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Introduction

The way of the development of the cellulose-bound peptide arrays leads via the
synthesis of oligonucleotides on cellulose pieces (Frank et al., 1983) and multiple
peptide synthesis on cellulose paper discs in columns (Frank and Döring, 1988).
Probably inspired by the addressability of the multipin method (Geysen et al., 1984),
Ronald Frank and co-workers developed SPOT synthesis and first presented the
method in 1990 at the 21st European Peptide Symposium (Frank et al., 1991). Today,
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SPOT synthesis is one of the most frequently used array methods for screening peptides
and other compounds, and provides both solid-phase assays as well as solution-phase
assays.

The first arrays applying the SPOT method were synthesized manually (Frank,
1992). This technique requires no special equipment, but because it is laborious,
manual SPOT synthesis is recently only used for screening of a small number of
peptides (e.g. Petersen, 2002; Santona et al., 2002). In order to screen larger numbers
of peptides or peptide mixtures automation of the synthesis was necessary. In principle,
any X/Y-programmable pipetting workstation could be used, but due to the minimum
aspiration volume of 0.5 microlitres, most of these machines are only useful for large
spots with a diameter of about 6 millimetres. To place thousands of spots on a single
membrane sheet requires more precise pipetting machines with lower minimum
aspiration volumes. This is why semi-automated (Intavis, Köln, Germany - Gausepohl
and Behn, 2002) and fully automated synthesizers (Intavis, Köln, Germany; Jerini
Peptide Technologies, Berlin, Germany - Zerweck et al., 2003) were developed (Figure
1). There are now publications that describe the parallel synthesis of a few peptides
(e.g. Bialek et al., 2003) up to approximately 25,000 peptides using the SPOT method
(Schneider-Mergener and Kramer, 1994).  The very large number of different peptide
sequences synthesized means that coupling yields can vary and therefore the amount,
as well as the purity of the peptides may differ. Due to the low amount of peptide per
spot, another disadvantage is that these peptides are very difficult to purify. The
limitations of the reliability of the SPOT technology were described by several authors
(Kramer et al., 1999a; Landgraf et al., 2004; Weiser et al., 2005).

Figure 1. Semi-automatic spotting robot (left) and a fully automatic spot synthesizer (right) (Intavis AG,
Köln, Germany).

SPOT synthesis of peptides on cellulose membranes is a special type of solid phase
peptide synthesis. Each spot can be seen as a separate reaction vessel. Like all other
chemical peptide syntheses, and in contrast to methods using biological systems,
SPOT synthesis is not restricted to gene-encoded amino acids. Many publications
have reported peptide synthesis with D-amino acids (e.g. Piossek et al., 1999b, Stigler
et al., 1999; Rüdiger et al., 2001) or unnatural amino acids using the SPOT technology
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(Toepert et al., 2003; Wildemann et al., 2006). In addition, insertions of non-amino
acid building blocks greatly enhance the variability of the structural space that can be
covered (Volkmer-Engert et al., 1997). When comparing a chemical (SPOT synthesis)
and a biological library (phage display) for epitope characterization, Kramer and co-
workers wrote that “... with regard to ease of handling and identified sequences, the
chemical libraries are clearly favoured to study antibody-epitope interactions”.
(Kramer et al., 1995).

Here, we present an overview of the current state of preparation of cellulose
membranes, synthesis of peptides on cellulose support and applications using the
SPOT method. However, owing to the overwhelming body of literature on this topic,
complete coverage is probably not feasible.

Membranes

SPOT synthesis is described as a solid-phase synthesis method on porous and planar
surfaces (membranes). The classical and widely used solid support for SPOT synthesis
is cellulose (Frank, 1992). Cellulose is available in almost every laboratory as filter
paper, and in contrast to other screening surfaces is very inexpensive. Cellulose
membranes are porous, hydrophilic, flexible and stable in the organic solvents used
for the peptide synthesis. These properties make cellulose membranes very useful
for biochemical and biological investigations of interactions in aqueous as well as
organic media. In contrast to polymer membranes, cellulose shows high thermo-
stability up to temperatures of about 180 °C, making it possible to use cellulose
membranes for reactions at elevated temperatures (Blackwell, 2006). To date filter
papers have been mostly used as the solid support. The preferred types of filter paper
are:

- Whatman Chr1 (e.g. Adler et al., 1994; Santona et al., 2002; Bowman et al.,
2006b)

- Whatman 50 (e.g. Dong et al., 2003; Hujer et al., 2004; Hilpert et al., 2005b)

- Whatman 540 (e.g. Tegge et al., 1995b; Cruz et al, 2004a; Kopecky et al., 2006b)

Several specially prepared cellulose membranes are commercially available (e.g. from
AIMS Scientific Products, Braunschweig, Germany, and Sigma-Genosys/Sigma-
Aldrich, St. Louis, USA). The latest development are TFA-soluble cellulose
membranes to multiply the synthesized cellulose-bound peptide macroarray by
transferring the solutions to a number of microarrays (Beutling et al., 2005; Zander
et al., 2005; Dikmans et al., 2005).

Several materials other than cellulose can be used as solid supports, e.g. polymer
membranes (Gao and Esnouf, 1996; Volkmer-Engert et al., 1999; Zander et al., 2002),
nitrocellulose and PVDF membranes (Strutzberg et al., 1995; Papagrigoriou et al.,
2004; Drakulovski et al., 2003). Other synthesis and screening methods on planar
surfaces using glass slides (Fodor et al., 1991) or compact discs (Frank, 2002; La
Clair and Burkhart, 2003) or by reagent delivery with an ink-jet printing system
(Cooley et al., 2002) have been described.



34      K. HILPERT et al.

Modifications

MEMBRANE FUNCTIONALIZATION

Cellulose is a polysaccharide with free hydroxyl groups. Since these functional groups
are less reactive than amino groups, the direct attachment of amino acids often leads
to very low yields. To make the cellulose suitable for the synthesis of peptides it is
necessary to modify its surface and change the functionalization from hydroxyl to
amino groups (see Table 1). Modification of the cellulose membrane often involves
insertion of a spacer molecule permitting better accessibility to the amino groups on
the membrane. The use of a spacer leads to an increase of the distance of the synthesized
peptides from the membrane surface and thus improves their accessibility to proteins
during probing of such an array.

The easiest and an often utilized derivatization of cellulose membranes is the
esterification using ß-alanine with DIC, and the additional coupling of a second ß-
alanine as a spacer (Frank, 1992; Dürauer et al., 2006). Esterification of the cellulose
with glycine can increase functionalization, particularly if CDI is used instead of
DIC (Kamradt and Volkmer-Engert, 2004). This higher functionalization, and
potentially higher yields of peptides, is of special interest for applications requiring
high peptide concentrations in soluble assays, where the peptides are to be cleaved
from the membrane (e.g. Kamradt and Volkmer-Engert, 2004; Hilpert et al., 2005a).
As an alternative to using two ß-alanines, it is possible to use ε-aminohexanoic acid
(Gausepohl and Behn, 1998). One method of releasing free peptides from the
membrane involves cleavage through the formation of diketopiperazines at the C-
terminus (see section: Linker and cleavage from membrane support), in which case
the membrane has to be modified by coupling proline directly to the cellulose as the
first amino acid (Frank and Overwin, 1996).

Other possibilities for the esterification of cellulose include MSNT activation of
the amino acids (Blankemeyer-Menge et al., 1990) or the use of amino acid fluorides
(Wenschuh et al., 1999). The esterification of the cellulose creates ester bonds between
the amino acid and the cellulose. Ester bonds are labile, and particularly at high pH
the peptide can be cleaved from the membrane. A Gly-Gly modification of the cellulose
is particularly unstable, and due to spontaneous diketopiperazine formation can cause
the capacity of the cellulose to decrease with storage and during each Fmoc
deprotection step. Additionally, in contrast to the non-proteinogenic ß-alanine, the
Gly-Gly motif can cause non-specific interactions to antibodies (Frank, 1992).

In some cases, a high density of peptides can cause difficulties (e.g. “ring spot
effect”; Kramer et al., 1999a) when assessing the interactions with the molecules of
interest. If such difficulties occur, or to investigate the peptide concentration
dependency of selected interactions, a reduction in amino group loading may be
necessary. When using ß-alanine as spacer molecule, several methods to reduce the
peptide density have been described. One possibility is through the coupling of defined
mixtures of Fmoc-ß-Ala-OPfp and Ac-ß-Ala-OPfp. This results in blocking of part
of the amino groups on the membrane by acetylated ß-alanine, leading to a lower
functionalization of the membrane (Kramer et al., 1999a; Gail et al., 2005) Other
possibilities include the funtionalization of the membrane with ß-alanine at different
concentrations (Otvos Jr et al., 2000) or the synthesis of the peptide using lower
amino acid concentrations (Dürauer et al., 2006).
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Table 1. Types and density of amino functionalization of distinct cellulose
membranes.

Cellulose type Functionalization & Activity References
treatment [µmol/cm2]

ß-Alanine 0.4 – 0.6 Frank and Overwin, 1996;
Frank et al.,1996

TsCl + diamino-PEG-3 + ~ 4.0 Lin et al., 2005
microwave irradiation

TFA pre-treatment +
TsCl + diamino-PEG-3 + 3.8 - 10 Bowman et al., 2006b
microwave irradiation

Whatman Chr1 TsCl + diamino-PEG-3 + ~ 0.45 Lin et al., 2005
microwave irradiation +
linker

TFA pre-treatment + 1.8 – 2.6 Bowman et al., 2006b
TsCl + diamino-PEG-3 +
microwave irr. + linker

Whatman 50 ß-Alanine 0.2 – 0.4 Frank and Overwin, 1996;
Frank et al., 1996

Ac-ß-alanine/ß-alanine 0.28 – 0.01 Kramer et al., 1999a

Amino-epoxy 0.05 – 0.20 Volkmer-Engert et al., 1997;
Wenschuh et al., 2000;
Landgraf et al., 2004

Epoxy + diamino-PEG-3 0.2 - 1.5 Ast et al., 1999; Wenschuh et
al., 2000

Glycine 0.8 – 1.9 Kamradt and Volkmer-Engert,
2004

Different amino acids 0.2 – 1.7 Streitz et al., 2003

Whatman 540 ß-Alanine 0.2 – 0.6 Frank and Overwin, 1996;
Frank et al., 1996

AIMS amino-PEG 0.4 - 0.6 Otvos Jr et al., 2000; Gail et
al., 2005

amino-PEG 2.0 - 5.0 Zander, 2004

To achieve a chemically stable bond between the amino acid and the cellulose a bond
other than an ester bond is necessary. The preparation of cellulose membranes with
chemically stable bonds has been described for the attachment of the amino acid or
another spacer via ether or amide bonds (Volkmer-Engert et al., 1997; Wenschuh et
al., 2000; Bowman et al., 2006b).

The first description of a chemically stable peptide-cellulose bond reported the
reaction of protected amino-epoxy derivatives to yield an ether bond between the
coupled molecule and the cellulose. After cleavage of the amino protection group
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from the coupled molecule, the membrane was ready to use for peptide synthesis
(Volkmer-Engert et al., 1997). Disadvantages of this procedure are undesired side
reactions and that it is labor intensive (Wenschuh et al., 2000).

Another method for attaching amino acids is the covalent coupling of a diamine,
e.g. diaminopropane (Landgraf et al., 2004) or 4,7,10-trioxa-1,13-tridecanediamine,
an aminated PEG-3 unit, (Ast et al., 1999). The stable diamine bond can be achieved
either through treatment of the cellulose with epibromohydrine, followed by reaction
of the diamine with the coupled epoxy unit at elevated temperatures (Licha et al.,
2000) or by tosylation of the cellulose with tosylchloride and substitution of the tosyl
group with diamine using microwave irradiation (Bowman et al., 2004; Lin et al.,
2005).

Of special interest for investigating complex peptide-protein interactions are peptide
spots containing more than one peptide. The SPOT-DS method (SPOT-DS = double
spot; Espanel et al., 2003; Espanel and van Huijsduijnen, 2005) uses a mixture of
Fmoc-ß-alanine and Alloc-ß-alanine. This orthogonal protecting group strategy makes
it is possible to synthesize two different peptide sequences on a single spot. A similar
result was achieved with the IANUS (= induced organization of structure by matrix-
assisted togetherness) method by the application and successive deprotection of
orthogonal protected Fmoc-Lys(Dde)-OH (Yu et al., 2005). A technique based on the
SPOT-DS method allowed the synthesis of four distinct peptides on one spot.
According to this method, which is called SPOT4 (= 4 peptides per spot; Espanel and
van Huijsduijnen, 2005), the coupling of orthogonal protected Fmoc-Lys(ivDde)-
OH to the stepwise deprotected alanine molecules and successive deprotection of the
lysines, permitted successive syntheses of four peptides.

Already modified cellulose membranes are also commercially available; for instance
with a stably attached aminated spacer of 8 to 12 PEG units (PEG

500
) (AIMS,

Braunschweig, Germany) (Gausepohl and Behn, 2002; Zander and Gausepohl, 2002).
In contrast to common cellulose membranes, these membranes are stable under strong
acidic and basic conditions (Zander, 2004). This may be an advantage for regenerating
membranes after probing experiments as well as for using harsher synthesis conditions.

LINKER STRATEGIES AND CLEAVAGE FROM THE MEMBRANE SUPPORT

In order to obtain free peptides from the cellulose it is necessary to cleave the C-
terminal bond between the peptide and the modified cellulose surface. Also to obtain
cellulose-bound peptides with a free C-terminus (see Modifications) the C-terminal
part must be released from the membrane (see Peptide modifications). This is generally
carried out through use of an appropriate linker molecule coupled to the cellulose
support.

In cases in which the peptide is coupled via an ester bond (ß-alanine of glycine
spacer), this bond can be hydrolyzed by treatment at high pH (>9). Several reagents
are suitable, e.g. aqueous solutions of ammonia, sodium hydroxide, trialkylamines
or lithium carbonate (see Table 2). A widely used method for yielding soluble peptide
amides is the treatment of dry membranes with ammonia vapor (Bray et al., 1991a
and 1993). When the cleavage is carried out with nucleophils in an anhydrous
environment, the substitution of the ester bond leads to amides, hydrazides and other
derivatives of the carboxy function (Ast et al., 2001).
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Table 2. Published linker types attached to cellulose supports including the
cleavage methods used to release the peptides from the membrane.

Linker type Cleavage conditions C-Terminus References

gaseous ammonia amide Wenschuh et al., 1999; Drabner
et al., 2002; Ehrlich et al., 2005

hydrazine hydrazide Ast et al., 2001

hydroxyl amine hydroxyl amide Ast et al., 2001

aq. NaOH free carboxy group Streitz et al., 2003

aq. triethylamine free carboxy group Lizcano et al., 2002

prim. alkyl/aryl amine alkyl/aryl amide Ast et al., 2001

Allyl-Linker palladium(0)-catalyst free carboxy group Blankemeyer-Menge and Frank,
1988

Boc-Imidazol- TFA + aq. buffer free carboxy group Hoffmann and Frank, 1995;
Linker Gonzalez-Gil et al., 1998

Boc-Lys-Pro TFA  + aq. buffer diketopiperazine Geginat et al., 1998; Ede, 2002;
Zander, 2004

HMB linker gaseous ammonia amide Volkmer-Engert et al., 1997 and
1998

photo-labile UV irradiation at amide Ast et al., 1999; Scharn et al.,
linker 365 nm 2001; Lin et al., 2005

Rink-amide- TFA amide Rau et al., 2000; Haehnel, 2004
linker TFA vapor Scharn et al., 2000

Thioether gaseous ammonia amide Volkmer-Engert and Schneider-
(thiol + Mergener, 1999; Licha et al.,
coupled by 2000
amino acid NaOH/H

2
O/methanol free carboxy group Licha et al., 2000

haloalkyl NaOH/H
2
O/aceto- free carboxy group Bhargava et al., 2002

esters) nitrile

Wang-Linker TFA vapor free carboxy group Bowman et al., 2004

Another possibility to achieve defined cleavage reactions is the cleavage of the peptide
from a C-terminal linker molecule that is inserted by coupling to the (modified) cellulose
before coupling of the first amino acid. Several linker systems have been described:
Wang-linker, allyl-linker, imidazole-linker, photolabile linker etc. (see Table 2).

A very simple linkage system is the Boc-Lys-Pro sequence that is directly coupled
to the cellulose membrane. The first amino acid of the peptide sequence couples to
the side-chain amino group of the lysine. After the final acidic side-chain deprotection,
the peptide is released in aqueous buffers by forming diketopiperazines (Bray et al.,
1991b).

The modification of the cellulose with a maleinimide-linker in order to form a
covalent bond to the sulphur of the thiol group of a cysteine-containing peptide was
described by Otte et al., 2003.
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Several publications have reported the transfer of the peptides after deprotection
and cleavage from the cellulose membrane to glass slides (Lizcano et al., 2002;
Rychlewski et al., 2004). Due to the small volume transferred, hundreds of microarrays
can be derived from a single cellulose peptide array synthesized by the SPOT method.
This method thus provides the opportunity for multiple screening of the synthesized
peptides.

SPOT synthesis of peptides

Peptide synthesis using the SPOT method follows a solid phase peptide synthesis
protocol (see Figure 2). The side-chain protection strategy for the amino acids usually
follows Fmoc-/tBu-chemistry (Fields and Noble, 1990). After membrane
functionalization, the amino acids are coupled either as an active ester solution or as
in situ activated mixtures (see Coupling methods). Usually a double coupling of the
amino acid solution is performed. The coupling is monitored by checking the free
amino groups through staining with a methanolic bromophenol blue solution (Krchnak
et al., 1988). After coupling, the color of the stained peptide spot changes, depending
on the coupled amino acid derivatives, from blue to green or yellow. After the amino
acid coupling, the remaining free amino groups are blocked by acetylation (capping).
Then the Fmoc group is removed by treatment with 20% piperidine/DMF to prepare
the membrane for the next coupling step. The last step after the complete assembly of
the peptide chain is cleavage of the side-chain protection groups by treatment with
TFA (see Final side-chain deprotection methods). Further special treatment is necessary
to yield free unbound peptides (see Linker strategies and cleavage from membrane
support).

COUPLING METHODS

There are two principal activation routes for the coupling of amino acids, the first
being in situ activation of the amino acids. These activations are mostly carried out
with DIC and HOBt shortly before coupling (Frank and Overwin, 1996; Zander and
Gausepohl, 2002; Ehrlich et al., 2004). In comparison to the other main activation
route, reagent costs are lower and this method is applicable to all amino acids. But
due to the formation of poorly soluble urea, difficulties can arise through needle
blocking during automated delivery. Moreover, these reagent mixtures have to be
freshly prepared every day. In addition to this method, the use of other in situ activation
methods have been described, e.g. using activators like HATU, HBTU or TBTU with
bases like DIPEA (Volkmer-Engert et al., 1997; Giuliani et al., 2005) or the use of
activators like PyBOP as an additive to DIC (Pflegerl et al., 2002). The activation of
amino acid with EEDQ was carried out by Toepert et al. (2003).

The other principal activation route is the use of pre-activated amino acids. The
commonly used pre-activated amino acid derivatives are pentafluorophenyl esters
(Stigler et al., 1995; Hilpert et al., 2005a; Kopecky et al., 2006b). Unfortunately,
only selected pre-activated amino acids (i.e. all common L-amino acids) are
commercially available. All solutions of the OPfp-derivatives, except the arginine
derivative, are stable at –70°C for at least one month and at room temperature for at
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Figure 2. Schematic workflow of SPOT synthesis.

least one day (Frank, 1992). Therefore, the OPfp-amino acids (except arginine) can
be prepared once for the complete syntheses. Other preactivated amino acids
derivatives used are N-carboxy anhydrides (Frank, 1992), ODNp esters (Weiser et
al., 2005) or ODhbt esters (Kramer and Schneider-Mergener, 1998b). The advantage
of this method is that in contrast to the first method described, preparation of the
coupling solution is easier, since only one reagent (the pre-activated amino acid) is
necessary, and there are no problems caused by the formation of urea crystals in the
activation solution. For the results of investigations into the efficiency of selected
activation methods see Molina et al. (1996) and Gausepohl and Behn (1998).

In order to achieve equivalent coupling ratios of amino acids in mixtures during
combinatorial synthesis of peptides, Volkmer-Engert and co-workers investigated
the most useful concentration of the amino acids in a mixture (Volkmer-Engert et al.,
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1994 and 1995). Following these results, 0.8 equivalents of the amino acid mixture
were often used (Kramer et al., 1994).

The purity of peptides synthesized on cellulose was reported by Takahashi et al.
(2000) to be higher than 92%. But several authors have described lower purities (e.g.
Kramer et al., 1999a).

Molina et al. (1996) reported, depending on the coupling method, a coupling yield
per cycle of 74.4% to 91.3%. Due to incomplete coupling and to avoid deletion
sequences, the use of a capping step to block free uncoupled N-terminal amino groups
is recommended. Capping was described using acetic anhydride at various
concentrations (Otvos Jr. et al., 2000; Petersen, 2002; Gail et al., 2005) and
alternatively by using 2% acetic anhydride with 2% DIPEA (Kramer and Schneider-
Mergener, 1998b).

One interesting approach is the combination of spot synthesis with native chemical
peptide ligation to synthesize large peptides (for native chemical ligation, see Kent,
1997). Toepert et al. (2003) described the synthesis of 38-mers using this method. A
similar technique was published by Lu and Tam (2003) for coupling a dye-peptide
thioester complex to a cysteine containing peptide.

A special application is the adaptation of the synthesis of TASPs (template assembled
synthetic proteins; Mutter and Vuilleumier, 1989) to the SPOT technique on cellulose
membranes (Haehnel, 2004). The single peptide chains were synthesized separately
and then successively coupled to the membrane-bound cyclic peptide template (Rau
et al., 2000; Schnepf et al., 2001 and 2004). Due to the fixation on the membrane and
the interaction between the assembled peptide chains, a highly structured molecule
could be assembled, which could be considered a small protein.

The latest development in SPOT synthesis is the use of elevated temperatures during
coupling reactions on the cellulose support (Bowman et al., 2006b). In particular,
heating of the membrane by microwave irradiation was carried out (Bowman et al.,
2004 and 2006a; Blackwell, 2006). Similar to solid phase synthesis, the use of
microwave irradiation during SPOT synthesis may lead to a decrease in reaction
times, and yield increases are also possible (Grieco, 2004; Rybka and Frank, 2005).

PEPTIDE MODIFICATIONS

During and after assembly of the peptide chain, several modifications have been decribed.
The most common modification of the synthesized peptides is the N-terminal acetylation
(e.g. Torrens et al., 1999). N-terminal acetylation leads to improved proteolytic stability
of the peptides and avoids the positive charge of the N-terminal amino group. Similar to
capping, the use of acetylation solutions was described with only acetic anhydride at
various concentrations (Frank and Overwin, 1996; Laune et al., 2002; Espanel and van
Huijsduijnen, 2005) or using acetic anhydride with DIPEA (Kopecky et al., 2006b).

The synthesis of phosphorylated peptides was performed by using O-phosphorylated
serine, threonine and tyrosine (Espanel et al., 2002; Wälchli et al., 2004; Frese et al.,
2006). Other modified amino acids that can be incorporated into the peptide chain are
biotinylated lysine (Kramer et al., 1999b) or lysine coupled with a fluorescent dye
(Reineke et al., 1999c). The SPOT synthesis of glycopeptides was described using
unprotected activated amino acids with a carbohydrate moiety coupled to the side-chain
(Jobron and Hummel, 2000).
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In case modified amino acids are not available, the required modifications can be
obtained by modifying the amino acids, for example, by coupling a modifying building
block either to the α-amino group of the N-terminal amino acid or to the side-chain
amino group of diamino acids such as lysine or ornithine (Duan and Laursen, 1994;
Volkmer-Engert et al., 1997, Licha et al., 2000). A special type of N-terminal
modification was shown by Niggemann et al. (2002), where modification of positions
1 and 4 of an N-terminal coupled cis-4-amino proline by natural product building
blocks was carried out.

An often described peptide modification after assembly of the peptide chain is
cyclization of the peptides (Kramer et al., 1994; Winkler, 1997b; Winkler et al.,
1998). Because of the relatively feasible reaction, this mostly involves cyclization of
unprotected peptides via disulfide bridges (Winkler et al., 1996; Hilpert et al., 2000;
Otte et al., 2006). Reineke et al. (1999e) reported the synthesis of disulfide-cyclized
peptides with lengths of up to 32 amino acids. Cyclization is carried out by incubation
of the membrane in buffer at a pH of about 7.5, or 10% to 20% DMSO in this buffer,
or using charcoal at a 1:1 mass ratio of charcoal to membrane in a similar buffer. The
synthesis of cyclic peptides with two distinct disulfide bonds is more sophisticated,
due to the necessity for orthogonal cysteine protection (Welschof et al., 1999; Reineke
et al., 1999d).

Similar difficulties occur during cyclization via an amide bridge, where orthogonal
protection groups are also used (Winkler et al., 1995; Hahn et al., 2001). The amide
bridge can be built via the C-terminal carboxy group and the N-terminal amino group,
between two side-chains with a functional group or, by coupling between a side-
chain functional group and a terminal functional group (Winkler, 1997a). A special
type of cyclization was described by Scharn et al., 2001. The described peptides
were cyclized via N-terminal coupled halogenated heterocycles and the side-chain
amino group of a lysine under microwave irradiation.

The standard synthesis protocol for SPOT technology results in a free N-terminus
and a C-terminus that is bound via a spacer to the cellulose support. Several proteins
can only recognize peptides when a free C-terminus is present (Boisguerin et al.,
2004). To achieve a free C-terminus, one possibility is to couple the first amino acid
(Glu or Asp) to the cellulose via its side-chain. The result of this strategy is to gain
the corresponding amides (Gln and Asn) and the free a-carboxy group of the C-
terminus (Wildemann et al., 2006). Applying this procedure, the C-terminal amino
acid is still bound to the membrane via its side-chain group.

In order to achieve a completely free C-terminus the coupled peptide has to change
its orientation without losing the bond to the cellulose. This is possible according the
principle described for solid phase synthesis on resin by Kania et al., 1994. The first
step is cyclization of the peptide via its N-terminus to an orthogonal protected linker
molecule, followed by cleavage of the C-terminal bond to the solid support. Recently,
this principle was successfully adapted to SPOT synthesis and described in two
methods (Hoffmüller et al., 1999a; Boisguerin et al., 2004).

FINAL SIDE CHAIN DEPROTECTION METHOD

Due to the Fmoc/tBu-protection strategy, cleavage of the side-chain protecting groups
is carried out using TFA. Using the common cellulose filter paper treatment with
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TFA is limited because of the lability of this cellulose material at high acid
concentrations (Zander, 2004). Different cleavage procedures have been published.
The first published and also widely used cleavage mixture contains 50% TFA and
additional scavengers (e.g. water, trialkylsilane, phenol) in DCM (Frank et al., 1992;
Tegge et al., 1995b; Giuliani et al., 2005). But some protecting groups need to be
cleaved at higher TFA concentrations. In particular, the Pbf protecting group of the
arginine has to be cleaved at TFA concentrations higher than 50%. To overcome this
problem, several cleavage methods were described (see Table 3). According to our
own experience, the use of 90% TFA for 30 minutes and an additional treatment with
50-75% TFA for another 3 hours is the most favourable deprotection method for the
side-chain deprotection of the peptides synthesized on cellulose filter paper.

Table 3. Overview of published side-chain deprotecting methods.

Cellulose type TFA treatment Scavangers References

90% TFA, 3h 5% water + 3% phenol Hilpert et al., 2000 and
+ 2% TIPS 2001

90% TFA /DCM, 3% TIBS + 2% water Hilpert et al., 2005a
0.5 h + 50% TFA/ + 1% phenol

Whatman 50 DCM, 2 h

90% TFA /DCM, 3% TIBS + 2% water Licha et al., 2000
0.5 h + 50% TFA/ + 1% phenol
DCM, 3 h

50% TFA /DCM 3% TIBS + 2% water Tegge et al., 1995b;
Münch et al., 1999

Whatman 540 90% TFA /DCM, 3% TIBS + 2% water Kopecky et al., 2006b
0.5 h + 50% TFA/ + 1% phenol
DCM, 2.5 h

Whatman* 80% TFA, 4 h 12% thioanisole Kato et al., 2006
+ 6% ethanedithiol
+ 2% m-cresol

AIMS / 50% TFA /DCM 3% TIBS + 2% water Giuliani et al., 2005
Abimed / 13.5% m-cresol + 13.5%
Intavis 46 % TFA  thioanisole + 13.5%

water + 13.5% Otvos Jr et al., 2000
ethanedithiol

* No further specicication available.

When using commercially available acid-stable cellulose membranes, it is possible
to carry out the cleavage of the side-chain protecting group with the same cleavage
mixture as used for the common Fmoc solid-phase peptide synthesis, namely a
treatment with approximately 90% TFA for 3.5 hours.
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SPOT synthesis of non-peptidic compounds

To complete the overview of the SPOT method we include here a short introduction
to the synthesis of non-peptidic compounds using this technique. The synthesis of
non-peptidic compounds or peptides with non-peptidic elements has been carried
out on cellulose as well as polypropylene membranes. Using the SPOT technique,
one of the most frequently synthesized non-peptidic compounds is a peptoid
(Zuckermann et al., 1992). These compounds are synthesized pure or as hybrids in
peptides, so-called peptomers (Ast et al. 1999). Zimmermann et al. (2003) investigated
the possibility of replacing natural amino acids by peptoidic elements. Screening of
an array of 8000 hexapeptoids and peptomers was carried out by Heine et al. (2003).
Hoffmann et al. (2006) described the transformation of a biologically active peptide
into peptoid analogs while retaining biological activity.

Another application of the SPOT method is the synthesis of oligomers of peptide
nucleic acids (Gausepohl et al., 1998). Weiler et al. (1997) described the synthesis of
a PNA oligomer library, with coupling yields of >97%.

The synthesis of small organic compounds is a broad field for the application of
SPOT synthesis (Blackwell, 2006). Table 4 shows a number of types of small organic
molecules synthesized by the SPOT technique. These syntheses were often carried
out using elevated temperatures, in particular by microwave irradiation.

Table 4. Small organic molecules synthesized using the SPOT method.

Organic compounds References

sec. Amides Lin et al., 2005
chalcones Bowman et al., 2004
cyanopyridines Bowman et al., 2006a
deazalumazines Bowman et al., 2006a
dihydropyrimidines Bowman et al., 2004
hydantoins Heine et al., 2001
2-oxopiperazine Zander et al., 2002
triarylpyridines Bowman et al., 2006b
trisamino-/ amino-oxy-triazines Scharn et al., 2000

Regeneration of the membranes

After probing the membranes with proteins it is possible to re-use them after a
regeneration process (stripping). The regeneration mixture consists of ingredients
that break the structure of the bound protein (e.g. mercaptoethanol, thiourea or urea)
and a detergent such as SDS to remove the protein from the cellulose (Härkönen et
al., 2002; Kovacs-Nolan et al., 2003; Schmidt et al., 2004). Often a second
regeneration step by treatment with diluted acid follows. Zander described the stripping
of commercially available, chemically modified, stabile cellulose membranes by
treatment with highly concentrated TFA (Zander, 2004).
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Common cellulose filter papers with ester-bound peptides are unstable in strong
chemical conditions, but after probing they can be regenerated up to 20 times using
mild regeneration conditions (Martens et al., 1995).

Array strategies

The principal array strategies provided by peptide SPOT synthesis are: peptide scan,
substitution analyses, length analyses, random libraries and combinatorial libraries.
All these strategies were well known before the SPOT technology was developed
(e.g. Geysen et al., 1984; Geysen et al., 1985) and were subsequently adapted for
peptide synthesis on cellulose supports.

A peptide scan is used to detect a region of interest within a selected protein with a
known sequence. The linear protein sequence is fragmented into different peptide
sequences. To increase the chances of hitting the peptide with the desired function,
the fragmented peptides may overlap (see Figure 3). As a result, the whole protein
sequence may be narrowed down to one or a few peptide sequences. These peptides
can then be used for further techniques, such as substitution analysis or length analysis,
to gain a deeper understanding of the interaction. An additional coupling of amino
acid mixtures to the N- and C-termini of the peptide sequence can lead to an
enhancement of the binding strength and so to an improved detection of weak
interactions (hybritope scan, Reineke et al., 1998a).

The terms “substitution analysis”, “substitutional analysis”, “replacement analysis”
or “mutational analysis” have been used in the literature as synonyms; in this review
“substitution analysis” is used throughout. Each amino acid of the original, or so-
called wild type peptide sequence (wt) is substituted by all other 19 gene-encoded
amino acids, or any other selected non-gene encoded amino acid. Figure 4 shows the
principle of this approach. This technique is a powerful tool for investigating the
importance of each amino acid for the interaction of interest. This information can
help identify key amino acids or important patterns for the interaction. That knowledge
may lead to improvements of distinct properties (e.g. affinity, hydrophilicity, biological
activity). By applying this strategy in a stepwise manner, peptides can be optimized
for the desired activity (e.g. Hoffmüller et al., 2000; Hilpert et al., 2000). A simplified
substitution analysis is replacement of the amino acids of the wild type sequence by
only one distinct amino acid, e.g. alanine (“alanine scan”, “alanine walk” “alanine
substitution peptide array”; Gao and Esnouf, 1996; Hilpert et al., 2005b; Bolger et
al., 2006), glycine (“glycine walk” or “glycine scan”; Kneissel et al., 1999; Blüthner
et al., 2002; Liang et al., 2003) or tyrosine (Wälchi et al., 2004). Modifications of
such simplified substitution analyses are AAA-Scan (Podolnikova et al., 2005), “Ala
reverse scanning” (Espanel et al., 2002) and progressive Ala-Scan (Espaniel and
Sudol, 2001).

A length analysis can be useful to identify the shortest possible peptide sequence
for the interaction of interest. An example is given in Figure 5. Most commonly, a
length analysis will be carried out to determine the minimal epitope sequence of an
antibody (e.g. Gao and Esnouf, 1996; Blüthner et al., 2000). Using the minimal length
for further investigations may save money and time, as well as open up a new spectrum
of methods.
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A B
THATISAPEPTIDESCAN THATIS-XX-TISAPE
THATIS THATIS-XX-APEPTI
   TISAPE THATIS-XX-PTIDES
      APEPTI THATIS-XX-DESCAN
         PTIDES TISAPE-XX-THATIS
            DESCAN TISAPE-XX-APEPTI

TISAPE-XX-PTIDES
TISAPE-XX-DESCAN
..
PSCCAN-XX-DESCAN

C

1-VVSHFNDCPDSHTQFCFHGTCRFLVQEDKPACVCHSGYVGARCEHADLLA-50

 1  VVSHFND 
2  VSHFNDC 
3  SHFNDCP 
4  HFNDCPD 
5  FNDCPDS 
6  NDCPDSH 
7  DCPDSHT 
8  CPDSHTQ 
9  PDSHTQF 
10 DSHTQFC 
11 SHTQFCF 
12 HTQFCFH 

13 TQFCFHG 
14 QFCFHGT 
15 FCFHGTC 
16 CFHGTCR 
17 FHGTCRF 
18 HGTCRFL 
19 GTCRFLV 
20 TCRFLVQ 
21 CRFLVQE 
22 RFLVQED 
23 FLVQEDK 
24 LVQEDKP 

25 VQEDK
26 QEDKPA
27 EDKPA
28 DKPAC
29 KPACV
30 PACVC
31 ACVCH
32 CVCHS
33 VCHSG
34 CHSGY
35 HSGYV
36 SGYVG

Figure 3. A Example of a peptide scan of a 14-mer peptide sequence, using 6-mer peptide fragments with
an overlap of three amino acids. B The resulting sequences for a duotope scan of this 14-mer peptide using
6-mer peptide fragments with an overlap of three amino acids. C On top is an example of a cellulose
membrane probed with a monoclonal antibody. The peptide sequences stem from a peptide scan (7-mer, 6
positions overlapping) from the miniprotein sequence given in the middle. At the bottom all peptides from
the peptide scan are presented, the peptides showing binding signals towards the antibody are labeled with
bold type.

Libraries are powerful tools for the screening large numbers of peptides. A random
peptide library contains a single peptide sequence on each spot, generated by a random
algorithm (Reineke et al., 2002a; Lenze et al., 2006). An example is given in Figure
6. The generated sequences can also be semi-random. In the case of semi-random
libraries, selected amino acids or properties (e.g. charge or hydrophobicity) can be
fixed or biased within the random set. Since the introduction of automation for SPOT
synthesis it is now easily possible to screen tens of thousands of random peptides.
For example, this technique can be used to screen for new enzyme substrates or
detect peptides with a desired function that are different from known sequences (drug
design).
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A 

 

B 

wt A C D E F …  …  W  Y 

PDF ADF CDF DDF EDF FDF   W DF YDF 

PDF PAF PCF PDF PEF PFF   PW F PYF 

PDF PDA PDC PDD PDE PDF   PDW  PDY 

Figure 4. A Principle of a substitution analysis of the 3-mer peptide PDF. The first column represents the
parent or wild type (wt) peptide, which is used to compare the effects of the substitution variants. All other
columns describe the substituted amino acids at each position of the peptide. All underlined positions show
the actual substituted amino acid in the sequence. The wild type sequence is labeled in bold. B Substitution
analysis of the 7-mer peptide PMTLEYF using all 20 proteinogenic amino acids. The binding of an HRP-
labeled protease was detected using a chemiluminescent substrate. For better visualization the image is in
an inverted form: dark spots represent strong binding, whereas bright ones weak or no binding. All peptide
sequences are given in the one letter code.

Combinatorial peptide libraries may contain all possible combinations of peptide
sequences for a peptide of a certain length (see Table 5). The combinatorial library is
highly favorable for the systematic and fast screening of millions of peptides, and
therefore an ideal tool for high throughput screening of peptides. This technique,
described by Houghten and co-workers (1991) for solid phase peptide synthesis on
resin (Eichler and Houghten, 1995), was very quickly adapted to SPOT synthesis
(Kramer et al., 1993; Frank, 1995). In order to screen huge numbers of peptides in a
combinatorial library with a limited number of spots, it is necessary to use amino
acid mixtures (e.g. Kramer et al., 1995). To achieve distinct single peptide sequences
from the combinatorial library, the amino acid mixture at all positions within the
peptide have to be substituted by the best fitting amino acid at these positions. The
complete determination of these amino acids is carried out by iteration using the
combinatorial approach until all mixtures are substituted (“deconvolution”; see Figure
7). Another possibility to define the peptide sequence is to combine the results of
several positional scanning combinatorial libraries (e.g. Frank et al., 1995 and 2002).



Cellulose-bound peptide arrays: preparation and applications     47

A    B 
Peptide 
Length 

Sequence 

7 PEPTIDE 
PEPTID 6 
EPTIDE 
PEPTI 
EPTID 5 
PTIDE 
PEPT 
EPTI 
PTID 

4 

TIDE 
PEP 
EPT 
PTI 
TID 

3 

IDE 
PE 
EP 
PT 
TI 
ID 

2 

DE 
 

 

Figure 5. A. Example of the principle of a length analysis using a 7-mer peptide. Each sequence shortening
step results in an additional possible peptide sequence. The peptide length is given in amino acids and the
sequence uses the one letter code. B A length analysis of an antibody epitope comprising 15 peptides
synthesized on cellulose where the binding was measured by chemiluminescence. The resulting light signal
of the bound antibody was measured and converted into a bar graph.

Applications

The general workflow for the application of most screening techniques for SPOT
membranes is as follows: the desired peptides are synthesized on cellulose. This
cellulose membrane is washed, equilibrated, blocked and incubated together with the
chosen protein. The protein bound to the peptide can be detected by a labeled antibody,
for example with a horseradish peroxidase (HRP) label and a corresponding
chemiluminescent substrate (Figure 8). Alternatively, the protein itself can be labeled.
To exclude false positive signals, selected peptides should be re-synthesized as free
peptides and their activity determined and compared to the membrane bound peptides.
An overview of different applications is given in Table 6.

PEPTIDE-ANTIBODY INTERACTION (EPITOPE MAPPING)

The “classical” application for SPOT synthesis is mapping the epitope of an antibody
of interest. SPOT synthesis was actually developed to address this question (Frank,
1992) and has achieved substantial success. Today, this method can be considered as
a standard method for mapping the linear epitopes of antibodies, and the largest portion
of publications concerning SPOT synthesis relate to this application (for alternative
methods see Tribbick, 2002). Epitope mapping can be used for monoclonal as well
as polyclonal antibodies (e.g. Kopecky et al., 2005; Mahler et al., 2000; Reineke et
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A

1. DMGNFDHPLDQFRVC 26. RGMSIEKCENVAARI 51. GQVFHNWAEVLMGYG 76. WQSAVPVMTAHPRKC
2. IVCYRYYNRYCTPCW 27. WLLEWNMSWAATGWC 52. QEEPYQGVFRPLMYF 77. LEWSVKYVMSPDSNI
3. LIEWVFMTDNFNDMM 28. LGMYGRVPCMVSCRG 53. RDQCTHTGWCSGHEN 78. PTGFHSGICGKEQTM
4. QSNQQWNNLEWFAEN 29. PVMRFRMRIIPMSQM 54. PCHYWHWYVEFQMLT 79. WKGISDESHTHFMSY
5. ELRQYEYADWSGCNN 30. KRDFQEGSCHANQRF 55. MWQKMYDGRYSFIGS 80. LQKVVGDCAHAYDMM
6. KRVYTYFPMTSVPGS 31. SGCHDDEEQKIHPQK 56. WIFERWAWKNHNTAT 81. TRPWKSWQVNDKSFI
7. NLLHHCFMKNTVFEH 32. RSFIYYFIHGSHPIK 57. PKCSITIYGFWLYYG 82. TAQQHFQEKGEMMKR
8. HSDCPQLEFEWCLHY 33. MAQFTVKYFASNIAH 58. YQDRTNMIMKCNRGC 83. DQTIPRALIWCGVQD
9. FSTVWSDAFIHPCEM 34. GENTTVFTMCYAIIG 59. SFHAKAKQGCEMHKT 84. TIGYIVYMHSWFFCP
10. KLPSKSWKNGNENNI 35. IVLYVNRWQRGEFGS 60. TCKSEDRIWIKSYVQ 85. CEDGSYLCLWLMCTR
11. RNEIDHEWRMPGYCF 36. VQVYALQPRYGRCPV 61. GICADIYCCAKTCVF 86. FMKQMFEFEVYFVHQ
12. ICQTCVEVNQVVRHK 37. LPDCTMPARQTLSCT 62. NGSWGSLGWLQLDTE 87. KLGREFHPYLVVLTL
13. KWVQKVWDIEVRFLH 38. TLMDRDPHSRFWGNT 63. IDFHMQWVCPQVNDH 88. QIYLESCWTFWACNQ
14. LWVKVLANQDYTPHP 39. VLQIGINFCTKINAY 64. KDENCLTYFCHKKRK 89. TVGRPKVGRWMSREY
15. VSSCMQFYDAYLPKA 40. DEDFGPSMTERDWES 65. YWYVGGNYKSANTNH 90. GWDMMFANHEGAQSM
16. IIKDHACRDIIEITS 41. DNAFYFKAMFPEQIS 66. CFIDIFMGHFTPGVE 91. DQECYFWHFWRESAP
17. DEVEVADHYHPALNM 42. RSVHVVAGVTGIGCM 67. QMASNICTADVEKRE 92. KHNPVLPHVCCENYA
18. VPSWWFVGATNYDYW 43. HPAFPVYNFGCVHFC 68. ERWGESIDWSDHRKF 93. DFVIMQLKLHEPYFA
19. DEYVLKFTTAQWEQP 44. KPFFPPMSRILSRTV 69. MQSFSRMIRVAMAIS 94. TVKVRCDEEDGLGRF
20. FCCALENVWMINYMA 45. ACSQVFDRMQDTFAY 70. NTCNGHHTFLASDCP 95. FCGHRAWIWRTPCCH
21. ELLYWYQHTKCLWNI 46. HDCGQVLERVVRIIT 71. YCLNELNYIMHDARE 96. MRWRCSKACCDNFFI
22. VQCENTKSIKLKDED 47. HQIHMFEDWEEYDWL 72. HHLWKKYSDNVELNG 97. QNHHGGRNCIPIMPF
23. TDMRITFQGCKPGHH 48. CNRGSMAVQQRHIVY 73. FPFFWGHECWTRKKY 98. FMDACLLSFWDDEWR
24. KPENKTFKRQMMSEI 49. HWHHSLRSMRAHVKG 74. FPILCRLHRNMEEHT 99. GLEKYPGQSNWSRLF
25. TSWLFIRHNIQVTFS 50. GEGEFDGWTSKTLDV 75. HYKLMTIMKPGFARV 100.CDRDWASFKTGNREP

B

Figure 6. A Peptide sequences of a 15-mer random peptide library. B Example of a random library, where
the chemiluminescence of the bound labeled protein was detected. For better visualization the image is in
an inverted form, dark spots representing strong binding, whereas bright spots weak or no binding. Each
field consists of 925 random peptides, in total 3,700 peptides were tested for binding.
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Table 5. Example for the drastic increase in the number of possible peptide
sequences by extention of the peptide length using a combinatorial approach with
all 20 gene-encoded amino acids (B1 and B2 are positions with defined amino
acids; X are position with mixtures of all 20 amino acids)

Length Sequence # Possibilities # Peptides

4-mer XB
1
B

2
X 204 1.6 x 105

6-mer XXB
1
B

2
XX 206 6.4 x 107

8-mer XXXB
1
B

2
XXX 208 2.5 x 1010

12-mer XXXXXB
1
B

2
XXXXX 2012 4.1 x 1015

Figure 7. Example of the deconvolution of a combinatorial cyclic peptide library from an unknown hexamer
to a defined peptide sequences. A. First round of the combinatorial library with an unknown hexapeptide
sequence. The C-terminal E was inserted in order to cyclize via the side chain group of the C-terminal E
and the N-terminal amino group. The amino acids at position 3 (B

1
) and 4 (B

2
) were arrayed as a chessboard

to simplify determination of binding sequence motifs (due to the possible strong side reaction of cysteine
with the substrate, this amino acid was excluded). B. After selection of a sequence motif for amino acids 3
and 4 (in this case F and N) the next synthesis of a combinatorial library was designed with amino acids 2
(B

1
) and 5 (B

2
) as a checkerboard array, flanking the motif FN. C. After selection of the binding motif (in

this case HFND) the synthesis was repeated by deconvolution of the last unknown sequence part. Each
spot now represents one distinct single sequence and can be easy defined by the checkerboard array design.
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Figure 8. Schematic representation of a binding assay on a cellulose support. The peptide chain is bound
to the cellulose membrane and a protein binds to the peptide. A labeled antibody recognizing this protein is
used to detect the binding event, either by radioactivity, chemiluminescence or a substrate staining reaction.

al., 1996; Schultz et al., 1999). For a detailed protocol on epitope mapping see Koch
J., et al. (2002). After detecting an epitope by applying the peptide scan  technology,
a length analysis and/or a substitution analysis can be performed to gain a deeper
insight into the epitope-antibody interaction. In addition, combinatorial libraries can
be used to study cross-reactivity and/or polyspecificity. In one example, 68,590 peptide
mixtures, prepared by the SPOT technology, were used to identify peptides that bound
to a monoclonal antibody (Kramer et al., 1997). In addition to peptides with sequences
related to the epitope (cross-reactivity), unrelated peptide sequences were also found
(polyspecificity). Screening the protein library SWISSPROT for molecules containing
these sequences led to the discovery of other proteins recognized by this antibody.
The molecular basis for such interactions was studied by substitution analysis and X-
ray crystallography, providing a foundation for understanding cross-reactivity and
polyspecificity (Kramer et al., 1997; Keitel et al., 1997). A similar approach to studying
cross-reactivity, including thermodynamic analyses, was performed on another
monoclonal antibody (Winkler et al., 1998; Hahn et al., 2001). For a deeper
understanding of the antibody-epitope interaction, point mutations can be made in
the paratope to study their effects on epitope binding (Liu et al., 1999; Winkler et al.,
2000).

In molecular biology some antibody epitopes are used as protein tags (myc-tag,
FLAG-tag) for protein purification, protein localization, immunochemistry and ELISA
(Mahler et al., 2002). Substitution analysis and length analysis was used to characterize
the epitope of a monoclonal antibody that recognizes the myc-tag. The results showed
that it is possible to adopt and optimize the commonly used myc-tag for specific
needs required for the research project’s objectives (Hilpert et al., 2001). Another
example for tag optimization is describes by Böldicke and coworkers (Böldicke et
al., 2000).
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In addition to linear, or so-called continuous, antibody epitopes, there are also
discontinuous or structural antibody epitopes. A discontinuous epitope comprises
different parts of a protein, that are not neighboring in the primary sequence, but
come close together due to the protein folding into its proper three-dimensional
structure. A peptide scan of such an epitope may detect the different peptides that
combine to form the structural epitope, if the binding strength of each single small
linear peptide towards the antibody is within the range of detection of this method.
Peptide antibody interactions with a dissociation constant of around 10-3 - 10-4 M
remain detectable (Reineke et al., 1996 and 1999e; Kramer et al., 1999a). To detect
true epitopes and exclude paratopes or other non-epitope interactions, it is necessary
to have a very sensitive detection method on the cellulose membranes in combination
with the use of soluble peptides in a competitive ELISA, or other methods using the
native antigen as a competitor. This method was successfully used to detect
discontinuous epitopes (e.g. Reineke et al., 1995; Gao and Esnouf, 1996). For
discontinuous epitopes where no binding or weak binding of the individual linear
peptides is observed to hamper investigations of the interaction, a so-called “duotope
scan” was developed (Figure 3b). The discontinuous epitope of an antibody against
hen egg-white lysozyme was determined using a “duotope scan”, since a peptide
scan showed no signals. The detected epitope represented the same region as detected
by X-ray crystallography (Reineke et al, 2002b).

Reineke and co-workers used an antibody that could neutralize the biological action
of IL-10, and the corresponding discontinuous epitopes, to mimic the biological
function of IL-10. The optimization process for mimicking IL-10 involved identifying
linear peptide fragments of the antibody epitope (peptide scan), optimizing the binding
of each peptide separately towards the antibody (substitution analysis), combining
both peptides via a linker, optimizing the resulting peptide, including the linker
sequence (“duotope” scan and substitution analysis of a 32-mer peptide) and finally
a “cysteine-scan”, where all combinations of two cysteines in the molecule were
tested to discover the most active cyclic peptide (Reineke et al., 1999e).

If the immune system mistakes self-tissues for non-self and mounts an inappropriate
attack, the result is an autoimmune disease. Many different autoimmune diseases are
known which can effect different parts of the body: for example, the digestive tract
(Crohn’s disease), blood and blood vessels (pernicious anemia), eyes (uveitis), glands
(type 1 diabetes mellitus), heart (myocarditis), joints (rheumatoid arthritis), kidneys
(glomerulonephritis), lungs (sarcoidosis), muscles (polymyositis), nerves and brain
(multiple sclerosis) and skin (scleroderma). SPOT technology can support research
in this area, since it provides a rapid and comprehensive approach to mapping epitopes
and understanding cross-activity and polyspecificity. Using an epitope scan, Härkönen
and co-workers (2002) were able to demonstrate that enterovirus infection in humans
may occasionally induce a humoral response that cross-reacts with tyrosine
phosphatases (IA-2/IAR), representing a major target autoantigen in type 1 diabetes.
Using the same method, Esposito et al (1999) could demonstrate that autoantibodies
from patients with multiple sclerosis bound to epitopes of human transaldolase, and
at the same time showed cross-reactivity to peptides derived from the capsid of Epstein-
Barr and Herpes Simplex Virus type 1. These data suggest that cross-reactivity caused
by molecular mimicry may play a critical role in autoimmune diseases. Similar
investigations with T cell epitopes were performed, demonstrating that T-cell cross-
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reactivity is a common phenomenon, and therefore the existence of cross-reactive
epitopes alone does not trigger autoimmunity (Grogan et al., 1999; Maier et al.,
2000). T cell recognition is highly degenerate, and structural criteria rather than
sequence homology are important for T cell cross-activity (Kamradt and Volkmer-
Engert, 2004).

In some cases, antibodies can bind and inhibit the human blood clotting factor VIII
and cause bleeding disorders. An iterative deconvolution of a linear combinatorial
library of 10-mer peptides was used to screen for peptides that can neutralize these
antibodies. It was shown for the first time that short peptides can be used to compete
for polyclonal inhibitory IgG from various patients (Kopecky et al., 2005). These
peptides were used to study PEGylation with a view toward using them as therapeutic
substances (Kopecky et al., 2006a)

Peptide scan technology was also used to identify the B-cell epitopes of EEA1
(early endosome antigen1). Analyses of patient serum using these epitopes suggest
that it is possible to discriminate non-neuronal and neurological autoimmune diseases.
This information can then be used for new diagnostic tests (Selak et al., 2003).

PEPTIDE-RECEPTOR INTERACTIONS

For any biological systems it is important to react according to environmental
conditions. Recognizing these conditions is often achieved through receptors that
can interact with a narrow or broad range of ligands. Communication and regulation
within multi-cellular organisms is also often mediated by ligand-receptor interactions.
Therefore, studying such interactions is a major focus for understanding many different
biological processes. This information can also lead to the development of new drugs
against many different diseases. For receptors that bind peptides or proteins, SPOT
synthesis can be a useful tool to study such interactions.

Vascular endothelial growth factor (VEGF) directly stimulates endothelial cell
proliferation and migration through tyrosine kinase receptors. Inhibition of vascular
growth is thought to be one of the most promising approaches in cancer therapy. The
potential binding site of VEGF with its receptor was identified using SPOT technology
(peptide scan). A substitution analysis of VEGF-derived peptides was used to study
this interaction (Piossek et al., 1999a). The linear peptide identified was further
investigated by several substitution analyses using D-amino acids (Piossek et al.,
1999b). This provided a good starting point for developing anti-angiogenic peptide
drugs.

Mapping of the interleukin-10/interleukin-10 receptor binding site by SPOT
technology was described by Reineke et al. (1998b). In addition, two potential receptor
binding sites for human granulocyte macrophage colony stimulating factor (hGM-
CSF) were identified by these methods (Eberhardt et al., 2003)

PEPTIDE-ENZYME INTERACTIONS

Signal transduction, metabolism, cell proliferation/viability, differentiation and
apoptosis are examples of biological processes in which kinases play a critical role.
To understand their role in these processes it is important to understand the interactions
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with their substrates. Analyses of the human genome revealed more than 500 kinases
and increased the demand for tools to study their substrate specificities (Manning et
al., 2002). Peptide arrays for kinase profiling are an ideal tool for addressing this
demand. The peptides can be synthesized directly on a surface (cellulose, glass,
polymers) or presynthesized and subsequently immobilized onto a surface. Kinase
assays can be performed directly on the cellulose sheet (e.g., Moilanen et al., 1998,
Loog et al., 2000) or alternatively, the peptide can be synthesized, cleaved from the
membrane and spotted onto a glass microarray (e.g., Rychlewski et al., 2004; Panse
et al., 2004; Schutkowski et al., 2004). When the natural kinase substrate is known,
a peptide scan can be performed and the phospho-acceptor residue determined.
Substitution analysis can be used to study kinase specificity or to optimize the substrate
for a selected kinase (e.g. Toomik and Ek, 1997; Loog et al., 2000). In case no
information about the substrate is known, randomized or combinatorial libraries can
be used to map substrate specificity. A very efficient peptide substrate for protein
kinase G (PKG) was designed by an iterative deconvolution of combinatorial libraries
(Tegge et al., 1995b). Combinatorial libraries were also used to develop inhibitors of
cyclic GMP-dependent protein kinase Iα (cGPK). One of these inhibitors was fused
to two different cell membrane translocation sequences and the effect of this inhibitor
studied in vivo (Dostmann et al., 2002). In addition, peptide libraries with fragments
of human peptide sequences can be used to identify the kinase target. For this approach
micro-peptide arrays are more suitable than cellulose membranes, since microarrays
have a larger number of peptides per cm2. Peptide phosphorylation can be detected
by an anti-phosphorylated-amino acid antibody, or a phosphorylated-amino acid
chelator or by mixing the catalysed ATP with labeled [γ32 or 33P] ATP.

Conservative estimates of the total numer of distinct proteases in the human genome
are between 700 and 2000 (Pessi, 2002). In addition, many pathogens produce their
own proteases, which play a critical role in pathogenesis. Therefore, we can anticipate
a constant supply of proteases that may become targets for drug discovery as well as
being investigated to understand their functions. The successful development of HIV
protease inhibitors illustrates the importance of studying these enzymes (Temesgen
et al., 2006). Two types of investigations, assessing protease/substrate and protease/
inhibitor interactions, have been carried out using SPOT technology. Membrane-
bound peptides were used to map the substrate specificity of proteases at the P1 and
P’1 sites (Schechter and Berger, 1967) surrounding the cleavage site, whereby
membrane discs (polyaminoethylmethacrylamide) containing the dipeptide substrate
and a chromophore were dipped into the wells of a microtitre plate containing the
protease and its required reaction buffer. Subsequently, the absorbance of the liberated
chromophore was measured in a time dependent manner (Duan and Laursen, 1994).
This method was adapted to cellulose membranes using a fluorophore near the
membrane-proximal C-terminus, with the protease cleavage site (P1 and P’1) in the
middle of the peptide and a quencher molecule at the N-terminus. Cleaved peptides
are detected at the membrane by the increase in fluorescence when the fluorescence
quenching molecule is removed (Reineke et al., 1999c). Alternatively, the peptides
can be tagged with a sequence, recognized by an antibody and a biotin molecule.
After protease contact the cleaved peptides will be blotted on a streptavidin membrane
and detected using an antibody (Kramer et al, 1999b). Both assays can be performed
directly on the membrane and therefore many thousands of peptide variants can be
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screened. The great advantage is that the affects of variations at all other subsites and
not just P1 and P’1 can be investigated. An assay was also developed where the spots
(large size) were punched out and transferred into microtitre plates. These peptides
are tagged with a fluorescent moiety at the N-terminus. Measuring aliquots of a
protease-containing solution in the wells of the microtitre plate permits the detection
of the cleaved peptides via the N-terminal fluorescence tag (Reineke et al., 2000).
Using this method, the Escherichia coli protease DegP (Jones et al., 2002), human
glandular kallikrein 2 (Janssen et al., 2004) and human ADAM protease (Naus et al.,
2006) were investigated with respect to their interaction with their substrates. In
addition, Kaup et al. (2002) were able to determine the proteases responsible for the
cleavage of human transferrin receptor.

Protease-inhibitor interactions are of great interest in drug development. A method
for investigating these interactions was developed using SPOT technology. A series
of peptide inhibitor variants were investigated for both binding to, and inhibition of,
a serine protease (Hilpert et al., 2000 and 2005b; Höhne and Hilpert 2005). Binding
was studied directly on the cellulose membrane using horseradish peroxidase (HRP)
labeled proteases, while inhibition was measured by an assay in microtiter plates
with punched out peptide spots and a chromogenic substrate. Both methods led to
similar results, indicating that the binding assay, which is faster and easier to perform
and also provides the opportunity to use thousands of peptide spots, is satisfactory
for studying these interactions. Combining substitution analysis and length analysis,
the designed new peptides inhibited the protease more strongly than the original
peptide, with a high specificity towards the target protease. Substitution analyses
using D-amino acids led to inhibitory peptides that were protected against exopeptidase
attack. Hybrid peptide inhibitors were then investigated with respect to their
thermodynamic parameters, as well as by X-ray crystallography in complex with a
protease (Hilpert et al., 2002 and 2003; Ay et al. 2003). Selecting a small scaffold
(14-mer) it was also possible to study both the binding to the protease and the influence
of the scaffold on binding in one single experiment (Hilpert et al., 2005). The
interaction of α

2
-macroglobulin (a broad spectrum protease inhibitor) with Protein G

related α
2
-macroglobulin-binding protein (GRAB), a virulence factor of group A

streptococci, was studied using length and substitution analysis. The interaction site
was mapped, and mutation of the key amino acid involved in the interaction confirmed
the results (Godehardt et al., 2004).

PROTEIN-PROTEIN INTERACTIONS

Since the DNA sequences for many organisms are now available, a resulting challenge
is to understand gene regulation and the function of encoded proteins. Identifying the
function of a protein and understanding the mechanism of action requires considerable
effort. In addition, a protein’s function is in most cases interlinked with a network of
other proteins, which creates an even more complex situation in understanding the
dynamics of biological systems. SPOT technology can be used to map the interaction
sites of proteins, thus providing additional information to understand the network of
protein-protein interactions for a single process, within a cell or within a whole
organism.
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Chaperone/heat shock proteins are important for a broad range of biological
activities, e.g. protein-folding and responses to stress. SPOT synthesis was successfully
used to discover the interactions of these proteins with themselves and with their
substrates. Amongst those investigated were DnaK, SecB, Hsp18.1 and 17.7, GroEL,
α-crystallin, DnaJ and HscA (Rüdiger et al., 1997, 2000 and 2001; Knoblauch et al.,
1999; Wagner et al., 2005; Tapley et al., 2006; Sreelakshmi et al., 2004).

Peptide scan technology was also used to characterize the formation of the
chloroplast signal recognition particle (cpSRP) complex and to map the substrate
binding region of this complex (Groves et al., 2001). The same method was used to
study the mitochondrial import of proteins (Brix et al., 1999; Ptushkina et al., 1998)
and the interplay of microtubules with STOP proteins and Ca2+-calmodulin (Bosc et
al., 2001). Mapping of the dimerization sites of the capsid protein of HIV-1 (p24)
was performed using SPOT technology to investigate this protein-protein interaction.
Site directed mutagenesis and ultra-centrifugation were used to confirm these data
(Hilpert et al., 1999).

Proteins often interact via distinct domains, for example SH3-, WW- and PDZ-
domains, and this can be studied using SPOT technology. Besides peptide scan and
substitution analyses to study known interaction partners, random libraries or iterative
deconvolution of combinatorial peptide libraries can be used to find new binding
peptides. The Src homology 3 (SH3) domain is a small protein domain of about 60
amino acids, often found associated with functions concerning the cytoskeleton, Ras
protein and Src kinase. Using SPOT technology and phage display technology, the
investigated SH3 domains of endophilin and amphiphysin showed different preferred
binding sites, indicating that the binding repertoire of SH3 domains are more complex
than originally predicted (Cestra et al. 1999). In contrast, peptide scan and substitution
analysis were also used to investigate the binding specificities of the SH2 domains of
Nck1 and Nck2, that had been predicted to be different, but indicated that they were
essentially indistinguishable (Frese et al., 2006). In an excellent approach called WISE
(whole interactome scanning experiment), all of the peptides in the yeast proteome
with the potential to bind to eight SH3 domains were discovered (Landgraf et al.,
2004; Santonico et al., 2005). In combination with NMR spectroscopy, an intensive
study of a WW domain comprising of 44 amino acid was reported by Toepert and co-
workers. All together, 12,696 peptide variants of the WW domain were synthesized
on cellulose and investigated for peptide binding (Toepert et al., 2001 and 2003).

PEPTIDE-MICROBE INTERACTIONS

The rapid increase in antibiotic resistance has resulted in the diminished effectiveness
of antibiotics, especially against hospital infections. For example, the rate of resistance
to methicillin of coagulase-negative Staphylococci (CNS) reached 89.1%, while that
of Staphylococcus aureus (known as MRSA) increased to 59%. Recent candidates
for novel antimicrobials are host defense peptides, but the mode of action and sequence
requirements are still poorly understood. Substitution analyses (Hilpert et al., 2005a),
scrambled peptides (Hilpert et al., 2006) and random peptide libraries (unpublished
results) have been used to discover novel antimicrobial peptides with superior broad
spectrum activity, and to investigate the sequence requirements for antimicrobial
activity in general. For this investigation peptides were cleaved from spots, and the
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soluble peptides used in a microtitre plate assay. This assay was developed for
screening peptides with killing activities against the Gram-negative bacteria
Pseudomonas aeruginosa, but could be easily adapted to any other microbe.

PEPTIDE-METAL ION INTERACTIONS

Since many proteins are in complexes with metal ions, it is an interesting task to
study the interaction of peptides with metal ions. In addition, some peptide-metal ion
interactions are used in purification and protein detection, for example his-tag
technology. In some cases the fusion of six histidines to a protein may influence
folding, solubility, function and crystallization. Therefore, alternative binding
sequences would be of general interest. For in vivo diagnostics, the metastable
technetium isotope 99mTc is widely used, due to its physical properties, low cost and
availability. Cellulose bound combinatorial libraries were successfully used to find
specific binding sequences for 99mTc, as well as nickel, silver, iron, calcium,
molybdenum, uranium, lead, gold, zinc and manganese (Kramer et al., 1994; Malin
et al., 1995a and 1995b; Schneider-Mergner et al., 1996). Similarly the metal binding
site in phytochelatin synthase was discovered using the peptide scan method with
cellulose-bound peptides (Maier et al., 2003).

PEPTIDE-DNA INTERACTIONS

Many proteins can bind and interact with DNA or RNA, including polymerases,
gyrases, helicases, ribosomes, transcriptional factors and restriction endonucleases.
There is a great potential to study peptide-DNA or peptide-RNA interactions using
the SPOT technology to increase our understanding of these proteins’ functions.
Combinatorial peptide libraries on cellulose membranes were successfully used to
study peptide-DNA interactions (Kramer et al., 1993). Similarly the region of the
endonuclease EcoRII involved in DNA recognition was identified using the peptide
scan method, with the peptides synthesized on cellulose (Reuter et al., 1999; Reuter
and Möncke-Buchner, 2002).

Conclusions

SPOT synthesis technology represents a well-established screening tool for
biologically active peptides. From simple binding assays to more sophisticated enzyme
assays and studies with living microbes or cells, a multitude of investigations are
possible. We anticipate that SPOT synthesis will be adapted and used in new fields in
the next few years. Peptide variants can be studied with relatively low cost and time
investment. The technology has an advantage over biological screening technologies
since all chemically available building blocks can be used in peptide synthesis. Besides
being a screening tool, SPOT synthesis also provides array strategies for investigating
interactions at a higher level and can therefore result in new discoveries as well as
novel understanding of interactions. The technology (manual or automated) can be
easily integrated into a laboratory, since the equipment is commercially available and
does not require special conditions. The small amount of peptide per spot does not
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easily allow purification or quantification, a potential drawback of this method. All
results gained must be confirmed by selected peptides synthesized on resin.
Nevertheless, the method is an excellent tool for gaining information and supporting
traditional methods.

Acknowledgements

The authors’ own peptide array research is supported by the Advanced Food and
Material Network, the Canadian Institutes for Health Research (CIHR) and the Grand
Challenges in Health Research program. REWH holds a Canada Research Chair,
while KH is the recipient of a CIHR postdoctoral fellowship.

References

ACKERMANN, G., ACKERMANN, F., EGGERS, H.J., WIELAND, U. AND KÜHN, J.E. (1998) Mapping
of linear antigenic determinants on glycoprotein C of herpes simplex virus type 1
and type 2 recognized by human serum immunoglobulin G antibodies. Journal of
Medical Virology 55, 281-287

ADAM-KLAGES, S., ADAM, D., WIEGMANN, K., STRUVE, S., KOLANUS, W. AND SCHNEIDER-
MERGENER, J. (1996) FAN, a novel WD-repeat protein, couples the p55 TNF-receptor
to neutral sphingomyelinase. Cell 86, 937-947

ADLER, S., FRANK, R., LANZAVECCHIA, A. AND WEISS, S. (1994) T cell epitope analysis with
peptides simultaneously synthesized on cellulose membranes: fine mapping of two
DQ dependent epitopes. FEBS Letters 352, 167-170

ALBRECHT, T., KOCH, A., LODE, A., GREVE, B., SCHNEIDER-MERGENER, J. AND STEUP, M.
(2001) Plastidic (Pho1-type) phosphorylase isoforms in potato (Solanum tuberosum
L.) plants: expression analysis and immunochemical characterization. Planta 213,
602-613

ALLAUZEN, S., JOLY, S., GRANIER, C., MOLINA, F., BOUIX, O., PAU, B. AND BOUANANI, M.
(1995) Immunoanalysis of human insulin using monoclonal antibodies reveals
antigenicity of evolutionarily conserved residues. Molecular Immunology 32, 27-36

AST, T., HEINE, N., GERMEROTH, L., SCHNEIDER-MERGENER, J. AND WENSCHUH, H. (1999)
Efficient assembly of peptomers on continuous surfaces. Tetrahedron Letters 40,
4317-4318

AST, T., SCHARN, D., MÖRKE, U., SCHNEIDER, M. AND WENSCHUH, H. (2001) Generating
individual C-termini in the spot-synthesis of peptides. Poster presentation on the 5th
German Peptide Symposium 2003, Bielefeld

AY, J., HILPERT, K., KRAUSS, N., SCHNEIDER-MERGENER, J. AND HÖHNE, W. (2003) Structure
of a hybrid squash inhibitor in complex with porcine pancreatic elastase at 1.8 A
resolution. Acta Crystallographica Section D: Biological Crystallography 59,  247-
254

AYLLON, V., CAYLA, X., GARCIA, A., RONCAL, F., FERNANDEZ, R., ALBAR, J.P., MARTINEZ-
A., C. AND REBOLLO, A. (2001) Bcl-2 targets protein phosphatase 1a to Bad. The
Journal of Immunology 166, 7345-7352

BAENSCH, M., FRANK, R. AND KÖHL, J. (1998) Conservation of the amino-terminal epitope
of elongation factor Tu in eubacteria and archaea. Microbiology 144, 2241-2246



Cellulose-bound peptide arrays: preparation and applications     79

BALL, L.J., KÜHNE, R., HOFFMANN, B., HÄFNER, A., SCHMIEDER, P., VOLKMER-ENGERT, R.,
HOF, M., WAHL, M., SCHNEIDER-MERGNER, J., WALTER, U., OSCHKINAT, H. AND JARCHAU,
T. (2000) Dual epitope recognition by the VASP EVH1 domain modulates polyproline
ligand specificity and binding affinity. The EMBO Journal 19, 4903-4914

BATTAIS, F., MOTHES, T., MONERET-VAUTRIN, D.A., PINEAU, F., KANNY, G., POPINEAU, Y.,
BODINIER, M. AND DENERY-PAPINI, S. (2005) Identification of IgE-binding epitopes on
glandins for patients with food allergy to wheat. Allergy 60, 815-821

BECKMANN, C., HAASE, B., TIMMIS, K.N. AND TESAR, M. (1998) Multifunctional g3p-
peptide tag for current phage display systems. Journal of Immunological Methods
212, 131-138

BERGMANN, S., WILD, D., DIEKMANN, O., FRANK, R., BRACHT, D., CHHATWAL, G.S. AND

HAMMERSCHMIDT, S. (2003) Identification of a novel plasmin(ogen)-binding motif in
surface displayed α-enolase of Streptococcus pneumoniae. Molecular Microbiology
49, 411-423

BERRY, D.M., NASH, P., LIU, S.K.-W., PAWSON, T. AND MCGLADE, C.J. (2002) A high-
affinity Arg-X-X-Lys SH3 binding motif confers specificity for the interaction
between Gads and SLP-76 in T cell signaling. Current Biology 12, 1336-1341

BES, C., BRIANT-LONGUET, L., CERUTTI, M., HEITZ, F., TROADEC, S., PUGNIERE, M., ROQUET,
F., MOLINA, F., CASSET, F., BRESSON, D., PERALDI-ROUX, S., DEVAUCHELLE, G., DEVAUX,
C., GRANIER, C. AND CHARDES, T. (2003) Mapping the paratope of anti-CD4
recombinant Fab 13B8.2 by combining parallel peptide synthesis and site-directed
mutagenesis. The Journal of Biological Chemistry 278, 14265-14273

BEUTLING, U., DIKMANS, A., THIELE, S. AND FRANK, R. (2005) A novel process for
manufacturing high density multi-purpose chemical micro-arrays. In: Peptides 2004:
Proceedings of the 3rd International and 28th European Peptide Symposium, eds.
M. Flegel et al., pp.152-153. Geneva: Kenes International

BHARGAVA, S., LICHA, K., KNAUTE, T., EBERT, B., BECKER, A., GRÖTZINGER, C., HESSENIUS,
C., WIEDEMANN, B., SCHNEIDER-MERGENER, J. AND VOLKMER-ENGERT, R. (2002) A
complete substitutional analysis of VIP for better tumor imaging properties. Journal
of Molecular Recognition 15, 145-153

BIALEK, K., SWISTOWSKI, A. AND FRANK, R. (2003) Epitope-targeted proteome analysis:
towards a large-scale automated protein-protein-interaction mapping utilizing
synthetic peptide arrays. Analytical and Bioanalytical Chemistry 376, 1006-1013

BIENERT, R., BAIER, K., VOLKMER, R., LOCKAU, W. AND HEINEMANN, U. (2006) Crystal
structure of NblA from Anabaena sp. PCC 7120, a small protein playing a key role in
phycobilisome degradation. The Journal of Biological Chemistry 281, 5216-5223

BILLICH, C., SAUDER, C., FRANK, R., HERZOG, S., BECHTER, K., TAKAHASHI, K., PETERS, H.,
STAEHELI, P. AND SCHWEMMLE, M. (2002) High-avidity human serum antibodies
recognizing linear epitopes of Borna disease virus proteins. Biological Psychiatry.
51, 979-987

BITTORF, T., SASSE, T., WRIGHT, M., JASTER, R., OTTE, L., SCHNEIDER-MERGENER, J. AND

BROCK, J. (2000) cDNA cloning and functional analysis of truncated STAT5a protein
from autonomously growing FDCP-1 cells. Cellular Signalling 12, 721-730

BLACKWELL, H.E. (2006) Hitting the SPOT: small-molecule macroarrays advance
combinatorial synthesis. Current Opinion in Chemical Biology 10, 203-212

BLANKEMEYER-MENGE, B. AND FRANK, R. (1988) Simultaneous multiple synthesis of
protected peptide fragments on “allyl”-functionalized cellulose disc supports.



80      K. HILPERT et al.

Tetrahedron Letters 29, 5871-5874
BLANKEMEYER-MENGE, B., NIMTZ, M. AND FRANK, R. (1990) An efficient method for

anchoring Fmoc-amino acids to hydroxyl-functionalised solid supports. Tetrahedron
Letters 31, 1701-1704

BLÜSCHKE, B., VOLKMER-ENGERT, R. AND SCHNEIDER, E. (2006) Topography of the surface
of the signal-transducing protein EIIAGlc that interacts with the MaIK subunits of the
maltose ATP-binding cassette transporter (MaIFGK

2
) of Salmonella typhimurium.

The Journal of Biological Chemistry 281, 12833-12840
BLÜTHNER, M., MAHLER, M., MÜLLER, D.B., DÜNZL, H. AND BAUTZ, F.A. (2000)

Identification of an α-helical epitope region on the PM/Scl-100 autoantigen with
structural homology to a region on the heterochromatin p25ß autoantigen using
overlapping synthetic peptides. Journal of Molecular Medicine 78, 47-54

BLÜTHNER, M., KOCH, J. AND MAHLER, M. (2002) Mutational analysis and structure
predictions. In Peptide Arrays on Membrane Support. Eds. J. Koch and M. Mahler,
pp.123-139. Berlin Heidelberg: Springer-Verlag.

BOEDDRICH, A., GAUMER, S., HAACKE, A., TZVETKOV, N., ALBRECHT, M., EVERT, B.O.,
MÜLLER, E.C., LURZ, R., BREUER, P., SCHUGARDT, N., PLAßMANN, S., XU, K., WARRICK,
J.M., SUOPANSKI, J., WÜLLNER, U., FRANK, R., HARTL, U.F., BONINI, N.M. AND WANKER,
E.E. (2006) An arginine/lysine-rich motif is crucial for VCP/p97-mediated modulation
of ataxin-3 fibrillogenesis. The EMBO Journal 25, 1547-1558

BÖLDICKE, T., STRUCK, F., SCHAPER, F., TEGGE, W., SOBEK, H., VILLBRANDT, B., LANKENAU,
P. AND BÖCHER, M. (2000) A new peptide-affinity tag for the detection and affinity
purification of recombinant proteins with a monoclonal antibody. Journal of
Immunological Methods 240, 165-183

BOISGUERIN, P., KRETZSCHMAR, I., VOLKMER-ENGERT, R., SCHNEIDER-MERGENER, J. AND

OSCHKINAT, H. (2002) Specificity of PDZ interaction investigated by NMR
spectroscopy and synthetic peptide libraries. In: Peptides 2002: Proceedings of the
27th European Peptide Symposium, eds. E. Benedetti and C. Pedone, pp.938-939.
Naples: Edizioni Ziino

BOISGUERIN, P., LEBEN, R., VOLKMER-ENGERT, R., SCHNEIDER-MERGENER, J. AND OSCHKINAT,
H. (2003) Specificity of PDZ interaction using NMR spectroscopy and spot synthesis.
In: Peptide Revolution: Genomics, Proteomics & Therapeutics, eds. M. Chorev and
T.K. Sawyer, pp.141-142. San Diego: American Peptide Society

BOISGUERIN, P., LEBEN, R., AY, B., RADZIWILL, G., MOELLING, K., DONG, L. AND VOLKMER-
ENGERT, R. (2004) An improved method for the synthesis of cellulose membrane-
bound peptides with free C termini is useful for the PDZ domain binding studies.
Chemistry and Biology 11, 449-459

BOLGER, G.B., BAILLIE, G.S., LI, X., LYNCH, M.J., HERZYK, P., MOHAMED, A., MITCHELL,
L.H., MCCAHILL, A., HUNDSRUCKER, C., KLUSSMANN, E., ADAMS, D.R. AND HOUSLAY,
M.D. (2006) Scanning peptide array analyses identify overlapping binding sites for
the signaling scaffold proteins, b-arrestin and RACK1 in the cAMP-specific
phosphodiesterase, PDE4D5. Biochemical Journal 398, 23-36

BOSC, C., FRANK, R., DENARIER, E., RONJATI, M., SCHWEITZER, A., WEHLAND, J. AND JOB, D.
(2001) Identification of novel bifunctional calmodulin-binding and microtube-
stabilizing motifs in STOP proteins. The Journal of Biological Chemistry 276, 30904-
30913

BOWMAN, M.D., JESKE, R.C. AND BLACKWELL, H.E. (2004) Microwave-accelerated SPOT-



Cellulose-bound peptide arrays: preparation and applications     81

synthesis on cellulose supports. Organic Letters 6, 2019-2022
BOWMAN, M.D., JACOBSON, M.M. AND BLACKWELL, H.E. (2006a) Discovery of fluorescent

cyanopyridine and deazalumazine dyes using small molecule macroarrays. Organic
Letters 8, 1645-1648

BOWMAN, M.D., JACOBSON, M.M., PUJANAUSKI, B.G. AND BLACKWELL, H.E. (2006b) Efficient
synthesis of small molecule macroarrays: optimization of the macroarray synthesis
platform and examination of microwave and conventional heating methods.
Tetrahedron 62, 4715-4727

BRACCI, L., LOZZI, L., LELLI, B., PINI, A. AND NERI, P. (2001) Mimotopes of nicotinic
receptor binding site selected by a combinatorial peptide library. Biochemistry 40,
6611-6619

BRAY, A.M., MAEJI, N.J., JHINGRAN, A.G. AND VELERIO, R.M. (1991a) Gas phase cleavage
of peptides from a solid support with ammonia vapour. Application in simultaneous
multiple peptide synthesis. Tetrahedron Letters 32, 6163-6166

BRAY, A.M., MAEJI, N.J., VALERIO, R.M., CAMPBELL, R.A. AND GEYSEN, H.M. (1991b)
Direct cleavage from a solid support into aqueous buffer. Application in simultaneous
multiple peptide synthesis. Journal of Organic Chemistry 56, 6659-6666

BRAY, A.M., VALERIO, R.M. AND MAEJI, N.J. (1993) Cleavage of resin-bound peptide
esters with ammonia vapour. Simultaneous multiple synthesis synthesis of peptide
amides. Tetrahedron Letters 34, 4411

BRESSON, D., CERUTTI, M., DEVAUCHELLE, G., PUGNIERE, M., ROQUET, F., BES, C., BOSSARD,
C., CHARDES, T. AND PERALDI-ROUX, S. (2003) Localization of the discontinuous
immunodominant region recognized by human anti-thyroperoxidase autoantibodies
in autoimmune thyroid disease. The Journal of Biological Chemistry 278, 9560-
9569

BRESSON, D., PUGNIERE, M., ROQUET, F., REBUFFAT, S.A., N-GUYEN, B., CERUTTI, M., GUO,
J., MCLACHLAN, S.M., RAPOPORT, B., ESTIENNE, V., RUF, J., CHARDES, T. AND PERALDI-
ROUX, S. (2004) Directed mutagenesis in region 713-720 of human thyroperoxidase
assigns 713KFPED717 residues as being involved in the B domain of the discontinuous
immunodominant region recognized by human autoantibodies. The Journal of
Biological Chemistry 279, 39058-39067

BRIDGES, K.G., CHOPRA, R., LIN, L., SVENSON, K., TAM, A., JIN, G., COWLING, R., LOVERING,
F., AKOPIAN, T.N., DIBLASIO-SMITH, E., ANNIS-FREEMAN, B., MARVELL, T.H., LAVALLIE,
E.R., ZOLLNER, R.S., BARD, J., SOMERS, W.S., STAHL, M.L. AND KRIZ, R.W. (2006) A
novel approach to identifying ß-secretase inhibitors: Bis-statine peptide mimetics
discovered using structure and spot synthesis. Peptides 27,  1877-1885

BRIX, J., RÜDIGER, S., BUKAU, B., SCHNEIDER-MERGENER, J. AND PFANNER, N. (1999)
Distribution of binding sequences for the mitochondrial import receptors Tom20,
Tom22 and Tom70 in a presequence-carrying preprotein and a non-cleavable
preprotein. The Journal of Biological Chemistry 274, 16522-16530

BRIX, J., ZIEGLER, G.A., DIETMEIER, K., SCHNEIDER-MERGENER, J., SCHULZ, G.E. AND PFANNER,
N. (2000) The mitochondrial import receptor Tom70: Identification of a 25 kDa core
domain with a specific binding site for preproteins. The Journal of Molecular Biology
303, 479-488

BURNS-HAMURO, L.L., MA, Y., KAMMERER, S., REINEKE, U., SELF, C., COOK, C., OLSON,
G.L., CANTOR, C.R., BRAUN, A. AND TAYLOR, S.S. (2003) Designing isoform-specific
peptide disruptors of protein kinase A localization. Proceedings of the National



82      K. HILPERT et al.

Academy of Sciences 100, 4072-4077
BUSS, H., DÖRRIE, A., SCHMITZ, M.L., FRANK, R., LIVINGSTONE, M., RESCH, K. AND KRACHT,

M. (2004) Phosphorylation of serine 468 by GSK-3b negatively regulates basal p65
NF-kB activity. The Journal of Biological Chemistry 279, 49571-49574

CAMOZZI, M., RUSNATI, M., BUGATTI, A., BOTAZZI, B., MANTOVANI, A., BASTONE, A.,
INFORZATO, A., VINCENTI, S., BRACCI, L., MASTROIANNI, D. AND PRESTA, M. (2006)
Identification of an antiangiogenic FGF2-binding site in the N-terminus of the soluble
pattern recogition receptor PTX3. The Journal of Biological Chemistry 281, 22605-
22613

CESTRA, G., CASTAGNOLI, L., DENTE, L., MINENKOVA, O., PETRELLI, A., MIGONE, N.,
HOFFMÜLLER, U., SCHNEIDER-MERGENER, J. AND CESARENI, G. (1999) The SH3 domain
of endophilin and amphiphysin bind to the proline-rich region of synaptojanin 1 at
distinct sites that display an unconventional binding specificity. The Journal of
Biological Chemistry 274, 32001-32007

CHAPAL, N., PERALDI-ROUX, S., BRESSON, D., PUGNIERE, M., MANI, J.-C., GRANIER, C.,
BALDET, L., GUERRIER, B., PAU, B. AND BOUANANI, M. (2000) Human anti-thyroid
peroxidase single chain fragment variable of Ig isolated from a combinatorial library
assembled in-cell: Insights into the in vivo situation. The Journal of Immunology
164, 4162-4169

CHOULIER, L., LAUNE, D., ORFANOUDAKIS, G., WLAD, H., JANSON, J.-C., GRANIER, C. AND

ALTSCHUH, D. (2001) Delineation of a linear epitope by multiple peptide synthesis
and phage display. Journal of Immunological Methods 249, 253-264

CHOULIER, L., ORFANOUDAKIS, G., ROBINSON, P., LAUNE, D., BEN KHALIFA, M., GRANIER, C.,
WEISS, E. AND ALTSCHUH, D. (2002) Comparative properties of two peptide-antibody
interactions as deduced from epitope delineation. Journal of Immunological Methods
259, 77-86

COHEN, P., LAUNE, D., TEULON, I., COMBES, T., PUGNIERE, M., BADOUAILLE, G., GRANIER, C.,
MANI, J.C. AND SIMON, D. (2001) Interaction of the octapeptide angiotensin II with a
high-affinity sigle-chain Fv and with peptides derived from the antibody paratope.
Journal of Immunological Methods 254, 147-160

COMMANDEUR, U., KOENIG, R., MANTEUFFEL, R., TORRANCE, L., LÜDDECKE, P. AND FRANK,
R. (1994) Localization, size and complexity of epitopes on the coat protein of beet
necrotic yellow vein virus studied by means of synthetic overlapping peptides.
Virology 198, 282-287

COOLEY, P., WALLACE, D. AND ANTOHE, B. (2002) Applications of ink-jet printing technology
to BioMEMS and microfluid systems. The Journal of the Association for Laboratory
Automation 7, 33-39 (2002)

CORADA, M., LIAO, F., LINDGREN, M., LAMPUGNANI, M.G., BREVIARIO, F., FRANK, R., MULLER,
W.A., HICKLIN, D.J., BOHLEN, P. AND DEJAMA, E. (2001) Monoclonal antibodies directed
to different regions of vascular endothelial cadherin extracellular domain affect
adhesion and clustering of the protein and modulate endothelial permeability. Blood
97, 1679-1684

CRUZ, L.J., IGLESIAS, E., AGUILAR, J.C., CABRALES, A., REYES, O. AND  ANDREU, D. (2004a)
Different immune response of mice immunized with conjugates containing multiple
copies of either consensus or mixotpoe versions of the V3 loop peptide from human
immunodeficiency virus type 1. Bioconjugate Chemistry 15, 1110-1117

CRUZ, L.J., IGLESIAS, E., AGUILAR, J.C., GONZALEZ, L.J., REYES, O., ALBERICIO, F. AND ANDREU,



Cellulose-bound peptide arrays: preparation and applications     83

D. (2004b) A comparative study of different presentation strategies for an HIV peptide
immunogen. Bioconjugate Chemistry 15,  112-120

CURRAN, S.P., LEUENBERGER, D., OPPLINGER, W. AND KOEHLER, C.M. (2002) The Tim9p-
Tim10p complex binds to the transmembrane domains of the ADP/ATP carrier. The
EMBO Journal 21, 942-953

DESWAL, R., SINGH, R., LYNN, A.M. AND FRANK, R. (2005) Identification of
immunodominant regions of Brassica juncea glyoxalase I as potential antitumor
immunomodulation targets. Peptides 26, 395-404

DIKMANS, A., BEUTLING, U., THIELE, S. AND FRANK, R. (2005) SC2: A novel process for
manufacturing high density multi-purpose chemical micro-arrays. In: Understanding
Biology Using Peptides. Proceedings of the 19th American Peptide Symposium. ed.
S.E.Blondelle, pp.736-737, La Costa: American Peptide Society

DONG, L., SCHNEIDER-MERGENER, J. AND VOLKMER-ENGERT, R. (1999) A novel type of
amino acid property matrix based on functional studies of 68 continuous epitopes.
In: Peptides 1998: Proceedings of the 25th European Peptide Symposium, eds. S.
Bajusz and F. Hudecz, pp.530-531. Budapest: Akademiai Kiado

DONG, L., HÜLSMEYER, M., DÜRKOP, H.P., SCHNEIDER-MERGENER, J., ZIEGLER, A. AND

UCHANSKA-ZIEGLER, B. (2003) Human CD30: Structural implications from epitope
mapping and modeling studies. Journal of Molecular Recognition 16, 28-36

DOSTMANN, W.R.G., NICKL, C., THIEL, S., TSIGELNY, I., FRANK, R. AND TEGGE, W.J. (1999)
Delineation of selective cyclic GMP-dependent protein kinase Ia substrate and
inhibitor peptides based on combinatorial peptide libraries on paper. Pharmacology
& Therapeutics 82, 373-387

DOSTMANN, W.R.G., TAYLOR, M.S., NICKL, C.K., BRAYDEN, J.E., FRANK, R. AND TEGGE,
W.J. (2000) Highly specific, membrane-permeant peptide blockers of cGMP-
dependent protein kinase Ia inhibit NO-induced cerebral dilation. Proceedings of
the National Academy of Sciences 97, 14772-14777

DOSTMANN, W.R.G., TEGGE, W.J., FRANK, R., NICKL, C.K., TAYLOR, M.S. AND BRAYDEN,
J.E. (2002) Exploring the mechanisms of vascular smooth muscle tone with highly
specific, membrane-permeable inhibitors of cyclic GMP-dependent protein kinase
1a. Pharmacology & Therapeutics 93, 203-215

DRABNER, B., REINEKE, U., SCHNEIDER-MERGENER, J., HUMPHREYS, R.E., HARTMANN, S.
AND LUCIUS, R. (2002) Identification of T helper cell-recognized epitopes in the
chitinase of filarial nematode Onchocerca volvulus. Vaccine 20, 3685-3694

DRAKULOVSKI, P., CARCY, B., MOUBRI, K., CARRET, C., DEPOIX, D., SCHETTERS, T.P.M. AND

GORENFLOT (2003) Antibodies raised against Bcvir15, an extrachromosomal double-
stranded RNA-encoded protein from babesia canis, inhibit the in vitro growth of the
parasite. Infection and Immunity 71, 1056-1067

DUAN, Y. AND LAURSEN, R.A. (1994) Protease substrate specificity mapping using
membrane-bound peptides. Analytical Biochemistry 216, 431-438

DÜRAUER, A., KOPECKY, E., BERGER, E., SEIFERT, M., HAHN, R. AND  JUNGBAUER, A. (2006)
Evaluation of a sensitive detection method for peptide arrays prepared by SPOT
synthesis. Journal of Biochemical and Biophysical Methods 66, 45-57

DUKIC-STEFANOVIC, S., SCHICKTANZ, D., WONG, A., PALM, D., RIEDERER, P., NIWA, T.,
SCHINZEL, R. AND MÜNCH, G. (2002) Characterization of antibody affinities using
AGE-modified dipeptide spot library. Journal of Immunological Methods. 266, 45-
52



84      K. HILPERT et al.

EBERHARDT, M.O., FRANK, R., KRATJE, R. AND ETCHEVERRIGARAY, M. (2003) Identification
of two potential receptor-binding sites for hGM-CSF. Brazilian Journal of Chemical
Engineering  20, 15-20

EDE, N.J. (2002) Multiple parallel synthesis of peptides on SynPhase grafted supports.
Journal of Immunological Methods  267, 3-11

EDLUND, M., BLIKSTAD, I. AND ÖBRINK, B. (1996) Calmodulin binds to specific sequences
in the cytoplasmic domain of C-CAM and down-regulates C-CAM self-association.
The Journal of Biological Chemistry 271, 1393-1399

EDLUND, M., WIKSTRÖM, K., TOOMIK, R., EK, P. AND ÖBRINK, B. (1998) Characterization
of protein kinase C-mediated phosphorylation of the short cytoplasmic domain isoform
of C-CAM. FEBS Letters 425, 166-170

EHRLICH, A., BEHN, C., WIETFELD, D., KRAUSE, E. AND BEYERMANN, M. (2005) Synthesis
of CRF-R2 selective peptide ligands by using the SPOT-synthesis technique. In:
Peptides 2004: Proceedings of the 3rd International and 28th European Peptide
Symposium, eds. M. Flegel et al., pp.629-630. Geneva: Kenes International

EICHLER, J. AND HOUGHTEN, R.A. (1995) Generation and utilization of synthetic
combinatorial libraries. Molecular Medicine Today  174-180

ELIES, R., FU, L.X.M., EFTEKHARI, P., WALLUKAT, G., SCHULZE, W., GRANIER, C., HJALMARSON,
A. AND HOEBEKE, J. (1998) Immunochemical and functional characterization of an
agonist-like monochlonal antibody against the M2 acetylcholine receptor. European
Journal of Biochemistry 251, 659-666

ELM, C., BRAATHEN, R., BERGMANN, S., FRANK, R., VAERMAN, J.-P., KAETZEL, C.S.,
CHHATWAL, G.S., JOHANSEN, F.-E. AND HAMMERSCHMIDT, S. (2004) Ectodomains 3 and
4 of human polymeric immunoglobulin receptor (hpIgR) mediate invasion of
Streptococcus pneumoniae into the epithelium. The Journal of Biological Chemistry
279, 6296-6304

ERBSE, A., SCHMIDT, R., BORNEMANN, T., SCHNEIDER-MERGENER, J., MOGK, A., ZAHN, R.,
DOUGAN, D.A. AND BUKAU, B. (2006) ClpS is an essential component of the N-end
rule pathway in Escherichia coli. Nature 439, 753-756

ERCK, C., FRANK, R. AND WEHLAND, J. (2000) Tubulin-tyrosine ligase, a long-lasting
enigma. Neurochemical Research 25, 5-10

ESPANEL, X. AND SUDOL, M. (2001) Yes-associated protein and p53-binding protein-2
interact through their WW and SH3 domains. The Journal of Biological Chemistry
276, 14514-14523

ESPANEL, X., HUGUENIN-REGGIANI, M. AND VAN HUIJSDUIJNEN, R.H. (2002) The SPOT
technique as a tool for studying protein tyrosine phosphatase substrate specificities.
Protein Science 11, 2326-2334

ESPANEL, X., WÄLCHLI, S., RÜCKLE, T., HARRENGA, A., HUGUENIN-REGGIANI, M. AND VAN

HUIJSDUIJNEN, R.H. (2003) Mapping of synergistic components of weakly interacting
protein-protein motifs using arrays of paired peptides. The Journal of Biological
Chemistry 278, 15162-15167

ESPANEL, X. AND VAN HUIJSDUIJNEN, R.H. (2005) Applying the SPOT peptide synthesis
procedure to the study of protein tyrosine phosphatase substrate specificity; probing
for the heavenly match in vitro. Methods 35, 64-72

ESPOSITO, M., VENKATESH, V., OTVOS, L., WENG, Z., VAJDA, S., BANKI, K. AND PERL, A.
(1999) Human transaldolase and cross-reactive viral epitopes identified by
autoantibodies of multiple sclerosis patients. The Journal of Immunology 163, 4027-
4032



Cellulose-bound peptide arrays: preparation and applications     85

EYSTATHIOY, T., CHAN, E.K.L., TAKEUCHI, K., MAHLER, M., LUFT, L.M., ZOCHODNE, D.W.
AND FRITZLER, M.J. (2003) Clinical and serological associations of autoantibodies to
GW bodies and a novel cytoplasmic autoantigen GW182. Journal of Molecular
Medicine 78, 811-818

FARGETTE, D., PINEL, A., HALIMI, H., BRUGIDOU, C., FAUQUET, C. AND VAN REGENMORTEL,
M. (2002) Comparison of molecular and immunological typing of isolates of Rice
yellow mottle virus. Archives of Virology 147, 583-596

FERRIERES, G., CALZOLARI, C., MANI, J.-C., LAUNE, D., TRINQUIER, S., LAPRADE, M., LARUE,
C., PAU, B. AND GRANIER, C. (1998) Human cardiac troponin I: precise identification
of antigenic epitopes and prediction of secondary structure. Clinical Chemistry 44,
487-493

FERRIERES, G., PUGNIERE, M., MANI, J.-C., VILLARD, S., LAPRADE, M., DOUTRE, P., PAU, B.
AND GRANIER, C. (2000a) Systematic mapping of regions of human cardiac troponin
I involved in binding to cardiac troponin C: N- and C-terminal low affinity contributing
regions. FEBS Letters 479, 99-106

FERRIERES, G., VILLARD, S., PUGNIERE, M., MANI, J.-C., NAVARRO-TEULON, I., RHARBAOUI,
F., LAUNE, D., LORET, E., PAU, B. AND GRANIER, C. (2000b) Affinity for the cognate
monoclonal antibody of synthetic peptides derived from selection by phage display.
Role of the sequences flanking the binding motif. European Journal of Biochemistry
267, 1819-1829

FIELDS, G.B. AND NOBLE, R.L. (1990) Solid phase synthesis utilizing 9-
fluorenylmethoxycarbonyl amino acids. International Journal of Peptide and Protein
Research 35, 161-214

FOCK, U., JOCKUSCH, B.M., SCHUBERT, W.-D. AND HINSSEN, H. (2005) Topological
assignment of the N-terminal extension of plasma gelsolin to the gelsolin surface.
Biochemical Journal 385, 659-665

FODOR, S.P.A., READ, J.L., PIRRUNG C., STRYER, L., LU, A.T. AND SOLAS, D. (1991) Light-
directed, spatially addressable parallel chemical synthesis. Science 251, 767-773

FRANK, R., HEIKENS, W., HEISTERBERG-MOUTSIS, G. AND BLÖCKLER, H. (1983) A new general
approach for the simultaneous chemical synthesis of large numbers of
oligonucleotides: segmental solid supports. Nucleic Acids Research 11, 4365-4377

FRANK, R. AND DÖRING, R. (1988) Simultaneous multiple peptide synthesis under
continuous flow conditions on cellulose paper discs as segmental solid supports.
Tetrahedron 44, 6031-6040

FRANK, R., GÜLER, S., KRAUSE, S. AND LINDENMAIER, W. (1991) Facile and rapid “spot-
synthesis” of large numbers of peptides on membrane sheets. In: Peptides 1990.
Proceedings of the 21st European Peptide Symposium, eds. E. Giralt and D. Andreu,
pp.151-152. Leiden: ESCOM

FRANK, R. (1992) Spot-synthesis: An easy technique for the positionally addressable,
parallel chemical synthesis on a membrane support. Tetrahedron 48, 9217-9232

FRANK, R., KIESS, M., LAHMANN, H., BEHN, C. AND GAUSEPOHL, H. (1995) Combinatorial
synthesis on membrane supports by the SPOT technique. In: Peptides 1994:
Proceedings of the 23rd European Peptide Symposium, ed. H.L.S. Maia, pp.479-
480. Leiden: ESCOM

FRANK, R. (1995) Simultaneous and combinatorial chemical synthesis techniques for the
generation and screening of molecular diversity. Journal of Biotechnology 41, 259-
272



86      K. HILPERT et al.

FRANK, R., HOFFMANN, S., OVERWIN, H., BEHN, C. AND GAUSEPOHL, H. (1996) Easy
preparation of synthetic peptide repertoires for immunological studies utilizing SPOT
synthesis. In: Peptides in Immunology, ed. C.H. Schneider, pp. 197-204. New York:
John Wiley & Sons, Ltd.

FRANK, R. AND OVERWIN, H. (1996) SPOT synthesis. Epitope analysis with arrays of
synthetic peptides prepared on cellulose membranes. In: Methods in  Molecular
Biology, vol. 66: Epitope mapping protocols, ed. G.E. Morris, pp.149-169. Totowa,
NJ: Humana Press

FRANK, R. (2002) The SPOT-synthesis technique. Synthetic peptide arrays on membrane
supports - principles and applications. Journal of Immunological Methods 267, 13-
26

FRANK, R., BIALEK, K. AND SWISTOWSKI, A. (2002) Large-scale protein-protein-interaction
mapping with synthetic peptide arrays: epitope-targeted proteome analysis. In:
Peptides 2002: Proceedings of the 27th European Peptide Symposium, eds.
E.Benedetti and C. Pedone, pp.102-103. Naples: Edizioni Ziino

FRESE, S., SCHUBERT, W.-D., FINDEIS, A.C., MARQUARDT, T., ROSKE, Y.S., STRADAL, T.E.B.
AND HEINZ, D.W. (2006) The phosphotyrosine peptide binding specificity of Nck1
and Nck2 SH2 domains. The Journal of Biological Chemistry 281, 18236-18245

FU, J., HATO, M., OHMAE, H., MATSUOKA, H., KAWABATA, M., TANABE. K., MIYAMOTO, Y.,
LEAFASIA, J.L., CHINZEI, Y. AND OHTA, N. (2000) Epitope-specific impairment of
production of antibody against merozoite surface glycoprotein 1 of Plasmodium
falciparum in symptomatic patients with malaria. Parasitology Research 86, 345-
351

GAIL, R., FRANK, R. AND WITTINGHOFER, A. (2005) Systematic peptide array-based
delineation of differential b-catenin interaction with Tcf4, E-cadherin, and
adenomatous polyposis coli. The Journal of Biological Chemistry 280, 7107-7117

GAO, B. AND ESNOUF, M.P. (1996) Multiple interactive residues of recognition. Elucidation
of discontinuous epitopes with linear peptides. The Journal of Immunology 157,
183-188

GARCIA-GARCIA, J.C., DE LA FUENTE, J., KOCAN, K.M., BLOUIN, E.F., HALBUR, T., ONET,
V.C. AND SALIKI, J.T. (2004) Mapping of B-cell epitopes in the N-terminal repeated
peptides of Anaplasma marginale major surface protein 1a and characterization of
the humoral immune response of cattle immunized with recombinant and whole
organism antigens. Veterinary Immunology and Immunopathology 98, 137-151

GAUSEPOHL, H. AND BEHN, C. (1998) A rapid and convenient assay to compare coupling
activities of activated compounds. In: Peptides 1996: Proceedings of the 24th
European Peptide Symposium, eds. R. Ramage and R. Epton, pp.409-410.
Kingswinford: Mayflower Scientific Ltd.

GAUSEPOHL, H., WEILER, J., SCHWARZ, S., FITZPATTRICK, R. AND HOHEISEL, J. (1998) Synthesis
of large PNA arrays on membranes using the SPOT method. In: Peptides 1996:
Proceedings of the 24th European Peptide Symposium, eds. R. Ramage and R. Epton,
pp.411-412. Kingswinford: Mayflower Scientific Ltd.

GAUSEPOHL, H. AND BEHN, C. (2002) Automated synthesis of solid-phase bound peptides.
In Peptide Arrays on Membrane Support. Eds. J. Koch and M. Mahler, pp 55-68.
Berlin Heidelberg: Springer-Verlag.

GEGINAT, G., LALIC, M., KRETZSCHMAR, M., GOEBEL, W., HOF, H., PALM, D. AND BUBERT, A.
(1998) Th1 cells specific for a secreted protein of Listeria monocytogenes are
protective in vivo. The Journal of Immunology 160, 6046-6055



Cellulose-bound peptide arrays: preparation and applications     87

GEGINAT, G., SCHENK, S., SKOBERNE, M., GOEBEL, W. AND HOF, H. (2001) A novel approach
of direct ex vivo epitope mapping identifies dominant and subdominant CD4 and
CD8 T cell epitopes from Listeria monocytogenes. The Journal of Immunology 166,
1877-1884

GELKOP, S., GISH, G.D., BABICHEV, Y., PAWSON, T. AND ISAKOV, N. (2005) T cell activation-
induced CrkII binding to the Zap70 protein tyrosine kinase is mediated by Lck-
dependent phosphorylation of Zap70 tyrosine 315. The Journal of Immunology 175,
8123-8132

GEYSEN, H.M., MELOEN, R.H. AND BARTELING, S.J. (1984) Use of peptide synthesis to
probe viral antigens for epitopes to a resolution of a single amino acid. Proceedings
of the National Academy of Sciences 81, 3998-4002

GEYSEN, H.M., BARTELING, S.J. AND MELOEN, R.H. (1985) Small peptides induce antibodies
with a sequence and structural requirement for binding antigen comparable to
antibodies raised against the native protein. Proceedings of the National Academy of
Sciences 82, 178-182

GINGRAS, A.R., VOGEL, K.-P., STEINHOFF, H.-J., ZIEGLER, W.H., PATEL, B., EMSLEY, J.,
CRITCHLEY, D.R., ROBERTS, G.C.K. AND BARSUKOV, I.L. (2006) Structural and dynamic
characterization of a vinculin binding site in the talin rod. Biochemistry 45, 1805-
1817

GIULIANI, M.M., SANTINI, L., BRUNELLI, B., BIOLCHI, A., ARICO, B., DI MARCELLO, F.,
CARTOCCI, E., COMANDUCCI, M., MASIGNANI, V., LOZZI, L., SAVINO, S., SCARSELLI, M.,
RAPPUOLI, R. AND PIZZA, M. (2005) The region comprising amino acids 100 to 255 of
Neisseria meningitidis lipoprotein GNA 1870 elicts bactericidal antibodies. Infection
and Immunity 73, 1151-1160

GODEHARDT, A.W., HAMMERSCHMIDT, S., FRANK, R. AND CHHATWAL, G.S. (2004) Binding
of α

2
-macroglobulin to GRAB (protein G-related α

2
-macroglobulin-binding protein),

an important virulence factor of group A streptococci, is mediated by two charged
motifs in the ∆A region. Biochemistry Journal 381,  877-885

GONZALEZ-GIL, G., VOLKMER-ENGERT, R., GERMEROTH, L., PIOSSEK, C., SCHLEUNING, W.-D.
AND SCHNEIDER-MERGENER, J. (1998) A novel high capacity in vivo screening system
using inducible peptide libraries bound to continuous cellulose membranes. In:
Peptides 1996: Proceedings of the 24th European Peptide Symposium, eds. R. Ramage
and R. Epton, pp.427-428. Kingswinford: Mayflower Scientific Ltd.

GRANOFF, D.M., MOE, G.R., GIULIANI, M.M., ADU-BOBIE, J., SANTINI, L., BRUNELLI, B.,
PICCINETTI, F., ZUNO-MITCHELL, P., LEE, S.S., NERI, P., BRACCI, L., LOZZI, L. AND RAPPUOLI,
R. (2001) A novel mimetic antigen eliciting protective antibody to Nesseria
meningitidis. The Journal of Immunology 167, 6487-6496

GRIECO, P. (2004) The use of microwave irradiation in peptide chemistry. chimica oggi/
Chemistry today 7/8, 19-20

GROGAN, J.L., KRAMER, A., NOGAI, A., DONG, L., OHDE, M., SCHNEIDER-MERGENER, J. AND

KAMRADT, T. (1999) Cross-reactivity of myelin basic protein-specific T cells with
multiple microbial peptides: Experimental autoimmune encephalomyelitis induction
in TCR transgenic mice. The Journal of Immunology 163, 3764-3770

GROVES, M.R., MANT, A., KUHN, A., KOCH, J., DÜBEL, S., ROBINSON, C. AND SINNING, I.
(2001) Functional characterization of recombinant chloroplast signal recognition
particle. The Journal of Biological Chemistry 276, 27778-27786

GROVES, M.R. AND SINNING, I. (2002) Protein-protein interactions. In Peptide Arrays on



88      K. HILPERT et al.

Membrane Support. eds. J. Koch and M. Mahler, pp.83-96. Berlin Heidelberg:
Springer-Verlag.

GU, W., KOFLER, M., ANTES, I., FREUND, C. AND HELMS, V. (2005) Alternative binding
modes of proline-rich peptides binding to the GYF domain. Biochemistry 44, 6404-
6415

GUO, J.-P., PETRIC, M., CAMPBELL, W. AND MCGEER, P.L. (2004) SARS corona virus peptide
recognized by antibodies in the sera of covalescent cases. Virology 324, 251-256

GUO, J.-P., ARAI, T., MIKLOSSY, J. AND MCGEER, P.L. (2006) Aß and tau form soluble
complexes that may promote self aggregation of both into the insoluble forms observed
in Alzheimer´s disease. Proceedings of the National Academy of Sciences (USA)
103, 1953-1958

HAAHEIM, L.R., HALSEU, A.-K., KVAKESTADU, R., STERN, B., NORMANN, O. AND JONSSONU,
R. (1996) Serum antibodies from patients with primary Sjögren´s syndrome and
systemic lupus erythematosus recognize multiple epitopes on the La(SS-B)
autoantigen resembling viral protein sequences. Scandinavian Journal of Immunology
43, 115-121

HAEHNEL, W. (2004) Chemical synthesis of TASP arrays and their application in protein
design. Molecular Diversity  8, 219-229

HÄRKÖNEN, T., LANKINEN, H., DAVYDOVA, B., HOVI, T. AND ROIVAINEN, M. (2002) C
Enterovirus infection can induce immune responses that cross-react with ß-cell
autoantigen tyrosine phosphatase IA-2/IAR. Journal of Medical Virology 66, 340-
350

HAHN, M., WINKLER, D., WELFLE, K., MISSELWITZ, R., WELFLE, H., WESSNER, H., ZAHN, G.,
SCHOLZ, C., SEIFERT, M., HARKINS, R., SCHNEIDER-MERGENER, J. AND HÖHNE, W. (2001)
Cross-reactive binding of cyclic peptides to an anti-TGFα antibody Fab fragment.
An X-ray structural and thermodynamic analysis. The Journal of Molecular Biology
314, 293-309

HALIMI, H., DUMORTIER, H., BRIAND, J.-P. AND MULLER, S. (1996) Comparison of two
different methods using overlapping synthetic peptides for localizing linear B cell
epitopes in the U1 snRNP-C autoantigen. Journal of Immunological Methods 199,
77-85

HAWLISCH, H., FRANK, R., HENNECKE, M., BAENSCH, M., SOHNS, B., ARSENIEV, L., BAUTSCH,
W., KOLA, A., KLOS, A. AND KÖHL, J. (1998) Site-directed C3a receptor antibodies
from phage display libraries. The Journal of Immunology 160, 2947-2958

HEINE, N., GERMEROTH, L., SCHNEIDER-MERGENER, J. AND WENSCHUH, H. (2001) A modular
approach to the SPOT synthesis of 1,3,5-trisubstituted hydantoins on cellulose
membranes. Tetrahedron Letters 42, 227-230

HEINE, N., AST, T., SCHNEIDER-MERGENER, J., REINEKE, U., GERMEROTH, L. AND WENSCHUH,
H. (2003) Synthesis and screening of peptoid arrays on cellulose membranes.
Tetrahedron 59, 9919-9930

HENNECKE, G., NOLTE, J., VOLKMER-ENGERT, R., SCHNEIDER-MERGENER, J. AND BEHRENS, S.
(2005) The periplasmic chaperone SurA exploids two features characteristic of integral
outer membrane proteins for selective substrate recognition. The Journal of Biological
Chemistry 280, 23540-23548

HEVEKER, N., MONTES, M., GERMEROTH, L., AMARA, A., TRAUTMANN, A., ALIZON, M. AND

SCHNEIDER-MERGENER, J. (1998) Dissociation of the signalling and antiviral properties
of SDF-1-derived small peptides. Current Biology 8, 369-376



Cellulose-bound peptide arrays: preparation and applications     89

HILPERT, K., BEHLKE, J., SCHOLZ, C., MISSELWITZ, R., SCHNEIDER-MERGENER, J. AND HÖHNE,
W. (1999) Interaction of the capsid protein p24 (HIV-1) with sequence-derived
peptides:  influence on p24 dimerization. Virology 254, 6-10

HILPERT, K., HANSEN, G., WESSNER, H., SCHNEIDER-MERGENER, J. AND HÖHNE, W. (2000)
Characterizing and optimizing protease/peptide inhibitor interactions, a new
application for spot synthesis. Journal of Biochemistry 128, 1051-1057

HILPERT, K., HANSEN, G., WESSNER, H., KÜTTNER, G., WELFLE, K., SEIFERT, M. AND HÖHNE,
W. (2001) Anti-c-myc antibody 9E10: epitope key positions and variability
characterized using peptide spot synthesis on cellulose. Protein Engineering 14,
803-806

HILPERT, K., SCHNEIDER-MERGENER, J. AND AY, J. (2002) Crystallization and preliminary
X-ray analysis of the complex of porcine pancreatic elastase and a hybrid squash
inhibitor. Acta Crystallographica Section D: Biological Crystallography 58,  672-
674

HILPERT, K., WESSNER, H., SCHNEIDER-MERGENER, J., WELFLE, K., MISSELWITZ, R., WELFLE,
H., HOCKE, A.C., HIPPENSTIEL, S. AND HÖHNE, W. (2003) Design and characterization
of a hybrid miniprotein that specifically inhibits porcine pancreatic elastase. Journal
of Biological Chemistry 278,  24986-24993

HILPERT, K., VOLKMER-ENGERT, R., WALTER, T. AND HANCOCK, R.E.W. (2005a) High-
throughput generation of small antibacterial peptides with improved activity. Nature
Biotechnology 23, 1008-1012

HILPERT, K., HANSEN, G., WESSNER, H., VOLKMER-ENGERT, R. AND HÖHNE, W. (2005b)
Complete substitutional analysis of a sunflower trypsin inhibitor with different serine
proteases. Journal of Biochemistry 138, 383-390

HILPERT, K., ELLIOTT, M.R., VOLKMER-ENGERT, R., HENKLEIN, P., DONINI, O., ZHOU, Q.,
WINKLER, D.F.H. AND HANCOCK, R.E.W. (2006) Sequence requirements and an
optimization strategy for short antimicrobial peptides. Chemistry & Biology 13, 1101-
1107

HIMPEL, S., TEGGE, W., FRANK, R., LEDER, S., JOOST, H.-G. AND BECKER, W. (2000) Specificity
determinants of substrate recognition by the protein kinase DYRK1A. The Journal
of Biological Chemistry 275, 2431-2438

HÖHNE, W. AND HILPERT, K. (2005) Unrevealing sub-site substrate specificities of peptidic
serine protease inhibitors by substitutional and structural analysis. Journal of
Biochemistry 138, 383-390

HOFFMANN, B., AST, T., POLAKOWSKI, T., REINEKE, U. AND VOLKMER-ENGERT, R. (2006)
Transformation of a biologically active peptide into peptoid analogs while retaining
biological activity. Protein and Peptide Letters 13,  829-833

HOFFMANN, S. AND FRANK, R. (1995) A new type of reversible peptide-resin linkage for
the direct release of peptides into aqueous buffers. Poster Presentation at the 14th
American Peptide Symposium, Columbus, Ohio

HOFFMÜLLER, U., RUSSWURM, M., KLEINJUNG, F., ASHURST, J., OSCHKINAT, H., VOLKMER-
ENGERT, R., KOESLING, D. AND SCHNEIDER-MERGENER, J. (1999a) Interaction of a PDZ
protein domain with a synthetic library of all human protein C-termini. Angewandte
Chemie International Edition 38, 2000-2004; Angewandte Chemie 111, 2180-2184

HOFFMÜLLER, U., SCHNEIDER-MERGENER, J. AND KRAMER, A. (1999b) Transformation of a
p24(HIV-1) epitope into an unrelated binding peptide. In: Peptides 1998: Proceedings
of the 25th European Peptide Symposium, eds. S. Bajusz and F. Hudecz, pp.592-



90      K. HILPERT et al.

593. Budapest: Akademiai Kiado
HOFFMÜLLER, U., KNAUTE, T., HAHN, M., HÖHNE, W., SCHNEIDER-MERGENER, J. AND KRAMER,

A. (2000) Evolutionary transition pathways for changing peptide ligand specificity
and structure. The EMBO Journal 19, 4866-4874

HOUGHTEN, R.A., PINILLA, C., BLONDELLE, S.E., APPEL, J.R., DOOLEY, C.T. AND CUERVO,
J.H. (1991) Generation and use of synthetic peptide combinatorial libraries for basic
research and drug discovery. Nature 354, 84-86

HOWELL, B.W., LANIER, L.M., FRANK, R., GERTLER, F.B. AND COOPER, J.A. (1999) The
disabled 1 phosphotyrosine-binding domain binds to the internalization signals of
transmembrane glycoproteins and to phospholipids. Molecular and Cellular Biology
19, 5179-5188

HUANG, W., BEHARRY, Z., ZHANG, Z. AND PALZKILL, T. (2003) A broad-spectrum peptide
inhibitor of b-lactamase identified using phage display and peptide arrays. Protein
Engineering 16, 853-860

HUJER, A.M., BETHEL, C.R. AND BONOMO, R.A. (2004) Antibody mapping of linear epitopes
of CMY-2 and SHV-1 ß-lactamases. Antimicrobial Agents and Chemotherapy 48,
3980-3988

HULTSCHIG, C. AND FRANK, R. (2004a) Multiplexed sorting of libraries on libraries: A
novel method for empirical protein design by affinity-driven phage enrichment on
synthetic peptide arrays. Molecular Diversity 8, 231-245

HULTSCHIG, C., HECHT, H.-J. AND FRANK, R. (2004b) Systematic delineation of a calmodulin
peptide interaction. The Journal of Molecular Biology 343, 559-568

IUPAC-IUB JOINT COMMISSION ON BIOCHEMICAL NOMANCLATURE (JCBN) (1984)
Nomenclature and symbolism for amino acids and peptides. Recommendations 1983.
European Journal of Biochemistry 138, 9-37

JANSSEN, S., JAKOBSEN, C.M., ROSEN, D.M., RICKLIS, R.M., REINEKE, U., CHRISTENSEN,
S.B., LILJA, H. AND DENMEADE, S.R. (2004) Screening a combinatorial peptide library
to develop a human glandular kallikrein 2-activated prodrug as targeted therapy for
prostate cancer. Molecular Cancer Therapeutics 3, 1439-1450.

JERLSTRÖM, P.G., TALAY, S.R., VALENTIN-WEIGAND, P., TIMMIS, K.N. AND CHHATWAL, G.S.
(1996) Identification of an immunglobulin A binding motif located in the ß-antigen
of the c protein complex of group B streptococci. Infection and Immunity 64, 2787-
2793

JOBRON, L. AND HUMMEL, G. (2000) Solid-phase synthesis of unprotected N-glycopeptide
building blocks for SPOT synthesis of glycopeptides. Angewandte Chemie
International Edition 39, 1621-1624

JONES, C.H., DEXTER, P., EVANS, A.K., LIU, C., HULTGREN, S.J. AND HRUBY, D.E. (2002)
Escherichia coli DegP protease cleaves between paired hydrophobic residues in a
natural substrate: the PapA pilin. Journal of Bacteriology 184, 5762-5771

 KAMPHAUSEN, S., HÖLTGE, N., WIRSCHING, F., MORYS-WORTMANN, C., RIESTER, D., GOETZ,
R., THÜRK, M. AND SCHWIENHORST, A. (2002) Genetic algorithm for the design of
molecules with desired properties. Journal of Computer-Aided Molecular Design
16, 551-567

KAMRADT, T. AND VOLKMER-ENGERT, R. (2004) Cross-reactivity of T lymphocyctes in
infection and autoimmunity. Molecular Diversity 8, 271-280

KANIA, R.S., ZUCKERMANN, R.N. AND MARLOWE, C.K. (1994) Free C-terminal resin-bound
peptides: Reversal of peptide orientation via cyclization/cleavage protocol. Journal



Cellulose-bound peptide arrays: preparation and applications     91

of the American Chemical Society 116, 8835-8836
KATO, R., OKUNO, Y., KAGA, C., KUNIMATSU, M., KOBAYASHI, T. AND HONDA, H. (2006)

Pentamer peptide from Fas antigen ligand inhibits tumor-growth with solid-bound
form found by peptide array. Journal of Peptide Research 66(Suppl.1), 146-153

KAUP, M., DASSLER, K., REINEKE, U., WEISE, C., TAUBER, R. AND FUCHS, H. (2002) Processing
of the human transferrin receptor at distinct positions within the stalk region by
neutrophil elastase and cathepsin G. Biological Chemistry 383, 1011-1020

KEITEL, T., KRAMER, A., WESSNER, H., SCHOLZ, C., SCHNEIDER-MERGENER, J. AND HÖHNE,
W. (1997) Crystallographic analysis of anti-p24 (HIV-1) monoclonal antibody cross-
reactivity and polyspecificity. Cell 91(6), 811-20

KENT, S. (1997) Total chemical synthesis of enzymes. Journal of Peptide Science 9, 574-
593

KLUCK, C.J., PATZELT, H., GENEVAUX, P., BREHMER, D., RIST, W., SCHNEIDER-MERGENER, J.,
BUKAU, B. AND MAYER, M.P. (2002) Structure-function analysis of HscC, the
Escherichia coli member of a novel subfamily of specialized Hsp70 chaperones. The
Journal of Biological Chemistry 277, 41060-41069

KNEISSEL, S., QUEITSCH, I., PETERSEN, G., BEHRSING, O., MICHEEL, B. AND DÜBEL, S. (1999)
Epitope structures recognized by antibodies against the major coat protein (g8p) of
filamentous bacteriophage fd (Inoviridae). The Journal of Molecular Biology 288,
21-28

KNOBLAUCH, N.T.M., RÜDIGER, S., SCHÖNFELD, H.-J., DRIESSEN, A.J.M., SCHNEIDER-
MERGENER, J. AND BUKAU, B. (1999) Substrate specificity of the SecB chaperone. The
Journal of Biological Chemistry 274, 34219-34225

KOCH, J., MAHLER, M. AND BLÜTHNER, M. (2002) Epitope mapping of antibodies with
solid-phase oligopeptides. In Peptide Arrays on Membrane Support. Eds. J. Koch
and M. Mahler, pp.69-82. Berlin Heidelberg: Springer-Verlag.

KOFLER, M., HEUER, K., ZECH, T. AND FREUND, C. (2004) Recognition sequences for the
GYF domain reveal a possible spliceosomal function of CD2BP2. The Journal of
Biological Chemistry 279, 28292-28297

KOPECKY, E.-M., GREINSTETTER, S., PABINGER, I., BUCHACHER, A., RÖMISCH, J. AND

JUNGBAUER, A. (2005) Combinatorial peptides directed to inhibitory antibodies against
human blood clotting factor VIII. Thromb Haemost. 94, 933-941

KOPECKY, E.-M., GREINSTETTER, S., PABINGER, I., BUCHACHER, A., RÖMISCH, J. AND

JUNGBAUER, A. (2006a) Effect of oriented or random PEGylation on bioactivity of a
factor VIII inhibitor blocking peptide. Biotechnology and Bioengineering 93, 647-
655

KOPECKY, E.-M., GREINSTETTER, S., PABINGER, I., BUCHACHER, A., RÖMISCH, J. AND

JUNGBAUER, A. (2006b) Mapping of FVIII inhibitor epitopes using cellulose-bound
synthetic peptide arrays. Journal of Immunological Methods 308, 90-100

KORTH, C., STIERLI, B., STREIT, P., MOSER, M., SCHALLER, O., FISCHER, R., SCHULZ-SCHAEFFER,
W., KRETZSCHMAR, H., RAEBER, A., BRAUN, U., EHRENSPERGER, F., HORNEMANN, S.,
GLOCKSHUBER, R., RIEK, R., BILLETER, M., WÜTHRICH, K. AND OESCH, B. (1997) Prion
(PrPSc)-specific epitope defined by a monoclonal antibody. Nature 390, 74-77

KOVACS-NOLAN, J., YOO, D. AND MINE, Y. (2003) Fine mapping of sequential neutralization
epitopes on the subunit protein VP8 of human rotavirus. Biochemical Journal 376,
269-275

KRAMER, A., VOLKMER-ENGERT, R., MALIN, R., REINEKE, U. AND SCHNEIDER-MERGENER, J.



92      K. HILPERT et al.

(1993) Simultaneous synthesis of peptide libraries on single resin and continuous
cellulose membrane supports: Examples for the identification of protein, metal and
DNA binding peptide mixtures. Peptide Research 6, 314-319

KRAMER, A., SCHUSTER, A., REINEKE, U., MALIN, R., VOLKMER-ENGERT, R., LANDGRAF, C.
AND SCHNEIDER-MERGENER, J. (1994) Combinatorial cellulose-bound peptide libraries:
Screening tools for the identification of peptides that bind ligands with predefined
specificity. METHODS: A Companion to Methods in Enzymology 6, 388-395

KRAMER, A. AND SCHNEIDER-MERGENER, J. (1995) Highly complex combinatorial cellulose-
bound peptide libraries for the detection of antibody epitopes. In: Peptides 1994:
Proceedings of the 23rd European Peptide Symposium, ed. H.L.S. Maia, pp.475-
476. Leiden: ESCOM

KRAMER, A., VAKALOPOULOU, E., SCHLEUNING, W.-D. AND SCHNEIDER-MERGENER, J. (1995)
A general route to fingerprint analyses of peptide-antibody interactions using a
clustered amino acid peptide library: Comparison with a phage display library.
Molecular Immunology 32, 459-465

KRAMER, A., KEITEL, T., WINKLER, K., STÖCKLEIN, W., HÖHNE, W. AND SCHNEIDER-MERGENER,
J. (1997) Molecular basis for the binding promiscuity of an anti-p24 (HIV-1)
monochlonal antibody. Cell 91, 799-809

KRAMER, A. AND SCHNEIDER-MERGENER, J. (1998a) Antibody supertopes: Molecular origin
of cross reactivity and polyspecificity of monoclonal antibodies. In: Peptides 1996:
Proceedings of the 24th European Peptide Symposium, eds. R. Ramage and R. Epton,
pp.557-558. Kingswinford: Mayflower Scientific Ltd.

KRAMER, A. AND SCHNEIDER-MERGENER, J. (1998b) Synthesis and application of peptide
libraries bound to continuous cellulose membranes. Methods in Molecular Biology
87, 25-39

KRAMER, A., STIGLER, R.-D., KNAUTE, T., HOFFMANN, B. AND SCHNEIDER-MERGENER, J.
(1998) Stepwise transformation of a cholera toxin an a p24 (HIV-1) epitope into D-
peptide analogs. Protein Engineering 11, 941-948

KRAMER, A., REINEKE, U., DONG, L., HOFFMANN, B., HOFFMÜLLER, U., WINKLER, D.,
VOLKMER-ENGERT, R. AND SCHNEIDER-MERGENER, J. (1999a) Spot-synthesis:
observations and optimizations. Journal of Peptide Research  54, 319-327

KRAMER, A., AFFELD, M., VOLKMER-ENGERT, R. AND SCHNEIDER-MERGENER, J. (1999b) A
novel type of protease cleavage assay based on cellulose-bound peptide libraries. In:
Peptides 1998: Proceedings of the 25th European Peptide Symposium, eds. S. Bajusz
and F. Hudecz, pp.546-547. Budapest: Akademiai Kiado

KRAMER, A., MAIER, B., GROGAN, J., SONDERSTRUP-MCDEVIT, G., SCHNEIDER-MERGENER, J.
AND KAMRADT, T. (1999c) T cell binding promiscuity as a possible mechanism for the
onset of autoimmune diseases. In: Peptides 1998: Proceedings of the 25th European
Peptide Symposium, eds. S. Bajusz and F. Hudecz, pp.528-529. Budapest: Akademiai
Kiado

KRCHNAK, V., WEHLAND, J., PLESSMANN, U., DODEMONT, H., GERKE, V. AND WEBER, W.
(1988) Noninvasive continuous monitoring of solid phase peptide synthesis by acid-
base indicator. Collection of Czechoslovak Chemical Communications 53, 2542-
2548

KRETZSCHMAR, I., PRZEZDZIAK, J. AND VOLKMER-ENGERT, R. (2005) Structural stabilization
of the hYAP65 WW domain while retaining its activity: an iterative systematic
transformation process based on SPOT-technique. In: Peptides 2004: Proceedings



Cellulose-bound peptide arrays: preparation and applications     93

of the 3rd International and 28th European Peptide Symposium, eds. M. Flegel et
al., pp.386-387. Geneva: Kenes International

KÜTTNER, G., KRAMER, A., SCHMIDTKE, G., GIESMANN, E., DONG, L., ROGGENBUCK, D., SCHOLZ,
C., SEIFERT, M., STIGLER, R.-D., SCHNEIDER-MERGENER, J., PORSTMANN, T. AND HÖHNE,
W. (1999) Characterization of neutralizing anti-pre-S1 and anti-pre-S2 (HBV)
monoclonal antibodies and their fragments. Molecular Immunology 36, 669-683

LA CLAIR, J.J. AND BURKART, M.D. (2003) Molecular screening on a compact disc. Organic
and Biomolecular Chemistry 3, 3244-3249

LAJOIX, A.-D., GROSS, R., AKNIN, C., DIETZ, S., GRANIER, C. AND LAUNE, D. (2004) Cellulose
membrane supported peptide arrays for deciphering protein-protein interaction sites:
The case of PIN, a protein with multiple natural partners. Molecular Diversity 8,
281-290

LANDGRAF, C., CASTAGNOLI, L., PANNI, S., SCHNEIDER-MERGENER, J., CESARENI, G. AND

VOLKMER-ENGERT, R. (2002) Identification of the binding partners of SH3-domains
in a complete proteome by combining phage display and SPOT synthesis. In: Peptides
2002: Proceedings of the 27th European Peptide Symposium, eds. E. Benedetti and
C. Pedone, pp.788-789. Naples: Edizioni Ziino

LANDGRAF, C., PANNI, S., MONTECCHI-PALAZZI, L., CASTAGNOLI, L., SCHNEIDER-MERGENER,
J., VOLKMER-ENGERT, R. ADN CESARENI, G. (2004) Protein interaction networks by
proteome peptide scanning. Public Library of Science Biology 2, 94-103

LAUNE, D., MOLINA, F., FERRIERES, G., MANI, J.-C., COHEN, P., SIMON, D., BERNARDI, T.,
PIECHACZYK, M., PAU, B. AND GRANIER, C. (1997) Systematic exploration of the antigen
binding activity of synthetic peptides isolated from the variable regions of
immunoglobulins. The Journal of Biological Chemistry 272, 30937-30944

LAUNE, D., MOLINA, F., MANI, J.-C., DEL RIO, M., BOUANANI, M., PAU, B. AND GRANIER, C.
(2000) Dissection of an antibody paratope into peptides discloses the idiotope
recognized by the cognate anti-idiotypic antibody. Journal of Immunological Methods
239, 63-73

LAUNE, D., MOLINA, F., FERRIERES, G., VILLARD, S., BES, C., RIEUNIER, F., CHARDES, T. AND

GRANIER, C. (2002) Application of the SPOT method to the identification of peptides
and amino acids from the antibody paratope that contribute to antigen binding. Journal
of Immunological Methods 267, 53-70

LAZOURA, E., CAMPBELL, W., YAMAGUCHI, Y., KATO, K., OKADA, N. AND OKADA, H. (2002)
Rational structure-based design of a novel carboxypeptidase R inhibitor. Chemistry
& Biology 9, 1129-1139

LENZE, D., BERG, E., VOLKMER-ENGERT, R., WEISER, A.A., GREINER, A., KNÖRR-WITTMANN,
C., ANAGNOSTOPOULOS, I., STEIN, H. AND HUMMEL, M. (2006) Influence of antigen on
the development of MALT lymphoma. Blood 107, 1141-1148

LIANG, M., MAHLER, M., KOCH, J., JI, Y., LI, D., SCHMALJOHN, C. AND BAUTZ, E.K.F. (2003)
Generation of an HFRS patient-derived neutralizing recombinant antibody to Hantaan
virus G1 protein and definition of the neutralizing domain. Journal of Medical Virology
69, 99-107

LICHA, K., BHARGAVA, S., RHEINLÄNDER, C., BECKER, A., SCHNEIDER-MERGENER, J. AND

VOLKMER-ENGERT, R. (2000) Highly parallel nano-synthesis of cleavable peptide-
dye conjugates on cellulose membranes. Tetrahedron Letters 41, 1711-1715

LILJEQVIST, J.-A., TRYBALA, E., HOEBEKE, J., SVENNERHOLM, B. AND BERGSTRÖM, T. (2002)
Monoclonal antibodies and human sera directed to the secreted glycoprotein G of



94      K. HILPERT et al.

herpes simplex virus type 2 recognize type-specific antigenic determinants. Journal
of General Virology 83, 157-165

LIN, Q., O´NEILL, J.C., BLACKWELL, H.E. (2005) Small molecule macroarray construction
via Ugi four component reactions. Organic Letters 7, 4455-4458

LISHKO, V.K., PODOLNIKOVA, N.P., YAKUBENKO, V.P., YAKOVLEV, S., MEDVED, L., YADAV,
S.P. AND UGAROVA, T.P. (2004) Multiple binding sites in fibrinogen for integrin a

M
ß

2

(Mac-1). The Journal of Biological Chemistry 279, 44897-44906
LIU, Z., SONG, D., KRAMER, A., MARTIN, A.C.R., DANDEKAR, T., SCHNEIDER-MERGENER, J.,

BAUTZ, E.K.F. AND DÜBEL, S. (1999) Fine mapping of the antigen-antibody interaction
of scFv215, a recombinant antibody inhibiting RNA polymerase II from Drosophila
melanogaster. Journal of Molecular Recognition 12, 103-111

LIZCANO, J.M., DEAK, M., MORRICE, N., KIELOCH, A., HASTIE, C.J., DONG, L., SCHUTKOWSKI,
M., REIMER, U. AND ALESSI, D.R. (2002) Molecular basis for the substrate specificity
of NIMA-related kinase-6 (NEK-6). Evidence that NEK-6 does not phosphorylate
the hydrophobic motif of ribosomal S6 protein kinase and serum- and glucocorticoid-
induced protein kinase in vivo. The Journal of Biological Chemistry 277, 27839-
27849

LLANOS, R., CHEVRIER, V., RONJAT, M., MEURER-GROB, P., MARTINEZ, P., FRANK, R., BORNENS,
M., WADE, R.H., WEHLAND, J. AND JOB, D. (1999) Tubulin binding sites on g-tubulin:
Identification and molecular characterization. Biochemistry 38, 15712-15720

LOOG, M., TOOMIK, R., SAK, K., MUSZYNSKA, G., JÄRV, J. AND EK, P. (2000) Peptide
phosphorylation by calcium-dependent protein kinase from maize seedlings.
European Journal of Biochemistry 267, 337-343

LU, Y.-A. AND TAM, J.P. (2003) X-Cys ligation. In: Peptide Revolution: Genomics,
Proteomics & Therapeutics, eds. M. Chorev and T.K. Sawyer, pp.159-160. San Diego:
American Peptide Society

MAHLER, M., MIERAU, R. AND BLÜTHNER, M. (2000) Fine-specificity of the anti-CENP-A
B-cell autoimmune response. Journal of Molecular Medicine 78, 460-467

MAHLER, M., MIERAU, R., SCHLUMBERGER, W. AND BLÜTHNER, M. (2001) A population of
autoantibodies against a centromere-associated protein A major epitope motif cross-
reacts with related cryptic epitopes on other nuclear autoantigens and on the Epstein-
Barr nuclear antigen 1. Journal of Molecular Medicine 79, 722-731

MAHLER, M., BLÜTHNER, M. AND KOCH, J. (2002) Affinity purification and competition
assays using solid-phase oligopeptides. In Peptide Arrays on Membrane Support.
eds. J. Koch and M. Mahler, pp.107-122. Berlin Heidelberg: Springer-Verlag.

MAHLER, M., KESSENBROCK, K., RAATS, J., WILLIAMS, R., FRITZLER, M.J. AND BLÜTHNER,
M. (2003) Characterization of the human autoimmune response to the major C-
terminal epitope of the ribosomal P proteins. Journal of Molecular Medicine 81,
194-204

MAIER, B., MOLINGER, M., COPE, A.P., FUGGER, L., SCHNEIDER-MERGENER, J., SONDERSTRUP,
G., KAMRADT, T. AND KRAMER, A. (2000) Multiple cross-reactive self-ligands for
Borrelia burgdorferi-specific HLA-DR4-restricted T cells. European Journal of
Immunology. 30, 448-457

MAIER, T., YU, C., KÜLLERITZ, G. AND CLEMENS, S. (2003) Localization and functional
characterization of metal-binding sites in phytochelatin synthases. Planta 218, 300-
308

MALIN, R., STEINBRECHER, R., JANNSEN, J., SEMMLER, W., NOLL, B., JOHANNSEN, B., FRÖMMEL,



Cellulose-bound peptide arrays: preparation and applications     95

C., HÖHNE, W. AND SCHNEIDER-MERGENER, J. (1995a) Identification of Technetium-
99m binding peptides using combinatorial cellulose-bound peptide libraries. Journal
of the American Chemical Society 117, 11821-11822

MALIN, R., REINEKE, U., LANDGRAF, C., HÖHNE, W., SEMMLER, W., STEINBRECHER, R. AND

SCHNEIDER-MERGENER, J. (1995b) Identification of technetium-99m and nickel binding
peptides using combinatorial cellulose-bound peptide libraries. In: Peptides 1994:
Proceedings of the 23rd European Peptide Symposium, ed. H.L.S. Maia, pp.477-
478. Leiden: ESCOM

MANNING, G., WHYTE, D.B., MARTINEZ, R., HUNTER, T. AND SUDARSANAM S. (2002) The
protein kinase complement of the human genome. Science 298: 1912-1934

MARTENS, W., GREISER-WILKE, I., HARDER, T.C., DITTMAR, K., FRANK, R., ÖRVELL, C.,
MOENNING, V. AND LIESS, B. (1995) Spot synthesis of overlapping peptides on paper
membrane supports enables the identification of linear monoclonal antibody binding
determinants on morbillivirus phosphoproteins. Veterinary Microbiology 44, 289-
298

MATARAZA, J.M., BRIGGS, M.W., LI, Z., FRANK, R. AND SACKS, D.B. (2003) Identification
and characterization of the Cdc42-binding site of IQGAP1. Biochemical and
Biophysical Research Communications 305, 315-321

MAYBORODA, O., SCHLÜTER, K. AND LOKUSCH, B.M. (1997) Differential colocalization of
profilin with microfilaments in PfK2 cells. Cell Motility and the Cytoskeleton 37,
166-177

MCCARTY, J.S., RÜDIGER, S., SCHÖNFELD, H.J., SCHNEIDER-MERGENER, J., NAKAHIGASHI,
K., YURA, T. AND BUKAU, B. (1996) Regulatory region C of the E.coli heat shock
transcription factor, s32, constitutes a DnaK binding site and is conserved among
eubacteria. The Journal of Molecular Biology 256, 829-837

MOILANEN, A.-M., KARVONEN, U., POUKKA, H., JÄNNE, O.A. AND PALVIMO, J.J. (1998)
Activation of androgen receptor function by a novel nuclear protein kinase. Molecular
Biology of the Cell 9, 2527-2543

MOLINA, F., LAUNE, D., GOUGAT, C., PAU, B. AND GRANIER, C. (1996) Improved
performances of spot multiple peptide synthesis. Peptide Research 9, 151-155

MOLINA, F., PAU, B. AND GRANIER, C. (1997) The PGK epitope of human thyroglobin: A
molecular marker of alternatively spliced thyroglobin molecules? Letters in Peptide
Science 4, 201-205

MONTANER, A.D., DE NICHILO, A., ELIAS, F., RODRIGUEZ, J.M., FLO, J.M., LOPEZ, R.A.,
ZORZOPULOS, J. AND FRANK, R. (2006) Ganglioside GM1-binding peptides as adjuvants
of antigens inoculated by the intranasal route. Vaccine 24, 1889-1896

MÜNCH, G., SCHICKTANZ, D., BEHME, A., GERLACH, M., RIEDERER, P., PALM, D. AND SCHINZEL,
R. (1999) Amino acid specificity of glycation and protein-AGE crosslinking
reactivities determined with a dipeptide SPOT library. Nature Biotechnology 17,
1006-1010

MUKHIJA, S., GERMEROTH, L., SCHNEIDER-MERGENER, J. AND ERNI, B. (1998) Identification
of peptides inhibiting enzyme I of the bacterial phosphotransferase system using
combinatorial cellulose-bound peptide libraries. European Journal of Biochemistry
254, 433-438

MUTTER, M. AND VUILLEUMIER, S. (1989) A chemical approach to protein design – template
assembled synthetic proteins (TASP). Angewandte Chemie International Edition
28, 535-554; Angewandte Chemie 101, 551-571



96      K. HILPERT et al.

NAUS, S., REIPSCHLAGER, S., WILDEBOER, D., LICHTENTHALER, S.F., MITTERREITER, S., GUAN,
Z., MOSS, M.L. AND BARTSCH, J.W. (2006) Identification of candidate substrates for
ectodomain shedding by the metalloprotease-disintegrin ADAM8. Biological
Chemistry 387, 337-346

NIEBUHR, K., EBEL, F., FRANK, R., REINHARD, M., DOMANN, E., CARL, U.D., WALTER, U.,
GERTLER, F.B., WEHLAND, J. AND CHAKRABORTY, T. (1997) A novel proline-rich motif
present in ActA of Listeria moncytogenes and cytoskeletal proteins is the ligand for
the EVH1 domain, a protein module present in the Ena/VASP family. The EMBO
Journal 16, 5433-5444

NIGGEMANN, J., MICHAELIS, K., FRANK, R., ZANDER, N. AND HÖFLE, G. (2002) Natural
product-derived building blocks for combinatorial synthesis. Part 1. Fragmentation
of natural products from myxobacteria. Journal of the Chemical Society, Perkin
Transitions 1, 2490-2503

OGGERO, M., FRANK, R., ETCHEVERRIGARAY, M. AND KRATJE, R. (2004) Defining the antigenic
structure of human GM-CSF and its implications for the receptor interaction and
therapeutic treatments. Molecular Diversity 8, 257-269

OSMAN, A.A., GÜNNEL, T., DIETL, A., UHLIG, H.H., AMIN, M., FLECKENSTEIN, B. AND RICHTER,
T. (1998) B cell epitopes of gliadin. Clinical Experimental Immunology 121, 248-
254

OTTE, L., WIEDEMANN, U., KRETZSCHMAR, I., OSCHKINAT, H., VOLKMER-ENGERT, R. AND

SCHNEIDER-MERGENER, J. (2002) Binding specificity of 42 WW domains. In: Peptides
2002: Proceedings of the 27th European Peptide Symposium, eds. E. Benedetti and
C. Pedone, pp.994-995. Naples: Edizioni Ziino

OTTE, L., WIEDEMANN, U., SCHLEGEL, B., PIRES, J.R., BEYERMANN, M., SCHMIEDER, P.,
KRAUSE, G., VOLKMER-ENGERT, R., SCHNEIDER-MERGENER, J. AND OSCHKINAT, H. (2003)
WW domain sequence activity relationships identified using ligand recognition
propensities of 42 WW domains. Protein Science 12, 491-500

OTTE, L., KNAUTE, T., SCHNEIDER-MERGENER, J. AND KRAMER, A. (2006) Molecular basis
for the binding polyspecificity of an anti-cholera toxin peptide 3 monoclonal antibody.
Journal of Molecular Recognition 19, 49-59

OTVOS JR., L., PEASE, A.M., BOKONYI, K., GILES-DAVIS, W., ROGERS, M.E., HINTZ, P.A.,
HOFFMAN, R. AND ERTL, H.C.J. (2000) In situ stimulation of a T helper cell hybrodoma
with a cellulose-bound peptide antigen. Journal of  Immunological Methods 233,
95-1051

PANSE, S., DONG, L., BURIAN, A., CARUS, R., SCHUTKOWSKI, M., REIMER, U. AND SCHNEIDER-
MERGENER, J. (2004) Profiling of generic anti-phosphopeptide antibodies and kinases
with peptide microarrays using radioactive and fluorescence-based assays. Molecular
Diversity 8, 291-299

PAPGRIGORIOU, E., GINGRAS, A.R., BARSUKOV, I.L., BATE, N., FILLINGHAM, I.J., PATEL, B.,
FRANK, R., ZIEGLER, W.H., ROBERTS, G.C.K., CRITCHLEY, D.R. AND EMSLEY, J. (2004)
Activation of a vinculin-binding site in the talin rod involves rearrangement of a
five-helix bundle. The EMBO Journal 23, 2942-2951

PESSI, A. (2002) Editorial: Peptide-based strategies for protease inhibition. Biopolymers
(Peptide Science) 66, 77-78

PETERSEN, G. (2002) Manual peptide synthesis. In Peptide Arrays on Membrane Support.
eds. J. Koch and M. Mahler, pp 41-53. Berlin Heidelberg: Springer-Verlag.

PFLEGERL, K., HAHN, R., BERGER, E. AND JUNGBAUER, A. (2002) Mutational analysis of a
blood coagulation factor VIII-binding peptide. Journal of Peptide Research 59, 174-



Cellulose-bound peptide arrays: preparation and applications     97

182
PIOSSEK, C., SCHNEIDER-MERGENER, J., SCHIRNER, M., VAKALOPOULOU, E., GERMEROTH, L.

AND THIERAUCH, K.-H. (1999a) Vascular endothelial growth factor (VEGF) receptor
II-derived peptides inhibit VEGF. The Journal of Biological Chemistry 274, 5612-
5619

PIOSSEK, C., THIERAUCH, K.-H., SCHNEIDER-MERGENER, J. AND GERMEROTH, L. (1999b)
Unexpected increase of binding affinity during the transformation of a L- into a D-
peptide inhibiting the vascular endothelial growth factor. In: Peptides 1998:
Proceedings of the 25th European Peptide Symposium, eds. S. Bajusz and F. Hudecz,
pp.618-619. Budapest: Akademiai Kiado

PIOSSEK, C., THIERAUCH, K.-H., SCHNEIDER-MERGENER, J., VOLKMER-ENGERT, R., BACHMANN,
M.F., KORFF, T., AUGUSTIN, H.G. AND GERMEROTH, L. (2003) Potent inhibition of
angiogenesis by D, L-peptides derived from vascular endothelial growth factor
receptor 2. Thromb Haemost. 90, 501-510

PIOTUKH, K., GU, W., KOFLER, M., LABUDDE, D., HELM, V. AND FREUND, C. (2005)
Cyclophilin A binds to linear peptide motifs containing a consensus that is present in
many human proteins. The Journal of Biological Chemistry 280, 23668-23674

PIQUER, S., VALERA, L., LAMPASONA, V., JARDIN-WATELET, B., ROCHE, S., GRANIER, C.,
ROQUET, F., CHRISTIE, M.R., GIORDANO, T., MALOSIO, M.-L., BONIFACIO, E. AND LAUNE,
D. (2006) Monoclonal antibody 76F distinguish IA-2 from IA-2ß and overlaps an
autoantibody epitope. Journal of Autoimmunity 26, 215-222

PIRES, J.R., TAHA-NEJAD, F., TOEPERT, F., AST, T., HOFFMÜLLER, U., SCHNEIDER-MERGENER,
J., KÜHNE, R., MACIAS, M.J. AND OSCHKINAT, H. (2001) Solution structures of the
YAP65 WW domain and the variant L30 K in complex with the peptides
GTPPPPYTVG, N-(n-octyl)-GPPPY and PLPPY and the application of peptide
libraries reveal a minimal binding epitope. The Journal of Molecular Biology 314,
1147-1156

PIRES, J.R., HONG, X., BROCKMANN, C., VOLKMER-ENGERT, R., SCHNEIDER-MERGENER, J.,
OSCHKINAT, H. AND ERDMANN, R. (2003) The ScPex13p SH3 domain exposes two
distinct binding sites for Pex5p and Pex14p. The Journal of Molecular Biology 326,
1427-1435

PITCOVSKY, T.A., MUCCI, J., ALVAREZ, P., LEGUIZAMON, M.S., BURRONE, O., ALZARI, P.M.
AND CAMPETELLA, O. (2001) Epitope mapping of trans-sialidase from Trypanosoma
cruzi reveals the presence of several cross-reactive determinants. Infection and
Immunity 69, 1869-1875

PODOLNIKOVA, N.P., GORKUN, O.V., LORETH, R.M., YEE, V.C., LORD, S.T. AND UGAROVA,
T.P. (2005) A cluster of basic amino acid residues in the γ370-381 sequence of
fibrinogen comprises a binding site for a platelet integrin α

IIb
ß

3
 (glycoprotein IIb/

IIIa). Biochemistry 44, 16920-16930
POP, O.I., WESTERMANN, M., VOLKMER-ENGERT, R., SCHULZ, D., LEMKE, C., SCHREIBER, S.,

GERLACH, R., WETZKER, R. AND MÜLLER, J.P. (2003) Sequence-specific binding of
prePhoD to soluble TatA

d
 indicates protein-mediated targeting of the Tat export in

Bacillus subtilis. The Journal of Biological Chemistry 278, 38428-38436
PORTWICH, M., KRAMER, A., OTTE, L., TÖPERT, F., VOLKMER-ENGERT, R. AND SCHNEIDER-

MERGENER, J. (2002) Investigation of heterospecific coiled coil interactions by means
of synthetic peptide libraries. In: Peptides 2002: Proceedings of the 27th European
Peptide Symposium, eds. E. Benedetti and C. Pedone, pp.1004-1005. Naples: Edizioni



98      K. HILPERT et al.

Ziino
PRODINGER, W.M., SCHWENDINGER, M.G., SCHOCH, J., KÖCHLE, M., LARCHER, C. AND DIERICH,

M.P. (1998) Characterization of C3dg binding to a recess formed between short
consensus repeats 1 and 2 of complement receptor type 2 (CR2; CD21). The Journal
of Immunology 161, 4604-4610

PRZEZDZIAK, J., KRETZSCHMAR, I., TREMMEL, S. AND VOLKMER-ENGERT, R. (2005) Synthesis
of an array comprising 551 variants of the FBP28-WW protein domain. In: Peptides
2004: Proceedings of the 3rd International and 28th European Peptide Symposium,
eds. M. Flegel et al., pp.393-394. Geneva: Kenes International

PTUSHKINA, M., VON DER HAAR, T., VASILESCU, S., FRANK, R., BIRKENHÄGER, R. AND

MCCARTHY, J.E.G. (1998) Cooperative modulation by eIF4G of eIF4E-binding to
the mRNA 5´cap in yeast involves a site partially shared by p20. The EMBO Journal
17(16), 4798-4808

PULLI, T., LANKINEN, H., ROIVAINEN, M. AND HYYPIÄ, T. (1998) Antigenic sites of
coxsackievirus A9. Virology 240, 202-212

RAFFLER, N.A., SCHNEIDER-MERGENER, J. AND FAMULOK, M. (2003) A novel class of small
functional peptides that bind and inhibit human α-thrombin isolated by mRNA display.
Chemistry & Biology 10, 69-79

RAMPON, C., PRANDINI, M.-H., BOUILLOT, S., POINTU, H., TILLET, E., FRANK, R., VERNET, M.
AND HUBER, P. (2005) Protocadherin 12 (VE-cadherin 2) is expressed in endothelial,
trophoblast, and mesangial cells. Experimental Cell Research 302, 48-60

RAU, H.K., DEJONGE, N. AND HAEHNEL, W. (2000) Combinatorial synthesis of four-helix
bundle hemoproteins for tuning of cofactor properties. Angewandte Chemie
International Edition 39, 250-253

REINEKE, U., SABAT, R., KRAMER, A., STIGLER, R.D., SEIFERT, M., MICHEL, T., VOLK, H.-D.
AND SCHNEIDER-MERGENER, J. (1996) Mapping protein-protein contact sites using
cellulose-bound peptide scans. Molecular Diversity 1, 141-148

REINEKE, U., EHRHARD, B., SABAT, R., VOLK, H.-D. AND SCHNEIDER-MERGENER, J. (1998a)
Novel strategies for the mapping of discontinuous epitopes using cellulose-bound
peptide and hybritope scans. In: Peptides 1996: Proceedings of the 24th European
Peptide Symposium, eds. R. Ramage and R. Epton, pp.751-752. Kingswinford:
Mayflower Scientific Ltd.

REINEKE, U., SABAT, R., VOLK, H.-D. AND SCHNEIDER-MERGENER, J. (1998b) Mapping of
the interleukin-10/interleukin-10 receptor combining site. Protein Science 7, 951-
960

REINEKE, U., SCHNEIDER-MERGENER, J., GLASER, R.W., STIGLER, R.-D., SEIFERT, M., VOLK,
H.-D. AND SABAT, R. (1999a) Evidence for conformationally different states of
interleukin-10: binding of a neutralizing antibody enhances accessibility of a hidden
epitope. Journal of Molecular Recognition 12, 242-248

REINEKE, U., KRAMER, A. AND SCHNEIDER-MERGENER, J. (1999b) Antigen sequence- and
library-based mapping of linear and discontinuous protein-protein-interaction sites.
In: Current Topics in Microbiology and Immunology 243, 23-36, eds. M. Famuluk et
al., Berlin Heidelberg: Springer-Verlag

REINEKE, U., BHARGAVA, S., SCHUTTKOWSKI, M., LANDGRAF, C., GERMEROTH, L., FISCHER,
G. AND SCHNEIDER-MERGENER, J. (1999c) Spatial addressable fluorescence-quenched
peptide libraries for the identidication and characterization of protease substrates.
In: Peptides 1998: Proceedings of the 25th European Peptide Symposium, eds. S.



Cellulose-bound peptide arrays: preparation and applications     99

Bajusz and F. Hudecz, pp.562-563. Budapest: Akademiai Kiado
REINEKE, U., VOLKMER-ENGERT, R., WELSCHOF, M., TERNESS, P. AND SCHNEIDER-MERGENER,

J. (1999d) Synthesis and application of bicystin peptides on continuous cellulose
supports. In: Peptides 1998: Proceedings of the 25th European Peptide Symposium,
eds. S. Bajusz and F. Hudecz, pp.510-511. Budapest: Akademiai Kiado

REINEKE, U., SABAT, R., MISSELWITZ, R., WELFLE, H., VOLK, H.-D. AND SCHNEIDER-MERGENER,
J. (1999e) A synthetic mimic of a discontinuous binding site on interleukin-10. Nature
Biotechnology 17, 271-275

REINEKE, U., KURZHALS, D., KOHLER, A., BLEX, C., MCCARTHY, J., LI, P., GERMEROTH, L.,
AND SCHNEIDER-MERGENER, J. (2000) In: Peptides: Proceedings of the Twenty-Sixth
European Peptide Symposium; eds. J. Martinez, J.-A. Fehrentz, P327, EDK: Paris

REINEKE, U., IVASCU, C., SCHLIEF, M., LANDGRAF, C., GERICKE, S., ZAHN, G., HERZEL, H.,
VOLKMER-ENGERT, R. AND SCHNEIDER-MERGENER, J. (2002a) Identification of distinct
antibody epitopes and mimotopes from a peptide array of 5520 randomly generated
sequences. Journal of Immunological Methods 267, 37-51

REINEKE, U., SABAT, R., HOFFMÜLLER, U., SCHMIDT, M., KURZHALS, D., WENSCHUH, H.,
VOLK, H.-D., GERMEROTH, L. AND SCHNEIDER-MERGENER (2002b) Identification of
miniproteins using cellulose-bound duotope scans. In: Peptides for the New Millenium.
Proceedings of the 16th American Peptide Symposium. Eds. G. Fields et al., pp.167-
169, New York: Kluwer Academic Publishers

REUTER, M., SCHNEIDER-MERGENER, J., KUPPER, D., MEISEL, A., MACKELDANZ, P., KRÜGER,
D.H. AND SCHROEDER, C. (1999) Regions of endonuclease EcoRII involved in DNA
target recognition identified by membrane-bound peptide repertoires. The Journal
of Biological Chemistry 274, 5213-5221

REUTER, M. AND MÖNCKE-BUCHNER, E. (2002) Analysis of protein-DNA interactions. In
Peptide Arrays on Membrane Support. Eds. J. Koch and M. Mahler, pp.97-106.
Berlin Heidelberg: Springer-Verlag.

RHARBAOUI, F., GRANIER, C., KELLOU, M, MANI, J.-C., VAN ENDERT, P., MADEC, A.-M.,
BOITARD, C., PAU, B. AND BOUANANI, M. (1998) Peptide specificity of high-titer anti-
glutamic acid decarboxylase (GAD) 65 autoantibodies. Immunology Letters 62, 123-
130

RIEMEKASTEN, G., MARELL, J., TREBELJAHR, G., KLEIN, R., HAUSDORF, G., HÄUPL, T.,
SCHNEIDER-MERGENER, J., BURMESTER, G.R. AND HIEPE, F. (1998) A novel epitope on
the C-terminus of SmD1 is recognized by the majority of sera from patients with
systemic lupus erythematosus. Journal of Clinical Investigation 102, 754-763

RINGLEB, J., ROHLEDER, M. AND JEWGENOW, K. (2004) Impact of feline zona pellucida
glycoprotein B-derived synthetic peptides on in vitro fertilization of cat oocytes.
Reproduction 127, 179-186

RÜDIGER, S., GERMEROTH, L., SCHNEIDER-MERGENER, J. AND BUKAU, B. (1997) Substrate
specificity of DNAK chaperone determined by screening cellulose-bound peptide
libraries. The EMBO Journal 16, 1501-1507

RÜDIGER, S., MAYER, M.P., SCHNEIDER-MERGENER, J. AND BUKAU, B. (2000) Modulation
of substrate specificity of the DnaK chaperone by alteration of a hydrophobic arch.
The Journal of Molecular Biology 304, 245-251

RÜDIGER, S., SCHNEIDER-MERGENER, J. AND BUKAU, B. (2001) Its substrate specificity
characterizes the DnaJ co-chaperone as a scanning factor for the DnaK chaperone.
The EMBO Journal 20, 1042-1050



100      K. HILPERT et al.

RYBKA, A. AND FRANK, H.-G. (2005) Microwave assisted peptide synthesis – a tool to
replace classical SPPS?. In: Understanding Biology Using Peptides. Proceedings of
the 19th American Peptide Symposium. ed. S.E. Blondelle, pp.148-149, La Costa:
American Peptide Society

RYCHLEWSKI, L., KSCHISCHO, M., DONG, L., SCHUTKOWSKI, M. AND REIMER, U. (2004) Target
specificity analysis of the AbI kinase using peptide microarray data. The Journal of
Molecular Biology 336, 307-311

SACHSE, K., HELBIG, J.H., LYSNYANSKY, I.L., GRAJETZKI, C., MÜLLER, W. JACOBS, E. AND

YOGEV, D. (2000) Epitope mapping of immunogenic and adhesive structures in
repetitive domains of Mycoplasma bovis variable surface lipoproteins. Infection and
Immunity 68, 680-687

SANTONA, A., CARTA, F., FRAGHI, P. AND TURRINI, F. (2002) Mapping antigenic sites of an
immunodominant surface lipoprotein of Mycoplasma agalactiae, AvgC, with the
use of synthetic peptides. Infection and Immunity 70, 171-176

SANTONICO, E., CASTAGNOLI, L. AND CESARENI, G. (2005) Methods to reveal domain
networks. Drug Discovery Today 10, 1111-1117

SCHARN, D., WENSCHUH, H., REINEKE, U., SCHNEIDER-MERGENER, J. AND GERMEROTH, L.
(2000) Spatially addressed synthesis of amino- and amino-oxy-substituted 1,3,5-
triazine arrays on polymeric membranes. Journal of Combinatorial Chemistry 2,
361-369

SCHARN, D., GERMEROTH, L., SCHNEIDER-MERGENER, J. AND WENSCHUH, H. (2001) Sequential
nucelophilic substitution on halogenated triazines, pyrimidines, and purines: A novel
approach to cyclic peptidomimetics. Journal of Organic Chemistry 66, 507-513

SCHECHTER, I. AND BERGER, A. (1967) On the size of the active site in proteases. I. Papain.
Biochemical and Biophysical Research Communications 27, 157-162

SCHEELE, U., ALVES, J., FRANK, R., DÜWEL, M., KALTHOFF, C. AND UNGEWICKELL, E. (2003)
Molecular and functional characterization of clathrin- and AP-2-binding determinants
within a disordered domain of auxilin. The Journal of Biological Chemistry 278,
25357-25368

SCHMIDT, A., UTEPBERGENOV, D.I., MUELLER, S.L., BEYERMANN, M., SCHNEIDER-MERGENER,
J., KRAUSE, G. AND BLASIG, I.E. (2004) Occludin binds to the SH3-hinge-GuK unit of
zonula occludens protein 1: potential mechanism of tight junction regulation. Cellular
and Molecular Life Sciences 61, 1354-1365

SCHNEIDER-MERGENER, J. AND KRAMER, A. (1994) Molekulare Bibliotheken. Ein neues
Konzept in der medizinischen Wirkstofffindung und Diagnostik. Humboldt-Spektrum
2, 4-11

SCHNEIDER-MERGENER, J., KRAMER, A. AND REINEKE, U. (1996) Peptide libraries bound to
continuous cellulose membranes: Tools to study molecular recognition. In:
Combinatorial Libraries: Synthesis, Screening and Application Potential, ed. R.
Cortese, New York: Walter de Gruyter

SCHNEPF, R., HÖRTH, P., BILL, E., WIEGHARDT, K., HILDEBRANDT, P. AND HAEHNEL, W. (2001)
De novo design and chracterization of copper centres in synthetic four-helix-bundle
proteins. Journal of the American Chemical Society 123, 2186-2195

SCHNEPF, R., HAEHNEL, W., WIEGHARDT, K. AND HILDEBRANDT, P. (2004) Spectroscopic
identification of different types of copper centers generated in synthetic four-helix
bundle proteins. Journal of the American Chemical Society 126, 14389-14399

SCHREIBER, M., WACHSMUTH, C., MÜLLER, H., ODEMUYIWA, S., SCHMITZ, H., MEYER, S.,



Cellulose-bound peptide arrays: preparation and applications     101

MEYER, B. AND SCHNEIDER-MERGENER, J. (1997) The V3-directed immune response
in natural human immunodeficiency virus type 1 is predominantly directed against a
variable, discontinuous epitope presented by the gp120 V3 domain. Journal of
Virology 71, 9198-9205

SCHREIBER, S., STENGEL, R., WESTERMANN, M., VOLKMER-ENGERT, R., POP, O.I. AND MÜLLER,
J.P. (2006) Affinity of TATC

d
 for TATA

d
 elucidates its receptor function in the Bacillus

subtilis TAT translocase system. The Journal of Biological Chemistry 281, 19977-
19984

SCHUBERT, A., ZAKIKHANY, K., SCHREINER, M., FRANK, R., SPELLERBERG, B., EIKMANNS, B.J.
AND REINSCHEID, D.J. (2002) A fibrinogen receptor from group B Streptococcus
interacts with fibrinogen by repetitive units with novel ligand binding sites. Molecular
Microbiology 2, 557-569

SCHULTZ, A., HOFFACKER, V., WILISCH, A., NIX, W., GOLD, R., SCHALKE, B., TZARTOS, S.,
MÜLLER-HERMELINK, H.-K. AND MARX, A. (1999) Neurofilament is an autoantigenic
determinant in myasthenia gravis. Annals of Neurology 46, 167-175

SCHULTZ, H., SCHINKE, S., WEISS, J., CERUNDOLO, V., GROSS, W.L. AND GADOLA, S. (2003)
BPI-ANCA in transporter associated with antigen presentation (TAP) deficiency:
possible role in susceptibility to Gram-negative bacterial infections. Clinical and
Experimental Immunology 133, 252-259

SCHULTZ, J.G., SALZER, U., MOHAJERI, M.H., FRANKE, D., HEINRICH, J., PVLOVICH, J.,
WOLLNER, M.A., NITSCH R.M. AND MOELLING, K. (2004) Antibodies from DNA peptide
vaccination decrease the brain amyloid burden in a mouse model of Alzheimer´s
disease. Journal of Molecular Medicine 82, 706-714

SCHULZE, K., MEDINA, E., CHHATWAL, G.S. AND GUZMAN, C.A. (2003) Indentification of
B- and T-cell epitopes within the fibronectin-binding domain of the SfbI protein of
Streprococcus pyogenes. Infection and Immunity 71, 7197-7201

SCHURINK, M., VAN BERKEL, W.J.H., WICHERS, H.J. AND BOERIU, C.G. (2006) Identification
of lipoxygenase inhibitory peptides from ß-casein by using SPOT synthesis.
ChemBioChem. 7, 743-747

SCHUTKOWSKI, M., REIMER, U., PANSE, S., DONG, L., LIZCANO, J.M., ALESSI, D.R. AND

SCHNEIDER-MERGENER, J. (2004) High-content peptide microarrays for deciphering
kinase specificity and biology. Angewandte Chemie International Edition. 43, 2671-
2674

SCHWEMMLE, M. AND BILLICH C. (2004) The use of peptide arrays for the characterization
of monospecific antibody repertoires from polyclonal sera of psychiatric patients
suspected of infection by Borna Diseas Virus. Molecular Diversity 8, 247-250

SEEMANN, J., WEBER, K. AND GERKE, V. (1996) Structural requirements for annexin I-
S100C complex formation. Biochemical Journal 319, 123-129

SELAK, S., MAHLER, M., MIYACHI, K., FRITZLER, M.L. AND FRITZLER, M.J. (2003)
Identification of the B-cell epitopes of the early endosome antigen 1 (EEA1). Clinical
Immunology 109: 154-164

SREELAKSHMI, Y., SANTHOSHKUMAR, P., BHATTACHARYYA, J. AND SHARMA, K.K. (2004) aA-
crystallin interacting in the small heat shock protein, αB-crystallin. Biochemistry 43,
15785-15795

STEIN, A., SEIFERT, M., VOLKMER-ENGERT, R., SIEPELMEYER, J., JAHREIS, K. AND SCHNEIDER,
E. (2002) Functional characterization of the maltose ATP-binding-cassette transporter
of Salmonella typhimurium by means of monoclonal antibodies directed against the



102      K. HILPERT et al.

MaIK subunit. European Journal of Biochemistry 269, 4074-7085
STIGLER, R.-D., RÜKER, F., KATINGER, D., ELLIOTT, G., HÖHNE, W., HENKLEIN, P., HO, J.X.,

KEELING, K., CARTER, D.C., NUGEL, E., KRAMER, A., PORSTMANN, T. AND SCHNEIDER-
MERGENER, J. (1995) Interaction between a Fab fragment against gp41 of human
immunodeficiency virus 1 and its peptide epitope: characterization using a peptide
epitope library and molecular modeling. Protein Engineering 8, 471-479

STIGLER, R.-D., HOFFMANN, B., ABAGYAN, R. AND SCHNEIDER-MERGENER, J. (1999) Soft
docking an L and a D peptide to an anticholera toxin antibody using internal coordinate
mechanics. Structure 7, 663-670

STREITZ, M., AY, B., KERN, F. AND VOLKMER-ENGERT, R. (2003) Identification of T-cell
epitopes using SPOT-synthesized peptides. In: Peptide Revolution: Genomics,
Proteomics & Therapeutics, eds. M. Chorev and T.K. Sawyer, pp.911-912. San Diego:
American Peptide Society

STRUTZBERG, K., VON OLLESCHIK, L., FRANZ, B., PYNE, C., SCHMIDT, M.A. AND GERLACH,
G.-F. (1995) Mapping of functional regions on the transferrin-binding protein (TfbA)
of Actinobacillus pleuropneumoniae. Infection and Immunity 63, 7197-7201

SUNDBERG-SMITH, L., DOHERTY, J.T., MACK, C.P. AND TAYLOR, J.M. (2005) Adhesion
stimulates direct PAK1/ERK2 association and leads to ERK-dependent PAK1 Thr212

phosphorylation. Journal of Biological Chemistry 280, 2055-2064
SZALLASI, Z., DENNING, M.F., CHANG, E.-Y., RIVERA, J., YUSPA, S.H., LEHEL, C., OLAH, Z.,

ANDERSON, W.B. AND BLUMBERG, P.M. (1995) Development of a rapid approach to
identification of tyrosine phosühorylation sites: Application of PKδ phosphorylated
upon activation of the high affinity receptor for IgE in rat basophilic leukemia cells.
Biochemical and Biophysical Research Communications 214, 888-894

TAKAHASHI, M., UENO, A. AND MIHARA, H. (2000) Peptide design based on an antibody
complementarity-determining region (CDR): Construction of porphyrin-binding
peptides and their affinity maturation by a combinatorial method. Chemistry - A
European Journal 6, 3196-3203

TAPLEY, T.L., CUPP-VICKERY, J.R. AND VICKERTY, L.E. (2006) Structural determinants of
HscA peptide-binding specificity. Biochemistry 45: 8058-8066

TAYLOR, M.S., BRAYDEN, J.E., LASKOVSKY, K.E., NICKL, C.K., TEGGE, W., FRANK, R. AND

DOSTMANN, W.R.G. (2005) Specific and membrane permeable inhibitors of cGMP-
dependent protein kinase. In: Peptides 2004: Proceedings of the 3rd International
and 28th European Peptide Symposium, eds. M. Flegel et al., pp.684-685. Geneva:
Kenes International

TEGGE, W., DOSTMANN, W., HOFMANN, F. AND FRANK, R. (1995a) Determination of the
specificities of cAMP- and cGMP-dependent protein kinases with peptide libraries
on cellulose paper. In: Peptides 1994: Proceedings of the 23rd European Peptide
Symposium, ed. H.L.S. Maia, pp.481-482. Leiden: ESCOM

TEGGE, W., FRANK, R., HOFMANN, F. AND DOSTMANN, R.G. (1995b) Determination of cyclic
nucleotide-dependent protein kinase substrate specificity by the use of peptide libraries
on cellulose paper. Biochemistry 34, 10569-10577

TEMESGEN, Z., WARNKE, D. AND KASTEN, M.J. (2006) Current status of antiretroviral therapy.
Expert Opinion in Pharmacotherapy 7(12), 1541-54

TOEPERT, F., PIRES, J.R., LANDGRAF, C., OSCHKINAT, H. AND SCHNEIDER-MERGENER, J. (2001)
Synthesis of an array comprising 837 variants of the hYAP WW protein domain.
Angewandte Chemie International Edition 40, 897-900



Cellulose-bound peptide arrays: preparation and applications     103

TOEPERT, F., KNAUTE, T., GUFFLER, S., PIRES, J.R., MATZDORF, T., OSCHKINAT, H. AND

SCHNEIDER-MERGENER, J. (2003) Combining SPOT synthesis and native peptide
ligation to create large arrays of WW protein domains. Angewandte Chemie
International Edition 42, 1136-1140

TOOMIK, R. AND EK, P. (1997) A potent and highly selective peptide substrate for protein
kinase C assay. Biochemical Journal 322, 455-460

TORRENS, I., REYES, O., OJALVO, A.G., SERALENA, A., CHINEA, G., CRUZ, L.J. AND DE LA

FUENTE, J. (1999) Mapping of the antigenic regions of streptokinase of humans after
streptokinase therapy. Biochemical and Biophysical Research Communications 259,
162-168

TRIBBICK, G. (2002) Multipin peptide libraries for antibody and receptor epitope screening
and characterization. Journal of Immunological Methods 267: 27-35

TSUCHIHASHI, S.-I., FONDEVILA, C., SHAW, G.D., LORENZ, M., MARQUETTE, K., BENARD, S.,
SHEN, X.-D., KE, B., BUSUTTIL, R.W. AND KUPIEC-WEGLINSKI, J.W. (2006) Molecular
characterization of rat leukocyte P-selectin glycoprotein ligand-1 and effect of its
blockade: Protection from ischemia-reperfusion injury in liver transplantation. The
Journal of Immunology 176, 616-624

UGAROVA, T.P., LISHKO, V.K., PODOLNIKOVA, N.P., OKUMURA, N., MERKULOV, S.M.,
YAKUBENKO, V.P., YEE, V.C., LORD, S.T. AND HAAS, T.A. (2003) Sequence g377-
395(P2), but not γ190-202(P1), is the binding site for the α

M
I-domain of integrin

α
M

ß2 in the γC-domain of fibrinogen. Biochemistry 42, 9365-9373
VALLE, M., MUNOZ, M., KREMER, L., VALPUESTA, J.M., MARTINEZ-A, C., CARRASCOSA, J.L.

AND ALBAR, J.P. (1999) Selection of antibody probes to correlate protein sequence
domains with their structural distribution. Protein Science 8, 883-889

VANDENBROECK, K., ALLOZA, I., BREHMER, D., BILLIAU, A., PROOST, P.,  MCFERRAN, N.,
RÜDIGER, S. AND WALKER, B. (2002) The conserved helix C region in the superfamily
of interferon-g/interleukin-10-related cytokines corresponds to a high-affinity binding
site for the HSP70 chaperone DnaK. The Journal of Biological Chemistry 277, 25668-
25676

VENTURI, M., RIMON, A., GERCHMAN, Y., HUNTE, C., PADAN, E. AND MICHEL, H. (2000) The
monoclonal antibody 1F6 identifies a pH-dependent conformational change in the
hydrophilic NH

2
 terminus of NhaA Na+/H+ antiporter of Escherichia coli. The Journal

of Biological Chemistry 277, 25668-25676
VOIGT, J., LIEBICH, I., KIEß, M. AND FRANK, R. (2001) Subcellular distribution of 14-3-3

proteins in the unicellular green alga Chlamydomonas reinhardtii. European Journal
of Biochemistry 268, 6449-6457

VOLKMER-ENGERT, R., EHRHARD, B., HELLWIG, J., KRAMER, A., HÖHNE, W. AND SCHNEIDER-
MERGENER, J. (1994) Preparation, analysis and antibody binding studies of
simultaneously synthesized soluble and cellulose-bound HIV p24 peptide epitope
libraries. Letters in Peptide Science 1, 243-253

VOLKMER-ENGERT, R., HELLWIG, J., EHRHARD, B., HÖHNE, W. AND SCHNEIDER-MERGENER, J.
(1995) Characterization of the interaction between the monoclonal antibody CB 4-1
and its peptide epitope GATPGDLNTM using a soluble and a cellulose bound peptide
epitope library. In: Peptides 1994: Proceedings of the 23rd European Peptide
Symposium, ed. H.L.S. Maia, pp.473-474. Leiden: ESCOM

VOLKMER-ENGERT, R., HOFFMANN, B. AND SCHNEIDER-MERGENER, J. (1997) Stable attachment
of the HMB-linker to continuous cellulose membranes for parallel solid phase spot



104      K. HILPERT et al.

synthesis. Tetrahedron Letters 38, 1029-1032
VOLKMER-ENGERT, R., HOFFMANN, B. AND SCHNEIDER-MERGENER, J. (1998) Simultaneous

solid phase synthesis on cellulose membranes using a stably attached HMB linker.
In: Peptides 1996: Proceedings of the 24th European Peptide Symposium, eds. R.
Ramage and R. Epton, pp.881-882. Kingswinford: Mayflower Scientific Ltd.

VOLKMER-ENGERT, R., GERMEROTH, L., HAUPT, T., HEINE, N., SCHARN, D., AST, T.,
MATUSCHEWSKI, H., SCHEDLER, U., ULBRICHT, M., SCHNEIDER-MERGENER, J. AND

WENSCHUH, H. (1999) Novel polymeric membranes for parallel solid phase spot
synthesis. In: Peptides 1998: Proceedings of the 25th European Peptide Symposium,
eds. S. Bajusz and F. Hudecz, pp.118-119. Budapest: Akademiai Kiado

VOLKMER-ENGERT, R. AND SCHNEIDER-MERGENER, J. (1999) Parallel solid phase spot
synthesis of cleavable peptides on mercapto-functionalized cellulose membranes
using Fmoc-amino acids haloalkyl esters. In: Peptides 1998: Proceedings of the
25th European Peptide Symposium, eds. S. Bajusz and F. Hudecz, pp.780-781.
Budapest: Akademiai Kiado

WÄLCHLI, S., ESPANEL, X., HARRENGA, A., ROSSI, M., CESARENI, G. AND VAN HUIJSDUIJNEN,
R.H. (2004) Probing protein-tyrosine phosphatase substrate specificity using a
phosphotyrosine-containing phage library. The Journal of Biological Chemistry 279,
311-318

WAGNER, D., SCHNEIDER-MERGENER, J. AND FORREITER, C. (2005) Analysis of chaperone
function and formation of hetero-oligomeric complexes of Hsp18.1 and Hsp17.7,
representing two different cytoplasmic sHSP classes in Pisum sativum. Journal of
Plant Growth Regulation 24, 226-237

WEIERGRÄBER, O., SCHNEIDER-MERGENER, J., GRÖTZINGER, J., WOLLMER, A., KÜSTER, A.,
EXNER, M. AND HEINRICH, P.C. (1996) Use of immobilized synthetic peptides for the
identification of contact sites between human interleukin-6 and its receptor. FEBS
Letters 379, 122-126

WEILER, J., GAUSEPOHL, H., HAUSER, N., JENSEN, O.N. AND HOHEISEL, J.D. (1997)
Hybridisation based DNA screening on peptide nucleic acid (PNA) oligomer arrays.
Nucleic Acids Research 25, 2792-2799

WEISER, A.A., OR-GUIL, M., TAPIA, V., LEICHSENRING, A., SCHUCHARDT, J., FRÖMMEL, C.
AND VOLKMER-ENGERT, R. (2005) SPOT synthesis: Reliability of array-based
measurement of peptide binding affinity. Analytical Biochemistry 342, 300-311

WELSCHOF, M., REINEKE, U., KLEIST, C., KIPRIYANOV, S., LITTLE, M., VOLKMER-ENGERT, R.,
SCHNEIDER-MERGENER, J., OPELZ, G. AND TERNESS, P. (1999) The antigen binding domain
of non-idiotypic human anti-F(ab´)

2
 autoantibodies: Study of their interaction with

IgG hinge region epitopes. Human Immunology 60, 282-290
WENSCHUH, H., HOFFMANN, B., SCHALLER, S., GERMEROTH, L., SCHNEIDER-MERGENER, J.

AND VOLKMER-ENGERT, R. (1999) Efficient parallel synthesis of cellulose bound and
cleavable peptides via direct anchoring of Fmoc-amino acid fluorides onto cellulose.
In: Peptides 1998: Proceedings of the 25th European Peptide Symposium, eds. S.
Bajusz and F. Hudecz, pp.772-773. Budapest: Akademiai Kiado

WENSCHUH, H., VOLKMER-ENGERT, R., SCHMIDT, M., SCHULZ, M., SCHNEIDER-MERGENER, J.
AND REINEKE, U. (2000) Coherent membrane supports for parallel microsynthesis
and screening of bioactive peptides. Biopolymers (Peptide Science) 55, 188-206

WENSCHUH, H., AST, T., SCHARN, D. AND GEGINAT, G. (2002) An improved peptide SPOT
synthesis methods for CD8 T cell epitope mapping. In: Peptides 2002: Proceedings



Cellulose-bound peptide arrays: preparation and applications     105

of the 27th European Peptide Symposium, eds. E.Benedetti and C.Pedone, pp.24-25.
Naples: Edizioni Ziino

WIEDEMANN, U., BOISGUERIN, P., LEBEN, R., LEITNER, D., KRAUSE, G., MOELLING, K.,
VOLKMER-ENGERT, R. AND OSCHKINAT, H. (2004) Quantification of PDZ domain
specificity, prediction of ligand affinity and rational design of super-binding peptides.
The Journal of Molecular Biology 343, 703-718

WILDEMANN, D., ERDMANN, F., ALVAREZ, B.H., STOLLER, G., ZHOU, X.Z., FANGHÄNEL, J.,
SCHUTKOWSKI, M., LU, K.P. AND FISCHER, G. (2006) Nanomolar inhibitors of the peptidyl
prolyl cic/trans isomerase Pin1 from combinatorial peptide libraries. Journal of
Medical Chemistry 49, 2147-2150

WINKLER, D., SCHUSTER, A., HOFFMANN, B. AND SCHNEIDER-MERGENER, J. (1995) Synthesis
of cyclic peptide libraries bound to continuous cellulose membrane supports. In:
Peptides 1994: Proceedings of the 23rd European Peptide Symposium, ed. H.L.S.
Maia, pp.485-486. Leiden: ESCOM

WINKLER, D., STIGLER, R.-D., HELLWIG, J., HOFFMANN, B. AND SCHNEIDER-MERGENER, J.
(1996) Determination of the binding conformation of peptide epitopes using cyclic
peptide libraries. In: Peptides:Chemistry, Structure and Biology: Proceedings of the
14th American Peptide Symposium, eds. P.T.P. Kaumaya and R.S. Hodges, pp.315-
316. Kingswinford: Mayflower Scientific Ltd.

WINKLER, D. (1997a) Zyklische Peptide. In: Synthese zyklischer Peptidbanken zur
Auffindung antikörperbindender Peptide, pp.19-32. Marburg: Tectum-Verlag

WINKLER, D. (1997b) Synthese von Peptidbanken. In: Synthese zyklischer Peptidbanken
zur Auffindung antikörperbindender Peptide, pp.33-48. Marburg: Tectum-Verlag

WINKLER, D., STIGLER, R.-D., HOFFMANN, B., ZAHN, G., HÖHNE, W., RAPPSILBER, J.,
SCHMIEDER, P., OSCHKINAT, H. AND SCHNEIDER-MERGENER, J.  (1998) Elucidation of the
interaction of an anti-TGFa antibody with its peptide epitope using combinatorial
cyclic peptide  libraries, binding studies, NMR, computer modelling and flexible
docking techniques. In: Peptides 1996: Proceedings of the 24th European Peptide
Symposium, eds. R. Ramage and R. Epton, pp.913-914. Kingswinford: Mayflower
Scientific Ltd.

WINKLER, K., KRAMER, A., KÜTTNER, G., SEIFERT, M., SCHOLZ, C., WESSNER, H., SCHNEIDER-
MERGENER, J. AND HÖHNE, W. (2000) Changing the anitgen binding specificity by
single point mutations of an anti-p24 (HIV-1) antibody. The Journal of Immunology
165, 4505-4514

WOLK, K., WITTE, E., REINEKE, U., WITTE, K., FRIEDRICH, M., STERRY, W., ASADULLAH, K.,
VOLK, H.-D. AND SABAT, R. (2005) Is there an interaction between interleucin-10 and
interleukin-22? Genes & Immunity 6, 8-18

YIP, Y.L.; SMITH, G.; KOCH, J.; DÜBEL, S.; WARD, R.L. (2001) Identification of epitope
regions recognized by tumor inhibitory and timulatory anti-ErbB-2 monoclonal
antibodies: Implications for vaccine design. The Journal of Immunology 166, 5271-
5278

YU, C., MALESEVIC, M., JAHREIS, G., SCHUTKOWSKI, M., FISCHER, G. AND SCHIENE-FISCHER,
C. (2005) The architecture of protein-ligand binding sites revealed through template
assisted intramolecular peptide-peptide interactions. Angewandte Chemie
International Edition  44, 1408-1412

YU, W. AND HILL, J.S. (2006) Mapping the heparin-binding domain of human hepatic
lipase. Biochemical and Biophysical Research Commununication 343, 659-665



106      K. HILPERT et al.

ZANDER, N. AND GAUSEPOHL, H. (2002) Chemistry of Fmoc peptide synthesis on
membranes. In Peptide Arrays on Membrane Support. eds. J. Koch and M. Mahler,
pp.23-39. Berlin Heidelberg: Springer-Verlag.

ZANDER, N., DITTRICH, F., MICHAELIS, K., TEGGE, W. AND FRANK, R. (2002) A new high-
performance polypropylene-based membrane support for the parallel synthesis of
peptides and small organic compounds. In: Peptides 2002: Proceedings of the 27th
European Peptide Symposium, eds. E. Benedetti and C. Pedone, pp.340-341. Naples:
Edizioni Ziino

ZANDER, N. (2004) New planar substrates for the in situ synthesis of peptide arrays.
Molecular Diversity 8, 189-195

ZANDER, N., BEUTLING, U., DIKMANS, A., THIELE, S. AND FRANK, R. (2005) A special cellulose
membrane support for the combinatorial and parallel synthesis of peptide libraries
suitable for the SC2-type manufacturing of high density multi-purpose chemical
micro-arrays. In: Peptides 2004: Proceedings of the 3rd International and 28th
European Peptide Symposium, eds. M. Flegel et al., pp.405-406. Geneva: Kenes
International

ZERWECK, J., AST, T., GUFFLER, S., SCHNATBAUM, K. AND WENSCHUH, H. (2003) Highly
flexible assembly of large peptide arrays using a novel fully automated SPOT-robot.
In: Peptide Revolution: Genomics, Proteomics & Therapeutics, eds. M. Chorev and
T.K. Sawyer, pp.854-855. San Diego: American Peptide Society

ZHOU, J., SCHMID, T., FRANK, R. AND BRÜNE, B. (2004) PI3K/Akt is required for heat
shock proteins to protect Hypoxia-inducible factor 1α from pVHL-independent
degradation. The Journal of Biological Chemistry 279, 13506-13513

ZICKERMANN, V., BOSTINA, M., HUNTE, C., RUIZ, T., RADERMACHER, M. AND BRANDT, U.
(2003) Functional implications from an unexpected position of the 49-kDa subunit
of NADH:ubiquinone oxidoreductase. The Journal of Biological Chemistry 278,
29072-29078

ZIECHNER, U., SCHÖNHERR, R., BORN, A.-K., GAVRILOVA-RUCH, O., GLASER, R.W.,
MALESEVIC, M., KÜLLERTZ, G. AND HEINEMANN, S.H. (2006) Inhibition of human ether
à go-go potassium channels by Ca2+/calmodulin binding to the cytosolic N- and C-
termini. FEBS Journal 273, 1074-1086

ZIMMERMANN, J., KÜHNE, R., VOLKMER-ENGERT, R., JARCHAU, T., WALTER, U., OSCHKINAT,
H. AND BALL, L.J. (2003) Design of N-substituted peptomer ligands for EVH1
domains. The Journal of Biological Chemistry 278, 36810-36818

ZUCKERMANN, R.N., KERR, J.M., KENT, S.B.H. AND MOOS, W.H. (1992) Efficient method
for the preparation of peptoids [oligo(n-substituted glycines)] by submonomer solid-
phase synthesis. Proceedings of the National Academy of Sciences 114, 10646-10647


