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2.1

Bioinformatics and
Computational
Biochemistry (BCB)

Group Leader

Dr. Ursula Kummer
Tel.. +49-6221-533225
Fax: +49-6221-533298

The Bioinformatics and Computational Biochemistry group
at EML was established in autumn 1998. The main focus of
research in the group lies in the development and appli-
cation of computational methods for analyzing, modeling,
and simulating signaling, metabolic, and genetic networks
in the living cell.

In 2006, three projects were completed: Simulation of Bio-
chemical Pathways, COPASI (Complex Pathway Simulator)
with full release to the public, and SYCAMORE, of which
a prototype is to be released in early 2007. Project
management for COPASI was taken over in 2006 by Sven
Sahle. Work was continued on BioSim and UniNet. Katja
Wegner finished her PhD thesis in the early part of the
year, and Tim Johann joined us as a new PhD student in the
autumn. Finally, Gerold Baier, visiting scientist since summer
2005, completed his fruitful and successful sojourn at EML
Research.

In July 2006 the group organized the 2nd UniNet Work-
shop: Data, Networks, and Dynamics in Heidelberg.

Research Associates

Ralph Gauges, Femke Mensonides, Dr. Ulla Rost, Dr. Sven
Sahle, Dr. Natalia Simus, Dr. lulian Stoleriu, Dr. Irina Sur-
ovtsova, Dr. Andreas Weidemann

Doctoral Students

Tim Johann (since September 2006), Jirgen Pahle, Katja
Wegner (until March 2006)

Students

Tim Johann (January — September 2006), Artjom Konig
(since December 2006), Anton Ruff (since December
2006), Xin Yu (March — October 2006)

Visiting Scientist
Prof. Gerold Baier (January - August 2006)






2.2
Scientific Databases
and Visualization

The Scientific Databases and Visualization (SDBV) group
focuses on the development of methods and tools to sup-
port researchers in the analysis and management of scien-
tific data, more specifically biochemical data. The group
addresses problems such as the integration of different
data types and formats, the storage of these data, and
methods for querying and navigating them. In May 2006
we released the first Beta Version of the SABIO-Reaction
Kinetics (SABIO-RK) database (see Section 3.6, SABIO-RK).
The Systems Biology community in particular has shown
great interest in this new resource. Its popularity and the
use made of it are growing continuously. In 2007 the SDBV
group will participate with SABIO-RK in two new projects
funded by the BMBF (Federal Ministry of Education and Re-
search) as part of the Hepatosys Network and the SYSMO
(Systems Biology for Micro-organisms) initiative.

Apart from the web-based user interface we have devel-
oped a set of web services that enable researchers to in-
clude queries to SABIO-RK as part of their research work-




flows. Our objective in the future is to provide semantic
web services containing information about the meaning of
the data exchanged. In this context we are working on the
development of methods for bootstrapping biochemical
databases, based on biochemical ontologies.

As before, another main research area of the group is the
development of methods to support the process of data-
base population and curation. Here we are mainly working
on the detection of biochemical compounds by their names
or structures (see Section 3.7 BioReader).

Group Leader Research Associates

Dr. Isabel Rojas Martin Golebiewski, Renate Kania, Dr. Olga Krebs,
Tel. +49-6221-533231 Dr.Jasmin Saric, Dr. Andreas Weidemann,
Fax: +49-6221-533298  Dr. Ulrike Wittig

Doctoral Students

Saqib Mir (KTF fellowship holder), Stefanie Anstein (KTF
fellowship holder)

Students
Xiaon Chen



2.3
Natural Language
Processing (NLP)

Group Leader
Dr. Michael Strube

Tel.
Fax:

+49-6221-533243
+49-6221-533298

2006 turned out to be a very successful year for the NLP
group. First and foremost,we did some pioneering research
in connection with the use of Wikipedia as a knowledge
base for applications processing natural language. This
work was very well received by reviewers and audiences
at the HLT-NAACL and AAAI conferences [Ponzetto 20064,
Strube 2006]. In the future, this research may well qualify
as a turning point in the rediscovery of knowledge-based
NLP. Though we spent a lot of time and effort on complet-
ing this project to schedule , we also recorded at least two
other highlights in the form of publications on pronoun
resolution in spoken dialog at EACL [Miiller 2006a] and
discourse segmentation at EMNLP [Filippova 2006a].

Research Associates

Margot Mieskes (until Oct. 2006), Christoph Miller, Dr. Vivi
Nastase (since Sept. 2006)

Klaus Tschira Foundation Scholarship Holders

Katja Filippova, Margot Mieskes (since Nov. 2006),
Simone Paolo Ponzetto

Students

Vanessa Doyle, Andrew Herd, Melissa Macellano, Violeta
Sabutyte, Irina Schenk, Ganna Syrota, Grainne Toomey,
Wolodja Wentland, Matthew White, Florian Winkelmeier



Molecular recognition, binding, and catalysis are funda-
mental processes in cell function. The ability to understand
how macromolecules interact with their binding partners
and participate in complex cellular networks is crucial to
prediction of macromolecular function and to applications
such as protein engineering and structure-based drug de-
sign. The Molecular and Cellular Modeling (MCM) group
develops and applies computational approaches to study
the macromolecules of the cell: their structure, dynamics, in-
teractions, and reactions. The central focus is on the interac-
tion properties of proteins. An interdisciplinary approach is
taken, entailing collaborations with experimentalists and a
concerted use of informatics- and physics-based computa-
tional approaches. Techniques cover a wide spectrum from
interactive, web-based visualization tools to atomic-detail
molecular simulations.

Group Leader

Dr. Rebecca Wade
Tel.: +49-6221-533247
Fax: +49-6221-533298

Research Assistants

Dr. Razif Gabdoulline, Dr. Stefan Henrich, Georgi Pa-
chov, Dr. Matthias Stein, Dr. Peter Winn, Divita Garg

IT Specialist
Dr. Stefan Richter
Klaus Tschira Foundation Scholarship Holders

Dr. Vlad Cojocaru, Anna Feldman-Salit, Domantas
Motiejunas

Fellowship holders

Dr. Outi Salo-Ahen, Sulaiman Faisal
Masters Student

Mai Zahran

Student Workers

Frederik Ferner,
Matthias Janke

Guest Scientist
Prof. Arieh Ben-Naim

2.4
Molecular and Cellular
Modeling (MCM)



The research of the MCM group in 2006 is described in this
report under five projects (see Sections 3.3, 3.8-11). We
completed three externally supported projects this year:

e TASSFUN: Target-specific scoring functions. This project
was carried out in collaboration with AstraZeneca, Swe-
den. COMBINE (COMparative BINding Energy) analysis
was applied and developed to address the problem of
designing drugs that are selective between related protein
targets and to enable application in virtual screening (see
Section 3.9).

e SYCAMORE: SYstems biology’s Computational Analysis
and MOdeling Research Environment (see Section 3.3). This
collaboration between the BCB and MCM groups at EML
Research is part of the Modeling Platform of the Federal
Ministry of Education and Research’s 'Hepatosys’ Systems
Biology program. The 3-year project finished at the end
of 2006 and provides the basis for our new projects sup-
ported in the 'Hepatosys’ programme starting in 2007.
During the first funding period, a system of software tools
and computational methods to support concerted compu-
tational and experimental approaches to systems biology
problems has been developed. The MCM group worked on




the development and application of methods of harness-
ing protein structural information for systems biology proj-
ects. In particular, gPIPSA (quantitative Protein Interaction
Property Similarity Analysis) was developed to estimate
kinetic parameters from the molecular interaction fields of
proteins.

* Optical Biosensors for Contaminant Monitoring (see Sec-
tion 3.8). This NATO Collaborative Linkage project involving
five groups in four countries focused on the engineering of
haloalkane dehalogenases and their use for development
of optical biosensors. Computational methods developed
at EML Research were used to aid the design of enzyme
mutants studied experimentally by the group of Jiri Dam-
borsky (Brno, Czech Republic).

Three new externally supported projects were started dur-
ing the year:

» Multiscale Approach to Biomolecular Interactions: From
Molecular Dynamics to Brownian Dynamics Simulation of
Chromatin Components supported by the German Re-
search Foundation (DFG). This is a joint project with Jorg
Langowski (German Cancer Research Center, Heidelberg)
and Jeremy Smith (University of Heidelberg). The aim is
to develop multiscale molecular simulation techniques and
apply these to chromatin (see Section 3.11).

* Prosurf supported by the European Union. The project is
coordinated by Stefano Corni and Elisa Molinari (Univer-
sity of Modena and CNR-INFM-S3, Italy) and also involves
groups in Munich and Israel. The aim is to build a ‘Compu-
tational Toolbox for Protein-Surface Docking.’

* LIGHTS (LIGands to interfere with Human TS) is also sup-
ported by the European Union. The project is coordinated
by Maria Paola Costi (University of Modena, Italy) and in-
volves six groups from five different countries. The aim is to
design small ligands to interfere with thymidylate synthase
dimer formation as new tools against resistance problems
associated with anti-cancer drugs.



We welcomed two new research fellows this year:

e Dr. Outi Salo-Ahen, a postdoctoral fellow from Finland
supported by the Alexander von Humboldt Foundation.

* Faisal Sulaiman, a predoctoral fellow from Pakistan sup-
ported by the German Academic Exchange Service (HEC-
DAAD).

We were also fortunate to have Professor Arieh Ben-Naim
(Department of Physical Chemistry, Hebrew University, Je-
rusalem, Israel) visiting the group as Guest Professor for
several months. He is renowned for his research and books
on molecular solvation phenomena. His stay in Heidelberg
in the MCM group and in Jeremy Smith’s group (University
of Heidelberg) was supported by BIOMS.

Some of the other MCM activities are described in Section 5.
For more information on the group’s activities, see: www.

eml-research.de/english/research/mem and http://proj-
ects.villa-bosch.de/mcm.



Developing computational methods for the analysis and
simulation of biochemical networks requires the applica-
tion of those methods to real-world problems. It is also very
rewarding to see the success of computational research in
dealing with such problems. Accordingly, in this project we
select interesting biochemical problems and improve our
understanding of them by using both existing computation-
al methods and new ones that we have devised ourselves.
Neutrophilic leukocytes are white blood cells that are im-
portant for the body's defense system, e.g. against bac-
teria. They detect invading bacteria, bear down on them,
and kill them with oxygen radicals. This process has been
subjected to detailed experimental observation by our
collaborator, Howard Petty. Based on our previous results,
which suggested that central glycolysis is crucially impor-
tant for the observed metabolic oscillations - setting their
frequency (whereas MPO sets the amplitude) we have now
determined the likely biochemical origin of the switching
between two very different metabolic states — activated vs
unactivated . The origin appears to be the kinetic behavior
of hexokinase in neutrophils. This specific enzyme is able
to act as a glucose-sensing device and triggers a switch in
metabolic behavior once glucose concentrations exceed a
certain limit.

We are now awaiting experimental verification and pre-
paring a corresponding publication.

Prof. Dr. Lars F. Olsen, Jens Christian Brasen, Physical
Biochemistry Group, University of Southern Denmark,
Odense, Denmark (simulations)

Prof. Dr. Howard Petty, Dr. Andreij Kindzelskii, Wayne
State University, Detroit, USA (experiments)

Dr. Ibrahim Coumbassa, University of Conakry, Guinea
(simulations)

Klaus Tschira Foundation

European Science Foundation

Project Manager

Dr. Ursula Kummer
Project Members
Jiirgen Pahle
Visitors

Jens Christian Brasen



Using the methodology and models previously studied in
our group, we have investigated the effect of buffering
(calcium-binding proteins) on the behavior of calcium ions
in cells. This is important because calcium acts as a second
messenger, and its specific dynamics carries information
into the cell. The calcium concentration in the cytosol of he-
patocytes may thus, for example, display complex dynamic
behavior, including spiking and bursting oscillations and en-
coding different kinds of information.

We have studied the effects of stochastic fluctuations in
models of calcium oscillations [Kummer (2000) Biophys. J.
79:1188] by comparing stochastic simulations [Gillespie
(1976) J. Comp. Phys. 22:403] with the corresponding de-
terministic solutions. Stochastic effects like prolonged cal-
cium bursts are more pronounced in models comprising low
particle numbers, while the stochastic simulations show a
transition to quasi-deterministic behavior as particle num-
bers increase. To facilitate the choice of the appropriate
simulation method in our SYCAMORE software system (see
below), it would be very valuable to be able to predict
the particle numbers at which this transition actually oc-
curs. We have established that this is highly dependent on
properties of the system's attractor, such as the so-called
divergence [Kummer (2005) Biophys. J. 89:1603].
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Most of the calcium in cells (~80%) is bound to protein
buffers. We included the buffering of calcium ions in the
calcium oscillation models and studied how the dynamic be-
havior changes. Intuitively, one would expect buffering to
dampen the stochastic effects. A mathematical indication
for the correctness of this assumption would be that the
local divergence of the system is decreased by buffering.
The high frequency stochastic fluctuations are indeed di-
minished by the presence of the buffer. However, we have
found that buffering can change the system dynamics in
such a way that the divergence is not always decreased
globally but can in fact even rise with increasing buffering
speed (see Figure 6). This results in different behavior in
stochastic and deterministic simulations (e.g. bursting oscil-
lations and steady state, respectively) even if the particle
numbers are large and the system is buffered.



3.2
COPASI

Project Manager
Dr. Sven Sahle
Project Members

Ralph Gauges, Artjom
Konig, Dr. Ursula Kummer,
Jirgen Pahle, Dr. Ulla
Rost, Anton Ruff, Dr. Irina
Surovtsova, Katja Weg-
ner, Dr. Natalia Simus

COPASI, released for the first time as a test version in 2004,
is a software package assembling various modeling, simu-
lation, analysis, and visualization methods for biochemical
pathways. It comes with a graphical user interface that al-
lows users comparatively easy access to powerful simula-
tion and analysis tools. The program is available for UNIX/
Linux, Mac OS X, and Windows.

In 2006, we continued developing new features for COPA-
Sl and improving the existing ones. A full release was made
available in spring 2006. Among the most significant new
features are algorithms to calculate the divergence of the
system and advanced sensitivity analyses and parameter
estimation methods. In order to make the program more
compatible, we have added a new export format — XPP.
In addition, we have embarked on official collaboration
with the CellDesigner team (Systems Biology Institute, Tokyo,
Hiroaki Kitano) in order to integrate the tools in such a way
that users can make seamless use of both tools.

COPASI is very closely associated with the SYCAMORE proj-
ect, which involves the construction of models from different
information sources. Accordingly, a number of methods for
sensitivity analysis were added in 2006 that will mainly
benefit users of SYCAMORE. In addition, a prototype ver-
sion of a complexity reduction algorithm developed by our
group has now been implemented.

COPASI is a joint project between our group and Pedro
Mendes' research group at the Virginia Bioinformatics Insti-
tute in Blacksburg, USA. Test versions of COPASI have been
published since 2004 and downloaded several thousand
times. The latest version of COPASI can be downloaded at
Www.copasi.org.

Dr. Pedro Mendes, Dr. Stefan Hoops, Virginia
Bioinformatics Institute, Blacksburg, VA, USA

Prof. Hiroaki Kitano, Dr. Akira Funahashi,
Systems Biology Institute, Tokyo, Japan



In previous years we developed an SBML Layout Exten-
sion to store and exchange important information for the
graphical representation of biochemical systems in model-
ing and simulation software. SBML is now the worldwide
recognized standard file exchange format for biochemical
models.

In 2006, we completed the SBML Layout Extension and
wrote implementations for reading SBML files with layout
information and an XSLT stylesheet to convert layout in-
formation from SBML files into SVG drawings. A paper
describing the layout extension has been published in Bio-
informatics.

As the SBML layout extension can only provide the layout in-
formation for a reaction network graph, there is also great

demand for ways to provide rendering information on the
individual elements of the graph. Therefore we have cre-
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ated a second extension to the SBML file format that works
in conjunction with the layout extension and allows the stor-
age of rendering information for the layout items. Together
with the SBML layout extension, this enables programs to
store very elaborate drawings of reaction networks within
SBML files. This can be used for the graphic illustration and
documentation of models, which sometimes enhances their
understanding.

To demonstrate the features and capabilities of this new
extension we have written a new XSLT stylesheet transform-
ing layout + render information into an SVG drawing, to-
gether with some sample files.

This work has been presented at several international meet-
ings. Future work will include writing an XSLT stylesheet that
combines the features of the two current stylesheets. The
new stylesheet will be able to use rendering information in
the generation of an SVG drawing, if it is available, and
resort to the behavior of the old XSLT stylesheet if no ren-
dering information is provided in the file.

Control and Dynamical Systems Group
at Caltech, Pasadena, USA

The SBML consortium
(incl. approx. 20 international groups)

New methods under development at EML Research for in-
corporation into COPASI include:

The visual representation of biochemical pathways aids re-
searchers in analyzing their system. Visualization can also
help in studying the properties of these systems, e.g. by a
comprehensive view of simulation results. Based on algo-
rithms and tools created in previous years, a platform com-
bining those approaches — SimWiz and SimWiz3D, plus
others — has been created. This platform, ViPaSi, is now
ready for integration into COPASI. Accordingly, some of
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the code has to be ported and adjusted to the respective
requirements. We have been using C++, Qt, and OpenGL
throughout the project. This work started in 2006 and will
be continued in 2007.

In addition, the Motato tool (see annual report 2005) for
the setup of models using a graphical representation of the
network has been rewritten in C++ using the Qt4 toolkit.
It is now ready for inclusion in COPASI once COPASI has
also been converted to enable it to use the Qt4 toolkit. For
the future, some updates to Motato have already been
planned, such as improvements of the font rendering and
inclusion of automatic layout algorithms.

Prof. Dr. Markus Miiller, Prof. Dr. Gerold Baier, Facultad
de Ciencias, Universidad Autonoma del Estado de
Morelos, Cuernavaca, Morelos, Mexico

Klaus Tschira Foundation



3.3
SYCAMORE

Project Managers

Dr. Ursula Kummer
Dr. Rebecca Wade

Project Members

Dr. Razif Gabdoulline,
Ralph Gauges,

Jiirgen Pahle, Sven Sahle,
Dr. Stefan Richter, Dr.
Matthias Stein, Dr. Irina
Surovtsova, Dr. Andreas
Weidemann

SYCAMORE is a project aiming at the development of a
system of tools and methods supporting users in employ-
ing and combining diverse computational approaches. It
is a joint project of the Bioinformatics and Computational
Biochemistry Group and the Molecular and Cellular Model-
ing Group at EML Research and is supported by the BMBF
(Federal German Ministry of Education and Research).
SYCAMORE is closely linked to COPASI (3.2), which pro-
vides some of the methodology for the SYCAMORE proj-
ect.

The implementation of the SYCAMORE prototype has how
been completed and, after some more testing and debug-
ging, the system will be test-released in early 2007. The
following methodological research has been done in this
connection:

Complexity reduction methods aim at a rational dissection
of networks to learn about the interdependencies of sub-
systems. For the utilization of SYCAMORE we have already
developed new complexity reduction methods able to au-
tomatically and dynamically dissect biochemical systems.
After the testing of these methods, new and refined error
criteria were introduced, and the algorithms were ultimate-
ly implemented in COPASI.

Advanced sensitivity analysis methods, which are useful
both for other complexity reduction algorithms and for the
general analysis of models, have also been integrated into
COPASI. First of all, sensitivities are now derivable for any
quantity with regard to any parameter in the system. In
addition, the implementation of second-order sensitivities
allows analysis of the local environment of the respective
parameters to check whether for the robustness of a system
with regard to a specific parameter changes drastically in
the vicinity of parameter space.

In the SYCAMORE project, the MCM group is working on
the development and application of methods of harnessing
protein structural information for systems biology projects.
One of the problems in creating mathematical models of



biochemical networks is either the absence of experimen-
tally determined kinetic parameters or the incompatibility
of experimental and simulation conditions. We are focus-
ing on developing both methodology and software for pro-
tein-structure-based estimation of kinetic parameters. We

have developed gPIPSA (quantitative Protein Interaction

Property Similarity Analysis) to quantify differences in the

molecular interaction fields, for example the electrostatic

potentials, of related enzymes and to correlate these with

enzyme kinetic parameters. The gPIPSA approach has been

evaluated in studies of well-characterized enzymes. It was

found necessary to adopt a conservative protein structural

homology modeling protocol in which conserved amino acid

residues occupy the same amino-acid side-chain orientation.
gPIPSA was used to investigate the inter-organism variation

of enzymes in a metabolic pathway. The enzymes of twelve

model organisms for the glycolysis energy-converting path-
way were characterized [Stein 2006] (see Figure 10).
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We have implemented an automated workflow for the ba-
sic features of gPIPSA and integrated this into the SYCA-
MORE tool kit to allow users access to the approach for
assistance in the choice of kinetic parameters in metabolic
pathway simulations. This workflow includes retrieval of rel-
evant data on kinetic parameters, protein sequences, and
protein structures from several databases, including SABIO-
RK, BRENDA, RCSB, and Swissprot; modeling of three-di-
mensional structures of proteins by homology; computation
of protein electrostatic potentials; and tools for analysis
of the similarity of electrostatic potentials and comparison
with kinetic data.

Asp. niger
H. polymorpha
cerevisiae
E: coli

H. sapiens

R. norvegicus
Z. mobilis

St. mutans

4

As stated above, the implementation of the SYCAMORE
prototype has now been completed. In addition to the GUI,
wrappers for accessing different functionalities of COPASI



have been developed. Thus it is now possible to load or
build a model and use COPASI to simulate it quickly via
SYCAMORE. The model can be built by accessing SABIO-
RK (see the corresponding chapter in this report) and refin-
ing it via  methods provided in SYCAMORE to check the
model for coherence and completeness, or to compute pa-
rameters based on the sensitivity analysis methods imple-
mented in COPASI and the structure-based methods de-

scribed above.
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Figure 11 shows a screen shot of the user interface. As with
COPASI, users can navigate their way through the system
by means of a tree in the left-hand panel.

Various members of the HepatoSys initiative in Germany
(www.systembiologie.de).

Dr. Isabel Rojas (EML Research)

Federal Ministry of Research and Education (BMBF)

Klaus Tschira Foundation



UniNet is a European research initiative that aims at identi-
fying and investigating common mathematical structures in
various complex networks (genetic, metabolic (particularly
at our site), neuronal, ecological, economic, etc.).

The difficulties encountered in modeling biochemical sys-
tems include the wide variety of kinetic parameters in-
volved, most of them unknown a priori, the large number
of reactions in the network, which makes even numerical
simulations very demanding, and the multiple time-scales in
the system leading to stiff equation systems.

In order to find solutions notably for the first of these prob-
lems, we employ Stoichiometric Network Analysis (SNA).
Stoichiometry is a qualitative relationship between the
compounds of the network. To each metabolic network one
can assign a stoichiometric matrix, where the rows repre-
sent the compounds of the reactions while the columns of
the matrix correspond to the reactions themselves. Stoichio-
metric network analysis is a general approach to studying
the qualitative dynamics of chemical networks. One of its
advantages is that the kinetic parameters are not needed
in the analysis.

Because of the high dimensionality of these networks their
analysis can be cumbersome. The stability of steady states
in biochemical networks is a very important issue. The
steady states are usually difficult to find and, once found,
depend upon unknown kinetic parameters. Accordingly, it is
necessary to find methods for studying the equilibria with-
out actually knowing them. One common method for do-
ing this (it can also be employed to reduce the size of the
network) is to use the extreme currents (or elementary flux
modes, extreme pathways). The idea is to split the whole
network into sub-networks that are easier to handle. Each
of these sub-networks is generated by elements of a con-
vex basis in the space of steady states. These elements are
the extreme currents, and they are uniquely determined.

Our aim was to find conditions for the stability or instability
of the steady states by starting from stability analysis of
the extreme currents. In this way we have derived algo-
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rithms that may lead to inequalities among the kinetic pa-
rameters in the system From these inequalities we can then
deduce the stability or instability of the steady state of the
entire network. The method is based on the study of the
sign patterns of the principal leading determinants of the
Jacobian matrix, written in terms of convex coordinates.

To establish the relations between the kinetic parameters
we make use of Grébner bases. This runs into difficulties
when at least one of the determinants is equal to zero. The
method may also be difficult to use when the number of
extreme currents is too high. Despite this, our ultimate goal
in this project is to improve the method and to implement
it in COPASI.

Metabolic networks (MNs) can exhibit a multitude of dif-
ferent behaviors, notably steady, oscillating, or chaotic dy-
namics. This work started in September 2006 and aims at
understanding which constituents or subsets of metabolic
networks influence their qualitative behavior most effec-
tively. Theoretical analysis and computer simulations of
existing and/or artificial MNs are two equally important
aspects the research will be based on.

Lyapunov exponents (LEs) will be used as a quantitative
measure for qualitative behavior. LEs quantify the time-av-
eraged convergence tendencies of different initial condi-
tions and have to be calculated during simulation. Due to
the vast number of system layouts, structural and paramet-
rical considerations will guide the sampling process. We
hope to derive inherent principles governing the dynam-
ics of MNs and to establish how changes in their behavior
are induced by variations in the concentrations of certain
metabolites.

As a long-term goal our intention is to identify structural/
parametrical dependencies indicating which part of a net-
work affects its dynamics most significantly. The aim here is
to minimize sampling space for MNs with unknown dynamics.
These results could also be used to develop ways of control-
ling the overall qualitative dynamics of natural MNs.
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The project began in 2005 and aims at the development
of models and methods supporting the prediction of the
biochemical fate of drugs in an organism.

In 2006 we refined the model of the central metabolism
of yeast involved in xenobiotic transformations. Most meta-
bolic models for yeast are defined for anaerobic condi-
tions, but it is important to investigate aerobic conditions
as these will be relevant for the corresponding lab work.
Accordingly, we have continued with our endeavors to de-
velop a model for the aerobic metabolism of yeast.

Given various limitations on the availability of experimen-
tal data to ground the models on, we also started to under-
take experiments at Hans Westerhoff’s department (Free
University of Amsterdam). The resulting model will be used
to compare xenobiotic metabolism under aerobic and an-
aerobic conditions.

The BioSim consortium, especially Dr. Martin Bertau, Dr. Lutz
Brusch (TU Dresden), and Prof. Hans Westerhoff (Free Uni-
versity of Amsterdam, The Netherlands).
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Klaus Tschira Foundation



Systems biology involves analyzing and predicting the
behavior of complex biological systems like cells, organ-
isms, or even whole ecosystems. This requires qualitative
information about the interplay of genes, proteins, chemi-
cal compounds, and biochemical reactions. It also calls
for quantitative data describing the dynamics of these
networks. These data have to be collected, systematically
structured, and made accessible for the set-up of biochemi-
cal model simulations.

To provide quantitative experimental data for systems bi-
ology, we have developed SABIO-RK, a database system
offering information about biochemical reactions and their
corresponding kinetics. It offers information about the re-
actions such as their substrates, products, enzymes, inhibi-
tors and activators, as well as the description of reaction
kinetics such as their mechanism types together with their
respective equations defining the reaction rates with their
corresponding parameters. The description of the environ-
mental conditions used for parameter determination is also
provided. At present, the content of the database mainly
describes the steady-state kinetics of metabolic reactions.
The specified Kkinetic parameters include rate constants,
maximal velocities, and equilibrium constants like Michaelis,
dissociation, or inhibition constants.

A new feature of SABIO-RK adds information about en-
zyme proteins to represent, for example, the composition
of enzyme complexes. Another extension of SABIO-RK that
we have recently started to work on is a detailed descrip-
tion of reaction mechanisms, including the specification of
elementary reaction steps with their corresponding kinetic
data.

SABIO-RK can be accessed in two different ways: via a
web-based user interface to browse and search the data
manually, and, more recently, via web-services that can
be automatically called up by external tools, e.g. by other
databases or simulation programs for biochemical network
models. In both interfaces, reactions with kinetic data can
be exported in SBML (Systems Biology Mark-Up Language),
a data-exchange format widely used in systems biology.

3.6
SABIO-RK

A~
ST

REACTION KINETICS

Project Manager
Dr. Isabel Rojas
Project Members

Martin Golebiewski,
Renate Kania, Dr. Olga
Krebs, Dr. Andreas Wei-
demann, Dr. Ulrike Wittig

Klaus Tschira Founda-
tion Scholarship Holder

Saqib Mir (PhD Student)
Student
Xioan Chen



The existence of a programmatic interface, together with
the use of controlled vocabularies, ontologies, and links to
external resources, makes SABIO-RK well suited for inte-
gration into different applications using or requiring kinetic
data for biochemical reactions.

The SABIO-RK database is populated by merging gen-
eral information about biochemical reactions and path-
ways mainly derived from databases like KEGG (Kyoto
Encyclopedia of Genes and Genomes) with corresponding
kinetic data manually extracted from literature. Using a
web-based input interface (see Figure 12), students enter
the kinetic data from relevant articles into a temporary da-
tabase. The main objective of this user interface is to sup-
port a uniform format that students and curators can em-
ploy to include data found in the publications. The interface
offers the possibility of choosing terms from predefined
thesauri (allowing, of course, the introduction of new terms)
and performs some consistency checks on the data intro-
duced. Some of these vocabularies have been internally
developed, e.g. to differentiate between kinetic law types
or parameter roles, while others are controlled vocabular-
ies or ontologies accepted as references by the scientific
community, for example the organism taxonomy from the
NCBI or descriptions of tissues and cellular locations from
Brenda. The use of controlled vocabularies helps to avoid
redundancies caused by aberrant notations or typing er-
rors. Ideally, the students extract the following information
for each reaction reported in a publication:

« reaction defined by substrates and products
 modifiers of the reaction
(activators, inhibitors, catalysts, cofactors)
« cellular location of compounds
* enzyme classification number
* SwissProt accession number(s) (of the enzyme)
« variants of the enzyme (wild type or a certain
isoenzyme or mutant)
« kinetic law type (e.g. Michaelis-Menten, Ping Pong Bi Bi)
« kinetic law formula
« kinetic parameters (e.g. Km, kcat, Vmax)



* concentrations used for reactants, enzymes,
and modifiers

* experimental conditions
(e.g. temperature, pH, buffer composition)

* biological source (e.g. cell type, tissue, organism, strain)
« information source (reference)

For most of this information, comment lines are available
for adding information about such things as synthetic, la-
belled derivatives of physiological compounds, or host or-
ganisms for recombinant enzymes.

reaction D-Glucose + ATP = D3
SwassProt protein ID P35557
EC-number 2712
SpEcIes concentration
stoe name ol «cell location range start range ¢
1 ATP Substrate v unknown
1 ADP Product b nkncwn
1 D-Glucose B-phos; Product ~ | unknown
1 D-Glucose Substrate & unknown
1 [ Jisobubog-Sise Modiser-Actvator ~ unknown
1 Enzyme Modifier-Catahyst ¥ unknown
choose species: | ((Ry3-Hydraxybutanoy)(n-2)
enter species.  Glucose ATF
choose location. | ecrosome b
kinetic law
type Michaelis-Mentan
formula (VmasS){Km+S)
variables
name 1erm commant
parameter
name rale type spacies
E Variable ¥ concentration ¥ | Enzyme
Km Constant ~  Km » ATP

Variable ¥  concentraion ¥ ATP

Wimax Constant ¥ Vimex b

Before the data is finally transferred to SABIO-RK, they
are curated by a team of biological experts revising the
data and correcting and complementing them if necessary.
During the curation process, the data is consistently unified
and structured to facilitate comparison of the kinetic data
extracted from different sources. The reason for this is that



such data are usually obtained under different experi-
mental conditions or from different organisms, tissues etc.
The curators are frequently faced with problems like syn-
onymous or aberrant notations of compounds and enzymes,
multiplicity of parameter units, and missing information
about assay procedures and experimental conditions. The
problem of compound identification, and as a consequence
the identification of reactions, is unfortunately a very fre-
quent one. To address this problem, we have been working
on methods for the normalization of compound names and
on tools for deriving the chemical structure of a compound
from its name (see Section 3.7).

Apart from providing resources aiding the student helpers
and curators in processing of the data introduced, the input
interface also supports curators in their administrative work
(assignment of papers, statistics etc.). The publications to
be revised have been obtained from PubMed by using
various queries leading to papers that can be expected to
contain information about biochemical reaction kinetics.

The information supported by this input interface covers
most of the fields present in the STRENDA commission’s rec-
ommendations for reports on reaction kinetics. Currently
the input interface is only being used internally by the SA-
BIO-RK development team. However we hope that in the
future experimental partners will be able to introduce their
data directly into the database and thus make it available
via the SABIO-RK database interface.

In addition to the input interface we have used Oracle’s
Application Express to generate an application enabling
curators to browse through the database without difficulty
and to edit database entries directly. The application uses
customized views presenting an integrated view of the dif-
ferent database tables storing the data.

To supplement the knowledge stored in SABIO-RK, we an-
notate entities and expressions to domain ontologies like
SBO (Systems Biology Ontology) (for elements like pa-
rameter types and kinetic laws) or ChEBI (Chemical Entities



of Biological Interest) (for compounds), and to knowledge
bases like KEGG (for compounds and reactions) or UniProt/
Swiss-Prot (for proteins) (see Figure 14). These annotations
provide a semantic basis for the data facilitating their
interpretation, comparison, and integration. Annotations
are also used to provide links from SABIO-RK to external
resources providing supplementary information. Some of
the annotations, such as those to SBO entities, are entered
manually, whereas others, such as those to KEGG and ChE-
Bl, are carried out automatically by creating mappings.
In these cases, we have created mappings from SABIO-RK
compounds to KEGG and CHEBI compounds based on the
compound names (recommended names and synonyms).

Entry Nr. 5893

Organism: Saccharomyces cerevis
Tissue: unknown
EC Class: 2.7.2.3 Variant: wildtype
Substrates
name location comment
.ATP .unknown - coooo02( »
Glycerate 3-phosphate ynknown - COo0S97( ¥
Products
name location comment
Glycerate 1,3-bisphosphate ynknown - CHEB
ADP unknown - Cooo
Modifiers
name location effe

Phosphoaglycerate kinase(Enzyme) lunknown Modifier-C

Kinetic Law
[ (VFA*B) / (Kia*Kb+Ka*B+Kb*A+A*B)

Kinetic Law Type: Sequential ordered Bi Bi
Parameters

_— e e e enn [T SN



To ensure the integrity of these automatic annotations, the
mappings are curated and regularly regenerated.

SABIO-RK data can be exported in SBML (Systems Biol-
ogy Mark-Up Language) format. This requires specification
of the data in particular formats. For example, parameter
units have to be specified in scaled and composite SBML
units, and kinetic law equations need to be described as
required by SBML. These transformations are carried out in
the data population process in order to comply with SBML
standards. Due to the restrictions imposed by the SBML
specification, it is in some cases necessary to exclude or
summarize data and not merely change their format. One
example is parameter values (though this should change
in future versions of SBML): Although we store them as a
range, it is only possible to give them one numerical value
in SBML. Thus, we have decided to provide the mean value.
Another example is the case of compound location. Here
our temporary solution is to include all compounds at the
same location, regardless of the location given in the pa-
pers (and stored in the database). The rationale behind this
is that, given that a user can combine reactions and their
kinetics from different papers, i.e. conditions, it is common
for the compounds’ locations not to be specified (i.e. un-
known) in one paper, while they are specified in others. Ac-
cordingly, when generating the SBML files, the compounds
with different locations would be created as different SBML
species and there would not be any interfaces between the
compounds of the reactions listed. In the generation of the
SBML file we are attempting to implement all rules for the
annotation of an SBML file described in the recently devel-
oped MIRIAM standard (Minimum Information Requested In
the Annotation of biochemical Models).

As of December 2006, kinetic data from more than 1,230
publications have already been entered in the temporary
database. More than 70% of them have already been
curated and inserted in the SABIO-RK database. One pub-
lication can have multiple database entries caused by the
different reactions, enzymes, kinetic laws, environmental
conditions etc. described in it. By the end of 2006 SA-



BIO-RK contained about 9,300 curated single database
entries describing some 1,500 different reactions for 420
distinct EC classes referring to about 280 different organ-
isms. Each database entry comprises at least one kinetic
parameter. 43% of all SABIO-RK entries are related to a
reaction rate equation, making them especially useful for
setting up simulation models.

SABIO-RK can be accessed in two different ways: via a
web-based user interface for browsing and searching the
data manually, or via web-services that can be automati-
cally called up by external tools, e.g. by other databases
or simulation programs for biochemical network models. In
both interfaces, reactions with kinetic data can be export-
ed in SBML.

SABIO—RHK
comer e o

Retum only reactions having kinetic data matching all aritena (blue and grey) E

Search aitena n blue are used to define the search condibons for reachons,

independently if there is or not kinetic data for these reactions.
Search Reaction :
—— Specify Search Criteria: [ submit Search | [ Reset Form |
Setup
5.10-Men1y.[anehénahydrofolale
Join entries with
| @ awper Oor
Select Reactant
Delete Reactant e
¥ EML e O ] T | )
SN Revearch
© EML Resanrch gGmbH iy Organism(s )i [=]l=]
Homo sapiens |
| Join antries with
Select Qragsism & @ anpor QoOR

Delete Organism

in Tissue(s)/Cell Type(s) [2ll=]
in (Intra/Extra)Cellular Location(s) [2][=]

Having Kinetic Data Determined for Specific Experimental Conditions [mllal



The current version of the SABIO-RK web interface al-
lows users to perform searches for reactions by specifying
their characteristics (one or many) and of the kinetic data
searched (see Figure 14). For example, the user can spec-
ify a pathway in which the reaction participates (e.g. gly-
colysis) or one or more reaction participants (reactants or
enzymes), and for these reactions search to see if there is
any kinetic data available for, e.g., a particular organism,
tissue, or cell type. Additional search terms include cellular
locations, environmental conditions (pH and temperature),
or publications in which kinetic data are reported. The sys-
tem presents corresponding reactions, indicating whether
there is kinetic information available for the criteria speci-
fied. This is done by employing a three-color code. Green
means that there are kinetic data available for the as-
sociated reaction that match all the search criteria. For a
search like “find all reactions within the glycolysis pathway
for homo sapiens taking place in the liver,” this would mean
that for the given glycolytic reaction there are kinetic data
reported on the human liver. Yellow means there are ki-
netic data available, but they do not match all the search
criteria. For example, the kinetic data have not been de-
termined for homo sapiens but for rattus sp, or not in the
liver but in the heart. Red indicates that there are no kinetic
data stored for the reaction.

Apart from showing the availability of kinetic data for the
specified reactions, the system will also indicate whether
there are kinetic data available for the enzymes catalyz-
ing each of these reactions. We have taken this approach
to offer complementary or alternative information about
kinetic data for related reactions catalyzed by the same
enzyme. The availability of kinetic data for the enzyme
is shown using the same three color-code as the one used
for the reactions. By clicking on a reaction, further infor-
mation about it is displayed: reactants, pathways in which
it parti-cipates, and enzymes catalyzing this reaction and
reported with kinetic data in the database for a specific
organism. Additional information about the enzyme (name,
synonyms, classification, and reactions it catalyses) can be
obtained by clicking on the EC number.
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From the result screen indicating the list of reactions re-
trieved, the user can view the kinetic data associated with
a given reaction or all kinetic data available for an en-
zyme catalyzing this reaction. The kinetic data are pre-
sented in a new window in the form of entries, where each
entry contains data on the reaction’s kinetics (kinetic law
formula, kinetic law type, parameters, etc.), on the context
of the kinetics measured (i.e. organism, tissue/cell type, en-
vironmental conditions, etc), information about the enzyme
(enzyme classification and variants), information about the
reaction participants (substrates, products, and modifiers),
and on the information source (provided by means of a link
to the corresponding PubMedID, where applicable). Com-
ment lines are also present at many different levels, provid-
ing additional information to the user that can be stored in
a structured manner.

The SABIO-RK Web Service provides customizable points
of entry into the SABIO-RK system in a language-indepen-
dent fashion. Using this Web service, users can write their
own clients to customize and automate access to SABIO-RK
directly from their simulation software, tools, or databas-
es, thereby dispensing with the need to parse information
manually from Web pages. Currently SABIO-RK is being
used by two systems biology platforms: CellDesigner and
SYCAMORE (see section 3.3). Figure 15 shows the web ser-
vices currently available for SABIO-RK. Our aim is to pro-
vide more semantics to the web services to facilitate their
use and the exchange of data with other systems.



To support the curation process in SABIO-RK and to obviate
the well-known problem of compound identification, we
are working on the development of tools based on natural
language processing (NLP) methods. The main focus of this
work is on the systematic analysis of chemical compound
names to identify synonymous notations of compounds
and to distinguish between different chemical compounds
based on variations in their names. One chemical com-
pound can have many different names. It can have several
trivial names, as well as several systematic names, although
these uses may be compliant with naming recommendations
such as those made by the International Union of Pure and
Applied Chemistry (IUPAC). The different names assigned
to a compound can be caused by a variety of factors, for
example:

* trivial names vs. systematic names:
e.g. valproic acid and 2-propylpentanoic acid

« different parts of the molecule being considered as
lead structure (radical of the name): e.g. acetylphenol
and phenylacetate

» aberrant order of the constituents of a lead structure:
e.g. 2-amino-6-methyl-4-pyrimidol and 6-methyl-2-ami-
no-4-pyrimidol

« reference to constituents either as a prefix (like amino-)
or as a suffix (like —amine): e.g. 1-phenyl-2-aminopro-
pane and 1-phenylpropan-2-amine

This makes = name-based identification of chemical com-
pounds a serious problem. To address this problem we are
developing a program designed to generate synonyms for
chemical compound names. With an extended list of syn-
onyms we hope to improve the chances of matching chemi-
cal compounds with their names. Our approach combines a
set of different strategies:

1) Normalization of variant spellings for compound names.
This includes permutations of the order of constituents, trans-
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formation of prefixes and suffixes, conversion of acids to
their corresponding bases (e.g. —ic acid — -ate), and also
simple transmutations concerning brackets, spaces, and hy-
phens, upper and lower case, etc.

2) Analysis of existing synonym lists (such as synonymous
references to a chemical compound in comprehensive
chemical databases like PubChem or ChEBI) using heuristic
methods to identify synonymous parts in compound names.
This results in the generation of a list of synonymous parts
that can then be used for the generation of synonyms.

3) Generation of a dictionary of chemical morphemes de-
scribing single functional groups and skeletal structures of
chemical compounds. Combining this with a compendium of
trivial names then makes it possible to generate all variants
of a compound name.

These methods for the generation of synonyms for com-
pound name are to be combined with our work on the de-
velopment of chemical structures from chemical compound
names (CHEMorph) [Anstein 2006a]. CHEMorph analyzes
systematic and semi-systematic names, class terms, and

Name:
7-hydroxyheptan-2 -one

Parsing:
7- hydroxy hept an -2- one

|

Semantic representation:
compd (ane(7 *C) pref({??*{7 ]-hydroxy J),suff{{ ??*[2]-one])})

/\.

Smile String generation: Classification:
OCCCCce(o)C Aicohol, Ketone, Alkane, ..

4

Structure generation:



otherwise underspecified names by using a morphosyntac-
tic grammar developed in accordance with IUPAC nomen-
clature. It yields an intermediate semantic representation
describing the information encoded in a name. The tool
provides SMILES strings for the mapping of names to their
molecular structures and also classifies the terms analyzed.
The combination of CHEMorph and the methods for the
creation of synonyms of compound names (see Figure 16)
will constitute an optimal platform for the identification of
compounds, either by the comparison of names or by the
comparison of chemical structures.
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This year we released a new web-server, the ProSAT2
[Gabdoulline, 2006]. ProSAT2 is a server that selects and
groups protein residue-based annotations (such as the ef-
fect of a point mutation on enzyme function) and explores
them interactively on a 3D structure of a protein. ProSAT2
includes features from ProSAT version 1 (Protein Structure
Annotation Tool) displaying SwissProt and ProSite anno-
tations. The residue-based information can be extracted
from databases (e.g. BRENDA or UniProt) or user-defined.
Visualization is based on the WebMol Java Protein viewer
(see Figures 17 and 18).

In addition, the following web-based resources and soft-
ware have been further maintained and made publicly
available at http://projects.villa-bosch.de/mem:
* DSMM: a Database of Simulated Molecular Motions.
« MolSurfer: a Macromolecular Interface Navigator
« ProSAT: PROtein Structure Annotation Tool 1.
* The Ubiquitin and Ubiquitin-like Protein Web Resource
« PIPSA (Protein Interaction Property Similarity Analysis)
« SDA (Simulation of Diffusional Association).
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Macromolecular interactions play a crucial role in various
biological processes. Examples include the interactions in-
volved in signal transduction, the control of gene expres-
sion, the inhibition of enzymes, antibody antigen interac-
tions, maintenance and regulation of the cytoskeleton, and
others. The structure of a protein-protein complex can be
determined at the atomic level with X-ray crystallography
or NMR. However, it is a difficult, time-consuming task and
limited to particular types of complexes. Therefore compu-
tational techniques pose an attractive alternative for ad-
dressing the macromolecular complexation problem, nota-
bly due to increasing computational power and the wealth
of available biochemical information relevant to protein-
protein interactions, which can be incorporated to aid the
computational methods.
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Hamburg, Germany, January 30, 2006

»,Meeting minutes at the push of a button“: Automatically
summarizing spoken multi-party dialogue, NLP Seminar, IN-
RIA-LORIA, Nancy, France, March 9, 2006

Gesprachsprotokolle auf Knopfdruck: Die automatische
Zusammenfassung von Dialogen, Jahrestagung des Instituts
fir deutsche Sprache, Mannheim, Germany, March 14-16,
2006



World Knowledge Induced From Wikipedia: A Prospect
For Knowledge-based NLP Dept. of Computer Science and
Engineering, Korea University, Seoul, Korea, November 14,
2006

“Computational approaches to biomolecular recognition”,
SFB-Workshop on ‘Recognition and adsorption processes
of biomolecules’, Physics Faculty, University of Bielefeld,
March 6, 2006

“Cytochrome P450 monooxygenases: Insights from comput-
er simulations”, ‘Katalytische Selektivoxidationen von C-H-
Bindungen mit molekularem Sauerstoff’ SFB-Kolloquium,
University of Stuttgart, March 20, 2006

“Simulation of protein-ligand interactions” 367. WE-Her-
aeus-Seminar on ‘Biomolecular Simulation: From Physical
Principles to Biological Function’ Physikzentrum Bad Honnef
(Germany), May 22-24, 2006

“Cytochrome P450 monooxygenases: Insights from comput-
er simulations”, Department of Pharmacochemistry, Vrije
Universiteit, Amsterdam, June 12, 2006

“Enzyme binding processes and kinetics: molecular interac-
tion fields and simulations”, ISQBP 2006 President's Meet-
ing, University Louis Pasteur, Strasbourg, France, June 26,
2006

“Exploring Biomolecular Recognition Mechanisms by Model-
ing and Simulation”, Theoretical Physics Department, Uni-
versity of Heidelberg, July 20, 2006

“Biomolecular recognition: Exploring protein interactions us-
ing protein structures”, “Biomolecular recognition: Dynamic
mechanisms for protein-ligand binding specificity”, “Bio-
molecular recognition: Modeling and simulation of protein-
protein binding”, 3 lectures as a Visiting Scientist, A*Star
Bioinformatics Institute, Singapore, August 8-14, 2006

Rebecca Wade



Peter Winn

6.3 Presentations

Razif Gabdoulline

Stefan Henrich

Olga Krebs, Martin Golebiewski,
Renate Kania, Saqib Mir, Jasmin
Saric, Andreas Weidemann,
Ulrike Wittig and Isabel Rojas

“Exploring Biomolecular Recognition Mechanisms by Model-
ing and Simulation”, MPG-Ko¢ Workshop on Protein Bio-
informatics, Kog University, Istanbul, Turkey, September 6-8,
2006

“The ins and outs of the cytochromes P450: understanding
key drug metabolizing enzymes”; “Structure Based Drug
Design: GRID and Anti-influenza Agents.”; “Quantitative
Comparisons of Protein Electrostatic Potentials as a Means
to Understanding Function.” 3 lectures at the ‘Protein Fold-
ing and Drug Design’ Course, International School of Phys-
ics, “Enrico Fermi”, Varenna, Italy, July 4-14, 2006

“The ins and outs of the cytochromes P450: understand-
ing key drug metabolizing enzymes”, MGMS Conference:
“Quantum Pharmacology — 30 years on.” Oxford, UK, Sep-
tember 17-20, 2006

“Software for Analysis of Biomolecular Interaction Proper-
ties“, Heidelberger Innovationsforum, Villa Bosch, Heidel-
berg, Germany, May 8-9, 2006

“COMBINE-Analyse: Vorhersage von Bindungsstarken
zwischen Rezeptor und niedermolekularen Substanzen”,
Heidelberger Innovationsforum, Villa Bosch, Heidelberg,
May 8-9, 2006

SABIO-RK: INTEGRATING AND SHARING REACTION KiI-
NETICS DATA, International Workshop on NanoBioTech-
nologies, 2006, Saint-Petersburg, Russia, November 25-29,
2006



SABIO-RK presentation Meeting of German-Russian net-
work, Bielefeld, Germany December 11-12, 2006

Copasi - a complex pathway simulator, Workshop on Sys-
tems Biology, MPI for Molecular Genetics, Berlin, Germany,
March 2-3, 2006

Simulation and Parameter Estimation on the Basis of Ex-
perimental Enzymatic Data, ESCEC, Riidesheim, Germany,
March 20-22, 2006

The Implications of Choosing a Specific Simulation Method
- Exemplified on a Model of Calcium Signal Transduction,
Towards Molecular Systems Biology , Bielefeld, Germany,
June 6-9, 2006

Computational research on metabolic networks, 2nd Uni-
Net Workshop: Data, Networks and Dynamics, Heidelberg,
Germany, July 3-4, 2006

Integrating experimental and computational approaches
to unravel the mechanisms of neutrophil activation, BTK
2006, Trakai, Lithuania, September 14-17, 2006

WikiRelate! and Semantic Knowledge Sources for Coref-
erence Resolution, Institutsversammlung of the Institute for
Natural Language Processing, University of Stuttgart, May
24,2006

Modeling, simulating, and analyzing biochemical systems
with COPASI, ICSB 2006, Pacifico Yokohama, Yokohama,
Japan, October 8, 2006

Advanced model analysis with COPASI, ICSB 2006, Yoko-
hama Pacifico, Yokohama, Japan October 8, 2006

COPASI and SBML Layout, SBML Forum, Miraikan, Tokyo,
Japan October 12-13, 2006

»1ackling the cellular drug resistance of thymidylate syn-
thase”, Introductory Meeting of Alexander von Humboldt
Foundation, University of Koln, Germany, October 13,
2006

Olga Krebs

Ursula Kummer

Simone Paolo Ponzetto

Sven Sahle

Outi Salo-Ahen



Natalia Simus  Simulation of Biochemical Networks Using COPASI - a
Complex Pathway Simulator, 2006 Winter Simulation Con-
ference, Monterey, USA, December 3-6, 2006

Matthias Stein ~ “Integrating Enzymatic Structural and Kinetic Data in Sys-
tems Biology” From Computational Biophysics to Systems
Biology, Julich, Germany, June 6-9, 2006

“Identification of the Intermediates in the Reaction Cycle
of Hydrogenases”, 3rd International Symposium on Bioor-
ganometallic Chemistry, Milan, Italy, July 5-8, 2006

lulian Stoleriu ~ Mathematical analysis of metabolic networks, 2nd Uni-
Net Meeting, Villa Bosch, Heidelberg, Germany, July 3-4,
2006

Mathematical analysis of metabolic networks, Mathematics
Institute, University of Warwick, UK, January 31, 2006

Irina Surovtsova  Two approaches on dynamical dimension Reduction for Bio-
chemical Systems, 1st International Symposium on System
Biology. From genomes to In silico and back, Murcia, Spain,
June 1-2, 2006

Approaches to Complexity Reduction in a System Biology
Research Environment (SYCAMORE), 2006 Winter Simula-
tion Conference, Monterey, USA, December 3-6, 2006

Ulrike Wittig ~ SABIO-RK: Integration and Curation of Reaction Kinetics
Data, 3rd International Workshop on Data Integration in
the Life Sciences 2006 (DILS'06), Hinxton, UK, July 20-22,
2006

Vlad Cojocaru ~ “The Ins and Outs of Cytochrome P450s”, Vlad Cojocaru,
Peter J. Winn and Rebecca C. Wade. Presented at: \Work-
shop on “Computer Simulation and Theory of Macromol-
ecules 2006”, Hunfeld, Germany, May 19-20, 2006



ISQBP 2006 President's Meeting, University Louis Pasteur,
Strasbourg, France, June 24-27, 2006

“Exploring the routes out of the active site of cytochrome
P450 2C9”, Vlad Cojocaru and Rebecca C. Wade. Gor-
don Research Conference on "Computational Chemistry”,
Les Diablerets, Switzerland, October 8-13, 2006

~Protein Recognition Processes: The ‘Cysteine Synthase’
Complex* Anna Feldman-Salit, Domantas Motiejunas, Razif
Gabdoulline, Markus Wirtz, Rudiger Hell, Rebecca Wade.
Presented at: EMBO practical course on ,Biomolecular sim-
ulation®, Pasteur Institute, Paris, France, June 28 - July 4,
2006

-MMS’06: Methods of Molecular Simulation®, University of
Heidelberg, Germany, September 20-22, 2006

The SBML Layout Extension, International Conference of
Systems Biology, Yokohama, Japan, October 9-11, 2006

A Relational Database for Biochemical Reactions and their
Kinetics: SABIO-RK, 20th IUBMB International Congress of
Biochemistry and Molecular Biology and 11th FAOBMB
Congress of Biochemistry and Molecular Biology: ,Life:
Molecular Integration & Biological Diversity*, Kyoto, Japan,
June 18-23, 2006

“The Application of COMBINE Analysis to Generate Target-
Specific Scoring Functions”, S. Henrich, I. Feierberg, T. Wang,
N. Blomberg, R.C.Wade, Presented at: Keystone Symposia,
Structure Based Drug Discovery, Whistler, Canada, April
4-9, 2006

Methods of Molecular Simulation (MMSO06), Heidelberg,
Germany, September 20-22, 2006

2. German Conference on Chemoinformatics, Goslar, Ger-
many, November 12-14, 2006

Anna Feldman-Salit

Ralph Gauges

Martin Golebiewski, Renate
Kania, Ulrike Wittig, Andreas
Weidemann, Olga Krebs, Sagib
Mir, Isabel Rojas

Stefan Henrich



European Science Forum, Heidelberg, November 28,
2006

Renate Kania  An Integrative Database for Biochemical Reaction Kinetics:
SABIO-RK, The Seventh International Conference on Sys-
tems Biology, Pacifico Yokohama, Yokohama, Japan Octo-
ber 9-13, 2006

Femke Mensonides  PharmBiosim - Simulation of Drug Metabolism, 12th Meet-
ing of the International Study Group for System's Biology,
Trakal, Lithuania, September 14-17, 2006

PharmBiosim - Simulation of Drug Metabolism, 2nd BioSim
conference, Mallorca, Spain, October 18-21, 2006

Domantas Motiejunas ~ “Protein-Protein Docking Guided by Biochemical Data”,
Domantas Motiejunas, Ting Wang, Anna Feldman-Salit,
Tim Johann, Razif Gabdoulline, Peter Winn and Rebecca C.
Wade. Presented at: 367. WE-Heraeus Seminar on “Bio-
molecular Simulation: From Physical Principles to Biological
Function”, Bad Honnef, Germany, May 22-24, 2006

“Quantum Pharmacology - 30 Year On” A Special Confer-
ence in honour of Prof. W. Graham Richards, MGMS, Ox-
ford, UK, September 17-20, 2006

Georgi Pachov ,,Chromatin: a multiscale approach to biomolecular interac-
tions“ Georgi V. Pachov, Rebecca C. Wade. Presented at:
EMBO practical course on ,Biomolecular simulation“, Pas-
teur Institute, Paris, France, June 28 - July 4, 2006

“MMS’06: Methods of molecular simulation 2006, Univer-
sity of Heidelberg, Germany September 20-22, 2006

Jirgen Pahle  Dynamic behavior of buffered calcium ions in stochastic
SvenSahle  and deterministic simulations, EMBO Workshop on Prin-
Ursula Kummer ; S S .
ciples of Self-Organization in Living Matter, Heidelberg,
Germany, June 2-4, 2006

Hybrid simulation of biochemical reaction networks, 3rd
BMBF-Status Seminar of HepatoSys, Heidelberg, Germany,
July 12, 2006



Dynamic behavior of buffered calcium ions in stochastic
and deterministic simulations, SBMC 2006, Conference on
Systems Biology of Mammalian Cells, Heidelberg, Germa-
ny, July 12-14, 2006

Dynamic behavior of buffered calcium ions in stochastic
and deterministic simulations ICSB 2006, International Con-
ference on Systems Biology, Yokohama, Japan, October 9-
11, 2006

Semantic role labeling for coreference resolution, 11th  Simone Paolo Ponzetto
Conference of the European Chapter of the Association for

Computational Linguistics (EACL-06), Trento, Italy, April 3-7,

2006

COPASI, SBMC 2006, Heidelberg, Germany, July 12-14,  Sven Sahle
2006

COPASI, ICSB 2006, Yokohama Pacifico, Yokohama, Japan,
October 9-11, 2006

~Searching for the hot spots in the dimer interface of the  oOuti Salo-Ahen
human thymidylate synthase“. Salo-Ahen, O.M.H., Costi,

M.P. and Wade, R.C. Presented at. German Conference

on Bioinformatics, Tuebingen, Germany, September 20-22,

2006

Workshop on Molecular Targets for Cancer, Luxembourg,
October 6-7, 2006

European Science Forum, Heidelberg, Germany, November
28, 2006

COPASI - a Complex Pathway Simulator, 2006 Winter Sim-  Natalia Simus
ulation Conference, Monterey, USA, December 3-6, 2006



Matthias Stein

Ralph Gauges

Matthias Merdes

Christoph Muller

6.4 Memberships

Ursula Kummer

Andreas Reuter

“Comparison of Molecular Interaction Fields of Enzymes
in Molecular Systems Biology”, Stein,M., Gabdoulline, R.R.
and Wade R.C. Conference on Systems Biology of Mam-
malian Cells, Heidelberg, Germany, July 12-14, 2006

COPASI Beginners and Advanced Tutorial, International
Conference of Systems Biology, Yokohama, Japan October
9-11, 2006

Demonstration of the Morabit Runtime Infrastructure, Evalu-
ation Meeting with Project Sponsor DLR/Landesstiftung
Baden-Wirttemberg, Mannheim, Germany, July 17, 2006

Demonstration of the Morabit Runtime Infrastructure, Final
Project Evaluation Meeting at Landesstiftung Baden-Wiirt-
temberg, Stuttgart, Germany, November 2, 2006

MMAX2 - ein Werkzeug fiir die ,tiefe* Annotation rela-
tiv kleiner Korpora auf mehreren linguistischen Ebenen, 42.
Jahrestagung des Instituts flir Deutsche Sprache: Sprachkor-
pora - Datenmengen und Erkenntnisfortschritt, Mannheim,
Germany, March 15-16, 2006

Member of the Steering Committee and Coordinator of
BIOMS

Scientific Member of Max-Planck-Gesellschaft (Max Planck
Institute of Computer Science, Saarbriicken)

Member of the Scientific Committee, BIOMS, Heidelberg
Member of the Scientific Committee of BIOTEC, Dresden

Member of the Advisory Board of Fraunhofer Gesellschaft
Informations- und Kommunikationstechnik (IuK)



Member of the Advisory Board “First Ventury AG”
Member of the Advisory Board ,,Beratungsforum Informa-
tion, Telekommunikation und Software* (BITS Baden-Wiirt-
temberg)

Member of the Heidelberg Club International

Member of the Board of Trustees of the Wissenschaft-
spressekonferenz, Bonn

Member of the Advisory Board of Parallel Computing Jour-
nal

Co-editor “Database Series”, Vieweg-Verlag

Mitglied Fachgremium “Landesstiftung Baden-Wiirttem-
berg*

Member of the Board of Trustees of Fraunhofer Institute for
Algorithms and Scientific Computing (SCAI)

Mitglied des Forschungsverbundes Wissenschaftliches Re-
chnen Baden-Wiirttemberg ,,WiR"

Vorsitzender der Gutachtergruppe fir das Forderpro-
gramm ,,.D-Grid*“ beim BMBF.

Mitglied im Herausgeberrat der DISBIS-Reihe, AKA-Verlag,
Berlin

Mitglied im e-Science Kuratorium des BMBF, Bonn.

Mitglied der High-Performance Computing in Europe Task
Force (HET).

Kuratoriumsmitglied des Internationalen Begegnungs- und
Forschungszentrums fiir Informatik (IBFI), ab Mai 2007

Vorsitzender des Gutachterausschusses fiir das Forschun-
gsprogramm BW-FIT, Stuttgart



Michael Strube

Rebecca Wade

6.5 Contributions to the
Scientific Community

Jasmin Saric

Michael Strube

Editorial Board: Journal of Dialogue Systems
Editorial Board: Research on Language and Computation
Editor: Journal of Molecular Recognition

Editorial Board: Journal of Computer-aided Molecular De-
sign; Journal of Medicinal Chemistry, Journal of Molecular
Graphics and Modelling; Biopolymers

Member of “Faculty of 1000” for “Theory and Simulation”
section

International Symposium on Semantic Mining in Biomedicine,
Jena, Germany, April 9-12, 2006

Workshop for Integrative Bioinformatics Rothamsted Re-
search, Harpenden, Hertfordshire, UK, September 4-6,
2006

Workshop ,,Data and Text Mining for Integrative Biology*,
within the ,European Conference on Machine Learning /
European Conference on Principles and Practice of Knowl-
edge Discovery in Databases (ECML/PKKD), Berlin, Ger-
many, September 18-22, 2006

Human Language Technology Conference of the North
American Chapter of the Association of Computational Lin-
guistics (HLT-NAACL “06). Senior Program Committee Mem-
ber for the Area Discourse, Dialogue, and Multimodality,
New York, USA, June 4-9, 2006



Workshop on Sentiment and Subjectivity in Text, Workshop
at the 44th Annual Meeting of the Association for Compu-
tational Linguistics and the 21st International Conference
on Computational Linguistics (COLING-ACL “06) Sydney,
Australia, July 22, 2006

IEEE and ACL 2006 Workshop on Spoken Language Tech-
nology (SLT “06) Palm Beach, Aruba, December 10-13,
2006

External Reviewer Ph.D.: Yang, Xiaofeng. A twin-candidate
model for learning based coreference resolution. National
University of Singapore, School of Computing

Co-organizer with Michael Nilges of EMBO Practical  Rebecca Wade
Course on “Biomolecular Simulation”, Pasteur Institute, Paris,
France, June 28 - July 4, 2006

PhD external referee, “Cytochrome P450-Drug Interac-
tions: Computational Binding Mode and Affinity Predictions
in CYP2D6”, Chris De Graaf, Department of Chemistry
and Pharmaceutical Sciences, Free University, Amsterdam,
Netherlands, November 6, 2006

Participant: ESF ‘Forward Look on European Computational
Science’, Lifescience Community Level Workshop, Chilworth
Manor, UK, November 20-21, 2006

Workshop
Organization

2nd UniNet Workshop: Data, Networks and Dynamics Villa  Ursula Kummer
Bosch, Heidelberg, Germany, July 3-4, 2006



Referee Work

Christoph Maller  ESSLI Workshop on Ambiguity in Anaphora, Malaga, Spain,
August 7-11, 2006

Michael Strube  Computational Intelligence Journal

Computational Linguistics Journal
Journal of Artificial Intelligence Research

Speech Communication Journal

12th Conference of the European Chapter of the Associa-
tion for Computational Linguistics (EACL “06) Trento, Italy,
April 3-7, 2006

9th Workshop on the Semantics and Pragmatics of Dia-
logue (BranDial “06) Potsdam, Germany, September 10-
13, 2006

Jasmin Saric  BioMed Central

Isabel Rojas ~ BioMed Central

6.6 Award

Georgi Pachov | MMS '06, Methods of Molecular Simulation®, Institute for
interdisciplinary scientific computing (IWR), University of
Heidelberg, Heidelberg, Germany, September 20-22,
2006 - 1st poster prize



Statistical Approaches to Coreference Resolution: Data,
Representation, Knowledge. ACL/ZHCSNet Advanced Pro-
gram in Natural Language Processing, University of Mel-
bourne, Melbourne, Australia, July 10-14, 2006

CUBIC Postgraduate Programme in Bioinformatics, Module:
,Biochemical Simulations: Stochastic Methods and Copasi*,
Universitat zu Koln, October 24, 2006

Einfuhrung in die Bioinformatik, Universitat Freiburg,(Aug
2006), Freiburg, Germany

Financial Mathematics, Faculty of Mathematics, Al. I. Cuza”
University, lasi, Romania (March - May 2006)

Partial Differential Equations, Faculty of Mathematics, “Al. I.
Cuza” University, lasi, Romania (March - May 2006).

Sub-languages of the Life Sciences, Summer Semester
2006, Stuttgart, Germany

Tutorial: Modeling, simulating and analyzing biochemical
systems with Copasi, ICSB 2006, International Conference
on Systems Biology, Yokohama, Japan, October 8, 2006

Mathematical Statistics, Faculty of Mathematics, “Al. I.
Cuza” University, lasi, Romania (March - May 2006)

Data bases in Visual FoxPro, Faculty of Mathematics, “Al. I.
Cuza” University, lasi, Romania (March - May 2006).

Introduction to Prolog, Institute for Natural Language Pro-
cessing, Summer Semester 2006, University of Stuttgart,
Germany

Michael Strube

Jurgen Pahle

Ursula Rost

lulian Stoleriu

Jasmin Saric

Jurgen Pahle

lulian Stoleriu

Jasmin Saric



[Zahran 2006] Mai Zahran: “Analyse a haut debit des pro-
priétés électrostatiques des proteins de la famille des ubig-
uitines”, Masters Thesis, Bioinformatics, University Paris VII
and EML Research, Rebecca Wade and Peter Winn, 2006

R.R. Gabdoulline, M. Stein, PJ. Winn (with M. Ullmann)
“Modeling and Simulation of Biomolecular Interactions”,
Practical Course in Bioinformatics, University of Bayreuth,
February 21-24, 2006

R.C. Wade, R.R. Gabdoulline, M. Stein, P.J. Winn, D. Motie-
junas (with J.C. Smith)“Modeling and Simulation of Biomo-
lecular Interactions”, Practical Course, University of Heidel-
berg, June 19-23, 2006

R.C. Wade, “Brownian Dynamics Simulations”, EMBO Prac-
tical Course on ,,Biomolecular simulation,,, Pasteur Institute,
Paris, France, June 28 — July 4, 2006



The EML Research computer network is currently based
on Microsoft Windows 2000 and makes up 85% of the IT
backbone. In realizing the active directory structure par-
ticular importance has been attached to security, simple
and flexible administration, scalability, extensibility, and
support for open-standard applications.

UNIX and LINUX account for the remaining part of the
backbone. The network is divided into 6 virtual LANSs.

The LAN Backbone has been expanded to GigaBit. Optical
(LWL) GigaBit lines connect the two buildings, while within
the buildings ordinary Cu-GigaBit is used for the network.

The internet connection is controlled by a Cisco Router with
a dynamic data-transfer rate of up to 4 Mbits/s and a fire-
wall connected to it. External access is granted by means
of a virtual private network (VPN) consisting of a Cisco PIX
501 device.

System Administrators
Norbert Rabes

Phone: +49-6221-533-265
Achim Beck

Phone: +49-6221-533-268



In 2006, EML’s former Checkpoint firewall was replaced by
a Linux server with multiple network interface cards running
netfilter software (iptables). The firewall also serves as a
central router to EMLs networks.

EML Research has 22 Windows 2000/2003 servers (MS
Exchange2000, MS SQL 2000, Oracle 9), 14 Linux servers
(NIS, LDAP, DNS, DHCP, Web (apache, php), CVS/Subver-
sion, MySQL, PostgreSQL, File (NFS/Samba), Print (cups),
Kerberos, NTP), and various application servers.

In 2005 an e-mail filtering server (“spam server”) was put
into service running on a FreeBSD system and open source
,Spamassasin‘ software.

Furthermore, EML Research operates a Linux compute clus-
ter consisting of 21 compute nodes (8 dual Xeon, 7 dual
Opteron, and 6 dual Dual Core Opteron servers) and one
master node (dual Xeon) running under Debian Linux. The
Dual Core Opteron Systems were deployed in 2005. This
was the second upgrade of the cluster since it was pur-
chased in 2003. The first upgrade took place in 2004.

A common SAP R/3 is used for financial accounting, project
control, travel management, and human resources manage-
ment — together with EML, KTF, and KTA. The Libero library
management software with an underlying Cache-5 data-
base is used to operate KTF's library, which is also widely
used by the aforementioned parties.

Another server for common use is a media server for video
and audio data with a storage capacity of 1TB.

A backup system including a 40-slot LTO2 tape library run-
ning Veritas backup software under Windows Server 2003
ensures data protection. A new 6TB RAID storage system
was acquired in 2006 serving as a (disc) backup medium
for the Linux servers. An additional backup onto tape is
made from this RAID system.

The complete storage capacity of the backup tapes before
replacement amounts to 8 TByte (uncompressed). Both Win-
dows- and Linux-operated servers and selected clients are
backed up regularly.



Windows (div)* 22 81

Windows 2000TS 1 0
Windows TabletPC 0 8
Windows CE 0 10
SGI IRIX 1 1
Linux Debian 14 38
MAC OS 0 3

* Windows (div) includes: Windows 2000/2003 and XP
(clients only).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Europe Prepress Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


