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Introduction
The Center for Bioinformatics (CBI) was founded in 2001 as a scientific institution of Saarland University and received
funding from the German Research Foundation (DFG) until 2009.  
The CBI consists of the Faculty of Natural Sciences and Technology I, the Faculty of Natural Sciences and Technology III, and the Faculty
of Medicine at Saarland University as well as the Max Planck Institute for Informatics (MPII), the German Research Center for Artificial
Intelligence (DFKI), and the Fraunhofer Institute for Biomedical Engineering (IBMT).
Bioinformatics involves the development of algorithms and software with which to simulate biochemical processes and analyze
molecular biological data.  The Center places its particular research emphasis on improving methods for the faster development of
better medications with fewer side effects.
Some 30 work groups in the areas of computer science, mathematics, medicine, pharmaceutical
science, biology, biotechnology and chemistry conduct research and teach at the
Center for Bioinformatics.  
A professorship in Bioinformatics (with a focus on medicine) and an assistant
professorship will soon be added to support the CBI work groups.

Dipl.-Päd. Pia Scherer-Geiß
CEO
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About us

Biomarker Detection

The Lenhof group develops novel bioinformatics methods for topics and problems from biomedicine and pharmacy.
We are designing algorithms and software for studying the molecular basis of diseases and for target identification.
Moreover, we are working on novel approaches for biomarker detection and cancer diagnosis based on antibody and
miRNA profiles. Another focal point is the study of molecular interactions, especially interactions between proteins
and the development of innovative methods for protein docking. In order to accelerate the implementation of new
approaches, we are developing BALL (Biochemical ALgorithms Library), a framework for rapid software prototyping
in the area of Molecular Modeling and Bioinformatics.

In collaboration with the group of Eckart Meese
(Human Genetics, Saarland University), we are studying
novel diagnostic approaches that are based on extensive
autoantibody or miRNA signatures. In proof-of-principle
studies, autoantibody or miRNA profiles of blood sera
have been collected from a large number of diseased
and unaffected persons. Classifiers that have been
trained and evaluated on the resulting profiles obtained
a high sensitivity and specificity for a large number of
diseases among them meningioma, glioma, lung tumors,
melanomas, and multiple sclerosis (MS). Our results
provide clear evidence that comprehensive antibody and
miRNA profiles have high diagnostic potential.

3D models of molecules
generated with our molecular
modeling tool BALLView.

Head of the group
Prof. Dr. Hans-Peter Lenhof
The focus of our research
is on the development of novel
bioinformatics approaches for
elucidating and studying the
mechanisms of tumor
initiation and progression
with the goal to improve the
diagnosis, prognosis, and
therapy of cancer.

Hans-Peter Lenhof studied mathematics and chemistry at Saarland University
(Diploma in Mathematics 1989).  He obtained a PhD in Computer Science from
Saarland University in 1993. He worked as a PostDoc at the Max Planck Institute
for Informatics in Saarbrücken from 1993 to 1999. In 1999, he obtained the
‘venia legendi’ (Habilitation) for Computer Science from Saarland University and
became the head of a research group (C3) at the MPI for Informatics. In 2000,
he became professor for bioinformatics at Saarland University.

Analysis and Visualization of
Biological Networks
Complex biological processes can be described as
chains or networks of single reactions and can, hence,
be modeled as graphs whose nodes and edges represent
the involved biomolecules and their reactions and
interactions. We are developing novel approaches for the
analysis and visualization of biological processes based
on network models. Here, we are especially interested
in novel methods for the detection and analysis of
deregulated signaling cascades associated with or
caused by pathogenic processes.
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Bioinformatics
About us
The research group headed by Prof. Dr. Helms applies numerical simulations, as well as statistical methods to study
biomolecular interactions and control loops in cells. Current topics of interest are the modeling of protein-protein
contacts, as well as interactions between DNA and proteins, which both play a central role in the control of all
major biological processes. Within the field of membrane bioinformatics, we are deriving structural and functional
motifs from the protein sequences of integral membrane proteins. Of particular interest to us is to increase the
understanding of specific molecular interactions in the context of large scale biological processes. This affords
insights into the origin of diseases at the molecular level.

“

Head of the group
Prof. Dr. Volkhard Helms
Via the modelling of
single biomolecular
interactions and
regulation processes
the group desires
to arrive at a
comprehensive
understanding of cell
biological processes.

Volkhard Helms has been Professor of Bioinformatics in the Center of
Bioinformatics since 2003 and is also a member of the CBI Directorate. He
studied physics in Freiburg and Munich and obtained his PhD at the European
Molecular Biology Laboratory in Heidelberg in 1996. He then carried out postdoctoral work at the University of California, San Diego, and went on to lead
a research group in theoretical biophysics at the Max Planck Institute
of Biophysics in Frankfurt. In 2001 he was selected as an EMBO Young
Investigator.

Biological cells contain billions
of individual proteins.

Functional assignment of
transmembrane proteins

Mediation of protein-protein
interactions

About a quarter of all proteins is integrated into the
cell membrane or into the membranes of cellular
compartments. There, they mediate the transport of
small molecules through the membrane, or transduct
signals from messenger substances, which dock to
the cell into its interior. We are particularly interested
in elucidating the assignment of substrate molecules to
their corresponding membrane transporters, because
only little is known so far. For this purpose, we are
developing new statistical methods, as well as a software
environment to model a virtual cell membrane.

Within the cell the majority of proteins is in permanent
exchange with other proteins. We use complex computer
simulations to elucidate these associations in atomistic
details. We found out that the surrounding water has
a pronouncing effect during aggregation. Based on these
observations, we now investigate the role of small ligand
molecules on such protein-protein interactions, which
can either be inhibited or in turn facilitated. This strategy
allows to develop new clinical therapies for the treatment
of cancer.

Protein interaction at a membrane layer.

Binding of XIAP protein (grey) to caspase-3 (green).
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Computational Biology and Applied Algorithmics
About us

Computational Epigenetics

HIV Bioinformatics

Computational Biology Research in the Department encompasses a wide range of basic and applied research
problems. Basic research problems include the prediction of aspects of protein function from protein sequence
and structure as well as the analysis of transcriptomics, epigenetics and protein interaction data. Applied questions
relate to human disease, such as the elucidation of host-pathogen interactions in viral diseases, the analysis of viral
resistance to drug therapy, and the analysis of molecular fingerprints of cancer. Software offered by the department
includes internet servers supporting the administration of antiviral therapies to AIDS and Hepatitis patients as well
as the genome-wide analysis of data on cell regulation, protein function and protein interactions. Furthermore the
Department develops the software for the GISAID platform for influenza research.

Modifications of the genome control the DNA’s threedimensional packaging in the cell nucleus and play an
important role for gene regulation. High-throughput
technology affords genome-wide measurements of
those epigenetic states. This provides a new rich source
of molecular data, since epigenomes are much more
variable than genomes. They differ between tissues,
between healthy and diseased cells and they change with
age. We develop computational procedures for harvesting
such data, both for basic research and as an approach to
diagnosis, prognosis and therapy of diseases.

Over the course of ten years and within a cooperation
comprising virologists, clinicians and computational
biologists – first throughout Germany, now throughout
Europe – we have developed bioinformatics software
predicting resistance of HIV to drug therapy and ranking
combination drug therapies by their likelihood of being
effective against the virus based on the viral genotype
drawn from a patient. The result, the geno2pheno Server,
freely accessible at www.geno2pheno.org, offers a range
of interpretation procedures for the viral genotype and is
used in clinical practice throughout Europe.

“

Head of the group
Prof. Dr. Dr. Thomas Lengauer
We want to provide
computational
procedures for
harvesting molecular
data to enrich our
knowledge on disease
as well as to participate
in projects reaping
new biology from the
application of such
procedures.

Thomas Lengauer is Director at the Max Planck Institute for Informatics and speaker
of the Center for Bioinformatics. He has been engaged in research in computational
biology since the beginning of the 90s. His current major focuses of research include
protein bioinformatics and bioinformatics for understanding and curing diseases.
In 2003 he received the Konrad Zuse Medal of the German Informatics Society
and the Karl Heinz Beckurts Award, and in 2010 the AIDS Research Award of the
Heinz-Ansmann Foundation. He is a member and a Senator of the German Academy of
Sciences Leopoldina as well as a member of acatech – German Academy of Science
and Engineering and of Academia Europaea.

HIV protease in two
conformations - blue
and orange, with
bound drug molecule.

The attachment of methyl groups
(glowing) to DNA is an important
epigenetic modification.

HI viruses budding from
the surface of an infected human immune cell.
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Molecular Networks in Medical Bioinformatics

Computational Systems Biology

Dr. Mario Albrecht

Dr. Jan Baumbach

Biological networks are in the center of many life’s processes and involved in essential tasks of cells in organisms.
To gain insight into the complex processes, the research group directed by Dr. Mario Albrecht devises new
bioinformatics methods and applies them to genome-wide datasets. This computational approach helps to analyze
molecular interaction networks and to improve their understanding. The scientists are particularly interested in
signaling processes that are disturbed in important diseases such as chronic inflammations and virus infections.
Thus, bioinformatics methods support the discovery of novel disease genes and the development of computer
models for diseases and drug effects.

Nowadays, we have the whole-genome sequence for more than 1,000 organisms available, trend increasing.
However, the DNA sequence is only the first step in understanding how cells survive, reproduce and adapt their
behavior while being exposed to changing environmental conditions. The Computational Systems Biology research
group studies the responsible complex molecular regulation mechanisms. We develop bioinformatics tools for the
large-scale reconstruction and analysis of the emerging molecular biological networks, one of the most important
tasks in modern biology and of immense importance for biotechnology and human medicine but cost-intensive, timeconsuming, and impossible to perform for any species in the wet lab separately.

Our projects

Our projects

Standard therapies against viral infections are often not as effective as desired. Frequently,
they also cause unwanted side effects for patients. Thus, biomedical researchers apply new
molecular technologies to reveal the cellular disease processes and to find novel drug targets.
To this end, innovative bioinformatics approaches are required to mine the ever-growing, huge
amounts of molecular data. Therefore, new network-based methods are developed to identify
the human genes and their interactions that are relevant to the viral life cycle in human cells.
This work leads to new therapeutic options for patients and improves the individual diagnosis
and treatments of infectious diseases.

In our research projects, we develop techniques for the computational analysis of all relevant
components of these networks including tools for their reconstruction. This comprises methods
solely based on the DNA sequence, such as remote homology detection and the online discovery
of transcription factor binding motifs, as well as network-based approaches, such as interspecies transfers of knowledge about gene regulatory networks and their analysis in the context
of gene expression data. In the last case, for instance, we develop methods for the identification
of case-specific key pathways (KeyPathwayMiner). Recently, we developed and established
Transitivity Clustering, a novel data partitioning approach that finds frequent application in
various biological data analysis tasks worldwide.
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Analysis of Markovian Models

Computational Genomics and Epidemiology

Dr. Verena Wolf

Dr. Alice McHardy

Markov processes are an omnipresent modeling approach in the applied sciences. In systems biology they are
used to describe noisy cellular processes, that is, processes where the discreteness and randomness of molecular
interactions significantly influences the systems behavior. The main focus of the ALMA group is on Markov models
of noisy biochemical reaction networks, which pose great computational challenges. Besides the development of
approximate analysis and inference techniques, we investigate stochastic phenomena such as multistability and
oscillatory behavior.

The research of the group focuses on the data-driven analysis of biological questions, as well as method development
to solve prediction problems for large biological data sets. To address problems of either medical or biotechnological
relevance we are using statistical learning techniques and phylodynamic methods. The latter combine phylogenetic
with epidemiological information to infer, for instance, the spatio-temporal dynamics of rapidly evolving populations.
We apply these techniques to analyze genomic data of microbial communities (also known as metagenomic data), of
influenza viruses and of cancer cells.  

Probability distribution of a bistable
gene regulatory network.

Our projects

Our projects

We develop numerical approximation algorithms for transient and steady-state analysis of the
stochastic dynamics of chemical reaction networks. These algorithms form the basis for the
calibration of mathematical models using time-series data obtained from recent experimental
imaging techniques such as high-resolution fluorescence microscopy. In order to cope with the
enormous complexity of the underlying state space of the models, we employ stochastic hybrid
approaches that perform a partial fluid approximation. We also represent genetic switches by
stochastic hybrid models in order to determine the location of different modes and in order to
calculate switching probabilities.

In metagenomics, we are working on composition-based techniques for the taxonomic
assignment of metagenome sequence fragments and novel methods for inference of functional
and phenotypic relationships between protein families. A second focus of research is influenza
evolution. Using statistical learning techniques and phylodynamic approaches, in one project we
are investigating the short-term evolutionary dynamics of the virus.  Here we are searching for
determinants of viral fitness with relevance to selecting efficient vaccine strains for the seasonal
influenza vaccine. Furthermore, we are working on detecting markers of diagnostic value from
cancer genomics data.
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Overview

Fields of research
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In addition to the core bioinformatics senior and junior research groups, over twenty other departments and five institutes from diverse research areas are part
of or closely collaborate with Center for Bioinformatics to create a unique, multi-disciplinary, and thriving environment. They participate in both research and
teaching, interacting with the researchers and students likewise.
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Information for students
The Center for Bioinformatics offers excellent study conditions, as Saarland University has
a focus in the biological sciences and one of the best computer science departments in
the country.

Bachelor of Science, B. Sc.
•
•
•
•

since October 2001
hands-on study
job market entry qualifications
standard duration of curriculum: 6 semesters

Contact
Management
Pia Scherer-Geiss, CEO
Center for Bioinformatics
Saarland University, Building E 2.1
66123 Saarbrücken
Phone: +49 (0) 681 / 30264705
Fax: + 49 (0) 681 / 30264719
Email: psg@bioinf.uni-sb.de
Website: www.zbi-saar.de

Master of Science, M. Sc.
•
•
•
•

since October 2003
builds on the Bachelor’s degree
language English
standard duration of curriculum: 4 semesters

Application deadline is July 15 for the winter semester and January 15 for the summer
semester.

Dean of Studies
Prof. Dr. Volkhard Helms
Center for Bioinformatics
Saarland University, Building E 2.1
66123 Saarbruecken
Phone: + 49 (0) 681 / 30270701
Fax.: + 49 (0) 681 / 30270702
Email: volkhard.helms@bioinformatik.uni-saarland.de
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