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aCátedra de Microbiologı́a Industrial y Biotecnologı́a, Facultad de Farmacia y Bioquimica, Universidad de Buenos Aires,

Junin 956, (1113) Buenos Aires, Argentina
bMatrix Innovation Inc., 1450 City Councillors, suite 230, Montreal, Quebec, Canada

cBarcelona Biomedical Research Institute, Barcelona Science Park, University of Barcelona, Josep Samitier 1, 08028 Barcelona, Spain

Received 28 November 2004; revised 19 December 2004; accepted 21 December 2004

Available online 20 January 2005
Abstract—A new strategy for the preparation of one-bead-one-peptide libraries compatible with solid-phase screening and subse-
quent detachment of the peptide from the resin for sequence determination by mass spectrometry is described. The method is based
on the use of ChemMatrix, a novel, totally PEG-based resin, together with 4-hydroxymethylbenzoic acid linker. After peptide elong-
ation, which was carried out using the Fmoc/t-Bu approach, the side-chain protecting groups were removed with TFA solution.
The library was then screened, and peptides were detached from the positive beads with ammonia/THF vapor. Finally, the peptide
sequences were determined by MS/MS.
� 2004 Elsevier Ltd. All rights reserved.
Combinatorial chemistry has brought about a revolu-
tion in many fields, as a result medicinal and organic
chemistry have themselves undergone an important evo-
lution.1 While the initial emphasis in synthetic combina-
torial chemistry was the simultaneous preparation of
thousands or even millions of compounds, the current
mindset has been redirected toward the rapid and
rational preparation of small to medium-sized libraries
of priority compounds.2 However, the initial concept is
still valid when applied to peptides,3 peptoids,4 and
nucleotides.5 These biopolymers can be efficiently, and
simultaneously, prepared on solid-phase.6

Affinity chromatography (AC) is the most powerful
method for the direct isolation and purification of bio-
molecules from complex mixtures.7 Its high selectivity
minimizes contamination and produces samples of high
purity in a single step. Antibodies, dyes, metals, and
small peptides are ligands frequently utilized in AC.
Antibodies are produced by mammalian cells in com-
plex media and must be exhaustively purified before
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.12.105

Keywords: Combinatorial chemistry; Solid-phase; Resin.
* Corresponding authors. Tel.: +34 93 403 70 88; fax: 34 93 403 71 26

(F.A.), tel.: +54 114 964 8269; fax: +54 114 901 6284 (O.C.); e-mail

addresses: albericio@pcb.ub.es; ocasco@ffyb.uba.ar
their use as affinity ligands.8 Moreover, monoclonal
antibodies (mAb) are very expensive and can decrease
column capacity through time from loss of antibody
binding capacity or from leakage. Furthermore, a prod-
uct will be contaminated with the antibody. Despite the
affordability of dyes, their specificity is much lower than
that of antibodies and the number of available dyes is
rather limited.9 Metals also show lower affinity and
are prone to leak from columns, resulting in contamina-
tion of the product.10

Short peptides can have advantages as affinity ligands
for industrial separation since, unlike antibodies, they
do not cause any immune response.11 In addition, they
are more stable than antibodies as they do not require
a specific tertiary structure to conserve their biological
activity. They can be aseptically manufactured under
GMP at a much lower cost than that for antibodies.

In the development of affinity processes, the identifica-
tion of a peptide structure with sufficient selectivity
and interaction strength to perform a separation by
AC is essential. The combinatorial synthesis of peptide
libraries allows the screening of millions of peptides in
an empirical way, thus greatly facilitating the discovery
of suitable ligands for any given protein of interest.12
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Figure 1. Structure of the ChemMatrixR base resin.
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Among the different solid-phase strategies for library
preparation, the divide–couple–recombine (DCR), or
mix and split, method is the most convenient.13 The
method entails (i) dividing the solid support into equal
portions, (ii) coupling each portion individually with a
different building block, and (iii) mixing the portions.
This assures a theoretically even representation of the
library members and a one-bead-one-compound distri-
bution. This method requires screening on solid-phase,
which can be carried out by immunoaffinity.14 Finally,
the structure of peptides contained on positive beads is
determined. Although peptides traditionally can be
identified by Edman microsequencing, this method is
time consuming, expensive, and only convenient for
short to medium-length peptides. The latest develop-
ments in mass spectrometry have converted it into the
technique of choice for the sequencing of peptides and
proteins.15

The cornerstone of this methodology is the choice of the
solid support and handle to be used. The solid support
should be water compatible, because screening is usually
carried out in aqueous solution. On the other hand, it
should allow for the synthesis of peptides in organic sol-
vents. The bond formed between the first amino acid
and the linker should be stable to all synthetic elonga-
tion reactions, as well as to the conditions required for
the removal of the side-chain protecting groups. The
removal of protecting groups is required since screening
is normally carried out on fully unprotected peptides.16

Furthermore, the solid-support of choice should be amen-
able to easy release of the free peptide for MS analysis.

Herein, a strategy based on the ChemMatrixR17 solid
support together with 4-hydroxymethylbenzoic acid
(HMBA) linker is described.18

ChemMatrixR resin is a new high performance, highly
crosslinked, amphiphilic solid support composed en-
tirely of polyethyleneglycol (PEG) monomers that con-
tain exclusively primary ether bonds (Fig. 1).19 These
bonds facilitate high resin loading, as compared to poly-
styrene (PS) resins, and high chemical and mechanical
Figure 2. Synthetic strategy for the preparation of the library. Reagents and

DMF; (iii) (a) piperidine–DMF (1:4); (b) DMF; (c) Fmoc-Gly-OH, DIPCDI

(c) Fmoc-X-OH, DIPCDI/HOBt in DMF, being X = A, P, or R; reactions ar

phenol–H2O (85:5:10); (vi) ammonia/THF vapor cleavage.
stability. It can be stored in dry form, and therefore is
easily weighed and transferred with minimum losses.
ChemMatrixR resin swells well in CH2Cl2 (9.5 mL/g),
N,N-dimethylformamide (DMF) (6.5 mL/g), and H2O
(7 mL/g), resulting in 50% more swelling than PS resins
in CH2Cl2 and DMF, and five times more than PS in
H2O. Furthermore, it swells extremely well in TFA
(16.2 mL/g). All of the aforementioned properties allow
chemical elongation of a peptide sequence via fluorenyl-
methoxycarbonyl (Fmoc) or t-butyl (t-Bu) strategies as
well as screening in aqueous solution.

HMBA linker was first adopted by Atherton et al.18 for
the preparation of peptides avoiding the use of hyperaci-
dic reagents. Release of acidic peptides can be per-
formed with NaOH, whereas methanolic ammonia can
be used in the case of amide peptides.20 Lastly, Maeji
and co-workers.21 have developed a convenient method
based on the use of ammonia/THF vapor, which allows
simultaneous multiple peptide cleavages and overcomes
the formation of methyl esters as side products when
methanolic ammonia is used.20

HMBA was incorporated into an aminomethyl–
ChemMatrixR resin using N,N 0-diisopropylcarbodi-
imide (DIPCDI) and 1-hydroxybenzotriazole (HOBt),
and peptides were synthesized via the Fmoc strategy
(Fig. 2). At the C-terminal, four residues of Gly were
incorporated with the aim of (i) increasing the molecular
weight of the final peptide to facilitate its identification
by MS and (ii) overcoming the poor incorporation of
conditions: (i) DIPCDI/HOBt in DMF; (ii) DIPCDI/DMAP (10%) in

/HOBt in DMF (three times); (iv) (a) piperidine–DMF (1:4); (b) DMF;

e carried out independently in three different reaction vessels; (v) TFA–



Figure 3. Photomicrographs of a positive bead surrounded by negative

beads.
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very hindered protected amino acids such as Val, Ile, or
Arg, onto the HMBA linker. The C-terminal Gly was
incorporated with DIPCDI in the presence of N,N-dim-
ethylaminopyridine (DMAP) (10%) in DMF. The
remaining protected amino acids were incorporated with
DIPCDI/HOBt.22

Once elongation was complete the side-chain protecting
groups were removed by treatment with TFA–phenol–
H2O (85:5:10) for 2 h, leaving the unprotected peptide
anchored to the resin.

Immunoaffinity screening of the solid supported library
using anti-Granulocyte-Macrophage-Colony-Stimulat-
ing Factor (GM-CSF) mAb was performed as described
by Hirabayashi et al.14

Beads showing a positive reaction to anti GM-CSF
mAb were mechanically isolated and subjected to
ammonia/THF vapor cleavage. Free peptides, which re-
mained absorbed on the solid support, were eluted with
a mixture of acetic acid (HOAc)–acetonitrile (ACN)–
H2O (3:4:3).

21

As proof of concept, a combinatorial library of the octa-
peptide XXXXGGGG, where X = A, P, or R, was
synthesized on the HMBA–ChemMatrixR resin using
the strategy outlined above: DCR method with Fmoc
chemistry and TFA to remove the Pbf, which was used
to protect the Arg side-chain. The combinatorial mix-
ture of those amino acids contained the sequence Ala-
Pro-Ala-Arg, which was previously selected from the
screening of a 130,321 tetrapeptide library previously
prepared and analyzed.23

Electrospray-ionization MS/MS analysis of the positive
beads to the anti GM-CSF mAb assay (Fig. 3) indicated
the sequence APARGGGG as previously obtained.

In conclusion, a new and efficient strategy for the prep-
aration of one-bead-one-peptide libraries based on a
HMBA–ChemMatrixR resin is described. The immuno-
affinity screening was greatly facilitated by the amphi-
philicity of the ChemMatrixR beads. The use of MS/
MS assay to identify the positive peptides reduced the
cost and time of the assay. By generating optimized
affinity ligands, this strategy should facilitate the devel-
opment of chromatographic matrices for the purifica-
tion of biomolecules.
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