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SCIENTIFIC PROGRAMME

Modular Protein Domains
From Functional Plasticity to Protein Linguistics

Saturday September 10

14:00 - 19:30 Arrival/Registration

19:30 - 21.00 DINNER

21:00 Welcome by Marius Sudol

Opening Lecture by Mark Baker 
The comparative genomics of language

22:00 - open end Informal get together
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13:30 - 15:00 LUNCH

15:00 - 18:30 OPEN / DIVERSE ACTIVITIES

18:30 - 20:00 DINNER

SESSION 3
PDZ domains chair: Sachdev Sidhu

20:00 - 20:30 Sachdev Sidhu
Genome-wide analysis of PDZ domain networks

20:30 - 21:00 Hartmut Oschkinat
Quantification of PDZ domain specificity, prediction of ligand
affinity and design of small-molecular weight inhibitors and
super-binding peptides

21:00 - 21:15 Boris Reva
PDZ domains: predicting sub-family specificity of protein-pro-
tein interaction

21:15 - 21:30 Prisca Boisguerin
Characterization of PDZ domains using spot synthesis

21:30- open end POSTER SESSION (with drinks)
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Sunday September 11

9:00 - 10:00 PLENARY LECTURE by Tony Pawson
Adapter proteins and biological specificity

SESSION 1
In silico computational methods chair: Giovanni Cesareni

10:00 - 10:30 Giovanni Cesareni 
Specificity and promiscuity in the interaction network mediated
by peptide binding modules 

10:30 - 11:00 Gary Bader
Predicting protein-protein interactions in context

11:00 - 11:15 Rune Linding
Modular protein interaction networks - developing a 
toolbox for synthetic biology

11:15 - 11:30 Philipp Pagel
A domain interaction map based on phylogenetic profiling

COFFEE

SESSION 2 
PH domains chair: Peter Cullen

12:00 - 12:30 Peter Cullen
Co-incidence detection through phosphoinositide-binding
modular domains 

12:30 - 13:00 Gregory Mashanov
Lateral mobility of myosin-X and its pleckstrin homology
domains at cell membrane

13:00 - 13:30 Grant Booker
The PH domain of Tec tyrosine kinase interacts with the
spectrin repeats of actinin-4
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12:30 - 14:00 LUNCH

14:00 - 18:30 OPEN / DIVERSE ACTIVITIES

18:30 - 20:00 DINNER

SESSION 6 
pS/pT binding domains and interaction networks chair: Michael B. Yaffe

20:00 - 20:30 Michael B.Yaffe
Phosphoserine/threonine-binding domains: critical regulators
of cell cycle control and the DNA damage response 

20:30 – 20:45 Simona Panni
The 14-3-3 network in yeast and mammalia

20:45 - 21:00 Peter Crowley
Transient protein interfaces: the architecture of low affinity

21:00 - 21:15 Raffi Tonikian
Genome-wide analysis of C. elegans SH3 domains

21:15 - 21:30 Izhack Cherny
Molecular recognition between the unfolded Yefm antitoxin and
the Yoeb toxin: peptide array identification and biophysical
characterization
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Monday September 12

SESSION 4 
SH2 domains chair: Bruce J. Mayer

9:00 -   9:30 Bruce J. Mayer
Using SH2 domains to profile the global state of tyrosine
phosphorylation in the cell

9:30 - 09:50 Fabio Pichierri
Signature of quantum effects in the signaling events mediated
by the SH2 domain of protein tyrosine kinases

..9:50 - 10:10 Diana Imhof
Modulation of the catalytic activity of protein tyrosine
phosphatases SHP-1 and SHP-2 

10:10 - 10:40 Rama Ranganathan
Evolutionary information for specifying a protein fold

COFFEE

SESSION 5 
SH3 domains chair: Stephan Feller

11:00 - 11:30 Stephan Feller
SH3 domains in protein assembly and cell signalling

11:30 - 11:50 Christian Freund
Lipid binding hSH3 domains in the T cell protein ADAP

11:50 - 12:10 Kalle Saksela
Identification of preferred protein interactions via phage-
display of the human SH3 proteome

12:10 - 12:25 Pedro Beltrao
Comparative genomics and disorder prediction identify
biologically relevant SH3 protein interactions 
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12:30 - 14:00 LUNCH

14:00 - 18:30 OPEN / DIVERSE ACTIVITIES

18:30 - 20:00 DINNER

SESSION 9
polyProline binding motifs chair: Linda J. Ball

20:00 - 20:30 Linda Ball
Recognition of proline-rich motifs (PRMs) by protein-protein
interaction domains

20:30 - 21:00 Ulrich Walter
Gene disruption of spred-2 causes dwarfism

21:00 - 21:15 Anja Lambrechts
Impact of the multifunctional, single module protein profilin I
on neuritogenesis

21:15 - 21:30 Ana Camara Artigas
Thermodynamic and crystallographic studies of several R21
mutants from α-spectrin SH3 domain 

21:30- open end POSTER SESSION (with drinks)
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Tuesday September 13

SESSION 7 
CH domains chair: Edward Egelman

9:00 - 9:30 Edward Egelman
Interaction of calponin homology domains with F-actin

9:30 - 10:00 Steven J. Winder
Molecular and genetic analysis of Scp1p - actin interactions 

10:00 - 10:15 Gerard Dougherty
CLAMP, a novel microtubule-associated protein with EB-type
calponin homology

10:15 - 10:30 Kristina Djinovic-Carugo
Towards understanding α-actinin structure and
regulation: crystal structure of the actin binding domain

COFFEE

SESSION 8
WW domains chair: Marius Sudol

11:00 - 11:30 Marius Sudol 
Tinkering with the WW domain to reveal its biological 
cryptogram of ligand recognition and network signaling

11:30 - 11:50 Irene Luque
Thermodynamic characterization of the structural stability of
WW domains and their interactions with viral L domains

11:50 - 12:05 Ximena Ramirez
Structural determination of complexes of a promiscuous WW
domain

12:05 - 12:20 Adriana Mongiovi
Posttranslational modification of YAP: a key regulator of DNA
damage-induced p73-mediated apoptosis
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SESSION 12 
Protein Linguistics chair: Wendell Lim

15:00 - 15:30 Wendell Lim 
The modular logic of cell signaling systems

15:30 - 16:00 Marc Vidal
Interactome networks

16:00 - 16:30 Mario Gimona
Positional and compositional semantics – a grammar for
modular protein assembly?

16:30 -17:00 Closing remarks, Poster prize

19:00 - 20:00 COCKTAILS

20:00- open end CONFERENCE DINNER
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Wednesday September 14

SESSION 10 
IQ motifs chair Martin Baehler

9:00 -   9:30 Martin Baehler
IQ-motifs and its binding partners regulate myosin activity and
myosin step size

9:30 - 10:00 Peter Bayley 
Calmodulin-binding domains

10:00 - 10:15 Sarah Batey
Cooperative folding in a multi-domain protein

COFFEE

SESSION 11 
New Motifs and Domains chair: Mario Gimona

10:45 - 11:15 Dieter O. Fuerst 
Xin repeat proteins: multi-adapter proteins that bind to muscle
actin via a novel peptide repeat 

11:15 - 11:45 Andreas Ladurner
Macro domains recognize distinct NAD metabolites

11:45 - 12:05 Hidekazu Hiroaki
Solution structure of the MIT domain from Vps4b, an 
AAA-ATPase important for multivesicular body formation. 

12:05 - 12:25 Boon Low
BCH domain as a novel regulator for cell dynamics control

12:30 - 15:00 LUNCH
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ABSTRACTS

T 1 - 48

P 1-31

14

Thursday September 15

END / DEPARTURE OF DELEGATES
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T2
Adapter proteins and biological specificity

Tony Pawson

Samuel Lunenfeld Research Institute, Toronto, Ontario M5G 1X5
CANADA

16

T1
The comparative genomics of language 

Mark C. Baker

Rutgers University, Center of Cognitive Science, Department of Linguistics
New Brunswick NJ 08901-1184, U.S.A.



19

T4
Predicting protein-protein interactions in context

Gary D. Bader1, Boris Reva1, Chris Sander1, Yingnan Zhang2, Raffi Tonikian2,3, 
Charlie Boone3, Sachdev S. Sidhu2

1 Computational Biology Center, Memorial Sloan-Kettering Cancer Center
New York

2 Department of Protein Engineering, Genentech, Inc., South San Francisco
3 Banting and Best Department of Medical Research and Department of 
Molecular and Medical Genetics, University of Toronto, Toronto

The pervasiveness of modular peptide recognition domains, such as SH3, WW,
SH2 and PDZ, in forming biological network links, especially in eukaryotic
signaling systems, provides an opportunity for accurate protein interaction
prediction on a large scale. If we can understand how specificity of modular
protein interaction domains is determined on the protein sequence and structure
levels, we can accurately predict protein-protein interactions involving entire
domain classes. Complementing this with protein sequence, location, expression,
structure, functional annotation and known molecular interactions, we can
interpret our predictions in cellular context. Further, evolutionary context across
species will emphasize important predicted network features both conserved and
diverged. We are developing a software platform for biologically relevant
protein-protein interaction prediction that uses peptide binding information from
techniques such as phage display or peptide arrays to construct a domain-specific
interaction model. The model can be used to predict protein interactions
involving the domains assayed, further understand specificity rules linking
binding site to interacting peptide residues, and to predict the specificity of
related members of the domain family. Interaction prediction results from many
domains can be used to construct an extended protein interaction network, which
can be analyzed on the network level and used to predict protein function and
molecular complexes. With these results, we hope to extend the cellular
regulatory map and further understand how signaling networks are globally
organized and locally wired.
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T3
Specificity and promiscuity in the interaction network mediated
by peptide binding modules

G. Cesareni, S. Panni, S. Paoluzi, A. Cabibbo, C. Langraf 2, R. Volkmer Engert2,
A. Chatr Aryamontri, A. Ceol, L. Castagnoli

1 Department of Biology, University of Rome Tor Vergata, Rome Italy
2 Institut für Medizinische Immunologie Charité , Universitätsmedizin Berlin

A substantial fraction of the protein network relies on interactions mediated by
small protein recognition modules binding to short peptides in the partner
proteins. Most of these interactions are transient and cannot be easily detected by
co-purification experiments. However, the number of interactions mediated by
each domain and the degree of promiscuity at a whole proteome level has not
been investigated.
We have used a combination of phage display and positionally addressed peptide
synthesis (PepSPOT) to screen all the peptides in the yeast proteome for their
potential to bind 27 yeast SH3 domains. This same approach, that we have named
WISE (Whole Interactome Scanning Experiment), was exploited to screen all the
phosphopeptides in the yeast proteome for their ability to bind the two isophorms
of the yeast 14-3-3 proteins. This strategy has allowed us to investigate the
degree of specificity of these domain families at a whole proteome level.
Although these approaches have contributed to revealing some degree of intrinsic
specificity of different members within a domain family, it has become apparent
that this is not sufficient to support on its own a cell model where the observed
specific biological outputs are guaranteed by a highly specific wiring of the
protein interaction network.
I will also describe MINT a relational database designed to store experimental
information about interactions between proteins. The database can be freely
accessed at http://mint.bio.uniroama2.it/mint. All the data stored in MINT can be
freely downloaded from the WEB site in the PSI2 (Protein Standard Initiative)
format.
Our curation effort has focused on the subsets of interactions that are mediated
by families of small protein interaction domains binding to short extended
peptides in the partner protein. By combining this experimental and informatic
approach, we aim at describing the complete network connecting peptides that
are either rich in proline or phosphorylated.
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T6 /P1
A domain interaction map based on phylogenetic profiling

P. Pagel1, P. Wong1, D. Frishman1,2

1 Institute for Bioinformatics/MIPS, GSF - German Research Center for
Environment and Health

2 Dept. of Genome oriented Bioinformatics, Technical University of Munich

Phylogenetic profiling is a well established method for predicting functional
relations and physical interactions between proteins. We present a new method
for finding such relations based on phylogenetic profiling of conserved domains
rather than proteins, avoiding computationally expensive all versus all sequence
comparisons among genomes. The resulting domain interaction map (DIMA) can
be explored directly or mapped to a genome of interest. We demonstrate that the
performance of DIMA is comparable to that of classical phylogenetic profiling
and its predictions often yield information that cannot be detected by profiling of
entire protein chains. We provide a list of novel domain associations predicted by
our method.
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T5
Modular protein interaction networks - developing a toolbox for
synthetic biology

Rune Linding

Samuel Lunenfeld Research Institute, Mt. Sinai Hospital, 600 University Avenue
- Toronto - Ontario - M5G 1X5 – CANADA and 
Center for Cancer Research - Massachusetts Institute of Technology
MIT, 77 Massachusetts Avenue, Boston, USA

Signal transduction allow cells to respond to both internal and external stimuli
and is thus crucial for understanding the complexity and organization of multi-
cellular organisms. Protein kinases are key players in the underlying molecular
framework and have been studied for decades. Recently, mass spectrometry
studies have generated proteome-wide data on phosphorylation sites. However,
determining the kinase responsible for the phosphorylation of each site is
difficult due to the transient nature of these interactions. Moreover, the
phosphorylation motifs do not encode all information required for specificity,
which precludes the use of in vitro assays as well as prediction methods based
purely on sequence motifs. The cellular signaling networks are thus largely
unknown despite intensive research of both the kinases and the substrates. We
here present a strategy that combines proteomics and computational biology to
infer cell signaling networks. The approach provides thousands of specific
hypotheses on interactions between protein kinases and their cellular substrates.
To further illuminate the concept of biological pathways and attempt to find
novel cross-pathway linkages we developed a framework based on modular
deconvolution which allow us to predict signaling events and downstream effects
of e.g. phosphorylation. We take advantage of the fact that most signaling
proteins is modular architectured and that their modes of interactions can be
described as domain-domain or domain-linear motif interactions.
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T8
Lateral mobility of myosin-X and its pleckstrin homology domains
at cell membrane

G.I. Mashanov1, T.A. Nenasheva2, T. Carter1, D. Tacon3, R. Cheney4, 
M. Peckham3, and J. Molloy1

1  National Institute for Medical Research, London, UK 
2  Urals’ State University, Ekaterinburg, Russia
3  University of Leeds, Leeds, UK
4  University of North Carolina, Chapel Hill, NC, USA

In most cell types myosin-X is localised to the tips of filopodia, bound to
granules that move along actin filament bundles (Berg & Cheney, 2002, Nat.
Cell. Biol. 4:246). We have found that a significant fraction of myosin X binds at
the plasma membrane in human umbilical vein endothelial cells (HUVECs).
There are a total of six pleckstrin homology (PH) domains in tail region of intact
myosin-X (three domains per heavy chain (PH123). These domains are thought
to target the motor to phosphoinositide phospholipids. We used total internal
reflection fluorescence microscopy, to visualize, transiently expressed GFP-
tagged molecules of intact myosin-X and constructs consisting solely of the PH
domain region. We were able to image individual GFP-tagged molecules binding
at the plasma membrane of live HUVECs and measure their movements. It was
found that PH123 molecules were more mobile compared to myosin-X (see
table). The distribution of mobilities for individual myosin-X molecules indicated
that their behaviour was heterogeneous, showing a skew to higher values. We
also found that treatment with the actin-disrupting drug, Latrunculin-B,
significantly increased myosin-X mobility but had less effect on PH123 mobility.
Temp. Myosin X PH123
23oC 0.17+/-0.003 0.33+/-0.004 Mean+/-SEM
37oC 0.25+/-0.006 0.43+/-0.004 n=2000 to 6000

We conclude that myosin-X binds to phosphoinositide phospholipids at the
plasma membrane via its PH domains and also binds to the actin cytoskeleton,
which restricts it mobility on membrane. The temperature dependence of lateral
mobility found for both PH123 and myosin X is much greater than expected
from simple diffusion (proportional to absolute temperature) and we conclude
that the HUVEC plasma membrane viscosity must change significantly between
23 and 37°C.
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T7
Co-incidence detection through phosphoinositide-binding
modular domains 

Peter J. Cullen

The Henry Wellcome Integrated Signalling Laboratories, Department of
Biochemistry, School of Medical Sciences, University of Bristol, Bristol BS8
1TD, U.K.

Phosphorylated derivatives of phosphatidylinositol have long been viewed as
both lipid-based second messengers and as compartment-specific localization
signals for phosphoinositide-binding proteins. Much recent work has identified a
variety of phosphoinositide-binding domains that are able to ligate specific
phosphoinositides and thus target their host proteins to membranes enriched in
these lipids. Such domains included pleckstin homology (PH) domains, phox
homology (PX) domains and FYVE fingers

It is becoming apparent that rather than displaying uniform localization over the
surface of organelles, both phosphoinositides and phosphoinositide-binding
proteins can display a restricted distribution upon the cytosolic face of
organelles. Here we will examine recent data documenting the restricted
distribution of both phosphoinositide lipids and their binding partners, and
examine how phosphoinositide-binding proteins can employ mulit-valent binding
mechanisms to achieve these restricted localizations. 
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T10
Genome-wide analysis of PDZ domain network

S. Sidhu1, Y. Zhang1, R.Tonikian2, G. Bader3, B. Reva3, Y. Wu1, H. Held1, 
B. Appleton1, X. Xin2, M. Evangelista2, C. Sander3, L. Lasky1, N. Skelton1,
C. Wiesmann1, and C. Boone2

1 Department of Protein Engineering, Genentech, Inc., South San Francisco
2 University of Toronto
3 Computational Biology Center, Memorial Sloan-Kettering Cancer Center
New York

A multi-disciplinary approach was applied to the study of PDZ domains on a
genome-wide scale.  Specificity profiles for approximately 100 PDZ domains
from human and C. elegans were derived by phage display.  These data were used
to predict in silico interaction networks for the human and worm proteomes, and
these predictions were tested in vitro and in vivo. Affinity assays and structural
analyses were used to explore the relationships between PDZ domain structure
and function.  The combined structural, functional and statistical data were used
to derive a computer algorithm that can predict the specificity of any PDZ
domain with high confidence, based on primary sequence alone.  We find that,
while PDZ domains are capable of recognizing multiple binding partners, most
domains are not promiscuous, but rather, are restricted to specific sets of
biological ligands. Binding interactions can involve any of the last seven ligand
residues, and different PDZ domains rely on interactions with different residues
to achieve affinity and specificity. Consequently, the traditional classification
scheme based on site-2 is overly simplistic, as it arbitrarily assigns undue weight
to a single interaction.  Instead, we propose a PDZ domain classification system
that takes into account all of the possible interactions with C-terminal ligands,
and thus, provides a structural framework for understanding PDZ domain
biological function.
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T9
The PH domain of Tec tyrosine kinase interacts with the spectrin
repeats of actinin-4

Merkel, A.L., Kowalski, K, Tran, L. & Booker, G.W.

School of Molecular and Biomedical Science, The University of Adelaide
South Australia, 5005

The pleckstrin homology (PH) domains are well known for their ability to bind
selected phosphatidylinositides and thereby localise proteins to specific lipid
membranes within the cell. In addition however, some PH domains have been
shown to participate in protein-protein interactions. We have used a yeast-2-
hybrid interaction screen to identify the spectrin repeats of the cytoskeletal
protein actinin-4 as a partner for the N-terminal 150 residues of the Tec tyrosine
kinase. This region of Tec encodes a PH domain and a zinc-binding structure
(Btk motif) and like the family member Btk is thought to localise the enzyme to
the plasma membrane via PIP3 binding.

A range of techniques including site directed mutagenesis, immuno-
precipitation, GST-pull downs and protein NMR have been used to characterise
this interaction. The interaction is specific for actinin-4 and not the closely
related isoform actinin-1, also found in non-muscle cells. Residues Ser646 and
His649, situated between spectrin repeats 3 and 4 of the rod structure are
essential for the interaction.
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T12 / P2
PDZ domains: predicting sub-family specificity of protein-protein
interaction

B. Reva, G. Bader, and C. Sander

Computational Biology Center, Memorial Sloan-Kettering Cancer Center
New York, N.Y., USA

The PDZ domain family, important in cell signaling, is one of the largest in the
human genome. PDZ domains bind to the C-terminal 4-5 residues of specific
partners, frequently transmembrane receptors or ion channels, but the complete
set of interacting partners of proteins containing PDZ domains is not known.
Here, by identifying specificity signatures hidden within multiple sequence
alignments of PDZ domains, we address several questions. Which PDZ domains
are likely to recognize the same partners? Which binding site residues are
primarily responsible for specific recognition? What is the minimal mutational
distance between functionally distinct PDZ domains and what is the estimated
complexity of the sequence space of their targets? We address these questions
using a recently developed algorithm (Reva & Sander, 2005) for the detection of
functional specificity residues from multiple sequence alignments. The algorithm
divides a family of protein domain sequences into subfamilies, each expected to
bind similar protein partners by virtue of a common specificity signature. The
computed set of specificity signatures in the family is optimal by a difference
entropy measure (real versus random). We describe the function of the resulting
PDZ domain subfamilies using domain co-occurrence and functional gene
ontology annotations of the corresponding PDZ-containing proteins, discuss the
potential use of this method for the prediction of protein-protein interactions and
suggest validation experiments.
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T11
Quantification of PDZ domain specificity, prediction of ligand
affinity and design of small-molecular weight inhibitors and
super-binding peptides

Prisca Boisguerin1, Urs Wiedemann3†, Rainer Leben2,4, Rudolf Volkmer-Engert1,
Carolyn Vargas3, Mangesh Joshi3, Jörg Rademann3, Jens Schneider-Mergener1,
Dietmar Leitner3, Gerd Krause3, Karin Moelling2,4 and Hartmut Oschkinat3

1  Institut für Medizinische Immunologie, Universitätsklinikum Charité, Hessische
Str. 3-4 10115 Berlin, Germany

2  Institut für Klinische Pharmakologie und Toxikologie, Garystr. 5, 14195 Berlin,
Germany

3  Forschungsinstitut für Molekulare Pharmakologie, Robert-Rössle-Str. 10, 13125
Berlin, Germany

4  Institut für medizinische Virologie Gloriastr. 30 8028 Zürich, Switzerland

Three representative PDZ domains (AF6, ERBIN and SNA1) were selected to
investigate the individual contributions of amino acids in peptide ligands to
quantify PDZ domain specificity. We screened these PDZ domains with a
representative library of 6223 human C-terminal peptides, performed multiple
substitutional analyses, determined dissociation constants by SPR and mapped
the ligand binding site by NMR measurements. In order to quantify the
individual contribution of these last four ligand residues, we designed a “profile
library” consisting of all amino acid mutations of the identified ligand motif for
AF6 and ERBIN, respectively. Based on these interaction data, we were able to
build predictive Analysis of Variance (ANOVA) models of ligand specificity for
both domains, and later also for SNA1 using also substitutional analysises. This
approach of quantifying the PDZ domain specificity profile was validated by the
successful prediction of super-binding peptides for all three PDZ domains.
Furthermore, first attempts towards chemical biology with PDZ domains will be
presented.
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T14
Using SH2 domains to profile the global state of tyrosine
phosphorylation in the cell

K. Machida1, G. Rivera1, C. Thompson1, P. Nollau2, B. J. Mayer1

1 University of Connecticut Health Center, Farmington CT USA
2 Universitätsklinikum Hamburg-Eppendorf, Hamburg Germany

In multicellular organisms, many important extracellular cues are transmitted to
the cytosol via changes in the tyrosine phosphorylation of proteins. Such
signals play a vital role in controlling biological activities such as proliferation,
differentiation, adhesion, and motility. The primary consequence of tyrosine
phosphorylation is the creation of high-affinity binding sites for small, modular
protein binding domains such as the Src Homology 2 (SH2) domain. Changes
in tyrosine phosphorylation thus lead to changes in the subcellular localization
and binding partners of signaling proteins containing SH2 domains. There are
at least 116 SH2 domains in the human genome, and different examples bind
specifically to different classes of tyrosine phosphorylated sites. We have
constructed and purified recombinant bacterial fusion proteins for most human
SH2 domains, and used these as probes for the global state of tyrosine
phosphorylation in the cell. Far-western blotting and high-throughput
multiplexed binding approaches have been developed to define SH2 domain
binding sites in protein lysates. This approach, termed SH2 profiling, provides
important information on the structure and regulation of tyrosine kinase
signaling networks. In addition, SH2 profiling provides a novel molecular
diagnostic method for classifying tumor cells and predicting clinical outcomes.
In addition to this proteomic approach, we have also explored in detail the role
of specific SH2 domains in signaling pathways. For example, the Nck
SH2/SH3 adaptor plays an important role in relaying extracellular signals to the
actin cytoskeleton, and we recently found that Nck is essential for membrane
ruffling induced by platelet-derived growth factor (PDGF). We have defined
the kinetics of generation of Nck SH2 domain binding sites after PDGF
stimulation, the subcellular localization of those sites, and the identity of the
proteins bearing those sites. Such studies elucidate a direct signaling pathway
from the receptor to the localized Arp2/3-mediated stimulation of actin
polymerization.
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T13 / P3
Characterization of PDZ domains using spot synthesis

P. Boisguérin, R. Volkmer-Engert

Institute of Medical Immunology, Charite, Humboldt-University, Berlin, Germany

PDZ domains [1] are ubiquitous protein interaction modules that play a key role in cellular
signaling. They are ~90 residues [beta]-barrel structures flanked by [alpha]-helices.
Recognition of C-terminal residues is one of the most common binding features of PDZ
domains. Unfortunately, most solid support-bound peptide libraries lack a free C-terminus
due to C-terminal fixation on the solid support. Therefore, we developed the “inverted
peptides method”, which is based the standard SPOT synthesis followed by a step to create
peptides with free C-termini [2]. Based on this new methodology, we were able to obtain a
description of the individual PDZ domain/ligand specificity-relationships and to predict
dissociation constants for the investigated PDZ domain interactions with all potential com-
binations of the last four C-terminal ligand residues (http://www.fmp-berlin.de/nmr/pdz)
[3]. Now, we want to improve our methodology to allow the analysis of peptide phosphory-
lation, which is a putative regulation mechanism for PDZ interaction. At this junction, all
phosphate groups of the incorporated phosphorylated amino acids are cleaved at the same
time caused by the alkaline condition used for the chemoselective cyclization/cleavage step
(to generate the free C-terminus). By changing the synthesis strategy through the
incorporation of an acid-labile cleavage side [4hydroxymethylphenoxyacetic acid (HMPA)]
the phosphate groups of the phosphorylated amino acids would be stable. Furthermore, the
SPOT synthesis could be applied to establish a new in vivo high throughput array. Peptides
of interest, which are synthesized on a membrane-bound cleavable linker, could be coupled
with FITC-labeled cell penetrating peptides (CPP) by native peptide ligation [4]. After the
cleavage, the FITC-CPP-peptides could be directly used for in vivo co-localization within
living cells. Taken together, the SPOT synthesis, which could be applied for in vitro and in
vivo assays, gives us the possibility to obtain detailed insights into the ligand specificity,
the regulation mechanism and the in vivo localization of PDZ domains.

1. Doyle, D.A., Lee, A., Lewis, J., Kim, E., Sheng, M., and MacKinnon, R. (1996). Crystal structures
of a complexed and peptide-free membrane protein- binding domain: molecular basis of peptide
recognition by PDZ. Cell 85, 1067-1076.
2. 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 ter-
mini is useful for PDZ domain binding studies. Chem Biol 11, 449-459.
3. 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. J Mol Biol 343, 703-718.
4. Toepert, F., Knaute, T., Guffler, S., Pires, J.R., Matzdorf, T., Oschkinat, H., and Schneider-Mergen-
er, J. (2003). Combining SPOT synthesis and native peptide ligation to create large arrays of WW
protein domains. Angew Chem Int Ed Engl 42, 1136-1140.
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T16 /P6
Modulation of the catalytic activity of protein tyrosine phos-
phatases SHP-1 and SHP-2

D. Imhof, K.Hampel, M.S. Zoda, K. Teichmann

Institute of Biochemistry and Biophysics, Friedrich-Schiller-University Jena
Philosophenweg 12, 07743 Jena, Germany

SH2 domains are protein-protein interaction modules composed of  ~100 amino
acids and bind to phosphotyrosine (pY) -containing ligands. Our target enzymes,
the protein tyrosine phosphatases SHP-1 and SHP-2, contain two SH2 domains
in a tandem modus (N-SH2, C-SH2). Both enzymes share a high sequence and
structure homology, but have very different functions in vivo. 

Recently, we characterized the recognition requirements for binding to the 
N-terminal SH2 domain of SHP-1 in more detail than was possible through the
screening of a phosphopeptide library1 using linear and cyclic peptides that were
derived from molecular modeling studies.2 Two of our cyclic peptides partially
inhibited the stimulation of phosphatase activity, but displayed a high binding
affinity to the N-SH2 domain. These peptides are now used as lead structures for
further research, especially for the search of inhibitory compounds. We
developed different strategies for modulators of SHP-1 and SHP-2 catalytic
activities that will be presented together with the first results from biological
testing.

1 Beebe, K., et al., Biochemistry 2000, 39, 13251-13260.
2 Imhof, D., et al., J. Med. Chem. 2005, 48, 1528-1539.
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T15 /P5
Signature of quantum effects in the signaling events mediated by
the SH2 domain of protein tyrosine kinases

Fabio Pichierri

COE Laboratory, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577,
Japan
E-mail: fabio@tagen.tohoku.ac.jp

The SH2 domain of a protein tyrosine kinase was the subject of a recent
computational study [Biophys.Chem. 109 (2004) 295-304] performed with the
aid of quantum mechanical methods. The starting point of this study is
represented by the crystal structure of the SH2 domain of p56lck tyrosine kinase in
complex with a short phosphopeptide which has been solved at atomic resolution
by Tong et al. [J.Mol.Biol. 256 (1996) 601-610]. The results of the calculations
indicate that the change in net charge of amino-acid side chains depends upon
both the nature and topology of the intermolecular interactions that are being
established at the protein-ligand interface. Furthermore, the computed
macrodipole of the unliganded SH2 domain changes in magnitude (~20 Debye)
and rotates ~150 deg. from the initial orientation upon binding. This result
represents a possible signature of quantum effects in the biology of signal
transduction events mediated by this protein domain.
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SH3 domains in protein assembly and cell signalling

S.M. Feller

Cancer Research UK Cell Signalling Group, WIMM, Oxford University

SH3 domains are globular domains of ca. 55-70 amino acids. First detected in 
v-Crk, a small retroviral adaptor protein with oncogenic properties that was
captured by the virus from the chicken host genome, SH3 domains have by now
been described as mediators of many cell signalling events, but also as modules
which allow the selective fomation of other multi-protein complexes. From the
initial analyses, proline-rich binding motifs of intracellular signalling proteins
which fold into a poly-proline helix type II (PPII) were defined as typical 
SH3-domain interacting epitopes. A P-x-x-P motif has been found as a central
consensus motif in these interactions. However, subsequently it was shown that
SH3 domains can form biologically relevant complexes with protein regions that
lack the typical P-x-x-P core motif and/or do not adopt a PPII conformation.
Moreover, some SH3 domains have been shown to form functional dimers,
others can bind several proteins simultaneously. Recent studies show now that
SH3 domains can even bind to certain phospholipids. More and more SH3-like
domains which share no sequence homology with SH3 domains but display the
SH3-typical β-barrel fold are being described. The SH3-fold superfamily is now
apparent from bacteria to man. Naturally occurring SH3 domain mutations are
linked to a number of human diseases. Some SH3 domains are also potential
targets for therapeutic drugs against cancers and other diseases. Nevertheless,
only few attempts towards developing SH3 domain-specific inhibitors have been
made so far, in part because P-x-x-P motifs are extremely abundant in human
proteins. Fortunately, some of the newly identified atypical SH3 domain
interactions may provide good opportunities for drug development, because they
do not depend primarily on proline interactions.
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Evolutionary information for specifying a protein fold

Rama Ranganathan
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Identification of preferred protein interactions via phage-display
of the human SH3 proteome

S. Kärkkäinen1, M.  Hiipakka1, J. Wang1, I. Kärkkäinen1, T. Kesti2, 
M. Vähä-Jaakkola1, G.H. Renkema1, M. Liss3, R. Wagner3, K. Saksela1,2

1 Institute of Medical Technology, University of Tampere, FIN-33014 Finland
2 Department of Virology, Haartman Institute, University of Helsinki FIN-0014,
Finland 

3 Geneart GmbH, Josef-Engert-Strasse 9, Regensburg, D-93053, Germany

SH3 protein interaction domains guide highly regulated cellular processes but
their contribution to the specificity of these events has remained unclear because
SH3 target peptide recognition typically involves relatively low affinity and
selectivity. We have determined the human genome to contain 296 different SH3
domains, and cloned these into a phage display vector. This provided a powerful
and unbiased system for simultaneous assaying of the complete human SH3
proteome for the strongest binding towards target proteins of interest without the
limitations posed by short linear peptide ligands or confounding variables of
more indirect methods for protein interaction screening. Our results showed that
strong SH3-mediated interactions with nanomolar affinities are common, thus
arguing for a more dominant role for SH3 domains in directing cellular protein
interactions than previously believed. These studies confirmed some SH3
associations previously reported for HIV-1 Nef, PAK2, CD3ε, and ADAM15, and
revealed interesting new interactions, which based on their strong binding
affinities may be more relevant than some of the currently appreciated ones. 
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Lipid binding hSH3 domains in the T cell protein ADAP

C. Freund1, A. Arbuzova2, H. Strauss1, M. Kofler1, K. Heuer1

1 FU/FMP Berlin

2 Humboldt Universität Berlin

ADAP (adhesion and degranulation promoting adapter protein) is critically
involved in downstream signaling events triggered by the activation of the T cell
receptor. Cytokine production, proliferation and integrin clustering are dependent
on ADAP function, but the molecular basis for these processes is poorly
understood. We now show the hSH3 domain of ADAP to be a lipid-interaction
module that binds to acidic lipids, including phosphatidylinositides. Positively
charged surface patches of the domain preferentially bind to polyvalent acidic
lipids such as PIP2 or PIP3 over the monovalent PS phospholipid and this
interaction is dependent on the N-terminal helix of the hSH3 domain fold. Basic
amino acid side-chains from the SH3 scaffold also contribute to lipid binding. In
the context of T cell signaling, our findings suggest that ADAP, upon recruitment
to the cell-cell junction as part of a multiprotein complex, directly interacts with
phosphoinositide enriched regions of the plasma membrane. Furthermore, the
ADAP lipid interaction defines the helically extended SH3 scaffold as a novel
member of membrane interaction domains.
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Phosphoserine/threonine-binding domains: critical regulators of
cell cycle control and the DNA damage response

Michael B. Yaffe

Center for Cancer Research, Massachusetts Institute of Technology, 77
Massachusetts Ave, E18-580, Cambridge, MA 02139 USA, myaffe@mit.edu

Phosphoserine/threonine-binding domains function within protein kinase
signaling networks to control multiple aspects of cell proliferation, including cell
cycle progression and the response to DNA damage.  Known pSer/pThr-binding
domains include14-3-3 proteins, WW domains, FHA domains, and WD40
repeats of F-box proteins. We have devised a novel proteomic strategy to identify
pSer/pThr-binding modules and their substrates within kinase-specific pathways,
and have identified tandem BRCT domains and the conserved C-termini of Polo-
like kinase family members as new members of this class of domains. The
phosphopeptide-binding function of the C-termini of Polo-like kinases targets
Polo-like kinases towards substrates that have undergone priming phosphory-
lation by Cdks or other mitotic kinases as part of a coordinated mitotic signaling
network. The phosphopeptide-binding function of tandem BRCT domains
localizes molecules like BRCA1 and PTIP into nuclear foci in response to DNA
damage through phospho-dependent recognition of ATM/ATR-phosphorylated
substrates as part of the DNA repair pathway. The X-ray crystal structures of
these and other modular domains reveal that each domain family has evolved
unique features to permit phosphopeptide recognition.  The critical roles of
phospho-binding domains in mitotic control along with their structural diversity
suggests that it should be possible to design reagents and drugs that target
specific phospho-binding domains to therapeutically control cell cycle
progression in various disease states. 
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Comparative genomics and disorder prediction identify
biologically relevant SH3 protein interactions 

Beltrao, P., and Serrano, L.

EMBL - Heidelberg

Protein interaction networks are an important part of the post-genomic effort to
integrate a part-list view of the cell into system-level understanding. Using a set
of eleven yeast genomes we show that combining comparative genomics and
secondary structure information can greatly increase consensus based prediction
of SH3 targets. Benchmarking of our method against positive and negative
standards gives 83% accuracy with 26% coverage. We introduce the concept of
an optimal divergence time, for effective comparative genomics studies, by
proving that genomes of species that diverged very recently from S. cerevisiae 
(S. mikatae, S. bayanus and S. paradoxus), or a long time ago (N. crassa and
S. pombe) contain less information for accurate prediction of SH3 targets than
species within the optimal divergence time proposed. We show that intrinsically
disordered SH3 domain targets are more likely sites of interaction than
equivalent sites within ordered regions. Our findings highlight several novel 
S. cerevisiae SH3 protein-interactions, the value of selection of optimal
divergence times in comparative genomics studies and importance of intrinsic
disorder for protein interactions. 
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Transient protein interfaces: the architecture of low affinity

P. B. Crowley and C. Dennison*

ITQB, Universidade Nova de Lisboa, Oeiras, Portugal
*Institute for Cell and Molecular Biosciences, University of Newcastle upon
Tyne, United Kingdom

Recognition is fundamental to function since it enables proteins to make specific
interactions with reaction partners in the cell. Therefore, in order to understand
function one must consider the protein surface, which contains a wealth of
recognition information. Computational analyses of crystal structures of protein
complexes have revealed many features of the protein interface. Criteria such as
the interface size, complementarity and hydrophobicity provide useful criteria for
the classification of protein interfaces. Moreover, these interface properties tend
to correlate with the binding affinity of complex formation. 

Specificty is dependent on the extent of geometric and chemical
complementarity that can be achieved between two protein surfaces. The
interfaces found in transient complexes (as well as crystal packing interfaces)
tend to have low complementarity. For example, the interfaces in electron
transfer complexes, which represent an extreme in terms of low affinity and
specificity, have the poorest surface complementarity. 

Recent studies involving protein modelling and docking simulations
indicate that the poorly packed atoms in transient interfaces occupy a well-
defined plane. High planarity is consistent with poor packing since it means that
the interface is defined by the extremities of the protein surfaces, which approach
each other to the minimal distance necessary for desolvation. Unlike the protein
interior or the interfaces found in high affinity complexes, there is little or no
“inter-digitation” of the side chains. Therefore, as the planarity of an interface
increases, both desolvation and inter-molecular contacts decrease enabling faster
dissociation rates, which are imperative for transient protein interactions.
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The 14-3-3 network in yeast and mammalia

Simona Panni, Luisa Montecchi, Angela Bachi2, Andrea Cabibbo, Christiane
Langraf1, Rudolf Volkmer Engert1, Luisa Castagnoli, and Gianni Cesareni.

Department of Biology University of Rome Tor Vergata, Rome, Italy.
1Institut für Medizinische Immunologie, Humboldt-Universität zu Berlin
2Mass Spectrometry, San Raffaele Scientific Institute, Milan, Italy

14-3-3 proteins are a family of abundant and highly conserved proteins
widespread in the proteomes of all eukaryotic organisms. This family regulates
the biological function of a large number of proteins mostly by binding peptides
phosphorylated in Ser. Yaffe, Cantley and colleagues, by using  oriented peptide
libraries, defined two main ‘binding modes’ characterized by ligands matching
the consensi RSxpSxP and RxxxpSxP. Although these consensi may identify the
tightest ligands, many 14-3-3 partners do not contain phosphorylated peptides
matching either consensus. We have used a four steps approach to develop a
strategy to infer all the likely ligands of the yeast members of the 14-3-3 family
BMH1 and BMH2.

1) We initially defined the phosphopeptide recognition specificity of the yeast 14-3-3
proteins by probing a large number of peptides synthesized on cellulose membranes.
2) We then used this experimental information to build a position specific scoring
matrix (PSSM) and a number of regular expressions (RE) which, combined, perform
better than presently available algorithms in the inference of experimental targets.
3) The whole yeast proteome was used as the input for the  PSSM and the RE to yield
a large number of  protein fragments that have the potential to bind to BMH1 once
phosphorylated.
4) Finally a set of filters based on i) peptide disorder, ii) probability of being a kinase
substrate, iii) conservation in evolution, iv) co-occurrence of Gene Ontology terms,
were used to reduce the number of candidate protein partners down to 82.

To test the efficacy of the approach we have used TAP affinity purification
combined with mass spectrometry to experimentally identify at least the most
abundant partners of BMH1 and BMH2. By this approach 13 proteins were
found to co-purify with BMH1/2.  Nine of these were among the 82 partners
inferred computationally. We have used a similar approach to predict the protein
partners of the human 14-3-3 isoforms.
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Molecular recognition between the unfolded YefM antitoxin and
the YoeB toxin: peptide array identification and biophysical
characterization

Izhack Cherny and Ehud Gazit

Department of Molecular Microbiology and Biotechnology
Tel Aviv University, Tel Aviv 69778, Israel

Chromosomal Toxin-Antitoxin (TA) systems are assumed to have a key role in
inhibition of cellular growth during various stress conditions. The chromosomal
yefM-yoeB operon was demonstrated to be a functional Toxin-Antitoxin module
in Escherichia coli. The physiological activity of the module is mediated by
specific interaction between the two partners that is regulated at various growth
conditions. We have previously characterized the antitoxin component (YefM)
and demonstrated that it defines a new family of natively unfolded proteins. We
further confirmed that YefM and YoeB proteins form a tight antitoxin-toxin
complex in solution and recently were able to obtain crystals of the YefM-YoeB
complex. Unlike YefM, the YoeB toxin exhibits a well-folded conformation.
Despite the unfolded state of the antitoxin, we were not able to observe
conformational induced folding of the antitoxin following complex formation.
We suggest that the antitoxin remains unstructured in the complexed state, but
concurrently acquires structural order. The inferred difference in the 
conformation and thermodynamic stability between the two components is rather
suggested to have a key role in the physiological regulatory activity of the TA
system. Due to the unfolded state of the antitoxin, a linear determinant rather
than a conformational one is presumably being recognized by its toxin partner. A
peptide-array technology allowed the identification and validation of such a
determinant, which was further confirmed via surface plasmon resonance and
biochemical analyses of YefM single and multiple mutants as well as truncated
protein variants. A pair-constrained bioinformatic analysis facilitated the definite
determination of novel YefM-YoeB toxin-antitoxin systems in a large number of
bacteria including major pathogens such as Staphylococcus aureus,
Streptococcus pneumoniae, and Mycobacterium tuberculosis. Thus, in the future,
we intend to utilize this recognition element as a novel antibacterial target by
engineering peptide and peptidomimetic modules that will interfere with the
toxin-antitoxin interaction.
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Genome-wide analysis of C. elegans SH3 domains

Raffi Tonikian
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, Xiaofeng Xin1, Gary D. Bader2, Yingnan Zhang3 Chris Sander2,

Sachdev Sidhu3, Charles Boone1

1 University of Toronto 
2 Computational Biology Center, Memorial Sloan-Kettering Cancer Center
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3 Department of Protein Engineering, Genentech, Inc., South San Francisco

We have developed a multi-disciplinary approach to study the SH3 domains in
the C. elegans genome.  All 80 of the C. elegans SH3 domains have been
purified individually, and phage-displayed peptide libraries are being used to
derive specificity profiles for each domain.  These profiles will be used to derive
in silico interaction networks.  In parallel, interaction networks will also be
obtained by using the SH3 domains as baits in yeast two-hybrid screens of the
C. elegans genome.  The networks derived by phage display and yeast two-hybrid
represent independent data sets that can be cross-filtered to obtain high quality
networks, which can then be subjected to in vivo validation in the worm.  In
addition, the data will be used to guide the design of structural and mutagenic
experiments aimed at defining the structural basis for SH3 domain function.  We
will report on the progress of this large-scale project, and also, describe plans for
developing similar projects for SH3 domains and other domain families in higher
organisms, such as mouse and human.
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Molecular and genetic analysis of Scp1p - actin interactions 

Steve Winder1, Kathryn Ayscough2 and Dana Gheorghe2

Departments of 1 Biomedical Science, and 2 Molecular Biology and
Biotechnology, University of Sheffield, Western Bank, Sheffield, S10 2TN
U.K.

Scp1p is a single calponin homology (CH) domain-containing protein in the
budding yeast S. cerevisiae. Like its vertebrate homologue SM22/transgelin, it
both binds and bundles F-actin, an activity that requires both the CH domain and
regions in and around the single calponin-like repeat CLR. Unlike in vertebrates
where there are three SM22/transgelin genes with possible overlapping or
redundant function, budding yeast contains only one family member thus making
it particularly amenable to molecular genetic analysis. Overexpression of Scp1p
in yeast was lethal, but surprisingly deletion of Scp1p resulted in an increase of
longevity (replicative and post-mitotic) by up to 60%. Biochemical studies
revealed that Scp1p was able to bind to F-actin, but most importantly, also
assembled actin filaments into very tight bundles. Some actin-binding activity
was mapped to the CLR, but the presence of the CH domain was also required
for full activity. The lethality of Scp1p overexpression, and reduction in ageing
through Scp1p deletion, were found to be associated with this actin bundling
activity and linked to the regulation of reactive oxgen species (ROS) production
in the cell. The lower the level of Scp1p in the cell the more dynamic the actin
cytoskeleton, the greater the level of  Scp1p the less dynamic the actin
cytoskeleton. This control on actin dynamics, in turn affected mitochondrial
function and so ROS production, possibly through an effect on ATP homeostasis.
In order to gain a better understanding of the role of Scp1p in the cell and to
further our insight into the mechanism of Scp1p action we have used a series of
well characterised alleles of actin, as well as wild type and mutant Scp1p, to map
the interactions between Scp1p and F-actin and thus build up a molecular model
of the Scp1p-actin interface.
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Interaction of calponin homology domains with F-Actin 

E. Egelman

Dept. of Biochemistry and Molecular Genetics, University of Virginia, USA

We have been using electron microscopy and a new approach to three-dimensional
reconstruction of helical polymers to study complexes between F-actin and such
actin binding proteins as utrophin, dystrophin, plectin and calponin. In all cases,
we find a polymorphism in the binding of these proteins to actin. That is,
different structural states can be isolated involving different binding sites on
actin. Conventional approaches to helical reconstruction, which average over
long filaments, obscure this multiplicity of states. While it has been generally
agreed that proteins such as tropomyosin can bind to F-actin in at least three
different positions (as part of the steric blocking model of skeletal muscle
regulation), the multiplicity of sites seen for these other proteins is surprising.
Indeed, we have also been able to show that there is not a single structural state
for pure F-actin, but rather the filament itself is intrinsically polymorphic. Since
all of these actin-binding proteins contain calponin-homology (CH) domains, it
might also be assumed that this structurally conserved domain forms a primitive
actin-binding module. In agreement with Gimona and Mital (1998) we show that
this is not the case, since we can now demonstrate that when calponin is bound to
F-actin the additional mass seen bound to the filament does not involve the CH
domain. We suggest that the structurally conserved CH domain and the actin
binding sequences are separable, so that in some cases the actin-binding se-
quences lie on the CH domains while in other cases they do not. This suggests
that a structurally conserved domain (and examples will be given of the 
RecA-like ATP-binding core) does not necessarily dictate function. 
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CLAMP, a novel microtubule-associated protein with EB-type
calponin homology

G.W. Dougherty, H.J. Adler, A. Rzadzinska, M. Gimona, Y. Tomita, M.C. Lattig,
R.C. Merritt Jr., and B. Kachar

Microtubules (MTs) are polymers of a and b tubulin dimers that mediate many
cellular functions, including the establishment and maintenance of cell shape.
The dynamic properties of MTs may be influenced by tubulin isotype, post-
translational modifications of tubulin, and interaction with microtubule-associated
proteins (MAPs).  End-Binding (EB) family proteins affect MT dynamics by
stabilizing MTs, and are the only MAPs reported that bind MTs via a calponin-
homology (CH) domain (Bu and Su, 2003; Tirnauer and Bierer, 2000).  Here we
describe a novel 27 kDa protein identified from an inner ear organ of Corti
library.  Structural homology modeling demonstrates a CH domain in this protein
similar to EB proteins.  Northern and Western blotting confirmed expression of
this gene in other tissues including brain, lung and testis.  In the organ of Corti,
this protein localized throughout distinctively large and well-ordered MT bundles
that support the elongated body of mechanically stiff pillar cells of the auditory
sensory epithelium.  When ectopically expressed in Cos-7 cells, this protein
localized along cytoplasmic MTs, promoted MT bundling, and efficiently
stabilized MTs against depolymerization in response to high concentration of
nocodazole and cold temperature.  We propose that this protein, designated
CLAMP, is a novel MAP and represent s a new member of the CH domain
protein family.

44

T29
Towards understanding αα-actinin structure and regulation:
crystal structure of the actin binding domain (ABD)

Kristina Djinovic-Carugo
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University Departments at the Vienna Biocenter
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Campus Vienna Biocenter 5, 1030 Vienna, Austria

Alpha-actinin is the major F-actin crosslinking protein in both muscle and non-
muscle cells. We report the crystal structure of the actin binding domain of
human muscle α-actinin-3, which is formed by two consecutive calponin
homology domains arranged in a ‘closed’ conformation. Structural studies and
available biochemical data on actin binding domains suggest that two calponin
homology domains come in a ‘closed’ conformation in the native apo-form, and
that conformational changes involving the relative orientation of the two calponin
homology domains are required for efficient binding to actin filaments. The actin
binding activity of muscle isoforms is supposed to be regulated by
phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P2 ) which binds to the second
calponin homology domain. On the basis of structural analysis we propose a
distinct binding site for PtdIns(4,5)P2, where the fatty acid moiety would be
oriented in a direction which allows it to interact with the linker sequence
between the actin binding domain and the first spectrin-like repeat, and to
regulate the binding of the CaM domain to this linker.
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Thermodynamic characterization of the structural stability of WW
domains and their interactions with viral L domains

J. L. Ortega-Roldan, L. Varela, J.C. Martinez, I. Luque
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Sciences, University of Granada, 18071 Granada, Spain

The interactions between proline-rich sequences contained in the L domains of
many viruses (HIV-1, Ebola, Rabies, Rous sarcoma virus, etc) and cellular
proteins have been shown to be essential for the efficient exocytosis of the virus
particle from the plasma membrane at the final stages of the viral life cycle.
Disruption of the interactions between L domains and their cellular partners
leads to virus inactivation, which makes of these proteins attractive targets for the
development of new broad spectrum antivirals. The WW domains of the human
ubiquitin ligase Nedd4 (in particular Nedd4-WW3) have been identified as one
of the cellular counterpart for L domains containing the PPPY motif (i.e. Ebola,
Margburg and Human T-Cell Leukaemia Virus). A complete characterization of
the stability of these domains as well as their interactions with their ligands is
needed to successfully tackle the design of high affinity and specificity ligands.
Here we present the thermodynamic characterization of the structural stability of
the Nedd4-WW3, Nedd4-WW4 and Yap65-WW domains by differential
scanning calorimetry and CD spectroscopy. The interactions of these domains
with standard Type I WW domains ligands and with peptides containing the
sequences corresponding to the L domains of Ebola and Human T-Cell
Leukaemia virus were characterized by fluorescence spectroscopy and isothermal
titration calorimetry. The thermodynamic signature of these interactions parallels
that of previously described for the binding of proline-rich ligands to SH3
domains. 
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Tinkering with the WW domain to reveal its biological cryptogram
of ligand recognition and network signaling

Sudol, M.
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The WW domain is a small protein-protein interaction module that recognizes
proline-rich motifs and phosphorylated serine/threonine-proline sites.   Insights
into the specificity of the domain and its classification into major groups of
ligand recognition emerged from the analyses of repertoires of WW domains
engineered in bacteria, phages or synthesized on SPOT membranes.  This
categorization was confirmed by mapping of the WW domain in the human
proteome using an in vitro matrix binding assay of 57 GST-WW domains and
1930 proline-rich peptides derived from ORFs or proteins.  Ultimately, the
structural analyses of the WW domain-peptide complexes cemented our
understanding of the range of biological recognitions displayed by the WW
domain family.

To probe the plasticity of the WW domain, we used site-directed mutagensis and
converted the Class I WW domain into two new modalities: (i) We generated
Class II/III WW domain by a single aa substitution in the binding pocket of the
Class I WW domain. (ii) We also converted the Class I WW domain into a
phospho-Tyr-recognizing module.  Class I WW domains recognize 
Pro-Pro-Xxx-Tyr cores.  Phosphorylation of the Tyr in the ligand core abrogates
WW domain-mediated complexes.  By substituting three aa within the YAP-WW
domain, we created a domain recognizing only the phosphorylated ligand. This
pair of reagents was tested in the signaling pathway of ErbB4-YAP complex, and
serves as a probe to study the stoichiometry of ErbB4 phosphorylation and as
general profiling reagents. 

In sum, several rules of protein recognition for WW domain complexes have
clearly emerged and will be presented in the perspective of protein linguistics.
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Posttranslational modification of YAP: a key regulator of DNA
damage-induced p73-mediated apoptosis
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YAP (Yes-associated protein)  is a 65 kDa protein containing either one or two
WW domains depending on alternative splicing, a PDZ interaction motif, an SH3
binding motif, a coiled-coil region and a transcriptional activation domain at the
C-terminus.  YAP is a potent transcriptional coactivator for several transcription
factors (Komuro et al. 2003, Yagi et al. 1999). A close link between YAP and the
transcription factors of the p53 family has recently emerged. YAP interacts with
p73 and p63, specifically it is able to bind the long forms of p73 and p63. The
binding of YAP to p73 or p63 results in a strong transcriptional coactivation
(Strano et al 2001).
We demonstrated that YAP enhances p73-dependent apoptosis in response to
DNA damaging agents. We showed that YAP requires p73 for nuclear trans-
location in cells exposed to CDDP. YAP is recruited to nuclear bodies (NBs) by
PML and contributes to p73 stabilization in response to DNA damage.
Furthermore YAP potentiates the p300-mediated acetylation of p73 and promotes
the activation of a subset of specific apoptotic genes. Endogenous p73, YAP, and
p300 proteins are concomitantly recruited onto the regulatory regions of the
apoptotic target gene p53AIP1 only when cells are exposed to apoptotic
conditions. Silencing of YAP by specific siRNA impairs p300 recruitment and
reduces histone acetylation on the p53AIP1 target gene, resulting in delayed or
reduced apoptosis mediated by p73  (Strano et al. 2005).
It has been reported that YAP is phosphorylated by AKT and that such
modification results in a cytosolic localization of YAP and attenuation of 
p73-mediated apoptosis (Basu et al. 2003). We are actually studying
posttranslational modifications of YAP that could play a fundamental role in
regulation of protein function, in determining its localization, conformational
status and interactions with partners. Ongoing experimental data will be presented.
Strano S, Monti O, Pediconi N, Baccarini A, Fontemaggi G, Lapi E, Mantovani F, Damalas A, Citro

G, Sacchi A, Del Sal G, Levrero M, Blandino G.(2005) Mol Cell. 18, 447-459.
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Ubiquitination of proteins is the process by which a 76 amino acid protein,
ubiquitin, is tagged onto other proteins as a post- translational modification.
Although other fates can ensue, the main effect of ubiquitination is to mark these
proteins for proteasome mediated degradation. To ensure that the right proteins
are targetted a dynamic ubiquitination machinery is responsible for
ubiquitination, deubiquitination and transport to the proteasome. At the centre of
such machinery is a whole family of proteins, the E3 ubiquitin ligases, involved
in selection of the target sequences and ligation of the ubiquitin moiety. Part of
this family, the HECT type E3 ubiquitin ligases, use WW domains to target their
ligand proteins. WW domains are small, yet in general, display a large variability
of binding partners. For economy, it seems that the WW domains of the only E3
ubiquitin ligase functional at wt temperatures of S. cerevisiae, Rsp5, have
evolved to be able to bind to more than one type of binding partner. Their
vesatility is such that Rsp5 WW domains can bind to polyproline helix II ligands
of the PPxY type, to ligands of the PPxY type which do not have pre-formed
PPH II structures, to incomplete PPxY (xPxY) and to pSP containing ligands. In
order to investigate how this binding occurs we have used NMR to map the
binding sites of two of the three Rsp5 WW domains to these peptide types.  Our
results describe the variations in how the peptides are accommodated to the WW
domain binding sites. 
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Gene disruption of spred-2 causes dwarfism
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The impact of the fibroblast growth factor receptor 3 (FGFR3)-mediated
signaling pathway on bone growth has been demonstrated by various genetic
approaches. Overexpression of fibroblast growth factors (FGFs), several 
gain-of-function mutations in the FGFR3, and constitutive activation of mitogen-
activated protein kinase (MAPK) kinase (MEK1) in chondrocytes have been
shown to cause dwarfism in mice by activation of the MAPK signaling pathway.
To investigate the previously reported inhibitory role of Spred in the
FGFR3/MAPK pathway, we generated mice with a trapped Spred-2 gene. 
Here we show that lack of functional Spred-2 protein in mice caused a dwarf
phenotype, similar to achondroplasia, the most common form of human
dwarfism. Spred-2(-/-) mice showed reduced growth and body weight, they had a
shorter tibia length and showed narrower growth plates as compared to wildtype
mice. We detected promoter activity and protein expression of Spred-2 in
chondrocytes, suggesting an important function of Spred-2 in chondrocytes and
bone development. Stimulation of chondrocytes with different FGF
concentrations showed earlier and augmented ERK phosphorylation in 
Spred-2(-/-) chondrocytes in comparison to Spred-2(+/+) chondrocytes. Our
observations suggest a model in which loss of Spred-2 inhibits bone growth by
inhibiting chondrocyte differentiation through upregulation of the MAPK
signaling pathway.

Bundschu K et al. (2005) J Biol Chem, in press
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Protein-protein interactions are essential in every aspect of cellular activity.
Multi-protein complexes form and dissociate continuously in a specifically tuned
manner, often employing conserved mechanisms. Small protein domains that
bind proline-rich motifs (PRMs) are particularly abundant in signalling
pathways, as the unique properties of proline provide a mechanism for highly
discriminatory recognition without a need for high affinity binding. We present a
detailed, quantitative assessment of the structural features that define the
interfaces between PRM-binding domains and their target PRMs, and that give
rise to specificity in proline-mediated recognition. Together with the analysis of
peptide library screens (‘SPOT scans’), this has allowed the identification of a
number of highly conserved, key interactions commonly found in PRM-domain
complexes. Despite their obvious importance, protein-protein interactions are
very difficult to inhibit; they are widely considered ‘non-druggable’. Here, we
pinpoint the critical interactions, which must be considered carefully by chemists
aiming at the design of inhibitors for PRM-binding domains.
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Thermodynamic and crystallographic studies of several R21
mutants from αα-spectrin SH3 domain 

Ana Mª Camara-Artigas2, Salvador Casares1, Obdulio López-Mayorga1, 
Cristina Vega y Francisco Conejero-Lara1

1 Departamento de Química Física e Instituto de Biotecnología, Facultad de 
Ciencias, Universidad de Granada, 18071, Granada, Spain

2 Departamento de Química Física, Bioquimica y Quimica Inorganica
Universidad de Almeria, 04120, Almeria, Spain

Src-homology region 3 (SH3) domains are probably the most widely known
modules for molecular recognition, which has resulted in their becoming
important targets for ligand design. SH3 domains interact with proline-rich
sequences, with a preserved PxxP binding motif, adopting poly-proline II (PPII)
helical conformation. The binding site of SH3 domains consists of a hydrophobic
surface containing three shallow pockets defined by preserved aromatic residues.
Two of the pockets accommodate each of the prolines, accompanied by
hydrophobic residues in the PxxP motif. The third pocket, known as the
“specificity pocket“, is flanked by the RT and n-src loops, which play an
important role in both the affinity and the specificity of the interaction.

To increase the understanding of the role of these loops in the stability and
binding of SH3 domains, we have made several single mutants at position 21 in
the RT loop of the αα-spectrin SH3 domain (Spc-SH3): R21A, R21G, R21S and
R21D. Their thermal stability and binding affinity for a proline-rich decapeptide
have been measured. Thermodynamic studies have been complemented by
crystallographic data. No major differences have been found between the mutants
and the WT Spc-SH3 overall structures, were the root square mean deviation
(rmsd) of the main chain for the whole structure as compared with the wild type
structure are 0.21 and 0.18 Å respectively. Moreover, for both structures the
differences with the WT protein at the mutated loop are less of 0.5 Å for all the
amino acids in the loop. On the other hand visual inspection of the simulated
annealing omit map of the R21G mutant were the residues implied at the
mutation loop were removed shows that Pro20 can be modelled in two alternate
conformations. Analysis of structural and stability changes induced by the
mutations at the loop has been performed.
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Impact of the multifunctional, single module protein profilin I on
neuritogenesis
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The small actin binding protein profilin is a multifunctional, single domain protein. Profilin
has three types of ligands : actin, phosphatidylinositol lipids and proline-rich proteins such
as Ena/VASP, mDia and N-WASP family members. The interaction of profilin with the poly-
proline domain of VASP and EVL has been best characterized so far and it was suggested
that profilin-actin complexes are recruited by these proteins to speed up actin polymerisation
at the leading edge and in filopodia tips. Phosphatidylinositol is, however, the master
regulator of profilin functions, since its binding sites overlap with both the actin and the
poly-proline binding sites, resulting in competitive interactions (Lambrechts et al., 1997;
2002). Interestingly, profilin I and IIa display, despite their sequence similarity, different
biochemical properties towards their ligands, suggesting functional plasticity of these
isoforms. To study the impact of the different ligand interactions of profilin I and IIa, we
created a set of mutants in the poly-proline and PI(4,5)P2 binding sites. The profilin mutants
have been introduced into PC12 cells and we studied their effect on neurite outgrowth.
Expressing a profilin I mutant that is defective in actin binding (R74E) decreased neurite
length and strongly inhibited filopodia formation. Cells expressing low levels of mutants
defective in binding proline-rich ligands (W3A and R136D) differentiated faster, developed
more and longer neurites and more branches, suggesting that liberating profilin I from its
recruitment by proline-rich proteins accelerates actin polymerisation and neuronal
differentiation of PC12 cells. In addition, we provide evidence that regulation of profilin I by
PI(4,5)P2 metabolism is crucial for proper neurite outgrowth. The R136D profilin I mutant,
which is also defective in PI(4,5)P2 binding, enhanced neurite outgrowth even in the
absence of NGF. Our data suggest that proper interaction of profilin I with each of its ligand
types is crucial for correct neuronal differentiation of PC12 cells.
Lambrechts et al., 2002, BMC Biochem. 4 / Lambrechts et al., 1997, EMBO J. 16, 484-494
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Calmodulin-binding domains

Peter Bayley and Stephen Martin
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The calcium dependent action of calmodulin as activator of a large number of
enzymes, typically those of the kinase family, is well established. Ca2+ binding
converts calmodulin into a specific conformation for interaction with characteristic
basic, amphipathic alpha-helical (baa) target motifs, with Kd often in the range
pM to mM. The corresponding enhancement in the apparent Ca2+ affinity of
calmodulin due to target binding sets the practical range in which Ca2+ activation
processes occur. Thermodynamic arguments show that a crucial parameter is the
(much lower) affinity of apo-calmodulin for the target. By contrast, the IQ motifs
represent a more diverse and complex family, including proteins of widely
differing function, such as motor proteins and ion channels. These sequences are
generally involved in lower-affinity interactions with calmodulin. Typical motifs
are encountered in the lever-arm region of the unconventional myosins, where
calmodulin in its apo-form acts as the appropriate “light chain”. The presence of
Ca2+ ion causes a) inhibition of motility of the myosin; b) complex effects on the
myosin ATPase; c) dissociation of calmodulin; and d) conformational effects on
the lever-arm structure. We have therefore investigated the interaction of IQ
peptides from a number of myosins (I, V and VI) with apo- and Ca-CaM to try to
rationalise these effects, based upon known structures for calmodulin-peptide
complexes.  We find that the presence of Ca2+ can enhance the affinity of
calmodulin for individual IQ sequences, and that a single molecule of Ca4.CaM
can interact with two adjacent IQ sequences, with marked structural
consequences. Considerable differences in properties are seen between IQ’s of a
given myosin, and between myosins themselves. These results are often in
contrast to what has been deduced from previous studies of the interactions of
calmodulin with the intact myosins themselves, leaving numerous unanswered
questions. 
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The myosins represent a large superfamily of F-actin-dependent motor
molecules. They have been subdivided into 18 different classes based on
homologous myosin head domain sequences. All myosins contain in addition to a
characteristic head domain, a light chain binding domain encompassing 
1-6 IQ-motifs and a tail domain. The tail domains determine to what cellular
component(s) the directed force is transferred. In the presentation, the functions
of the mammalian class I myosin Myo 1d will be discussed and in particular the
contributions of the light chain binding domain will be emphasized. The light
chain binding domain of mammalian Myo 1d consists of two IQ-motifs that both
bind the light chain calmodulin (CaM). The binding of Ca2+/CaM to the 
IQ-motifs regulates the ATPase activity and size of the powerstroke.
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Xin was discovered as a protein specifically expressed during early cardiac
muscle development that co-localizes with αα-catenin and N-cadherin at the
periphery of embryonic cardiomyocytes. It was proposed to be involved in
cardiac morphogenesis. We have described the xin gene structure and unique
splicing pathways that lead to the expression of distinct protein isoforms. The
central portion of xin is comprized of a novel 20 amino acid repeat motif (called
‘xin repeat’) in multiple copies, while both N- and C-termini contain several
proline-rich motifs. In addition, we have identified a second mammalian protein
that shares much of this organization, which we therefore named XIRP2 
(xin-repeat protein 2). Multiple biochemical and cellular assays showed that xin-
repeats bind to and stabilize the actin cytoskeleton by arranging microfilaments
into networks. Xin repeats bind F-actin in a side-binding fashion with a stoi-
chiometry of 3 repeats per actin monomer. The N-terminus of xin and both the
N- and C-terminus of XIRP2 harbor binding sites for Ena/VASP proteins.
Monoclonal antibodies localized xin at specialized attachment sites of the
myofibrillar ends to the sarcolemma, both during myofibril formation in
differentiating myocytes and in adult muscle tissues. Xin repeat proteins
therefore constitute a novel class of multi-adapter proteins capable of forming
signalling complexes functioning in re-shaping the actin cytoskeleton of muscle
cells.
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Cooperative Folding in a Multi-Domain Protein

S. Batey, K. Scott, J. Clarke

University of Cambridge, Department of Chemistry

We have shown a tandem construct of neighbouring spectrin domains (R1617)
behaves as a single cooperative unit at equilibrium. The cooperativity can be
modulated by changes in temperature, the addition of salts and mutation. We
have investigated whether this cooperativity is a general feature of spectrin
domains or specific to the domains used in the study. We have found that a
different tandem construct, R1516, is not cooperative at equilibrium. 
In order to understand the basis of this cooperativity we have undertaken an
extensive kinetic investigation of the properties of both tandem constructs. The
folding pathway of R1516 is simple. The R15 domain folds first followed by
R16, both kinetic steps are observable. The individual domains can be seen to
fold as independent units. However R1617 is more complex. The folding of
R1617 occurs in one observable kinetic step. Double jump experiments reveal
that although R16 folds first this leads to an acceleration of the R17 folding rate
which results in this rate being kinetically silent. 
The equilibrium cooperative properties can be explained by the kinetic results. In
order for folding to be cooperative at equilibrium there can be only two ground
states, the native state and the denatured state. If an intermediate as populated the
cooperativity is lost. R1516 is not cooperative as the intermediate with R15
folded and R16 unfolded is populated in the transition region, that which is
observed in equilibrium experiments. R1617 has only one folding and one
unfolding rate in the transition region therefore is cooperative under equilibrium
conditions as there is no populated intermediate. 
Mutations and changes in solvent conditions lead to the loss of cooperativity in
R1617. Under conditions these conditions the kinetic reveal a second unfolding
rate observable in the transition region. Here R17 is unfolding before R16 and
therefore an intermediate is populated.
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BCH domain as a novel regulator for cell dynamics control
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Cells undergo dynamic changes in morphology or motility during cellular
division and proliferation, differentiation, neuronal pathfinding, wound healing,
apoptosis, host defense and organ development. These processes are controlled
by signaling events relayed via cascades of protein interaction leading to the
establishment and maintenance of cytoskeletal networks of microtubules and
actin. Various checkpoints, including the Rho small GTPases serve as master
switches to fine-tune the amplitude, duration as well as the integration of such
circuitry response. We have identified two novel classes of regulators for small
GTPases, the BNIP-2 and BPGAP families that harbor the conserved BNIP-2
and Cdc42GAP Homology (BCH) domain that is about 145 amino acids in
length. Proteins through such conserved BCH domain could form homophilic to
itself as well as heterophilic interaction with other similar BCH domains. To
explore the frequency, distribution and also the potential roles of various BCH
domains in the proteomes, we aim to identify and characterise the functions of
BCH-containing proteins in cell dynamics and cell fates control. We show that
the BCH domain of BNIP-2 also targets Cdc42 to induce cell elongation and
membrane protrusion whereas another member, BNIP-Sαα, exerts very potent
cell-rounding and apoptosis by facilitating RhoA activation through its BCH
domain. Furthermore, the BCH domain of BPGAP1 collaborates with its
RhoGAP domain and the proline-rich region to trigger cell protrusions necessary
for enhanced cell migration, as well as regulating the extracellular signal-
regulated kinase (ERK1/2) signalling. We therefore hypothesize that other BCH
domain-containing proteins could employ the same strategy to target specific
GTPases via their homologous BCH domains to elicit their unique cell dynamics
control. Several unique binding motifs for the BCH domains have been identified
and various cellular functions of BNIP-2 and BPGAP family proteins will be
discussed in the context of their novel interacting partners and cell dynamics
control. 
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Macro domains recognize distinct NAD metabolites
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NAD metabolites play important roles in cellular function. We have focused on
the NAD metabolites poly-ADP-ribose and O-acetyl-ADP-ribose. We have
identified novel protein modules, called macro domains that specifically
recognize these NAD metabolites with high affinity and selectivity toward other
ligands. The ADP-ribosylation of proteins is an important post-translational
modification that occurs in a variety of biological processes, including DNA
repair, transcription, chromatin biology and long-term memory formation. We
have identified a series of macro domain modules that recognize the polymer. In
addition, we have characterized macro domains from a histone protein and find
that these macro domains only recognize monomeric nucleotide metabolites,
such as O-acetyl-ADP-ribose, a product of Sir2-class histone deacetylases. This
suggests that macro domains in this histone could be a chromatin-bound target or
receptor for metabolic signaling pathways that involve the Sir2 enzyme and the
NAD metabolites it generates. Further, we identify a mechanism whereby an
unusual splicing event in a macro domain protein leads to an alternative gene
product which conserves the macro domain fold but not its ligand-binding
function. Our data suggest a completely novel and important role for proteins
containing macro domains in the diverse biology of NAD metabolites such as
poly-ADP-ribose, acetyl-ADP-ribose and possibly other not yet identified
nucleotides and metabolites.
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The modular logic of cell signaling systems 
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Protein-protein interactions play a central role in governing the flow of
information in cellular signaling pathways.  We have been investigating how
modular protein interaction domains are used to organize signaling proteins into
complexes that determine information flow, and how these domains have been
used by nature to build devices and pathways capable of performing logical
operations.  Most recently we have been applying approaches of the new field of
Synthetic Biology to this problem: we are using modular biological components
linked together in novel ways to reshape or create new signaling devices,
pathways and cellular behaviors.  We are focusing on pathways involved in
controlling cell movement and stress response.  These approaches may enhance
our understanding of the fundamental design principles of cell signaling circuits,
as well as develop our ability to engineer cells with applied or therapeutic
behaviors.
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Pase important for multivesicular body formation.
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AAA-ATPases, which are associated with various cellular activities, are
hexameric ATP-hydrolyzing enzymes that play an important role in protein
unfoldase activity, including the dissociation of protein complexes. From
molecular phylogenetic analysis, the AAA-ATPases have a varied N-terminal
sequence followed by well-conserved ATPase domain(s). The varied N-terminal
region may respond for the specific target recognition of each AAA-ATPases of
diverse function. According to the idea, we have developed a convenient bacterial
expression vector systems, named PRESAT-vector. Using this, we have isolated
the N-terminal domain from PEX1 AAA-ATPase, a putative adaptor and
membrane binding domain, and determined its X-ray structure. Our research
goal is to understand a molecular architecture of AAA-ATPases in a context of
each function of domains involved in AAA-ATPases. Here we have determined
the solution structure of the microtubule interacting and trafficking (MIT)
domain isolated from the NH2-terminus of human Vps4b, an AAA-ATPase
involved in multivesicular body formation. The MIT domain is a small protein
module that is conserved in proteins of diverged function, such as Vps4, sorting
nexin 15 (SNX15), and spastin. The molecular function of this domain remains
unclear. The MIT domain adopts an ‘up-and-down’ three-helix bundle. There is a
shallow crevice between helices A and C that may serve as a protein-binding site.
Whereas the residues exposed to the molecular surface are diverged through over
the MIT domains, the residues employed for inter-helical contact were well
conserved. We proposed that the MIT domain serves as a putative adaptor
domain for ESCRT-III complex involved in endosomal trafficking.
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Positional and compositional semantics – a grammar for modular
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The correspondence between biology and linguistics at the level of sequence and
lexical parameters, and of structure and syntax, has fuelled earlier successful
attempts to describe genome structure by rules of formal linguistics. Modular
protein domains can be viewed as cryptographic units, which are combined to
form a protein. 

Compositional semantics describes the biological role of a molecule by the
concerted actions and functions of its individual domains. But just like proteins
can lose their functions when their cellular localization is altered, protein
domains do not always function independent of their position within the protein
(similar to syntactic alterations in a clause). Thus, we have introduced an
additional phrase, namely that of positional semantics. Positional semantics
acknowledges the linguistic sensitivity of syntactic manipulation, in our case the
“biological word order”. Accepting positional semantics as a protein linguistic
operation, it is clear that not only the total composition of modules in a protein
control its semantic value, but that also their position along the amino acid chain
needs to be considered. 

We use the versatile actin cytoskeleton modulating calponin homology (CH)
domain and the modular intrinsically unfolded protein module CLIK23 to
investigate the validity of positional and compositional semantics by molecular
cell biological approaches, and to identify the contributions of each module to
the various functions of the proteins in vivo.
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Despite the considerable success of molecular biology to understand diseases
such as cancer, many fundamental questions remain unanswered. Most
importantly, since the majority of gene products in the cell mediate their function
together with other gene products, biological processes should be considered as
complex networks of interconnected components. In other words, for any normal
biological process, or any disease mechanism, such as cancer, one might consider
a “systems approach” in which the behavior and function of such networks are
studied as a whole, in addition to studying some of its components individually.
The draft of the human genome sequence is likely to help such a transition from
molecular biology to systems biology. 

Our laboratory uses a model organism, the nematode C. elegans, to study the role
of protein networks in development and, doing so, develop the concepts and
technologies needed for a transition to systems biology. Our goals are to:

i) generate protein-protein interaction, or ‘interactome’, maps for C. elegans
networks involved in development,

ii) develop new concepts to integrate such interactome maps with other function-
al maps such as expression profiles (transcriptome), global phenotypic analysis
(phenome), localization of expression projects (localizome), etc…. and 

iii) use such integrated information to discover novel network properties.
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WISE (Whole Interactome Scanning Experiment) is an approach, based on the
Spot synthesis technique, which permits to scan a wisely selected subset of the
peptides of a proteome in search of ligands for any peptide recognition domain of
interest. By using a combination of 15 regular expressions we have extracted
from the yeast proteome approximately 3000-proline rich peptides matching the
spectrum of the known preferences of different domains of the SH3 gene family.
We have then probed with the 27 yeast SH3 domains the collection of 3000
peptides arrayed at high density on a cellulose membrane.

By this strategy we have fingerprinted the recognition specificity of the whole
gene family. Furthermore this global approach has permitted us to have a
comprehensive view of selectivity and promiscuity in the interaction network
mediated by the SH3 gene family.

We will also report the ongoing effort about the characterization of the inter-
action network mediated by different domain families in the human proteome.
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SH3 domains are found in a large variety of proteins that are involved in central
signaling cascades and cytoskeletal organization. They have become key targets
in several R&D projects for drug discovery. While the core of the SH3 domain
fold is highly conserved there are substantial variations within their loops, in
terms of sequence and length. Although interactions of ligands with poly-proline
rich sequence motifs are well characterized with respect to orientation and
specificity of binding prediction of atomic binding parameters remains challenging
for those SH3 domains where there is no experimental structure available. There-
fore, present available data on SH3 domains structures are of limited use for the
identification of novel ligands and as templates for rational drug design.

As a proof-of-principle experiment we have started a quantitative experiment to
provide a representative set of high resolution structures of SH3 domains from
S. cereviseae, either in the absence or presence of peptide ligands. Within the last
two years, we have been able to determine the structures of 15 apo-SH3 domains
(50%) out of 30 targets from S. cereviseae that contain SH3 domains, plus six
structures in the presence of peptide ligands. Since these structures are well
covering the sequence space of these domains of yeast, a highly accurate 3D
matrix for all SH3 domains can be provided. The data depository will be
completed by modeling the remaining ones. The potential of the depository for
the identification of new ligands and as a tool box for drug discovery will be
demonstrated.



67

P23
Binding specificity within SH3 domains from Src family:
a calorimetric study

J. M. Martin-Garcia, J.C. Martinez, J. Ruiz-Sanz, I. Luque

Department of Physical Chemistry and Institute of Biotechnology, Faculty of
Sciences, University of Granada, 18071 Granada, Spain

SH3 domains are implicated in the regulation of the biological activity of
tyrosine kinases by mediating specific but transient protein-protein interactions
via recognition of proline-rich sequences. Ligands of SH3 domains with the
ability to block and modulate these interactions are emerging as promising
therapeutic agents for the treatment of cancer, AIDS and other viral infections.
The development of specific and high affinity ligands for SH3 domains has
proven a difficult task, due mainly to the poor understanding of the origins of
binding affinity and specificity. Here we present a complete thermodynamic
analysis of the binding of Type I (VSL12) and Type II (APP12) high affinity
ligands to the SH3 domain from Src oncogene using isothermal titration
calorimetry (ITC). The interactions are characterized by a high binding affinity at
pH 7.0 and 25 ºC and a very favourable enthalpic contributions, which is
partially compensated by unfavourable entropic effects. The experiments were
carried out at different pH values and buffers indicating that there are no
ionization effects between pH 7.0 and 5.0, although a significant reduction in the
binding affinity is observed at acidic pH. In order to gain insight about structural
and thermodynamic determinants of the binding specificity, the interaction of
these peptides with other SH3 domains from the Src family of tyrosine kinases
was studied. ITC and fluorescence spectroscopy binding experiments indicate
that, in spite of the high sequence homology, significant differences, both in
binding affinity and in the enthalpic and entropic contributions are observed for
the interaction of these peptides with the SH3 from the Fyn and Yes oncogenes.
We have investigated the origin of these differences by the systematic mutation
of the Src-SH3 domain to introduce the differences between Src, Fyn and Yes
SH3 domains. 
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Analysis of the yeast S. cerevisae genome reveals the presence of 25 genes,
which encode a protein sequence containing one or more copies of an 
SH3-domain. Given the relatively low number of SH3-domains in yeast and the
availability of the complete genome sequence, yeast is an ideal proteomic-based
model to investigate the structural rules dictating the SH3-mediated protein
interactions and develop new tools to assist these studies. In the present work, we
have implemented an integrated approach which makes use of both experimental
and computational methods to determine the structures and to characterize the
binding properties of the highly homologous SH3 domains from Myo3 and
Myo5, two myosins implicated in actin polymerisation. We observe that the two
domains, while accommodating their targets in the classical groove, have a high
selectivity both for the orientation and the sequence specificity of the target
peptides. From our study, we propose a consensus sequence which may provide a
useful guideline to identify new natural partners and suggest a strategy of more
general applicability which may be of use in other structural proteomic studies.
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The dystrophin-associated protein complex (DPC) is a multifunctional complex
linking the extracellular matrix to the cortical actin cytoskeleton and serving as a
scaffold for signaling molecules. Dystrobrevins, which have been proposed to
play a role in this context, are cytoplasmic components of the DPC encoded by
two separate genes, αα and ββ. They are dystrophin-related and associated proteins,
sharing with dystrophin a region of similarity that includes several protein
interaction domains, namely two EF hands, a ZZ domain, two syntrophin binding
sites, and a pair of coiled-coil domains. Since dystrobrevins have no enzymatic
activity of their own, their involvement in signaling pathways is dependent on
their interaction with other proteins. The recent characterization of several novel
dystrobrevin-associated proteins is improving our understanding of the
dystrobrevin role in various tissues. Our laboratory has contributed to this
improvement through a two-hybrid screen of a mouse brain cDNA library whose
results indicated a novel function for dystrobrevin as a kinesin linker.

Among the other positive clones characterized after the screen, one encodes
the type Iαα regulatory subunit (RIαα) of the cAMP-dependent protein kinase A
(PKA). We have confirmed the direct interaction of ββ-dystrobrevin with RIαα
by pull-down experiments and co-localization in transfected cells. We have
localized the reciprocal regions of interaction by using deletion mutants, and
found that the binding site of ββ-dystrobrevin on RIαα corresponds to the
AKAP (A Kinase Anchoring Proteins)-docking domain of PKA regulatory
subunits. In vitro pull-down experiments as well as coimmunoprecipitation of
dystrobrevins and PKA-type II regulatory subunits from rat brain extracts
show that dystrobrevins are indeed AKAPs, and suggest that their interaction
with PKA regulatory subunits reflects a more general mechanism in which
dystrobrevins may play a role in connecting the dystrophin-associated protein
complex to PKA signaling.
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S. Kärkkäinen, K. Saksela, GH. Renkema

Institute of Medical Technology, University of Tampere, Finland

PAKs (p21-activated kinases) are serine/threonine protein kinases that serve as
important regulators of cytoskeletal dynamics, transcriptional regulation through
MAP kinase cascades, death and survival signalling, and cell cycle progression.
PAKs contain multiple poly-proline motifs in their N-terminal regulatory
domains. These poly-proline or PxxP-motifs may serve as ligands for SH3
domain containing proteins. Some of the PxxP-motifs have been characterised to
mediate interactions with the adaptor proteins Nck and Grb2 and members of
PIX-family of GTP exhange factors (GEFs). 

The aim of this study is to identify all the SH3 domain containing proteins
interacting with the PxxP-motifs within PAK1 and 2 and eventually to reveal
their effects on the cellular functions of PAKs. Better understanding of the
protein interaction networks mediated by modular protein binding domains is
expected to shed light on various cellular processes in which PAKs are involved.
We have screened a bacteriophage library expressing all human SH3 domains in
a competitive binding assay (phage display panning) for the N-terminal
regulatory domain of PAK1 and 2. Phage clones were selected after panning and
identified by DNA sequencing. We found novel SH3 domains interacting with
PAKs, but also interactions that are described by other research groups. To
confirm the premise that the phage-selected SH3 domains indeed bound their
target proteins with high affinity and specificity, and to compare their binding
with SH3 domains previously reported to associate with the same proteins, a
colorimetric protein-protein interaction assay was developed. We have
determined Kd values for interactions with strong binding affinities by using this
semi-quantitative measurement, which was found to have good correlation
between the published and currently measured Kd values. By mutational analysis
we have identified the PAK PxxP-motifs mediating the binding of these high
affinity SH3 domains. Subsequently, we will determine the importance of these
SH3-PAK interactions in cellular systems.
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Proteins from the short-chain dehydrogenase/reductase (SDR) superfamily function as
dimers or tetramers. The SDR tetramers display 222 symmetry with two different
interfaces between their 4 subunits, described by three orthogonal molecular axes, called
P, Q and R. The most extensive contacts are those spanning the Q-axis and involve two
helices, αE and αF, forming a four helix bundle. There are less extensive contacts across
the P-axis interface, formed mainly by the αG helices and by interactions between the βG
strands of two neighbouring subunits. We studied 17β-hydroxysteroid dehydrogenase from
fungus Cochliobolus lunatus (17β-HSDcl) as a model enzyme of this superfamily. 
17β-HSDcl is a homodimer under native conditions as shown by gel filtration analysis.
We have investigated which secondary structure elements are involved in the dimerization
and examined the importance of dimerization for the enzyme activity. Sequence similarity
with the homologous enzymes of this superfamily indicated that Arg129 from the 
αE-helix and His111 from the αF-helix, respectively, might interact with Asp121, Glu117
and Asp187 residues from the neighbouring subunit. To test our hypothesis that
dimerization takes place across the Q-axis, three mutants were prepared with the aims to
selectively destroy one of the salt bridges (His111Ala), to prevent dimerization by steric
hindrance (His111Leu) and to introduce electrostatic repulsion between monomers
(Arg129Asp). 17β-HSD enzymes containing mutations Arg129Asp and His111Leu were
both monomeric, while the mutant 17β-HSDcl-His111Ala was dimeric. CD analysis
confirmed the conservation of secondary structure in both monomers. The three mutant
proteins all bound coenzyme, as shown by fluorescence quenching in the presence of
NADP+. Since both monomers showed no enzymatic activity, we suggest dimerization is
prerequisite for catalysis. Detailed understanding of dimerization could lead to
development of compounds that would specifically prevent dimerization, thereby serving
as a new type of inhibitor.
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Marina Ceccarini, Paola Torreri, Dario Giuseppe Lombardi, Pompeo Macioce
and Tamara Corinna Petrucci

Department of Cell Biology and Neuroscience – Istituto Superiore di Sanità
Rome- ITALY

Dystrobrevin is a dystrophin-related and -associated protein, highly expressed in
brain, lung and kidney. It shares sequence homology to the dystrophin cysteine-
rich and C-terminal domains that contain two EF-hands, a ZZ domain and two
coiled-coil regions. In brain dystrobrevin is highly enriched at the postsynaptic
membrane in hippocampal and Purkinje neurons. We have recently focused on
molecular associations of β-dystrobrevin in its emerging role as a scaffold for
signaling molecules. By yeast two-hybrid screening, we identified the neuronal
kinesin heavy chain Kif5A as a new interacting partner for dystrobrevin and
localized the dystrobrevin binding site on the cargo-binding domain of neuronal
kinesin heavy chain (Kif5A). This interaction was confirmed by in vitro and in
vivo association assays. In the present study we used recombinant dystrobrevin
and Kif5A cargo-binding domain to localize the kinesin-binding site on
dystrobrevin and determine the kinetic rate constant of their interaction through
surface plasmon resonance (SPR). By SPR analysis we demonstrated that kinesin
and dystrobrevin interact with high affinity and found that deletion mutants of
dystrobrevin bind to kinesin with a lower binding affinity than full-length
dystrobrevin. The involvement of different protein domains is discussed. Our
results indicate that dystrobrevin tertiary structure can modulate the affinity for
Kif5A, suggesting that association with other partners and/or post-translational
modifications that can alter dystrobrevin folding may regulate its interaction with
kinesin.
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UPR 9025, 31 Ch. J. Aiguier, 13402 Marseille, France

In a culture medium, the Rhizopus oryzae strain produces only one form of
lipase, ROL32. When the concentrated culture medium was stored at 0°C during
several months or kept at 6°C during a few days, we noticed the appearance of a
second shorter form of ROL32 lacking its N-terminal 28 amino acid (ROL29).
ROL29 was purified to homogeneity and its 21 N-terminal amino acid residues
were found to be identical to the 29-49 sequence of ROL32. The cleavage of the
N-terminal peptide reduced the specific activity of ROL29 by 50 % using either
triolein or tributyrin as substrates. In order to explain this decrease of the specific
activity of ROL29, we measured its critical surface pressure of penetration into
egg-PC films which was found to be 10 mN.m-1, in contrast to a value of 23
mN.m-1 found in ROL32. A kinetic study on the surface pressure dependency,
stereoselectivity and regioselectivity of ROL29 was performed using the 3
dicaprin isomers spread as monomolecular films at the air-water interface. Our
results showed that in contrast to ROL32, ROL29 presented a preference for the
distal ester groups of one diglyceride isomer (1,3-sn-dicaprin). Furthermore
ROL32 was markedly more stereoselective than ROL29 for the sn-3 position of
the 2,3-sn-enantiomer of dicaprin. A structural explanation of the enhanced
penetration capacity as well as the catalytic activity of ROL32 was proposed by
molecular modeling. We concluded that the N-terminal peptide of ROL32 can
play an important role in the specific activity, the regioselectivity, the
stereoselectivity and the binding of the enzyme to its substrate. 
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Peanut stunt virus (PSV) belongs together with CMV and TAV to the family
Cucumoviridae. This family has achieved big evolutionary success and can infect
more than 1000 host plants, more than all known viruses in the world. Genome
of these viruses is composed of three RNAs : RNA1 and 2 encode replicase
complex, RNA3 encodes coat protein and movement protein. Some of strains
have also additionally satellite RNA attached to virion that could modulate
severity of disease’s symptoms. There is some information, that satRNA
possesses fragment complementary to CP and that this could be somehow
responsible for infectivity of the virus. There are also evidences, in case of virus
from family Tombusviridae that satRNA can interact with CP of virus and by that
means affect virus transmission in host. Function of CP is probably more
important than only to encapsidate of viral genome.

In our study we decided to analyze protein sequences of three different isolates of
peanut stunt virus infecting various plant in Poland: celery, pea and lupine. We
have amplified them by using RT-PCR and then we have sequenced them.
Subsequently analysis of amino acids in studied CP was done. Comparison of
obtained sequences has shown that there is 82-85% homology among Polish
isolates. They are also comparably homological to the Japan strain of PSV,
ranging form 80-86% identities.

This work was a preliminary step to our further study, in which we are going to
find possible domains that could interact with additional components accompa-
nying of virion, like satellite RNAs.
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p47 is a cofactor of the AAA-ATPase p97. The solution structure of the central
human p47 SEP domain (AA 171-270) was determined by NMR spectroscopy.
Yet unknown is the function of the SEP domain. We present here a structure-
derived hypothesis about its function investigated by binding experiments with
cysteine proteases. The SEP domain was found to be a reversible competitive
inhibitor of cathepsin L with a Ki of 1.5µM. The binding to cathepsin L was
mapped by biochemical assays and the binding interface investigated by NMR
chemical shift perturbations (CSP) experiments.

Soukenik M, Diehl A, Leidert M, Sievert V, Bussow K, Leitner D, Labudde D, Ball LJ,
Lechner A, Nagler DK, Oschkinat H. The SEP domain of p47 acts as a reversible
competitive inhibitor of cathepsin L. FEBS Lett. 2004 Oct 22;576(3):358-62.
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Prague, Czech Republic
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Formins are a family of actin-organizing proteins conserved throughout the eukaryotic
kingdom. Originally associated with phenotypes related to cytokinesis, cell polarity,
vesicle trafficking and cell motility, they have been found to act alternately as actin
nucleators, “leaky” capping proteins and modulators of actin filament turnover. This
functional diversity may be related to modular structure of most formins. All formins
contain a hallmark actin-binding domain, FH2, capable of dimerization, while additional –
often optional – domains provide interfaces for interaction with profilin (FH1), small 
GTPases (GBD/FH3) and other proteins or cellular structures. 
We shall illustrate the evolutionary and physiological versatility of the FH2 domain by
results of our ongoing analysis of the large family of 21 formin-encoding genes in
Arabidopsis. Higher plants possess two classes of formins: Class I proteins contain
putative membrane insertion signals, while many Class II proteins share a conserved
domain related to the PTEN antioncogene. This plant-specific context of the FH2 domain
may reflect distinct functional requirements in plant cells. Moreover, the large size of the
gene family may be effectively increased by protein heterodimerization and alternative
splicing, resulting in literally hundreds of possible species of the functional formin dimer
and suggesting that formins might have contributed to the evolution of the plant type of
multicellularity. 
Extensive genetic redundancy results in lack of obvious phenotypes in single T-DNA
insertions in formin genes, as well as in several double mutants characterized so far in our
laboratory. However, analysis of publicly available microarray data provided evidence of
differential regulation for some paralogues. Additional insight into the in vivo function of
selected plant formins can be gained from expression of GFP-tagged formin proteins in a
heterologous plant system (tobacco leaf mesophyl).

This work has been supported by GAČR 204/05/0268 and EU-HPRN-CT 2002-0265
“Tipnet” grants.
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Identifying the region in the CH domain responsible for the 
auto-inhibition of the Rho family GEF Vav´s nucleotide exchange
activity
A. Gad, and M. Gimona

Consorzio Mario Negri Sud, 66030 Santa Maria Imbaro, Italy

Active reorganization of the actin cytoskeleton is required for many basic cellular
processes, and the actin cytoskeleton is a prime target in events leading to tumor
development and cancer progression. Key regulators of cytoskeleton organization
are the Rho-family of small GTPases, which are activated by guanine nucleotide
exchange factors (GEFs). One particular Rho-family GEF that has attracted
much attention is the proto-oncogene Vav. The N-terminal type3 CH domain of
Vav is critically involved in inhibition of Vav’s exchange activity. Vav lacking this
domain is an oncogene causing cells both to form primary tumors and metastases
in nude mice.

Preliminary results suggest that the inhibitory activity is specific for the CH
domain of Vav, and cannot be functionally substituted by other CH domains
belonging to the same type3 subfamily. Therefore, I plan to investigate the
uniqueness of the Vav CH domain and identify the region that functionally
controls Vav GEF activity. The observation that CH domains of the same
subfamily not are functionally exchangeable highlights the potential difficulties
when predicting protein function based on its containing motifs. This study will,
in addition to provide information on  GTPase activation, actin cytoskeleton and
transformation, also supply means allowing a more accurate prediction on
protein function in general. It will also provide knowledge of all proteins
containing CH, DH, PH and SH domains, thus impacting on a wide range of
signaling pathways.



79

L
Lach S.
Ladurner A.G. T43 / P17
Lambrechts A. T37 / P14
Lener T.
Lim W.A. T46
Linding R. T5
Lorenzi M.
Low B.C. T45 / P19
Luque I. T32 / P11

M
Macioce P. P25
Martinez J.C. P23
Mashanov G. T8
Mayer B.J. T14
Mongiovì M.A. T34 / P13
Musi V. P22

O
Oschkinat H. T11

P
Pagel P. T6 / P1
Panni S. T23 / P8
Paoluzi S. P21
Pawson T. T2
Pichierri F. T15 / P5

R
Ramirez-Espain Sotelo X.

T33 / P12
Ranganathan R. T17
Reva B.A. T12 / P2
Rozenblum G.T.

S
Saksela K. T20
Sayari A. P29
Sidhu S.S. T10
Stêplowska-Obrêpalska A.

P28
Sudol M. T31

T
Tonikian R. T25 / P9

V
Vidal M. T47
Volkmer-Engert R. P4

W
Walter U. T36
Winder S. T28

Y
Yaffe M.B. T22

Z
Zou P. P20

78

INDEX
B
Bader G. T4
Bähler M. T39
Baker M.C. T1
Batey S. T41 / P16
Ball L.J. T35
Bayley P. T40
Beltrao P. T21 / P7
Boisguerin P. T13 / P3
Booker G. T9

C
Cámara-Artigas A. T38 / P15
Ceccarini M. P26
Cesareni G. T3
Cherny I. T26 / P10
Crowley P. T24
Cullen P.J. T7
Cvrckova F. P30

D
Diehl A. P31
Djinovic-C K. T30
Dougherty G.W. T29

E
Egelman E. T27

F
Feller S.M T18
Freund C. T19
Fürst D.O. T42

G
Gad A.
Gimona M. T48

H
Hiroaki H. T44 / P18

I
Imhof D. T16 / P6

J
Jarchau T. 

K
Kärkkäinen S. P24
Kristan K. P27



81

Linda J. Ball 
University of Oxford
Structural Genomics Consortium
Botnar Research Centre
Oxford OX3 7LD
U.K.
phone: 0049 1865 227723
fax: 0049 1865 737231
e-mail: linda.ball@sgc.ox.ac.uk

Peter Bayley
Division of Physical Biochemistry
N.I.M.R., Mill Hill
London NW7 1AA
U.K.
phone: 0044 20 8816 2085
fax: 0044 20 8906 4477
e-mail: pbayley@nimr.mrc.ac.uk

Pedro Beltrao
EMBL
Structural and Computational Biology Unit
Meyerhofstr. 1
69117 Heidelberg
GERMANY
phone: 0049 6221 387 8402
fax: 0049 6221 387 8519
e-mail: beltrao@embl.de

Prisca Boisguerin
Charite
Institute of Medical Immunology
Hessischstr. 3-4
10115 Berlin
GERMANY
phone: 0049 30 450 524254
e-mail: prisca.boisguerin@charite.de

80

ADDRESSES
Gary Bader
Memorial Sloan-Kettering Cancer Center
Computational Biology Center
307 E. 63th St.
1275 York Avenue, Box 460
New York, NY 10021
U.S.A.
phone: 646 735 8075
fax:  646 735 0021
e-mail: bader@cbio.mskcc.org

Martin Bähler
Westfalian Wilhelms University
Allgemeine Zoologie und Genetik
Schlossplatz 5
48149 Münster
GERMANY
phone: 0049-251-83 238 74
fax: 0049-251-83 247 23
e-mail: baehler@nwz.uni-muenster.de

Mark C. Baker
Rutgers University
Center of Cognitive Science
Department of Linguistics
18 Seminary Place 
New Brunswick NJ 08901-1184
U.S.A.
e-mail: mabaker@olddavidhume.rutgers.edu

Sarah Batey
University of Cambridge
Department of Chemistry
Lensfield Rd
Cambridge CB2 1EW
U.K.
phone: 44 1223 33 63 56
e-mail: sb399@cam.ac.uk



83

Izhack Cherny
Tel Aviv University
Dept. Mol. Microbiol. Biotechnology
Ramat Aviv
69978 Tel Aviv 
ISRAEL
phone: 972 3640 7535
fax: 972 3640 6646
e-mail: izhack@post.tau.ac.il

Peter Crowley
Universidade Nova de Lisboa
Instituto de Tecnologia Química e Biológica, ITQB-UNL
Avenida da Republica
Apartado 127
2781-901 Oeiras
PORTUGAL
e-mail: crowley@itqb.unl.pt

Peter J. Cullen
University of Bristol
Department of Biochemistry
School of Medical Sciences
Bristol BS8 1TD
U.K.
phone: 0044 117 954 6426
fax: 0044 117 928 8274
e-mail: Pete.Cullen@bris.ac.uk

Fatima Cvrckova
Charles University Prague
Department of Plant Physiology
Faculty of Sciences
Viničná 5
128 44 Praha 2
CZECH REPUBLIC
phone: 420 2219 51685
fax: 420 2219 51704
e-mail: fatima@cuni.cz

82

Grant Booker
The University of Adelaide
School of Molecular and Biomedical Science
North Terrace
5005 Adelaide
AUSTRALIA
phone: 618 8303 3090
fax: 618 8303 4362
e-mail: grant.booker@adelaide.edu.au

Ana Cámara-Artigas
Prof. Titular del área de Química Física
Dpto. Química Física, Bioquímica y Química Inorganica
Universidad de Almería
Ctra. Sacramento s/n
04120 Almería
SPAIN
phone: 34 950 015 623
fax: 34 950 015 008
e-mail: acamara@ual.es

Marina Ceccarini
Istituto Superiore di Sanità
Department of Cell Biology and Neuroscience
Viale Regina Elena, 299
00161 Rome
ITALY
phone: 0039 0649 902 075
fax: 0039 0649 387 143
e-mail: mceccarini@uniroma.it

Giovanni Cesareni
University of Rome Tor Vergata
Department of Biology “Enrico Calef”
Via della Ricerca Scientifica
00133 Rome
ITALY
phone: 0039 0672 594 315
e-mail: cesareni@uniroma.it



85

Stephan Feller
The Weatherall Institute of Molecular Medicine
University of Oxford 
John Radcliffe Hospital 
Headington 
Oxford OX3 9DS 
U.K.
phone: 0044 1865 222 438 
fax: 0044 1865 222 431
e-mail: stefan.feller@cancer.org.uk

Christian Freund
Freie Universitaet Berlin and
Forschungsinstitut für Molekulare Pharmakologie
Protein Engineering Group
Robert-Roessle-Str. 10
13125 Berlin
GERMANY
e-mail: freund@fmp-berlin.de

Dieter O. Fürst
Institute for Cell Biology
Department of Molecular Cell Biology
University of Bonn
Ulrich Haberland Str. 61a
53121 Bonn
GERMANY
phone: 0049 228 73 5301
fax: 0049 228 73 5302
e-mail: zellbiologie@uni-bonn.de

Annica Gad
Department of Cell Biology and Oncology
Unit of Actin Cytoskeleton Regulation
Via Nazionale 8a
66030 Santa Maria Imbaro
ITALY
phone: 0039 0872 570 292
fax: 0039 0872 570 412

84

Anne Diehl
Forschungsinstitut für Molekulare Pharmakologie
NMR Division
Robert-Roessle Str. 10
13125 Berlin
GERMANY
phone: 0049 30 94793 310
fax: 0049 30 94793 169
e-mail: diehl@fmp-berlin.de

Kristina Djinovic-Carugo
University of Vienna
Max F. Perutz Laboratories
Dept. for Biomolecular Structural Chemistry
Campus Vienna Biocenter 5
1030 Vienna
AUSTRIA
phone: 0043 1 4277 52203
fax: 0043 1 4277 9522
e-mail: kristina.djinovic@univie.ac.at

Gerard W. Dougherty
Unit of Actin Cytoskeleton Regulation
Department of Cell Biology and Oncology
Consorzio Mario Negri Sud
Via Nazionale 8a
66030 Santa Maria Imbaro
ITALY
phone: 0039 0872 570 292 
fax: 0039 0872 570 412 
e-mail: dougherty@negrisud.it

Edward Egelman
University of Virginia
Dept, of Biochemistry and Molecular Genetics
Box 800733
Charlottesville, VA 22908-0733
USA
phone: 434 924 8210
fax: 434 924 5069
e-mail: egelman@virginia.edu



87

Satu Kärkkäinen
University of Tampere
Institute of Medical Technology
Dept. Biochemistry of Cell Signaling
Biokatu 8
33014 Tampere
FINLAND
phone: 358 3 215 8592
fax: 358 3 215 8597
e-mail: satu.karkkainen@uta.fi

Katja Kristan
University of Ljubljana
Medical Faculty
Institute of Biochemistry
Vrazov trg. 2
1000 Ljubljana 
SLOVENIA
phone: 38 615 437 667
fax: 38 615 437 641
e-mail: katja.kristan@mf.uni.lj.si

Sibylle Lach
Unit of Actin Cytoskeleton Regulation
Department of Cell Biology and Oncology
Consorzio Mario Negri Sud
Via Nazionale 8a
66030 Santa Maria Imbaro
ITALY
phone: 0039 0872 570 292 
fax: 0039 0872 570 412 
e-mail: lach@negrisud.it

86

Mario Gimona
Consorzio Mario Negri Sud
Department of Cell Biology and Oncology
Unit of Actin Cytoskeleton Regulation
Via Nazionale 8a
66030 Santa Maria Imbaro 
ITALY
phone: 0039 0872 570 293 
fax: 0039 0872 570 412 
e-mail: gimona@dcbo.negrisud.it

Hidekazu Hiroaki
Yokohama City University
International Graduate School of Arts and Sciences
1-7-29 Suehiro, Tsurumi,
230.0045 Yokohama
JAPAN
phone: 81 45 508 7214
fax: 81 45 508 7361
e-mail: hiroakih@tsurumi.yokohama-cu.ac.jp

Diana Imhof
Friedrich-Schiller-University Jena
Institute of Biochemistry and Biophysics
Philosophenweg 12
07743 Jena
GERMANY
phone: 0049 3641 94 9368
fax: 0049 3641 94 9352
e-mail: Diana.Imhof@uni-jena.de

Thomas Jarchau
Medizinische Universitätsklinik Würzburg
Inst. für klinische Biochemie und Pathobiochemie
Grombühlstr. 12
97080 Würzburg
GERMANY
phone: 0049 931 32936 12
fax: 0049 931 32936 30
e-mail: jarchau@klin-biochem.uni-wuerzburg.de



89

Rune Linding
Samuel Lunenfeld Research Institute
Mount Sinai Hospital
Room 1060
600 University Avenue
Toronto, Ontario M5G 1X5
CANADA
phone: 416 586 4800
fax: 416 586 8869
e-mail: linding@mshri.on.ca

Maria Lorenzi
Unit of Actin Cytoskeleton Regulation
Department of Cell Biology and Oncology
Consorzio Mario Negri Sud
Via Nazionale 8a
66030 Santa Maria Imbaro
ITALY
phone: 0039 0872 570 292
fax: 0039 0872 570 412
e-mail: lorenzi@negrisud.it

Boon C. Low
National University of Singapore
Department of Biological Sciences
14 Science Drive 4
117543 Singapore
REPUBLIC OF SINGAPORE
phone: 65 6874 7834
fax: 65 6779 2486
e-mail: dbslowbc@nus.edu.sg

Irene Luque
University of Granada. Faculty of Sciences
Department of Physical Chemistry
Avda FuenteNueva s/n
18071 Granada
SPAIN
phone: 34 958 240 440
fax: 34 958 272 879
e-mail: iluque@ugr.es

88

Andreas G. Ladurner
European Molecular Biology Laboratory (EMBL)
Gene Expression Unit
Meyerhofstrasse 1
69117 Heidelberg
GERMANY
phone: 0049 6221 387 156
fax: 0049 6221 387 518
e-mail: ladurner@embl.de

Anja Lambrechts
University of Gent
Medical Faculty
Department of Biochemistry
Baertsoenkaai 3
9000 Gent 
BELGIUM
phone: 0032 9 264 9332
fax: 0032 9 264 988
e-mail: anja.lambrechts@Ugent.be

Thomas Lener
Dept. of Genetics
Salzburg University
Hellbrunnerstrasse 34
5020 Salzburg
AUSTRIA
phone: 0043 662 8044 5787
fax: 0043 662 8044 144
e-mail: thomas.lener@sbg.ac.at

Wendell Lim
University of California San Francisco (UCSF)
Dept. of Cellular and Molecular Pharmacology
600 16th Street 
San Francisco, CA 94143-2240
U.S.A.
phone: 415 502 8080
fax: 415 514 4242
e-mail: wlim@msg.ucsf.edu



91

Adriana Maria Mongiovì
Regina Elena Cancer Institute
Dep. of Experimental Oncology
Via delle Messi d’Oro 156
00158 Rome
ITALY
e-mail: mongiovi@ifo.it

Valeria Musi 
National Institute for Medical Research
Molecular Structure Division
The Ridgeway, Mill Hill
NW7 1AA London 
U.K.
phone: 0044 20 881 62236
fax: 0044 20 890 64477
e-mail: vmusi@nimr.mrc.ac.uk

Hartmut Oschkinat
Forschungsinstitut für Molekulare Pharmakologie (FMP)
Department of NMR
Robert-Rössle-Str. 10
13125 Berlin
GERMANY
phone: +49 30 94793 160
fax: +49 30 94793 169
e-mail: oschkinat@fmp-berlin.de

Philipp Pagel
GSF - Forschungsinstitut für Umwelt und Gesundheit
Institute for Bioinformatics / MIPS
Ingolstädter Landstr. 1
85764 Neuherberg
GERMANY
phone: 0049 89 3187 3675
fax: 0049 89 3187 3585
e-mail: p.pagel@gsf.de

90

Pompeo Macioce
Istituto Superiore di Sanità
Department of Cell Biology & Neuroscience
Viale Regina Elena, 299
00161 Rome
ITALY
phone: 0039 0649 902 075
fax: 0039 0469 387 143
e-mail: macioce@iss.it

Jose C. Martinez
University of Granada. Faculty of Sciences
Department of Physical Chemistry
Avda FuenteNueva s/n
18071 Granada
SPAIN
phone: 34 958 242 370
fax: 34 958 272 879
e-mail: jcmh@ugr.es

Gregory Mashanov
National Institute for Medical Research
Department of Physical Biochemistry
The Ridgeway, Mill Hill
London MK45 1JB 
U.K.
phone: 0044 208 816 2110
e-mail: gmashan@nimr.mrc.ac.uk

Bruce J. Mayer
Department of Genetics and Dev. Biology
University of Connecticut Health Center
263 Farmington Avenue
Farmington, CT 06030
U.S.A.
phone: 860 679 1836
fax: 860 679 8345
e-mail: bmayer@neuron.uchc.edu



93

Ximena Ramirez-Espain Sotelo
Barcelona Science Park
Institute of Biomedical Research
Dept. Structural and Computational Biology
Josep Samiter 1-5
08028 Barcelona
SPAIN
phone: 34 93 4037 188
fax: 34 93 4037 114
e-mail: xramirez@pcb.ub.es

Rama Ranganathan
Howard Hughes Medical Institute
Green Comprehensive Center
Div. of Computational and Systems Biology
UT Southwestern Medical Center
Dept. of Pharmacology
6001 Forest Park Blvd., ND9.13F
Dallas, TX 75390
U.S.A.
phone: 214 645 5963
fax: 214 645 5965
e-mail: Rama.Ranganathan@UTSouthwestern.edu

Boris A. Reva
Memorial Sloan Kettering Cancer Center
Computational Biology Center
307 East 63 street
Manhatten, NY 10021
U.S.A.
phone: 646 735 8077
fax: 646 735 0021
e-mail: borisr@mskcc.org

92

Simona Panni
University of Rome Tor Vergata
Department of Molecular Biology
Viale della ricerca scientifica
00133 Rome
ITALY
phone: 0039 0672 594 305
fax: 0039 0672 594 599
e-mail: panni@uniroma2.it

Serena Paoluzi
University of Rome “Tor Vergata” 
Department of Molecular Biology
Via della Ricerca Scientifica
00133 Rome
ITALY
phone: 0039 0672 594 305
fax: 0039 0672 594 599
e-mail: paoluzi@uniroma2.it

Tony Pawson
Samuel Lunenfeld Research Institute
Room 1081
Mount Sinai Hospital
600 University Avenue
Toronto, Ontario M5G 1X5
CANADA
phone: 416 586-8262
fax: 416-586-8869
e-mail: pawson@mshri.on.ca

Fabio Pichierri
COE Laboratory
Tohoku University
2-1-1 Katahira, Aoba-ku 
Sendai 980-8577
JAPAN
phone: 81 22 217 5110
fax: 81 22 217 5110
e-mail: fabio@tagen.tohoku.ac.jp



95

Aleksandra Stêplowska-Obrêpalska
Plant Protection Institute
Interdepartmental Laboratory of Molecular Biology
Miczurina St 20
60-318 Poznan
POLAND
phone 48 61 864 9090
fax: 48 61 867 6301
e-mail: AO.Steplowska@ior.pznan.pl

Marius Sudol
Weis Center for Research
Geisinger Clinic
100 North Academy Avenue
Danville, PA 17822-2608
U.S.A.
phone: 570 271 6677
fax: 570 271 6701
e-mail: msudol1@geisinger.edu

Raffi Tonikian
University of Toronto
Department of Molecular and Medical Genetics
Boone Lab
Banting and Best Department of Medical Research
112 College St. Room 411
Toronto, ON M5G 1L6
CANADA
phone: 650 467 8291
fax: 650 225 3734
e-mail: raffi.tonikian@utoronto.ca

Marc Vidal
Dana-Farber Cancer Institute
44 Binney Street
Smith 858
Boston, MA 02115
U.S.A.
phone: 617 632 5180
fax: 617 632 5739
e-mail: marc_vidal@dfci.harvard.edu

94

Guido Tomaz Rozenblum
Consorzio Mario Negri Sud
Department of Cell Biology and Oncology
Unit of Actin Cytoskeleton Regulation
Via Nazionale 8a
66030 Santa Maria Imbaro 
ITALY
phone: 0039 0872 570 292 
fax: 0039 0872 570 412 
e-mail: rozenblum@dcbo.negrisud.it

Kalle Saksela
University of Helsinki
Haartman Institute
Department of Virology
Haarmaninkatu 3, PO Box 21
00014 Helsinki
FINLAND
phone: 358 9 191 26770
fax: 358 9 191 26491
e-mail: kalle.saksela@helsinki.fi

Adel Sayari
Laboratoire de Biochimie et de 
Genie Enzymatique des Lipases-ENIS
BPW 
3038 Sfax 
TUNISIA
phone: 216 98 415 646
fax: 216 74 275 595
e-mail: adelsayari@yahoo.fr

Sachdev S. Sidhu
Genentech, Inc.
Department of Protein Engineering
1 DNA Way
South San Francisco, CA 94080
U.S.A.
phone: 650 225 1056
fax: 650 225 3734
e-mail: sidhu@gene.com



97

Peijian Zou 
Senior technique officer
EMBL-Hamburg Outstation
c/o DESY Building 25A
Notkestr. 85
22603 Hamburg
GERMANY
phone: 0049 40 89902 144
fax: 0049 40 89902 149
e-mail: Peijian@embl-hamburg.de

96

Rudolf Volkmer-Engert
Charite
Institute of Medical Immunology
Hessischstr. 3-4
10115 Berlin
GERMANY
phone: 0049 30 450 524 092
fax: 0049 30 450 524 267
e-mail: rve@charite.de

Ulrich Walter
Medizinische Universitätsklinik Würzburg
Inst. für klinische Biochemie und Pathobiochemie
Versbacherstasse 5
97078 Würzburg
GERMANY
phone: 49 0931 201 45479
fax: 49 0931 201 45153
e-mail: uwalter@klin-biochem.uni-wuerzburg.de

Steven Winder
University of Sheffield
Centre for Developmental Genetics
Department of Biomedical Science
Addison Building
Western Bank
Sheffield S10 2TN 
U.K. 
phone: 0044 114 222 2332
fax: 0044 114 276 5432
e-mail: s.winder@sheffield.ac.uk

Michael B.Yaffe
Massachusetts Institute of Technology (MIT)
Center for Cancer Research
Room E18-580
77 Massachusetts Avenue
Cambridge, MA 02139 
U.S.A.
phone: 617 452-2442
e-mail: myaffe@mit.edu



9998

Notes:



Organizers:

Mario Gimona (Consorzio Mario Negri Sud, Italy)

Marius Sudol (Weis Center for Research, USA)

The Organization Committee:

Dieter Fürst (University of Bonn, Germany)

Steve Winder (University of Sheffield, U.K.)

Linda Ball (University of Oxford U.K.)

With support from:


