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The Luxembourg Centre for Systems Biomedicine (LCSB) was created within the Health Technologies Initiative from 
the Government of Luxembourg as one of the research priorities of the University of Luxembourg. The LCSB is an 
Interdisciplinary Centre of the University, independent of the faculties. It combines experimental and computational 
approaches to analyse complex biological systems and disease processes.

The LCSB focuses on neurodegenerative diseases, particularly Parkinson’s disease (PD), with a parallel approach of 
investigating other chronic diseases for their common mechanisms with PD. Its strategy is based on an interdisciplinary 
integrated systems approach with central core competences in the area of functional genomics and genetics, 
metabolomics, imaging, bioinformatics and computational biology, thus combining experimental molecular and cellular 
neurobiology with computational approaches . Technological platforms and models on different scales, covering in silico, 
in vitro and in vivo models in addition to patients and family studies are the essential elements of the LCSB research 
strategy. Performing systems biomedicine on this multi-scale level is key to gain insight into human biology and disease.

The integration of the LCSB in both, the Luxembourg research landscape and the international systems biomedicine 
community are a driving force of LCSB. The LCSB is forming strategic partnerships to internationally outstanding research 
institutions in order to build up knowledge quickly and form a powerful research network. Among those partners are 
the Institute for Systems Biology (ISB) in Seattle, the Gladstone Institute in San Francisco, the California Institute of 
Technology in Pasadena, the University of California in San Diego (UCSD), the Systems Biology Institute (SBI) in Tokyo, 
the Helmholtz Zentrum München, Germany and EMBL in Europe. On the national level, LCSB created, together with the 
Integrated BioBank Luxembourg (IBBL) and the Centre de Recherche Publique de la Santé (CRP Santé), the Personalised 
Medicine Consortium (PMC). Within the PMC, they complement each other in the field of biomedicine from basic research 
to translational research into the clinic, creating an excellent basis to obtain competitiveness and critical mass in health 
care research. Ultimately, the LCSB will form a bridge between basic research and industry.

Overall, the aim of the LCSB is to become an important player in the field of systems biomedicine and give new insights 
into health and diseases through multidisciplinary systems approaches.

INTRODUCTION
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RESEARCH
Objectives 
LCSB sees itself as a basic research centre bridging discovery and clinical application. As such, the major focus is on 
the analysis of complex biological systems and disease processes. With the focus on systems biomedicine, the research 
strategy is based on the integration of three major elements: experiment, computation and technology. Major biomedical 
questions drive LCSB’s current and future research agenda. This strategy requires a highly interdisciplinary research 
environment with a strong collaboration of computer scientists, engineers, mathematicians, physicists, biologists and 
clinical scientists. The LCSB has also an important role to cross disciplines of different faculties within the University. It is 
LCSB’s guiding conviction that in the future the major challenges of society are based at the interface of disciplines and 
that their solution will require major skills of analysing complex systems. The long-term objective of the LCSB is therefore 
to develop into a centre of complex systems analysis by developing tools and getting insight into the general principles, 
which might apply also to other domains such as material sciences, social sciences and finance.

Vision
Understand the mechanisms of complex biological systems and disease processes

     Enable new ways to cure or prevent human diseases
Mission
     Carry out fundamental research in the field of systems biology and biomedicine 
     Analyse the mechanisms of disease pathogenesis, with a special focus on Parkinson’s disease 
     Identify and validate new targets for disease prevention and intervention 
     Develop new technology for biological systems analysis 
     Explore opportunities for the translation of knowledge from basic research into industrial application 

The first years of LCSB were characterised by the implementation of the research strategy as proposed by the founding 
director in 2009, by the recruitment of the principal investigators (PIs), the core scientific personal and support staff, 
the establishment of the first research infrastructure and the planning and move into the new building in Belval in 2011. 
Key collaborations were established within the Personalised Medicine Consortium (PMC) as well as with other regional 
research institutions and renowned international partners. After the first phase of “Building up”, the motto of the next 4 
years will be “Reaching Out”: Based on the achievements of the first phase, LCSB will expand the scope of its activities, 
thus reaching out both scientifically as well as locally in Luxembourg. Leading themes are the transfer from basic research 
towards actual applications for patients, the building of additional bridges across disciplines to connect to other faculties 
and centres in the university and to link to industry, creating spin-offs and valorise the research results.

Research strategy
As a completely new research centre without the background of a long-established university, a strategic decision was 
made to concentrate on quickly building up critical mass in bioinformatics, computational and systems biology and to 
focus its experimental work on Parkinson’s disease. LCSB does not try to compete in the area of technology development 
but rather tries to build up top expertise in the mathematical and computational modelling of disease processes. The 
following strategic approaches form the cornerstones and driving forces of LCSB’s research strategy, creating the basis 
for all research programmes at LCSB:

Multidisciplinarity
The challenges of competitive biomedical research are best met by cutting across 
disciplines. LCSB therefore promotes the integration of different technologies, 
models, disciplines and expertise spanning from mathematical theory to medical 
needs in the clinic. Establishing a broad interdisciplinary spectrum of expertise was 
an explicit goal when recruiting the research groups of the LCSB and is reflected by 
the professional background of the different PIs and the composition of expertise 
within each of their research groups.
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Mathematical and computational models to understand human diseases
Biology is becoming an extremely data rich research discipline. In addition to efficient means of data acquisition, data 
storage and high performance computing, the development of suitable algorithms and mathematical descriptions will 
become a critical and essential component in future research efforts. To this end, LCSB directs major efforts towards 
the development of computational models as for example kinetic models of ROS-metabolism or spatial models of 
mitochondrial function and dysfunction.

Multi-scale modelling: in silico, in vitro, patients, families
LCSB aims at a multi-scale approach to systems biomedicine. Multi-scale modelling 
is a concept from physics and engineering to solve complex phenomena that are 
influenced by time and spatial dependent factors on different levels. For complex 
diseases, this approach can give new insights and allows a transfer between different 
disease models, thus challenging new findings and validating hypotheses. At LCSB 
an attempt will be made to investigate questions at different in vitro, in vivo and in 
silico levels ranging from cell culture to animal models, patient families and cohorts 
to virtual computational models.

Attractive infrastructure
Excellent infrastructure is a key attractor for becoming and staying competitive on an international level. The goal of LCSB 
is to establish and provide access to important infrastructure for high-throughput biological systems analysis. Because a 
shift from academia to the commercial sector can be observed in many molecular technologies, it is important not only to 
invest in those technologies that are of strategic importance for the research at LCSB and give it a competitive edge but 
also to carefully monitor the development and availability in industry to use private services where appropriate rather than 
invest into such facilities.

Bioinformatics Core facility
Currently, we are witnessing an explosion in the amount of data derived from biological experiments and clinical research. 
It appears that most academic research units are not sufficiently prepared for the upcoming data explosion. Furthermore, 
it will be very difficult for individual institutes to maintain the fast and expensive cycles in maintaining top infrastructure 
necessary for genomic, proteomic or bioinformatics analysis of biological data. Hence, there is a need for computational 
platforms that are provided to the scientific community by dedicated research centres. The goal of LCSB is to provide 
bioinformatics, computational expertise as well as access to high performance computing and large data storage to other 
research institutes within Luxembourg and beyond.

Bridging basic and clinical research
The integration of medicine into systems approaches is important for both 
directions: On the one hand, medical observations in daily care can give valuable 
new directions to research. On the other hand a close interaction between basic and 
clinical research helps to feed research results back into the clinic. LCSB will support 
the training of clinical scientists and will provide opportunities for “protected time for 
clinicians” , such that medical doctors who work in the clinic will be able to work also 
part-time at LCSB in research.
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A graphical Parkinson’s disease map 
Project manager:  Marek Ostazewski, Stephan Gebel

Started in 2011, the project to develop a Parkinson’s disease (PD) map aimed at systems analysis of complex 
neurodegenerative disease. The so-called “PD map” was established as a network of integrating pathways known to be 
affected in PD in collaboration with the Systems Biology Institute (SBI) in Tokyo, Japan. Within two years, role of “PD map” 
has evolved from the network meant for computational analysis towards knowledge repository of molecular mechanisms 
implicated in PD since multiple molecular pathways are simultaneously perturbed by genetic and environmental factors. 
By now the PD map is accessible over the web, supported by an intuitive scrolling and zooming interface. Elements and 
interactions are annotated and hyperlinked to bioinformatics databases. Experimental data can be mapped on top of the 
displayed pathways, allowing easy visual interpretation of high-throughput data in the context of PD pathways. At the 
same time, the PD map is a valuable source for network analysis and text mining-oriented research. In summary, a lot of 
work has been done on the field of exploring the contents of the map, in parallel to efforts for improving and analysing 
its contents. All this was possible thanks to joint efforts of researchers form Bioinformatics Core, Computational Biology 
and Experimental Neurobiology groups within the LCSB and our partners from SBI in Tokyo, Japan. The ultimate goal for 
this knowledge repository is to bridge between experimental biology, computational biology and bioinformatics. In the long 
run, we would like improve the accuracy of the contents of the PD map by bringing together LCSB’s own experimental 
data, results of modelling efforts and cutting-edge bioinformatics methodologies. We hope to make the map a truly 
interdisciplinary resource, well suited to support the research on the complex Parkinson’s disease.

Research focus

Key publication
Fujita, K., Ostaszewski, M., Matsuoka, Y., Ghosh, S., Glaab, E., Trefois, C., Crespo, I., Perumal, T., M., Jurkowski, W., Antony, P., M.A., Diederich, 
N., Buttini, M, Kodama, A., Satagopam, V., P., Eifes, S., del Sol, A., Schneider, R., Kitano, H., Balling, R. (2013) Integrating pathways of 
Parkinson’s disease in a molecular interaction map. Molecular Neurobiology, July 2013; doi: 10.1007/s12035-013-8489-4

All research programmes of LCSB focus on biomedical questions. The application of advanced research “tools” like 
mathematical and computational modelling, metabolomics, imaging and the development of new methodologies aim at 
new findings in biology and at the same time also to a further development of the technologies and methods applied. 
While each research groups pursues also their own research lines, all groups of the centre contribute to the central 
research theme: neurodegenerative diseases with a special focus on Parkinson’s disease (PD). Criteria for the choice of 
this research subject were the potential of neurodegenerative diseases and neurobiology in terms of scientific novelty, 
medical relevance and innovation potential combined with the requirement for an interdisciplinary approach.

Although genetic as well as environmental factors are known to contribute to the pathogenesis of neurodegenerative 
diseases, we do not have a thorough understanding of the underlying disease-causing mechanisms. To elucidate 
mechanisms that play a role in disease origin and progression, a systems approach is needed. LCSB therefore aims 
to look at the pathophysiological hallmarks of neurodegenerative diseases, such as mitochondrial dysfunction and 
neuroinflammation from a system’s point of view. Besides the genetic factors underlying the diseases, LCSB is 
also interested in understanding the influence of gene-environment interaction. Here, the primary focus is put on 
understanding the role of the gut microflora. Furthermore, the hallmarks and mechanisms of neurodegenerative diseases 
most likely overlap with those of other diseases and several diseases might be present simultaneously in elderly patients. 
Clinical phenotypes alone seem insufficient to provide an understanding of the pathophysiological mechanisms. A 
comparative and integrated analysis of diseases across the traditional clinical boundaries (e.g. neurodegenerative diseases 
versus metabolic diseases) may lead to a re-definition of clinical phenotypes and new approaches in the treatment of 
neurodegeneration. Therefore, research efforts at LCSB are directed towards identifying the underlying networks of such 
co-morbidities. 

Currently two common projects, to which many of several research groups contribute their expertise,  are being pursued at 
LCSB: 
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IRG1 - link between metabolism and immunity
Project manager: Alessandro Michelucci

The initial intention of this project was to detect metabolic alterations in mammalian immune cells caused by 
inflammation. In order to achieve this, an LCSB internal collaboration between the Experimental Neurobiology group and 
the Metabolomics group has been established. Having profiled the metabolome of microglial cells, the resident immune 
cells of the central nervous system, and macrophages under inflammatory conditions, we identified an intracellular and 
highly abundant metabolite synthesised only under these conditions: itaconic acid. Applying stable-isotope labelling 
experiments, we could demonstrate that this metabolite is produced in the tricarboxylic acid (TCA) cycle from cis-
aconitate. Further molecular biology and bioinformatics work identified immunoresponsive gene 1 (Irg1) as the mammalian 
gene coding for the enzyme catalysing the decarboxylation of cis-aconitate to produce itaconic acid. Although itaconic 
acid has not been known to participate in mammalian metabolism, an antibiotic function of this metabolite has been 
described: it inhibits the glyoxylate shunt needed by many bacteria to survive during infection. Indeed, we could confirm 
the antimicrobial activity of itaconic acid in different bacteria possessing the glyoxylate shunt, such as Mycobacterium 
tuberculosis and Salmonella enterica. Furthermore, Irg1 gene silencing in mouse macrophages resulted in significantly 
decreased intracellular itaconic acid levels as well as significantly reduced antimicrobial activity during bacterial infections. 
Taken together, our results demonstrated that Irg1 links cellular metabolism with immune defence. 
In June 2012, LCSB has decided to build upon these new findings by exploiting the knowledge of the different groups 
that can contribute to the advancement of the Irg1 project. Today, the Irg1 project is progressing in different areas of 
investigation and with a growing number of people involved. For example, with the help of computational biology and 
bioinformatics tools, we aim to elucidate the up-stream and down-stream regulation of the gene. At the protein level, 
efforts are made to characterize the enzymatic properties of Irg1. Functionally, we started to investigate the potential role 
of this enzymatic activity on the induction and progression of different infectious, inflammatory and neurodegenerative 
processes in mouse and zebrafish models of human diseases.

Key publication
Michelucci, A., Cordes, T., Ghelfi, J., Pailot, A., Goldmann, O., Binz, T., Wegner, A., Tallam, A., Rausell, A., Buttini, M., Linster, C. L., Medina, E., 
Balling, R., Hiller, K. (2013) Immune response gene 1 links metabolism to immunity by catalyzing itaconic acid production. PNAS, 2013, 110:19, 
7820–7825; doi: 10.1073/pnas.1218599110

Figure: Metabolic immunity based on the antibacterial properties of itaconic acid. 
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Research Groups
Being an Interdisciplinary Centre, LCSB was founded as a separate entity of the faculties. The establishment of an 
autonomous structure allows a more flexible operation in the highly competitive international research scene than is 
normally possible in the traditional setup of a university faculty. From a governance point of view, the LCSB has chosen 
research groups as primary unit of organisation. These groups are accompanied by research support and management 
structures to enable them to be competitive in the international research community. Each group is led by a principal 
investigator (PI). By now 12 research groups have been established in the LCSB:

Bioinformatics Core     • Chemical Biology

 • Computational Biology   • Eco-Systems Biology

 • Developmental and Cellular Biology  • Enzymology & Metabolism  

 • Experimental Neurobiology   • Machine Learning 

 • Medical Translational Research  • Metabolomics  

 • Molecular Systems Physiology  • Systems Biochemistry   

Overlapping projects and regular discussions among PIs assure a close cooperation of the different groups and allow 
building bridges from artificial intelligence over experimental biology to clinical studies.

In addition, another “group” comprises the research fellows that spend part of their postdoctoral period at world-leading 
research institutes to build up their knowledge and work together with local researchers on cutting edge projects.



8   • • •

Key projects
Text mining
The project aims at gaining insights into various diseases by analysing full text research articles. The ultimate goal is the 
construction of multi-layered disease maps. The maps will allow zooming into the disease mechanisms at multiple levels, 
from molecular to clinical phenotypic information via cellular and tissue levels. They will also enable comparisons between 
multiple diseases and be useful in the identification of co-morbidities. Technically, we will implement the multi-level 
representation of diseases by dynamic networks of disease-related concepts. Literature-based networks of biomedical 
concepts are typically constructed based on the notion of co-occurrence. They provide high-level information and are 
computationally efficient, but they fail to capture the interaction types and causal relations between the entities. Here 
we want to construct directed networks of related concepts, which reflect the causal relationships between them. Along 
with the textual knowledge, we want to explore experimental results and build on the expert knowledge of clinicians and 
medical doctors. One conceptual problem is how the knowledge obtained from multiple heterogeneous sources can be 
mapped onto one coherent network. Currently we focus on the text mining enrichment of the Parkinson’s disease map. 

Disease related data analysis
a) Whole genome family sequencing
The LCSB in collaboration with the Family Genomics group at the Institute for Systems Biology uses next generation whole 
genome sequencing to study heritable diseases in the context of family pedigrees. Our studies include sporadic cases 
and multiple pedigrees, and address Mendelian, e.g. Fanconi anemia (FA), and complex neurodegenerative diseases like 
epilepsy or Alzheimer’s disease (AD). We have developed an automated family-based variant analysis pipeline including 
variant annotation, inheritance state analysis, IBD sharing, phasing, inheritance mode testing, filtering for rare and/or 
functional relevant variants and other gene and variant prioritization methods. The identification of genomic variants and 
perturbed networks affecting neurobiology and brain physiology will lead to early diagnosis, prevention and management of 
neurodegenerative disease.
b) Beta cell function in juvenile diabetes and obesity - betaJUDO (FP7)
The main aim is to develop innovative therapeutic strategies by increasing pharmacology-based alternatives targeting 
insulin hypersecretion for the treatment of young obese individuals. We will evaluate current and novel therapies 

Bioinformatics Core
Overview
The group is responsible for the efficient data flow between the experimental groups and the theoretical and medical 
oriented groups. Furthermore, the group develops new algorithms in various fields like data mining and visualisation 
to help to understand and interpret the data. The core facility unit gets a huge amount of data from the experimental 
groups that the scientists have to handle, store, and categorise. Together with the high-performance computing (HPC) 
group of the University they are responsible to setup and run large computer and storage facilities with thousands of 
processors and an ever-increasing number of hard disks. Currently the LCSB hosts the biggest hardware installation in 
the Luxembourgian academic landscape. After the scientists have managed to physically handle the huge amount of data, 
they face the next challenge to deploy and develop techniques to run a cost- and time-efficient data analysis pipeline. 
Due to the amount of data they need to implement automatic workflows, which apply a range of prediction and filtering 
steps so that it is possible to focus on the “interesting” data and not to waste time with the rest. This typically requires 
the close collaboration of computer scientists and biologists covering a broad spectrum of different disciplines. The 
core facility group provides also services for the research activities at the LSRU of the University and as part of research 
collaborations also for CRP-Santé and the IBBL. 

Figure: Main objectives of Bioinformatics Core unit.
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of intervention for their effect on counteracting insulin hypersecretion to halt 
destruction and facilitate recovery of functionally impaired beta cells and brown 
adipocytes. Clinical characterisation including validation of novel genetic variants and 
a well-characterised cell model of dysfunction will form the basis of the translational 
work.
c) Genomic studies of epilepsies - EuroEPINOMICS (ESF), EpiPGX,(FP7)
The LCSB is providing bioinformatics analytics and research as well as 
data management for two European consortia studying the genetics and 
pharmacogenomics of epilepsies. Clinical and preclinical phenotypic, genetic, epigenic, 
transcriptomics, proteomics and lipidomics data will be linked into one analysis 
pipeline. Pathway analysis puts the variety of information into context. Computational 
models will be constructed for validation. The LCSB is complementing the analysis 
activities by whole-genome sequencing. 

Statistical analysis of high-throughput experimental data for complex 
diseases
This biostatistics/bioinformatics project is dedicated to the development and 
application of algorithms for feature selection, clustering, classification and pathway 
analysis of large-scale experimental data to study complex disorders like Parkinson’s 
disease (PD). The main objective is to identify deregulated cellular processes in 
biological samples from PD patients and in vitro/in vivo disease models that enable 
a better understanding of the molecular mechanism behind the disease. Biomarker 
models for diagnostic sample classification will be build using self-devised methods 
for cross-study data integration and machine learning, including the recently 
published pathway-based feature selection and classification approach PathVar, a 
method for extending cellular pathway definitions using molecular interaction data, 
PathExpand, and a network-based gene set enrichment analysis approach, EnrichNet. 
These algorithms are designed to exploit the information content from different 
experimental studies, public pathway databases and molecular networks and will be 
interlinked within a unified analysis pipeline.

Translational Medicine in partnership with the pharmaceutical industry

Principal Investigator
Reinhard Schneider
start: April 2011

STAFF
Postdocs
Adriano Barbosa de Silva
Maria Biryukov
Nils Christian
Piotr Gawron
Enrico Glaab 
Patrick May
Kirsten Roomp 
Roland Krause 
Wiktor Jurkowski
Stephan Gebel

Scientific staff
Serge Eifes
Fotis Georgatos 
Abhimanyu Krishna
Paola Pozzo 
Venkata Satagopam
Joanna Smula-Ostaszewska

Key publications
1. Secrier, M., Schneider, R. (2013) Visualizing time-related data in biology, a review. Briefings in Bioinformatics, April 2013; doi: 10.1093/

bib/bbt021
2. Glaab, E., Baudot, A., Krasnogor, N., Schneider, R., Valencia, A. (2012) EnrichNet: network-based gene set enrichment analysis. 

Bioinformatics, 2012, 28:18, i451-i457; doi: 10.1093/bioinformatics/BTS389
3. Glaab, E., Schneider, R. (2012): PathVar: analysis of gene and protein expression variance in cellular pathways using microarray data. 

Bioinformatics, 2012, 28:3, 446-7; doi: 10.1093/bioinformatics/BTR656
4. Haitjema, A., Brandt, B. W., Ameziane, N., May, P., Heringa, J., de 

Winter, J. P., Joenje, H., Dorsman, J. C. (2013) A protein prioritization tool tailored for the FA/BRCA pathway. PLOS ONE, April 2013, 8:4, 
e62017; doi: 10.1371/journal.pone.0062017

5. Ludlow, C.L., Scott, A.C., Cromie, G.A., Jeffery, E.W., Sirr, A., May, P., Lin J., Hays, M., Gilbert, T., Dudley, A.M. (2013) High-throughput 
Tetrad Analysis.    Nature Methods, 2013, 10, 671–675; doi:10.1038/nmeth.2479

eTRIKS: Delivering European Translational Information & Knowledge Management 
Services
The main objective of eTRIKS is to build a sustainable IMI (Innovative Medicine Initiative) translational research informatics 
Knowledge-Management (KM) platform. To realize an ‘open’ platform, the development started with transMART, an 
open source KM platform. We intent to build a combined KM/analytics platform that can serve as a base for continued 
development. We are work-package leader for the curation of data and provide besides others data access to the project 
partners. 
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Key projects
Functional validation of disease-associated gene variants and candidate drug targets for neurodegenerative 
disorders
A central aspect of our group’s research is the use of zebrafish models of human CNS disorders. Large-scale genome 
sequencing efforts are identifying numerous disease-associated gene variants that require in vivo validation. Zebrafish 
offer the possibility to rapidly knock down these genes using morpholino oligonucleotides. After an initial phenotypic 
characterization, a subset of these genes are selected for the generation of stable mutant lines using targeted 
mutagenesis via TALENs (transcription activator-like effector nucleases) . These zebrafish lines are then used for in-depth 
phenotypic characterization and as bioassays for high-throughput in vivo screening of small molecules (see below and 
Figure above). A similar strategy is used to functionally validate candidate drug targets selected through systems biology 
analysis, e.g. of differential gene expression data from brain samples of both animal models and human patients, with 
the goal of identifying drugable targets that - when inhibited pharmacologically - could contribute to improved disease 
outcomes.

Zebrafish-based identification of neuroactive small molecules
A major focus of the group is the identification of neuroactive small molecules using in vivo bioassays. Using zebrafish 
models of CNS disorders as described above, we screen compound libraries of both synthetic and natural origin, with the 
goal of finding and characterizing chemical modifiers of disease-associated phenotypes. Such neuroactive small molecules 
have dual applications – as pharmacological tools to help elucidate the molecular mechanisms involved in the aetiology 
of these neurological diseases, and possibly as lead compounds for the development of novel therapeutics, ideally with 
disease-modifying properties. We then rely on a growing toolbox of chemical biology methods to help determine the 
mechanism of action of these compounds, using techniques such as behavioural fingerprinting in zebrafish, 3-hybrid 
screening in yeast, and electrophysiologicial profiling in Xenopus oocytes.

Elucidation of role of immunoresponsive gene 1 in neuroinflammation
Neuroinflammation, with the participation of microglia, has been implicated in the pathogenesis of several neurological 
diseases. Activated microglia acquire a pro-inflammatory profile that is suggested to induce neuron damage and to 
affect neurogenesis, both during development and in the adult brain. Among the various inflammatory genes expressed 

Chemical Biology group
Overview
The primary objective of the Chemical Biology Group is to use small molecules to provide novel insights into the aetiology 
and possible future therapy of disorders of the human central nervous system. A focus of the group is on small molecules 
of natural origin, as secondary metabolites have evolved over hundreds of millions of years to functionally interact with 
biological macromolecules, and occupy a uniquely three-dimensional niche in chemical space.
The group’s research platform is centred around the use of zebrafish as an in vivo disease model. Zebrafish embryos 
and larvae are microscopically small, optically translucent vertebrates with high genetic, physiologic, and pharmacologic 
homology to humans. Zebrafish are uniquely suited to perform high-throughput, in vivo screens of drug-like, structurally 
diverse small molecules to identify compounds capable of modulating pathophysiological parameters associated with 
disease – particularly through the use of novel zebrafish models of human CNS disorders. By elucidating the mechanism 
of action of such bioactive small molecules, new disease-relevant signalling pathways and biomolecular targets for drug 
discovery can be discovered.

Figure: Pharmacological screen using zebrafish as a model organism for CNS diseases. 
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by microglia, immunoresponsive gene 1 (Irg1) has been associated with their 
differentiation towards a neurotoxic phenotype. Irg1 was recently discovered by 
other LCSB scientists to encode cis-aconitate decarboxylase, an enzyme that 
catalyses the production of the antimicrobial metabolite itaconic acid. This raises the 
question whether an enzyme implicated in defence against infection via metabolic 
immunity may contribute to the pathogenesis of neurological diseases. Towards 
this end, we are characterizing the expression dynamics of irg1 in the zebrafish 
brain during neuroinflammation, and elucidating the role of irg1 in the dynamics of 
microglia-neuron interactions during the elimination of dying neurons and formation 
of new neuronal cells in the brain. Our data will add new insights into the molecular 
mechanisms of the neuroinflammatory response in pathological conditions relevant to 
several neurological diseases that affect the developing brain.

Zebrafish-based identification of bioactive secondary metabolites that 
modulate axial patterning during embryonic development
The basic body plan of zebrafish originates during oogenesis and persists throughout 
gastrulation, during which both maternal and zygotic signals tightly regulate axial 
patterning and differentiation in the embryo. The BMP and Wnt signalling pathways 
play key roles in the regulation of both vertebrate and invertebrate development. 
The activity of these pathways regulates not only embryogenesis, but also tissue 
homeostasis in adult organisms. Deregulation of these pathways is associated with 
various human diseases including cancer, diabetes, and osteoarthritis. To seek novel 
small-molecule modulators of BMP/Wnt signalling pathways, we screened (at the 

Key publications
1. Suls A., Jaehn J.A., Kecskés A., Weber Y., Weckhuysen S., Craiu D.C., Siekierska A., Djémié T., Afrikanova T., Gormley P., von Spiczak S., 

Kluger G., Iliescu C.M., Talvik T., Talvik I., Meral C., Caglayan H., Giraldez B.G., Serratosa J., Lemke J.R., Hoffman-Zacharska D., Szczepanik 
E., Barisic N., Komarek V., Hjalgrim H., Møller R.S., Linnankivi T., Dimova P., Striano P., Zara F., Marini C., Guerrini R., Depienne C., Baulac 
S., Kuhlenbäumer G., Crawford A.D., Lehesjoki A-E., de Witte P.A.M., Palotie A., Lerche H., Esguerra C.V., De Jonghe P., Helbig I., EuroEPI-
NOMICS RES CRP. (2013) De novo loss-of-function mutations in CHD2 cause an epileptic encephalopathy with similarities to Dravet 
syndrome. Am J Hum Gen, in press

2. Bohni N., Cordero-Maldonado M.L., Maes J., Siverio-Mota D., Marcourt L., Munck S., Kamuhabwa A.R., Moshi M.L., Esguerra C.V., 
de Witte P.A., Crawford A.D., Wolfender J.L.. (2013) Integration of microfractionation, qNMR and zebrafish screening for the in vivo 
bioassay-guided Isolation and quantitative bioactivity analysis of natural products. PLoS ONE 2013, 8(5): e64006. doi:10.1371/journal.
pone.0064006, 

3. Lauinger I.L., Vivas L., Perozzo R., Stairiker C., Tarun A., Zloh M., Zhang X., Xu H., Tonge P.J., Franzblau S.G., Pham D.H., Esguerra C.V., 
Crawford A.D., Cos P., Maes L., Tasdemir D. (2013) Prophylactic potential of lichen secondary metabolites against Plasmodium liver 
stage parasites with FAS-II as the potential target. J. Nat. Prod. 2013, 76, 1064-1070.

4. Afrikanova T., Serruys A.S., Buenafe O.E., Nuyts R., Clinckers R., Smolders I., de Witte P.A.M., Crawford A.D., Esguerra C.V. (2013) Vali-
dation of the zebrafish pentylenetetrazol seizure model: locomotor versus electrographic responses to antiepileptic drugs. PLoS ONE 
2013, 8:e54166. 
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University of Leuven) a library of plant-derived secondary metabolite extracts for their ability to perturb dorsal-ventral 
(DV) and anterior-posterior (AP) axis formation in zebrafish embryos. This screen identified an extract of Terminalia 
spinosa, an East African medicinal plant, that caused severe dorsalisation reminiscent of the dorsal-ventral axis mutants 
snailhouse and piggytail. Bioassay-guided chromatographic fractionation of this extract was performed to isolate 
individual bioactive fractions that were further analyzed by UHPLC-TOFMS and microflow NMR (in collaboration with the 
University of Geneva), identifying a novel ellagic acid derivative that is now the subject of further investigation at LCSB 
with regard to its mechanism of action.
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Key projects
Anoïkis resistant network model
As a barrier to metastasis, cells normally undergo an apoptotic process known as “anoïkis,” a form of cell death due to 
loss of contact with the extracellular matrix or neighbouring cells. Cancer cells acquire anoïkis resistance to survive after 
detachment from the primary sites and travel through the circulatory and lymphatic systems to disseminate throughout 
the body. In the “anoïkis resistant network model” project, we are building a dynamic network model of anoïkis resistance 
in cancer cells. We use a combination of different methodologies that allow for selecting aggressive cells from five 
different cell lines. In order to determine the signalling networks that control stemness, invasion, therapy resistance, 
and metastasis, we will perform highly innovative multiplexed single-cell gene expression assays to directly quantify the 
activity of multiple signalling pathways within individual cells. Based on the gene expression patterns measured, we build 
a network of molecular interactions, including direct physical and regulatory interactions as well as indirect regulatory 
interactions, in order to define an “anoïkis resistance” model. This project is carried out in collaboration with Adrian 
Ozinsky and Anne Grosse-Wilde at the Institute of Systems Biology (ISB), Seattle, USA.

Prioritisation of genetic variations involved in mechanisms of epilepsy
CoGie- EuroEPINOMICS grant and EpiPGX- part of FP7 HEALTH-2011.1.1-2
The main goal of these projects is to identify and validate the genetic risk factors for Idiopathic generalised epilepsy 
and Rolandic epilepsy. The main contribution of the Computational Biology Group in these projects is the construction 
of a pipeline that will allow the identification and characterisation of epilepsy-related genetic variations. In particular, 
relying on the analysis of sequences from cohorts of epilepsy patients and controls, the pipeline will enable us to 
identify combinatorial effects of multiple genetic variations in these types of epilepsies to account for the previously 
underestimated role of co-occurrences of multiple variations in complex diseases. Moreover, analysing the effects of 
these variations on transcription and protein function, and their impact on cellular pathways will allow further prioritisation 
of epilepsy-related genetic variations by direct linking with affected biological processes. These projects will be carried out 
in collaboration with other groups at the LCSB, as well as our consortium partners.

Computational Biology group
Overview
The long-term goal of the Computational Biology group is to understand how molecular networks (e.g. gene regulatory, 
protein-protein interactions, metabolic networks) control biological processes and how aberrant phenotypes and human 
diseases arise from perturbations in such networks. These perturbations, which range from the complete loss of a gene 
product to the specific perturbation of a single molecular interaction, may arise from genetic variations, epigenetic 
modifications, and genome-environment interactions. These disease-perturbed networks both cause and reflect the 
progression of a disease. Thus, diseases can be diagnosed, treated and prevented by understanding and intervening 
in the networks that underlie health and illness. Our research relies on the construction of molecular networks. By 
using mathematical concepts and techniques from different areas of mathematics, such as graph, information and 
game theories we study the effect of disease-related perturbations on network topology and dynamics considering the 
biological context. More specifically, we model disease states as stable equilibrium states of gene regulatory networks, 
which allows to address a number of relevant questions such as the identification of molecular signatures of disease 
states and their master regulators. These might serve as novel drug targets or diagnosis biomarkers.

Figure: Molecular networks in health and disease. 
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Modelling mouse neural stem cells differentiation into astrocytes
The goal of the project is to construct a gene regulatory network based model to 
describe mouse neural stem cells (NSCs) differentiation into astrocytes and their 
potential ability to de-differentiate under specific stimuli. The analysis of such a 
network will provide insights about the mechanisms involved in these processes 
and potential gene candidates to control and induce both differentiation and de-
differentiation. Hypotheses formed on the basis of the network analysis will be 
used to design validation experiments. This project is a collaborative effort of LCSB, 
providing expertise in computational biology, gene regulatory networks modelling and 
the biology of healthy and diseased brain tissue, and Professor Noel J Buckley from 
the Department of Neuroscience at the Institute of Psychiatry of the King’s College 
London, UK, providing expertise in NSCs and astrocytes differentiation as well as 
supporting the in vitro experimental part. This collaboration will be a step towards 
reliable NSCs to astrocytes differentiation and de-differentiation models with 
potential application on related pathological systems.

Network analysis of synaptosomes in natural and Alzheimer’s disease aging
This project aims at elucidating the dynamical molecular mechanisms underlying 
normal and Alzheimer’s disease aging. It is based on a strategic collaboration with 
Dr. Ronald van Kersteren and Prof. Guus Smit from the Center for Neurogenomics 
and Cognitive Research (VU University Amsterdam, The Netherlands). We analyse 
proteomics data from hippocampal synaptosome fractions of aging wild-type mice 
and two different transgenic mouse models for Alzheimer‘s disease. Samples 
are taken at eight different time points ranging from 20 to 100 weeks of age. 
The protein expression levels of about 500 synaptic proteins over time are then 
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compared between wild-type and mutant animals in order to identify the temporal patterns characteristic of these two 
different cognitive decline processes. Importantly, we are applying network analysis of the full synaptosome proteomics 
data to elucidate the dynamical behaviour and functional consequences underlying the progression of normal aging and 
Alzheimer’s disease. This network-based statistical analysis and modelling pipeline will enable us to deduce dysregulation 
pathways in the brain and predict useful targets for future treatment.
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Key projects
Adult neurogenesis in physiology and pathology
The adult mammalian central nervous system has little capacity for regeneration after injury and disease. However, stem 
cells with the potential to proliferate and differentiate into neurons exist in all adult mammals. Normally, such newborn 
neurons are dedicated mainly to the olfactory bulb and the dentate gyrus. It is conceivable that other neuron types that 
are lost during neurodegenerative diseases could in principal be replaced too. Such replacing neurons could be produced 
by the endogenously present adult neural stem cells. We investigate which genes and microRNAs regulate the activity of 
adult neural stem cells. In particular, we analyse how the cell fate determinant TRIM32 regulates the balance between 
stem cell maintenance and neuronal differentiation. In addition, we are following the hypothesis that PD associated non-
motor symptoms (hyposmia, anhedonia etc.) might be caused by deregulated adult neural stem cell activity. Therefore, 
the overall aim of these approaches is to make endogenously present adult neural stem cells applicable for therapeutic 
approaches aiming for the replacement of neurons that are lost during neurodegenerative diseases.

Utilisation of stem cells to model and treat Parkinson’s disease
Pluripotent human embryonic stem cells have been successfully generated from early stage human embryos and can 
differentiate into various cell types. However, to develop cellular models of human disease, it is necessary to generate cell 
lines with genomes predisposed to diseases (carrying the involved mutations). Recently, the reprogramming of somatic 
cells to a pluripotent state (induced pluripotent stem cells, iPSCs) by overexpression of specific genes has been carried 
out successfully (Nobel Prize in Physiology/Medicine in 2012). We use this technology to generate iPSCs from Parkinson’s 
disease patients. With those personalized cells we follow two strategies:
I) In vitro disease modelling: 
We use PD patient-specific iPSCs to generate neural stem cells and dopaminergic neurons. Importantly, we not only 
include patients with mutations in classically known PD associated genes (e.g., LRRK2, Parkin, PINK1, DJ1 and SNCA) but 
we also include patients with novel mutations as well as idiopathic patients. As controls, iPSCs from healthy individuals 
are used. In these cells we define PD-associated cellular phenotypes (e.g., neurite complexity, neuronal differentiation, cell 
death, stress resistance, mitochondria activity etc.) to unravel mechanisms underlying PD. In addition, this cellular model 
is excellent to screen for new genetic modifiers or small molecule drugs addressing PD-associated motor symptoms 
(dopaminergic neurons) and non-motor symptoms (neural stem cells).

Developmental and Cellular Biology group
Overview
Parkinson’s disease (PD) is an age-associated progressive neurodegenerative disease. Degeneration and subsequent loss 
of dopaminergic neurons in the substantia nigra leads to the well-described motor symptoms such as tremor, bradykinesia 
and rigidity in PD patients. At the same time, defects in adult neurogenesis, that are associated with deregulation of adult 
neural stem cells, are likely to contribute to non-motor PD symptoms like hyposmia, anhedonia, lack of novelty seeking 
behaviour, depression and anxiety. The aim of our research is to understand, model and treat Parkinson’s disease. Stem 
cells, either neural stem cells or pluripotent stem cells, are in the centre of most of our research approaches. In particular, 
we investigate the link between molecular processes like cell fate determination, microRNA activity, cell cycle progression 
and neuronal degeneration. Our research projects involve mouse models, neural stem cell cultures, and patient-specific 
induced pluripotent stem cells (iPSCs). Additionally, we use classical biochemistry, molecular and systems biology tools as 
well as advanced imaging methods. 

Figure: Utilization of stem cells to treat Parkinson’s disease.
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 II) Cell replacement strategies: 
The utilized iPSCs are patient-specific (personalized) and therefore do not have the 
risk of immune rejection after transplantation of the lost cell type back into the 
donor. Currently we investigate different approaches for the transplantation of iPSC-
derived dopaminergic neurons into mouse models for Parkinson’s disease. We are 
particularly interested in achieving a complete restoration of the nigrostriatal system, 
which includes correct integration after transplantation as well as axon projection 
from the substantia nigra into the striatum.

Genetic engineering in human induced pluripotent stem cells
Personalized PD patient-specific iPSCs, that carry the disease inducing mutations, 
have extremely diverse genetic backgrounds. Therefore, it is not easy to compare 
phenotypes observed with cells from different patients. Nevertheless, they are 
valuable, because only these patient specific cells fully represent the conditions 
that lead to the disease. In order to overcome the limitations caused by the variable 
genetic background we additionally make use of isogenic iPSCs carrying defined 
PD-specific mutations. The comparison of personalized cells with isogenic cells will 
allows us to deduce phenotypes and mechanisms that are disease-specific as well as 
specific for a certain mutation. Additionally, this approach will allow to define unifying 
themes of PD.

Molecular functions of Parkinson’s disease associated mutations
Although the aetiology of PD is not completely understood, currently 15 gene loci have 
been linked to PD, that account for up to 50% of the early onset and 3% of the late 
onset PD forms. Particularly mutations in the genes LRRK2, Parkin, PINK1, DJ1 and 
SNCA are well described. Among these genes LRRK2 is special because mutations 
have been described not only in familial forms of Parkinson’s disease but also in 
sporadic cases. LRRK2 is strongly expressed in neural stem cells (NSCs), but yet the 
exact molecular function of LRRK2 in these cells remains unknown. By performing a 
systemic analysis of the gene expression profile of LRRK2-deficient NSCs we found 
that the expression of several Parkinson’s disease associated genes, like oxidation 
and reduction in mitochondria, are deregulated upon LRRK2 absence. Currently we 
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aim on using systems biology approaches to understand the interaction of the various Parkinson’s disease associated 
genes/proteins with each other. Additionally, we are very interested in the molecular and cellular connection of these 
genes to cell fate specification associated processes and microRNA activity regulation. A more detailed understanding of 
these processes will reveal new modifiers of Parkinson’s disease and will lead to the identification of new targets that can 
be addressed to affect onset and progression of the disease.
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Key projects
Integrated omics
High-resolution molecular biology approaches are vital for discovering and characterizing microbial diversity, and 
understanding the interaction of microbial communities with biotic and abiotic environmental factors. Integrated omics, 
comprising community genomics, transcriptomics, proteomics and metabolomics, is able to reveal the links between 
genetic potential and functionality in a truly systematic fashion. However, mixed microbial communities are complex, 
dynamic and heterogeneous and it is therefore essential that omics data can be meaningfully integrated, analysed and 
modelled. Our recently developed methods, which range from a patented comprehensive biomolecular extraction method, 
called BioMolXtract, which yields high-quality DNA, RNA, protein and metabolite extracts, to new bioinformatics sequence 
analysis tools. These are now routinely being applied to mixed microbial communities including those of human health 
interest. 

The characterisation of exogenous RNA in human blood
Using the standardised extraction workflow on human gastrointestinal samples revealed an apparent enrichment of 
microbial small RNAs (sRNAs) in the human gastrointestinal tract. In collaboration with Prof. David Galas’ group at the 
Pacific Northwest Diabetes Research Institute in Seattle, USA, we found that these sRNAs are mirrored in and form part 
of the exogenous RNA pool in human blood plasma and the sRNAs may be involved in human-microbe interactions. We 
are currently pursuing large cohort studies, which aim at identifying specific human microbiome-derived sRNAs which are 
involved in human-microbe interactions and which may play important immuno-modulatory functions. Furthermore, we 
have recently demonstrated that we are able to identify abundant and representative sRNAs, which reflect the feces-
based biomarkers using newly developed bioinformatic approaches. This opens up exciting prospects for blood-borne 
microbiome-enabled human diagnostics. We are currently exploring commercialisation strategies for such diagnostics 
together with the venture capital group Advent Ventures.

Eco-Systems Biology group
Overview
The key goal of the Eco-Systems Biology group is to develop and apply molecular systems biology approaches to obtain 
unprecedented understanding of mixed microbial communities, e.g. gastrointestinal microbiota, their interactions with 
the environment, e.g. the human host, and how certain microbial community compositions lead to certain outcomes, e.g. 
pathogenesis. Aberrations in the human microbiome (microbial dysbiosis) have been linked to a number of human diseases 
including cancer, metabolic diseases and neurodegenerative diseases. The group is currently involved in research projects 
investigating these diseases using its high-resolution molecular approaches. To develop the field of Eco-Systems Biology, 
the group has developed a number of key methodologies and technologies, which allow the systematic and high-resolution 
study of microbial community-driven processes. These range from wet-laboratory techniques, microfluidics-based in 
vitro co-culture systems to downstream bioinformatics approaches for the integration of high-resolution molecular 
data. The overall vision of the group is to use high-resolution molecular data, obtained from microbial consortia including 
those established in human-microbial co-culture models, to construct in silico models which will highlight key processes 
governing microbial community structure and function, and which may inform control strategies for microbial communities 
in the future.

Figure: BioMolXtract - isolations of genomic DNA, RNA, proteins and metabolites from a single biological sample.
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Microfluidics-based human-microbial co-culture devices
Recent scientific evidence suggests that a range of human diseases may result 
from microbial dysbiosis. Causal links are however difficult to ascertain because 
of a distinct lack of representative experimental models. We have developed a 
microfluidics-based in vitro device, termed HuMiX, which allows the prolonged co-
cultivation of differentiated human epithelial cell lines and sampled human microbial 
communities in close proximity. The device is ideally suited for investigating the 
nature and impact of molecular crosstalk between human and microbial contingents 
and how imbalances therein may be involved in disease pathogenesis. In this context, 
we are specifically investigating how the presence of certain microbial species affects 
human gene expression and how the administration of certain diet-related foodstuffs 
as well as pro-, pre- and anti-biotics affect human-microbial molecular interactions. 
Furthermore, by exploiting the device’s modular design, we are constructing an in vitro 
model of the entire human gastrointestinal tract, termed ȝGUT, which will be suited 
to study the pharmacokinetics of drugs. 

Systems biology of natural microbial assemblages
We are investigating specific lipid accumulating microbial (LAM) communities which 
are found at the air-water interface of certain wastewater treatment plants and 
whose phenotype may be harnessed for the concomitant treatment of wastewater 
and production of biodiesel. Using a time-resolved integrated omics approach, we aim 
to reconstruct the community-wide gene regulatory as well as metabolic networks 
and understand the key processes involved in lipid processing, assimilation and 
storage by LAM communities. We investigate what impact the extensive population-
level genetic heterogeneity has on gene regulation and metabolism. Furthermore 
the LAM communities allow us to address other fundamental questions in microbial 
ecology, the evolutionary arms race between virus infectibility and host defense. 

Multifactorial biomarkers for neurodegenerative diseases
It is to be expected that patient stratification based on multifactorial biomarkers 
will play an increasing role in prognosis, diagnosis and personalised medicine. Such 
approaches are particularly promising for neurodegenerative diseases like Alzheimer’s 
and Parkinson’s disease where an early diagnosis and ensuing treatment could 
delay the progress of these diseases considerably and may give new insights in the 
cause of these diseases. Within a large consortium of researchers from 22 European 
countries, we aim to find indicators of disease in cerebrospinal fluid of people in early 
stages of Parkinson’s disease using our integrated omics approach. We are currently, 
applying our integrated omics approach to cerebrospinal fluid samples obtained from 
individuals diagnosed with Parkinson’s disease. 
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Key projects
Study of NADHX formation and repair in eukaryotic cells
We recently discovered a widely conserved enzymatic repair mechanism for hydrated forms of NADH and NADPH, 
two central cofactors of cell metabolism. The hydration of NAD(P)H can be catalysed as a side reaction of GAPDH 
(glyceraldehyde 3-phosphate dehydrogenase) or can proceed spontaneously at elevated temperatures, leading to the 
formation of two epimers of NAD(P)H hydrates designated S- NAD(P)HX and R-NAD(P)HX. Those hydrated derivatives 
cannot act as enzyme cofactors and have been shown to inhibit dehydrogenases. The repair system comprises an 
ATP-dependent S-NAD(P)HX dehydratase and an NAD(P)HX epimerase. The objectives of this project are to better 
understand how and under which circumstances NAD(P)HX is formed in the cell and what cellular functions are affected 
by the presence of NAD(P)HX. We are therefore investigating the effect of a deficiency of the NAD(P)HX repair system 
in yeast and mammalian cells on various molecular and physiological levels. These studies include transcriptomics and 
metabolomics analyses, growth rate determination in multiple environments, and lifespan assays of the repair deficient 
cells. The central roles of NAD(P)H in living cells and the conservation of the NAD(P)HX repair system across all kingdoms 
of life suggest that a better understanding of this system will reveal new fundamental aspects of cell metabolism.

2-Hydroxyglutarate metabolism in yeast and cancer cell lines
D-2-hydroxyglutarate (D-2HG) and L-2-hydroxyglutarate (L-2HG) are metabolites that accumulate in several types of 
inherited neurometabolic diseases and certain forms of cancer such as glioblastomas and acute myeloid leukaemia. In 
each of these diseases, mutations in specific dehydrogenases for L-2HG, D-2HG, or isocitrate have been shown to cause 
2HG accumulation. However, the intracellular pathways leading to 2HG formation and the roles of 2HG in disease are still 
unclear. We specifically aim to characterize and understand the effect of hypoxia on 2HG formation in cancer cell lines 
and to investigate 2HG formation and degradation in yeast, a very poorly investigated part of yeast metabolism. For this 
purpose, we set up a differential quantitative assay for D-2HG and L-2HG by liquid chromatography-mass spectrometry. 
The method allows sensitive measurements of these metabolites also in complex samples such as cell extracts. Through 
this project we aim at further elucidating D- and L-2HG metabolism in eukaryotic cells as well as the (neuro)toxic effects 
associated with these metabolites. This work could lead to the identification of molecular drug target candidates to be 
tested for the treatment of certain forms of cancer and severe neurometabolic disease.

Enzymology and Metabolism group
Overview
Several observations clearly indicate that our understanding of cellular metabolic networks, and the regulation thereof, 
is far from being complete. The long-term goal of our group is to exploit genomic and post-genomic data to discover 
new enzyme functions and to reduce the number of orphan enzymes. Priority is given to putative enzymes conserved 
in humans and potentially linked to disease or aging. Our research focuses on better understanding the physiological 
functions of recently identified enzymatic protein and metabolite repair mechanisms and on developing strategies 
for accelerating enzyme function discovery. Comparative genomics-based bioinformatics tools are used for in silico 
predictions of gene functions. To this end, we use liquid chromatography and mass spectrometry-based metabolomics 
methodologies and the model organism Saccharomyces cerevisiae as central tools. Besides, production of recombinant 
proteins, protein purification and the setting up enzymatic assays are also important for biochemical validation and 
characterization of predicted gene functions. Follow-up studies in human cell lines are performed for investigating the 
function of human orthologs of genes of interest by using RNA interference and overexpression techniques. Our research 
is intended to impact fields ranging from metabolic modelling and engineering to medicine.

Figure: Principles of enzymatic metabolic repair mechanisms. 
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Comparative genomics- and metabolomics-based strategies for enzyme 
function discovery
In this project we aim at interrogating the function of genes, which are still annotated 
as “uncharacterised” in the Saccharomyces cerevisiae genome. Using bioinformatic 
tools, we estimate how many, among the more than 1000 genes of unknown function, 
encode putative metabolic enzymes. To investigate the metabolic function of selected 
genes that are conserved in humans, we will use non-targeted GC-MS- and LC-
MS-based approaches to compare metabolite profiles of yeast deletion strains and 
the corresponding wild-type strains. Metabolites whose levels differ significantly 
between wild-type and knockout strains will help to predict reactions catalysed by 
the proteins of interest. Those predictions can then be validated on recombinant 
protein level through appropriate enzymatic assays. Given the non-targeted nature 
of our approach, this project has strong discovery potential and will more generally 
help developing bioinformatics and experimental approaches to address a major 
post-genomic challenge: decreasing the number of genes of unknown function in the 
rapidly increasing number of fully sequenced genomes across all kingdoms of life.

Crosstalk between a protein repair methyltransferase and growth signalling 
pathways
PCMT1 is a highly conserved repair enzyme that recognizes spontaneously formed 
isoaspartate residues in proteins and, through methylation, facilitates their 
reconversion back into the normal aspartate precursor. PCMT1 deficiency has been 
shown to lead to accumulation of high levels of damaged proteins, especially in 
the brain, and massive seizures in a knockout mouse model. In addition, PCMT1 
overexpression led to a longer life span in worms and flies. Other studies suggest 
roles for PCMT1 also in neurodegenerative disease and cancer. Interestingly, PCMT1 
deficiency highly activates insulin/IGF-1 signalling, a pathway that is known to play 
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an important role in the regulation of the aging process. The main objectives of this project are to analyse the effect of 
PCMT1 deficiency on the phospho-proteome of mammalian cell lines and to understand the molecular mechanism that 
links PCMT1 and phosphorylation cascades (particularly insulin/IGF-1 signalling). This should lead to a more comprehensive 
picture of the signalling pathways affected by PCMT1 on the one hand and to a better understanding of the physiological 
function of this intriguing protein repair enzyme that with its anti-apoptotic properties seems to play a negative role in 
cancer and a positive role in aging by increasing life span.
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Key projects
Functional analysis of Parkinson’s disease associated genes
Parkinson´s disease is most likely caused by a complex interplay between genetic and environmental factors. Many of the 
genes causing familial forms of PD have been identified, however the molecular and cellular mechanisms leading to the 
specific hallmarks of this neurodegenerative disease remain unknown. As mitochondrial dysfunction is a common feature 
of both familial and idiopathic forms of PD, we carry out functional analysis of genes underlying mitochondrial dysfunction 
in PD. Single and combinatorial gene perturbations are applied via gene knockdown and gene overexpression methods in 
neuronal cell culture models. Subsequently, a number of physiological and pathophysiological processes are analysed, i.e. 
the mitochondrial membrane potential and turnover, NADH turnover or ROS production. For this purpose we perform live 
cell imaging experiments combined with an automated image analysis pipeline to extract a wide range of features that 
characterise cellular and organelle function and help to potentially stratify PD into specific mechanism-based subtypes.

Mouse models of Parkinson’s disease
Mouse models are an essential tool in biomedical research to study disease mechanisms and to develop new therapeutic 
strategies. In the field of PD, existing models, whether transgenic or toxin-induced, reflect only limited aspects of the 
disease. By combining different PD-relevant genetic challenges into new mouse models, we try to generate loss-of-
function and gain-of-function animal models that better reflect the multifactorial nature of this disease. In addition 
we study differences in PD-related phenotypic traits between different inbred strains of mice to dissect the multigenic 
nature of PD pathogenesis. A particular emphasis is on the analysis of dopamine metabolism in the nigrostriatal system of 
mice using a wide range of behavioural, neuropathological and systems biology methods.

The role of neuroinflammation in Parkinson´s disease
Several lines of evidence suggest that neuroinflammation and chronic activation of the immune system are associated 
with the pathogenesis of PD. Many in vivo PD models indicate a detrimental role of microglia, although the in vivo situation 
is less clear. A growing body of evidence shows that, besides microglia, regulatory T cells (Tregs) play an important role 
in the immune response in the central nervous system. Interestingly, patients suffering neurodegenerative diseases, 
such as PD display a Treg dysfunctional phenotype. This phenotype is mainly observed in the early but not chronic stages 
pointing to a causative role of inflammation in the pathogenesis of neurodegenerative diseases. We have recently 
reported that plasminogen activator urokinase (PLAU), a gene associated with autoimmune and potentially Alzheimer´s 
disease, is important for the suppressor function of both human and murine Tregs. Our preliminary results indicate that 
some of the familial PD genes might also play an important role in Tregs suppressor function. Experiments are therefore 

Experimental Neurobiology group
Overview
The research focus of the group is the analysis of genetic and environmental factors leading to neurodegenerative 
disease. Systematic perturbation, high-throughput and high-content imaging methods are employed to study the role of 
mitochondrial, proteasome and immune system dysfunction in the pathogenesis of Parkinson´s disease. Bioinformatics 
and systems biology approaches are used to reconstruct regulatory and metabolic disease networks and to identify new 
targets for the development of specific preventive and therapeutic strategies of PD. Research projects involve studies on 
PD patients, animal models of PD and cell culture studies of dopaminergic neurons - the cell type most severely affected 
in PD-patients.

Figure: Multifaceted approach to understand the underlying mechanisms of neurodegeneration 
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carried out to understand the molecular function of these genes in the context of 
neurodegenerative diseases.

Development of a Parkinson´s Disease Map
Information on various aspects of PD pathogenesis is rapidly increasing and needs 
to be efficiently organized, so that the resulting data is available for exploration and 
analysis. We have developed a computationally tractable, comprehensive molecular 
interaction map of PD. This map integrates pathways implicated in PD pathogenesis 
such as synaptic and mitochondrial dysfunction, impaired protein degradation, 
alpha-synuclein pathobiology and neuroinflammation. We also develop bioinformatics 
tools for the analysis, enrichment and annotation of the map, allowing the research 
community to open new avenues in PD research. The PD map is freely accessible at 
http://minerva.uni.lu/pd_map.

Brain Energy Metabolism in Parkinson’s disease
Brain Energy metabolism represents a promising unifying perspective on Parkinson’s 
disease because mitochondrial dysfunction interrelates several known pathological 
processes including dopamine synthesis, oxidative stress and proteostasis. To 
account for the complex interplay of different cell types, we combine high-resolution 
imaging and mechanistic spatial modelling of metabolic neuron-astrocyte interactions 
and analyse the impact of mitochondrial dysfunction on neuronal functionality.

Dissecting cell population heterogeneity
Cell fate commitment is the key process for understanding how a multicellular 
organism’s genotype gives rise to phenotypic traits including disease development 
and progression. To understand the role of epigenetically induced cell heterogeneity 
and its importance to cancer, we analyse population dynamics of human breast 
cancer cells at single cell resolution using flux cytometry, microarray and single 
cell qPCR analysis. The resulting multiscale data enable a comprehensive picture of 
cancer dynamics and are integrated into a developmental modelling framework.
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Key projects
Network deregulation analysis in complex diseases
Complex diseases such as Parkinson’s disease are characterized by deregulations in multiple genes and proteins. Previous 
research has shown that genes in a molecular network tend to undergo more coordinated expression changes when these 
genes are neighbours in the network, than when they occur in different network clusters. In collaboration with Enrico 
Glaab (Bioinformatics Core) we have developed an approach that allows to identify such discriminative, locally connected 
groups of genes from input expression data together with a graph encoding protein interactions or other types of pairwise 
functional associations between genes. Our approach is based on supervised two-class (healthy vs. disease) feature 
selection embedded in a penalized logistic regression scheme. To accommodate the pairwise similarity structure between 
genes, we define a penalty function that is quadratic in the absolute values of the logistic regression weights, with a 
regularized graph Laplacian as kernel. This results in a convex optimization problem that we solve with an efficient first-
order method. The discovered genes can be used as predictive features in combinatorial biomarker models for diagnostic 
purposes and for obtaining biologically interpretable network visualizations. 

Visualization and separation of microbial meta-genomic data
Separating or “binning” community genomic sequence data into groups reflecting organismal origin is a challenging 
problem in computational biology. Most of the existing approaches lack means of intuitively visualizing groups and hence 
they allow only for limited evaluation of congruency. In collaboration with Paul Wilmes (Eco-Systems Biology group), we 
have developed an approach that allows for rapid assessment of the inherent structure in the data, with the possibility of 
human-augmented input. Our method integrates composition-based features with Barnes-Hut Stochastic Neighbourhood 
Embedding (BH-SNE), a recently developed nonlinear dimension reduction method from the machine learning literature. 
Experiments on several simulated and real-world datasets demonstrate improved performance to state-of-the-art 
approaches, in terms of decreased length of sequence fragments, decreased computation time, increased homogeneity 
of clusters, and more intuitive interpretation. In addition to serving as an early exploratory tool of microbial community 
genomic sequence data, our approach can also improve downstream analysis by reducing the complexity of the data sets 
and allowing for parallel work-flows, for instance for dedicated population-level genome assemblies.

Reconstruction of context-specific metabolic network models
Recent advances in the study of human metabolism have allowed the reconstruction of genome-wide network models of 
human metabolism such as Recon 2 (Thiele et al. (2013)). A challenging problem is how to reconstruct in silico a context-
specific (e.g., cell or tissue specific) metabolic network model from a global metabolic network model. Recent literature 

Machine learning group
Overview
Machine learning is a field in the overlap of statistics and computer science, dealing with problems involving large-
scale, structured, high-dimensional, and noisy data, such as those frequently encountered in biology. Working in close 
collaboration with other research groups in and outside LCSB, the Machine Learning group led by Nikos Vlassis aims at 
novel mathematical theory, computational models, and optimization algorithms for analysing large-scale biological data, 
with the goal of facilitating the interpretation of the aetiology of diseases and allowing for more targeted hypothesis 
generation.

Figure: Focus on development of efficient machine learning algorithms for biological applications within the LCSB.  
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has addressed this problem, but the existing algorithms scale unfavourably with 
the size of the global metabolic model. In collaboration with Thomas Sauter (Life 
Science Research Unit of the University of Luxembourg), we have developed a new 
algorithm for fast reconstruction of context-specific models of human metabolism. 
Our approach integrates a variety of context-specific “omics” data into a core set 
of reactions that must be included in the final model. Contrary to other works, 
our approach uses state-of-the-art convex optimisation techniques that allow 
computing near-optimal, consistent context-specific models, in a much shorter 
time than competitive approaches. Our approach is generic and it can be applied to 
any organism for which a global stoichiometric model is available. We are currently 
applying the developed algorithm in the analysis of metabolic changes during the 
monocyte/macrophage to foam cell transition during atherosclerosis.

Statistical models of transcription factor binding
Predicting the DNA binding domains of transcription factors is a key problem in 
biology. The dominant approach is based on the so-called position weight matrix 
(PWM) model, which assumes that all nucleotides in a binding site are pairwise 
statistically independent, a probably simplistic assumption given the complexity of 
the underlying biological processes. In collaboration with Anke Wienecke (CRP Santé, 
Luxembourg) and Merja Heinäniemi (University of Eastern Finland) we investigate the 
use of statistical models that can capture high-order stochastic dependencies among 
nucleotides in a binding site, even for nucleotides at remote positions of each other. 
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The key model we study is the ensemble-of-trees (ET), which is a probabilistic mixture of a super-exponential number 
of dependency trees that are tied together via graph-theoretic manipulations. The ET model is much richer, but nearly 
as efficient to evaluate, than the PWM model, and our results indicate that it provides superior prediction performance 
in experiments with protein binding microarray data. The model can be used for regulatory SNP detection from next 
generation sequencing data, eventually allowing one to predict disease-causative genetic mutations at a genome-wide 
scale.
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Key projects
Family sequencing projects
The decline in cost for high-throughput methodologies such as next generation sequencing (NGS) and powerful computing 
enables researcher to obtain genetic information from the entire genome. The availability of such methodologies 
requires a high sensitivity to ethical aspects. Thus, before such methodologies can enter clinical practice, they have to 
be developed further and experiences with NGS in clinical settings have to be acquired. We choose to investigate the 
genetics of diseases employing family sequencing. This offers significant benefits over sequencing cohorts of unrelated 
individuals, because it allows a more accurate construction of the inheritance of genetic information on every piece of the 
chromosomes. There are three family sequencing projects currently processed at LCSB:
1) Alzheimer’s disease
Alzheimer’s disease (AD) is the most common form of dementia. It describes a progressive loss of cognitive function 
accompanied by severe neurodegeneration. The majority of cases are sporadically found in the elderly population, but 
there are cases of autosomal dominantly inherited familial forms of AD with an earlier onset of disease (FAD). Knowledge 
about causative genes or potential disease modifiers is currently incomplete. With our collaborators at Saarland 
University in Homburg/Saar, Germany, we aim to further elucidate the pathophysiology of this disease by means of NGS 
of disconcordant siblings in FAD, other high-throughput methodology in post-mortem brain tissue and genome-wide 
association studies (GWAS) using Alzheimer’s disease cohorts and centenarians as controls. 
2) Cushing’s syndrome
Cushing’s syndrome is a metabolic disease caused by increased circulating cortisol levels. The syndrome is typically caused 
by glucocorticoid drugs or tumors that produce cortisol or adrenocorticotrope hormones (CRH, ACTH). There are few 
publications reporting the presence of genetic causes of adrenal gland hormone excesses (Choi et al. Science 331, 2011). 
With our partners from Charité Berlin, Germany and University Hospital in Würzburg, Germany, we have identified a family 
with a suspected inherited genetic cause of macronodular adrenal tumor producing cortisol. We aim to sequence the 
family in order to identify the genetic cause/modifier of the disease to discover new drug targets in cortisol regulation. 
3) Diabetes mellitus
The MUST (multiplex family study) comprises a selection of families with diabetes mellitus (type 1 and later type 2) 
in Luxembourg. The study is initiated by Dr. Carine de Beaufort and aims to find a missing link between the genetic 
information in the families and the gut flora, i.e. the human microbiome. In that study, not only NGS is performed on 
the genome but also the metagenomics and meta-transcriptomics of all the participants and data from disconcordant 
siblings will be compared to identify disease causing or modifying pathways.

Medical translational research group
Overview
Discover, educate, care is the motto of the translational and experimental medicine group (TEM). The TEM group aims to 
perform interdisciplinary discovery research in the medical context and to translate basic research into clinically relevant 
information. The TEM members conduct basic or clinical research from the explorative phase through clinical trials. The 
team also provides education about medical knowledge and disease-related context to biologists and computational 
researchers at LCSB. Another focus is to emphasise research activities among physicians in Luxembourg and collaborating 
universities and hospitals within the Grand Region (UniGR). All physicians of the TEM group are actively involved in clinical 
care of patients.

Figure: Principles of family sequencing projects.
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Mitochondrial dysfunction in the enteric nervous systems as biomarker for 
Parkinson’s disease
Parkinson’s disease (PD) patients often suffer from constipation and reduced bowel 
movement, even before central motor symptoms become apparent. One hypothesis 
is that neurons in the enteric nervous system, which enervate the gut, might 
degenerate similarly to the dopaminergic neurons in the brain. Since mitochondrial 
dysfunction is an important hallmark of PD, we investigate different mitochondrial 
morphological features in the enteric nervous system using fluorescent microscopy. 
To this end, we collect material from colon biopsies (which are performed as colon 
cancer check-up in elderly people on a regular basis) from Parkinson’s patients 
and normally ageing controls. Potential differences in mitochondrial morphology or 
function in the enteric nervous systems could then be used as biomarker screening 
for PD in the ageing population. 

Inflammatory vascular disease
Normal physiology, but also diseases processes require an intense level of 
communication between the extracellular environment and intracellular signalling 
pathways. This interaction is mediated by integrins, heteromeric cell surface 
proteins that provide a structural connection between the cell and the extracellular 
matrix (ECM). They also transduce a variety of signals from the ECM to intracellular 
signalling pathways, thereby influencing gene expression, protein synthesis, cell 
survival and differentiation. ȕ3 integrin has shown to be involved in various pathophysiologic processes such as cancer/
neoangiogenesis, platelet aggregation, inflammation, bone resorption, and vascular disease. We further elucidate the 
role of ȕ3 integrin in a cell-specific fashion using Cre/Lox technology in vivo, in conditional ȕ3 deletion in vitro models 
as well as in silico utilizing high-throughput data acquisition followed by modelling of the signalling pathway based on 
experimental data (transcriptomics, phospho-proteomics and metabolomics). 

Next generation sequencing: special focus on metabolic diseases
Obesity is increasing worldwide, even in the younger population. The increasing prevalence leads to major co-morbidities 
such as type 2 diabetes mellitus, dyslipidaemia, hypertension, non-alcoholic fatty liver disease (NAFLD), and sleep apnoe 
syndrome. All these symptoms are characteristics of the so-called metabolic syndrome, a poorly understood condition 
associated with cardiovascular complications, a burden for patient, family and society. A widely held hypothesis considers 
insulin resistance as likely explanation for the association between the metabolic syndrome and vascular disease. We aim 
to explore the nature of metabolic and inflammatory disease by employing NGS methods to sample material from cell 
culture, mouse models and human clinical trials. In the DIABOWLT trial, in collaboration with the University of Magdeburg, 
we investigate the dynamic change in transcription in adipose tissue and macrophages of subjects that undergo an 
intense conventional weight loss program. In the BEARIT trial we aim to extend the mechanistic understanding of the 
beneficial effects of bariatric surgery in humans by studying bile acid composition and related signalling in humans. We 
also apply transcriptomics methodology to mouse models of diabetic kidney disease in order to find novel targets for 
treatment and prevention.

Key publications
1. Shiojima I., Schiekofer S., Schneider J.G., Belisle K., Sato K., Andrassy M., Galasso G., Walsh K. (2012). Short-term Akt activation in 

cardiac muscle cells improves contractile dysfunction in failing hearts. Am J Pathol, 181(6): 1969-76. 
2. Su X., Floyd D., Hughes A., Xiang J., Schneider J.G., Hurchla M., Uluckan O., Heller E., Deng H., Zou W., Craft L., Wu K., Hirbe A., Grabows-

ka D., Eagleton M., Townsley S, Steinberg T., Novak D., Conley P., Rogers M, Weilbaecher K. (2012). The ADP receptor P2Y12 regulates 
osteoclast function and pathologic bone remodeling. J Clin Invest, 122(10): 3579-92. 

3. Belisle K., Andrassy M., Boehm B.O., Schneider J.G., Schiekofer S. (2012). Adiponectin fails in improving angiogenesis in a mouse model 
for type 1 and type 2 dabetes after hind limb ischemia. ISRN Vascular Medicine, Volume 2012, doi:10.5402/2012/769092. 

4. Heller E., Hurchla M.A., Xiang J. Chen S., Schneider J.G., Joeng K.S., Vidal M., Goldberg L., Deng H., Hornick M.C., Prior J., Piwnica-Worms 
D., Long F., Cagan R., Weilbaecher K.N. (2012). Hedgehog signaling inhibition blocks growth of resistant tumors through effects on 
tumor microenvironment. Cancer Res, 72(4), 897-907. 

5. Jurkowski W., Roomp K., Crespo I., Schneider J.G., DelSol A. (2011): PPARȖ population shift produces disease-related changes in molecu-
lar networks associated with metabolic syndrome. Cell Death and Differentiation,Aug 11(2),e192.

Principal Investigator
Jochen Schneider
start: February 2011

STAFF
Clinical researchers
Carine de Beaufort
Nico Diederich

Postdoc
Ellen Damm



26   • • •

Key projects
Discovery of a metabolic pathway in immune cells for the production of an antimicrobial metabolite
The application of the newly established metabolomics platform in the context of (neuro)inflammation revealed a yet 
unknown metabolic pathway for the production of an antimicrobial compound. The initial intention of this project was to 
detect metabolic alterations in mammalian cells caused by inflammation. Having profiled the metabolome of microglial 
cells and macrophages with and without LPS treatment, we identified an intracellular and highly abundant metabolite 
synthesised only under inflammatory conditions: itaconic acid. Applying stable-isotope labelling experiments, we could 
demonstrate that this metabolite is produced in the TCA cycle from cis-aconitate. Further molecular biology and 
bioinformatics work of our group and in collaboration with the Experimental Neurobiology group of LCSB identified the 
immune response gene 1 (IRG1) as the mammalian gene coding for an enzyme catalysing the decarboxylation of cis-
aconitate to produce itaconic acid. Although itaconic acid has not been known to participate in mammalian metabolism, 
an antibiotic function of this metabolite has been described: it inhibits the glyoxylate shunt needed by many bacteria to 
survive during infection. We could confirm the antimicrobial activity of itaconic acid in Salmonella typhimurium. 

Cellular metabolism of catecholamine producing neuronal cells in the context of Parkinson’s disease
This project intends to study the metabolism of catecholamine producing cells such as dopaminergic neurons. During 
Parkinson’s disease (PD) these neurons degenerate, finally resulting in decreased dopamine levels in the striatum and the 
typical PD symptoms. Impairment of cellular metabolism could be a cause for subsequent death of dopaminergic neurons 
due to improper ROS detoxification. The synthesis of catecholamines and the degradation of instable intermediates 
produce high levels of oxidative stress. Therefore, the rate limiting enzyme tyrosine hydroxylase (TH) is strictly regulated to 
avoid excessive oxidative stress damaging the cell. Although a few human dopaminergic cell models are available, none of 
these produces detectable levels of catecholamines. As a first objective of this project we are establishing a human and 
dopamine producing cell culture model. It is of special importance to study human systems because the regulation of TH 
between human and other mammals differs significantly. 
The second objective of this project is to better understand the effects of oxidative stress pathways on cellular 
metabolism and detoxification of such. Therefore, we aim to shed light on cellular metabolism of dopaminergic neurons. 
Genetic and chemical perturbations are used to apply stress to the cells and to identify critical metabolic changes that 
can lead to increased cell death. We apply a combined strategy, consisting of cutting edge GC/MS metabolomics and 
fluxomics technologies as well as high content imaging and gene expression analysis to characterize the perturbed cells. 
To decipher cellular metabolism, targeted and non-nontargeted metabolomic approaches are used. This will allow us to 
inspect how the cell generates reducing potential to cope with oxidative stress conditions and how this could be impaired 
in genetically perturbed cells. 

Metabolomics group
Overview
The metabolomics group focuses on deciphering the details of cellular metabolism. We are interested in identifying 
new metabolic pathways and in understanding their functions. Combining wet-lab experiments with bioinformatics and 
software development, we established a state of the art mass-spectrometry based metabolomics platform. Standard 
metabolomics analyses only provide information about metabolite amounts but do not consider metabolic dynamics 
like metabolic fluxes or enzyme activities. To overcome these limitations, we developed specific stable-isotope based 
technologies including algorithms and software for the analysis of the dynamics of cellular metabolism.

Figure: GC/MS based metabolomics platform 
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Non-targeted metabolic network construction
This project aims to construct metabolic networks based on non-targeted and stable-
isotope assisted metabolomics measurements. Most of todays studies on metabolic 
networks focus mainly on known parts of the metabolism. However, to detect yet 
unknown metabolic pathways, non-targeted methods are preferred. We will use the 
Non-targeted Tracer Fate Detection (NTFD) system to detect the metabolic fate of 
various stable-isotope labelled tracers like sugars and amino acids. Based on the 
determined labelling patterns (mass isotopomer distribution (MID)) we will perform a 
pathway reconstruction for every tracer. Assuming that closely connected compounds 
in a metabolic network exhibit similar MID patterns, a pathway reconstruction based 
on MID similarity would become feasible. In contrast to targeted methods that make 
use of conventional biochemical or genomic knowledge, NTFD-based analyses will fit 
the network to experimentally observed data in a non-targeted manner, not requiring 
any a priori knowledge about the interconnectivity of the network. In this way, NTFD-
based pathway reconstruction will not miss unknown or unanticipated reactions 
or metabolites because of limited biochemical knowledge. This is of particular 
importance in cases where such information regarding the metabolism of metabolites 
or drugs is incomplete or totally unavailable.

Metabolic biomarker profiles for disease classification
Metabolic biomarkers are defined as features that can be objectively measured and 
evaluated. They are used as surrogates of biological processes or pharmacological 
responses to therapeutic intervention. We develop disease-specific diagnosis/
prognosis prediction models based on powerful mathematical modelling approaches, 
such as logistic regression. Currently, there are no adequate metabolic classification 
models for many diseases including Parkinson’s disease. With high-throughput mass 
spectrometry and sophisticated in-house algorithms, we identify a disease-specific 
biosignature at the metabolite level. Such a biomarker pattern can also integrate 
different biomarkers derived from genes and/or proteins. As metabolomics is studying 
the final phenotype of a cell, it is the optimal tool to build mathematical classification 
and prediction models. The challenge of every metabolomics and mass spectrometry 
based study is data robustness and reproducibility. Thus, there is an urgent need 
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for the non-targeted detection of stable isotope labeled compounds in GC/MS data. Bioinformatics, 2013, 29:9, 1226-8; doi: 10.1093/
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for high quality samples. We tackle this problem by combining metabolomics and biobanking by developing standardized 
collection, processing and metabolomics analysis protocols. In close collaboration with the Integrated Biobank of 
Luxembourg (IBBL), we develop quality control tools optimizing biomarker discovery studies.
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Key projects
Reconstruction of biochemical reaction networks
Genome-scale reconstructions of biochemical reaction networks capture currently available biochemical knowledge 
about a target organism and/or cell in a structured manner. They are manually assembled and highly curated against 
experimental data, mostly derived from published biochemical data. Such reconstructions can be readily converted into 
computational models and their in silico phenotypes can be interrogated using the constraint-based modelling approach. 
We are continuously constructing, refining, and analysing biochemical reaction networks for human and human-associated 
microbes. Our comprehensive repertoire of genome-scale, high-quality, manually crafted biochemical reconstructions 
and models includes models of metabolism, signalling and macromolecular synthesis. For instance, we created a 
global reconstruction of human metabolism. It is the most comprehensive, manually curated reconstruction currently 
available, and has been constructed in a community-driven manner. Here, we also assigned reaction directionality to 
the human metabolic reconstruction based on thermodynamic data and investigated systematically missing knowledge 
in human metabolism. Further human reconstructions include small intestinal epithelial cells and the cardiomyocyte 
mitochondrion. In addition to human metabolism, we also generated a global reconstruction of mouse metabolism by 
mapping mouse homologous genes onto the human metabolic reconstruction. Besides the host metabolism, we are also 
interested in the human microbiome and its interaction with the human host. We generated metabolic reconstructions 
of the human pathogens Salmonella typhimurium LT2, Helicobacter pylori, Pseudomonas aeruginosa as well as the human 
beneficial gut microbe Bacteroides thetaiotaomicron. Furthermore we made an integrated metabolism-macromolecular 
synthesis reconstruction for E. coli, which represents the most comprehensive stoichiometric description of multiple 
cellular processes taking place in a bacterium to-date, as well as an integrated host-microbe metabolic model of mouse 
and the beneficial human gut inhabitant Bacteroides thetaiotaomicron, which we employ to study mutual and competitive 
metabolic interactions and their impact onto human health.
 
Systems biology of inborn errors of metabolism
Inborn errors of metabolism (IEMs) are individually rare but collectively numerous. Newborn screening programs worldwide 
allow early detection of amino acid and fatty acid disorders with a low false positive rate using tandem mass spectrometry 
(MS/MS). Our most recent human metabolic reconstruction accounts for the metabolic pathways of these metabolites 

Molecular Systems Physiology group
Overview
The Molecular Systems Physiology group aims to improve our understanding on how diet influences human health. We 
use a computational modelling approach, termed constraint-based modelling, which has gained increasing importance 
in systems biology. In this approach, comprehensive computational models are assembled in a bottom-up manner 
from literature and genomic information. These models describe in a stoichiometric accurate format biochemical 
transformations occurring in a target organism. Once assembled, various omics data sets can be integrated and analysed 
with these models, expanding currently available analysis tools and thus providing mechanistically based insight into 
complex multi-dimensional datasets. Moreover, these models can be used to predict the impact of genetic alterations 
(e.g., enzyme deficiencies) and of changed environment conditions (e.g., changes in diet composition) on the metabolic 
state of the target organism. The Molecular Systems Physiology group builds comprehensive models of human cells and 
human-associated microbes. We then employ these models together with experimental data to investigate how nutrition 
and genetic predisposition can affect one’s health. In particular, we are interested in applying our computational modelling 
approach for better understanding inherited and neurodegenerative diseases.

Figure: Metabolic reconstruction of human host and microbiome in health and disease.
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and thus provides a powerful, novel tool to functionally analyse these data. At a first 
step, we catalogued all IEMs that map onto the human metabolic reconstruction 
along with metabolic and clinically relevant information, providing a gold standard 
and compendium for computational analysis. So far we have demonstrated that 
the metabolic model can accurately predict numerous known biomarkers often 
observed in patients with rare metabolic diseases. We are now investigating novel 
biomarkers for various IEMs as well as using our metabolic models to provide 
possible explanations for observed biomarker patterns. With this work, we hope 
to expand current spectrum of IEMs for newborn screenings and to demonstrate 
that computational modelling can be successfully used to predict therapeutic 
interventions, including nutritional regimes and candidate drug targets.

Development of computational tools and methods for multiscale systems 
biology
We are actively developing methods and tools for multiscale modelling in systems 
biology. Our tools are mostly encoded in the Matlab programming environment and 
are freely available to the research community. With our tools, we aim to facilitate 
the use of constraint-based models and methods for users with limited programming 
experiences. We actively support and contribute to the openCOBRA project. Our 
repertoire includes:

rBioNet - an open source tool for multiscale, biochemical network reconstruction 
von Bertalanffy 1.0 - an open source tool for assigning unbiased reaction 
directionality to network reactions based on thermodynamic principles

Key publications
1. Thiele, I., Swainston, N., Fleming, R.M.T., Hoppe, A., Sahoo, S., Aurich, M.K., Haraldsdottir, H., Mo, M.L., Rolfsson, O., Stobbe, M.D., 

Thorleifsson, S.G., Agren, R., Bölling, C., Bordel, S., Chavali, A.K., Dobson, P., Dunn, W.B., Endler, L., Hala, D., Hucka, M., Hull, D., Jameson, 
D., Jamshidi, N., Jonsson, J.J., Juty, N., Keating, S., Nookaew, I., Le Novere, N., Malys, N., Mazein, A., Papin, J.A., Price, N.D., Selkov Sr., 
E, Sigurdsson, M.I., Simeonidis, E., Sonnenschein, N., Smallbone, K., Sorokin, A., van Beek, J.H.G.M., Weichart, D., Goryanin, I., Nielsen, 
J., Westerhoff, H.V., Kell, D.B., Mendes, P., Palsson, B.O. (2013)  A community-driven global reconstruction of human metabolism, Nat. 
Biotech., 31(5):419-25 
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mammalian gut, Gut Microbes, 4(1):1-13 (2013).

3. Thiele, I., Fleming, R. M. T., Que, R., Bordbar, A. Diep, D., Palsson, B. O. (2012) Multiscale modeling of metabolism and macromolecular 
synthesis in E. coli and its application to the evolution of codon usage, PLoS One, 7(9):e45635 (2012).

4. Nogales, J., Gudmunsson, S., Knight, E. M., Palsson, B. O., Thiele, I. (2012) Detailing the optimality of photosynthesis in cyanobacteria 
through systems biology analysis., PNAS, 109(7):2678-83 (2012)

5. Thiele, I. and Palsson, B. O. (2010) A protocol for generating a high-quality genome-scale metabolic reconstruction, Nat Protocols, 5(1): 
93 - 121(2010).

6. Zhang, Y., Thiele, I., Weekes, D., Li, Z., Jaroszewski, L., Ginalski, K., Deacon, A. M., Wooley, J., Lesley, S. A., Wilson, I. A., Palsson, B. O., 
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COBRA toolbox v2 for the analysis of metabolic networks
fastFVA - an open source tool for assessing network redundancy in a computationally efficient and tractable manner 
both large-scale and multiscale biochemical reaction networks 
Mapping and integrated analysis of metabolomic and transcriptomic data in the context of metabolic and signalling 
networks
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Key projects
Automated microfluidic cell culture and imaging of dopaminergic neurons
In order to create an accurate computational model of dopaminergic neuronal metabolism, quantitative data is required 
to set the boundary conditions for the corresponding model. Microfluidic cell culture chips can be designed with 
various advantages over macroscopic cell culture, including increased precision and automation of various experimental 
conditions, ease of conducting perfusion culture, direct coupling to downstream analysis systems and the potential for 
real time on-chip analyses. High-throughput experiments can also be cost-efficient due to reduced reagent consumption.
We have established a versatile microfluidic cell culture system at the LCSB. The system is based on a PDMS microfluidic 
chip fabricated by the Stanford Microfluidics Foundry. The chip was purposefully designed for versatile cell culture 
experiments (Gomez-Sjoberg et al, 2007). Everything within the system is fully programmable and computer operated 
via MATLAB. We can computationally program a unique combination of 16 different fluid inputs, independently, to 
each one of 96 culture chambers. The ability to automate the experimental protocol, by computationally programming 
miniature pneumatic valves, allows control of fluid flow through the chip and into the culture chambers to create a large 
combination of fresh culture media formulations. This allows for increased throughput, accuracy and reproducibility of 
results. With cell culture in microfluidic chambers, we can increase the theoretical sensitivity to concentration changes 
in the culture medium as it decreases the ratio of intra:extracellular volume compared to traditional cell culture. Each 
cell culture chamber (1120 ȝm x 900 ȝm x 40 ȝm) has a volume of 60nl, so for a 5 ȝm high monolayer of cells, the ratio 
of extra:intracellular volume approaches 4:1. The chip is mounted on a motorized stage of a motorized fluorescent 
microscope (Leica DMI6000B), equipped with an incubation system for live-cell imaging and a digital camera for automatic 
recording of cell density, morphology and viability. By mixing fluid inputs we are able to use the microfluidic system to 
provide fresh media that more closely matches plasma concentration, offering the capacity to modulate each metabolite 
concentration between physiologically realistic bounds. We are exploring microfluidic cell culture of a variety of in vitro 
models of dopaminergic neurons, including transformed cells, primary dopaminergic neurons and dopaminergic neurons 
derived from induced pluripotent cells.

Systems Biochemistry group
Overview
The mission of the Systems Biochemistry group is to conduct fundamental research on systems of biochemical 
reactions in general, with particular application to Parkinson’s disease. Systems biochemistry is the application of a 
systems approach to understand biochemistry. A systems approach consists of an iterative cycle of mathematical and 
computational modelling and quantitative experimental measurement. Mathematical and computational models are 
formal representations of biochemical knowledge that are used to propose hypotheses, design experiments and interpret 
experimental results. Quantitative experimental measurements are used to test hypotheses generated by the model and 
generate data used to refine the model. The synergistic and interdiciplinary objectives of the group are:

to develop generally applicable mathematical optimization algorithms and software for variational kinetic modelling of 
genome-scale biochemical reaction systems 
to iteratively improve the predictive capacity of computational models by development of generally applicable 
algorithms and software for integration of such models with experimental data 
to develop computational models of dopaminergic neurons which are applied to optimally design in vitro experiments 
with dopaminergic neurons, to understand the aetiopathogenesis of Parkinson’s disease and to develop new 
approaches for early diagnosis and treatment of Parkinson’s disease. 
to develop an automated microfluidic cell culture and imaging platform for experimental characterisation of 
dopaminergic neurons in vitro.

Figure: Interplay between experimental and computational dopaminergic models. 
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Reconstruction and computational modelling of dopaminergic neurons
We are reconstructing the salient biochemistry of dopaminergic neuronal metabolism 
as a first step toward development of a whole cell dopaminergic neuronal model. 
Omics data are combined with published algorithms to generate a draft dopaminergic 
specific reconstruction, to obtain a subset of the metabolic reactions in the recently 
published cell type unspecific reconstruction of human metabolism, Recon2. 
Extensive manual curation of literature is used to reconcile the draft reconstruction 
with known biochemical features of normal dopaminergic neurons. Thermochemical 
calculations are used to predict the direction of net flux within each metabolic 
reaction. Using standard procedures, the reconstruction is converted into a 
constraint-based computational model of dopaminergic metabolism. Iterative rounds 
of reconstruction, model prediction and reconciliation with existing experimental 
data is used to develop a computational model which is formal synthesis of current 
knowledge on dopaminergic neuronal metabolic function. We test the accuracy of 
the dopaminergic neuronal metabolic model by comparing predicted active pathways 
with pathways established experimentally to be active. The computational model of 
dopaminergic neuronal metabolism is used as an aid to interpret experimental data, 
to optimally design in vitro experiments with dopaminergic neurons, to understand 
the aetiopathogenesis of Parkinson’s disease and to develop new approaches for early 
diagnosis and treatment of Parkinson’s disease.

Key publications
1. I. Thiele, N. Swainson, R.M.T. Fleming, A Hoppe, S Sahoo, M K Aurich, H Haraldsdottir, M L Mo, O Rolfsson, M D Stobbe, S G Thorleifsson, 
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N Juty, S Keating, I Nookaew, N Le Nov`ere, N Malys, A Mazein, J A Papin, N D Price, E Selkov, M I Sigurdsson, E Simeonidis, N Sonnen-
schein, K Smallbone, A Sorokin, J H van Beek, D Weichart, I Goryanin, J Nielsen, H V Westerhoff, D B Kell, P Mendes, and B Ø Palsson. A 
community-driven global reconstruction of human metabolism. Nat Biotechnol, doi:10.1038/nbt.2488, Mar 2013.

2. R.M.T. Fleming, C.M. Maes, M.A. Saunders, Y. Ye, and B.Ø. Palsson. A variational principle for computing nonequilibrium fluxes and poten-
tials in genome-scale biochemical networks. Journal of Theoretical Biology, 292:71–77, 2012,

3. H. S. Haraldsdottir, I. Thiele, and R.M.T. Fleming†. Quantitative assignment of reaction directionality in a multicompartmental human 
metabolic reconstruction. Biophysical Journal, 102:1703–1711, 2012. 

4. I. Thiele, R.M.T. Fleming, A. Bordbar, R. Que, and B.Ø. Palsson. A systems biology approach to the evolution of codon use pattern. PLoS 
ONE, 7(9):e45635, 2012. 

5. R.M.T. Fleming and I. Thiele. Mass conserved elementary kinetics is sufficient for the existence of a non-equilibrium steady state con-
centration. Journal of Theoretical Biology, 314:173–181, 2012.
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Optimization algorithms and software for variational kinetic modelling
In experimental systems biology, the majority of high-throughput experimental data is of molecular abundance and the 
minority is of reaction rates. We seek a modelling framework flexible enough to integrate experimental data on both 
rates and abundance. We are developing a novel Variational Kinetic approach to model stationary state reaction kinetics 
for large systems of reactions based on nonlinear continuous optimization algorithms. These variational kinetic models 
aim to preserve the computational tractablity associated with numerical optimization and add the biochemical realism 
typical of kinetic models. Building on our previous development of a globally convergent algorithm for the forward problem 
(computing reaction rates and molecular abundance given parameters), we aim to develop a globally convergent algorithm 
for the corresponding inverse problem (computing parameters given reaction rates and molecular abundance), via 
gradient-based search of kinetic parameters that optimally fit experimental data. Our general approach is to focus on the 
development of biochemically tailored polynomial-time optimization algorithms with guaranteed convergence properties. 
This effort requires the development and application of mathematical concepts at the intersection of Variational Analysis, 
Continuous Nonlinear Optimization, Generalised Convexity and Numerical Analysis. In tandem with mathematical algorithm 
development, we prototype numerical analysis software then test its performance when applied to a set of low, medium 
and high dimensional biochemically relevant modelling problems. Prototype software is developed in high-level languages, 
e.g., MATLAB. When mature, the software is reimplemented in low-level languages, e.g., FORTRAN, tailored to run on high 
performance computing architectures.
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LCSB engages in strategic partnership with several world-leading research institutes. One objective is to ensure the best 
training and education for our scientists. To this end the LCSB postdoctoral fellowship program has been initiated. In this 
program, LCSB’s postdoctoral researchers spend 2 years at one of the best research institutes around the world before 
they return to Luxembourg to continue their scientific career at LCSB. Currently, five researchers are part of this program.

Kinetic modelling of ROS management in mitochondrial-related diseases 
Alexey Kolodkin, hosted at Institute for Systems Biology, Seattle, USA
Reactive Oxygen Species (ROS) generation is an unavoidable background process during normal cellular function. Healthy 
cells manage ROS enzymatically and by mitophagy of damaged mitochondria. The precise tuning of the latter mechanism 
is crucial for cell survival and is controlled in the cell by a ROS-induced regulatory network, which consists of many 
components with a rather complicated cross-talk. We have been building a set of kinetic models of varying complexity 
describing the mechanism of cellular ROS management. Kinetic models have been built hand-in-hand with large-scale 
modelling of metabolic networks for neuronal cells (in collaboration with Evangelos Simeonidis) and experimental 
mitochondrial-oriented research at the Institute for Systems Biology (in collaboration with Vineet Sangar and the team 
of Nathan Price) and German Cancer Research Center and Bioquant (in collaboration with the group of Nathan Brady). 
Models offer insight into the design underlying the functionality of ROS management system and enable simulation of 
various pathological scenarios related to mitochondrial dysfunctions in Parkinson’s disease, Huntington’s disease and 
cancer.

Studying the structure and dynamics of complex biomolecular networks 
Evangelos Simonidis, hosted at Institute for Systems Biology, Seattle, USA
Our research focuses on building computational models of metabolic and regulatory processes related to Parkinson’s 
disease. To this end, we apply several kinds of models of metabolic and biochemical networks, such as genome-scale 
stoichiometric networks, kinetic, mechanistic models, discrete dynamic networks and probabilistic networks. Examples 
include 1) the reconstruction of large-scale metabolic networks and the interplay of such networks with expression 
data, which can be used to explain or predict the outcome of experimental interrogation of cells with high-throughput 
technologies, and 2) the kinetic modelling of the mechanism of cellular ROS generation management and ROS-induced 
mitophagy (in collaboration with Alexey Kolodkin).

Studying signal transduction dynamics in inflammation-induced neuropathogenesis 
Suresh Kumar Poovathingal, hosted at California Institute of Technology, Pasadena, USA
The role of inflammation in neuropathology has long been appreciated. However, the molecular mechanisms of initiation 
and subsequent progression of the pathology remains largely elusive, predominantly due to the complexity of interactions 
of different signalling molecules in cells. Comprehending these mechanisms amidst the underlying complexities requires 
quantification of cellular biomolecules at single-cell level using high-throughput “omics” assays and development 
of complementary computational techniques to characterize the resulting high-dimensional data. One of the prime 
objectives is to develop an integrative platform to specifically study the role of inflammation in neuropathology/
degeneration. Signalling proteins and networks are the work horses of cells and the key determinants of cellular 
phenotypes. Our research focuses on developing a microfluidic platform that will be capable of quantifying the dynamics 
of key signalling proteins involved in pathogenesis, at a single-cell resolution. Further, computational approaches such 
as Bayesian inference analysis will be applied to the single-cell data to delineate the network re-organization, as the cell 
progresses from the healthy to a pathological state.

Research fellows
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Multiscale Astrocyte Neuron Interaction Analysis 
Felix Kleine Borgmann, hosted at University of California, San Diego, USA
In latest year’s the importance of glial cells for proper brain function became more and more evident. Malfunctioning 
of astrocytes, the most abundant glial cell type that supplies the neurons with energy, might at least partly underlie 
neurodegeneration. In addition, mitochondrial dysfunction has been shown to play an important role in Parkinson’s 
disease. In close collaboration with the National Institute for Imaging and Microscopy Research (NCMIR) in San Diego, 
USA, headed by Prof. Mark Ellisman, we analyse mitochondria on a multiscale level. We monitor mitochondrial turnover, 
characterized by fusion and fission events, and ATP generation by correlative light (LM) and electron (EM) microscopy 
in slice cultures of the mouse brain. We use, amongst others, the newly developed dyes miniSOG and APEX as LM/EM 
labelling techniques. The insights gained are used to create a spatially resolved model of the astrocyte and its metabolism 
(in collaboration with Niko Komin).

Brain Energy Metabolism in Parkinson’s Disease 
Niko Komin, hosted at University of California, San Diego, USA
The central aspects of this project are the energetic processes involved in Parkinson’s disease (PD). Disturbances in 
the energy metabolism and in the mitochondrial renewal process are known to cause a variety of neuropathologies, 
such as PD, Alzheimer’s disease and Huntington’s disease. A theoretical understanding of the underlying processes 
will help to design future experiments and to develop therapies or cures. Together with Alexander Skupin (LCSB) we are 
formulating a reaction-diffusion problem whose solution (based on Green’s function) will simulate the energy metabolism 
within astrocytes and their interaction with neurons and blood vessels, on a spatially resolved scale. In a later stage the 
mitochondrial renewal process - a balance between fission and fusion - is added. Parallelisation techniques and the use of 
super computers will allow high spatial and temporal resolution. Realistic astrocyte morphologies and enzyme/transporter 
localization obtained from experimental observations using high resolution data from electron microscopy (in collaboration 
with Felix Kleine Borgmann) will be used for model parameterisation and validation.
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INFRASTRUCTURE
“House of Biomedicine”
Research in Life Sciences has undergone a dramatic change within the last decade. Collaboration and resource sharing 
have become an important element not only in the design and implementation of the experiments per se, but also in the 
establishment of large scale, capital and human resource rich infrastructure. Top-notch infrastructure is a key attractor 
for becoming and staying competitive on an international level. As a result of the progress in sequencing the human 
genome, the analysis of biological systems has largely been driven by efforts to automate and miniaturize individual 
assays. This has led to ”Big Biology“ laboratories, which are characterized by major capital investments, i.e. in robotics, 
automatic imaging capture devices and IT infrastructure. The goal of LCSB is to establish and provide access to important 
infrastructure in high-throughput biological systems analysis such as bioinformatics, genome analysis or metabolomics 
as well as to use the best suitable model organism for a given study. Cutting across disciplines in systems biomedicine, 
the integration of different technologies, models, disciplines and expertise from mathematical theory to practical medical 
requirements of the clinic adapts LCSB in the best possible ways to the challenges of modern biomedical research.

Technical and model organism platforms
Systems biology is driven to a large extend by high-throughput and high-content technologies, such as next generation 
sequencing, transcriptomics, proteomics, metabolomics or imaging. So far LCSB has invested in the following specific 
technological platforms: 

High Content Cell Culture Screening and Imaging Facility
The LCSB has set up a high-content and high-throughput microscopy screening (HCS, 
HTS) and imaging facility. Imaging of fixed and living cells and tissues after genetic 
or pharmacological perturbation on various type of microscope (widefield microscope, 
spinning-disk and conventional confocal microscope) followed by powerful image 
analysis tools allows for detailed analysis of cell morphology, topology and dynamics 
of cells and their organelles. In addition to fluorescent microscopy, we apply cell 
sorting technologies to perform for instance cell cycle, proliferation and apoptosis 
assays. 

Neuropathology
The Neuropathology platform provides in vivo murine model development and 
assessment for a variety of neurodegenerative diseases. Classical histological 
and immunostaining techniques are used to closely describe and quantify the 
degeneration of neurons typical for Parkinson’s (PD) and Alzheimer’s disesase (AD) 
in these mouse models, and to compare them to the human diseases. Together 
with other platforms and expertise at the LCSB, and other Luxembourg biomedicine 
institutes, the Neuropathology platform is firmly anchored in efforts aimed at 
identifying pathological processes in PD and AD, point out novel ways for therapeutic 
interventions, and work out procedures to test such interventions preclinically.

Metabolomics and Fluxomics
The goal of metabolomics is the comprehensive and quantitative analysis of all 
metabolites (small molecules) for a detailed overview of the current state of a 
cell. Additionally, by using stable isotope-labelled tracers, metabolic fluxes can 
be calculated for an improved understanding of biological networks and cellular 
regulatory processes. Of all molecular technologies, metabolomics gives the most 
direct information about the actual physiology of the organism. However, the 
variability and the highly dynamic profiles of metabolites in the cells pose a challenge 
in research. LCSB has built up a reliable metabolomics platform based on GC-MS to 
cover a strategic niche.
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Bioinformatics platform
The LCSB Bioinformatics Core facility offers access to high performance computing 
and large data storage as well as the bioinformatics expertise for most of the routine 
demands of a biomedical research centre. This includes state-of-the-art workflows 
for data capture and data analysis. In addition, support is provided for the analysis 
and interpretation of large data sets. Technical support, embedded in an efficient and 
reliable information management system is part of this Bioinformatics Core facility. 
During 2013 the core facility added a substantial number of new computes nodes 
and storage capacity to the existing high performance equipment. Together with the 
other high performance stakeholders at the university we plan to increase the storage 
capacity in early 2014 by another PetaByte.

Zebrafish
Since many years, zebrafish are considered an important vertebrate model organism 
in life science research. Their embryos and larvae are microscopically small, optically 
translucent and show high genetic, physiologic, and pharmacologic homology to 
humans. The ability to quickly generate transgenic models make the zebrafish an 
important tool to perform gene-function analysis. In addition, zebrafish are uniquely 
suited to perform high-throughput, in vivo screens of drug-like, structurally diverse 
small molecules to identify compounds capable of modulating pathophysiological 
parameters associated with disease – particularly through the use of novel zebrafish 
models of human CNS disorders. 

Yeast platform
LCSB has recently started building up a platform for using yeast as a model organism 
for functional genomics. Yeast is the simplest eukaryotic organism, but, due to its 
ease of manipulation and amenability to genetic modifications, has proven invaluable 
in the elucidation of conserved molecular mechanisms underlying important cell 
functions such as mitochondrial biogenesis, cell division, and cell death. Many human 
disease genes have counterparts in yeast, which can therefore also be used for 
the dissection of molecular mechanisms of disease and for drug screens. Yeast-
specific metabolite and RNA extraction protocols for subsequent metabolomics and 
transcriptomics analyses, and high-throughput phenotypic screens and lifespan 
assays are currently being set up to allow detailed functional analyses of genes of interest and to assist metabolic 
modelling efforts. A collection of gene deletion mutants in Saccharomyces cerevisiae for all non-essential genes is 
available for the platform. Deletion mutants in other genetic backgrounds, double mutants, and overexpressor strains can 
also be created. Finally, protocols for the production of recombinant proteins of interest by overexpression in yeast are 
being set up.

Infrastructure available through collaboration
Additional infrastructure in Luxembourg is accessible to the LCSB through strategic partnerships inside and outside 
Luxembourg. This includes a clinical proteomics facility, DNA sequencing, state-of-the-art biobanking as well as mouse 
facilities.
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