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Keynote Speaker Abstract
K1: Methods for synthesis and application of peptide
arrays: history and current perspectives
Dr. Ronald Frank

Department of Chemical Biology, Helmholtz Centre for Infection Research,
Inhoffenstrasse 7, D-38124 Braunschweig, Germany
The array format has become a well advanced and widely applied
platform for parallel high throughput screening in life science research
and beyond. Analyses which involve large numbers of probes arrayed
on a planar substrate and simultaneous interrogation of these with
comprehensive series of target molecules/samples are a powerful
approach in modern biology and functional genome experiments to
retrieve information from complex systems. Immediate knowledge of
the identity of active probes (as well as the inactive ones!) by the position in the array is an attractive feature of the array format.
I will review the development of the array format for screening
synthetic peptide libraries as probe molecules. The review will put
these developments in the context of challenges and advancements in
immunology and proteome research starting in the early 1980ies with
the now classical high-resolution epitope mapping studies by the mul-
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tipin-method and the 1990ies with a wealth of intelligent approaches
towards a priori delineation of peptide ligands (mimotopes) for antibodies and protein targets as well as substrates for enzymes from arrays of complex combinatorial peptide libraries. The rapidly growing
availability of whole genome sequences of man and other organisms
since 2000 then asked for arrays that cover the complete or parts (e.g.
phosphorylation sites, domain binding sites) of the peptide fragment
complement of these genomes which opened avenues to study general
principles of protein-protein interactions and the structures of their
functional networks within cells and organisms in unprecedented
detail. This contributes tremendously to understanding healthy and
pathogenic situations and can guide target selection in drug discovery.
Novel technologies aim at expanding the sequence space that can be
displayed as individual peptides to provide large generic arrays of
randomly chosen sequences presenting at least all 5mer peptides (3.2
Million). This brings along the need for sophisticated evaluation software to decipher molecular details from complex recognition patterns.
Such tools will become extremely helpful in e.g. biomarker discovery
as well as in immunoprofiling of individual patients for better vaccination strategies. Peptide arrays promise to have the potential to become
powerful diagnostic tools but only if their production meets the high
standards of reproducibility and low costs typical for the diagnostics
market. Respective technologies need to be developed.
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Oral Presentation Abstracts
L1: Encoded peptide arrays: protease and kinases
profiling and interrogation of cellular receptors
Dr. E. Koini

Dept. Chemistry, Joseph Black Building, West Mains Road, Edinburgh, EH9
3JJ, UK
The split and mix approach is a particularly powerful approach to the
generation of large numbers of compounds (tens of thousands of molecules can be synthesised in days). However screening and subsequent
identification of active compounds introduces a significant challenge.
To address these problems we synthesized split and mix libraries of
peptides with each library member encoded by a unique and specific
peptide nucleic acid. Since PNA is a synthetic DNA mimic this allows
the use of DNA microarray technology to interface DNA arrays with
combinatorial libraries. This allows ten-thousand member peptide-libraries to be arrayed in a two dimensional sense, where each peptide
can be individually interrogated. In my lecture I will demonstrate how
PNA-encoded peptide libraries have been successfully used to study
the substrate preferences and specificities of proteases and kinases and
as method of discovering cell specific penetrating peptides.

L2: A recent approach to identification of AKAPs using
peptide spot technology
Enno Klussmann

Max-Delbrück-Centrum für Molekulare Medizin, Robert-Rössle-Str. 10, D1315 Berlin, Germany
Local protein-protein interactions at scaffolding proteins coordinate
cellular signalling in a precise spatial and temporal manner to elicit
specific responses to every stimulus a cell perceives. A-kinase anchoring proteins (AKAPs) are a class of such scaffolding proteins that
target protein kinase A (PKA) and other signalling proteins to defined
cellular locations and thereby establish compartmentalised cAMP
signalling. In order to gain mechanistic insight into AKAP-directed
molecular mechanisms underlying compartmentalised cAMP signalling we have used a combination of the peptide spot technology and
overlay techniques with recombinant proteins to analyse the interactions of AKAPs with PKA. Based on this analysis a peptide spot
technology-based screening approach was designed to identify novel
AKAPs. This approach identified GSKIP (GSK3β-interacting protein)
as a novel AKAP that integrates local PKA and GSK3β signalling,
facilitating PKA phosphorylation and GSK3β inhibition.

L3: Using peptide arrays to decipher protein-protein
interactions and signalling pathways in cancer.
Patrick A. Kiely1, 3, George S. Baillie2, Miles D. Houslay2 and
Rosemary O’Connor1.

1 Cell Biology Laboratory, Department of Biochemistry, BioSciences
Institute, National University of Ireland, Cork, Ireland; 2 Molecular Pharmacology Group, Division of Biochemistry and Molecular Biology, Institute of
Biomedical and Life Sciences, University of Glasgow, Glasgow G12 8QQ,
Scotland, UK; 3 Department of Life Sciences, University of Limerick, Limerick,
Ireland.
Cell migration is tightly regulated by signalling pathways and is a
fundamental process required for cancer cell invasion and metastasis.
Cell migration requires the coordinated activity of several component
cellular signalling processes. These processes are dependent on significant crosstalk between cell surface receptors and signalling pathways inside the cell. RACK1 is an adaptor protein that is essential for
cell adhesion and migration. RACK1 acts as a scaffold for signalling
complexes and also facilitates movements of proteins around the cell.
However, the mechanism of action of RACK1 during migration is still
poorly understood. Our hypothesis is that it works by modulating the
activity of kinases and phosphatases by regulating their distribution to
specific subset of cellular targets. We believe that when this regulatory
mechanism breaks down, it contributes significantly to the initiation
and maintenance of cancer.
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Using immobilised peptide arrays, we have identified PP2A as a
RACK1 interacting protein downstream of the IGF-IR and showed
that in tumour cells, PP2A and β1 integrin compete for binding to
the C-terminus of RACK1. The IGF-I-mediated release of PP2A
from RACK1 results in a decrease in PP2A activity, and promotes
cell migration. Peptide arrays have enabled us to identify FAK as a
RACK1 interacting protein and enabled us to identify the kinase that is
regulating the RACK1/FAK interaction. We have exciting preliminary
data suggesting how RACK1 regulates the activity of PP2A in cancer
cells and we are combining peptide array technology with Near-infrared fluorescence detection to show how proteins compete for binding
to RACK1. The results are providing us with exciting and important
insights into cell migration and may reveal novel approaches to inhibit
cell migration in cancer.

L4: Differential Screening of Autoantibody Reactivity
in Sera of Breast Cancer Patients and Healthy Volunteers using a Random Peptide Library on High Density Peptide Microarrays
Johannes Zerweck, Antonia Masch*, Petra Meyer, Tobias
Knaute, Mike Schutkowski#, Ulf Reimer

JPT Peptide Technologies, Volmerstr. 5, 12489 Berlin, Germany; Present addresses: * TRON Institute for Translational Oncology Gutenberg University
Mainz; Langenbeckstr. 1, 55131 Mainz, Germany; # Institute for Biochemistry & Biotechnology, Martin-Luther-University Halle-Wittenberg, KurtMothes Str. 3, Halle/Saale, Germany
Autoantibodies against tumor associated antigens (TAA) are considered to be potential biomarkers for cancer. However, up to now no
single antigens to reach diagnostic relevance could be identified due
to lack of sensitivity. The identification of patterns of autoantibody
reactivity towards multiple TAAs could increase sensitivity considerably. Due to the immense number of > 1700 proteins suspected to
be potential biomarkers a comprehensive screening approach seems
difficult. Diverse random peptide libraries can be an alternative to sequence derived peptide libraries. Here we present results from a pilot
study using a small number of patient (n=20) and control sera (n=12)
with peptide microarrays presenting a library of ~ 40000 15-meric
peptides having random sequences.
The peptide library was arranged on 6 peptide microarrays. After
screening and data evaluation patterns of peptides with specific autoantibody reactivity could be identified which distinguish the patient
group from the group of healthy volunteers. This study is encouraging
for extended screening projects for autoantibody reactivity in larger
patient cohorts.

L5: Use of peptide arrays in mapping and targeting of
contact sites in supramolecular signaling complexes
Kjetil Taskén1,2

1 Centre for Molecular Medicine Norway, Nordic EMBL Partnership and 2
Biotechnology Centre of Oslo, University of Oslo, Norway
The cyclic AMP-protein kinase A (cAMP-PKA) pathway is one of
the most common and versatile signal pathways in eukaryotic cells. A
kinase anchoring proteins (AKAPs) organize supramolecular signaling complexes that target PKA to specific substrates and distinct
subcellular compartments providing spatial and temporal specificity
for mediation of biological effects channeled through the cAMP-PKA
pathway. We have recently identified new AKAP-coordinated signaling complexes in immune cells, heart cells, adipocytes and placental
trophoblasts where targeting of molecular interactions perturb signaling. Examples of use of peptide array mapping of interaction sites,
development of high-affinity binders, delineation of residues critical in
binding and interaction disruptors useful both in validating the target
and as control in chemical biology assays when screening for small
molecule disruptors of protein-protein interactions will be provided.
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L6: Using peptide arrays to study interactions of apoptosis – related proteins
Chen Katz and Assaf Friedler

Institure of Chemistry, the Hebrew University of Jerusalem, Givat Ram,
Jerusalem 91904, Israel
Our group is interested in the use of peptides for the quantitative
biophysical and structural analysis of protein-protein interactions
in health and disease, and the use of the data as a basis for rational
drug design. Following identification of the precise interaction sites
between two proteins, peptides derived from these binding sites are
used either to inhibit or activate the parent protein-protein interactions
for therapeutic purposes. Peptide array screening is used to identify the
precise interaction sites between the proteins. Then, structural and biophysical studies such as fluorescence, CD and NMR spectroscopy as
well as studies in cells are used to validate and quantify the screening
results and to test the effect of the peptides on the structure and activity of the parent protein. Here I will describe how we apply peptide
arrays to study the interactions of proteins involved in apoptosis [1].
Screening the peptide arrays is used to reveal the exact binding sites
in both protein partners. Peptides derived from these binding sites
are then selected as anti-cancer lead compounds for either activating
or inhibiting the interactions between the full length proteins. I will
describe the use of peptide arrays to study the interactions in several
apoptosis – related systems:
1. Studying the interaction network of the ASPP family of apoptosis
regulating proteins, as a basis for anti-cancer drug design [2, 3].
2. Developing peptides that stabilize the tetrameric form of the tumor
suppressor protein p53 and thus activate it [4].
References: [1] Katz C. et al. (2011) Studying Protein-Protein Interactions
Using Peptide Arrays; Chem Soc Rev, in press. [2] Rotem S., et al. (2008):
Structure and interactions of the proline-rich domain of ASPP2; J Biol Chem,
283(27):18990-9. [3] Katz C., et al. (2008): Molecular Basis of the Interaction
Between the Anti-Apoptotic Bcl-2 Family Proteins and the Pro-Apoptotic Protein ASPP2; PNAS, 105(34):12277-82. [4] Gabizon R. et al. (2011) Submitted.

L7: Deciphering the role of C-terminal binding proteins in cell cycle regulation using cyclic peptide
protein-protein interaction inhibitors.

Sharandip K Nijjar1, Charles N Birts2, Francianne Ho A Kwie1,
Jeremy P Blaydes2 and Ali Tavassoli1

1 School of Chemistry, University of Southampton, Southampton, SO17
1BJ, UK; 2 Southampton Cancer Research UK Centre, University of Southampton, Southampton, SO16 6YD, UK. Email: ali1@soton.ac.uk
C-terminal binding proteins (CtBP1 and CtBP2) are highly conserved transcriptional repressors that link the metabolic state of cell
to gene transcription, playing a key role in the survival and metastatic
potential of cancer cells. CtBPs undergo NAD+ or NADH-induced
homo- and hetero-dimerisation, forming a scaffold that recruits chromatin-modifying enzymes to DNA-binding transcription factors. The
resulting transcriptional repressor complex acts as key cellular sensors
of oxygen and nutrient stress, playing a key role in tumorigenesis
and metastasis by regulating a variety of processes that are critical
to cell survival, cell migration and senescence. We have utilized our
high-throughput SICLOPPS (split-intein circular ligation of peptides
and proteins) screen to identify inhibitors of the CtBP protein-protein
interaction from several libraries of ~108 compounds. We have used
these compounds as chemical tools to demonstrate that CtBP dimerisation is essential for the regulation of mitotic fidelity, and that inhibition of CtBP dimerisation by the uncovered cyclic peptides leads to
aberrant segregation of chromosomes during mitosis an increase in
the frequency of aberrant mitoses, chromosome segregation defects,
or failure of the abscission phase of cytokinesis (Figure 1). This leads
to cells subsequently undergoing either P53-dependent post mitotic
arrest, or if P53 is inactive (in the majority of tumours) the compounds
initiate apoptosis. We have also used our compounds to decipher the
individual roles of CtBP1 and CtBP2 in this process.
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Figure 1: The effect of cyclic peptide CtBP inhibitor on division of MCF-7
cells over 56 hours. Aberrant mitosis is observed in around 50% of the cells
and most show a blebbing phenotype. It is worth noting that the cyclic peptide,
specifically selected against the CtBP protein-protein interaction shows the
same effect as siRNA knowckdown of the protein. Chart shows: % of aberrant
mitosis, columns from left to right are: normal conditions, -ve control, cyclic
peptide at 25 nM, cyclic peptide at 50 nM, siRNA to CtBP.

L8: A High-Throughput, Microfluidic Peptide Chip
Technology for Pathway-Defined Protein Profiling
Christoph Eicken

LC Sciences, 2575 West Bellfort Street, Suite 270, Houston, TX 77054, USA
Here we present an advanced microfluidics microchip technology developed for systematic high-throughput screening of protein
interactions. A novel chemistry enables custom synthesis of peptides
and peptidomimetics directly on the high density microfluidic chip
at addressable chip locations. Chip microfluidics provide a controlled, enclosed environment to conduct 4K-30K simultaneous protein
binding reactions on a single chip. We will further present an application example demonstrating use of this peptide array technology
to characterize and identify novel protein interactions from cancer
signaling pathways. The interaction between phosphopeptides (PPEPs)
and phosphoprotein binding domain containing proteins (PPBDs) on a
microchip reveal novel protein cascades representing various signaling
pathways through target binding.

L9: The PEPperCHIP® platform: Custom peptide microarrays by laser printing
Volker Stadler

PEPperPRINT GmbH, Rischerstrasse 12, D-69123 Heidelberg, Germany
In recent years, DNA chips have revolutionized genome research.
A similar trend is predicted for peptide chips in proteome research.
Their use ranges from the characterization of antibodies, sera and
enzymes through the screening of new protein biomarkers up to the
development of affinity tags, peptide-based drugs and vaccines. Due
to complex manufacturing processes, however, peptide chips available
fall short of the spot density and thus the information content of corresponding DNA-Chips by far.
To eliminate these obstacles, we developed a new combinatorial technique with amino acids embedded in solid “amino acid toner” particles. These toners are printed onto glass slides with micron resolution,
using a custom 20-color laser printer. With all the different amino acid
particles finally printed, they are melted at once to initiate coupling.
Repeated printing and melting finally results in custom peptide microarrays with up to 156,000 spots per chip.
Thereby, peptide quality is equivalent to standard synthesis from
solution. The low toner need in turn considerably reduces material
consumption and thus costs. That way, preoteome research can be
provided for the first time with a highly efficient tool that can play a
similar role as do DNA chips in genome research today. Therefore, we
also present a number of case studies to demonstrate the usefulness
and flexibility of this new peptide microarray generation.
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L10: PepSlide®: A Software Platform for Peptide Arrays
Khoa Vo

SICASYS Software GmbH, Heidelberg, Germany
PepSlide® is a software platform specializing in the design and analysis of peptide arrays. It includes two software programs: Designer and
Analyzer.
The Designer software provides peptide generation tools such as Overlapping peptide family, Substitution peptide family (a generalization of
Alanine scanning), Random peptide family, or Import of a peptide list
from a CSV file. Peptides generated from the same source are grouped
into a design object called spot family, which can be easily arranged
on the array using a graphical editor. For each peptide spot, another
view of the Designer shows either its full sequence or individual amino acids at each layer. When finished, the array design can be exported
to an appropriate input format of the peptide synthesizer.
The Analyzer software carries out the analysis of completed peptide
arrays using their scanned images. Its basic features include standard
microarray image processing functions with grid alignment and spot
detection. By examining the data and methods used for creating a spot
family in a Designer file, the Analyzer can provide direct and meaningful answers to the designed study. For example, what substitution
makes the strongest binding in an Alanine scan?
In PepSlide®, data archive and reuse can be done easily. Automated
procedures enhance the quality and user convenience, as well as
reduce the working time. The direct linkage between design and
analysis allows the best interpretation of the designed study. Therefore,
PepSlide® enables a cost-effective and high-quality solution to the
design and analysis of peptide arrays.

L11: Using peptide arrays to explore protein lipidation
and molecular motor complexes
Ed Tate

Dept. Chemistry, Imperial College, London, SW7 2AZ, UK
My group works on applications of chemoselective and bioorthogonal
ligation from protein total synthesis [1] and labeling [2] to posttranslational modification (PTM) [3,4] and activity-based protein profiling
[5]. We develop and apply chemical tools to probe complex living
systems including drug-resistant bacteria and pathogenic parasites, and
mammals, with the aim of validating new drug targets [6] and developing novel drug-like inhibitors against the enzymes that mediate PTM
[7,8]. I will describe our attempts to develop in vitro peptide array
approaches to complement our in vivo tools for probing the specificity
of protein lipid transferases, and also how arrays have contributed
towards our understanding of a motor protein-protein interaction
involved in the invasion of red blood cells by the malaria parasite.
References: [1] P. Thongyoo, et al., Org. Biomol. Chem., 2008, 6, 1462. 2. W.
P. Heal, et al., Chem. Commun., 2008, 480. [3] A. F. Berry, et al., Chembiochem, 2010, 11, 771. [4] W. P. Heal, et al., Chem. Commun., 2011, In press. [5]
T. H. Dang, et al., ACS Chem. Biol., 2010, 5, 279. [6] J. C. Thomas, et al., Mol
Biosyst, 2010, 6, 494. [7] J. A. Brannigan, et al., J Mol Biol, 2010, 396, 985. [8]
P. Thongyoo, et al., J. Med. Chem., 2009, 52, 6197.

L12: Analyses of nanomolar to millimolar interactions
of SH2, SH3 and PH domains

Stephan M. Feller, Philip C. Simister, Melanie Janning, Theodora Tsirka, Tassos Konstantinou and Marc Lewitzky.

Weatherall Institute of Molecular Medicine, Oxford University, Oxford, OX3
9DS, UK. stephan.feller@imm.ox.ac.uk
Protein - protein interactions are immensely important for cells, not
only to build structures, but also to transfer and process signals of numerous receptors that constantly monitor a cell’s environment. Those
signals are collected, transmitted and integrated by a highly complex
network composed to a large degree of multi-protein complexes.
Protein interaction domains like SH2, SH3 and PH domains are abundantly encoded in the human genome to help to mediate the assembly
and localisation of such complexes. Interestingly, many, albeit not all,
protein interaction domains recognise short linear amino acid motifs
which can be mimicked by synthetic peptides.
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Peptide arrays (PAs) are therefore a useful tool in the arsenal of protein
interaction analysis techniques. They typically provide only semiquantitative information but do allow the rapid detection of domain
binding sites, sequence binding preferences, new candidate interaction
epitopes in the proteomes of various organisms, and sometimes even
first hints on distinct secondary structure conformations of peptide
epitopes. PAs are hence highly useful in complementing more lowthroughput methods like isothermal titration calorimetry and protein
crystallography.
Biologically important interactions can vary greatly in their binding
strength, ranging from millimolar to below nanomolar. In transient
complexes, complexes stabilised by combining several distinct interaction surfaces, intramolecular binding events etc. the interactions may
be quite weak, but still crucial for function. By varying the PA assay
conditions, including probe concentrations and wash stringencies,
at least some of these weak interactions are detectable. A particular
challenge in these cases is, however, to distinguish the functionally
relevant binding events from non-specific interactions of ‘sticky’
proteins.
Technical PA issues that occasionally need careful consideration
include variable background intensities depending on the domain type
and array membrane material used, poor synthesis yields of certain
peptide sequences, artefacts from non-specific interactions of peptides
with proteins used for array blocking or with poorly folded protein
probes, and the artificial formation of disulfide bonds between Cyscontaining peptides and some GST-fusion protein probes in the absence of reducing agents. Key results from PAs must therefore always
be re-evaluated using other techniques.
Some data discussed have been already published (references below).
All PAs used in the studies reported here were very kindly generated
by the CRUK London Research Institute Peptide Synthesis Group
headed by Dr. Nicola O’Reilly.
[1] Simister, P.C., Schaper, F., O’Reilly, N., McGowan, S., and Feller, S.M.
(2011) Self-organization and regulation of intrinsically disordered proteins
with folded N-termini. PLoS Biol. 9(2): e1000591. [2] Pietrek M., Brinkmann,
M.M., Glowacka, I., Dittrich-Breiholz, O., Kracht, M., Lewitzky, M., Feller,
S.M., Saksela, K., and Schulz, T.F. (2010) The role of the Kaposi Sarcoma
Herpesvirus K15 binding site in inflammatory signaling and B-cell activation.
J. Virol. 84, 8231-8240. [3] Harkiolaki, M., Tsirka, T., Lewitzky, M., Simister,
P.C., Bird, L., Jones, E.Y., O’Reilly, N., and Feller, S.M. (2009) Distinct binding modes of two epitopes in Gab2 that interact with the SH3C domain of
Grb2. Structure 17, 809-822. [4] Watanabe, T., Tsuda, M., Nishihara, H., Feller,
S.M., Majima, T., Minami, A., and Tanaka, S. (2009) The Crk adaptor protein
induces tyrosine 307 phosphorylation of Gab1 via Src. Cell Res. 19, 638-650.

L13: Evolutionary Conservation of protein-protein
interaction modules in glycogen synthase kinase 3β
interaction protein (GSKIP)
Philipp Skroblin, Christian Hundsrucker, Walter Rosenthal,
Enno Klussmann

Max Delbrueck Center Berlin, Robert-Roessle Str. 10, D-13125 Berlin, Germany
Glycogen synthase kinase 3β (GSK3β) is a serine/threonine kinase
involved in multiple signalling pathways including insulin signalling, Wnt signalling and hedgehog signalling [1]. A dysregulation
of GSK3β is associated with diseases such as cancer, Alzheimer’s,
Parkinson’s, and diabetes. GSK3β is, in contrast to most other kinases,
constitutively active. It is mainly regulated through an inhibitory
phosphorylation of an N-terminal serine or by scaffold proteins which
regulate GSK3β’s location and substrate access. Axin, a prototypical
scaffold protein for GSK3β contains an amphipathic helix that binds to
a hydrophobic groove on the surface of GSK3β.
GSKIP is a ubiquitously expressed small protein which interacts with
GSK3β in an axin-like fashion [2,3]. We have recently discovered that
GSKIP also binds regulatory subunits of cAMP-dependent protein kinase A via an amphipathic helix and thereby functions as an A-kinase
anchoring protein (AKAP) [1,4]. GSKIP mediates the PKA-dependent phosphorylation and inhibition of GSK3β. The GSKIP complex
constitutes an axin-independent GSK3β scaffold and contributes to the
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regulation of GSK3β activity by PKA [1,4].
GSKIP is highly conserved throughout evolution and belongs to the
domain of unknown function (DUF) 727 family of proteins which
comprises putative orthologues of GSKIP. We have employed peptide
spot technology to investigate the conservation of the GSK3β and
PKA interaction domains of DUF727 proteins from various species.
The ability to interact with GSK3 has been conserved from fungi to
mammals. GSKIP/DUF727 is thus the evolutionarily oldest interaction
partner of GSK3 known to date. In contrast, the AKAP function is only
observed in vertebrate GSKIP orthologues [4].
[1] Skroblin, P., Grossmann, S., Schäfer, G., Rosenthal, W., Klussmann, E.,
(2010). Mechanisms of protein kinase A anchoring. Int.Rev.Mol.Cell Biol. 283,
235-301. [2] Chou, H. Y., Howng, S. L., Cheng, T. S., Hsiao, Y. L., Lieu, A.
S., Loh, J. K., Hwang, S. L., Lin, C. C., Hsu, C. M., Wang, C., Lee, C. I., Lu,
P. J., Chou, C. K., Huang, C. Y., Hong, Y. R., (2006). GSKIP is homologous to
the Axin GSK3beta interaction domain and functions as a negative regulator of
GSK3beta. Biochemistry 45, 11379-11389. [3] Howng, S. L., Hwang, C. C.,
Hsu, C. Y., Hsu, M. Y., Teng, C. Y., Chou, C. H., Lee, M. F., Wu, C. H., Chiou,
S. J., Lieu, A. S. et al. (2010). Involvement of the residues of GSKIP, AxinGID,
and FRATtide in their binding with GSK3beta to unravel a novel C-terminal
scaffold-binding region. Mol. Cell Biochem. 339, 23-33 [4] Hundsrucker, C.,
Skroblin, P., Christian, F., Zenn, H. M., Popara, V., Joshi, M., Eichhorst, J.,
Wiesner, B., Herberg, F. W., Reif, B., Rosenthal, W., Klussmann, E., (2010).
Glycogen Synthase Kinase 3{beta} Interaction Protein Functions as an A-kinase Anchoring Protein. J.Biol.Chem. 285, 5507-5521.

L14: Peptide microarrays for the systematic investigation of enzyme/substrate interactions
Mike Schutkowski

Institute for Biochemistry & Biotechology, Martin-Luther-University HalleWittenberg, Germany
Peptide microarrays could be used for the profiling of enzymatic
activities and for the reliable identification of contact sites in protein/
protein interactions. In this lecture a summary is given for the profiling
of kinases and phosphatases using that technology. Additionally, recent
data regarding biochemistry of histondeacetylases and NAD+-dependent sirtuins are presented. Moreover, power of peptide microarrays for
deciphering binding specificities of phosphotyrosine-specific SH2-domains and for acetyllysine-specific BROMO-domains is demonstrated.

L15: Orthogonal coupling of quantum dot-peptide
conjugates for the multiplexed evaluation of enzyme
activity
S. B. Lowe , J. A. G. Dick , J. E. Ghadiali , B. E. Cohen , M. M.
Stevens1
1

1

1

2

1 Department of Materials and Institute of Biomedical Engineering, Imperial
College London, Exhibition Road, London SW7 2AZ, UK. Tel: +44 (0)20 7594
6804 Fax: +44 (0)20 7594 6757; 2 The Molecular Foundry, Lawrence Berkeley
National Laboratory, 1 Cyclotron Road, Berkeley, California 94720, USA;
stuart.lowe08@imperial.ac.uk, m.stevens@imperial.ac.uk
Simultaneous evaluation of expression levels of HER2 (Human
Epidermal growth factor Receptor 2) kinase and uPA (urokinase-type
Plasminogen Activator) protease can provide useful prognostic information for breast cancer patients [1]. Herein we report on the development of a quantum dot bionanoconjugate system with the capability
to detect simultaneously the activity of HER2 and uPA. In order to
achieve independent, multiplexed enzyme detection, we employed an
orthogonal coupling strategy to functionalise two different quantum
dot (QD) populations with target peptides. This advances our previous work regarding the detection of Src and Abl kinases [2] and p300
histone acetyltransferase [3].
Synthetic peptides were designed to mimic the natural substrates of
HER2 and uPA and were appended with distinct conjugation motifs
(hexahistidine tag (His tag) and biotinylation, respectively). The enzymatically-modified peptides self-assembled specifically to CdSe/ZnS
core/shell QDs with different emission wavelengths. Detection was
achieved using dye-labelled monoclonal antibodies (in the case of
HER2) and 1.4 nm monomaleimide-functionalised gold nanoparticles
(in the case of uPA). The dual sensing mechanism is depicted in Fig. 1.
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Fig. 1: A – Peptide substrate incubated with HER2 kinase and ATP, leading to
phosphorylation of a tyrosine residue (black circle in B). B – Quantum dots
with photoluminescence peak emission at 655 nm (QD655) decorated with
multiple his-tagged peptides via metal-affinity coordination (one peptide shown
for clarity). C – Specific binding of dye-labelled antibodies facilitates Förster
Resonant Energy Tranfer (FRET). D – Gold nanoparticle (NP)-labelled peptide
substrate incubated with uPA protease. E – uPA present. Biotinylated peptide
cleavage fragments and streptavidin-labelled QD565s bound via self-assembly.
QD565 emission unchanged due to gold NP-labelled fragment remaining in
solution. F – uPA absent (or introduction of inhibitor). QD565-peptide-gold NP
complex formed. QD565 emission quenched.

Detection of HER2 via dye-based FRET (Förster Resonance Energy
Transfer), and uPA via gold-based energy transfer was demonstrated
individually. The independence of Her2 activity detection in the
presence of a range of uPA concentrations (and vice versa) was then
tested and preliminary results indicate the possibility of extension to a
multiplexed format.
This quantum dot-based assay presents a rapid, simple alternative to
existing enzyme-detection methods. The multiplexed evaluation of
HER2 and uPA activity represents a significant step towards a simple
screen for combination therapy candidate molecules. Hence, we believe this assay has exciting potential applications in medical research
and drug discovery and complements existing nanoparticle-based
assays for cancer biomarkers [4].
[1] Konecny, G., et al., Clin. Cancer Res. 2001, 7, 2448-2457. [2] Ghadiali, J.
E., Cohen, B. E., Stevens, M. M., ACS Nano 2010, 4, 4915-4919. [3] Ghadiali,
J. E., Lowe S. B., Stevens, M. M., in preparation. [4] Minelli, C., Lowe, S. B.,
Stevens, M. M., Small, in press. (doi: 10.1002/smll.201000523)

L16: Discovery of novel short cationic antimicrobial
peptides with therapeutic potential by combining
medium throughput screening and different QSAR
approaches

Serge Ruden1, Chris Fjell2, Artem Cherkasov3, Robert EW Hancock2, Ralf Mikut4 & Kai Hilpert1

1 KIT (Karlsruhe Institute of Technology), Institute of Functional Interfaces,
POB 3640, 76021 Karlsruhe, Germany; 2 Centre for Microbial Diseases and
Immunity Research, University of British Columbia, 2259 Lower Mall, Vancouver, British Columbia, V6T 1Z4, Canada; 3 Division of Infectious Diseases,
Department of Medicine, Faculty of Medicine, University of British Columbia, 2733 Heather Street, Vancouver, BC, Canada, V5Z 3J5, Canada; 4 KIT
(Karlsruhe Institute of Technology), Institute of Applied Computer Science,
POB 3640, 76021 Karlsruhe, Germany; kai.hilpert@kit.edu
Despite decades of intensive research, antimicrobial peptides (AMPs)
have not yet revealed all their secrets; in fact, increasingly they are appearing to be more complex than previously imagined. In recent years,
it has become clear that they are not only able to kill Gram-positive
and Gram-negative bacteria, fungi, parasites and enveloped viruses,
but can also alter immune response in mammals. They have been used
successfully in animal models, for the prevention of septic shock, they
have been shown to be chemotactic, promoting wound healing and
angiogenesis, and they have been found to selectively modulate chemokine and cytokine production; however, the mode of action of these
AMPs, especially short peptides with a length between 9-13 amino
acids, are not yet understood. Little is known about the sequence
requirements of short cationic AMPs. With help of our novel technique
using an artificially created luminescence producing Gram negative
bacterium and peptide synthesis on cellulose (SPOT technology),
we investigated the sequence requirements of such peptides. Several
thousands of peptides were tested for their ability to kill Pseudomonas
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aeruginosa. Complete substitution analyses of different indolicidin
variants as well as a semi-random peptide library with about 3000
members were studied. The complete substitution analysis gave us
information about the importance of each single position whereas the
peptide library gave us broader information concerning which composition of amino acids resulted in an active antimicrobial peptide. The
data is being analyzed using a different quantitative structure-activity
relationship approach (QSAR) to A) increase the percentage of active
peptides in a library (100000 peptides were screened in silico) with
very complex descriptors and B) understand the rules by using simple
descriptors that discriminate between active versus inactive. For the
first time, we now understand the sequence requirements for short
antimicrobial peptides.
One critical parameter for the success of such peptides as drugs is the
stability in blood serum. Here we report an easy strategy to improve
the half life time dramatically. In addition, we also added valuable information for a better understanding of the mode of action. The results
of these measurements and analyses will be discussed in detail.

L17: A knowledge-based computational method for
the design of peptide modulators of protein interactions
Narcis Fernandez-Fuentes

Leeds Institute of Molecular Medicine, University of Leeds, UK, n.fernandezfuentes@leeds.ac.uk, http://www.bioinsilico.org
Protein-protein interactions can be modulated using short peptides.
Current structurebased computational methods or the design of
peptides bound to protein surfaces have two main limitations: first,
the combinatorial explosion of potential peptides that can be docked
on a larger surface; and second, as ab initio technologies, peptides are
designed from scratch without taking advantage of the large existing
repertoire of protein motifs that are known to play an important role
in protein-protein interactions. Here, it is presented a novel computation method to overcome these existing limitations. The novelty of
the method lies on the use of the structural information of protein
complexes: anchor residues, and a bespoken library of motifs: iMotifs
DB. Anchor residues are existing elements of the protein complex
and on using them during the design process, designed peptides will
incorporate these elements that are specific of the particular protein
complex. iMotifs DB compiles existing motifs that are found at
protein interfaces and therefore utilizing this information in the design
process. Finally, the method relies on a novel scoring function that
takes into account important element in protein interfaces. Using the
new technology it was possible to design and subsequently confirm
by NMR and SPR two peptides that bind to the active form of RAS.
This novel technology opens new avenues to the development of novel
agents to modulate proteinprotein interactions.

L18: Peptide disruptors define two distinct roles for
the cAMP-specific phosphodiesterase PDE4D5.
George S. Baillie

Molecular Pharmacology Group, Institute of Neuroscience and Psychology,
College of Medical, Veterinary and Life Sciences, Wolfson building, University of Glasgow, Glasgow, UK. G12 8QQ
cAMP is the archetypal 2nd messenger produced in response to a
variety of stimuli in many cell types to regulate specialised processes
such as growth, differentiation, movement and heart beat. PDE4s play
a pivotal role in underpinning compartmentalised cAMP responses by
creating gradients that are “sampled” and acted on by appropriately
positioned subpopulations of cAMP effectors such as cyclic nucleotide-gated channels, PKA and EPA. Evidence suggests that in many
situations, targeted PDE4 enzymes control the magnitude and duration
of cAMP-dependent events and it is only recently that the non-redundant functions of different PDE4 isoforms have been investigated.
Pan-PDE4 inhibitors have been bestowed therapeutic advantages in
animal models of COPD, rheumatoid arthritis, inflammatory bowel
disease, psoriasis, Alzheimer’s and depression though their clinical
utility is compromised by mechanism-associated side effects that limit
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maximally tolerated doses. Serious side effects stem from the inhibition of PDE4s in non-target tissue and as such, novel isoform specific
PDE4 inhibitors are now being sought. Technologies such as siRNA
and the dominant negative approach are powerful techniques for elucidating the functions of anchored PDE4 isoforms, though they are limited by the fact that they rely on transfection. Another drawback relates
to differently targeted subpopulations of the same isoform, which will
be displaced or silenced simultaneously, rendering investigation of
functional outputs problematic for isoforms such as PDE4D5, which
have multiple non-redundant functions within the same cell or tissue.
In this regard, future PDE4 isoform-selective inhibitors should be
aimed at the cellular targeting of the enzymes rather than their catalytic activity. One such approach has been facilitated by the introduction
of peptide array technology, a technique that allows rapid determination of the molecular nature of protein-protein interactions. Overlapping binding sites for two important scaffolds (RACK1and βArrestin)
were found in the N-terminal targeting sequence of PDE4D5. With
respect to protein complex formation, this meant that association with
PDE4D5 was mutually exclusive for RACK1 and βarrestin due to lack
of availability of the docking site. However, for the design of peptide
disruptor molecules, differences in key interacting residues for each
partner meant that it was possible to design peptide agents that could
disrupt PDE4D5’s interaction with RACK1 or βarrestin or both at the
same time. Subsequent evaluation of cell permeable versions of these
peptide disruptors proved that the disturbance of targeted pools of
the same isoform (in this case PDE4D5) could lead to very different
functional outcomes. The βarrestin-PDE4D5 disruptor, for example,
attenuated recruitment of PDE4D5 the β2-adrenergic receptor leading
to a hyper-phosphorylation of the receptor after stimulation, whereas
the RACK1-PDE4D5 disruptor was effective in preventing the
formation of spreading initiation centers in cancer cells. Clearly, both
peptides have potential as therapeutics, the former for the treatment of
asthma where PDE4D5 is upregulated following chronic bronchodilator use and is a key regulator of β2-Ar induced cAMP turnover within
human smooth muscle, the latter as an agent to prevent polarization
and metastasis of cancer cells.

Poster Abstracts
P1: Scanning peptide array pinpoints novel docking
binding sites for PKD1, a novel kinase for regulation
of heat shock protein 20
Angie Y.Y. Sin and George S. Baillie.

Molecular Pharmacology Group, Institute of Neuroscience and Psychology, College of Medical, Veterinary and Life Sciences, University of Glasgow,
Glasgow G12 8QQ, United Kingdom
Cardiac hypertrophy often develops in response to pressure overload
and is associated with heart failure. Recent studies have revealed that
overexpression and phosphorylation of heat shock protein 20 (HSP20)
can attenuate hypertrophic growth of cardiomyocytes under sustained
β-adrenergic stimulation. However, the molecular mechanism of
HSP20 induced cardioprotection remains to be fully elucidated. In
order to gain insight into the mode of action of HSP20, we attempted
to identify novel binding partners of the chaperone utilising cutting
edge Protoarray technology. One interacting partner that robustly associates with HSP20 was identified as protein kinase D1 (PKD1). We
confirmed this interaction using immunoprecipitation analysis, in vitro
pull-down assay utilising purified proteins and immunohistochemical
evaluation of cellular co-localisation. We subsequently mapped the
interaction sites using peptide arrays and defined molecular interaction
sites on both molecules. Our single alanine substitution analyses highlighted key residues that are potentially involved in the HSP20-PKD1
interaction that will be further proven using site-directed mutagenesis.
In addition, truncation and positional scanning determined the minimum active peptide length and identified potential more favourable
residues for enhanced peptide activity. We have also defined a novel
PKD phosphorylation site on HSP20 and speculate that PKD1 may
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regulate the cardioprotective function of HSP20 via phosphorylation.
The identification and characterisation of HSP20-PKD1 interaction
will help to establish a better understanding of the hypertrophic and
protective signaling, thus providing novel therapeutic strategies for the
treatment of cardiac hypertrophy.

P2: One step ahead – Translating peptide microarray
results into rapid single-step nanoparticle assays

Heiko Andresen,1,2 Carsten Grötzinger,3 Oliver J. Kreuzer,4 Jörg
M. Hollidt,5 Frank F. Bier,2 Georgios Theocharidis,1 Matthias
Grießner,1 Morgan Mager,1 and Molly M Stevens1
1 Imperial College London, Department of Materials and Department of
Bioengineering, Institute for Biomedical Engineering, London, UK, Email:
h.andresen@imperial.ac.uk; m.stevens@imperial.ac.uk; 2 Charité – University of Medicine Berlin, Campus Virchow-Hospital, Germany; 3 FraunhoferInstitute for Biomedical Engineering, Dept. Molecular Bioanalytics and
Bioelectronics, Potsdam-Golm, Germany; 4 peptides&elephants GmbH,
Potsdam-Rehbrücke, Germany; 5 in.vent Diagnostica GmbH, Hennigsdorf,
Germany

The analysis of antibodies in human serum is an established technique in the laboratory diagnosis of infectious as well as autoimmune
diseases. The multitude of antibody reactions towards pathogens and
likewise the antibody profile in autoimmune diseases does contain
a wealth of proteomic (antibody) data that may constitute valuable
diagnostic information with relevance for the patient’s prognosis and
response to therapy. Hence the use of antibodies as diagnostic biomarkers may be one of the most promising strategies to identify patient
subgroups, with the presence or absence of antibodies directed against
specific epitopes representing a serologic biomarker that is able to predict the severity of a disease and assist in medical decision making [1].
We previously developed a peptide microarray for the parallel serodiagnosis of viral infections. In our approach, the primary sequences
of immunodominant regions of viral antigens was represented by overlapping sequences of short synthetic peptides. The screening of large
patient cohorts with this peptide microarray platform showed that
various viral species and even subtypes were be reliably diagnosed in
parallel. The patients’ antibody profiles exhibited discrete reactions
with single peptides as well as distinct reaction patterns with series
of peptides from confined epitopes. The high convergence of reaction profiles allowed us to isolate small sets (n=1-3) of distinct virus
epitopes that can provide a diagnostic sensitivity comparable to that
of certified full-protein/full-virus assays. Here, we demonstrate that
by tagging gold nanoparticles with these highly-reactive viral peptide
epitopes, it is possible to realise novel serotest-platforms, which are
single-step and result in almost instant detection of antibodies with
quasi-monoclonal specificity. Their rapid response and unprecedented
simplicity makes these peptide-nanoparticle assays an attractive format for point-of-care serodiagnosis.
[1] Heiko Andresen and Carsten Grötzinger: Deciphering the Antibodyome Peptide Arrays for Serum Antibody Biomarker Diagnostics, Current Proteomics
6 (2009), 1-12. [2] Daniel Aili and Molly M. Stevens: Bioresponsive peptideinorganic hybrid nanomaterials, Chem Soc Rev 39 (2010), 3358-3370

P3: PDE Regulation of Troponin I Phosphorylation in
Cardiac Myocytes
Helen Edwards and George Baillie

College of Medical, Veterinary and Life Sciences, Wolfson Building, Glasgow
University, Glasgow, G12 8QQ, United Kingdom
Cardiac troponin I (cTnI) is a 28kDa protein which exists as part
of the thin filament. It can be phosphorylated at its N terminus by
PKA. We investigated how this PKA phosphorylation is regulated
by phosphodiesterases (PDEs), using neonatal rat ventricular cardiac
myocytes as a cell model. Inhibition of the PDE4 family with rolipram
was associated with increased PKA phosphorylation of TnI in these
cells. Inhibition of other PDE families (PDE 2, 3, 5, 8) had no effect.
Treatment with rolipram plus the synthetic beta-agonist isoproterenol
led to a greater increase in phosphorylation of TnI than isoproterenol
treatment alone. PDE4D isoforms, but not 4A or 4B isoforms, co-im-
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munoprecipitated with troponin I. A peptide array approach was used
to identify novel interaction sites between PDE4D isoforms and TnI.
A potential binding site for PDE4D9 was identified at the C terminus of TnI. Two key lysine residues (K178, K179) were shown to be
important mediators of this C terminus-PDE4D interaction by alanine
scanning. Future work will concentrate on designing a cell permeable
peptide to disrupt the TnI-PDE4D9 interaction, based on the amino
acid sequence identified by peptide array, and determining the physiological effects of this disruption.

P4: Proteomic Investigation of the MDM2 Interactome
Using a Mass Spectrometry Screen and Linear Motif
Peptides to Discover New Protein-Protein Interactions
Judith Nicholson1 , Ted Hupp1 , Mark Molloy2 and Alex Scherl3
1. Cell Signalling Unit, Edinburgh Cancer Research Centre, University of
Edinburgh 2. Australian Proteome Analysis Facility, Macquarie University,
Sydney 3. Proteomics Core Facility and Biomedical Proteomics Research
Group, CMU, Geneva

The E3 ubiquitin ligase MDM2 is well documented for the role it has
in regulation of the tumour suppressor p53, and recent research has
shown it also has a role in ribosome biogenesis among other functions [1]. Further characterisation of the MDM2 interactome will
clarify which pathways MDM2 regulates and potentially identify new
MDM2 binding proteins. It has also been reported that binding to the
N-terminal domain of MDM2 by p53 is mediated by a sequence motif
which is found in the BOX-I region of p53, and this motif has loose
consensus to another MDM2 binding protein IRF2 [2]. The domain of
MDM2 this motif binds, known as the hydrophobic pocket, also binds
with high affinity the small molecule Nutlin-3 which can inhibit p53
binding to MDM2 via this interface [3]. Linear motifs can mediate
a wide range of protein-protein interactions, and peptide aptamers
mimic these interactions and may therefore act as protein-protein
interaction inhibitors. Aims of this study were to identify new proteins
in the MDM2 interactome and characterize the role of linear motifs in
MDM2 binding.
Proteomic mass spectrometry methods can be used quantify changes
in a wide range of proteins simultaneously, therefore proteomic MS
approach was used in combination with Nutlin-3 treatment of the
MCF7 cancer cell line to find proteins which have an altered stability after targeting the MDM2 hydrophobic pocket interface and
disrupting the MDM2 interactome. Both label-free tandem mass
spectrometry (MS/MS) and iTRAQ MS/MS were used to compare
mass spectrometry methods effectiveness at finding MDM2 related
proteins by quantitation of many proteins simultaneously. A subset of
proteins were identified with levels which fluctuate two-fold or more
at any time point after treatment with Nutlin-3 were identified by each
mass spectrometry method, including a number of proteins which
are known to interact with MDM2, such as HSP90 and DNA-PKcs.
Further potential MDM2 binding proteins were identified by searching
for sequence homology with the BOX-I or BOX-V sequence motif and
peptides corresponding to the BOX-I like sequences were verified for
binding MDM2 by ELISA and thermal denaturation assay. Peptides
were characterized based on the effect of Nutlin on the MDM2-peptide
interaction, and various other MDM2 ligands. Cyclophilin B and Nucleophosmin were investigated further for nutlin response and MDM2
related functions in MCF7 cells by ubiqutination and oligomerisation
assays.
[1] J. Molcel. (2009) 35, 316-326. [2] Biochem. J. (2009) 418, 575-585. [3]
Science (2004) 303, 844-848.
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Emmanuelle Thinon, Edward Tate and David Mann

Department of Chemistry, Imperial College, London SW7 2AZ, UK

phospho-mimic substitutions of serine 16 increased Aβ affinity for
Hsp20 and suggested that this interaction may be an important regulator of HSP20-Aβ binding in vivo.

Protein N-myristoylation is the irreversible N-terminal glycine acylation of a target protein with a C14 saturated fatty acid, which is catalysed by myristoyl CoA: protein N-myristoyl transferase (NMT) [1].

P7: Hydroxamic acid-peptide chimeras and their use
in drug development

P5: Targeting N-Myristoyl transferase-1 in cancer

N. V. Patel and E. W. Tate

Department of Chemistry, Imperial College London, South Kensington
Campus, London SW7 2AZ, UK
In humans, two distinct NMT enzymes, NMT1 and NMT2, have
been identified [1]. They diverge significantly in the protein binding region, and recent work suggests that they possess distinct but
overlapping substrate specificity and function. Previous studies have
shown that NMT is upregulated in several cancers [2]. Furthermore,
RNA interference (RNAi) experiments on a mouse model of mammary adenocarcinoma have shown that knockdown of NMT1 inhibits
tumour growth, whereas knockdown of NMT2 has no effect [3]. These
results provided the first direct evidence that isoform-specific inhibitors against NMT1 might be effective anti-cancer agents. If residual
NMT2 activity can compensate for loss of NMT function in healthy
cells, potential toxicity may also be minimised.
Here we present a novel approach towards investigating NMT1/2
isozyme substrate specificity using peptide libraries prepared on cellulose membranes using the SPOT technology [4]. Each library was
exposed to either NMT1 or NMT2, and a synthetic tagged azido-myristoyl-CoA, which is an analogue of the natural lipid substrate [5].
Subsequent azide-alkyne 1,3-dipolar “click” cycloaddition allowed
visualisation of the peptide substrates [5]
We prepared peptides made of the last 8 or 15 amino acids at the Nterminus of known myristoylated proteins on the cellulose membrane
to optimise and validate our method. Future experiments will focus on
preparation and screening of peptide libraries in order to find NMT1and NMT2-specific peptide substrates, and subsequent development
towards isozyme-specific inhibitors.

This work is supported by Cancer Research UK.
[1] Giang, D. K. et al., F. J. Biol. Chem. 1998, 273, 6595-8. [2] Selvakumar,
P. et al., Prog. Lipid Res. 2007, 46, 1-36. [3] Ducker, C. E. et al., Mol. Cancer
Res. 2005, 3, 463-76. [4] Frank, R. Tetrahedron 1992, 48, 9217-9232. [5] Heal,
W. P. et al., Org. Biomol. Chem. 2008, 6, 2308-2315.

P6: Utilising peptide array technology to map Hsp20Aβ interaction
Ryan Cameron

Molecular Pharmacology Group, Institute of Neuroscience and Psychology, College of Medical, Veterinary and Life Sciences, University of Glasgow,
Glasgow G12 8QQ, United Kingdom
One of the causes of Alzheimer’s disease (AD) is pathological lesions
known as senile plaques. Senile plaques are manifested through the
extracellular accumulation of Amyloid-β (Aβ) proteins. These misfolded proteins form insoluble aggregates that become cytotoxic to
neuronal cells. Recently, it has been demonstrated that the small heat
shock proteins (sHsp) can bind to Aβ and confer protection against
Aβ induced apoptosis. Using a novel peptide array technique we have
identified a domain on Hsp20 responsible for mediating Aβ association. The domain responsible for binding Aβ includes the PKA/PKG
consensus site at Serine 16. Sequential alanisation of residues within
the Aβ binding domain allowed us to characterise the amino acids
responsible for this interaction. We uncovered key arginine residues,
in close proximity to the phosphorylation site, as essential amino acids
that facilitate Hsp20-Aβ binding. Further to this, phospho-serine or
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Enzymes catalyse important biological processes. The prenyltransferase enzymes (PTs), namely farnesyl transferase (FTase), geranylgeranyl transferase-I (GGTase-I) and Rab geranylgeranyl transferase
(RGGT) are zinc-containing enzymes that play crucial roles in the cell
in transferring lipid groups (farnesyl or geranylgeranyl) onto proteins
that are members of the Ras superfamily of GTPases. This lipidation
is essential in their function as regulators of the movement of substances within the membranes of the cell. FTase and GGTase-I have
been shown to be implicated in various cancers. RGGT acts on Rab
proteins, and is of particular interest since several diseases occur as a
direct consequence of when this RGGT catalysed Rab activation process is faulty, including Choroideremia, Hermansky-Pudlak syndrome
and Griscelli syndrome. It has been shown that RGGT is over-active
in breast and ovarian cancers, and that this enzyme may play a role in
osteoporosis and related bone diseases. Thus it is essential to develop
drugs that target and inhibit PTs, RGGT in particular, in order to
obtain novel treatments for and prevent such a variety of diseases and
cancers. While several potent and selective inhibitors exist for FTase
and GGTase-I, there is currently a lack of such RGGT inhibitors.
Hence RGGT is a novel and exciting drug target.
Drugs can be designed to bind to the active site zinc atom in PTs using
a metal chelator such as a hydroxamic acid. Other enzyme classes
such as matrix metalloproteinases (MMPs) and histone deacetylases
(HDACs) also contain zinc however. Thus to prevent toxicity, these
drugs need to also contain moieties that achieve selectivity for one of
the PTs over all other zinc-containing enzymes. Here a short peptide
was exploited to gain desired selectivity. This project involved the
development of a novel type of ‘chemical evolution’, permitting new
inhibitors to be selected and improved through rounds of screening and selection – a radically new way to identify potential drugs
that could not be discovered by traditional means. A peptide library
chimera approach was the chosen method towards drug development,
enabling the testing of a variety of compounds without the need for the
laborious synthesis of each one. The one-bead one-compound library
was developed via solid phase peptide synthesis using a split-mix
method and azide-alkyne ‘click chemistry’ to incorporate the hydroxamic acid. Post-screening techniques are essential to deconvolute
hit sequences from combinatorial libraries as using chemical encoding
techniques can interfere with the screening process. A technique called
partial Edman degradation (PED) involves the generation of a peptide
ladder by capping a small proportion of the N-terminal amino acid
with an Fmoc group whilst degrading the remainder, and repeating this
until the full ladder has been generated. PED was used in combination
with MALDI MS/MS to decipher peptide sequences containing four
random amino acids.
The major implications of this research are that click chemistry enables rapid access to large hydroxamic acid-peptide chimera libraries,
and in combination with PED and MALDI MS/MS, provides a potentially powerful platform for exploring the structure-activity relationships between hydroxamic acid derivatives targeting multiple enzyme
classes involved in an array of diseases. This research project involves
the development, screening and testing of potential PT inhibitors using
radically new methodology.
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P8: Deciphering the Role of Linear Motif Peptides
Influencing the Dynamic Interactome of the Anterior
Gradient Family of Proteins
Terry A Gray & Ted R Hupp

Cell Signalling Unit, Edinburgh Cancer Research Centre, University of
Edinburgh
The AGR2 and AGR3 genes are part of the protein disulfide isomerase
(PDI) superfamily that contains core thioredoxin folds (CxxC or CxxS
motifs), which act as molecular chaperones to regulate protein folding
via regulation of disulfide bond formation [1]. Upregulated anterior
gradient-2 (AGR2) protein is strongly correlated with metastatic
cancer; reported in breast, pancreatic and prostate tumours. It has
been shown to be involved in tumour-associated pathways, including
tumour growth, cellular transformation, cell migration, metastasis and
chemoresistance and may represent a novel prognostic factor. The orthologue, anterior gradient-3 (AGR3) was subsequently identified as a
protein over-expressed in breast cancer cell tumours [2]. Both proteins
appear to have a currently undefined function in the promotion of cell
proliferation. Our research suggests that both AGR2 [3] and AGR3
(unpublished) can promote cell survival by inhibiting the tumour suppressor protein, p53, via and uncharacterised signalling pathway.
Increasing numbers of dynamic protein-protein interactions have been
identified presenting a large globular region of one protein interacting
with a short, linear peptide stretch in another [4]. Thermodynamically unstable regulatory proteins have recently been shown to present
intrinsically disordered linear peptide motifs central for protein docking. Combinatorial peptide fragment libraries have been developed in
order to systematically interrogate these transient, yet highly specific,
protein-protein interactions. Initial peptide interaction screens targeted
at the ATM-AGR2-P21 pathway have proved rewarding, bringing to
light potentially essential variation in specific binding motifs which
are hypothesised to influence differences in localisation in two highly
similar proteins. The N-terminal cleavable sequence of AGR3 appears
to specifically bind to the heat-shock chaperone protein, Hsp/c70,
in contrast to AGR2. This is thought to influence distinction in the
distribution of the two proteins, leading to observed variations in
the interactome by a yeast two hybrid screen, and thus, regulation of
survival factor function in vivo.
[1] Persson, S., Rosenquist, M., Knoblach, B., Khosravi-Far, R., Sommarin,
M., and Michalak, M. (2005) Mol. Phylogenet. Evol. 36, 734-740. [2] Adam,
P. J., Boyd, R., Tyson, K. L., Fletcher, G. C., Stamps, A., Hudson, L., Poyser,
H. R., Redpath, N., Griffiths, M., Steers, G., Harris, A. L., Patel, S., Berry, J.,
Loader, J. A., Townsend, R. R., Daviet, L., Legrain, P., Parekh, R., and Terrett,
J. A. (2003) J. Biol. Chem. 278, 6482-6489. [3] Pohler, E., Craig, A. L., Cotton,
J., Lawrie, L., Dillon, J. F., Ross, P., Kernohan, N., and Hupp, T. R. (2004)
Mol. Cell Proteomics. 3, 534-547. [4] Neduva, V. and Russell, R. B. (2006)
Curr. Opin. Biotechnol. 17, 465-471

P9: Peptide Microarray for Mapping HIVgp160
Epitopes after Vaccination of Rhesus Monkeys against
HIV/SIV with Modified Vaccinia Ankara or Adenovirus
Vectors

Ahmed Abd El Wahed1, Ulrike Beutling2, Christiane Stahl-Hennig3, Ronald Frank2, Gerhard Hunsmann1 and Hans-Joachim
Fritz4
1) Institute of Virology, Georg August University Goettingen, Germany; 2)
Department of Chemical Biology, Helmholtz Centre for Infection Research,
Braunschweig, Germany; 3) Infection Models Unit, German Primate Center,
Goettingen, Germany; 4) Department of Molecular Genetics and Preparative Molecular Biology, Georg August University Goettingen, Germany.

The identification of B cell epitopes on HIV polypeptides will facilitate the development of new diagnostics and vaccines. Such epitopes
could be identified either with a set of sequence derived synthetic
peptides or respective phage display libraries. However, phages libraries are instable and cumbersome to handle.
Using the SPOT synthesis technique [1] to synthesise the complete
amino acid sequences of both HIV envelope glycoproteins on cel-

Conference Sponsors

London, March 15 – 16, 2011
lulose membranes and printing microarrays via the SC2 method [2]
we were able to produce a huge amount of microarray slides which are
necessary for screening of multiple sera.
After incubation of the microarrays with antibodies their linear
HIVenv binding epitopes could readily be identified. For epitope mapping sera from immunised rhesus monkeys (Macaca mulatta) were
used.
[1] Frank, R. Tetrahedron 1992, 48, 9217-9232. [2] Dikmans, A. et.al., QSAR
Comb. Sci. 25, 2006, No.11, 1069-1080.

P10: Investigation of incorporation of multiple tyrosine phosphate containing peptides in peptide arrays.
Dhira Joshi, Ganka BIneva, Darryn Mark and Nicola O’Reilly

Cancer Research UK, London Research Institute, Lincoln’s Inn Fields, London.
Introducing multiple tyrosine phosphorylation site in traditional solid
phase synthesis can lead to problems such as low incorporation of
tyrosine phosphate and other residues. In this poster we describe the
investigation of multiple tyrosine phosphate containing peptides on
arrays using the Fmoc-Tyr(PO(NMe2)2)-OH derivative.

P11: Biomolecular interactions of proteins of iron
metabolism

Sana Hussain1, Ian C Boulton1, Chanakan Lorvoralak2, Kenneth
N White2, Vadim B Vasilyev3, Robert W Evans1
1 Division of Biosciences, Brunel University, Uxbridge; 2 Institute for Health
Research and Policy, London Metropolitan University, London; 3 Department of Molecular Genetics, Institute of Experimental Medicine, St Petersburg

Although it is now clear that ceruloplasmin (CP), the copper-containing ferroxidase in blood plasma can form stable complexes with
metalloproteins and metalloenzymes, including lactoferrin (LF) and
myeloperoxidase (MPO), the identity of the interacting regions on
the respective partner proteins is unclear. In addition, in the case of
lactoferrin the effect of its iron status on its affinity for other proteins
has not been investigated.
In this study we have used overlapping peptide libraries, in each case
comprising 13-amino acid linear peptides with a 6-amino acid overlap,
to identify putative interacting regions on partner proteins using
horseradish peroxidase (HRP)- labelled full-length proteins. Surface
plasmon resonance (SPR) has also been used to compare the affinity
of apo and holo lactoferrin for their partner proteins.
When a peptide library for human LF was probed with HRP-labelled
CP we identified six basic peptides in the amino (N)-terminal lobe of
human LF which interact with CP. Using SPR we observed that the
holo form of human LF has a higher affinity for human CP than its
apo form SPR also revealed that the LF-CP interaction is not species
specific as bovine and elephant lactoferrin were found to interact with
human CP. In an earlier, complementary, study we identified three
lactoferrin-binding regions in human CP, in domains 2, 5 and 6. The
location of the interacting regions on CP and LF would suggest that
following oxidation of ferrous iron to ferric ion by CP there is a direct
transfer of iron to LF.
Our SPR studies have confirmed that the specific interaction between
MPO and CP but also revealed that LF can interact with MPO with
holo human LF having as higher affinity for MPO that apo human LF.
The LF-MPO is also not species specific with sheep, alpaca and camel
LF, but not elephant LF, binding to MPO.
When a peptide library for human ferroportin (FPN) was probed with
CP, the full-length protein interacted with two pairs of overlapping
basic peptides within the FPN sequence. As the two pairs of peptides
were found to reside within a transmembrane region and a putative
intracellular loop in a topology model of human FPN further work
is now required, using native human CP and human FPN-expressing
cells, to explore our observations using the FPN peptide library.

Peptide Arrays as Tools for Study of Protein Interactions
P12: Identification of IgG and IgA linear epitopes in
Clostridium difficile infection by peptide microarray
immunoassay

P16: Oral presentation only

K. Nambiar, C. Rajkumar, M. Wilks, F. Kern, and M. Llewelyn
1

1

2

1

1

1 Brighton and Sussex Medical School, Brighton, UK; 2 Department of
Microbiology, Barts and The London NHS Trust, London, UK

Clostridium difficile is a major human pathogen and the principal
cause of antibiotic associated diarrhoea. The antibody response to C.
difficile infection is important in determining susceptibility, severity
of disease and risk of relapse. Understanding the antibody - antigen
interactions occurring in C. difficile infection will be important in
understanding the aetiology of the disease as well as offering potential targets for vaccine or therapeutic antibody development. Peptide
microarrays offer a rapid method of identifying immunogenic linear
epitopes and relating patterns of epitope identification to clinical
disease states.
Sequential 15mer peptides were synthesised corresponding to the primary structure of 30 proteins from C. difficile (10 proteins each from
3 strains). These were used to produce custom microarray slides with
3534 individual peptides arranged in triplicate. The microarrays were
incubated with sera from 20 elderly patients with active C. difficile
associated diarrhoea (within 96 hours of diagnosis) and 16 control patients (elderly hospital admissions who were diarrhoea and C. difficile
free by culture and PCR). Arrays were stained for human IgG and IgA.
Fluorescence images were acquired using a Genepix 4300A scanner
and data extracted using Genepix version 7.0.2 software. Pre-processing and statistical analysis was conducted using R/Bioconductor
(http://www.R-project.org)
Visualisation of the data by Principal Component Analysis identified
a clear grouping corresponding to the C. difficile infection status.
Analysis of differential identification using empirical Bayes moderated
t-statistics (Limma package - R/Bioconductor) showed 71/3534 peptides identified by IgG and 73/3534 by IgA (>2 fold signal intensity
difference and adjusted P value (FDR) <0.01). 41 of IgG and 48 of IgA
identified peptides showed increased signal intensity in the C. difficile
positive group.
IgG and IgA linear epitope recognition patterns can be identified
corresponding with C. difficile infection status. Peptide microarrays
provide a useful tool for identification of potential targets to explore
antigen - antibody interactions and for developing novel therapeutic
interventions.

P13: Proteomic Kinase Substrate and Phosphopeptide
Chip Technology for Protein Profiling
Christoph Eicken

LC Sciences, 2575 West Bellfort Street, Suite 270, Houston, TX 77054, USA
Although a number of proteomics technologies are well-developed, the
demand for reliable, sensitive, accurate, and comprehensive measurements of protein binding remains unfulfilled. Our work is focused on
developing a novel peptide array technology (PepArray™) for rapid
and reliable quantitative measurements of both protein kinase (PK)
phosphorylation activities and phosphopeptide-phosphoprotein binding domain (PPEP-PPBD) interactions. We describe an innovative
synthesis chemistry paired with advanced microfluidic engineering for
synthesis of high-density peptide arrays according to custom designs.
We further provide diverse examples of proteomics application of the
technology, including enzymatic assays for protein kinases and their
inhibitors and proteomic profiling of phosphoprotein-binding proteins
and domain-binding proteins. Our ultimate goal is to provide new,
powerful research and clinical study tools to address the critical needs
in proteomic research, clinical diagnosis, and therapeutic treatment.

P14: PepSlide®: A Software Platform for Peptide Arrays
Khoa Vo

SICASYS Software GmbH, Heidelberg, Germany
See abstract L10
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P16: Orthogonal coupling of quantum dot-peptide
conjugates for the multiplexed evaluation of enzyme
activity
S. B. Lowe1, J. A. G. Dick1, J. E. Ghadiali1, B. E. Cohen2, M. M.
Stevens1

1 Department of Materials and Institute of Biomedical Engineering, Imperial
College London, Exhibition Road, London SW7 2AZ, UK. Tel: +44 (0)20 7594
6804 Fax: +44 (0)20 7594 6757; 2 The Molecular Foundry, Lawrence Berkeley
National Laboratory, 1 Cyclotron Road, Berkeley, California 94720, USA;
stuart.lowe08@imperial.ac.uk, m.stevens@imperial.ac.uk
See abstract L15

P17: A knowledge-based computational method for
the design of peptide modulators of protein interactions
Narcis Fernandez-Fuentes

Leeds Institute of Molecular Medicine, University of Leeds, UK, n.fernandezfuentes@leeds.ac.uk, http://www.bioinsilico.org
See abstract L17
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Trade Exhibition (see back page for Conference Sponsors)
Activotec

Stand 8

Activotec, based in Cambridge UK, manufactures a range of peptide synthesizers and offers a high quality
custom peptide service. Synthesizers include the Activo-P11 for the production of long and difficult sequences, the Activo-P14 is the world’s smallest and lowest cost peptide synthesizer and a multiple peptide synthesizer. www.activotec.com

ArrayJet Ltd.

A
Activotec

Stand 2

Arrayjet Ltd is a microarray solutions company specialising in:
• Instrumentation: our unique inkjet microarrayers lead the industry in speed, reliability and reproducibility.
• Services: our super-flexible custom microarray services, backed up by custom-sourced reagents and consumables, provide you
with high quality protein and nucleic acid microarrays, hassle-free. www.arrayjet.com

Cambridge Research Biochemicals

Stand 7

Cambridge Research Biochemicals (CRB) has 30 years of excellence in providing high quality custom
peptides and antibodies. As the second oldest peptide company in the world, CRB’s custom services
include stable isotope, radio isotope and fluorescent dye labelled peptide synthesis. For 25 years,
CRB have also been producing custom polyclonal and monoclonal antibodies to meet customer
requirements. www.crbdiscovery.com

HORIBA Scientific

Stand 10

HORIBA Scientific is one of the world’s largest manufacturers of analytical and spectroscopic
systems. Our Surface Plasmon Resonance imaging (SPRi) solutions provide an innovative platform, which allows for the highest label-free analysis throughput and the best value for money
on a per-interaction basis. Meet our representative on stand number 10 for more information. www.horiba.com/scientific

Innobiochips

Stand 11

Innobiochips helps life-sciences researchers accelerate their discovery engine with custommade solutions, leveraging microarrays, bioassays and biochips technologies. Scientific excellence, unique experience and state-of-the-art equipment: Innobiochips offers tailor-made
research services aimed at understanding life on the protein level. Our services are Epitope mapping, Multi protein quantification,
Peptide Synthesis and Custom protein microarrays. www.innobiochips.fr

Merck Millipore

Stand 1

Merck Millipore is the Life Science division of Merck KGaA of Germany and offers a broad range of innovative,
performance products, services and business relationships that enable our customers’ success in research,
development and production of biotech and pharmaceutical drug therapies. Through its Novabiochem
brand, Merck Millipore offers over 1000 high-quality innovative products for peptide synthesis, including
Fmoc-amino acids, coupling reagents, resins, pseudoproline dipeptides and isoacyl-dipeptides. www.merckchemicals.com/novabiochem

Sigma Aldrich

Stand 9

Sigma Life Science is where Bio Begins
Sigma offers products for all disciplines of life science research from antibodies to animal
models and are industry leaders when it comes to cutting-edge technology including
PEPScreen. Sigma® has developed PEPScreen, a proprietary custom peptide synthesis platform, providing a solution to enhance
peptide screening applications. Large numbers of peptides, are supplied quickly and affordably. Our Panorama Antibody Microarray
kits are designed for studying protein expression in cell or tissue extracts. With market-leading content, the Panorama Antibody Array - XPRESS Profiler725 provides a high-throughput tool for multiplex expression profiling of the most important proteome-related
activities. For further details please visit our website sigma.com or contact us caspar.robinson@sial.com

SCHOTT Nexterion® Microarray Solutions

Stand A

The Microarray Solutions product group at SCHOTT Technical Glass Solutions GmbH develops
and market high quality coated and uncoated glass substrates, reagents and kits for the DNA
and protein microarraying market under the brand NEXTERION®. An extensive range of formats
is available including single slide, multi-well slide and 96-well microplates. These substrates are
manufactured with a wide range of functional coatings including the innovative Nexterion HiSens fluorescence enhancing optical
coating. The ready-to-use kits and reagents have been optimized for the best performance with the NEXTERION® functional coatings. www.schott.com/nexterion or email info.nexterion@schott.com
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INTAVIS

Stand 6

PEPperPRINT

Stand 5

The ResPep SL and MultiPep RS modular peptide
synthesisers allow fully
automated preparation of
peptide arrays with up to 2,400 peptides per run or preparation
of multiple copies of CelluSpots™ arrays as well as larger scale
synthesis of peptides on plates or columns. INTAVIS also offers a
range of custom peptide services, including CelluSpots™ arrays,
peptide sets, highly purified peptides and custom antibodies.
www.intavis.com

PEPperPRINT introduces
the new PEPperCHIP®
platform, a cost effective solution for custom
peptide microarrays with
more than 8,900 features per microscope slide and tens of
thousands of peptides on custom formats. PEPperPRINT is also
a leading provider of comprehensive epitope mapping services
for mono- and polyclonal antibodies and sera with amino acid
resolution. www.pepperprint.com

LC Sciences

Poster Session Sponsor

Stand 4

LC Sciences offers proteomics
services based on our innovative
PepArray™ technology, a high density microarray of in situ (on chip)
synthesized customer specified
peptides. PepArray™ is a powerful
tool for multiplex protein assays
covering diverse proteomics applications: enzymatic assays for
protein kinases and their inhibitors, epitope mapping, antibody
and autoantibody detection, and profiling of phosphoproteinbinding and domain-binding proteins. www.lcsciences.com

Conference Floor Plan

Biotage

Stand 3

Biotage is a global leader in life science
technology. With a broad scope of
tools for synthesis, work-up, purification, evaporation and analysis, the
company provides solutions, knowledge and expertise in the areas of peptide chemistry, analytical
chemistry, medicinal chemistry, and process-development. The
SAPS - programmable, semi-automated peptide synthesizer will
be on display. www.biotage.com

