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In many respects, 2009 was the most successful year in the 
brief history of EML Research. But at the same time it was 
its last one.
If the main purpose of the introduction to any ongoing 
stretch of text is to catch the readers’ attention and prompt 
them to read the whole thing, then I hope the sentence 
above will serve that purpose. And, dear reader, do not 
expect me to resolve the apparent contradiction (“most suc-
cessful” vs. “last one”) too soon. After all, we want you to 
read on!
Let us start with the success stories, or at least with a brief 
outline of some of them. You will fi nd more detail in the 
relevant sections further on. 
The highlight was the start-up of our fourth research group 
named “Molecular Bio-Mechanics (MBM)” and headed by 
Frauke Gräter. Before joining EML Research, Frauke had 
a dual appointment at the Max Planck Institute for Metals 
Research in Stuttgart and at the PICB in Shanghai, an insti-
tute run jointly by the Max Planck Society and the Chinese 
Academy of Sciences. The new group got off to a fl ying 
start. With more than 10 research assistants, scholarship 
holders, and visiting scientists, it has brought about a con-
siderable increase in both the size and the activity level of 
EML Research.
And another step toward the expansion of the institute was 
taken in 2009. This was the joint appointment by Heidel-
berg University and EML Research of a professor of theo-
retical astrophysics. The new incumbent is Volker Springel. 
He will be coming to Heidelberg in 2010 to head a new 
research group. If you want to learn more about this excit-
ing fi eld, stay tuned! There will be much more on the subject 
in next year’s annual report.
In 2009 we introduced the honorary position of a “Fellow 
of EML Research.” It will be awarded to (a small number 
of) employees who have made exceptional contributions in 
their respective fi elds, as well as to colleagues from other 
institutions who have made particularly successful efforts in 
establishing long-term collaborations with groups at EML 

Think Beyond the Limits!     1
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Scientifi c and Managing 
Director

Prof. Dr.-Ing. Dr. h.c. 
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Tel.: +49-6221-533200
Managing Partner
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Research. The fi rst person to be promoted to the rank of 
a “Fellow of EML Research” is Isabel Rojas, in recognition 
of her highly successful efforts in establishing and leading 
the SDBV group. The award ceremony was held on the oc-
casion of her resignation from the position as group leader 
for personal reasons. In future, she will lend her support 
to EML Research as an independent consultant – and of 
course as a Fellow.
Scientifi cally, 2009 was as successful a year as one could 
wish. For example, an EU-funded project in which our NLP 
group plays a major role was given an unusually positive 
evaluation and will start in 2010. The group’s intensive 
scientifi c exchange with the University of Waikato in New 
Zealand was continued. The SDBV group organized and 
hosted the 3rd International Biocuration Conference in 
Berlin, which was very important for enhancing the group’s 
profi le within the research community. The MCM group con-
tinued its successful work in a variety of projects and was 
particularly active in preparing the proposals for follow-up 
projects to the BMBF-funded activity they are involved in 
at the moment.
Now all this sounds very positive. So why is 2009 the last 
year of EML Research? Well, it’s one of those endings that 
are a beginning at the same time. As of 1 January 2010, 
EML Research will be transformed into the “Heidelberg 
Institute for Theoretical Studies (HITS).” This new research 
organization established by the Klaus Tschira Foundation 
(KTF) will ultimately encompass up to 10 research groups, 

Think Beyond the Limits!

Fig. 1: (from left to right): 
Ingrid Kräling, Stefanie Szy-
morek, Kornelia Gorisch, 
Rémy Cuvillier, Benedicta 
Frech, Bärbel Mack, Chris-
tina Bölk-Krosta, Peter Sau-
eressig, Klaus Tschira, Jade 
Vowinckel, Andreas Reuter.
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and it will be housed in a new building on a lot adjacent to 
the Villa Bosch. In other words, 2009 ended with a number 
of very successful steps toward a future that promises to be 
even brighter than we had dared to imagine before. We 
have more reasons than ever to thank KTF for their generous 
support and the rare opportunity to pursue curiosity-driven 
research in a very general sense – and in a beautiful en-
vironment. Their continued and extended support is a clear 
expression of the trust they put in the scientifi c potential of 
EML Research/HITS, and we will defi nitely do our best to 
live up to it – and hopefully go beyond even more limits.
At a time that has brought so many changes, it is doubly im-
portant to remember the constants. The most important of 
them are the trust, support, and friendship we can rely on 
from our colleagues and collaborators world-wide. Thank 
you all! Without you we would not be where (and what) 
we are.

Think Beyond the Limits!
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2.1 
Molecular and Cellular 
Modeling 
(MCM)

Molecular recognition, binding, and catalysis are funda-
mental processes in the functioning of the cell. The ability to 
understand how macromolecules interact with their binding 
partners and participate in complex cellular networks is 
crucial for the prediction of macromolecular function and 
for applications such as protein engineering and structure-
based drug design. The Molecular and Cellular Modeling 
(MCM) group develops and applies computational ap-
proaches for studying the macromolecules of the cell, their 
structure, dynamics, interactions, and reactions. The central 
focus is on the interaction properties of proteins. An inter-
disciplinary approach is taken, entailing collaborations 
with experimentalists and a concerted use of informatics- 
and physics-based computational approaches. Techniques 
cover a wide spectrum, from interactive, web-based visual-
ization tools to atomic-detail molecular simulations.

The research of the MCM group in 2009 is described in this 
report under 8 project headings (see chapter 3).  Some of 
the main focuses this year were:

  2     Research Groups

Fig. 2: The MCM group in 
2009, including guest sci-
entists (from left to right): 
Georgi Pachov, Stefan Rich-
ter, Anna Feldman-Salit, 
Vlad Cojocaru, Lada Bieder-
mannova, Rebecca Wade, 
Michael Martinez, Matthias 
Stein, Paolo Mereghetti, 
Mykhaylo Berynskyy, Stefan 
Henrich.
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glucose-6-phosphate isomerase, enolase, and fructose-1,6-
bisphosphate aldolase. The extent of the conservation of 
electrostatic potentials along the pathway is consistent with 
the absence of a single rate-limiting step in glycolysis.

Prof. Dr. Ursula Kummer, Dr. Sven Sahle, Dr. Andreas
 Weidemann, Dr. Ralph Gauges (University of Heidelberg)

Federal Ministry of Research and Education (BMBF) 

Klaus Tschira Foundation

Research Activities

Fig.6: Comparative analysis 
of the electrostatic differenc-
es in the region of the active 
sites of enzymes of the core 
glycolytic pathway of eleven 
model organisms.

Cooperation Partners

Sponsors
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3.3 
EndoSys

(MCM)

Fig.7: Conservation of elec-
trostatic potential in subclus-
ters of human Rab proteins.  
Cartoons of the protein 
structures are shown in two 
views rotated from each 
other by 180 degrees. The 
bound nucleotide is shown 
in pink. Conservation of 
the electrostatic potential 
is mapped onto the protein 
structure, with best-con-
served regions shown in red. 
The extent of conservation 
of the electrostatic potential 
varies amongst the different 

subclusters.

The EndoSys network focuses on a systems biology analysis 
of the endocytic pathway and its relationship with signal 
transduction. A multidisciplinary approach is taken, combin-
ing bottom-up and top-down approaches at both theoreti-
cal and experimental levels. The MCM group’s contribution 
takes the form of bioinformatics analysis, molecular model-
ing and simulation, and the application of SYCAMORE. 

The main focus of the EndoSys network is on the dynamics 
and interactions of different Rab GTPases present in the 
membrane of traffi cking vesicles and involved at different 
levels of the endocytosis process, i.e. the process by which 
cells take in material from outside by engulfi ng it with their 
cell membrane. Rab proteins are the identifi ers (“labels”) 
of each cargo and are specifi c to its localization. They are 
small monomeric GTPases able to bind and hydrolyze GTP 
to GDP and change their conformation from active to inac-
tive in the process. These conformational changes occur dur-
ing transport.  When activated on the plasma membrane, 

the different Rab GTPases interact with a large variety 
of effector proteins to form complexes that perform their 
tasks. Their regulation mechanisms are, however, largely 
unknown.

EndoSys

Project Manager

Dr. Rebecca Wade
Project Members

Dr. Matthias Stein
Dr. Michael Martinez
Dr. Manohar Pilli 
(until 08.2009)
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In collaboration with the Bianca Haberman (Max Planck 
Institute for Cell Biology and Genetics, Dresden), a com-
parative analysis of 62 human small GTPase Rab proteins 
was carried out at the levels of sequence, structure, and 
molecular interaction fi elds (see Figure 7). This revealed 
relationships between the Rab proteins that were not read-
ily discernible from sequence-based analysis alone.  For 
example, we were able to explain why Rab3 and Rab27 
share functionality although they are not closely related on 
the sequence level, whereas Rab7a and Rab7b, although 
initially annotated as protein isoforms, possess different 
functions. We also carried out a computational analysis 
of Rab-activating proteins (GAPs), enabling us to suggest 
potential new GAPs for the Rab7 GTPase to experimental 
collaborators in the EndoSys network.

To gain a detailed understanding of Rab interactions with 
other proteins and membranes, we modeled the complex-
ation of a Rab with GDI (Guanosine nucleotide  Dissociation 
Inhibitor) in the presence of a phospholipid membrane. The 
GDI protein is required to extract the Rab from the mem-
brane. We used our modifi ed SDA software to simulate the 
diffusional association of GDI to the Rab protein bound to 
a phospholipid bilayer. This required generating models 
of the structure of a Rab bound to the membrane, which is 
challenging because the Rab is connected to the membrane 
via a fl exible peptide linker attached to a geranylgeranyl 
lipid anchor. A set of conformations were therefore gen-
erated using a coarse-grained model of the bilayer and 
the protein, the MARTINI model. We found that two main 

Research Activities

Fig.8: Plausible arrange-
ments of a Rab protein an-
chored in a lipid bilayer 
generated from molecular 
dynamics simulations and 
shown for (left) all-atom and 
(right) coarse-grained mod-
els of the system.
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arrangements of the Rab on the membrane are plausible. 
Rab may either “fl oat” above the membrane or “lie” on the 
membrane surface (Figure 8).  

To understand the importance of proteins such as GDI for 
extraction of the lipid anchoring tail of the Rab, we also 
developed a method for computing the free energy for 
extracting a compound from a membrane and for obtain-
ing the enthalpic and entropic contributions of the subparts 
of the system to this free energy. Simulations were carried 
out with the MARTINI coarse-grained model. Validation 
calculations with an all-atom force fi eld are ongoing on the 
DEISA supercomputer infrastructure as part of the Musiprol 
project. 

Prof. Dr. Marino Zerial and Dr. Bianca Haberman (Max 
Planck Institute for Cell Biology and Genetics, Dresden)

Prof. Steven Dooley (University of Heidelberg, Mannheim)

Federal Ministry of Research and Education (BMBF)

Klaus Tschira Foundation

Supercomputer time: DEISA Extreme Computing Initiative: 
Musiprol (Multiscale simulation of membrane-associated 
multiprotein complexes) Project (PI: Rebecca Wade, EML 
Research; partner: Mark Sansom, University of Oxford).

Cooperation Partners

Sponsors

EndoSys
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3.4
SYSMOLAB: 
Comparative Systems 
Biology on Lactic Acid 
Bacteria 
(MCM/SDBV)

The project “Comparative Systems Biology on Lactic Acid 
Bacteria” (SYSMOLAB) is part of a European transnational 
funding and research initiative on the “Systems Biology of 
Microorganisms” (SysMO). The goal pursued by SysMO is 
to comprehensively record and describe the dynamic mo-
lecular processes going on in unicellular microorganisms 
and to present these processes in the form of computerized 
mathematical models. Comparative analyses are extremely 
powerful for the transfer of information from well-studied 
organisms to other organisms and, when coupled to func-
tional and phenotypic information, for gaining insight into 
the relative importance of components for the differences 
and similarities observed. The SYSMOLAB project focuses 
on three relatively simple and closely related lactic acid 
bacteria. These are Lactococcus lactis, the major microor-
ganism used in the dairy industry, Enterococcus faecalis, 
both a major (fecal) contaminant in food and water and a 
contributor to food fermentation, and Streptococcus pyo-
genes, an important human pathogen. These bacteria have 
similar primary metabolisms but exist in completely differ-
ent environments (milk, faeces, blood).

The SDBV group’s task is to gather and structure relevant 
information such as previously measured kinetic data on 
lactic acid bacteria from the scientifi c literature, publicly 
available databases, and other useful resources, and to 
store it in SABIO-RK, a database developed by the SDBV 
group containing information on biochemical reaction ki-
netics. The data collected have been successfully used by 
our project partners to set up biochemical models describ-
ing important functions in lactic acid bacteria. To simplify 
the integration and comparability of the data, cross-an-
notations between SABIO-RK and related databases have 
been assembled. Only a relatively small number of publi-
cations provide kinetic data from Streptococcus pyogenes. 
Accordingly, in 2008 and 2009 we have been adding 
kinetic data extracted from publications on Streptococcus 
mutans, an organism that is very closely related to Strep-
tococcus pyogenes. To date, data on lactic acid bacteria 
from 210 articles have been manually extracted, curated, 
and entered in SABIO-RK. The data extraction has resulted 

Research Activities

Project Managers

Dr. Wolfgang Müller
Dr. Isabel Rojas
Dr. Rebecca Wade
Project Members

Dr. Vlad Cojocaru 
Renate Kania
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in 1,710 entries, most of them relating to Lactococcus lactis 
(46%) and Enterococcus faecalis (29%). The gathering of 
relevant information is a process that will continue through-
out the project.

We also plan to store the data produced by our wet lab 
project partners in SABIO-RK. In 2009 we continued work 
on the adaptation of MeMO (MEtabolomic MOdeling), a 
database designed to store metabolomic data. To allow 
direct data transfer from the laboratory instruments to the 
database, an adjusted data submission interface has been 
developed and tested (both activities in collaboration with 
Pedro Mendes´ group at the University of Manchester). This 
also includes the calculation of enzyme kinetic parameters 
from raw experimental data. The kinetic parameters calcu-
lated can be submitted together with their corresponding 
metadata by using a data exchange format developed 
especially in XML. It is not planned to submit the underly-
ing raw experimental data to SABIO-RK, but this informa-
tion can be stored locally in the laboratory (e.g. using the 
MeMo system) and cross-linked to the kinetic data submit-
ted. Manual curation of the directly submitted data will still 
be necessary, but to a much smaller extent.

The MCM group contributes to SYSMOLAB by modeling 
and analyzing protein structures to assist the comparative 
modeling and simulation of the primary metabolism of the 
three organisms.  We have compared the three-dimension-
al structures and interaction properties of a number of dif-
ferent glycolytic enzymes, including lactate dehydrogenase, 
pyruvate kinase, enolase, and glyceraldehyde 3-phosphate 
dehydrogenase from the three lactic acid bacteria studied, 
as well as from other organisms for reference. The aim was 
to reveal qualitative differences between the proteins, e.g. 
in allosteric regulation, and to estimate kinetic parameters 
for the enzymes in the investigated organisms for input 
into the kinetic models developed by our collaborators in 
this project.  The analysis showed that the electrostatic po-
tential of the investigated enzymes is better conserved at 
the active sites than at the allosteric regulation sites. For 
pyruvate kinase, our analysis revealed clear differences 

SYSMOLAB
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between mammalian species and bacteria in the allosteric 
activation site. These differences suggest that the mecha-
nism of allosteric inhibition by amino acids present in the 
mammalian pyruvate kinases is not present in the pyruvate 
kinases of the lactic acid bacteria. Kinetic parameters have 
been predicted for some of the enzymes, and validation of 
these parameters and estimation of further kinetic param-
eters is ongoing.

Among the techniques applied are the PIPSA software for 
comparing protein electrostatic properties (see section on 
Bioint) and the qPIPSA methodology for estimating en-
zymatic kinetic parameters using protein structural infor-
mation. To facilitate the effi cient large-scale application 
of PIPSA to a number of different enzymes required in 
this project, we have developed a new tool named “au-
toPIPSA.” autoPIPSA performs (i) automated retrieval of 
relevant structures from the Protein Data Bank (RCSB), (ii) 
automated structural template selection for comparative 
modeling based on a structural alignment performed with 
the “STAMP 4.3” software, (iii) improvement of direct align-
ments between the query sequences and the template se-
quences using the ”pGenThreader 8.2” software, which ap-
plies a threading procedure in which the query sequence 
is threaded on a fold library, and (iv) automated selection 
of sites in the proteins to be subjected to PIPSA. autoPIPSA 
is a modular tool that can be used to perform the entire 
workfl ow at once or each task as a separate job. 

Jeroen Hugenholtz, University of Amsterdam, 
The Netherlands (project coordinator)

Joost Teixeira de Mattos, University of Amsterdam,
 The Netherlands (vice-coordinator)

Willem de Vos, Wageningen University, The Netherlands

Ursula Kummer, University of Heidelberg, Germany

Bernd Kreikemeyer, University of Rostock, Germany

Research Activities

Project Partners
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Hans Westerhoff, University of Manchester, UK

Ingolf Nes, Norwegian University of Life Sciences, Norway

Pedro Mendes, Manchester Centre for Integrative Systems 
Biology (MCISB), University of Manchester, UK

Irena Spasic, Manchester Centre for Integrative Systems 
Biology (MCISB), University of Manchester, UK

Neil Swainston, Manchester Centre for Integrative Systems 
Biology (MCISB), University of Manchester, UK

Federal Ministry of Education and Research (BMBF) 

Klaus Tschira Foundation

SYSMOLAB

Sponsors
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3.5
SysMO-DB 
(SDBV)

SysMO-DB is a horizontal structure for the management 
of data and models that is being established to (i) pool 
the SysMO research capacities and its members’ know-how, 
(ii) enable seamless dissemination of results within and be-
tween projects, between participants of the model-hypoth-
esis-experiment-model systems-biology cycle, and to the 
scientifi c community, and (iii) to support (SysMO) research-
ers in their routine work on managing their own data and 
the data relevant for their work. 

In the fi rst 18 months of the project, the SySMO-DB team 
has tackled signifi cant technical and social challenges and 
delivered impressive results in four areas. 
Technical: Establishing requirements, and developing and 
releasing the fi rst phase of the SysMO-DB platform, de-
spite widening the scope of our brief to meet new needs.
Content: Establishing requirements, defi ning data exchange 
models and controlled vocabularies, seeding the platform, 
curating models and workfl ows, and motivating members to 
contribute content. 
Social: Establishing an effective development team, strong 
user-community engagement, and the SysMO-PALS initia-
tive. A project PAL is a “front line” experimentalist, modeler, 

Project Managers

Dr. Isabel Rojas
PD Dr. Wolfgang Müller
Project Member

Dr. Olga Krebs

Fig. 9: Schematic model of 
the SySMO DB system archi-
tecture.

Research Activities
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or bioinformatician acting as an advocate, communicator, 
and scout. The PALS are our user focus group. The program 
is regarded as transformational and has been a major suc-
cess.
Promotion: Across SysMO and to the wider scientifi c com-
munity, via training, talks, summer schools, and articles. This 
has led to considerable external interest in adopting the 
approach and utilizing the software.

SysMO-SEEK is the single web-based point of access to 
SysMO-DB’s content, in-house applications, external appli-
cations, public repositories, and web sites. SysMO assets 
include models, data, SOPs, and descriptions of experi-
ments. It helps users fi nd collaborators, search and access 
datasets, and run models. Fine-grained permit functions 
enable depositors to customize and control access to sensi-
tive information and functionalities. SEEK provides access to 
applications and can crosswalk to embrace the content of 
other public web resources. 

The Just Enough Results Model (JERM) is a mechanism for 
understanding the structure and content of assets and ex-
tracting them from their source. JERMs for each data type 
(transcriptomics, metabolomics, proteomics) describe the 
minimum-content metadata model required to usefully inter-
link or compare data. This common metadata model is used 
to register data in SEEK and is the minimal schema against 
which each project is required to export its data. JERMs 
are defi ned in collaboration with PALS and experimental-
ists, using top-down analysis of community standards.

Figure 9 illustrates the SysMO-DB platform, which is based 
on four main pillars: community, data, models, and pro-
cesses. Each has software that supports it and content that 
populates it connected with its own repositories. There are 
two classes of metadata for each pillar: asset metadata 
registering the resource, its authorship, purpose, permis-
sions policy; and content metadata annotating the results 
contained within the resource for querying, processing, 
cross-linking, and integration. 

SysMO-DB
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Collaboration Partners

Sponsor

The SysMO-DB methodology can be applied to other sys-
tems biology initiatives and the community has already dis-
played great interest in adopting it. The JERM templates 
and the metadata guidelines for assets can either be 
downloaded and used on their own, or the whole software 
package can be adopted. A demo version of SysMO-SEEK 
is available (http://demo.sysmo-db.org/).

For more information, please go to the SysMO-DB website 
(http://www.sysmo-db.org/index.html)

Prof. Carole Goble, University of Manchester, UK

Prof. Jacky Snoep, University of Stellenbosch, South Africa

Dr Stuart Owen, University of Manchester, UK

Dr Katy Wolstencroft, University of Manchester, UK

11 SySMO projects

Group of PALs

Federal Ministry of Education and Research (BMBF)

Research Activities
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The goals of this project are to develop and apply com-
puter-aided methods to model, simulate, and predict how 
biomolecules interact. Biomolecular interactions are funda-
mental to biological function. Proteins are able to engage 
in a wide range of biomolecular interactions, and their 
complexity makes the modeling and prediction of these 
interactions very challenging. This project focuses on the 
interactions of proteins and the study of those interactions 
using information on atomic-detail three-dimensional pro-
tein structures.

Klaus Tschira Foundation (and additional agencies as spec-
ifi ed for the subprojects)

The following web-based resources and software are 
maintained and made publicly available via http://proj-
ects.villa-bosch.de/mcm:

• DSMM: a Database of Simulated Molecular Motions 
• metaPocket  (a meta server for identifying pockets 
 on protein surfaces and thus predicting ligand-binding 
 sites) 

• MolSurfer: a Macromolecular Interface Navigator
• ProSAT: PROtein Structure Annotation Tool 1

BioInt
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• ProSAT2: PROtein Structure Annotation Tool 2 
• The Ubiquitin and Ubiquitin-like Protein Web Resource
• PIPSA (Protein Interaction Property Similarity Analysis)
• RAMD (Random Acceleration Molecular Dynamics)
• SDA (Simulation of Diffusional Association)
• SYCAMORE (Systems Biology Computational Analysis and 
Modeling Research Environment) (together with the Kum-
mer group at the University of Heidelberg, see section on 
SYCAMORE)

New software and new features introduced this year:

• metaPocket is a new webserver set up this year (see 
http://metapocket.eml.org.). It is a metaserver for identify-
ing pockets on protein surfaces and thus predicting binding 
sites for ligands [Huang, 2009].  It uses four existing tools 
for identifying pocket sites (LIGSITEcs, PASS, Q-SiteFinder, 
and SURFNET). The results from these tools are ranked and 
clustered and then given a combined score (metaZScore) to 
produce the fi nal results. Users have submitted about 600 
structures for ligand binding-site prediction in the approxi-
mately six months since the webserver started up. 

• RAMD. We have implemented our Random Accelera-
tion Molecular Dynamics Simulation (RAMD) method in the 
NAMD simulation package, and it is now available from 
our website and in the NAMD release. This complements the 
existent implementation in the AMBER simulation package.
 

Research Activities

a.                                               b.                                     c.

Fig.10: Analysis of Brownian 
dynamics simulations of pro-
tein-protein association with 
the SDA Trajectory Analysis 
Tool. (a) A representative 
trajectory of a protein (blue) 
diffusing relative to another 
(orange). (b) Isocontours 
(blue) showing the region 
around the target protein (or-
ange) most extensively occu-
pied by the diffusing protein 
during thousands of trajecto-
ries. (c) Corresponding two-
dimensional occupancy map 
at a defi ned protein-protein 
center-to-center distance.
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3.6.1.2
Simulation of the 

Diffusional Motion of 
Multiple Proteins

BioInt

• SDA 5.0 was released this year. This is a major update on 
the previous version. The main new functionality introduced 
is a non-polar or hydrophobic term in the force fi eld and 
the option to compute electron transfer rates [Gabdoul-
line & Wade, 2009]. Additional new auxiliary programs 
have been added, and improvements have been made to 
the input and output formats and to calculation effi ciency. 
An important addition is the SDA Trajectory Analysis Tool, 
which enables users to visualize the results of simulations 
of protein-protein association as 2- and 3-dimensional 
occupancy maps (see Fig. 10) and to compute the free-
energy landscape for binding using the approach devised 
by Spaar et al.

• PIPSA and the webPIPSA server have been extended 
to include capabilities for the input of PQR format fi les 
enabling users themselves to assign atomic charges and ra-
dii for the calculation of electrostatic potential. In addition, 
webPIPSA now allows for the use of more than one tem-
plate for protein modeling, plus the modeling of proteins 
with multiple polypeptide chains.

The aim of this project is to develop a highly scalable Brown-
ian dynamics simulation methodology to study multiple pro-
teins represented in atomic detail and diffusing in solvents. 
This approach can be used to study protein oligomerization, 
crowding, and the behavior of protein mixtures, as well as 
the structural and dynamic motions of multi-domain pro-
teins. The methodology is being developed in a new version 
of our SDA (Simulation of Diffusional Association) software 
called SDAMM (MM for Multiple Molecules).
To simulate protein solutions, a periodic box is set up consist-
ing of about a thousand protein molecules treated as all-
atom rigid bodies diffusing in a continuum solvent (see Fig. 
11). The force fi eld developed to describe the interactions 
between the proteins is being validated via calculation of 
the dynamic and structural properties of experimentally 
well-characterized proteins. Our preliminary results show 
that the methodology is able to reproduce experimental 
data for the systems tested. A similar model is being tested 
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Fig.11: A snapshot from 
Brownian dynamics simula-
tions of proteins diffusing 
in an aqueous solution at 
a protein concentration of 
285g/L.
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3.6.2
Applications 

3.6.2.1. 
A Mechanistic Model of 
the Cysteine Synthase 
Complex
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for simulation of the multi-domain protein pleckstrin. It re-
produces the experimentally observed radius of gyration 
of plekstrin (ca. 40 Å) and its increase after phosphoryla-
tion of some of the inter-domain linker residues.
In the present version of SDAMM, parallelization is based 
on openMP. We are currently implementing a highly scal-
able parallel version based on MPI that will enable us to 
extend simulation timescales and increase concentration to 
the level of cellular protein concentrations. Based on pre-
liminary results, we have obtained a linear scale-up for up 
to 64 processors for thousands proteins at 300g/L.

BIOMS 
(Center for Modeling and Simulation in the Biosciences)

Klaus Tschira Foundation

Supercomputer time: Pacifi c Northwest National 
Laboratory, USA: Grand Challenge Project 30994 (Ad-

vanced Biomolecular Simulations - Development and Ap-
plications) (team leader: Tjerk Straatsma, PNNL, USA).  

We are investigating the enzymes Acetyl-Transferase 
(SAT) and O-Acetyl-Serine-(Thiol)-Lyase (OAS-TL) from 
Arabidopsis thaliana mitochondria and their complexation. 
These proteins play a critical role in the biosynthesis of the 
amino acid cysteine in plants. The structures of the constitu-
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ent enzymes were modeled by comparative modeling. The 
C-terminal tails of SAT, which were missing in the templates 
but found experimentally to be crucial for complexation, 
were modeled de novo. The structure of the complex be-
tween SAT and OAS-TL, the “cysteine synthase” complex, 
was predicted fi rst by generating their encounter complex 
using Brownian dynamics simulation and then refi ning the 
complex to a more tightly bound form by means of molecu-
lar dynamics simulation [Feldman-Salit, 2009a]. The pro-
posed structure of the complex is consistent with available 
experimental data. To validate the modeled structures of 
the enzymes and their complex, a number of mutations at 
the interface between SAT and OAS-TL have been sug-
gested. 

On the basis of this model, we are currently analyzing sev-
eral functional properties of the CS complex:

• The existence of trimeric and hexameric oligomeriza-
tion states of SAT from different organisms. To investigate 
whether it is possible to make a trimeric mutant Arabidopsis 
thaliana SAT, we computationally identifi ed interfacial resi-
dues between the trimers of SAT in the SAT hexamer from 
Arabidopsis thaliana that upon mutation might disrupt the 
association of the trimers.  

• Self-regulation of cysteine biosynthesis. Sulfi de is a nec-
essary component of the catalytic reaction in OAS-TL. Its 
defi cit or surfeit in the cell is refl ected by a change in the 
amount of the intermediate product OAS (a substrate of 
OAS-TL), which affects the disassembly or formation of the 
CS complex. At the same time, sulfi de appears to directly 
stabilize the CS complex and reduce its disassembly . We 
have computationally identifi ed two putative binding sites 
for sulfi de in the CS complex that might contribute to the 
stabilization of the CS complex (see Figure 12). To validate 
the correctness of the predictions, mutations of individual 
residues lining these putative sites have been proposed.

• Negative regulation of SAT function by the fi nal product, 
cysteine. It was experimentally observed that the sensitivity 
of SAT to inhibition by cysteine varies between different or-
ganisms. By applying a range of computational techniques, 
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Project Manager
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Anna Feldman-Salit

Fig. 12: Putative binding 
sites of two forms of sul-
fi de identifi ed computation-
ally in the cysteine synthase 
complex from Arabidopsis 
thaliana. The yellow spheres 
depict the most favorable 
position of H2S  in (a) and 
of HS- in (b). The CS com-
plex is shown in cartoon rep-
resentation (gold: SAT, blue: 
OAS-TL).
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we have found that the differences result from structural 
dissimilarities of the SATs in regions close to the catalytic 
binding sites. 

• Reduction of OAS-TL activity upon formation of the CS 
complex is being investigated by molecular dynamics simu-
lations and analysis of conformational changes in OAS-TL 
mutants and in OAS-TLs in different complexation states.

Prof. Rüdiger Hell and Dr. Markus Wirtz
(Institute of Plant Science, Heidelberg University)

Klaus Tschira Foundation  
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3.6.2.2 
Modeling and 
Simulation of 

Cytochrome P450 
Dynamics and 

Interactions

BioInt

Cytochromes P450 (CYPs) form a superfamily of heme-
containing mono-oxygenases that metabolize endogenous 
substrates and xenobiotics.  This year we have focused 
our simulation work on two mammalian CYPs, CYP2C9 
and CYP2E1, as well as applying the PIPSA procedure to 
analyze the protein-binding properties of all human CYPs. 
CYP2C9 and CYP2E1 are important drug-metabolizing 
enzymes in the liver that are associated with the membrane 
of the endoplasmic reticulum. We have applied a range 
of molecular dynamics simulation approaches to study the 
following aspects of their mechanisms:

• Ligand egress from the active site. We previously car-
ried out simulations to identify potential routes by which 
products exit and substrates enter the buried active site 
of CYP2C9. To evaluate the probabilities of these routes 
being used, we have computed free-energy profi les for 
ligand passage along these routes using molecular dynam-
ics simulations combined with the adaptive biasing force 
method. The calculation of converged free-energy profi les 
required extensive sampling of the confi gurational space 
during the simulations and necessitated the use of super-
computer resources at PNNL, USA.

• CYP-membrane interactions. The interaction with the lipid 
bilayer plays an important role in the function of human 
CYPs associated with the endoplasmic reticulum.  In col-
laboration with Mark Sansom and co-workers at the Uni-
versity of Oxford, we performed coarse-grained (CG) 
molecular dynamics simulations to self-assemble a complex 
of CYP2C9 with the lipid bilayer. In the CG representation, 
four non-hydrogen atoms are grouped into one CG par-
ticle. Properties such as charges and radii are assigned to 
each CG particle to refl ect the properties of the constituent 
atoms. Due to the reduced number of degrees of freedom, 
the CG representation allows more effi cient sampling of 
the conformational space than all-atom simulations. These 
simulations revealed a converged arrangement of CYP2C9 
in the membrane. However, the conformational fl exibility of 
the proteins in the membrane could not be investigated with 
this methodology. Therefore we converted the CYP2C9-
membrane complex to an all-atom representation. Atomistic 
simulations of the CYP2C9-membrane complex were then 
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performed to investigate how the membrane infl uences the 
conformational fl exibility of CYP2C9.  These computation-
ally intensive simulations were performed on a BlueGeneP 
supercomputer in France as part of the Musiprol project 
supported by DEISA. 

• CYP regulation by phosphorylation. In addition to the slow 
regulation of CYPs by enzyme induction, phosphorylation 
has been shown to be a fast and isozyme-selective way of 
regulating CYP activity.  Phosphorylation can lead both to 
inactivation of the enzymes and to the targeting of the en-
zymes to different cellular compartments. Conformational 
changes before or upon phosphorylation of CYPs seem to 
play an important role in these cellular functions.  Phospho-
rylation of family 2 CYPs is mediated mostly by protein 
kinase A (PKA) at a serine residue in the C-helix of the 
CYPs. PKA  recognizes an Arg-Arg-X-Ser motif in the sub-
strate and in CYP2 enzymes. The C-helix needs to undergo 
a conformational change before PKA can recognize the 
binding motif. We are applying molecular dynamics simu-
lations and modeling techniques to gain an understanding 
of the mechanism of phosphorylation in CYP2 enzymes and 
insights into the regulation of xenobiotic metabolism. We 
modeled a phosphorylated CYP and carried out molecu-
lar dynamics simulations to investigate the conformational 
changes associated with phosphorylation. The simulations 
show distortion of the C-helix and the effects of this distor-
tion on the active site. The implications for PKA binding are 
now being investigated. 

Klaus Tschira Foundation  

Supercomputer time: Pacifi c Northwest National 
Laboratory, USA: Grand Challenge Project 20895 (Ad-

vanced Petascale Molecular Dynamics Simulations) (team 
leader: Tjerk Straatsma, PNNL, USA); DEISA Extreme 

Computing Initiative: Musiprol (Multiscale simulation of 
membrane-associated multiprotein complexes) Project 

(PI: Rebecca Wade, EML Research; partner: Mark Sansom, 
University of Oxford)
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3.6.2.3 
Collagen Structure, 

Stability, and 
Interactions Studied by 

Molecular Modeling 
and Simulation 

Methods

BioInt

“Collagen” is a generic term for proteins with a character-
istic triple helix of three polypeptide chains. So far, 29 
genetically distinct collagen types have been identifi ed 
in the extracellular matrix. Molecular defects in collagen 
genes lead to changes in the collagen’s triple-helical struc-
ture and function that cause diseases and disorders such 
as chondrodysplasia, osteogenesis imperfecta (brittle bone 
disease), Alport syndrome, Ehlers-Danlos syndrome (elastic 
skin), and epidermolysis bullosa. The binding of collagen to 
cellular receptors mediates cell adhesion, whereas the in-
teraction of collagen with proteoglycans and other matrix 
molecules organizes the extracellular matrix, giving each 
tissue its distinctive mechanical properties. Controlled deg-
radation of collagen by collagenase is an important pro-
cess in tissue remodeling and wound healing. Malfunction of 
collagenase leads to cancer. There is no clear understand-
ing of the mechanism by which collagenase locates the spe-
cifi c cleavage site on fi brillar collagen, binds to collagen, 
and then forms a catalytically-competent complex. We are 
carrying out simulations to study the determinants of the 
structure and the dynamics of the collagen triple helix and 
to investigate how collagenase recognizes and binds to col-
lagen to cleave it specifi cally at its cleavage site.  
Although the triple-helical structure of collagen was pro-
posed about 55 years ago, the details of its structure and 
the determinants of stability are still a matter of debate 
due to the absence of an atomistic structure for full-length 
collagen and the diffi culty in obtaining hydrogen-bonding 
patterns from fi ber-diffraction data.  We have carried out 
simulations of a set of model collagen-like peptides to in-
vestigate the sequence dependence of the stability of the 
triple helix.  These simulations reveal a previously unidenti-
fi ed hydrogen-bonding pattern dependent on the presence 
of hydroxyproline and suggests one reason why hydroxy-
proline is required for collagen stability. We have also car-
ried out simulations of the native collagen triple helix to in-
vestigate whether there are structural or dynamic features 
that might distinguish the cleavage site and collagenase 
binding site from the rest of the fi ber. These simulations have 
been complemented by molecular dynamics simulations of 
the collagenase itself. The results of principal-component 
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and normal-mode analyses of the simulations of collagen 
and collagenase suggest that the C-terminal domain of col-
lagenase recognizes the collagen, and then the N-terminal 
catalytic domain undergoes rearrangement on the colla-
gen substrate (with the help of linker regions). In ongoing 
work, the SDA software is being used to perform Brownian 
dynamics simulations of the diffusional association of col-
lagen and collagenase to predict their mode of interaction, 
using conformations of collagen and collagenase obtained 
from the molecular dynamics simulations (see Figure 13). 

Dr. V. Subramanian 
(Chemical Laboratory, Central Leather 

Research Institute (CLRI), Chennai, India)

DAAD
 (German Academic Exchange 

Service sandwich-model scholarship)

Leishmaniasis, Chagas’ disease, and African sleeping sick-
ness are serious tropical parasitic diseases affecting hu-
mans. In the protozoan parasites responsible for these 
diseases, the reduction of folate necessary for DNA bio-
synthesis can be carried out by a bifunctional dihydrofolate 
reductase–thymidylate synthase (DHFR-TS) enzyme or by 
pteridine reductase (PTR1).  If a drug inhibits the DHFR-TS, 

Fig.13: A model of the initial 
binding of collagenase to 
the collagen triple-helical fi -
ber obtained from Brownian 
dynamics simulations
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3.6.2.4 
Design of Pteridine 
Reductase Inhibitors 
with Anti-parasitic 
Action

Research Activities




