containing
problems liquid chromatographic methods either based certain amino acids or also post-translationally modified
proteins, often in combination with stable isotope labelling
* Corresponding author. Tel.; +43 1 4277 52300; fax: +43 1 319 6312. {0 enable relative quantitation. Affinity targets can be either
E-mail addresswolfgang.lindner@univie.ac.at (W. Lindner). created by the addition of affinity groups on the analytes or
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by taking advantage of affinity targets already present in the to combine modification of arginine residues in proteins with
analytes. 1,2-cyclohexanedione and boronate chromatogr§Rig6]

The probably most known method is the isotope coded but since then there has been no further effort to use this
affinity tag (ICAT) for the specific modification of cysteine concept for the enrichment of Arg-containing peptides.
residueg[7]. The affinity tag contains a biotin moiety, al- Recently, a selective tagging procedure for arginine
lowing sample fractionation by biotin/avidin affinity chro- residues in peptides and proteins in combination with mass
matography. Several variations of this approach have beenspectrometry has been developed in our gr@ifj. This
described including the solid phase ICH] or the cleavable  tag is based on the covalent modification of the guanidine
ICAT reagen{9,10]. Immobilised metal affinity chromatog-  group of arginine with 2,3-butanedione and an arylboronic
raphy (IMAC) is used for the selection of histidine-containing acid (usually phenylboronic acid) under alkaline conditions
peptideg11-13]what is also a possibility for the selection (Fig. 1).
of phosphorylated peptiddd4—16] This method uses the In this work an affinity selection technique directed to
formation of chelate complexes with immobilised metal ions. arginine based on this reaction is presented. Via the above-
Another way to select phosphorylated peptides is by elimina- mentioned reaction the arginine peptides are trapped on a
tion of the phosphate group and the attachment of an affinity polymeric material with immobilised phenylboronic acid and
moiety like biotin[17—20] Recently, a labelling method for ~ separation from arginine-free peptides is possible. The solid-
tryptophan residues has been presented using the increasephase trapping procedure was optimised with a set of model
hydrophobicity of labelled peptides for selection of the pep- peptides and the optimised method was then applied to tryptic
tides[21]. Lectin columns are widely used for the selection digests of a mixture of three standard proteins (BSA, oval-
of glycoproteins and peptides according to their glycosyla- bumin, lysozyme) to test the suitability for the application to
tion patterng22—25] Another approach directed to glyco- more complex mixtures.
proteins is based on hydrazide chemistry, where the peptides
are reacted via the carbohydrate residues with immobilised
hydrazide groups after oxidation of thués-diol groups to 2. Materials and methods
aldehydeg26].

Histidine, cysteine and tryptophan are low-abundant 2.1. Materials
amino acids. Selecting peptides with not so frequent amino
acids might be an advantage because the complexity of tryptic ~ All peptides were purchased from Bachem (Weil am
mixtures can be significantly reduced. However, for proteins Rhein, Germany) and lysozyme (hen egg-white), bovine
without these amino acids other methods have to be applied.serum albumin, ovalbumin and trypsin (from porcine pan-
Additionally, by selecting rare amino acids it is not always creas, sequencing grade, E.C. 3.4.21.4) were from Sigma
sure that a protein can be reliably identified if just one or (Steinheim, Germany). The acrylic and agarose beads con-
two peptides are left for analysis after the enrichment step. taining immobilisedm-aminophenylboronic acid were sup-
Therefore, it might be advantageous in some cases to selecplied from Sigma (Steinheim, Germany) and an additional
peptides containing more frequent amino acids like for exam- acrylic material was a kind gift of Prof. K.S. Boos. Phenyl-
ple arginine because then a better sequence and also proteoneoronic acid (PBA) and deuterateds{ghenylboronic acid
coverage should be achievable. The enzymatic digestion ofwere from Aldrich (Steinheim, Germany). Butanedione (BD)
proteins with trypsin, the most widely used proteolytic en- was bought from Fluka (Buchs, Switzerland) and deuterated
zyme in protein analysis, leads to arginine and lysine termi- (ds) butanedione from CQN Quality Stable Isotopes (Pointe-
nated peptides. This makes arginine a potentially interesting Claire, Canada). Usually water was double distilled prior to
target for affinity selection, although no such method has beenuse, for nanoLC-MS/MS measurements gradient grade water
described so far. from Fluka (Buchs, Switzerland) was used. All other chem-

Boronate affinity chromatography is used since many icals and solvents were from Fluka, Riedel-deHaen (Seelze,
years in the field of biomolecule purificatig@7]. Boronic Germany) or Fisher Chemicals (Loughborough, UK).
acid groups are known to form a pH-dependent complex
with the cis- and vicinal-diol groups of carbohydrates and 2.2. Binding protocol
polyphenolic compounds. The interaction is not limited to
carbohydrates but to compounds containiigdiol groups Typically 500ul of peptide solution (1Q.g mI~1 of each
in general. Therefore, boronate chromatography has alsopeptide) were diluted with 500 of an ammonium acetate
been applied to the purification and enrichment of many (NHzAc) solution (10-50 mM) with the pH adjusted to 10.5
compound classes like glycoproteif28—30] nucleotides with ammonium hydroxide and 44 of a 100 mM aqueous
[31,32]and catechol compound33]. BD solution (approx. 100-fold molar excess). This solution

The reaction of the guanidine group of arginine with was added to 20@l of a suspension of agarose beads or
dicarbonyl compounds in the presence of borate buffer re- 20 mg acrylic beads swollen in water (this corresponds to an
sulting in an adduct with an 1,2-diol function is known since approximately 100-fold molar excess of PBA-groups) and
the 1960934]. In this time there has already been an attempt vortexed for 30—90 min.
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Fig. 1. Reaction principle of the solid phase capture and release method directed towards arginine-peptides using 2,3-butanedione andihenglbitisaaic
acid (X =anchor group).

After short centrifugation to settle the beads the super- were added and the solution was left atroom temperature (RT)
natant was removed and the beads were washed twice withfor approximately 90 min. For cleavage experiments of the
500! of the washing solution by vortexing for 15-30 min.  covalent derivatives the reaction mixture was then acidified
The washing solution consisted of YAc (10-50 mM) pH with the corresponding acid to adjust the desired pH value
10.5, water and acetonitrile in a ratio of 25:65:10 (v/v/v) con- and left for approximately 60 min.
taining both butylamine (approx. 4 mM) and butanedione in  To investigate the label cleavage under acidic conditions
50-fold molar excess. For elution of the Arg-peptides from ds-PBA was used for derivatisation because the mass differ-
the beads they were vortexed respectively for 15-30 min with ence of an attached PBA and an attached BD for peptides
500 of elution solution consisting of water and acetonitrile containing two arginine residues is the same and cleavage of
50:50 (v/v) containing 0.05% trifluoroacetic acid (TFA). one whole tag and two boronic esters would not be differen-

For cleavage of the dihydroxyimidazoline ring ($6g. 1) tiable. Using deuterated PBA leads to a mass shift of 2.5amu
an aliquot of the elution solution was dried under nitrogen. for doubly charged peptides.

The residue was re-dissolved in 5000f a 1 mM aqueous

guanidine hydrochloride solution, pH adjusted to 10 witham- 2.4. Tryptic digests

monium hydroxide, and left for approximately 30—-60 min.

For LC-MS measurement the solution was acidified and  Forthe preparation of a tryptic digest of the model proteins
spiked with 5.9 Lys-Bradykinin (Lys-BK) as internal stan-  equal amounts of the proteins (BSA, lysozyme, ovalbumin)
dard. were mixed and dissolved in 7M urea solution. Disulfide

Note It is important that the second cleavage step with bonds were reduced with DTT and cysteine groups were alky-
guanidine is performed in a plastic but notin a glass vessel aslated with iodoacetamide according to standard protocols.
with those complete cleavage of the imidazoline ring could The sample solution was diluted 1:10 with 50 mM aqueous
not be achieved. ammonium bicarbonate solution and tryptic digestion was

performed for 16 h at 37C with an enzyme-to-protein ra-
2.3. Derivatisation and cleavage of peptides in solution tio of 1:50 (v/v). The digest solution was then acidified and
purified by solid phase extraction using reversed phase C18-
500ul of a 0.1 mg mt! peptide solution were mixed with  cartridges.
500l of a 10 mM ammonium acetate solution adjusted to pH For sample preparation with the PBA beadg.30f pro-
10 with aqueous ammonia. To start the reaction 166f a tein digest (1 mg mi! total protein) were applied to the beads
50 mM solution of PBA and 4Q.1 of a 100 mM solution of BD using a 50 mM NHAc solution following the procedure
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described above. The acidic elution fractions were combined exclusion was used for 2 min after the acquisition of two
and aliquots were dried under nitrogen. The residue was re-MS/MS spectra. Tandem MS spectra were acquired in the
dissolved in 5Gu| of a 10 mM guanidine hydrochloride solu- mass range of 300-2000'z

tion (pH 10) and left at RT for approximately 60 min. Prior MS/MS spectra were searched against the SwissProt
to nanoLC-MS/MS analysis the solution was acidified with database (dated 02/04/2004), using an in-house licence of
TFA. MASCOT, version 2.0.5 Rttp://www.matrixscience.comn
running on a 2.8 GHz Pentium 4 PC system with 2GB
of RAM. Parameter settings were as follows: taxon-
omy =chordata, enzyme =trypsin, up to one missed cleav-
2.5.1. LC-MS analysis of peptide test mixtures age, carbamidomethylation on Cys as variable modification,

Liquid chromatography—mass spectrometry was per- charge states =1+/2+/3+, instrument = ESI-Trap.
formed on an Agilent 1100 Series HPLC system (Agilent
Technologies, Waldbronn, Germany) coupled to a PESciex
API 365 triple quadrupole mass spectrometer (Applied 3. Results and discussion
Biosystems/MDS Sciex, Concord, Canada) equipped with a
standard electrospray source.

Model peptides were separated on a ThermoHyper-
sil BetaBasic 18 column (150 mm4.6 mm |.D., Thermo In our group, a method for the covalent modification of
Hypersil-Keystone, Bellefonte, PA, USA), equipped with a the guanidine group of arginine with 2,3-butanedione (BD)
guard column of the same material. Gradient elution was and phenylboronic acid (PBA) under alkaline conditions
performed at 25C using the mobile phases A=0.05% TFA has recently been developed (d€g. 1) [37]. In this two
in water and B=0.05% TFA in acetonitrile. The gradient step (but ‘one pot’) reaction 2,3-butanedione formsia
was from 5% B to 95% B in 25 min and the flow rate was dihydroxyimidazoline ring with the guanidine group, which
500w min—1. Before the LC eluent was introduced in the then is further condensed with phenylboronic acid to give a
mass spectrometer, the solvent was splitin a ratio of approxi- bicyclic system. The reaction was found to be specific to-
mately 1:100 by a restriction capillary connected to a mixing wards arginine residues leaving other amino acids, like for
tee. example lysine and the N-terminus of peptides, unaffected.

MS detection was performed in the single ion monitor- In this work the stability of the label under alkaline condi-
ing mode or by scanning an appropriaéz range (for la- tions was also investigated. The observed reversibility of the
bel cleavage experiments). Direct infusion experiments for tagging reaction opens the possibility to use the concept for
optimisation of instrument settings and investigations on la- developing a solid phase enrichment technique depicted in
bel cleavage were performed using a Harvard syringe pumpFig. 2.

(Harvard Apparatus, So. Natick, MA, USA) at a flow rate of First, the sample solution is adjusted to an alkaline pH

5ulmin~1, (about 9-10) and butanedione is added. The mixture is
applied to a polymeric material with immobilised phenyl-

2.5.2. NanoLC-MS/MS analysis of the tryptic digests boronic acid and analytes containing a guanidine group (in

Nanoflow liquid chromatography—tandem mass spec- our case the Arg-containing peptides) should be covalently
trometry was performed on an Agilent Nanoflow Proteomics bound to the solid support. By a selective washing step non-
Solution system consisting of an Agilent 1100 Series nanoLC specifically bound Arg-free peptides (Lys-peptidesinthe case
system and an Agilent 1100 MSD Trap SL quadrupole ion of atryptic digest) can be removed without affecting the Arg-
trap mass spectrometer equipped with an orthogonal nano-{eptides covalently bound in form of the boronic acid com-

2.5. LC-MS analysis

3.1. Principle of the approach

electrospray source.

First, 1pl of the protein digest solution was injected
onto an Agilent Zorbax 300 SB-C18 trapping column
(5mmx 300pm 1.D.) and the sample was washed for
five minutes using 0.05% formic acid in water at a
flow rate of 30wl min~1. Then, the trapping column was
switched in-line with an Agilent Zorbax 300 SB-C18 col-
umn (50 mmx 75um). Gradient elution was performed us-
ing the mobile phases A=0.1% formic acid in water and
B =0.1% formic acid in acetonitrile. The gradient was as fol-
lows: 0—30 min from 5% B to 50% B, 30—35 min from 50%
B to 80% B, 35-40min 80% B. The flow rate was set to
250 nimirrt. MS/MS detection was performed in the data-

plex. Elution of the Arg-peptides is performed by a pH switch
to acidic conditions where the boronic ester bond is known
to be cleaved. This way, the Arg-containing and Arg-free
peptides should be separated with the binding and washing
fractions containing the Arg-free peptides and the elution
fractions containing only Arg-peptides.

3.2. Optimisation of the procedure

For optimisation of the procedure four Arg- and four
Arg-free, but Lys-containing peptides were used as model
analytes (peptides 1-8 iflable 1. They were chosen to
consist of 6-13 amino acids having either Lys or Arg on

dependent mode, choosing the two most abundant ions fromthe C-terminus (imitating a tryptic digest) with neurotensin,

each full scan in the mass range of 400-16@2 Dynamic

where the arginine residues are in the middle of the
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Mixture of Arg-peptides and Arg-free peptides
e.g. tryptic digest
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Addition of butanedione, adjustment of alkaline pH

J

Capture on PBA beads

V ﬁ Combine supernatants
Wash step ﬂ

Arg-free peptides

Release by pH switch and addition of competitor

J

Arg-peptides

Fig. 2. Principle of the Arg-capture strategy. For details of the procedure, see text.

sequence, as an exception. Several polymeric materials Preliminary experiments showed that it is possible to trap
with immobilised phenylboronic acid are commercially the Arg-peptides quantitatively on the solid support but that
available. In this study three different kinds of materials also some of the Lys-peptides are retained to a certain extent
with immobilised mraminophenylboronic acid groups due to non-specific interactions. The amount was found to
were used: two commercial materials, one based on be strongly dependent on the peptide (sequence), varying in
poly(methacrylamide) (acrylic 1, 3320mol PBA-groups/g the range from 10 to 90%. This non-specific binding might
dry beads) and one on agarose &0ol PBA-groups/ml) be caused either by interactions with the material itself or by
and additionally a non-commercial material also based on interactions of the boronate functionality with the Lys side-
poly(methacrylamide) (acrylic 2, 4Q0mol PBA-groups/g chain.
dry beads) with a slightly higher loading of phenylboronic These results made the introduction of a selective
acid. washing step necessary to remove the non-specifically
bound Lys-peptides so that a separation of Arg-containing
and Arg-free peptides can indeed be achieved. The effect
List of peptides used for the optimisation steps of the capture/release pro- of alkylamine-type competitive washing additives (e.g.

cedures with Arg- and Lys-residues marked in bold, molecular weight d.lbUtylamme' butylamine, e_tc')' ‘?hose” to mImIC' the Lys
(monoisotopic form)z as the dominant charge state and mass to charge Side chain, was therefore investigated. Respective results

Table 1

ratios used for MS detection obtained wit the acrylic material 1 are shown Table 2

No.  Sequence (common name) MW z  mz whereby an approximately 50-fold molar excess of butyl-
1 PyrLYENK (Neurotensin 1-6) 778 1+ 7774 amine was four_1d tobea mogt suitable washing additive. The
2 VAITVLK (Ca-like peptide) 84B 2+ 4218 amount of retained Lys-peptides could be decreased to less
3 YGGFMKK (Met-Enkephaline-LysLys) 829 2+ 4157 than 60% for PHPFFFVYK and less than 20% for the others.
4 PHPFHFFVK . 13176 2+ 659.8 To achieve further improvement of selective washing
5 PyrLYENKPRRPYIL (Neurotensin) 167® 2+ 8370 gtaps, the influence of an organic modifier in the washing so-
6 PPGFSPR (des-Ard-Bradykinin) 9035 2+ 4527 Ut d. Vari N itrile (10—20%
7 KRPAGFSPR (Lys-Ala®-Bradykinin) 11616 2+ 5818 _utlon was tes'Fe - Various amounts o acetonltnle.( —20%)
8  RPPGFSPR (Bradykinin) 105% 2+ 530.8 in the butylamine solution turned out to be beneficial as sum-
9 KRPPGFSPR (Lys-Bradykinin) 11877 2+ 594.8 marised inTable 2 An acetonitrile amount of 10% was found

10 RPPGFSPF (des-AfgBradykinin) 9035 2+ 4527 to be a good compromise between removing more of the Lys-

11  KRPPGFSPF (Lys-des-APgBradykinin) 10316 2+ 516.8

peptides and not losing too much of the Arg-peptides.




192 A. Foettinger et al. / J. Chromatogr. A 1079 (2005) 187-196

Table 2
Comparison of the effect of a washing additive and an organic modifier on the amount of Lys-peptides retained obtained with the acrylic material 1
PyrLYENK VAITVLK YGGFMKK PHPFHFFVYK
Binding and Elution Binding and Elution Binding and Elution Binding and Elution
washing washing washing washing
Washing additive
No additive 99.9 0.1 64.8 35 44.0 560 13.6 86.4
Alkylamine 99.6 0.4 94.3 5 84.3 157 41.4 58.6
Organic modifier
10% CHCN 99.8 0.2 95.3 & 95.6 44 66.4 33.6
20% CHCN 99.9 0.1 98.3 x 96.9 31 79.5 20.5

The relative amounts (in %) of the four Lys-peptides in the binding and washing solutions and the elution fractions are shown. Washing condititrmxvere
additive or using butylamine as competitor and competitor plus acetonitrile as organic modifier.

Additionally, variations of pH and ionic strength of the for the free and the partially labelled forms are comparable
binding solution were investigated. A higher pH of about [37].

10.5 turned out to be favourable to partially suppress binding  Generally, no significant change in the cleavage rate was
of Lys-peptides. This should reduce the ionic interactions observed for the three acids and also for pH 2 and 3. But we
between the boronic acid functionality and the Lys side-chain found that obviously a pH lower than 4 is necessary for fast
by a partial deprotonation of the Lys-residue without affecting hydrolysis of the boronic ester.

the ionisation of the Arg side-chain. Furthermore, using a  In Table 3the results for the different peptides obtained
binding solution with 50 mM ammonium acetate instead of with TFA (conditions applied for cleavage from the beads) are
10 mM was found to reduce non-specific interactions of the summarised, showing that the rate of cleavage of the imida-
peptides and also a positive effect on recovery of peptideszoline ring is dependent on the peptide. Whereas for Lys-BK
was observed. and Lys-Al&-BK more than 50% are cleaved, itis just around
20-30% for des-AryBK and des-Ar§-BK. The cleavage
rates for the other peptides are within this range.

In order to find conditions where complete cleavage of the
label can be obtained some experiments on the label stability
at different pH values were done. Comparative labelling stud-
ies using deuterated butanediong-BD) were performed in
acidic (conditions for cleavage from the beads) and alkaline
milieu (conditions for the labelling reaction) with Lys-Ala
H BKand des-Ar§-BK as analytes.

3.3. Cleavage from the beads

Cleavage of the bound Arg-peptides from the PBA-beads
was performed under acidic conditions at a pH of approxi-
mately 2. Usually this was done with 0.05% TFA solution in
water/acetonitrile in a ratio of 50/50 (v/v) in four fractions as
optimised conditions.

The idea was to remove the complete label by this p ’ > ! o . )
change but unsatisfactory recovery rates in the first experi- 'St the stability of the partial label (imidazoline ring)
ments indicated that this was not so easily possible. On theWas investigated under acidic conditions. Peptides labelled
search for the reasons we found that an incomplete cleavagd/ith do-BD were incubated with excess og-8D in acidic
of the dihydroxyimidazoline ring occurred under the applied Selution (pH approx. 2). Additionally, the exchange of
conditions whereas hydrolysis of the cyclic boronic ester, Putanedione under alkaline conditions (pH approx. 10) was
to cleave the Arg-peptides from the solid support, proceeds €x@mined. I_.ys-AI%-.BK, a peptide containing two arginines,
completely and very fast. This results in a mixture of partially Was derivatised with ¢BD and @&-BD and PBA in two
tagged arginine (still containing the dihydroxyimidazoline separate batches in the same concentration. After complete

group derived from the BD addition) and the free guanidine derivatisa_tion the two solutions were mixed 1:1 and left at
group leading to a rather more complex than simplified mix- RT. The time course of the exchange was followed by mass
ture.

To study the cleavage of the label in more detail, the effect Table 3
of different acids and pH values was investigated performing Comparison of the cleavage ratios (in %) of the free peptides and those
both the labelling reaction and cleavage in solution using partially derivatised with one and two butanedione groups, using TFA for
six bradykinins as analytes (peptides 6—1Tamle 7). TFA, label cleavage

formic acid and acetic acid at pH 2—4 were tested. Free +1BD +28D
The investigated peptides were derivatised with butane- RPPGFSPFR 32 32 36
dione and phenylboronic acid in solution. After cleavage by KgiAPg‘ESSEES ;‘g 132 32f
a_ddition of the corresponding acic_i the sample was measureGopgrsprr 21 79 ~
directly by ESI-MS. For comparison, the relative intensi- rppGFsPF 29 71 -
ties of the free and partially butanedione-derivatised pep- KRPPGFSPF 38 62 -

tides were calculated assuming that the ionisation efficiency The derivatisation and the cleavage steps were performed in solution.
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spectrometry. For both peptides and also for the reciprocal 3.4. Comparison of the materials
experiments absolutely no exchange of the partial butane-
dione label was observed under acidic conditions. In alkaline  Three different polymeric materials with immobilised
milieu a mixed derivative (containing ong-8D and one maminophenylboronic acid were tested using the opti-
ds-BD) occurred revealing that an exchange of BD within mised conditions developed for the eight model peptides.
the whole label takes place but it was found to be very slow. The two materials acrylic 1 and acrylic 2, based on
Due to the fact that the BD label is reversible under poly(methacrylamide) and the agarose material were com-
alkaline but in some cases not under acidic conditions we pared (results seEable 4.
examined if the bound butanedione can be released alsoinal- The biggest difference in the properties of these materials
kaline milieu. The peptides labelled with BD were dissolved was found in the extent of the non-specific interactions of
in alkaline ammonium acetate solution (pH 9-10) and left the Lys-peptides. We found that the agarose based material
to rest at RT. It was found that after removal of the reagents shows a lower degree of non-specific interactions with the
(PBA and BD) the partially existing imidazoline ring is Arg-free peptides. Especially for the peptide PHPFHFFVYK
indeed slowly released. The kinetics of this reaction can be the retained amount could be reduced from about 30% for the
relatively slow, but after maximum of 24 h the cleavage was acrylic beads to less then 5% for the agarose beads. For the
complete. other peptides slightly improved results were obtained with
Accordingly it should be possible to accelerate cleavage the agarose material as well. These results show that a major
of the BD label by the addition of a suitable competitor also part of the non-specific interactions is obviously caused by
at alkaline pH. In this case guanidine was used but generallythe polymeric material itself although it is difficult to say of
any guanidine- or amidine-containing compound should be which nature these interactions are. Of course, agarose has a
suitable as competitor. The six bradykinin analogues listed in less hydrophobic backbone than polyacrylic materials.
Table 1were used for these experiments. After elution from On the other hand, with the acrylic beads 2 better binding
the beads under acidic conditions guanidine was added andf Arg-peptides was obtained. This might be caused by a
the pH was adjusted to approximately 10. LC—MS analysis higher loading of PBA compared to the acrylic material 1 but
showed that using guanidine as competitor a cleavage ratebinding was even better than with the agarose beads.
of more than 95% is achieved within 30-60 min at RT under  In a next step the method was applied to a tryptic di-

alkaline conditions (illustrated iRig. 3). gest of BSA using the agarose based PBA-beads (data not
(a) ) 496.0

4.0¢7 108%
5
= 2
< £ 50%
S 2.0e7 —+E
k-3 =

453.0
A
440 460 480 500 520
0.0 I, m/z [amu]
4 6 % 10 12 14 16
time [min]|
(b
453. 0

£ 8 100%
g =
£ 4.0e7 :_E, 50%
)
2 2.0e7 496. 0

420 440 460 480 500 520
m/z [amu]
0.0
4 6 8 10 12 14 16
time [min]

Fig. 3. Cleavage of six dihydroxyimidazoline ring labelled bradykinin analogues (6-T4ble J). The total ion chromatograms (a) after elution from the
beads and (b) after cleavage with guanidine under alkaline conditions are shown with the corresponding mass spectra éBasitArgvz= 453 for the
free peptide andvz=496 for the partially tagged peptide (still containing the imidazoline-ring).
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Table 4
Comparison of the results for the separation of the eight model peptides obtained with the three PBA-beads materials

Agarose Acrylic £ Acrylic 2

Binding and washing Elution Binding and washing Elution Binding and washing Elution
PyrLYENK 99.6 04 998 0.2 996 04
VAITVLVK 93.1 6.9 953 47 920 80
YGGFMKK 97.3 27 956 44 855 145
PHPFHFFVYK 985 15 664 336 5562 448
PyrLYENKPRRPYIL Q3 997 42 958 01 999
PPGFSPFR 138 807 180 820 438 952
KRPAGFSPFR 0] 10Q0 6.3 937 0.0 1000
RPPGFSPFR Q 999 0.2 998 01 999

The distribution of the peptides in the combined binding and washing fractions and the elution fractions are given relative to the total amoust in %. Th
separation was performed according to the conditions described in S2etsimg a 50 mM NHACc solution pH 10.5 and butylamine as washing additive.
a Experiments were performed using 10 mM Nkt pH 10.5 as for this material no improvement was achieved with higher ionic strength.

shown). We found that a separation of Arg-containing and tryptic digests considering the above described findings. On
Arg-free peptides is generally possible. The Lys-peptides the one hand the agarose PBA-material showed a much lower
could be completely removed but problems with binding of degree of retention of Arg-free peptides than the acrylic PBA-
some Arg-peptides was observed. Especially for acidic pep- material 2 but binding, especially of acidic peptides, was
tides (g lower than 6) considerable amounts were found in found to work better for the latter. The acrylic material 1
the binding fraction together with the Lys-peptides. A pos- was excluded from these experiments because it showed the
sible reason that binding to PBA is not working well might worst results for binding of Arg-peptides in general and es-
be repulsion of like charges between the boronic acid func- pecially the acidic ones. As compromise the agarose beads
tionality and the carboxyl groups of the acidic amino acid and the acrylic PBA-material 2 was used for the application

residues in vicinity to the guanidine group. to the protein digest.
A tryptic digest of a mixture of the three proteins BSA,
3.5. Optimised conditions ovalbumin and lysozyme in equal amounts was prepared. It

was applied to the agarose and the acrylic PBA-beads. The

Applying the optimised conditions to the set of eight washing and elution step were performed according to the
model peptides, a separation of Arg-containing and Arg-free, procedure described above and the remaining imidazoline
but Lys-containing peptides could be achieved satisfactory ring cleavage was performed using guanidine as competi-
using the agarose material. Less than 5% of all of the Lys- tor under alkaline (pH 10) reaction conditions. The affinity
peptides were retained unspecifically and maximum 10% of enriched peptides were then subjected to LC-MS/MS anal-
the Arg-peptides, most often less than 5%, were washed offysis and the obtained MS/MS data were database searched
from the beads during the washing step. Binding of acidic using MASCOT. The digest mix was measured both before
Arg-peptides caused some problems so these peptides weraffinity clean up and after performing the enrichment step for
not completely bound to the PBA-beads. As noted above, the Arg-peptides. InFig. 4 exemplary chromatograms, MS and
agarose based material showed less non-specific interaction$1S/MS spectra of the measurements are shown. For evalu-
of the Lys-peptides than the acrylic beads although binding ation of our method, the number of Arg-and Lys-containing
of acidic peptides was found to work better with the acrylic peptides found by MASCOT search were compared. Pep-
PBA-material 2. With all PBA-materials, Lys-peptides were tides with a missed cleavage containing an arginine and a
retained to some but minor extent, but this amount could be lysine residue were counted as arginine peptides, as all pep-
successfully reduced by the introduction of a thorough wash- tides containing an arginine residue should be bound to the
ing step. Cleavage of the Arg-peptides from the solid support PBA-beads.
was quantitatively achieved by a pH switch to acidic condi- In Table 5the scores, sequence coverages and the num-
tions, although to obtain the Arg-peptides in a free form, a ber of Lys- and Arg-peptides found are listed. Generally, all
second cleavage step was necessary to break apart the imithree proteins were identified before and after the enrich-
dazoline ring completely. In alkaline milieu and by adding a ment step. In the whole mixture 44 peptides could be iden-
guanidine-containing competitor more than 95% of the Arg- tified, 23 Arg-peptides and 21 Lys-peptides. After applying
peptides are recovered in their native form as outlined in the mixture to the PBA-beads the number of peptides was

Fig. 3 significantly reduced. With the acrylic material 19 peptides
were recovered after the selection step, 18 Arg-containing
3.6. Application to tryptic digests and just 1 Lys-containing peptide. With the agarose beads

22 peptides (2 Lys-peptides and 20 Arg-peptides) were ob-
With this optimised procedure a separation of Arg- tained. Besides 1 (acrylic) to 2 (agarose) Lys-peptides all
containing and Arg-free peptides should also be possible for other Arg-free peptides could be successfully removed from
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Fig. 4. NanoLC-MS/MS analysis of the tryptic digest. (a—b) Total ion chromatograms of the digest mixture before (a) and after (b) the argiminestegecti

(c) Mass spectrum at 25.2 min with/z=714.7 as the doubly charged peptide FESNFNTQATNR from lysozyme and (d) MS/MS spectrum of the peptide
FESNFNTQATNR, both from the analysis of the digest after affinity enrichment with the agarose beads. Signals marked with an asterisk corresgond to b or
ions with additional loss of ammonia or water.

the mixture. Concerning the Arg-containing peptides 18 could be designed to take into account that only Arg-peptides
(acrylic) to 20 (agarose) out of 23 were could be retrieved are present in the samples after clean-up. Whether this is a
after the selection step. The reduced number of peptidereasonable assumption will have to be inferred from further
identifications might in part be explained by the fact that experiments.
some peptides were present only at very low concentrations The results show that selection of Arg-containing peptides
and might have been lost during clean-up. Ovalbumin for from a tryptic digest is possible leading to a reduction of
example is known to be relatively resistant towards pro- sample complexity (approx. 50%) while providing enough
teolytic digestion which is already described in literature information for identification of the proteins. In this case
[38]. identification of all three proteins is possible without fur-
When the sequence coverages fréable 5are compared,  ther enrichment but real proteomic samples are usually much
obviously lower values were obtained from the processed more complex. Generally, it should be possible to recover
mixtures. The same applies to the MASCOT scores becausethe Lys-peptides too (in the binding and washing fractions)
only Arg-peptides are counted. However, special software but in this study this was not investigated. This and also the

Table 5
Results of the nanoLC-MS/MS analysis of tryptic digests of BSA, lysozyme and ovalbumin before and after performing the affinity capture step
Before enrichment After enrichment
Agarose beads Acrylic beads
BSA
No. Lys-peptides 14 - -
No. Arg-peptides 9 7 8
MOWSE score 785 186 309
Sequence coverage (%) 51 15 18
Lysozyme
No. Lys-peptides 3 1 -
No. Arg-peptides 7 7 6
MOWSE score 416 325 228
Sequence coverage (%) 82 72 39
Ovalbumin
No. Lys-peptides 4 1 1
No. Arg-peptides 7 6 4
MOWSE score 408 230 180
Sequence coverage (%) 45 30 23

Two materials (PBA-agarose and the acrylic beads 2) were used. Conditions were as described ir2.S&etjoence coverage, MOWSE score and number
of Lys- and Arg-peptides identified are compared.
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application to complex samples will be a focus of our next
studies.

Finally, chemo-affinity enrichment techniques are often
combined with isotope labelling to enable relative quantita-
tion of proteins from two different samples. In some cases
the isotope label is directly incorporated into the introduced
affinity tag, as for example in the ICAT methdd], or a
global label directed to all peptides of the digest can be in-
troduced (for example labelling of the N-termifi§9]. This
strategy would also open the possibility for relative quanti-
tation in combination with our Arg selective chemo-affinity
enrichment technique in the context of matrix simplification.
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