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1. Integrating Biological Concepts into Protein-Protein Interactions Using Text Mining

Adriano Barbosa da Silva
Computational Biology and Data Mining Group. Max Delbrück Center for Molecular Medicine. Robert-Rössle-Str. 10, D-13125 Berlin, Germany
Text mining methods offer flexible ways to access the public knowledge represented by the scientific literature. In the past years, several tools have been developed to filter information about important biological entities such as genes, proteins, chemicals or diseases. This information has been show to be effectively filtered from single sentences, as well as, from whole abstracts texts. Furthermore, ontology and controlled vocabularies (such as Gene Ontology or Medical Subject Headings, respectively) permit literature mining also for standardized biological concepts. However, hitherto there are no specific systems that can identify user’s customized concepts together with information regarding to proteins related by biointeraction terms in different topologies of a scientific text. To fill this gap, we have developed two new resources called LAITOR (Literature Assistant for Identification of Terms co-Ocurrences and Relationships) and PCE (Pubmed Concepts Explorer). LAITOR is a command line software that uses a set of dictionaries (bio-interactions, biological terms and concepts) in order to extract co-occurrences of their terms into four different topologies. Furthermore, from the co-occurrence analysis, LAITOR generates a data structure to be exported as a graphical literature network of third-part programs (as those like Arena3D and Medusa). PCE is a text mining web server where the functionalities of LAITOR are explored. In this on-line system we use as default bio-entities dictionary those terms filtered from NCBI Gene and UniProt Knowledge Base, where their terms co-occurrences are brought together with bio-interactions and biological concepts from either loaded by the users or from the NCBI MeSH database. PCE displays a graphical co-occurrence network composed by the terms extracted in the users input. Furthermore, PCE tries to identify pathways represented in the target literature by crossing the identified terms with those which represent pathway’s members. We intend to present the main methods and interfaces of both systems commented above. Examples about the utilization of both platforms to support the development of co-occurrence networks related to Neurodegenerative Diseases within the project NeuroNet will be presented, as well as, examples of how LAITOR and PCE can be used to the pursuit of new metabolic pathways where different biological concepts are involved. LAITOR can be downloaded from SourceForge at http://laitor.sourceforge.net/ and PCE is available at  http://cbdm.mdc-berlin.de/~laitor/PCE/.

Funding: This work was supported by grants from Germany's National Genome Research Network (Bundesministerium für Bildung und Forschung) and from The Helmholtz Alliance on Systems Biology (Helmholtz-Gemeinschaft Deutscher Forschungszentren).
2. HepatoSys – Network Systems Biology

Johannes Bausch and Jens Timmer

FDM, University of Freiburg, D-79104 Freiburg, Germany

HepatoSys was launched in 2004, with the initial objective of studying the intracellular processes in hepatocytes. It was the first major research initiative in the field of systems biology to be brought into being by the German Federal Ministry of Education and Research. With respect to the complexity of the processes taking place in liver cells, only methods of systems biology allow the creation of an overall picture of the dynamic interplay of the diverse components of individual cells or of the organ as a whole. In order to meet this demanding goal, systems biology uses an iterative process to link quantitative methods from molecular biology with knowledge from mathematics, physics, and information technology and systems sciences. Four different networks are dedicated to the regeneration of liver cells, the processes involved in endocytosis, detoxification and iron metabolism. The networks are supported by two platforms, cell biology and modeling, which develop fundamental tools and make them available to the consortium. Today, more than 40 teams throughout Germany are active in the various areas of HepatoSys. They are working towards understanding the liver and its individual cells in vivo, in vitro and in silico -  e.g.. in the living organism, in the test tube and in the computer -  enabling critical advances to be made in the comprehension of liver function. Such knowledge is an important cornerstone for future successes in medicine and the pharmaceutical industry.
3. Experimental Characterization and Modeling of Microtubule Rearrangements in Neurite Formation

Leif Dehmelt

Technische Universität Dortmund and Max-Planck-Institut für Molekulare Physiologie Dortmund, Otto-Hahn-Str. 6, D-44227 Dortmund, Germany

During development, neurons form an elaborate, branching system of protrusions. Precise control over their formation is essential for normal brain development and higher brain function. Even subtle defects can lead to neuronal degeneration, dementias or psychosis. Current treatments for such disorders are based on fragmented and incomplete information about the underlying cellular processes. In order to improve current treatments, a better, more complete understanding is required. Surprisingly little mechanistic detail is known about the very first event in neuronal development: neurite initiation. Our lab is focusing on the regulation of two major cytoskeletal components during this process: actin and microtubules 
 ADDIN EN.CITE 

(Dehmelt and Halpain, 2004; Dehmelt et al., 2003)
. During neurite initiation, these components interact with each other and with their regulators in a complex manner both via biochemical and mechanical means. In particular, the overall cellular arrangement of microtubules emerges in a self-organizing process through the interplay of force transducing molecular motors and regulators of dynamic microtubule growth (Dehmelt et al., 2006). To gain insight into this complex, dynamic system, we first conducted a siRNA-based high-content screen to identify system components. We then evaluated the roles of key candidates in the overall system behavior by live-cell imaging. We implement these observations into a computational model, which is based on known principles to simulate the physical basis of microtubule organization (Nedelec, 2002). By combining detailed experimental observations in living cells with computationally assisted feature extraction and in silico simulations of this complex system, we aim to gain a better understanding of the underlying mechanisms, which lead to the emergence of neurite structures during the development of the brain.
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4. 
Crosstalk of IL-6 and GM-CSF Signaling Pathways in HaCaT A5 Benign Tumor Keratinocytes

Sofia Depner, Andreas Sommer, Oliver Hauk, Alexander Schimming, Marco Nici, Mario Mommer, and Margareta Mueller

Tumor and Microenvironment, German Cancer Research Center, Im Neuenheimer Feld 280, D-69120 Heidelberg, Germany

IL-6 promotes tumor progression from a benign to a malignant invasive tumor phenotype in the HaCaT model for human SCCs by stimulating proliferation and migration of the benign HaCaT keratinocyte tumor cells and by inducing a progression promoting growth factor network in these cells. This network includes the up regulation of IL-8, GM-CSF and VEGF that in turn influence tumor cells proliferation, migration and angiogenesis. Interestingly IL-6 and GM-CSF signal transduction are closely connected in the tumor keratinocytes. Stimulation of tumor cells with IL-6 with simultaneous blockade of GM-CSF (and visa versa) significantly inhibits proliferation of tumor cells as compared to stimulation without blockade. Quantitative and time resolved analysis of the interactions between IL-6 and the IL-6 induced growth factor GM-CSF at the level of signaling transduction revelaed that blockade of GM-CSF in tumour keratinocytes led to alterations of the IL-6 induced STAT1 and 3 activation kinetics. To elucidate the mechanisms of this interaction we are established a mathematical model using modern parameter estimation and model discrimination techniques.
5. Data Management for Systems Biology

Chris Lawerenz, Jürgen Eils, and Roland Eils1,2
1iBIOS - Theoretical Bioinformatics, German Cancer Research Center, Im Neuenheimer Feld 580, D-69120 Heidelberg, Germany

2Institute for Pharmacy and Molecular Biotechnology, University of Heidelberg, Im Neuenheimer Feld 364, D-69120 Heidelberg, Germany

The ultimate goal of researchers in the interdisciplinary field of systems biology is to solve biological problems at the level of an entire system. Achieving this goal requires supporting the efforts of both experimental biologists as well as computational modelers. The phases of planning, actual experimentation and data analysis as well as model development, testing and validation should all be supported by an integrative data management.

The issue of data management using one comprehensive database solution will be discussed. Integrative data management by combining several standardized solution in each field of systems biology and combine them in an integrative way is one possibility.

Our in-house iCHIP database (http://www.ichip.de) was originally developed to operate as a gene expression database. Given the rapid development of new technologies in molecular biology, the amount and heterogeneity of available data has increased dramatically. The functionality of iCHIP has therefore been extended to include proteomics, matrix-CGH and microscopy images. A comprehensive user and project management is implemented, which allows user-dependent rights for reading and writing of specific data and several application areas. In particular the public user can be defined with very restrictive access to data and masks. Furthermore, standardized exchange formats have been included and standardized interfaces for communication with third party products implemented.

This general accessibility, the broad functionality and technological enhancements of iCHIP are the facts which channel the iCHIP extension towards systems biology.
6. Model-based Study of Life and Death Pathways diverging from the CD95 Death Receptor
Roland Eils

Institute for Pharmacy and Molecular Biotechnology, University of Heidelberg, Im Neuenheimer Feld 364, D-69120 Heidelberg, Germany

iBIOS – Theoretical Bioinformatics, German Cancer Research Center, Im Neuenheimer Feld 280, D-69120 Heidelberg, Germany

It is an unresolved dilemma in cellular signaling that triggering of the death receptor CD95 (Fas/APO-1) in some situations results in cell death and in others leads to the activation of NF-(B resulting in cell proliferation. We established an integrated kinetic mathematical model of CD95-mediated life and death signaling. Systematic model reduction resulted in a surprisingly simple model well approximating experimentally observed dynamics. The model postulates a novel link between c-FLIPL cleavage in the Death-Inducing Signaling Complex (DISC) and the NF-(B pathway. We validated experimentally that CD95 stimulation resulted in binding of p43-FLIP to the IKK complex followed by its activation. Furthermore, we showed that the apoptotic and NF-(B pathways diverge already at the DISC. Model and experimental analysis of DISC formation showed that a subtle balance of c-FLIPL and procaspase-8 determines life/death decisions in a non-linear way.
7. Markov chain Monte Carlo fitting of single-channel data from an intracellular ion channel
Elan Gin and Thomas Höfer
Research Group Modeling of Biological Systems, German Cancer Research Center and BioQuant Center, Im Neuenheimer Feld 267, D-69120 Heidelberg, Germany

The inositol trisphosphate receptor plays an important role in controlling the dynamics of intracellular calcium.  Single-channel patch-clamp recordings are a typical way to study these receptors as well as other ion channels.
Because of its location in the endoplasmic reticulum, early single-channel measurements of the inositol trisphosphate receptor were performed in lipid bilayers, and thus suffered from the disadvantage that the receptor was not in its native environment. New methods now make it possible to measure the single-channel activity of the receptor in an environment more similar to its natural one, making any analysis of the data, presumably, more accurate.

Methods for analyzing and using this type of data to construct mathematical models have been well developed.  Because of the stochastic nature of the channel, Markov models are a natural modeling approach.  Given a particular model, the usual method of parameter fitting is based on maximum-likelihood techniques.  However, Bayesian inference and Markov chain Monte Carlo techniques are becoming more popular.  These methods allow the fitting of the raw data without prior filtering, allowing a more accurate use of the data.

Coupled with the data obtained using recent experimental techniques, we use a parameter estimation method based on Markov chain Monte Carlo to fit a Markov model of the inositol trisphosphate receptor directly to the noisy single-channel recordings.   We determine the most complex Markov model that can be unambiguously determined  from this single-channel data.
8. Systems Biology Approaches to Crop Plant Metabolism

Christian Krach and Björn Junker
Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Corrensstr. 3, D-06466 Gatersleben, Germany

Plant products are the major source of food and feed. Furthermore, they constitute a major source for industrial raw materials for the production of chemicals and fuels. Understanding the control and dynamics of metabolism plays an important role in rational engineering of plant products. Research objects are members of the legume family, e.g. the crop plant pea (Pisum sativum) and the model plant barrel medic (Medicago truncatula), and furthermore barley (Hordeum vulgare) representing monocotyledons. In these systems, different issues in primary metabolism are addressed, with a strong focus on processes during the storage product accumulation phase in seeds. We are applying different systems biology approaches to plant metabolism: Theoretical methods such as kinetic modeling of parts of plant metabolism, including parameter estimation and metabolic control analysis, as well as stoichiometric modeling of the entire central metabolism for the investigation of structural network properties and flux balance analysis. The bases for these models are experiments, in which metabolite concentrations (by UPLC and GCMS) and enzyme activities (by robotized cycling assays) are measured. This data is then used to estimate missing parameters in the kinetic models. Another systems biology technique that is applied to investigate plant metabolism is steady-state 13C metabolic flux analysis, in which labeling data from a plant cultivation with stable isotopes is compared to simulated data from this experiments, in a way that intracellular fluxes with a very high resolution can be inferred. Taken together, these techniques allow a much more fine-grained view and understanding of crop plant metabolism.
9. Modeling Virus-Host Interactions based on High-Throughput Data

Lars Kaderali

ViroQuant Junior Research Group Modeling, BioQuant BQ26, Heidelberg University, Im Neuenheimer Feld 267, D-69120 Heidelberg, Germany

Viruses depend on a host for most steps of their lifecycle, including their replication and spread. It is thus not surprising that they have developed complex interactions with the host machinery during their evolution. A more profound understanding of these interactions holds tremendous potential for the design of antiviral drugs. Targeting (non-vital) host factors instead of viral proteins will make it much tougher for the virus to develop resistance to a drug, since it would have to replace the entire host process. However, the development of such anti-viral drugs requires a systems-level understanding of the virus-host interactions, and will not be possible without mathematical modeling and computational analysis.

To elucidate virus-host interactions experimentally, RNA interference (RNAi) is a most suitable tool. RNAi allows targeted knockdowns of host genes in living cells. In an infection assay with systematic and comprehensive knockdowns of host-genes, RNAi enables the identification of hitherto unknown host factors required by the virus. We illustrate this on an siRNA screen for host factors involved in Hepatitis C virus replication (HCV) in a human hepatoma cell line. We show how resulting data can be used to reconstruct host signaling pathways involved in anti-viral response in a systems approach, using data-driven machine learning. We present a novel approach for the reconstruction of virus induced signal transduction networks from RNAi data, using probabilistic Boolean threshold networks. This approach computes probabilities over models and model parameters, and is thus most suitable in an iterative procedure between experiment, network reconstruction and further experiment design. As an illustrative example, we show results on the Jak-Stat signal transduction pathway, a central pathway of the innate immune response.

We conclude our talk by discussing the integration of network reconstruction using machine learning and direct forward modeling of viral replication using differential equations. We show first results on HCV replication, and discuss methods and data required for an integration of forward and inverse modeling. We believe this to be one of the major challenges facing Systems Biology today, and will conclude with an outlook on our ongoing work on this topic.
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10. From Systems to Synthetic Biology: Streamlining and Reprogramming Bacterial Catalysts

Vitor Martins dos Santos

Systems and Synthetic Biology Research Group, Helmholtz Center for Infection Research, Braunschweig, Germany

The pursuit of Synthetic Biology is both the design and fabrication of biological components and systems that do not exist in the natural world as well as the re-design and fabrication of already existing biological systems. I will provide a short overview on the current scope of Synthetic Biology for Industrial Biotechnology, on its challenges and perspectives, and will illustrate these through cases studies. Specifically, and as an illustration, I will present a transnational project on Synthetic Biology that aims at constructing a functioning, streamlined bacterial cell devoid of most of its genome and endowed with a series of highly coordinated, newly assembled genetic circuits for the biotransformation of a range of chloroaromatics into high added value compounds and that include circuits for synchronized behavior, noise minimization and low-temperature bio-catalysis. By achieving such constructs as a proof-of-principle, we aimed at establishing a solid, rational framework for the streamlining and engineering of cells performing effectively and efficiently specific functions of biotechnological and medical interest. The added value comes from obtaining a streamlined bacterial factory, devoid of unnecessary gene complements and undesired cross-talk (and in which the internal wiring is well characterized), thereby enabling a higher degree of control and hence re-programming, by plugging-and-playing at will.

11. FORSYS-Research Units for Systems Biology

Klaus-Peter Michel and Roland Eils

Geschäftsstelle FORSYS – Prof. Dr. Roland Eils, German Cancer Research Center, Abt. B080 iBIOS, Im Neuenheimer Feld 580, D-69120 Heidelberg, Germany

Systems biology emerged as an independent field during the late nineties in the U.S., in Europe and in Japan. The term ‘systems biology’ describes the study of biological systems at a so called systems level. Although this approach is not an entirely new concept in life sciences, it has regained strong interest, since many scientists have realized that an organism may represent more than the sum of its parts. Another major reason for the rapid emergence of systems biology is that the opportunities and research tools for scientists have tremendously developed within the last years to reach a novel and by far more powerful level than ever before.

To be at the international forefront of systems biology research, the German Federal Ministry of Education and Research (BMBF) initiated an orchestrated program on systems biology in 2001. This program was to fund medium to long-term research initiatives. In 2006, the BMBF continued its policy and initiated ‘FORSYS – Research Units for Systems Biology’, an initiative being embedded in the national BMBF support program ‘Biotechnology - Taking and Shaping Opportunities’

As a result of the FORSYS call, four FORSYS Centers located in Freiburg, Heidelberg, Magdeburg, and Potsdam, received financial support of € 45 millions from the BMBF. The funding period has started on January 1st, 2007 and will last till December 31st, 2011.

The BMBF defined FORSYS’s major objective in the development of interdisciplinary and work-sharing research units at German universities, non-profit research institutions, and private companies that will have a high impact on systems biology research in Germany. Since 2007, the FORSYS Centers have contributed to a fast growing and increasingly successful systems biology research community in Germany. The FORSYS initiative accounts for already existing research activities of the participating institutions on the local, regional, national, and international level. Existing personnel and equipment have been integrated into FORSYS to accomplish a maximum of synergy. In order to achieve the BMBF’s explicit demand for sustainability of systems biology research, FORSYS will attain support by contributions of local and state facilities enabling a switch from a federal to a regional/local/institutional sponsorship once the five year funding period comes to an end. Concomitantly, industrial companies have joined FORSYS and contribute to a sophisticated system biology research in Germany.

Besides the development of systems biology research units, FORSYS has boosted teaching activities in the FORSYS Centers. The importance of this goal is reflected by the fact that all FORSYS Centers have set up novel systems biology educational programs for master and bachelor students in the life sciences. Moreover, dedicated PhD programs have been established. These activities strongly account for BMBF’s support of selected teaching and student exchange programs.

Since the FORSYS activities are restricted to the four FORSYS centers and their neighboring non-profit research institutions, the BMBF reinforced its support of German systems biology by establishing the FORSYS Partner initiative in 2007/8.

The FORSYS Partner initiative is designed to complement FORSYS in highly required and recommended areas and scientific topics. This is achieved by integrating knowhow and technologies from outside into the research activities of the FORSYS centers. Besides the participation of research groups from German universities and non-profit research institutions, FORSYS Partner explicitly requested participation of industrial partners.

In particular, the FORSYS Partner initiative aims at an accelerated distribution of systems biology knowhow in the scientific community by establishing a tight link between established FORSYS centers and decentralized partner projects overall Germany. This is also reflected by the fact that representatives of FORSYS and FORSYS Partner work together in a single project committee to make joint decisions. A further focus of FORSYS Partner lies in the transfer of research and development results into industrial applications.

As a result of the FORSYS Partner call, the BMBF started funding of 10 FORSYS Partner Cooperation Projects and 12 FORSYS Young Investigator’s groups at different locations in Germany on January 1st, 2008. Funding of the projects lasts for 3 and 5 years for partner projects and young investigator groups, respectively with a total amount of funding of € 35 millions.

Through its extensive funding of young investigator groups FORSYS Partner strongly supports young scientists to start a career in the field of systems biology and to conduct their own systems biology research. The FORSYS partner groups contribute to a rapid dissemination of systems biology knowhow from the already established FORSYS centers, while in turn the FORSYS centers strongly benefit from the complementary knowhow and technologies contributed by the partner groups.
12. Unraveling Gene Regulatory Networks in Plant Systems

Müller-Röber B1, Arvidsson S1, Caldana C2, Corrêa LGG1, Riaño-Pachón DM2, Winck FV1, Balazadeh S1
1University of Potsdam, Karl-Liebknecht-Str. 24-25, Haus 20, D-14476 Potsdam, Germany, 2Max Planck Institute for Molecular Plant Physiology, Am Mühlenberg 1, D-14476 Potsdam, Germany

Transcription factors (TFs) are regulatory proteins that turn on and off the activity of the genes they control (target genes), by binding to short DNA elements (cis-regulatory elements; CREs) in their promoter sequences, constituting important components of gene regulatory networks (GRNs). TFs play important roles in almost all biological processes and thus it is perhaps not surprising that a large percentage of the genome encodes for these regulatory proteins. Our lab studies the function of TFs that control GRNs during development and biomass accumulation of photosynthetic organisms, including higher plants and photosynthetic micro-algae. Due to rapid progress in sequencing technologies, more and more genome sequences are rapidly becoming assessable providing an excellent resource for the analysis the evolutionary and functional relationships of transcriptional regulators across species. To speed up the discovery of TF genes we have established a bio-computational pipeline and established the Plant Transcription Factor Database (http://plntfdb.bio.uni-potsdam.de), which includes TF genes from micro-algae to higher plants. We use multi-parallel quantitative real-time polymerase chain reaction (qRT-PCR) to identify TFs that are functionally important for leaf development, control responses to changes in light and nutrient availability in the alga Chlamydomonas reinhardtii, and affect abiotic stress tolerance in Arabidopsis and crops. The available qRT-PCR platforms allow the facile expression analyses of ~2.000 TF genes in both rice and Arabidopsis, and the known set of ~240 transcriptional regulatory genes in Chlamydomonas. To assist in the development of further qPCR platforms, we have established QuantPrime, a user-friendly, fully automated tool for primer pair design (available at www.quantprime.de). 

Our experimental work currently focuses on the functional analysis of TFs of the so-called NAC family, which regulate various important processes in higher plants, including the tolerance to abiotic stress and organ aging. Data will be presented to highlight some recent discoveries made with respect to the gene regulatory networks governed by NAC TFs. I will also present data showing that one previously uncharacterized TF controls cellular hydrogen peroxide (H2O2) homeostasis. H2O2 is an important signaling molecule that affects developmental processes in plants but also accumulates under conditions of abiotic stress. Thus controlling H2O2 homeostasis is of prime importance to balance developmental processes versus appropriate responses to environmental stress.

Funding for the above mentioned work is provided by the DFG (FOR 948), BMBF (GoFORSYS), and the EU (VaTEP).
13. Systems Theory of Cell Death Signaling for Cancer Therapy

Steffen Waldherr1, Klaus Pfizenmaier2, and Frank Allgöwer1
1Institute for Systems Theory and Automatic Control, Pfaffenwaldring 9, Stuttgart, University, 70550 Stuttgart and Stuttgart
Center Systems Biology (CSB) Stuttgart, Germany

2Institute of Cell Biology and Immunology, Allmandring 31, University of Stuttgart, D-70569 Stuttgart, Germany

The physiological reason for pathways of programmed cell death is the removal of unneeded or malfunctioning cells. It is thus not surprising that these pathways are frequently mis-regulated in tumor cells. Also, targeted activation of programmed cell death in tumor cells is an efficient approach to cancer therapy. For these reasons, a systems biology study of cell death pathways promises significant advances in understanding tumor causes and optimizing cancer treatments.

This talk builds upon mathematical models of cell death signaling pathways that have been developed in our group. They describe the interaction dynamics of the major players in programmed cell death, such as death receptors and caspases. Thereby, the activation of programmed cell death is modeled as the triggering of a biochemical switch based on a positive feedback loop in the caspase cascade.

The first issue we address is that the dynamical properties of switching the pathway on are subject to variability in reaction kinetics. In order to study these effects, we developed methods for robustness analysis in biochemical networks. Specifically, we show how so called kinetic perturbations allow pinpointing fragile interactions in the signaling network, i.e. interactions where a small perturbation can have significant effects on the overall system dynamics. From the application to the cell death signaling model, we obtain information about the most relevant network interactions for the cell fate decision.

While single-cell models are valuable for investigating the intracellular mechanisms in cell death signaling, they are not sufficient to understand tumor dynamics on a cell population scale. To address this issue, we propose a framework which allows to capture cell-cell heterogeneity in intracellular signaling pathways. Using specifically developed parameter estimation methods, heterogeneity observed in experimental outputs can be traced back to underlying heterogeneity in protein concentrations and reaction parameters. By applying this framework to the cell death signaling network, we find that heterogeneity in the concentrations of a number of key proteins can explain the experimentally observed heterogeneity in cell death dynamics upon death receptor stimulation.
14. Unbiased Population-level Quantification of Mitochondrial Morphological Dynamics During Apoptosis

Yara Reis, Daniela Richter, Anne-Hamacher-Brady, Roland Eils, and Nathan Brady

iBIOS – Theoretical Bioinformatics, German Cancer Research Center, BioQuant, Im Neuenheimer Feld 267, D-69120 Heidelberg, Germany

Objectives -Mitochondria not only house the respiratory chain and provide cellular energy but are also the site of essential biosynthetic pathways. These organelles are not seen as static entities anymore, but as dynamic networks of filamentous structures that continuously move, divide, and fuse. Given the multitude of functions, it does not surprise that mitochondrial dysfunction has severe cellular consequences, and is linked to ageing, metabolic syndromes and neurological disorders in human. One of the difficulties in the study of mitochondria role has been our limited understanding of mitochondrial dynamics under stress conditions, in part due to the lack of an unbiased, population-wide analysis of mitochondria morphology.

Methods- In this work, we have developed a workflow to quantitatively assess mitochondrial dynamics, by high-resolution imaging of mitochondria labeled at both inner and outer membranes by fluorescent proteins, and subsequent automated image segmentation and analysis, and supervised classification of large image datasets.

This approach overcomes the limitations in manual interpretation, in terms of objectivity and statistical relevance. Furthermore, the response within a population of cells is not singular and allows us to address the distribution of three main mitochondrial morphological phenotypes of a single cell as among a whole cell population: networked, fragmented and swollen.

Results- This method was established using training and validation sets of untreated control cells (networked), and cells treated with CCCP (swollen) and ceramide (fragmented).   The resulting mathematical model was applied to an imaging screen of varied pro-apoptotic compounds, revealing significant differences in mitochondrial morphological responses.

Conclusions- Unbiased, automated detection and classification of mitochondrial morphological dynamics, at the population level, represents a critical advance for studies aimed at elucidating the roles of mitochondrial morphology during programmed cell death.
15. Functional Genomic Variation in Photosynthesis and Starch Metabolism Genes in Arabidopsis and Chlamydomonas

Ralph Tiedemann and Sandra Schwarte

Unit of Evolutionary Biology, Institute of Biochemistry and Biology, University of Potsdam, Karl-Liebknecht-Strasse 24-25 (Haus 26), D-14476 Potsdam, Germany

We analyze genomic variation in all RubisCO genes as well as genes of the starch metabolism in different ecotypes/lineages of Arabidopsis thaliana and Chlamydomonas reinhardtii. For expressed variation, we check for disruptive selection among lineages as well as we analyze – in cooperation with project partners of GoFORSYS – proximate implications, i.e., gene expression, enzyme function, and phenotype. Interestingly, we found a gene duplication/loss event among the small subunits of RubisCO, where rbcS-1b was lost and substituted by a duplicated rbcS-2b in 8 accessions of Arabidopsis. We also detected expressed genetic variation in several genes involved in starch synthesis. Our novel data on genomic variation in these model species are compared to expression levels as well as to data on enzymatic activity of the respective ecotypes/lineages. The ultimate goal of our analyses is to put the properties of the focus strains/accessions intensively investigated in the GoFORSYS systems biology initiative into perspective of the functional genomic variation occurring in closely related strains and ecotypes.
16. Identification, Characterization and Modulation of Activation-induced Cell Fate Decisions in Lymphocytes

Ria Baumgraß

Group for Signal Transduction, Deutsches Rheuma-Forschungszentrum Berlin DRFZ, A Leibniz Institute, Charitéplatz 1, D-10117 Berlin, Germany

Immunological memory is a key feature of the adaptive immune system, and T helper lymphocytes control the generation and quality of memory. We are focusing on understanding the activation and differentiation of T helper lymphocytes, from the molecular to the systemic level.
In this context we are investigating T cell receptor signal transduction and its translation into cell fate decisions of T lymphocytes. In particular, we concentrate on the role of calcineurin and NFAT, digital decision making, NFAT-related transcription factor networks, and the resulting systemic modulations.
So far, we have shown, that calcineurin/NFAT translates quantitative differences of T cell receptor stimulation into digital transcriptional decisions. One such decision of systemic relevance, which we have deciphered, is the binary expression of interleukin-2 per cell, controlling the intensity of immune reactions. Another one the expression of the transcriptional repressor TGIF controlling the differentiation of activated naïve T cells into regulatory T cells via regulation of FoxP3 expression.
From our basic results, new therapeutic strategies for the treatment of immune-mediated diseases have been derived, based on graded inhibition of T cell receptor signaling. An initial study has already shown the efficacy for atopic dermatitis. In collaboration with clinical partners, we will continue to translate this therapeutic concept into treatment for other diseases.
17. Towards Systems Biology of Single Bacteria and Complex Microbial Communities
Peer Bork

European Molecular Biology Laboratory (EMBL), Meyerhofstr. 1, D-69117 Heidelberg, Germany

Environmental sequencing is uncovering genomic parts lists of various microbial communities, but our understanding of their functioning remains limited. I will briefly introduce in some analysis concepts that aim at the delineation of community parameters beyond the cataloguing of genes. I will illustrate, using the human gut as example with increasing data coverage (Qin et al, Nature 2010), that it will soon be possible to derive microbial markers for diseases or as environmental indicators. As in the near future single cell sequencing will enable the study of the species of a community one by one, I will also introduce into a pilot study of one of the smallest free-living bacteria, Mycoplasma pneumoniae, in which data on transcriptome, metabolome and proteome organization are being systematically and consistently generated and integrated (Kuehner et al, Science 2009; Yus et al, Science 2009; Guell et al., Science 2009).
18. Holistic Multi Scale Modeling of Targeted Protein Therapeutics

Matthias Reuss

Center for Systems Biology CSB, University of Stuttgart, Allmandring 31, D-70569 Stuttgart, Germany

Modern, targeted protein therapeutics, such as recombinant antibodies targeting tumor antigens or multifunctional cytokines targeting death receptors hold great promise to advance treatment of presently incurable diseases, cancer in particular. In addition, through genetic engineering as well as methods of chemistry and material sciences, the generation of novel, multifunctional reagents combining features of these natural defense molecules will open up new avenues of targeted therapies in oncology. The clinical efficacy of such engineered reagents will depend on the optimum combination of their properties at distinct time-space-levels to achieve maximum on-target and minimum off-target activity. The three major levels here to be considered are the
i) 
Distribution and pharmacokinetics within the whole organism 

ii) 
Distribution and enrichment of the drug in the tumor via targeting strategies

iii) Binding to and activation of their respective target molecules and intracellular signaling pathways, leading to e.g. apoptosis of the target cell. 

Aspects of this complex system have been intensively investigated, with qualitative assays prevailing in the past, but quantitative methods and mathematical models gaining increasing importance. For example, a wealth of pharmacokinetic data on therapeutic antibodies exists and initial models focusing on aspects of tumor growth are available. However, the clinical assessment of therapeutic activity so far is, by and large, an educated guess and trial and error procedure oriented at patho/physiological phenomena such as minimum biological response and maximum tolerated dose. No holistic model exists capable to describe the whole system including the three levels outlined above and suitable to aid clinical studies by predicting parameters of therapeutics application critical for determination of tumor response. The establishment of such an integrative, holistic mathematical model of tumor therapy with predictive power appears particularly attractive and helpful for clinical evaluation of all biological/immune therapy concepts because of the complex bioactivities potentially affecting the whole organism. A predictive mathematical model suitable to guide cancer therapeutic strategies is the ultimate goal of the planned project, with the work of the current research period laying the ground for a core model on which to build on in subsequent studies. As an experimental tumor system for data acquisition and model validation, we study the whole body distribution and antitumoral action of new, specifically designed variants of the proapoptotic TNF related apoptosis inducing ligand (TRAIL) based fusion proteins with tumor targeted activity in murine xenotransplanted lung carcinoma and in ex vivo models of human lung cancer. We will report on progress in the development and function of the new targeted TRAIL variants and the state of art of the mathematical submodels.

19. Modeling the Spatial-Temporal Distribution of Therapeutics in Tumors Discrete Approach

Holger Perfahl and Matthias Reuss
Institute for Biochemical Engineering and Center Systems Biology, University of Stuttgart, Allmandring 31, 70569 Stuttgart, Germany
The distribution of drugs in tumours is studied in a multiscale modelling framework. On the molecular scale we analyse the random walk of drug molecules through subsystems of the vascular network, from which molecules extravasate into the tissue, diffuse in the interstitial space, bind to receptors on the tumour cell’s surfaces and finally induce apoptosis. Knowledge gained on the molecular scale, like diffusion coefficients and reaction rates, is then incorporated in a multiscale model for vascular tumour growth and angiogenesis. This model combines blood ﬂow, angiogenesis, vascular remodelling, interactions between normal and tumour cells and diffusive nutrient / VEGF transport as well as cell-cycle dynamics within each cell. A key-point for drug delivery is the structure of the vascular system that differs significantly in tumours compared to normal tissue. We follow two different strategies to reproduce vascular structures in silico. The first one is poorly virtual, therein we start with a few straight initial vessels and then simulate angiogenesis that is induced by hypoxic normal or quiescent tumour cells. The resulting network ensures that the tissue segment under consideration is adequately nourished by oxygen. As a second approach we follow a hybrid strategy in which the initial vascular structure is based on a real network obtained from scanning electron microscopy from a rat brain which is then completed by simulating angiogenesis.
20. The Aryl Hydrocarbon Receptor (AHR) Signaling Pathway

Irina Lehmann

Helmholtz Centre for Environmental Research – UFZ, Leipzig, Germany

Whether living cells are able to sufficiently adjust to their environment depends on initial interactions between environmental stressors and cellular structures and the resulting cellular response. The systems biology network “From Contaminant Molecules to Cellular Response: System Quantification and Predictive Model Development” aims at understanding cellular responses to chemical stressors with a systems perspective, which involves intra-cellular transport of the chemical, reaction with sub-cellular target sites and the cell’s response at the transcriptional and post-transcriptional level. In this network we focus on the AhR signaling pathway, a central route for the toxic effects of many organic chemicals including polycyclic aromatic hydrocarbon (PAHs), dioxins, furans and biphenyls. We selected the polycyclic aromatic hydrocarbon, benzo(a)pyrene (BaP), as the model chemical to initiate this research. The uptake and subcellular partitioning of BaP as well as BaP interaction with AhR signaling pathway and resulting changes on genome and proteome level are under investigation. Results obtained from this network will help to unravel the AhR regulatory cascade and to predict the effects mediated via this pathway in a gene- and concentration-dependent manner.

21. Quantitative Protein Mass Spectrometry in Systems Biology of Signaling in Cancer

Uwe Warnken1, Inna Lavrik 2, Nicolai Fricker 2 and Martina Schnölzer1

1Functional Proteome Analysis, DKFZ; 2Dept. Immungenetik, DKFZ, Im Neuenheimer Feld 280, D-69120 Heidelberg, Germany

Quantification platform for SBCancer

Functional Proteome Analysis of the German Cancer Research Center provides the network on "Systems Biology of Signalling in Cancer” (SBCancer) with a robust platform for mass spectrometry based high throughput protein identifications as well as relative protein quantifications with SILAC (stable isotope labeling by amino acids in cell culture), ICPL (isotope coded protein label) and absolute protein quantification (AQUA) techniques with stable isotope labeled peptide standards. 

Identification of new molecules in CD95 signaling 

By fully utilizing the nanoUPLC-LTQ-Orbitrap sensitivity we have identified a number of "new" molecules associated with CD95-mediated death complex and NF-κB signaling pathway in a differential proteomics approach comparing CD95 ligand stimulated SKW6.4 and unstimulated cells. 50 proteins were identified in the CD95 DISC-complex. Among these are the apoptotic cysteine proteases Mch5 and proMch4, proubiquitin, ubiquitin specific protease 14 and SUMO1 activating enzyme subunit 1. Other identified proteins might lead to the induction of NF-κB and are being functionally tested.

Understanding caspase-8 activation at the CD95 DISC in a quantitative way

Despite many research activities related to apoptosis and the CD95 DISC, the exact composition of the CD95 DISC remains unidentified. We currently optimize mass spectrometry absolute quantification strategies for the major molecules involved in CD95 signaling using nanoUPLC-Orbitrap AQUA approaches. Applying targeted proteomics mass spectrometry techniques we successfully detected CD95, caspase-8, c-FLIP and FADD of the DISC complex in CD95 ligand stimulated SKW6.4 cells. Quantification of the DISC proteins is currently under way, first quantitative results of caspase-8 and c-FLIP in the CD95 DISC are presented here.
22. Aspects of Modeling Antibody Affinity Maturation During Humoral Immune Responses

Michal Or- Guil

Central to the humoral immune response is the micro-evolutionary process of B cell affinity maturation that leads to the generation of high affinity antibodies. During affinity maturation, B cells undergo rapid proliferation, somatic hyper-mutation, and selection of cells bearing high-affinity B cell receptors. Since long, mathematical models have been used as a tool to interpret experimental observations, aiming at unveiling mechanistic details of this evolutionary process. We give a short introduction to the aspects of B cell biology and antibody affinity maturation, to then review successes and limits of mathematical modeling. We discuss some of the challenges posed on modeling and on the generation of experimental data that need to be overcome to unveil the protein evolution aspects of affinity maturation.
23. Pou5f1-Oct4-dependent Transcriptional Networks in Temporal Control of Development
Daria Ornichtchouk and Wolfgang Driever
Developmental Biology Unit, Department of Biology I, University of Freiburg, Hauptstrasse 1, D-79104 Freiburg, Germany
The transcription factor POU5f1/OCT4 controls pluripotency in mammalian ES cells, but little is known about its functions in the early embryo. We used time-resolved transcriptome analysis of zebrafish pou5f1 MZspg mutant embryos to identify genes regulated by Pou5f1. Comparison to mammalian systems defines evolutionary conserved Pou5f1 targets. Time-series data reveal many Pou5f1 targets with delayed or advanced onset of expression. We identify two Pou5f1-dependent mechanisms controlling developmental timing. First, several Pou5f1 targets are transcriptional repressors, mediating repression of differentiation genes in distinct embryonic compartments. We analyze her3 gene regulation as example for a repressor in the neural anlagen. Second, the dynamics of SoxB1 group gene expression and Pou5f1-dependent regulation of her3 and foxD3 uncovers differential requirements for SoxB1 activity to control temporal dynamics of activation, and spatial distribution of targets in the embryo. We establish a mathematical model of the early Pou5f1 and SoxB1 gene network to demonstrate regulatory characteristics important for developmental timing. The temporospatial structure of the zebrafish Pou5f1 target networks may explain aspects of the evolution of the mammalian stem cell networks.

24. Isotope-coded Protein Labeling (ICPL),and Multiple Reaction Monitoring (MRM) as Tools to Quantify Biochemical Pathways

Thomas M. Halder

TOPLAB GmbH, Fraunhoferstr. 18A, D-82152 Martinsried, Germany

Systems Biology requires reliable quantitative proteomics data for the design and the calculation of models for specific biochemical pathways. There are two different strategies to gain these kinds of data: a holistic or a targeted approach. In proteomics experiments a biological system is disturbed ideally by changing only one single parameter, e.g. by treatment of cells with a drug compared to the same cells untreated. In a non-targeted, holistic approach all accessible proteins are detected and quantified, in a targeted approach only selected enzymes are observed and quantified. Here, we describe a holistic approach by using ICPL labeling to compare renal cells and renal carcinoma cells from the same kidney gained by laser capture microdissection, as well as a targeted approach using MRM to monitor kinase activities from multiple signaling pathways after mitogen stimulation. In the non-targeted approach glycolysis enzymes were found to be significantly upregulated, whereas enzymes of the oxidative phosphorylation pathway were highly downregulated which is in accordance with the so-called ,Warburg effect’ predicting a damaged respiration and an excessive fermentation in many cancer cell types. Some enzymes were found in different forms of posttranslational modifications, e.g. acetylations, which were regulated differently.
25. HepatoNet: A Metabolic Network of the Human Hepatocyte to Simulate Liver Functions and its Application
Andreas Hoppe

Computational Systems Biochemistry Group Institute for Biochemistry, Charité Universitätsmedizin Berlin, Germany

We present HepatoNet, the first comprehensive metabolic network model of a human cell, the hepatocyte, comprising 740 metabolites in six intracellular and two extracellular compartments and 2440 reactions, including 1435 transport reactions. It is based on the manual evaluation of more than 1200 original scientific research publications to warrant a high-quality evidence-based model.

The final ad-functionem network is the result of an iterative process of data compilation and rigorous testing of network consistency and functionality.

Constraint-based modeling has been applied to align the model’s functional properties with known physiological behavior of the human liver for a large canon of biochemical functions and physiological conditions. Taking the hepatic detoxification of ammonia as an example, we show how the availability of nutrients and oxygen may modulate the interplay of various metabolic pathways to allow an efficient response of the liver to perturbations of the homeostasis of blood compounds
26. Knowledge Management for Systems Biology in Translational Medicine

Dieter Maier
Biomax Informatics AG, Robert-Koch-Str. 2, 82152 Planegg, Germany

In life science research, knowledge generation relies on the collection, integration and analysis of a diverse set of relevant up-to-date information. These include unstructured information from the literature, specifically extracted information from over 1200 available public databases, experimental data from “-omics” platforms as well as high-content phenotype information and clinical data. Over the last 15 years a large number of methods and software tools have been developed to integrate aspects of biological knowledge such as signaling pathways or functional annotation with experimental data. However, it has proven extremely difficult to couple true semantic integration i.e. the mapping of objects and relationships with identical “meaning”, across all information types relevant in a life science project with a flexible and extendible data model, robustness against structural changes in services and data, transparent usage, low set-up and maintenance requirements and accessibility of legacy federated resources.
In order to address this challenge we deployed the existing generic BioXM knowledge management environment as central infrastructure for the EU BioBridge project. BioXM allows the dynamic, graphic generation of domain specific knowledge representation models based on specific objects and their relations supporting annotations and ontologies. Wizards automatically adapted to the created knowledge model allow to map data from external sources for use as federated resource or for import. The Java WebStart based client application implements visual browse and query interfaces used to traverse the knowledge network and construct complex queries and retrievals. Web-service and command line interfaces enable the integration of data analysis and presentation methods. A web-skin allows to provide user and usage specific simplified interfaces.

A chronic obstructive pulmonary disease (COPD) specific instance of the system has been set-up as part of the BioBridge project http://www.biobridge.eu/bio/. It allows users to mine COPD specific molecular networks, clinical and experimental data and provides pre-structured queries and reports to retrieve sub-networks spanning protein-protein interaction, pathway, gene - disease and gene - compound data for subsequent data analysis, model building and simulation. In the current version, the knowledge base semantically integrates more than 20 different databases and ontologies (genomes, pathways, compounds, interaction and expression) resulting in a total of over 3 Mio. connections within the knowledge network. This public information is used for the integrative analysis of project specific clinical data (e.g. questionnaires, anthropometric and physiologic) with experimental data (e.g. gene expression and metabolimcs) and subject specific literature derived molecular knowledge. BioXM is integrated into the larger BioBridge bioinformatic infrastructure. Analytical applications such as R-scripts were integrated transparently as native BioXM views or analyses. Modelling and simulation tools (e.g MathModellica, IsoDyn, ByoDyn), where integrated based on SBML and allow to generate and simulate deterministic models. To parameterise and constrain the models, these are combined with data analysis tools such as BANJO and ARACHNE which allow the generation of probabilistic networks from expression, metabolomic and proteomic data.

The BioBridge project proofed the feasibility of the developed concept at the level of clinical research and provided the collaborative environment for successful interaction of clinical, experimental and computational researchers.
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