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Welcome Note | Ruedi Aebersold

Dear Colleagues,
I am very pleased to welcome you to the 1st SystemsX.ch International
Conference on Systems Biology 2011 in Basel.
SystemsX.ch, the Swiss initiative for Systems Biology was launched in 2007. It
strives to advance the aims of Systems Biology by supporting collaborative
research among nine universities and three research institute partners in
Switzerland. Systems Biology research is inter- and trans-disciplinary in nature,
complementing traditional biology with computational, modeling, and advanced
technological approaches. SystemsX.ch, funds substantial research and
educational programs and technology facilities to support scientists in Switzerland
to successfully carry out systems level research.
Our three-day conference is divided into the four topic areas of Medically Relevant Systems Biology,
Modeling of Complex Systems, Synthetic Biology and Novel Technologies in Systems Biology. We are
very pleased to offer an exciting scientific program with internationally renowned speakers providing
keynote lectures in each section. In addition to our invited speaker program, each session will also
feature short talks selected from abstract submissions including many student presentations. There will
also be ample time devoted to Poster Sessions to allow interactive discussions between presenters and
their audience, promoting feedback and stimulating new perspectives. The social program of the
conference will include dinners and a social event to allow our participants to meet in a more relaxed
environment for communication and networking.
I hope that our conference will provide not only a venue for presenting the latest advances in systems
biology research, and opportunities for stimulating discussions, but also for demonstrating the
collaborative synergy in systems biology research reached and the data generated by the efforts of the
SystemsX.ch initiative.
The conference would not be possible without generous support from supporters of SystemsX.ch. We are
grateful to the multiple sponsors of our conference for their contributions in support of these social
program offerings.

Ruedi Aebersold
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Program | Monday

Monday, October 24th, 2011
09:00

Arrival and Registration

10:15

Opening Remarks
C. Eymann, Regierungsrat Canton Basel-Stadt

10:30

SystemsX.ch Introduction
R. Aebersold, ETH Zurich

Medically Relevant Systems Biology
Chair: Lucas Pelkmans, University of Zurich
11:00

Keynote Lecture: The Mitochondrion as a Model for Systems Biology
V.K. Mootha, Harvard Medical School (Boston, USA)

11:45

A Systems Approach to Virus Entry
A. Helenius, ETH Zurich

12:15

Lunch & Poster Session

14:00

Keynote Lecture: A Definable “Structure” for the Immune System and Cancers at
the Single Cell Level in the Post-Fluorescence Era
G. Nolan, Stanford University School of Medicine (Stanford, USA)

14:45

Detecting Intra-tumor Heterogeneity with Ultra-deep Sequencing
M. Gerstung, ETH Zurich (Basel)

14:55

Microfluidics-based DNA Binding Analysis of the PPARgamma-RXRalpha Complex
Demonstrates Dimer-dependent DNA Binding Specificity and Affinity
A. Isakova, EPF Lausanne

15:10

Modeling Kinetic Relationships Between Circadian Transcription and Cytosolic
mRNA Accumulation from pre-mRNA and mRNA Measurements
L. Symul, EPF Lausanne

15:25

Host Metabolism During Salmonella Typhimurium Infection
A.K. Schemmer, University of Basel

15:35

Coffee Break

16:00

Lipidomic and Transcriptomic Analysis of Liver Failure in L-pbe-/- Mice Reveals
New Mechanisms in Liver Inflammation and Fibrosis
J. Ding, University of Lausanne

16:15

Dissection of Signaling Pathways Controlling Hepatic Insulin Resistance
M. Stoffel, ETH Zurich

16:45

Love and Fear in the Lab
U. Alon, Weizmann Institute of Science (Rehovot, IL)

17:25

Apero & Poster Session

19:00

Dinner
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Program | Tuesday Morning

Tuesday, October 25th, 2011
Modeling of Complex Systems
Chair: Susan Gasser, Friedrich Miescher Institute Basel
08:30

Keynote Lecture: Design Principles of Biological Circuits
U. Alon, Weizmann Institute of Science (Rehovot, IL)

09:15

Optimizing Information Flow in Small Genetic Regulatory Networks
G. Tkacik, IST Austria (Klosterneuburg, AT)

09:30

Signalling Ballet in Four Dimensions
B. Kholodenko, University College Dublin (Dublin, IE)

10:00

Coffee Break

10:30

Keynote Lecture: From Genes to Shape: How Identity and Polarity Interact to
Control Tissue Morphogenesis
E. Coen,The John Innes Centre (Norwich, UK)

11:00

Positional Information through Differential endocytosis Splits Auxin Response to
Drive Arabidopsis Root Meristem Growth
C. Hardtke, University of Lausanne

11:30

Correlation Between Membrane Tension, Three-dimensional Shape and Cell
Migration Velocity
C. Gabella, EPF Lausanne

11:40

Lunch & Poster Session
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Program | Tuesday Afternoon

Tuesday, October 25th, 2011
13:30

Studying Circadian Transcription Regulatory Networks on Long and Short Time
Scales
F. Naef, EPF Lausanne

14:00

Modeling of Chromatin Dynamics During Differentiation Reveals REST as a
Mediator of Polycomb Targeting in Neuronal Progenitors
A. Schoeler, Friedrich Miescher Institute Basel

Synthetic Biology
Chair: Sven Panke, ETH Zurich (Basel)
14:15

Keynote Lecture: Synthetic Biology for Synthetic Chemistry
J. Keasling, University of California (Berkeley, USA)

15:00

Coffee Break

15:30

Geometry Sensing in Protein Self-organization
P. Schwille, TU Dresden (Dresden, DE)

16:00

De Novo Generation of Hundreds of Thousands of Promoters: Insights into
Transcriptional Mechanisms
O. Silander, University of Basel

16:15

Tackling Synthetic Biology from an Industry Point of View: Generating Novel and
Known Molecules by Assembly of Metabolic Pathways on Yeast Artificial
Chromosomes
J. Heim, Evolva SA Reinach

16:30

Identification of Genetic Elements that Autonomously Determine DNA Methylation
States
F. Lienert, Friedrich Miescher Institute Basel

16:45

Apero & Poster Session

19:00

Dinner and Social Event
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Program | Wednesday

Wednesday, October 26th, 2011
Synthetic Biology
Chair: Andreas Hierlemann, ETH Zurich (Basel)
08:30

Programming Bacteria
C. Voigt, Massachusetts Institute of Technology (Cambridge, USA)

09:00

Engineering Synthetic Mammalian Gene Networks – From Tools to Therapies
M. Fussenegger, ETH Zurich (Basel)

09:30

Coffee Break & Best Poster Display Session

Novel Technologies in Systems Biology
Chair: Ruedi Aebersold, ETH Zurich
10:30

Keynote Lecture: Beyond Stereo-specificity: Liquids and Mesoscale Organization
of Cytoplasm
T. Hyman, Max Planck Institute of Molecular Cell Biology and Genetics (Dresden, DE)

11:15

Understanding the Development of 3-dimensional Organs by Combining Mass
Cytometry and Systems Genetics
B. Schlager, ETH Zurich

11:30

Exploring the Dynamics of the Yeast Proteome on the Single Cell Level with High
Spatio-temporal Resolution
S.J. Maerkl, EPF Lausanne

12:00

Lunch & Poster Session

13:45

Lipidomics, New Tools and Applications
M.R. Wenk, National University of Singapore (Singapore, SG)

14:15

Systems Biology of Membrane Lipids During Drosophila Development
X.L. Guan, Swiss Tropical and Public Health Institute Basel

14:30

Proteome Wide Analysis of Protein Dynamics With High Spatio-temporal
Resolution in Single Cells
N. Dénervaud, EPF Lausanne

14:45

Regulation of Yeast Central Metabolism by Enzyme Phosphorylation
U. Sauer, ETH Zurich

15:00

Coffee Break

15:30

Large-scale Transcription Factor Interaction Mapping Using Microfluidic Devices
S. Rockel, EPF Lausanne

15:40

Characterization of Interphase Microtubule and Shape Regulators Using Highthroughput, Automated Image Analysis
V. Graml, ETH Zurich

15:50

Functional Insights from Protein-Protein and Genetic Interaction Maps
N. Krogan, University of California (San Francisco, USA)

16:20

Presentation Awards / Closing
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Medically Relevant
Systems Biology

Chair:

Lucas Pelkmans
Institute of Molecular Life Sciences
University of Zurich
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Poster | MedRel-1S

A Catalog of DNA Methyltransferase Genes in Neisseria Meningitidis
M. Abdul Sater, C. Schmid
Swiss TPH Basel

Neisseria meningitidis a regular commensal of the human nasopharynx. For mostly still unknown
reasons, N. meningitidis can occasionally change its colonization mode and cause septicemia and
meningitis.
N. meningitidis displays a high genetic diversity, presumably due to horizontal transfer of DNA between
closely related Neisseria species. Multilocus sequence typing (MLST) and whole genome sequencing
may reveal a genetic basis for the observed differences in virulence, but to present no core pathogenome
could be established (Schoen et al. 2008), and thus the prediction of virulence based on genomic or
serological information remains unreliable.
In eukaryotes, the methylation of cytosine nucleotides by DNA methyltransferase enzymes is established
as an epigenetic modification negatively correlated with gene expression. In prokaryotes, DNA
methylation has been predominantly studied in the context of restriction modification (R-M) systems and
the protection of the bacterial host against invasion by foreign DNA. A potential correlation of DNA
methylation and virulence in N. meningitidis has been previously addressed at the DNA adenine
methyltransferase (Dam) locus (Jolley et al. 2004). More recent studies revealed a complex genetic
system termed the ‘phasevarion’ (phase-variable regulon), in which mutations in simple tandem repeats
control the expression of methylases, which in turn control the coordinated switching of the expression of
multiple genes (Srikhanta et al. 2010).
Here we establish a catalog of confirmed and predicted DNA methyltransferases in 6 completely
sequenced strains of N. meningitidis. Using genome annotations and information provided by REBASE,
we infer putative target sites of methylases and assess their activity at specific loci using matching
restriction enzymes and Southern blot analysis.
The genomic loci of the identified methylases appear to be as variable among the analyzed strains as the
rest of the genomes. Southern blot analysis furthermore demonstrates the activity of at least one DNA
methylation system in Neisseria, confirming previous reports of DNA methylation in a subset of strains
(Ritchot and Roy 1990). Given the suicidal effect of mutations affecting only one part of an active R-M
system, the observed genomic diversity at loci of methylases is unexpected and might indicate a complex
role of DNA methylation in the switching of gene expression or the generation of genomic fragments for
horizontal transfer.
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Poster | MedRel-2

Network Analysis of the Human Polycomb Group of Epigenetic Regulators
S. Hauri, M. Seimiya, M. Gerstung, F. Comoglio, M. Kohler, R. Paro, M. Gstaiger, C. Beisel
ETH Zurich (Basel)
02

The establishment and maintenance of epigenetic gene silencing is fundamental to cell determination and
function. An essential epigenetic regulatory system involved in heritable repression of gene activity is that
of the Polycomb group (PcG) proteins. PcG proteins are required for maintaining both the pluripotency of
stem cells and the identity of differentiated cells. Mutations in PcG genes lead to major developmental
defects and are implicated in various forms of cancer. The PcG gene family is highly conserved
throughout evolution comprising a functionally heterogeneous group of proteins that act as multiprotein
complexes. In mammals multiple paralogous PcG proteins are present and a variety of PcG interacting
proteins have been identified indicating that PcG complexes can assemble into various distinct subcomplexes depending on functional context. Understanding and modelling of PcG contolled cellular
processes in development and disease depend on comprehensive and robust information on the topology
and the dynamic properties of the underlying protein interaction network.
Here we present for the first time a comprehensive PcG protein-centred interaction network of a human
cell. We utilized an integrated experimental workflow of affinity purification coupled with mass
spectrometry (AP-MS) to analyze PcG protein complexes under near-physiological conditions, which
resulted in a high-density interactome containing all known human PcG protein. This enabled us to
dissect individual PcG protein complexes in an unprecedented manner, revealing new classes of PcG
complexes and physically linking the PcG with heterochromatin modifiers.
Currently we are investigating the role of newly identified interactors in PcG mediated gene regulation in
cancer and embryonic stem cell models by means of proteomic and genomic approaches. We will
present the results of ongoing research of this project.
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Poster | MedRel-3

Towards Unveiling Host Pathways Hijacked by Bartonella Henselae
S. Muntwiler, H. Ben Tekaya, M.C. Truttmann, M. Emmenlauer, P. Rämö, R. Conde-Álvarez, S. Eicher,
C. Dehio
University of Basel

The goal of the InfectX RTD is to comprehensively identify the components of the human infectome for a
set of important bacterial and viral pathogens and to develop new mathematical and computational
methods with predictive power to reconstruct key signaling pathways controlling pathogen entry into
human cells. In this frame, this work attempts to decipher the components of the human infectome of the
emerging zoonotic pathogen Bartonella henselae. B. henselae is a vascular tumor-inducing pathogen
transmitted to humans by cat scratch or bite. This pathogen invades human nucleated cells either as
single bacteria in endocytic vacuoles or by recruiting the actin cytoskeleton to the entry site of a large
bacterial aggregate where it forms a unique structure called the invasome. Invasome formation depends
on the translocation of Bartonella effector proteins (Beps) into the host cell and further on the integrin
beta1 signalling cascade. To generate an optimized setup for a genome-wide screen for B. henselaetriggered invasome formation, we developed experimental procedures with semi-automated cell seeding,
siRNA transfection, bacterial infection and imaging. We also built automated computational invasome
detection based on a pattern recognition algorithm implemented as a CellProfiler module and based on a
true positive detection using an image analysis tool named CellClassifier. To test these procedures, we
performed a pilot screen targeting the human kinome (715 genes) in triplicate samples. In the primary hit
list, we found kinases that are most likely key players in B. henselae’s invasome-mediated internalization.
This dataset also allowed us to critically assess and refine our assay conditions and analysis tools before
initiation of the genome-wide screening campaign.
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Poster | MedRel-4

Systems Biology of Infection: Metabolism of Intracellular Pathogens
D. Bumann
University of Basel

Infectious diseases are a major threat to human health. Existing treatments become ineffective because
of increasing antibiotics resistance, and development of urgently novel new drugs is far too slow to meet
the increasing medical need. A systems-oriented approach to elucidate host/pathogen interactions during
infection might provide new insights and a basis for rational development of new strategies for infection
control.
Pathogen growth in infected tissues critically depends on metabolic host-pathogen interactions. We used
FACS-sorting, proteomics, mutant phenotypes, and in silico modeling to determine the nutritional
landscape of Salmonella in a mouse typhoid fever model. The data suggested availability of at least 51
different nutrients in macrophage phagosomes in infected tissues. However, all these nutrients were only
available in minute amounts. This paradoxical situation (“starving in paradise”) had two major
consequences, i) broad nutrient supplementation overcame deleterious effects of many Salmonella
metabolic mutations, ii) Salmonella growth in infected mice was nutrient-limited.
As an comparison, we also started to investigate metabolic interactions in a Shigella-cell culture infection
model. In contrast to Salmonella, intracellular Shigella obtained diverse host nutrients in large quantities
that supported very fast Shigella growth. These contrasting nutritional patterns likely reflect the
localization of Shigella in the host cytosol with free access to many host metabolites whereas Salmonella
resides in its own compartment that is insulated from the host cell cytosol by a special membrane.
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Poster | MedRel-5

A Multiplicity of Factors Contribute to Selective Transcription of a Subset of
RNA Polymerase III Genes in Mouse Liver
1

2

2

3

2

1

2

D. Bernasconi , D. Canella , F. Gilardi , G. Le Martelot , V. Praz , M. Delorenzi , N. Hernandez
1
2
3
SIB Lausanne, University of Lausanne, University of Geneva

RNA polymerase (pol) III synthesizes a collection of short RNAs involved in essential cellular processes
including protein synthesis, RNA maturation, and transcriptional control. ChIP-Seq experiments to localize
pol III and some of its transcription factors have revealed that in human culture cells, the pol III
transcriptome consists of a few hundred genes including 5S genes, various other known pol III genes,
some novel genes, as well as many tRNA genes. Noticeably, a large fraction of the annotated human
tRNA genes is devoid of pol III, and yet the A and B boxes that constitute tRNA genes promoters are
nearly identical in occupied and non-occupied genes. Instead, pol III-occupied tRNA genes seem to differ
from non- or poorly occupied genes by their proximity to peaks of pol II occupancy and their location in
chromatin regions rich in histone marks typical of active pol II promoters and enhancers. This has led to
the suggestion that active chromatin, probably established by pol II transcription units, gates the access
of pol III to the genome. Among the important questions remaining are whether the pol III transcriptome
is similar in a differentiated tissue. Moreover, it is unclear why in some cases, tRNA genes very close to
each other and thus in a similar chromatin environment can be occupied by very different levels of pol III.
We have performed genome-wide ChIP-Seq with antibodies directed against two subunits of pol III, one
subunit of pol II, and two histone marks in mouse liver. Our results define the active pol III transcriptome
in a normal, differentiated tissue. Like in human culture cells, only a fraction of tRNA genes are actively
transcribed. Correlation analyses identify several factors likely to contribute to the transcription state of a
tRNA gene. Multivariate statistical models indicate that with these factors one can predict about 60% of
the variation in pol III levels. Some of these factors influence tRNA gene transcription in vitro, indicating
that they contribute to transcription efficiency regardless of the chromatin environment.
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Poster | MedRel-6S

Contribution of Tissue Layers to Patterning of Lateral Organs
Y. Deb
University of Bern

Phyllotaxis, the positioning of leaves around the stem, is defined by the divergence angle between two
successive leaves, the most common angle being 137.50. Leaf initiation and development are dictated by
auxin dynamics at the shoot apical meristem (SAM). Coordinated polar localization of the auxin efflux
carrier PIN1 (Reinhardt, et al. 2003) results in auxin maxima within the meristem which define the sites of
new organ primordia. Current phyllotactic models focus on auxin fluxes within the surface layer of the
SAM (Smith, et al. 2006). However, recent work has demonstrated that primordium formation and vein
development occur almost simultaneously in the SAM and thus indicate the involvement of inner tissues,
within and outside of the SAM (Bayer, et al. 2009). In order to address the contributions of different
tissues to phyllotactic patterning, we use laser ablation to remove the effect of given cells at strategic
positions. Experiments separating the youngest primordia (P1) and incipient primordia from the meristem
by surface layer ablation resulted in the loss of phyllotactic patterning which recovered over time. The
separation of the incipient primordium had a stronger effect on the next emerging primodium compared to
P1. Initial mid-vein ablation experiments using 2-photon laser technology show a non-cell-autonomous
response in SAM. Surface layer and ground tissue ablations together will give us a better view of the
influence of the different tissue layers on phyllotaxis and overall patterning in the plant.
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Lipidomic and Transcriptomic Analysis of Liver Failure in L-pbe-/- mice
Reveals New Mechanisms in Liver Inflammation and Fibrosis
1

2

2

J. Ding , U. Loizides-Mangold , H. Riezman , B. Thorens
1
2
University of Lausanne, University of Geneva

1

Our previous study in mouse showed the resistance to hepatic steatosis was associated with increased
expression of L-PBE, the peroxisomal bifunctional enzyme, and increased peroxisomal beta-oxidation.
Here we used L-pbe-/- mice to evaluate the role of this enzyme in HFD-induced nonalcoholic fatty liver
disease(NAFLD). Knockout mice had a normal phenotype on normal chow. However, HFD feeding
induced a rapid loss of body weight and 75% of the mice died in 3 weeks. Histological examination of
their livers revealed hepatocyte ballooning, massive infiltration by macrophage and fibrosis, and liver
damage was confirmed by increased plasma levels of AST and ALT. Transcriptomic analysis confirmed
increased expression of inflammatory cytokines and of fibrosis markers and showed high expression of
PPARalpha target genes involved in fatty acid metabolism. Activation of PPARalpha was confirmed by in
vivo transient transfection of a PPRE (PPAR Response element)-luciferase reporter plasmid and
luminescence analysis. The most highly induced genes were the Cyp4A family of microsomal
cytochromes that generate dicarboxylic fatty acids(DCAs). These are known inducers of oxidative stress
and of inflammation, are weak PPARalpha agonists, and are probably degraded exclusively by L-PBE.
Lipidomic analysis of HFD fed KO mouse livers demonstrated massive accumulation of DCAs. This was
associated with increased concentrations of the oxidative damage markers 4-HNE and MDA, with
massive increased expression of the antioxidant genes, and with strong accumulation of ceramides and
of the genes involved in ceramide synthesis. Interestingly, feeding a diet enriched in DCAs mimicked the
hepatic damage induced by HFD in KO mice and induced expression of PPRE-luciferase reporter
construct in the KO livers and to a lesser degree in the livers of control mice. Collectively, our data show
that L-PBE is required for degradation of DCAs, which are produced as a result of PPARalpha-induced
CYP4A expression. DCAs can further activate PPARalpha activity but, in control mice, this activation is
limited by L-PBE degrading the DCAs. In the absence of L-PBE, accumulation of DCAs leads to
uncontrolled oxidative stress, fibrosis, and liver failure. Thus our lipidomic and transcriptomic data show
that the adaptation to HFD of the liver depends on the balance between DCA production by CYP4As to
increase PPARalpha activity and degradation of DCAs by L-PBE to prevent PPARalpha overactivation
and DCA toxicity.
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Generic Process Algebra Model of Nanoparticle Uptake and Intracellular
Movement
1

2

1

1

M.P. Dobay , T. Ligon , E. Mendoza , J. Rädler
1
2
Ludwig-Maximilians-University (Munich, DE), Microsoft Germany GmbH (Munich, DE)

Nanoparticle-cell interaction studies have recently gained attention as the usage and variety of
nanoparticle types increase, including diagnostic and therapeutic applications. Nanoparticle cytotoxicity is
a particular concern, given the inevitable nanoparticle-cell contact, not only in these usages, but resulting
from exposure to nanoparticles in the environment. Here, we present a generic nanoparticle uptake and
transport model based on process algebra that takes nanoparticle aggregation, uptake, transcytosis,
endosomal release and nuclear entry into account (Figure A). Process algebra allows us to represent
nanoparticles and cell compartments as objects that move and communicate, and whose state and
communication capabilities change as a result of their interactions. The model is executed using the
Stochastic Pi Machine (SPiM), and yields information on the distribution of and size of nanoparticle
clusters at different points of interest on the cell (“nanoparticle load”), including the surface, the
endosome, the cytoplasm and the nucleus, which are key factors not only in the assessment of
nanoparticle cytotoxicity (Figure B), but also in the assessment of its efficiency in terms of endosomal
escape and load delivery. The model can be easily expanded to include the adsorption of proteins on the
nanoparticle surfaces.
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Identification of Shigella Genes that Inhibit Growth within Host Cell Cytosol
N. Freed, P. Tienz, O. Timoshenko, D. Kentner, C. Arrieumerlou, D. Bumann
University of Basel

While bacterial metabolism in general has been studied extensively, little is known about bacterial nutrient
acquisition in natural environments, such as during replication inside the cytosol of a host cell. We aim to
establish a quantitative, system-level description of metabolic host-pathogen interactions during an
infection. Our group uses both in vitro and in silico approaches to parameterize a model of growth of the
bacterial pathogen Shigella flexneri in a HeLa cell. With this model, we hope to gain a more detailed
understanding of the interactions and competitions between pathogen and host for metabolic resources.
Here we describe two methods to identify mutants of the bacterial pathogen S. flexneri that inhibit growth
and proliferation inside human host cells. We use two methods to screen for growth of bacteria in vitro,
and use two different approaches to find mutants that have decreased fitness within the host cytosol. In
the first approach, we construct systematic deletions of bacterial genes involved in uptake and synthesis
of nutrients predicted by metabolomics, proteomics, and published data. The second approach uses a
genome-wide approach to reveal genes that inhibit growth and that may not be covered in the first
method.
Our data indicate that we have sensitive methods for quantifying S. flexneri growth in a HeLa cell tissue
culture model using flow cytometry and luminescence. Our initial results show that deletion of particular S.
flexneri metabolic genes can significantly decrease the rate of replication inside host cells. As well, we
have initial proof-of-principal results that indicate that fluorescent activated cell sorting (FACS) of a
transposon library selectively enriches for bacterial mutants that grow slowly inside a host cell. This
second method is currently being applied to a large mutant library of S. flexneri. We are incorporating the
experimental data to refine and improve the existing computational model. Continued iterations of
computational predictions coupled with experimental data that is fed back into the model are used to gain
a holistic view of metabolism during an infection. By using a systems-level approach to quantify how
nutrients are utilized by bacterial pathogens inside a host cell, we hope to shed light on the role this
process plays in infection, with the potential goal of facilitating the rational development of new antibiotic
control strategies.
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Detecting Intra-Tumor Heterogeneity with Ultra-Deep Sequencing
M. Gerstung, C. Beisel, N. Beerenwinkel
ETH Zurich (Basel)

Tumors are evolving entities that acquire proliferative advantage through the accumulation of mutations.
The progression towards disease is evolutionarily driven by mutation and selection of subclones that
make up the tumor cell population. Massively parallel sequencing technologies enable the resolution of
subclones in mixed populations, yet these technologies also produce sequencing errors that must be
distinguished from real variants occurring at low frequencies. We propose an experimental design and
tailored statistical algorithms in which the heterogeneous tumor sample is directly compared with a clonal
control (Figure). This gives an accurate estimate of the local error rate of the sequencing platform and
increases the specificity. We demonstrate the utility of this approach on synthetic control data and show
that it can detect single-nucleotide variants with frequencies close to 1/10,000 cells. On a real sample
from a primary renal cell carcinoma, this approach indicates several low-frequency variants in a relatively
short genomic region of 15kb in agreement with predictions of evolutionary models of carcinogenesis.
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Unsupervised Analysis of Large High Dimensionality Flow Cytometry
Datasets
1

1

2

1

N. Guex , R. Liechti , M.A. Doucey , I. Xenarios
1
2
Vital-IT, SIB Lausanne; University of Lausanne & CHUV Lausanne

Systems biology research generates ever-increasing datasets. Unsupervised clustering is an efficient way
to organize and discover patterns, but is computationally challenging for very large datasets.
Ideally, to obtain an unbiased view of the data, a clustering algorithm should (a) not assume a specific
number of clusters a priori, (b) properly separate arbitrarily shapes of various densities and overlapping
distributions, (c) not be affected by the order in which the data are presented, (d) be resistant to noise
(e.g. not assign outliers to clusters), (e) use intuitive free parameters, (f) be capable of clustering millions
of observations and (g) return a solution in a reasonable amount of time. As current methods do not scale
well, or fail to satisfy all of the above criteria, we developed a parallel computing clustering algorithm that
addresses all the points mentioned above. We first demonstrate that it outperforms popular clustering
algorithms using synthetic cases containing 14 tridimensional objects of various shapes and densities
totaling 800’000 points. We then successfully apply it to automatically reanalyze a 96 well plate of a
previously published flow cytometry screen aimed at identifying compounds enhancing the anti-lymphoma
activity of the therapeutical monoclonal antibody rituximab (1). We show that our method can not only
automatically retrieve the compounds previously identified and validated by Gasparetto et al, but also
identifies additional compounds that reached clinical trials for similar indications, directly from the raw
data (1.7 million events), without gating or any other kind of manual intervention (Figure 1).
We have developed a web platform to process flow cytometry data. Cells are grouped automatically in
distinct cellular phenotypes (clusters). Their abundance and their phenotype are quantified under various
perturbing conditions. Results are presented in a comprehensive series of plots (Figure 2).
The effective unsupervised clustering of millions of multidimensional observations has broad applications
in many research areas and, as shown here, greatly facilitates data mining, removes the necessity to
perform subjective and time consuming gating, and increases the likelihood of making new discoveries.
Reference:
1. M. Gasparetto et al., J Immunol Methods 292, 59 (Sep, 2004)

Figure1

Figure 2
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Dpp Signaling Activity Requires Pentagone to Scale with Tissue Size in the
Drosophila Wing Imaginal Disc
1

2

3

2

F. Hamaratoglu , A. Morton de Lachapelle , G. Pyrowolakis , S. Bergmann , M. Affolter
1
2
3
University of Basel, University of Lausanne, University of Freiburg (Freiburg, DE)

1

The wing of the fruit fly, Drosophila melanogaster, with its simple, two-dimensional structure, is a model
organ well suited for a systems biology approach. The wing arises from an epithelial sac referred to as
the wing imaginal disc, which undergoes a phase of massive growth and concomitant patterning during
larval stages. The Decapentaplegic (Dpp) morphogen plays a central role in wing formation with its ability
to co-ordinately regulate patterning and growth. Here, we asked whether the Dpp signalling activity
scales, i.e. expands proportionally with the growing wing imaginal disc. Using new methods for spatial
and temporal quantification of Dpp activity and its scaling properties, we found that the Dpp response
does adapt to the size of the growing tissue. Interestingly, scaling is not perfect at all positions in the field
and the target gene domain scaling is ensured specifically where they define vein positions. We tested
two models that can account for the observed scaling: the French flag and the expansion-repression
models. We found that the target gene domains are not defined by a simple French flag decoding.
However, analysis of mutants for pentagone, an important secreted feedback regulator of the pathway,
indicate that Pentagone acts as an expander of the Dpp gradient during disc growth.
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A Systems Approach to Virus Entry
A. Helenius
ETH Zurich

Our work focuses on the interactions that take place between animal viruses and their host cells. More
specifically, our goal is to investigate the entry of various viruses and early stages in the replication cycle
at a molecular level, and use the information to develop new antiviral approaches. Since most viruses
exploit the cells endocytic mechanisms and pathways for entry, much of the current work involves
identification of cellular factors involved in the regulation of endocytosis, and the role that these factors
have in the infection process.
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Microfluidics-based DNA Binding Analysis of the PPARgamma-RXRalpha
Complex Demonstrates Dimer-dependent DNA Binding Specificity and
Affinity
A. Isakova, S. Maerkl, B. Deplancke
EPF Lausanne

The nuclear receptor Peroxisome Proliferator-Activated Receptor gamma (PPARgamma) - Retinoid X
Receptor alpha (RXRalpha) heterodimer plays a key role in fat cell differentiation. Despite the fact that its
molecular function has been intensely studied and that its structure has recently been solved, we still
have not achieved a comprehensive understanding of how this heterodimer identifies its target genes.
Here, we use a microfluidic platform that mechanically traps protein-DNA complexes to characterize the
DNA binding specificity and affinity properties of ligand-protein-DNA interactions. For this purpose, we
have generated two DNA motif libraries. The first library features different classes of known nuclear
receptor DNA binding sites including the DR1 motif, which consists of a direct repeat of a hexameric site
5’-AGGTCA-3’ separated by one nucleotide and known to be bound by the RXRalpha homodimer and
PPARgamma-RXRalpha heterodimer, as well as the palindromic repeat of 5’-AGGTCA-3’ with a three
base pair spacer (PAL3) that is possibly recognized by the PPARgamma homodimer. The second library
covers all possible single nucleotide variations within the DR1 motif, which itself is extended by
respectively XXX and XX nucleotides at the 5’ and 3’ ends.
Our results indicate that the DNA binding of the RXRalpha homodimer is DR1 motif specific and that its
affinity to the consensus DR1 element is ~5 nM. Moreover, we observed that the 3’ nucleotide
composition of the DR1 motif significantly affects the DNA binding affinity of the RXRalpha homodimer,
altering it over two-fold. In addition, we found that PPARgamma strongly binds to the PAL3 motif, but not
in the presence of RXRalpha when it prefers binding to the DR1 DNA motif.
Thus, these first experiments provide for the first time a detailed analysis of the DNA binding specificity
and affinity of the PPARgamma-RXRalpha complex as well as of its individual members and clearly
establish that the DNA binding properties of these proteins are dimer-dependent.
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Systems Biology of Shigella Flexneri Pathogenesis
C. Kasper, C. Arrieumerlou
University of Basel

The enteroinvasive pathogen Shigella infects the intestinal epithelium in humans. The entry process into
epithelial cells is highly complex and requires dynamic molecular interactions between host and bacterial
proteins and the transient re-orchestration of the host cytoskeletal machinery by the bacteria. They invade
their host by a “trigger mechanism” of entry, making use of a sophisticated injection device, the type III
secretion system (T3SS). The T3SS enables the injection of specific bacterial effectors. To promote
bacterial uptake these effectors transiently hijack a number of proteins of the host cytoskeleton
machinery.
Using high-content image-based siRNA screens of Shigella infections in HeLa cells, we try to
systematically identify the targets of Shigella effectors involved in uptake as well as intracellular growth.
The goal of the project is not only to identify novel proteins involved in Shigella entry, but more
importantly to identify signaling signatures and common rules that govern pathogenic entry. For that
reason, the screen is part of a broad systems biology study that compares pathogen entry into epithelial
cells for five bacteria and four viruses in a genome-wide RNAi approach.
Upon successful entry into epithelial cells, intracellular bacterial pathogens are recognized by receptors of
the host cell. These receptors will activate several signaling cascades that aim at triggering an
inflammatory response. A hallmark of this response is the secretion of cytokines which will attract cells of
the immune system to the site of infection. However, many bacterial pathogens use effector proteins to
modulate the host’s inflammatory response. In a Shigella flexneri infection, the infected cell’s ability to
produce cytokines is completely abolished. In a previous study (Kasper et al., Immunity 2010), we found
that infected cells propagate inflammatory signals to uninfected neighboring cells. These uninfected
bystander cells are now able to produce and secrete cytokines.
While some components of this cell-to-cell communication have been described, the exact molecular
mechanism remains to be identified. The high-content siRNA screen therefore includes the production of
cytokines by bystander cells as an additional readout. In the context of the genome-wide screen, we
expect to identify new components which are involved in the signaling cascade from infected to
uninfected cells, which is key to better understand the mechanism of bystander activation.
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Metabolomics of Shigella Infection
D. Kentner, P. Kiefer, N. Delmotte, J. Vorholt, D. Bumann
University of Basel

Intracellular pathogens feed on their host´s resources in order to survive and replicate. It is clear that the
transfer of metabolites is crucial for pathogen growth, while it means a burden to the host cell, but exactly
how metabolism behaves and contributes to infection remains poorly understood. We study infection of
human HeLa cells with Shigella, the causative agent of bacterial dysentery. In our metabolome analyses
using liquid chromatography-mass spectrometry (LC-MS) we find striking differences between infected
and non-infected cells. We are now investigating which aspects are particularly important for pathogen
growth, and how we can manipulate metabolism to control infection. Our ultimate goal is to develop novel
strategies for therapy.
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Identification of Novel Vaccinia Virus Receptors Using Ligand-based
Receptor Capturing Technology
S. Kilcher, A. Frei, B. Wollscheid, A. Helenius, J. Mercer
ETH Zurich
06534685

Poxviruses are considered among the largest and most complex animal viruses known. They are
characterized by an intricate, entirely cytoplasmic replication cycle and by their large dsDNA genome.
Variola virus, the most infamous member of the Poxviridae, is the causative agent of smallpox one of the
most devastating diseases in human history. Despite its eradication in 1977, the emergence of zoonotic
poxvirus infections and the potential use of variola as a biological weapon have stimulated poxvirusresearch in recent years.
Vaccinia virus (VACV), the prototypical poxvirus and smallpox vaccine, has been studied in great detail. A
key feature of this virus is its ability to infect many species and cell-types. Therefore it is expected to use
ubiquitously expressed, highly conserved receptors or, alternatively, it is able to use a variety of receptors
in a cell type dependent fashion. While several attachment factors and receptors have been described,
results are conflicting and the functional relevance of the proposed molecules remains unclear.
Here, we applied a specifically designed trifunctional reagent for the ligand-based tagging of Nglycosylated VACV receptors on living cells. Subsequent identification using quantitative mass
spectrometry identified ten receptor candidates on HeLa cells. The functional relevance of these factors
was assessed in an RNA interference mini-screen. SiRNA-mediated knock-down of four receptor
candidates, CSPG4, AXL, M6PR, and DAG1 led to significant defects in early viral gene expression. The
receptor tyrosine kinase AXL has been recently described as a potential VACV receptor. Characterization
of the other receptor candidates, which represent novel virus binding or entry factors, is ongoing.
These results highlight the applicability of the ligand-based receptor capturing (LRC) approach for the
identification of previously unknown receptors used by a complex biological ligand such as the vaccinia
virion.
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Metabolic Networks Revealed by Transcriptional Profiling of the Fasting-tofeeding and the Feeding-to-fasting Transition in Mouse Liver
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The liver plays a major role in integrating whole body metabolism and maintaining energy homeostasis by
regulating carbohydrate, lipid, and cholesterol metabolism. Altered liver metabolism contributes to the
metabolic syndrome, and humans with type 2 diabetes (T2D) exhibit the classic triad of hyperinsulinemia,
hyperglycemia, and hypertriglyceridemia. Insulin resistance is a precursor of T2D, but the causes of
insulin resistance remain uncertain. Selective hepatic insulin resistance is characterized by the failure of
insulin to suppress gluconeogenesis, whereas it continues to activate lipogenesis, producing the fatal
combination of hyperglycemia and hypertriglyceridemia. The paradox of selective insulin resistance raises
the question in which regulatory step the gluconeogenic and lipogenic pathways diverge. Identification of
this branch point is a central question of our research.
Mammals undergo different hormonal and metabolic adaptations to face changes in their nutritional state,
allowing the maintenance of energy homeostasis. The liver plays a central role in facilitating these
adaptations. It can be assumed that these adaptive responses are altered in insulin-resistant states. For
example, the contribution of de novo lipogenesis (DNL) in the liver to TAG content in the fasted state is
very small (less than 5%), but following meals DNL is elevated. DNL is already elevated in the fasted
state in insulin-resistant subjects, and further postprandial elevation is not observed. We are taking a
systems biology approach to study hepatic signaling networks that regulate glucose and lipid metabolism
in response to different hormonal and metabolic stimuli in normal and disease states. We determined the
evolution of global gene expression profiles in liver of male C57Bl/6J mice during a 12 h fasting period
and a 12 h refeeding period following a 24 h fasting after mice were maintained either on normal chow or
high-fat diet for 12 weeks. We are characterizing the chronology of key molecular events leading to
adaptive responses to fasting/refeeding in the liver metabolism to find the underlying graphical structure
of the gene expression data evolving over time in control and insulin-resistant states.
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Analysis of SopE-dependent Salmonella Typhimurium Invasion into HeLa
Cells
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Salmonella Typhimurium (S. Tm) is a common cause of gastroenteritis in humans, leading to more than 3
million deaths per year. To enable the invasion into intestinal epithelial cells, S. Tm comprises two type III
secretion systems (TTSS), which translocate different effector proteins into the host cell. SopE is one of
the main effectors that induces the entry into epithelial cells by acting on Rho GTPases, which trigger the
formation of actin-containing membrane protrusions (“membrane ruffles”).
Since the complex network of interactions between SopE and host cell factors leading to a successful
invasion is still not entirely understood, we aim to perform a genome-wide RNAi screen as part of the
InfectX consortium in order to identify the missing gaps and interconnections of required host cell factors.
We began by establishing a standardized transfection protocol. Then we performed a “kinome screen”
including all 715 encoded human kinases, in triplicates. This verified a good reproducibility of the
screening assay, revealed first potential candidates for further analysis and allowed first side by side
comparisons of the host factor requirements of different bacterial and viral pathogens. Most importantly,
this has set the step for the genome-wide screen. The outcome of the whole-genome RNAi screen will
help to understand the S. Tm infection process in a comprehensive manner. Furthermore the comparison
of screens involving these diverse pathogens, will reveal the differences and similarities of their required
host cell factors, being very valuable concerning the development of new drugs that interfere with the
pathogen’s entry into human cells.
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Integrated Analysis by RNAi Screening of Human Cell Invasion by the
Bacterial Pathogen Listeria Monocytogenes
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The gram-positive bacterium Listeria monocytogenes is the causative agent of human listeriosis, a foodborne disease characterized by gastroenteritis, meningitis and abortions. A crucial stage in infection is the
bacterial internalization and intracellular replication in phagocytic and normally non-phagocytic cells.
Invasion of epithelial cells requires the interaction of host cell receptors with surface L. monocytogenes
proteins from the internalin family, characterized by the presence of leucine-rich repeats involved in
protein/protein interactions; in particular, internalin A (InlA) is able to bind the adherens junction molecule
E-cadherin while the hepatocyte growth factor receptor (also known as Met) recognizes InlB. The InlBMet interaction leads to the activation of a signaling cascade which results in an actin- and clathrindependent uptake of L. monocytogenes.
In order to understand the global regulation of the L. monocytogenes internalization process in an
integrated approach that involves the characterization of the invasion processes by other bacterial and
viral pathogens, our laboratory joined InfectX -a consortium belonging to the SystemsX.ch initiative.
The aim of InfectX is to define a ‘human infectome’ network for several pathogens including Shigella
flexneri, Bartonella henselae or Brucella abortus by using a comparable RNAi screening and data
analysis approach for pathogen entry into human cells. In the case of our particular L. monocytogenes
screening protocol, we established an immunofluorescence-based assay relying on the cytosolic
detection of InlC, a bacterial protein from the internalin family that is highly expressed and secreted by
intracellular L. monocytogenes, allowing for a robust quantification of infection. Results of kinome screens
confirmed the functionality and stability of our assay and we are currently upscaling the screen to a
genome-wide level.
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Development of a High-content Microscopy-based RNAi Screening Assay
for Brucella Entry and Multiplication in Hela Cells
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The goal of the InfectX RTD is to comprehensively identify the components of the human infectome for a
set of important bacterial and viral pathogens and to develop new mathematical and computational
methods with predictive power to reconstruct key signaling pathways controlling pathogen entry into
human cells. In this frame, this work attempts to decipher the components of the human infectome of
Brucella.
Brucella species are facultative intracellular bacterial pathogens that cause brucellosis, a global zoonosis
of profound importance. In animals Brucella is manifested with abortions, while it causes in humans a
chronic and debilitating disease. Therefore brucellosis represents both a clinical and economical problem.
Brucella abortus invades phagocytic and non-phagocytic cells and replicates within an intracellular
compartment that contains endoplasmic reticulum resident proteins, avoiding the fusion and degradation
by lysosomes. However, the molecular mechanisms by which Brucella enters cells and reaches its
replicative niche remains unclear.
For the preparation of a genome-wide RNA interference (RNAi) screen, we have established a highcontent microscopy-based assay in 384-well plate format. Reverse siRNA transfected Hela cells are
infected with a GFP-expressing strain of B. abortus, fixed and stained with DAPI (nuclei) and phalloidin
(F-actin). The images are acquired by automated fluorescence microscopy and the percentage of infected
cells and other relevant features are computed by the image analyses software CellProfiler and
CellClassifier.
We present data on the application of this high-throughput assay for a pilot screen of a sub-library
comprising siRNAs to all human kinases (715 genes). Three replicates of this pilot screen were
performed with reproducible results. For the preparation of the secondary screen, stable cell lines
expressing fluorescent markers labeling different compartments in which Brucella may localize were
generated to dissect the intracellular trafficking route of Brucella.
The execution of the genome-wide RNAi screen will allow us to comprehensively identify the host cell
factors contributing to the different sub-processes leading to Brucella entry and multiplication.
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Multi-target Identification Methodology under Uncertainty Using a Rulebased Approach
J. Lu, P. Grass, H. Koeppl
ETH Zurich

The study of complex diseases involving pathway dysregulation increasingly point to the need for a
paradigm shift, away from examining single genes or proteins and towards a systems perspective. In the
systems view, single drugs by themselves are not cures for specific disorders; rather, they are controls on
nonlinear physiological processes which in combination can guide the system along specific paths for
therapeutic purposes. By manipulating the disease network at not one but several intervention points in
appropriate strengths, combination therapies offer the potential to reroute system trajectories of diseased
cells while minimally perturbing normal cells. Amongst the challenges of the combination approach is the
determination of the appropriate treatment regimen within the large control space afforded by the
available drugs, with respect to the dosage as well as the sequence and timing of the combination
strategy. Given that kinetic rates of cellular processes are not identical over a population or even across
different cell types, the therapeutic regimen needs to perform robustly over the uncertainty set.
We propose a computational methodology which takes a pathway model and identifies possible
therapeutic strategies under physiological variabilities. In view of the lack of complete biological
knowledge for a given pathway, the use of a rule-based modeling framework allows for a succinct
representation in considering various mechanistic assumptions as well as drug inhibition mechanisms. By
solving a robust counterpart to the drug-target identification problem, the methodology attempts to infer
optimal nodes that exhibit the most robustness under variability, rather than the most sensitive ones
under a particular network assumption and parameter set. We demonstrate our target identification
methodology on metabolic and signaling pathway models.
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Characterization of Growth-factor Induced Rapid Fibroblast Cell Migration
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We have previously shown that different Rho GTPase signaling programs occur at the leading edge of
fibroblasts that extend pseudopods in response to an extracellular matrix (ECM) substrate versus PDGF
1
growth factor stimulation . This suggests that different actin and adhesion dynamics occur in these two
cell migration modes (hapto- versus chemokinesis). In order to study the dynamics of these different cell
migration events, we engineered assays that standardize cell shape and morphodynamics and allow
robust induction of cell motility. For that purpose, we used microfabrication techniques to pattern 1D
fibronectin lines that mimick the anisotropy inherent to fibrillar structures present in the 3D ECM. In
comparison with a classic 2D environment, we found that this 1D environment led to migration speed that
became independent of ECM density (2D: 63 ± 8 um/hour, 1D: 45 ± 7um/hour). Migration speed was
further increased after PDGF stimulation speeding up fibroblasts up to 200 um/hour (2D: 121 ±
12um/hour, 1D 179 ± 20 um/hour). Total internal reflection live cell imaging with the Lifeact-GFP probe
revealed that this was the result of a drastic remodeling of the actin cytoskeleton in which there was: i) a
dramatic loss of stress fibers, ii) formation of a discrete zone at the leading edge with highly dynamic,
short lived podosome-like F-actin structures and loss of actin retrograde flow observed in the haptokinetic
mode, and iii) relocalization of the actin retrograde flow to the lateral sides of the cell behind the
“podosome zone”, where it now moves inwards. This cell migration mode is characterized by exquisite
co-ordination between the front and the back of the cell. Thus, pre-polarized cells on a 1D substrate
integrate growth factor stimulation differently than cells in an isotropic 2D substrate. We are now
characterizing these two cell migration modes by visualizing the dynamics of a variety of cytoskeletal and
adhesion components, and correlating this with spatio-temporal Rho GTPase signaling programs using
FRET-based probes. Because the cell morphodynamics on the 1D substrates are exquisitely stereotypic,
this will allow to build integrated models of both cell migration modes.
Reference:
1. Pertz O., Hodgson, L., Klemke, R. L. & Hahn, K. M. Spatiotemporal dynamics of RhoA activity in migrating cells. Nature 440,
1069-1072 (2006).
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Human Orphan Enzymes and Pathway Holes: Examples of our
Experimental Approach to Complete the "Puzzle" of the Human Cell
Metabolism and its Modulation upon Shigella Infection
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The BattleX project aims to establish and use an accurate genome-scale model of metabolic hostpathogen interactions as a basis for novel strategies to combat infections, focusing on the Shigella-HeLa
cells infection model. However the lack of a comprehensive knowledge of human metabolism prevents
the establishment of an accurate model. In this context, we have two objectives. First, to characterize
human proteins whose enzymatic function has been inferred by similarity with distant organisms. Second,
to characterize proteins with unknown function that are good candidates to play a role in human
metabolism. Our final goal is to determine the experimental parameters needed for proper modeling.
DERA is a protein annotated as a putative deoxyribose-phosphate aldolase based on its similarity to E.
coli deoC. As expected from its putative function, DERA is cytosolic in HeLa cells. DERA has been
produced as a recombinant protein in E. coli and its kinetic parameters are under investigation. This
protein is involved in nucleoside catabolism and may play a role in fulfilling the cell energy requirements
during infection.
Some enzymatic reactions still lack protein association, these are called pathway holes. One of these
holes resides in the methionine salvage pathway. This pathway is widely distributed among some
eubacteria, yeast, plants and animals that reduce sulfur in 5-methylthioadenosine (MTA) to methionine.
Using a bioinformatics approach, we proposed that a protein called APIP could catalyze the third step in
this pathway. The involvement of this protein into the methionine salvage pathway was investigated
directly in HeLa cells. Using shRNAi, APIP was depleted from cells and we studied the effect of the
depletion on growth in a medium lacking methionine but complemented with MTA. Silencing of APIP in
Hela cells significantly decreased their capacity to grow in MTA medium. This defect was almost
completely rescued by overexpressing the wild type recombinant protein. Together, these results
confirmed the involvement of APIP in the methionine salvage pathway. Since this pathway plays a key
role in many biological functions like cancer, apoptosis, microbial proliferation and inflammation, the
regulation of APIP upon Shigella infection will be investigated.
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Systems Cell Biology of Poxvirus Infection
J. Mercer, A. Helenius
ETH Zurich

Our group has successfully established a full-cycle fluorescence-based vaccinia virus infection assay that
is compatible with image-based screening. This setup allows us to determine the impact of various
cellular factors in both primary and secondary infection using a single image-based readout. Using this
assay we are able to classify the hits into four distinct stages of the virus lifecycle based on the primary
imaging data alone. Using this assay we have completed a Dharmacon kinome screen. These screens
have been through image analysis and the data are currently being analyzed to determine which cellular
kinases are essential for vaccinia virus infection and spread. The potential of this screening assay to
simultaneously distinguish multiple stages of the lifecycle and the results of the kinome screen will be
discussed.
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Deciphering the Epithelial-mesenchymal Transition
N. Meyer-Schaller, S. Rion, G. Christofori
University of Basel

The formation of metastasis from a primary tumor is achieved through a metamorphosis of adherent
tumor cells to highly migratory and invasive cells. We are particularly interested in the fundamental
questions on how these cells with an original epithelial imprinting de-differentiate into metastatic tumor
cells with mesenchymal gene expression profile. During this process, also known as EMT (epithelial to
mesenchymal transition), tumorigenic cells undergo a major rearrangement of the cytoskeleton and
transcriptional program leading to the transformation of adhesive to invasive cells.
To study this important aspect of cellular de-differentiation, we induce EMT in vitro by the addition of
TGFb to murine epithelial cells (NMuMG) and follow the transcriptional and phenotypic changes over
time. By combining RNAi screening approach together with microarray analysis and chromatinimmunoprecipitation, we aim at deciphering the complex networks driving EMT. Using this approach, we
hope to gain a more global understanding of the processes underlying tumorigenesis and metastatic
processes.
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Dysregulated Plamsa Membrane Proteins of Adipocytes in Obese Mice
Models Influence their Metabolic Phenotype
H. Moest, B. Wollscheid, C. Wolfrum
ETH Zurich

Obesity is a multifactorial disease with a high degree of prevalence in industrial countries. The problems
of obesity are mostly caused through risks associated with the development of secondary disorders such
as type 2 diabetes and cardiovascular complications. A major component of type 2 diabetes is the
development of adipocytes that exhibit an aberrant response to circulating stimuli. These differences in
physiological regulation are thought to contribute significantly to the development of metabolic disorders.
Since most of the physiological stimuli that control mature adipocyte function are transmitted and
modulated through proteins on the cell surface, identified changes in the composition of these proteins
associated with the development of metabolic disorders could lead to the identification of novel targets for
therapeutic intervention strategies.Glycosylated cell surface proteins of mature adipocytes derived from
different mouse models of metabolic disorders have been enriched by the so called Cell Surface
Capturing (CSC) technology. CSC tagged peptides were identified by mass spectrometry in combination
with a MS1-based label-free quantification strategy. Proteins which were found to be differentially
expressed on the cell surface of adipocytes between the different mouse models, were investigated in
functional studies using RNAi mediated gene knockdown to study the effect of the selected molecules on
lipolysis of adipocytes in cell culture.Initially we have adapted the Cell Surface Capturing technology for
the identification as well as for the label-free quantification of cell surface proteins of primary mouse
adipocytes. The established workflow was applied to different mouse models of metabolic disorders
which enabled the identification and quantification of 300 cell surface glycoproteins of primary adipocytes
with a false positive rate below 1%. In total we found 40 proteins being differentially expressed on the
surface of adipocytes between the different mouse models. For each of these 40 proteins four
independent RNAi constructs were designed. The constructs virally delivered were used for gene
knockdown in cell culture and we measured the effect of the knockdown on important adipocytes
functions like lipolysis. In future experiments we would like to test if we can even reverse the metabolic
phenotype of mature adipocytes from obese mice models by the knockdown of our tested candidates.
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Keynote Lecture: The Mitochondrion as a Model for Systems Biology
V.K. Mootha
Harvard Medical School (Boston, USA)

Our laboratory focuses on pure and applied mitochondrial biology. Although they have their own mtDNA
(encoding 13 proteins) nearly all of the 1000+ proteins are encoded by the nuclear genome. In recent
years, using tandem mass spectrometry, large-scale GFP tagging, and computation, we have
characterized the human mitochondrial proteome. Using RNAi and computational approaches we are
systematically dissecting the function of these proteins. And using next-generation sequencing, we are
rapidly elucidating the molecular basis for inherited and sporadic mitochondrial disease. In this talk I will
present new work aimed at combining comparative genomics with organelle physiology.
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Keynote Lecture: A Definable “Structure” for the Immune System and
Cancers at the Single Cell Level in the Post-Fluorescence Era
G. Nolan
Stanford University School of Medicine (Stanford, USA)

It is insufficient to state that cancer is “heterogeneous” in nature. This is akin to stating the problem
without suggesting a solution. Single cell analysis of functional cell states via flow cytometry has been an
essential tool for dissecting the functional complexity of hematopoiesis. We have focused upon the
development of intracellular assays of signaling systems can be correlated to functional subsets of cells in
complex populations based on active kinase states or other signaling junctions. Such correlations could
be important to document and order the heterogeneity in leukemias and other cancers into
understandable progressions.
Using a next-generation single-cell ‘mass cytometry’ platform we quantify surface and cytokine or drug
responsive indices of kinase targets with 34 parameters analysis (e.g. 31 antibodies, viability, DNA
content and relative cell size). In healthy human blood and bone marrow, we identified cell subsets
spanning the hematopoietic hierarchy using a panel of up to 31 surface markers and used an automated
algorithm to delineate all cell subpopulations into a progressive heirarchy. Additionally, 18 simultaneous
functional markers and a battery of ex vivo stimuli and inhibitors were used to interrogate signaling. This
novel algorithm for unsupervised high-dimensional clustering of single-cell data revealed a continuum of
phenotypically contiguous subpopulations. This continuum was demarcated by surface marker
expression, but paralleled by gradual changes in intracellular signaling architecture. These results have
exposed unappreciated layers of human hematopoietic organization, and provide an opportunity to reevaluate diseases and pharmacological therapeutics as specific perturbations to this inherent order.
Working from this 34-parameter template of normal hematopoiesis, we focused on dissecting the biology
and improving risk stratification in hematopoietic malignancies, and have moved on to creating series of
panels for measuring stages of apoptosis, cell cycle, epigenetic modifications, and other key traits
relevant to cancer cell biology simultaneously in single cells. The application of these multidimensional
approaches to human acute lymphoid leukemia (ALL) and acute myeloid leukemia (AML) samples will be
presented. The simultaneous measurement of surface marker, cell cycle, apoptosis, and intracellular
signaling parameters has revealed substantial “order” within the presumed heterogeneity in the blast
populations of these diseases. This information is used to provide a high-content view of differential in
vitro drug activity across these distinct blast subpopulations—again indicating there exists remarkable
“structure” within the tumor that is suggestive of either an adulterated differentiation cascade or a pseudohierarchy of differentiation.
Finally, as there is a definable order to cancer, I will demonstrate there is an “order” and structure of the
immune system that can be disrupted in predictable and inherently tractable manners that extends our
notion of immune function beyond the confines of the single cell into a “meta system” of interacting
machines transiting across cell types in a time and spatially-distinct manner. Taken together, these early
successes point toward a future of actionable clinical information based on single-cell assays for diverse
hematological malignancies.
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Changes of the Cell Surface Proteome upon Vaccinia Virus Infection in
Hela Cells
K. Novy, J. Mercer, S. Kilcher, A. Frei, B. Wollscheid
ETH Zurich

Viruses are obligatory intracellular parasites that rely on cellular processes and factors for most aspects
of their replication cycle. For entry, most viruses take advantage of cellular endocytic activities to be
transported from the cell surface into the cytoplasm where they penetrate into the host cell cytosol. It has
recently emerged that vaccinia virus, the prototypic poxvirus, uses macropinocytosis to gain entry into the
host. This process induces rapid and dramatic morphological changes of the cell surface upon contact
with the virus. Here, we investigated the behavior of human cervical cancer cell line HeLa CCL-2
surfaceome upon vaccinia (strain Western Reserve) infection. We used the mass spectrometry (MS)based cell surface capturing (CSC) technology coupled with label-free quantification of proteins to
specifically investigate qualitative and quantitative changes in the protein composition of the CCL-2
surfaceome during a time course of infection with vaccinia virus.This approach led to the identification of
more than 300 cell surface glycoproteins including a subset of proteins showing significant changes upon
virus infection over time. The quantitatively regulated cell surface proteins represent surrogate markers
for intracellular protein network changes and provide mechanistic insights into vaccina infection
process.In summary, we present an overview of the functional capabilities of Hela cells based on the
detected N-glycosylated surfaceome and the identification of a defined set of cell surface proteins that
potentially plays a role in vaccinia virus entry and replication process.
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Genome Wide Profiling of SMRT During Adipogenesis Reveals its Role as
a Cell Identity Determining Factor
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EPF Lausanne, Broad Institute of MIT and Harvard (Cambridge, USA)

Critical importance of co-regulators as sensors of regulatory signals and their therapeutic potential has
significantly increased the interest in investigating their precise molecular mode of action. In contrast to
co-activators, knowledge about the function of co-repressors is still poor.
Here, we studied the gene regulatory function of the nuclear receptor co-repressor silencing mediator for
retinoid and thyroid-hormone receptor (SMRT) in white fat cell differentiation. Using 3T3-L1 preadipocytes as a model system, we identified ~4,700 SMRT bound sites and the interplay of SMRT with
DNA binding proteins as well as histone modification dynamics. Contrary to earlier notions, SMRT is
primarily located in open chromatin regions, its target genes are not transcriptionally silenced, and that its
tethering to DNA does not occur via adipogenic master regulator PPARgamma. SMRT exhibited a
bimodal DNA binding, showing both promoter-proximal and distal binding in pre-adipocytes whereas its
mostly promoter-proximal after differentation.
Motif analysis and data integration revealed that 60% of preadipocyte-specific and promoter-proximal
SMRT binding is mediated by transcription factor (TF) Kaiso/Zbtb33, whereas at ~50% distal sites SMRT
is recruited by well known adipogenic TF C/EBPbeta. Interestingly, knock-down (KD) of Kaiso lead to a
signficiant increase in fat accumulation, identifying Kaiso as a novel repressor of adipogenesis via SMRT.
The promoters of Kaiso target genes are enriched for stalled RNA Pol-II in pre-adipocytes, and many of
them are transcriptionally up-regulated after differentation. These findings suggest that SMRT acts as a
gatekeeper of terminal adipogenesis by directly modulating the RNA Pol-II elongation and function as a
possible determinant or at least a marker of adipocyte lineage commitment.
Genome-wide RNA Pol-II profiling of SMRT KD pre-adipocytes revealed >1,000 direct and indirect target
genes with significantly enriched and up-regulated pathways such as: PPARgamma mediated
transcription, regulation of epithelial-mesenchymal transiation (EMT), and skeletal development. SMRT
KD 3T3-L1 cells successfully trans-differentiate to osteoblasts using normal conditioned media,
confirming their plasticity. Other experiments for differentiation of these cells to chondrocytes, myocytes
and brown adipocytes are in progress. In conclusion, this study for the first time demonstrates that SMRT
plays an important role in determining cell identity.
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Comprehensive Metabolite Profiling for the Early Detection of Type-2
Diabetes
P. Ruiz
Metanomics Health GmbH (Berlin, DE)

Diabetes often goes undiagnosed because many of its symptoms are rather unspecific and seem to be
harmless. Recent studies indicate that the early detection of diabetes symptoms and early glucose control
may decrease the chance of developing the complications of diabetes.
Type 2 Diabetes (T2D) is a complex disease, encompassing various metabolic abnormalities, which can
be assessed by metabolite profiling (i.e. metabolomics), measuring a wide range of metabolites, including
unknown compounds and novel small molecules. Metanomics Health GmbH has generated and
interpreted metabolite profiling data using samples from the blood repository of the Bavarian Red Cross.
Through the application of state-of-the-art bioinformatics complex biological functions and responses
have been analyzed to identify early metabolite changes related to diabetes and pre-diabetes.
Hierarchical network analysis used to visualize complex interdependencies as well as systems biology
applications to identify novel molecular interactions will be presented and discussed.
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Discovering the Networks Governing Mesenchymal Stem Cell
Differentiation
K. Rybakova, J. van de Peppel, A. Kermer, M. Eijken, H.P.T.M. van Leeuwen
Erasmus MC (Rotterdam, NL)

Adult stem cell differentiation is a fundamental process required for tissue maintenance and regeneration
in multi-cellular organisms. Understanding stem cell differentiation is both a fundamental challenge and a
pre-requisite for development of successful therapeutic approaches. An example of disease resulting
from stem cell differentiation misbalance is osteoporosis. It is characterized by diminished osteoblast and
enhanced adipocyte differentiation resulting in bone mass loss.
To elucidate molecular networks involved in the alternative lineage commitment we analyzed timeresolved expression profiles of human mesenchymal stem cell (hMSC) cultures induced to differentiate
towards either osteoblasts or adipocytes. We found that active transcriptome changes leading to
establishment of a stable phenotype occur in the first two days. Majority of the genes that change
expression during this commitment period encode transcription factors (TFs) and proteins involved in cell
signaling, and, interestingly, have little overlap with the genes changed in differentiated cells.
The genes can be classified according to the timepoint at which they first change, e.g. at 3, 6, 12 or 24h
after the start of the differentiation. The regulation at each timepoint results from changes in activity of
certain transcription factors. The latter can be altered because of 1) changes in their expression and/or 2)
post-transcriptional modifications resulting from expression changes in signaling network at the previous
time point. To determine the set of regulating TFs at each timepoint we apply the transcription factor
binding site search (TFBS) algorithm from BioBase software. Resulting set of TFs is then compared to the
list of TFs changed at the previous time point. Additionally, the same TF list is used in BioBase Keynode
algorithm. It uses established connections between TFs and upstream regulators in order to find which
molecule (keynode) in signaling or metabolic pathways is likely responsible for the TF pattern activation.
The list of keynodes at certain time point is then again compared to the list of differentially regulated
genes at the previous time point.
The analysis gives a list of transcription factors and molecules in signaling pathways most likely involved
regulation in lineage commitment. The approach will be tested by overexpressing or manipulating
predicted regulators by chemical compounds and evaluating the effect on the osteoblast and adipocyte
differentiation.
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High-fat Diet Effect on Insulin Resistance and Non-alcoholic Fatty Liver
Disease
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A major metabolic influence of insulin resistance in humans is the deposition of triacylglycerides in the
liver, a condition also referred as non-alcoholic fatty liver disease (NAFLD). Lipid accumulation in liver has
been strongly associated with insulin resistance and has a prevalence over 60% on type-2-diabetes
patients. In spite of intense research, the complex etiology of insulin resistance and its influence on the
accumulation of triacylglycerides in liver and hepatic steatosis remains not completely understood.
To unveil the link between insulin-regulated signalling networks and hepatic steatosis, we used two
mouse models that show acute phenotype differences after several weeks of high-fat diet, and performed
quantitative measurements by mass spectrometry of proteins involved in the insulin-signaling pathway
and lipid metabolism. Experiments were performed with mouse livers collected at different time points to
establish the short- and long-term effects of high-fat diet on metabolic pathways. All samples were
analysed with targeted nLC-SRM and shotgun nLC-MS/MS. Phosphoenrichment was performed on
tryptic digests and used to analyse the phosphoproteome with a nLC-MS/MS label-free approach.
Multiple null hypotheses were specified and tested for each protein and all datasets were analysed using
a linear mixed-effects model.
Many proteins could be consistently quantified using targeted mass spectrometry (nLC-SRM) and several
proteins related to the lipid synthesis, beta-oxidation and glycolysis showed significant changes across
different treatments, strains and time points. These results were complemented with the proteins
identified in shotgun experiments and the phosphoproteome analysis. All three measured datasets were
used to perform a network analysis and identify functional sub-networks that control the response to highfat diet and can, therefore, be perturbed to modify the observed phenotypes.
Overall these results provide a broad quantitative view of the studied system and constitute a solid base
towards the understanding of insulin resistance and its influence on the accumulation of triacylglycerides
in liver.
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A Genome-wide Analysis of Chromatin-associated Heat-shock Protein 90
R. Sawarkar, C. Sievers, R. Paro
ETH Zurich (Basel)

Heat-shock protein 90 (Hsp90) constitutes a major molecular chaperone system in all eukaryotic cells that
is involved in responding to stress. Under normal conditions, it is known to bind transcription factors and
kinases to keep them poised for activation; and this chaperone has also been implicated in pathogenesis
of cancer. We provide evidence here for a novel role of Hsp90 at chromatin. Using chromatin
immunoprecipitation followed by deep sequencing we show that Hsp90 binds to transcription-start sites
(TSS) of several genes including those encoding microRNAs. Computational and mathematical analyses
lead us to conclude that amount of Hsp90 bound to a TSS correlates well with RNA polymerase pausing.
Using biochemical and genetic approaches, we identify a functional module of RNA polymerase
associated with Hsp90. Our results undeline the importance of systems biology approaches combined
with mathematical modeling to describe hitherto unknown phenomena in fundamental aspects of cellular
physiology.
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Host Metabolism During Salmonella Typhimurium Infection
A.K. Schemmer, D. Bumann
University of Basel

Systemic infection leads to dramatic changes in host metabolism. However, the functional relevance of
these changes is largely unclear.
Our goal was to characterize host metabolism in Salmonella-infected liver in a murine typhoid fever
model. Enzyme activities were determined on liver tissue sections using a novel fluorescent
histochemistry method and confocal microscopy. Corresponding cell types were identified by
immunofluorescent staining.
Salmonella infection resulted in rapid global changes in liver metabolism (glycogen depletion / triglyceride
accumulation), whereas metabolic liver zonation with alternating glycolysis / gluconeogenesis regions
was preserved. This was true even in highly inflamed areas. Infiltrating cells had a highly distinct
metabolism dominated by the hexose-monophosphate shunt (HMS). Pharmacological inhibition of HMS
impaired Salmonella control.
Dramatic global changes in host metabolism have been described for various infectious diseases and our
observations were consistent with these data. Experiments in cell culture previously showed that
inflammatory signals such as TNFalpha can induce metabolic changes in liver cells. In our in vivo model,
infiltrating inflammatory cells modulated metabolism only in adjacent hepatocytes. Beyond this cell layer
no changes were observed. In contrast to cell culture data, infiltrating macrophages had only weak
fermentation and oxidative phosphorylation capabilities. Instead, they mostly produced NADPH through
HMS which might serve for antibacterial ROS and RNS production. Pharmacological inhibition of HMS
consistently lead to increased Salmonella growth.
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A Comprehensive and Genome-wide Analysis of Notch Pathway
Regulation by In Vivo RNAi and Protein-protein Interaction Studies in
Drosophila Melanogaster
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The Notch pathway is a central and evolutionarily highly conserved signaling pathway coordinating
cellular differentiation and proliferation programs during the development of multi-cellular organisms, and
its decisive role in a variety of human diseases including cancer is well established.
Notch itself is a single span transmembrane receptor. The activation of Notch results in its proteolytic
cleavage and in the release of the Notch intracellular domain that, after translocation into the nucleus,
engages in transcriptional regulation. A number of Notch-interacting components have been identified in
the meanwhile pinpointing to a complicated circuitry regulating Notch pathway activity, which is only
poorly understood.
In this regard, systems biology can facilitate the identification of potential pathway components at a large
and comprehensive scale. We have started such an approach by describing a first set of 353 validated
novel Notch regulators that we identified with a combination of high-throughput whole-genome ex vivo
and in vivo RNAi screening techniques, and network analyses (1).
Here we report on the expansion and verification of this Notch interaction network aiming to link the Notch
signaling cascade to selective target gene expression and growth control. We use affinity purification of
known Notch pathway components in conjunction with mass spectrometry to establish a high-density
protein-protein interaction landscape for the Notch signaling pathway. The use of stable isotope labeling
with amino acids in cell culture (SILAC, (2)), and selected reaction monitoring (SRM, (3)) will also enable
us to gain quantitative information as well as insights into the dynamics of the Notch signaling network.
References:
1. Saj et al. (2010) Developmental Cell 18, 862–876
2. Ong et al. (2002) Mol Cell Proteomics 1, 376-386
3. Stahl-Zeng et al. (2007) Mol Cell Proteomics 6, 1809-1817
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Stability Ranking for RNAi Hit Detection
J. Siebourg, N. Beerenwinkel
ETH Zurich (Basel)

In biological high throughput experiments one faces the problem of detecting the relevant variables from
high dimensional data. We focus here on genome wide RNA inference microscopy screens, where genes
are knocked down individually. We want to identify genes that most affect the readout, i.e., are involved in
the biological process of interest.
Since the screens are expensive and time consuming such that in a whole genome setting only a few
samples per gene are available, we deal with the issue of having much more variables than samples.
Furthermore the high level of noise resulting from e.g. binding specificity of siRNAs, complicate the
analysis.
A question arising in this context is how reliable the selected hits from such a screen are.
We seek for minimal requirements in the design of these experiments such that gene selection yields
robust results. How does the number of replicates affect the stability of the results? Are there differences
between selection methods in terms of stability? Which siRNA strategy performs better: different single
siRNAs or replicates of pooled siRNAs?
To this end we rank genes based on the experimental read out of a screen and apply the concept of
stability selection on different ranking methods to recover stable subsets of genes that are highly
reproducible.
We show how the stability ranking performs on simulated data and finally we apply the procedure to RNAi
datasets to select stable candidate genes.
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Salmonella Nutrition During Infection: Starving in Paradise
B. Steeb, B. Müller, N. Burton, P. Tienz, A. Schmidt, A. Mazé, D. Bumann
University of Basel

Pathogen growth during infection depends on host nutrients. These nutrients determine which enzymes
the pathogen needs for biomass production.
Our goal is to determine how host nutrients shape Salmonella metabolism in a typhoid fever model. For
this purpose, we follow three specific aims,
i) quantify in vivo availability of 30 potential nutrients,
ii) combine these experimental data with our genome-scale reconstruction of Salmonella metabolism to
obtain a quantitative in vivo model and
iii) use this Salmonella metabolism model to predict and understand metabolic requirements during
infection.
To quantify in vivo nutrient availability, we measured in vivo growth defects of Salmonella mutants unable
to utilize specific nutrients. For modeling we used flux balance analysis. Enzyme in vivo abundance was
determined using FACS sorting and proteomics.
Experimental data and literature suggest availability of at least 45 different nutrients in infected tissues. All
nutrients are only available at rates below 5800 molecules s-1 which restricts Salmonella growth.
Phenotype predictions are in 90 % of all cases consistent with literature. Flux predictions are supported
by proteomics data.
Our in vivo model represents the first comprehensive characterization of pathogen nutrition during
infection.
The results reveal a surprisingly large diversity of accessible nutrients that are however present only in
minute amounts. This paradoxical situation (“starving in paradise”) has two major consequences,
i) broad nutrient supplementation overcomes deleterious effects of many Salmonella metabolic mutations,
ii) Salmonella growth in infected mice is nutrient-limited.
Both findings emphasize the major importance of metabolism for infectious disease outcome.
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Dissection of Signaling Pathways Controlling Hepatic Insulin Resistance
M. Stoffel
ETH Zurich

The liver plays a unique role in controlling the supply of the peripheral tissues with energy-carrying
substrates over both short and long periods of times. In the postprandial state the liver takes up
carbohydrates, lipids and amino acids in response to increased blood insulin, whereas in the fasted state
a decrease in the plasma/insulin ratio leads to hepatic glycogen degradation, gluconeogenesis, fatty acid
oxidation and ketogenesis. In absolute insulin deficiency states hyperglycemia and ketoacidosis develop
as a result of increased beta oxidation and ketogenesis. In insulin-resistant states the hyperanabolic
effects of high insulin concentrations induce increased fatty acid biosynthesis and reduced beta oxidation.
To understand the intricate transcriptional and posttranscriptional control of lipid and glucose metabolism
in normal and pathological conditions we (the LiverX consortium) performed a detailed analysis of the
transcriptomes and (phospho) proteomes and determined the metabolomic profile in fasted and fed
conditions of chow-fed animals and during a high fat ‘western style’ diet in mouse strains that are known
to be susceptible or resistant to chronic nutritional stress. Data from the global analysis will be presented
and a specific pathway downstream of insulin signaling will be discussed that gives insight into the
mechanisms by which chronic overeating contributes to hepatic steatosis and components of the
metabolic syndrome.
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Modeling Kinetic Relationships between Circadian Transcription and
Cytosolic mRNA Accumulation from Pre-mRNA and mRNA Measurements
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In mouse liver, a variety of key physiological and metabolic functions are orchestrated by the circadian
clock. It is of great interest to better understand how phase specificity in transcription and mRNA
accumulation is regulated. The temporal accumulation of transcript abundance during the circadian cycle
is determined by the transcription and degradation rates of each transcript, both of which may be varying
during the day. While the former is a well-studied mechanisms leading to rhythmic gene expression, the
latter effect has not been studied extensively though examples of regulated degradation exist, as for
example for the mPer2 mRNA. Here, we develop an inference method based on a simple dynamical
model of the molecular processes leading from transcription to accumulation of the gene products. Our
analyses suggest that our model is adequate at capturing the experimentally measured profiles and we
find that rhythmic degradation plays an important role in explaining the phase and amplitude relationships
between the modeled species.
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Targeting Host Metabolism to Modulate Shigella Infection
O. Timoshenko, N. Freed, D. Kentner, P. Tienz, C. Arrieumerlou, D. Bumann
University of Basel

Intracellular pathogens use resources of their host cell to grow while the host suffers from this metabolic
burden. Understanding this complex interaction network will facilitate development of new antimicrobials.
Our goal is to provide quantitative system-level description of the battle between host and pathogen for
metabolic resources and to identify target/target combinations to combat the infection. Our model system
is infection of human cells with bacterial pathogen Shigella flexneri.
Using an array of methods (computer modeling, metabolomics, proteomics, enzyme activity assays) the
BattleX project investigates the metabolic state of host cell during Shigella infection. Based on data on
host enzymes abundance and activity as well as metabolite profiles and turnover data we selected 74
human enzymes for perturbation using RNA interference. As a readout system we measured Shigella
proliferation using sensitive and high throughput methods such as flow cytometry, luminescence assay
and time-lapse fluorescent microscopy. Our data showed that overall Shigella growth was rather robust to
individual host cell perturbations. However, some of these perturbations redirected metabolite fluxes in
the host cell and had a detectable effect on the host-Shigella interface.
We combine these experimental data with quantitative modeling to infer potential combination
approaches targeting multiple human enzymes and/or Shigella enzymes that might be more effective to
block Shigella growth in infected human host cells.
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A Self-reinforcing Mechanism for the Establishment of Perinuclear
Heterochromatin: a Role for H3K9 Methylation
B. Towbin, P. Meister, R. Sack, V. Kalck, S.M. Gasser
Friedrich Miescher Institute Basel

Active and inactive genes occupy distinct spatial nuclear subcompartments. Silent heterochromatin is
enriched at the nuclear periphery and active euchromatic loci reside in the nuclear center. Whereas
nuclear lamin is a structural perinuclear element necessary for heterochromatin attachment, the
chromatin signals for anchoring are unknown. Here, we performed a genome-wide RNAi screen to find
factors required for the perinuclear anchoring of repetitive heterochromatin in C. elegans embryos. We
identify methylation of Lysine 9 on Histone H3 (H3K9) as a key molecular signal for heterochromatin
anchoring, and show that H3K9 methylation is mediated by the consecutive action of two histone methyl
transferases (HMTs). The C. elegans homolog of human SetDB1, MET-2, is required for mono- and dimethylation of H3K9, whereas SET-25, which resembles human G9a/EHMT1 and Suv39h, converts
H3K9me2 to H3K9me3. Interestingly, SET-25 localizes to perinuclear foci by binding to H3K9 methylated
chromatin independent of its catalytic domain. Peripheral sequestration of SET-25 may facilitate the
repression of peripherally localized genes by providing locally enriched H3K9 HMTase activity. Our
experiments suggest a self-reinforcing mechanism for the establishment and propagation of silent
chromatin at the nuclear envelope, which could explain the bi-stable characteristics found in many
heterochromatic systems.
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Simulation of the Life Cycle of the Nematode Caenorhabditis Elegans
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The life cycle of the model nematode Caenorhabditis elegans comprises at least six distinct stages, each
defined by particular parameters, such as eating rate. If these could be defined and combined into a
formal model, it would contribute to a better understanding of the life of C. elegans and give prompt
predictions, directly comparable to experimental results.
We present such a model that aims to 1) Interpret existing phenotypic assays 2) Predict the phenotype of
mutant worms. 3) Identify which parameters in the life of the worms influence their phenotype most. We
achieve this by using the model 1)to simulate a population of worms 2) to conduct a sensitivity analysis to
predict which parameters affect the fitness at each stage of the worms life cycle 3)to make predictions
using the model and to test them against experimental data.
Ours is an individual based model, which we simulate over a period of ten days or more, in time units of
one hour. The model includes the worms’ eating rates, the number of eggs a worm lays, the egg laying
period, survival rates and efficiency coefficients that relate the amount of food consumed with growth. The
model assumes that the food density is homogeneous at any moment. Model parameters are mostly
taken from the literature, however, some have been directly obtained in the lab. We characterize the
model output using summary statistics that are directly comparable to those obtainable from food
consumption assays, a novel method to monitor worm populations in a high-throughput manner (Elvin et
al. 2011).
Our results indicate the importance of considering worms’ food consumption behavior in different food
densities. Our naïve assumption was that eating rate was independent of density. However this gave
inconsistent predictions and observations. Subsequent experiments demonstrated that the worms tend to
consume more bacteria in high food density and less food in low food density. Once this density
dependence is included into the model, one can observe improved in silico food consumption behavior.
Reference:
Elvin, M., Snoek, L.B., Frejno, M., Klemstein, U., Kammenga, J.E. & Poulin, G.B. (2011) Enabling quantitative high throughput RNAi
in C. elegans using an assay based on food consumption kinetics. submitted
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Mechanical Growth Regulation of Drosophila Wing Imaginal Discs
C.M. Aegerter, U. Nienhaus, T. Schluck, M. Heimlicher, K. Basler, T. Aegerter-Wilmsen
University of Zurich

Mechanical growth regulation has been implicated to provide an avenue to explain several conundrums in
the growth of the wing of the fruit fly Drosophila melanogaster. Among these are the determination of final
size of the wing as well as uniform growth in the presence of graded growth factors. Here, we will present
experimental as well as theoretical approaches to support the notion of mechanical growth regulation in
the wing imaginal disc of Drosophila.
For the study of growth regulation, the wing imaginal disc is studied. This is because almost all growth
takes place in the larval stages and the final wing is formed through rearrangement of the tissue during
metamorphosis. Using a simple theoretical model of the growth of a wing imaginal disc, we have shown
that it is possible to explain wing disc growth via the presence of mechanical feedback. However, the
direct demonstration of mechanical growth regulation has proven difficult due to the lack of appropriate invitro culturing systems for these tissues.
There is however indirect evidence for the mechanical growth regulation. This comes from three sources.
Firstly, a direct investigation of the cell shape distribution within the wing disc shows that there are
inhomogeneous stresses in this tissue, as evidenced by the present strains. Second, photoelasticity
measurements likewise show these graded stresses within the tissue. Thus there is evidence that
inhomogeneous stresses, which are necessary for the mechanical growth regulation are indeed present.
Thirdly, we study the topology of the tissue, which is determined by the different division rates of the cells.
Depending on the cell cycle time, a cell obtains a different number of neighbours, thus determining the
distribution of neighbour numbers. We have studied this both for mitotic cells and non-dividing cells.
Together with model simulations of the process, this allows a study of the influence of cell strain on the
division rate of such a cell. These results indicate that there is a direct dependence of growth rate on cell
strain, thus providing further evidence for mechanical growth regulation of the wing imaginal disc.
Through three different ways, we provide indirect evidence for mechanical growth regulation in the wing
imaginal disc of Drosophila. This encompasses both the presence of inhomogeneous stresses due to
growth as well as the dependence of the growth rates on these inhomogeneous stresses.
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Deciphering Gene Regulatory Networks During Limb Development in
Drosophila
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Pathways and genes regulating limb development have been intensely studied in the past few years.
However, only a small number of transcription factors (TFs) involved in these mechanisms have been
described. Moreover, their DNA binding sites and their target genes remain poorly studied. The powerful
genetics and molecular biology of Drosophila and its well described developmental biology, makes
Drosophila an excellent model organism for the study of post-embryonic development. Here, we present
our multidisciplinary efforts to investigate gene regulatory networks that regulate the process by which a
small group of cells become a functional adult wing.
First, we aim to identify the TFs regulating wing disc development. For this purpose, we monitored gene
expression changes in wing disc during third instard larva development at early, middle and late time
points using RNA-seq and identified around 400 TFs that are expressed at these developmental stages.
To determine which of these TFs may be specific to the wing disc, we have compared the wing disc
transcriptome with the transcripts expressed in other tissues, such as Ovaries, Testis and Drosophila cell
lines. Together, these analyses identified 80 TFs specific for wing discs development. In addition, we are
looking for TFs, which computationally predicted binding sites at promoters can explain expression
dynamics that we observe.
In a next phase, we aim to identify the DNA binding profiles of these TFs. Therefore, we are generating a
comprehensive library of transgenic flies carrying HA-tagged TF expression constructs, which will
ultimately enable us to initiate the genome wide mapping of TF DNA binding events for all Drosophila
TFs. So far, we have around 500 transgenic flies, of which 70% generate phenotypic changes upon mild
overexpression. Almost 50% of the overexpressed TFs result in severe phenotypes, such as
development of only rudimentary organs or even causing lethality, whereas 10% show some specific
patterning defects. This suggests that TF overexpression can induce a very specific subset of genes
instead of causing unspecific binding to a large amount of non specific DNA sites, which will be tested by
genome-wide DNA profiling using ChIP-seq. To collect enough biological material for ChIP, we have
optimized a protocol for collecting a massive number of wing discs. We are currently performing our first
Chip-seq experiments using this protocol and updated results will be presented at the meeting.
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Keynote Lecture: Design Principles of Biological Circuits
U. Alon
Weizmann Institute of Science (Rehovot, IL)

To understand biological networks, our lab has defined "network motifs": basic interaction patterns that
recur throughout biological networks, much more often than in random networks. The same small set of
network motifs appears to serve as the building blocks of transcription networks from bacteria to
mammals. Specific network motifs are also found in signal transduction networks, neuronal networks and
other biological and non-biological networks. We have experimentally studied the function of each
network motif in the transcription network of E. coli. Each network motif can serve as an elementary
circuit with a defined function: filters, pulse generators, response accelerators, temporal-patterngenerators and more.
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Modeling plant growth is a complex process that requires suitable software tools. Their construction and
advancement of the underlying theories are still at an early research stage. Here, we present VVE, a
modeling software that extends and adapts to biological problems vertex-vertex systems (1).
The main data structure of VVE is the graph rotation system: a directed graph, associated with local
editing operations, in which the neighborhood of each vertex is ordered in a cyclic manner. This structure
proved convenient for representing discrete 2-manifolds and locally expressing their development. VVE is
implemented as a C++ library, which allows reuse of existing C and C++ code, and designed so all
aspects of the modeling process can be implemented as modules. The VVE software includes a number
of modules, such as a cell-complex library, allowing for easy modeling of plant tissues as the cellular
level, an embedded ODE solver for numerically solving systems of differential equations (e.g., reactiondiffusion systems) defined on growing discrete manifolds; and a cell-system library for simple
specification of cell division using grammar-like rules. The VVE software also provides visualization and
user interaction facilities, which rely on the well established, multi-platform, Qt toolkit and the OpenGL
library.
VVE proved to be a useful tool for the modeling of growing tissues, and a step towards the development
of a general modeling methodology for developing discrete 2-manifolds. It has been successfully used in
a number of models: cell division in the leaf (1); stomata positioning in the leaf (2); kale leaf shape (3);
trichome patterning (4); auxin fluxes in the root (Hardtke's lab, University of Lausanne); and also for data
analysis, for example in MorphoGraphX (Smith's lab, University of Bern), in which it is used to work with
surfaces.
References
1. Smith, C. On Vertex-Vertex Systems and their use in geometric and
biological modelling. 2006.
2. Cell division in the Arabidopsis leaf epidermis. Robinson S, et al. Annual
Meeting of the SEB. 2009.
3. Capturing the Dynamics of Stomatal Cell Specification in Growing Leaves.
Robinson S, et al. ICAR 2011.
4. Constraints of space in plant development. Prusinkiewicz and Barbier de
Reuille. J. of Exp. Botany, 2010, 61, 2117-2129
5. Trichome patterning on growing tissue. Barbier de Reuille et al. FSPM 2007.
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Cyclic Model of Biological Networks and Hypothesis of Modular
Organization of Cellular Molecular Clock
A.A. Belostotsky
Moscow State University (Moscow, RU)

This study shows that all known regulatory cellular processes can be represented as cycles
interconnected with each other. Cycles, defined as a minimal part of network containing negative
feedback loop, are supposed to function mainly as oscillators. Gene networks, metabolic networks and
signaling cascades, all having enormous amount of negative feedback loops, are represented as cycles
with different corresponding periods of oscillations. All cycles are interconnected between each other by
shared common members of cycles; it can be gene, protein or metabolite. Dynamical connectivity also
takes place and depends on period of oscillations. Period of low frequency oscillation must be multiple of
period of high frequency oscillation. Thus cell is supposed to avoid destructive interference of oscillations
and to maintain low frequency process which is supposed to be circadian rhythm.
In this case multi-level model of regulatory networks as composition of cycles is considered. Cycles are
organized in networks with very different topology but some formalism can be implemented. Cycles with
low period can be displayed as a larger blocks containing a smaller blocks inside. This strongly reminds
clock with gears of different size. So model of cellular molecular clock built up from modules is
implemented. The biggest gear is supposed to be circadian rhythm.
To confirm this model many lines of evidence from expression data analysis to regulatory network
modeling are provided.
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Understanding Temporal and Spatial Features of Polarity Establishment
Using ASSET
S. Blanchoud, Y. Budirahardja, F. Naef, P. Gönczy
EPF Lausanne

Polarization is a widely conserved mechanism that results in the partitioning of cells into distinct domains.
Cell polarity is critical for many fundamental processes, including asymmetric cell division, cell migration
and tissue organization. Importantly, most of the molecules that are critical for cell polarity have been
conserved across metazoan evolution; including the PARtitioning (PAR) proteins, which were discovered
in Caenorhabditis elegans, and then shown to be required for cell polarity all the way to human cells.
In the early C. elegans embryo, polarity is established during the first cell-cycle, thus defining the
anteroposterior body axis. This leads to the cleavage of the embryo into two unequal daughter cells. Even
though polarity establishment during the first cell cycle by the PAR proteins has been studied qualitatively
using forward genetic and RNAi-based functional genomics, how these components interact in space and
time remains poorly understood, in part because there is a paucity of automated methods to gather
quantitative information with subcellular precision. Consequently, data quantification is often performed
manually, which is repetitive and inefficient.
To circumvent this, we developed an image analysis software coupled with a reference coordinate system
that we termed ASSET (for Algorithm for the Segmentation and the Standardization of C. elegans Timelapse recordings). By automatizing the segmentation, our algorithm enables us to take full advantage of
the great spatial and temporal resolution achieved in live recordings. Moreover, through the normalization
procedure, ASSET allows for a thorough and consistent comparison of many embryos. We now use
ASSET to precisely quantify fluorescence intensities from time-lapse recordings of several PAR fusion
proteins, starting with the posterior GFP-PAR-2 fusion protein. In particular, we focus on the initial
“establishment” phase to unravel and model the molecular interactions that could lead to the observed
movements of the boundary between the posterior and anterior polarity domains.
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Systems Biology Approach Reveals Involvement of the EIIB and EIIA
Domains of the Beta-glucoside Operon Regulator in Regulation of the
Duration of Diauxic Lag in Pneumococci
A. Boianelli, A. Bidossi, L. Gualdi, C. Mocenni, L. Mulas, G. Pozzi, M.R. Oggioni, A. Vicino
University of Siena (Siena, IT)

Streptococcus pneumoniae is an obligate fermentative aerotolerant anaerobe with the capacity to
metabolise over 30 carbohydrates. Growth on glucose and betaglucosides shows sequential use of
sugars resulting in diauxic growth with variable duration of the lag phase separating the biphasic curve. In
this case the lag duration is proportional to initial concentration of betaglucoside. This behavior is
opposite to diauxic lag regulation in other bacterial. The pneumococcal beta-glucoside operon deputated
to induction of enzymes of the betaglucoside PEP-PTS uptake system is regulated by a multi-domain
transcriptional regulator. In this work, following a systems biology approach, we address the contribution
of phosphorylation of the active site cysteine in the EIIB domain of the regulator and its role respect to
diauxic lag. We constructed mutants by site directed replacement of the active site cysteine of the EIIB
domain and of the histidine of the EIIA domain with an alanine. Growth curves on cellobiose of the EIIB
mutant showed similar growth behavior as the wild type, with exception for an extension of the lag phase.
The EIIA mutant showed in addition of the extension of the lag phase also an increased generation time
on cellobiose. Moreover we developed a nonlinear deterministic model for diauxic growth. A nonlinear
parametric optimization procedure provided parameters for characterization of the single phases of
bacterial growth. Parameters identification of the EIIB mutants showed a substantial variation in only one
of the polynomial parameter model belonging to cellobiose growth rate; this result provides a possible
relation between this parameter, EIIB domain and length of diauxic lag. Furthermore EIIA mutants
showed both variation in the parameter responsible for diauxic lag and growth rate on betaglucoside.
Moreover, cluster analysis respect to parameters involved in bacterial rate on cellobiose showed
differentiation of mutants by values of cellobiose initial concentration. This result confirm that this model
captures the effect of cellobiose concentration on diauxic lag. This data demonstrate that cysteine
phosphorylation in the EIIB domain of this PRD regulator of the pneumococcal beta-glucoside operon is
exclusively involved in the determination of the length of the diauxic lag and that the EIIA domain is the
domain most probably involved in activation of the EIIB domain.

59

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | ModCS-9S

Classifying and Clustering Biological Systems Using Generative
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Complex biological systems can be studied using dynamic models that are based on differential
equations describing how system elements interact in time. In two recent studies, we introduced a novel
approach to utilizing such models in neurobiology using the idea of generative embedding. In the first
study, we used a generative model of local field potentials (LFP) in mice to decode the trial-wise identity
of a sensory stimulus from activity in somatosensory cortex (Brodersen et al., 2011, NeuroImage). In the
second study, we used a model of functional magnetic resonance imaging (fMRI) data to diagnose
aphasia in human stroke patients, based on activity in non-lesioned brain regions during speech
processing (Brodersen et al., in press, PLoS Comp Biol).
An open question is whether generative embedding could serve to discover new structure in unlabelled
data. We address this question using a model-based clustering approach that (i) inverts a dynamic causal
model (Friston et al., 2003, NeuroImage) of neuroimaging data in a subject-by-subject fashion; (ii)
constructs a kernel function; (iii) applies a clustering algorithm on subject-specific parameter estimates;
and (iv) allows us to interpret the solution in the context of the underlying model (Fig. 1).
We applied our approach to two datasets. First, we re-analysed previously acquired fMRI data from
stroke patients and healthy controls, examining what group structure would emerge when passing
unlabelled data through a generative kernel. Second, we analysed LFP data recorded from rats subjected
to different levels of muscarinic agonists and antagonists, asking whether the model would recognize the
different receptor activation states. Using these examples, we illustrate the utility of our unsupervised
approach, such as achieving good agreement (86%) between model-based clustering and the original
separation of patients and controls in the aphasia dataset (Fig. 2).
We envisage that model-based approaches will become particularly relevant for objective classification of
spectrum disorders (Stephan et al., 2009, Schizophrenia Bulletin), decomposing groups of patients with
similar symptoms into pathophysiologically distinct subgroups.
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Keynote Lecture: From Genes to Shape: How Identity and Polarity Interact
to Control Tissue Morphogenesis
E. Coen
The John Innes Centre (Norwich, UK)

Much progress has been made recently in our understanding of how genes control patterns of cell types
or regional identities within an organism during its development. However, the link between this process
of patterning and growth or morphogenesis is much less well understood. Bridging this gap requires a
quantitative understanding of how genes modify anisotropic growth of multicellular tissues in 3D space at
multiple scales.
We have been addressing this problem using a combination of genetic, morphological, computational and
imaging approaches in collaboration with Andrew Bangham (University of East Anglia) and Przemyslaw
Prusinkiewicz (Calgary).
The results provide new insights into how genes interact to specify orientations and rates of growth,
leading to particular shapes.
The talk will illustrate how integrating biological and computational methods may lead to a quantitative
mechanistic framework for development.
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Using Pathogens to Extend Our Understanding of the Kinome in HeLa
ATCC Cells
E. Delgado-Eckert, J. Siebourg, N. Beerenwinkel
ETH Zurich (Basel)

In order to improve our understanding of the interactions between kinases in HeLa ATCC cells, we will
use perturbation data arising from individual RNA silencing experiments. The perturbation data consist of
the effects of silencing around 695 kinases on the infection process. We will monitor the infection process
upon infection of normal and perturbed cells with Bartonella henselae, Brucella, Shigella flexneri, and
Listeria monocytogenes. To analyze the data, we will use the modeling paradigm of Nested Effects
Models (1) in combination with multidimensional experimental readouts from the perturbation experiments
and prior kinome interaction data from the STRING database (2). This multidimensional readout
comprises magnitudes such as the infection index (percentage of successfully infected cells), average
morphological changes of the cells, average cell density variations, average degree of expansion of the
pathogen within the cells, and many more. These features are generated through cell imaging and state
of the art image analysis software.
References:
1. Fröhlich, H., A. Tresch, and T. Beißbarth, Nested effects models for learning signaling networks from perturbation data.
Biometrical Journal, 2009. 51(2): p. 304-323.
2. Szklarczyk, D., et al., The STRING database in 2011: functional interaction networks of proteins, globally integrated and scored.
Nucleic Acids Research, 2011. 39 (suppl 1): p. D561-D568.
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Single Cell Quantification of Msn2p-GFP for a Variety of Glucose Pulses
S. Dimopoulos, L. Buzdugan, C. Mayer, F. Rudolf, J. Stelling
ETH Zurich

In the past years there has been a significant effort in the field of Systems Biology for fast and accurate
quantitative data acquisition. One popular class of biological experiments involves fluorescence
microscopy, which permits in-vivo analysis of various quantities of interest. Here, we present a
framework that tackles, in a fully automatic manner, yeast cell identification and tracking and therefore
allows single cell data analysis and extraction of potentially useful modeling quantities.
The novelty of our framework, compared to the previous work in the field, lies in that: a) It is designed in
modularized fashion and allows the user to easily make extensions, b) Permits parallel computing of the
instances of a time-lapse experiment which makes the overall quantification process very fast, c) Makes
use of highly advanced computational methods for yeast cell identification and tracking. For the validation
of our framework’s capabilities, we compared its performance with previously published tools for
microscopy image quantification and we drew various statistics on the robustness of the produced results
on series of synthetic images.
As a proof of concept, we analyzed time-lapse experiments of the GFP-tagged transcription factor Msn2p,
which is targeted by multiple signaling cascades, since its nuclear localization constitutes a general stress
response in budding yeast. The experiment was performed on a microfluidic chamber and we recorded
multiple microscopy images for a variety of glucose pulses. From the acquired single-cell data we
managed to extract useful information related to the stochastic variability characterizing the dynamic
response of Msn2p translocation and produce quantities that can be proven useful for dynamic modeling.
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Every plant cell is surrounded by a cell wall that determines the flexibility, stability, expansion and
ultimately, the shape of the cell. Even though the composition of cell walls is relatively well known, the
contribution of the different cell wall structures to the mechanical properties of the entire wall is still not
very well understood. As a model, Arabidopsis thaliana pollen tubes are used as a single-cell-system
since they grow only at the tip and form comparatively large cells. To assess the dynamics of the pollen
tube cell wall two different approaches are used.
Firstly, a method was established to investigate the cell wall of pollen tubes with monoclonal antibodies
(mAbs) against different cell wall structures. Cell wall components like xyloglucans (XyGs), the major
hemicellulose of dicotyledonous plants, and cellulose undergo a strong interaction and are thought to
form a tension-bearing network. Due to this important function the pollen tubes of the XyGxylosyltransferase double mutant xxt1 xxt2 of Arabidopsis exhibit a strong growth defect, resulting in a
reduced fertilization efficiency. The reduction in XyG not only affects elongation of the pollen tubes both in
vitro and in vivo, but also causes loss of growth orientation, resulting in entangled pollen tubes in the
female tissue. Cell wall-specific mAbs revealed a drastic decrease in XyG epitopes in xxt1 xxt2 pollen
tubes.
Secondly, using Cellular Force Microscopy (CFM) the mechanical properties of pollen tube cell wall
mutants are investigated. This new system allows applying and measuring very small forces on single
cells, as well as concurrently investigating deformation of the cell induced by these forces. CFM reveals
changes in the mechanical properties of cell walls due to the modification of their structure.

64

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | ModCS-14

Arabidopsis Hypocotyl Growth Modelling under Different Environment
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After seed germination, seedlings need to reach light to start optimal autotrophic growth. For that,
hypocotyl cells elongate in a different manner, involving interaction of phytohormones and photoreceptors
(phytochromes, cryptochromes...) in a complex network. For example, plantlets avoid shade to compete
with neighbouring plantlets by sensing Red/Far-red ratio. The aim of this work is to model the hypocotyl
growth of Arabidopsis thaliana by integrating signals involved in cell elongation in association with
mechanical constraints.
We present a hypocotyl growth model that involves auxin transport, photomorphogenesis due to
phytochrome and mechanical properties of tissue. Equations were implemented in a virtual hypocotyl
which is reconstructed with MorphoGraphX (Richard Smith development software, university of Bern,
Switzerland) and MARS-ALT (INRIA, Montpellier, France) from stack of images performed with a
confocal laser microscope (Leika, TCS SP5). In order to fit the model, we studied seedlings growth under
continuous Far-Red light conditions, and measured hypocotyl and epidermal cell lengths of Arabidopsis
thaliana Col-0 and pif mutants. Measurements of The stiffness of epidermal cells were performed with a
micro-electromechanical systems (MEMS, FT-S Force Sensing Probes, FemtoTools, Zurich). The results
from these experiments will allow us to estimate the parameters for a tissue growth model based on the
cellular turgor pressure model of Ales Anka (University of Fribourg). This model should integrate
mechanical and physiological (e.g. polar auxin transport) aspects involved in Arabidopsis hypocotyl
growth.
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A k-MST Approach to Protein Functionality Identification
F. Felizzi
ETH Zurich (Basel)

Previous theoretical studies have analysed available proteomic data mainly in terms of Protein Interaction
Networks (PINs) and Protein Signaling Networks (PSNs). PINs are represented as undirected graphs,
where edges link two proteins if a binding event between the two occurs. PSNs are represented by
means of directed graphs, where the directionality of edges refers to mutual influences in posttranslational protein modification, such as phosphorylation.
The availability of results from mass-spectrometry experiments as well as the existence of comprehensive
resources for protein-protein interactions (PINs) provide the basis for the construction of experimentallydriven graphs.
We perform a descriptive analysis of the available proteomics data that is related to the signaling
networks in different cellular compartments. We combine experimental data from EGFR activation with
knowledge from protein-protein interaction databases to construct a directed weighted graph. Our
approach aims at isolating the minimal trees that connect a given set of proteins, starting from the
triggered receptor as root.
Spanning trees are sought as a method to find optimal networks. Spanning trees present only essential
edges, whose removal destroys the functionalities of the reduced networks. Protein interaction networks
present many paths that connect the root to any given node of interest. Our strategy is to identify the
Maximum Spanning Trees in the whole protein network that cover exactly subsets of the nodes we
observe in proteomics experiments. Furthermore, the addition of other nodes of biological significance not present as result of the proteomics experiments - reveals the importance of specific proteins and
binary protein-protein interactions in the phenomenon under investigation. Our strategy consists of the
construction of multiple k-MST, where the sets of edges to be covered by a spanning tree is varied and
the different spanning trees obtained are compared among each other and with the underlying entire
network.
Our strategy relies on the identification of paths from the receptor to selected specific proteins, whose
length is not reduced by the presence of protein hubs in the interaction network. The presence of different
time-points in the phosphoproteomics analysis enables for the possibility of assigning directionality to
edges, calling for the application of different algorithms in the isolation of spanning trees.
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Large Scale Study of Sub-cellularly Distinct Proteomic and
Phosphoproteomic Data During Polarized Cell Migration
G. Fengos
ETH Zurich (Basel)

The vast majority of large scale proteomic and phosphoproteomic studies are based on whole cell
assays, therefore any conclusions lack sub cellular resolution. In this study the leading edges of
directionally migrating fibroblasts were fractionated and analyzed separately from their main cell bodies.
The motivation of this study was to investigate whether and how the morphological polarity is coupled by
a sub cellular signaling asymmetry in a large scale. Three different stimuli were used (fibronectin, LPA,
PDGF) to induce directional movement by triggering signaling of the respective prototypical receptor
systems (Integrins, GPCR, RTK). This allows to identify the characteristics of each mode and compare
the three different signaling machineries. Based on the compartmental relative enrichment/depletion
analysis of proteins and their phosphorylated form, in combination with manual curation of those
interactions that could be found in literature, we were able to create a core signaling network of that can
serve as a map for further investigation. Protein enrichments/depletions appear to correlate with the
enrichment of their phosphorylated form in opposition to the conclusions of other studies based on whole
cell assays. Using databases we did a gene ontology analysis for the majority of the identified proteins.
By making a distinction between signaling proteome and total proteome we were able to identify
phosphorylated that are more likely to be recruited at the leading edge. By combining bioinformatic tools
and information from databases, the goal is to identify the signaling proteins that play an important role
during cell migration and elucidate their regulatory differences.
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Mechanical Stress in the Developing Drosophila Wing Disk
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The development of an organ or a tissue is the result of coordination between morphogen signaling and
mechanical stress. Here we investigate the connection between signaling and tissue stress using the
Drosophila wing disk as model system.
During the development of the wing disk, the number of cells increases by two order of magnitude while
the cell cycle length increases from 4.5 hours to 33 hours due to the lengthening of G2 phase. Theoretical
models argued that the control on cell proliferation and on the final size of an organ could be based on
mechanical forces.
To investigate these relationships we measured the stress distribution in the wing at different times during
the development of 3rd instar larvae.
We assessed the mechanical properties of the wing tissue by measuring geometrical parameters such as
the apical cell shape, as well as the tension of the apical cell junctions using laser ablation.
We found that the stress is anisotropic in the tissue and its spatial pattern changes within the
development.
It is known that Dpp is expressed at the boundary between the anterior and posterior compartment,
Wingless (Wg) is localized on the dorso-ventral boundary. Along both boundaries, the cell shape and the
stress direction are peculiar.
Further experiments are underway to understand the role of these morphogens in specifying the
mechanical properties of the wing, and to explore the stress distribution in Dpp and Wg mutants.
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Spike-based Learning of Decisions in Socio-economic Interactions
J. Friedrich, R. Urbanczik, W. Senn
University of Bern

In a natural environment humans and animals face decision tasks where the outcome depends on the
environment, as e.g. in social interactions, where reward may depend on the decisions of other players.
Game theory attempts to mathematically capture behavior in those situations. Often, the players do not
know the action of the opponent, although reward depends on it and is uncertain. The optimal strategies
can be deterministic or stochastic and are known as pure or mixed Nash equilibria, respectively. We
propose a population coding model of spiking neurons that successfully copes with game theoretical
tasks where reward is delivered stochastically. We study a simplified version of blackjack giving rise to a
pure strategy and the inspection game known from economics that requires a mixed strategy. In both
cases the neuronal populations playing against each other converge to the Nash equilibrium after long
enough learning periods. For short learning periods, on the other hand, the populations mimick the
behaviour of humans and monkeys playing the inspection game (Dorris et al., 2004).
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Correlation between Membrane Tension, Three-dimensional Shape and
Cell Migration Velocity
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The shape and motion of animal cells are the results of the interplay of the cytoskeletal forces, adhesion,
plasma membrane tension and internal hydrostatic pressure. While the cytoskeletal and adhesive forces
are relatively well-studied and their coordination over a planar substrate is described in two-dimensional
models, the integration of membrane tension and internal pressure into the picture requires a threedimensional approach. To gain a better understanding of the force integration during cell motion, here we
propose a new technique to measure the three-dimensional profile of adherent migrating cells, and we
correlate our cell profile measurements with the membrane tension, cytoskeletal dynamics and migration
velocity. The method is based on a negative staining where a fluorescent, non cell-permeant dye is added
to the extracellular medium. The specimen is observed with a conventional fluorescence microscope
resulting in the cell appearing dark, with the shade of dark giving the information about the cell height
profile. The method was validated and calibrated using microfabricated specimens and atomic force
microscopy. We applied our method to monitor the response of rapidly migrating fish epidermal
keratocytes to osmotic treatment. Hypotonic treatment resulted in persistent swelling of the cells and in
the increase in membrane tension and the cell migration velocity. The cells treated with myosin II inhibitor
blebbistatin exhibited irregular shape, slow migration, and a variable and low membrane tension.
Interestingly, hypotonic treatment restored the shape, membrane tension and migration velocity in these
blebbistatin-treated cells. Our results suggest that the cell migration velocity is not directly regulated by
membrane tension, but that internal hydrostatic pressure (generated by either myosin-dependent
contraction or osmotic forces) contributes to the cell motion by establishing three-dimensional shape that
is optimal for migration.

70

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | ModCS-20S

A Genome-scale Metabolic Model for Arabidopsis Thaliana that Accounts
for Subcellular Compartments
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Introduction: Reconstructing plant metabolic networks is challenging because of their complexity and high
compartmentalization compared to, for instance, yeast metabolism. Current genome-scale metabolic
models (GSMs) for the model plant Arabidopsis thaliana comprise between 1400 and 1800 reactions.
However, they lack a detailed and profound description of the division of metabolism into subcellular
organelles (like plastid, peroxisome, and mitochondrion); missing metabolite transport reactions yield
many singleton localized metabolites/reactions. Hence, it is not possible to accurately understand and
model metabolic key processes of plants such as photosynthesis, ATP synthesis, photorespiration, or
starch metabolism and their interactions. Therefore, we reconstructed a compartmentalized GSM, which
mimics an average Arabidopsis thaliana cell.
Results: We have semi-automatically reconstructed a compartmentalized GSM of Arabidopsis thaliana
containing ~30% of genes with direct functions in metabolism. We use existing databases (like KEGG,
Rhea, AraCyc, and Arabidopsis Reactome) as well as large-scale gene expression and proteome
datasets (SUBA, or pep2pro) for reconstruction. The model comprises more than both 2000 unique
reactions and metabolites occurring in either one or several subcellular compartments (cytosol, plastid,
mitochondrion, peroxisome, and the extracellular matrix). In particular, we identified missing links
(reactions and metabolites) to close network gaps, we modeled starch build up and break down on a diel
cycle. We also augmented our model with further biological constraints, like an updated environment
specific biomass composition and reaction directions.
Conclusions: Here, we designed, implemented, and analyzed a compartmentalized genome-scale
metabolic network of Arabidopsis thaliana. The key novelty in this model is to define the protein
complement of the considered organelles to predict new transport reactions between two organelles, and
to mimic the growth patterns of Arabidopsis thaliana. The semi-automatic reconstruction employs highaccuracy computational predictors of cellular localization that can be employed widely. We anticipate our
model to be a valuable tool to examine shared pathways, metabolic fluxes of central carbon metabolism,
or production of single metabolites of interest such as vitamins.
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Kinase Control of Lipid Homeostasis in Mammalian Cells
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Lipidomics is an emerging field, focused on the large-scale study of the lipids arrangement in a specific
biological system. There is a great heterogeneity of lipid structures in biological systems. This diversity is
present at every levels of organism organization: between cell types, organelles, and between the two
leaflets of the lipid bilayer. In Mammalian cells, homeostasis of membrane lipids is essential in order to
conjointly maintain the structure of the system, responses to cell environment, trafficking and signaling
events. Disruption of this balance leads to physiological disorders, such as the Niemann-Pick disease,
neural and cardiovascular diseases, cancers, etc. If more and more genes are found to be involved in
homeostatic mechanisms, no systematic view of membrane lipid regulation is available, yet. My work is
centered on this issue. I research genes from the Human kinome necessary in the control of membrane
lipids homeostasis. Combining techniques of gene silencing (siRNA), lipid extraction, Mass Spectrometry
(TSQ) and Bioinformatics, I quantify the lipid composition of HeLa cell membranes in the absence of
targeted genes. Then, the computation of lipid profiles, allows the clustering of lipid variations according
to protein knockdown, leading to the elaboration of new hypotheses about general mechanisms of
membrane lipids homeostasis.
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Vertebrate Limb Bud Development - towards a Comprehensive, Spatiotemporal Mathematical Model of Organogenesis
C. Kraemer, P. Germann, A. Badugu, D. Iber
ETH Zurich (Basel)

Limb bud development is regarded as an ideal model system to gain insight into vertebrate
organogenesis. Due to its simplicity, the limb bud attracted attention for theoretical modeling already
decades ago and now all the more in the advent of systems biology. Extended genetic studies revealed
the domains of gene expression and interconnections between the SHH, BMP and FGF signaling
pathways, which we consider as the principle regulatory interactions that control morphogenesis in the
limb bud (1, 2). Based on the reported biological evidences we built a reaction-diffusion PDE model of the
molecular regulatory network with a view to explain wild type pentadactylity as well as the manifold
mutant phenotypes. We seek to address the mechanism of initiation, propagation and termination of
Fgf/Shh signaling, regulating the behaviour between pre-patterning and digit formation. Furthermore,
patterning and specification of the antero-posterior and proximo-distal limb bud axes are interconnected
in space and time. A recent experimental study revealed that Shh is not only the morphogen that is
responsible for anterior-posterior symmetry breaking and manifestation of digit functionality but also
indirectly calibrates the scaling of proximal-distal identities (3). This was supported by our mathematical
model, which was able to consistently describe, how Shh signaling controls the proximal-distal retinoic
acid gradient.
Overall, the performed numerical simulations and bifurcation analysis provided insight into the spatialtemporal dynamics of limb bud patterning and led to predictions that our experimental collaborators are
now testing by further experimental analysis.
References:
1. Rolf Zeller et al., Vertebrate Limb bud development: moving towards integrative analysis of organogenesis. Nature Reviews
Genetics 10, 845 (2009).
2. Jean-Denis Benazet et al., A self-regulatory system of interlinked signaling feedback loops controls mouse limb patterning.
Science 323, 1050 (2009).
3. Probst et al., in Press
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A Formal Definition for Syntenic Blocks
C.G. Ghiurcuta, B.M.E. Moret
EPF Lausanne

Rapid and inexpensive high-throughput sequencing is making available more and more complete
genome sequences. Analyzing these genomes presents formidable challenges: even simple pairwise
comparisons are hard, since we lack good models for genome structure and evolution. Current
approaches are based on the identification of so-called syntenic blocks, that is, regions of genomes that
present identical or highly similar collections of markers in most of the genomes under study. The
identification of such blocks is the first step in comparative studies, yet its effect on final results has not
been well studied, nor has any formal, biologically meaningful definition of syntenic blocks been
proposed. (By and large, a syntenic block is simply the output of the synteny tool used, of which there are
many -- FISH, Cinteny, ADHoRe, GRIMM- and DRIMM-Synteny, to name a few.)
Syntenic blocks are in many ways analogous to genes---indeed, in many cases, the markers used in
constructing them are genes (as in OrthoCluster). Like genes, they can exist in multiple copies, in which
case we could define analogs of orthology and paralogy. However, whereas genes are
typically studied at the sequence level, syntenic blocks are typically too large for that level of detail -- it is
their arrangement within the entire genome that is the main object of study. Thus the definition and
construction of syntenic blocks involves both large-scale and small-scale evolutionary models.
We propose a new, principled, and well structured definition for syntenic blocks, based on homology
statements at the nucleotide level. Sequence alignment is also based on such statements, but in the case
of syntenic blocks, we expect a very sparse sampling of such statements (a few
markers), and must deal with rearrangements, duplications, and losses, in addition to mutations and
indels. We focus on a fundamental, theoretical definition rather than on an implementation, as this can
provide a basis for comparison of the many operational definitions used in existing tools.

74

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | ModCS-24

Promoters of Ribosomal Protein Genes in Yeast Show a Combinatorial
Architecture
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Ribosome biogenesis is one the most energy consuming processes in a rapidly growing yeast cell. Due to
such high consumption of resources, coordinated regulation of the ~150 rRNA genes and 137 RP genes
is essential for the economy of the cell. Despite such biological importance of coordinated regulation of
the RP genes, information about the mechanism of this regulation is rather incomplete. Most of the RP
gene promoters are characterized by the constitutive tight binding of the transcription factor Rap1. Rap1
binds many sites in the yeast genome, its specificity arising from specific cofactors recruited at the
appropriate genes. At RP genes two such cofactors have been identified as Fhl1 and Ifh1. However, the
reason for the specificity of Fhl1 and Ifh1 on the RP gene promoters is not fully understood. By analyzing
genome-wide ChIP-seq data for Rap1 and Fhl1, we found that Rap1 and Fhl1 bind at distinct positions on
the RP gene promoters. We also determined the genome-wide association of Ifh1, which has already
been shown to interact directly with Fhl1. The binding profile of Ifh1 is strikingly similar to Fhl1, located
almost exclusively near the Fhl1 sites on the RP gene promoters. To determine whether there are any
promoter-specific differences between the Rap1 binding sites on RP gene and non-RP gene promoters,
we searched for DNA-binding motifs from the Rap1 binding sequences around the ChIP-seq binding
sites. We observed that most of the RP genes contain two Rap1 binding sites with an average spacing of
~10 bp, whereas for most other Rap1 binding promoters (non-RP), there is only one site. Furthermore,
the motif on the RP promoters is to some extent different from that on the non-RP promoters. Thus, these
findings clearly reveal specificity in Rap1 binding on the RP gene promoters. We then further looked for
sequence motifs among the Fhl1-bound promoters found from the ChIP-seq data. Motifs on these
promoters include the Rap1 binding sites, an A-rich stretch and a third motif. A combination of this new
Fhl1 motif together with the Rap1 motif shows even better distinction between the RP and the non-RP
promoters, suggesting the importance of combinatorial regulation in the context of RP genes. The
influence of other transcription factors, like Sfp1 and Hmo1, in the combinatorial architecture of the RP
promoters has yet to be studied in detail, but promises to give a much clearer understanding of the coexpression of the ribosomal proteins in yeast.
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Characterization of SREBP1 DNA-binding Sites in the Mouse Liver
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The sterol regulatory element binding proteins (SREBPs) are key regulators of lipid homeostasis. They
belong to the class of transcription factors containing the helix-loop-helix (bHLH)-Zip domains. The
SREBP inactive precursors are anchored to the ER-membrane and their N-terminal fragment is released
into the nucleus after proteolytic cleavage in response to cholesterol depletion or to the insulin signalling
pathway. The mature forms of SREBPs are weak transcriptional activators and they cooperate with
additional regulators, such as NFY and Sp1, to interact with their target promoters. SREBPs are encoded
by two genes: SREBP1, encoding the two nearly identical isoforms SREBP1a and 1c, and SREBP-2.
Whereas SREBP2 modulates the expression of genes linked to cholesterol biosynthesis, SREBP1 has a
broader set of target genes and is particularly important in fatty acid metabolism. The liver is central in
integrating and coordinating metabolism and expresses all SREBPs, in particular the SREBP1c isoform
that mediates the insulin-driven lipogenic activity. In 2009 Seo et al have published a list of liver SREBP1
target genes obtained from a genome-wide study of mice subjected to 24 hours fasting followed by 12
hours refeeding with high carbohydrate diet, namely when very high SREBP1c activity is expected.
However there is still much to be learned about the role and the dynamic pattern of SREBP1 binding to
the DNA in a more physiological context.
We prepared hepatic chromatin from C57BL6 mice, collecting samples each 4 hours during one day.
ChIP-seq has been performed at each time point with an antibody that recognizes both SREBP1
isoforms. The sequencing gave rise to an average of 38 millions sequence reads. The mapping allowed
the identification of a few hundreds SREBP1 binding peaks. RNApol2 presence could be detected in the
same genomic region for about half of the peaks. The analysis of the sequences under these peaks
showed that the classic SRE motif (ATCACCCCAC) was present in almost all the peaks that were located
within 1.5kb of documented TSS. The Sp1 and NFY consensus motifs were found respectively in 85%
and 40% of these regions. The SREBP1-associated regions that were not concurrently occupied by
RNApol2 were broader and further studies are required to understand their function. Our results define
the pattern of SREBP1 binding to the genome in a physiological context and provide insights into the
transcriptional networks involving SREBP1 in the liver.
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Regulation of the EGF Transcriptional Response by Endocytic Sorting
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Ligand binding to the EGFR on the cell surface elicits the ERK MAPK signaling cascade, while activated
receptors are endocytosed. Signaling is presumably terminated by internalization and ESCRT-dependent
sorting of the receptor into intralumenal vesicles of multivesicular endosomes. Here, we have investigated
for the first time how the EGF transcriptional response is regulated by receptor sorting along the
endocytic pathway, by combining genome-wide analysis of the HeLa cell transcriptome and targeted
analysis of subsets of transcripts with NanoString. We report that, while depletion of early ESCRTs
selectively affected some transcripts involved in NF-kappa-B and cytokine signaling, ESCRT depletion did
not affect the general architecture or amplitude of the EGF response in time. However, we find that the
EGF response was strongly stimulated by the depletion of clathrin heavy chain and dynamin 2, or the E3
ubiquitin ligases CBL and CBLB, as it was by EGFR overexpression. We conclude that the transcriptional
response is elicited primarily by receptor molecules at the cell surface — or by EGFR being recycled back
to the plasma membrane. Our data support the view that the addition of ubiquitin to EGFR defines a
molecular checkpoint, beyond which receptor molecules are committed and no longer contribute to the
EGF-mediated transcriptional response.
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Leaf Initiation in Arabidopsis Thaliana
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Phyllotaxis, the regular arrangement of leaves and flowers around the stem, is a major determinant of
plant architecture. While auxin-dependent mechanisms of flower initiation have been thouroughly
investigated in Arabidopsis, less is known about processes leading to leaf initiation. The auxin efflux
carrier PIN1 plays a crucial role in regulating auxin dynamics at the shoot apical meristem, and therefore
phyllotactic patterning. Consistently, organ initiation is severely impaired in inflorescence meristems after
the loss of PIN1. However, pin1 mutants still produce a substantial amount of leaves during their
vegetative development.
Quantitative analysis of leaf initiation in pin1 revealed that in early stages, leaves are placed in an
irregular, but predictable pattern. Surprisingly, expression data and multiple pin mutant combinations
indicate that other members of the PIN protein family are not responsible for this residual patterning
mechanism. Therefore, we propose that the inhibitory effect of emerging primordia can be explained by
additional mechanisms beside the classical auxin-PIN1 loop.
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Identification of miRNA Targets: A Question of Time-scales
J. Hausser, M. Zavolan
University of Basel

Gene expression is controlled at several levels. While transcription of messenger RNAs (mRNAs) from
DNA is controlled by a complex network of transcription factors, mRNA stability and protein translation
are regulated by an ensemble of proteins and non-coding RNAs. Among the later, a class of short, noncoding RNAs called microRNAs (miRNAs) has been shown to repress gene expression. MiRNAs
recognize specific elements in the 3' Untranslated Transcribed Regions (UTR) of mRNAs. Upon binding
such elements, miRNAs repress the translation and increase the decay rate of the target mRNA. There
are hundreds of known miRNAs, and determining what genes are repressed by these miRNAs is crucial
to understanding gene regulation in general. This question can be addressed experimentally by
measuring which mRNAs and proteins are down-regulated following the over-expression of a miRNA.
Our bioinformatics analysis showed that properties such as the U content of the target mRNA, and the
structural accessibility and position of binding sites within the 3'UTR characterize functional miRNA
binding sites. However, the same properties systematically failed to characterize miRNA binding sites that
lead to down-regulated protein levels upon miRNA over-expression. This is very surprising because
changes in protein levels are expected to be the main read-out of miRNA-mediated gene silencing.
Through ordinary differential equations and probabilistic modeling, we shed light on this unexplained and
crucial aspect of datasets characterizing the action of miRNAs genome-wide. We found that protein
decay rates are a major confounding factor in experiments aimed at identifying miRNA targets by means
of quantitative proteomics. This finding has implications for the development of miRNA target prediction
tools that build on sets of functional and non-functional miRNA binding sites. In addition, it suggests ways
of improving the design and analysis of experiments aimed at identifying miRNA targets by means of
quantitative proteomics.
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Positional Information through Differential Endocytosis Splits Auxin
Response to Drive Arabidopsis Root Meristem Growth
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Auxin response across Arabidopsis root meristems peaks around stem cells and decreases as cells
divide and differentiate. To investigate why expression of some auxin-responsive genes deviates from
this gradient, we created mesoscopic root meristem models that accurately reproduce distribution of
nuclear auxin activity. Dynamic modeling of auxin response only reproduced deviating expression profiles
after intersection with the observed differential endocytosis pattern and feedback through plasma
membrane to nucleus transfer of a transcriptional co-regulator. Our data suggest an endocytosisdependent input into transcriptional auxin perception, which sustains expression of a subset of auxinresponsive genes across the division and transition zone auxin concentration drop to drive meristem
growth. Thus, the endocytosis pattern provides positional information to interpret the auxin gradient,
thereby extending the reach of this hormonal cue.

80

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | ModCS-30

Modeling the Shade Avoidance Response of Arabidopsis Thaliana with a
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Young seedlings of the model plant Arabidopsis thaliana growing in a shaded environment have a longer
hypocotyl (stem) than those growing in unfiltered sun light. This environmental response, part of the
Shade Avoidance Response (SAR), enables those seedlings to grow above neighboring plants that may
be shading it, reach the direct sun light, and thus provides them with a competitive advantage.
Although many molecular components regulating this behavior have been identified in the last decade, a
global understanding of this regulation is still missing. In this work, we model this regulation with a
networks of ODEs. The input of the system is given by the light, while the experimentally measured
hypocotyl lengths are taken as system output. Perturbations to this network are done by considering
various mutants and treatments.
Using the length of the hypocotyl of various mutants subjected to different treatments and exposed to
different light environments, we fit probability density functions for the network parameters. This enables
accurate quantitative predictions for the behavior of additional mutants and treatments, showing that our
simplified dynamics equations capture the essential features of the regulation of the SAR.
Our results hint at an additional regulatory component, for which biological evidence is accumulating.
They also show the validity of our modeling approach.
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Modeling Auxin Redistribution During Phototropism in Arabidopsis
Hypocotyls
T. Hohm, C. Fankhauser, S. Bergmann
University of Lausanne

Being sessile organisms, plants posses various mechanisms to react to different and changing
environmental stimuli. One of these mechanisms allows plants to adjust their growth direction to the
direction of incoming blue light. This phototropic response involves sensing of light by photoreceptors,
here mainly the membrane-associated proteins phot1 and phot2, redirection of the flux of the hormone
auxin, as well as other downstream signaling events. Although these key players in phototropism in
Arabidopsis thaliana are known, detailed means of interaction remain hidden.
The redirection of auxin fluxes is of primary interest. Following the Cholodny Went hypothesis, it is
commonly accepted that an accumulation of auxin on the shaded side is a necessary prerequisite for the
bending reaction observed in phototropism. Still, little is known about the process leading to this auxin
redistribution.
To elucidate possible mechanisms, we investigate changes in localization of auxin efflux facilitators of the
PIN family that are supposed to play a predominant role in polar auxin transport. The changes in
localization of PIN3 are to be monitored using state of the art microscopy, complemented by quantitative
modeling for PIN redistribution. To this end, an ordinary differential equation based compartmental model
representation is chosen where both, cells and surrounding apoplastic space, are explicitly considered. In
this model auxin fluxes are a result of auxin diffusion in the apoplast, active transport predominatly in form
of efflux out of the cells as well as diffusion driven auxin influx. With respect to this diffusive influx, closely
monitoring auxin protonation states will become important since only protonated auxin is able to passively
permeate cell membranes but cell elongation related cell wall loosening is known to impact especially
extracellular pH values.
As modeling domain a hypocotyl cross section is used and the vasculature is considered as auxin source
while auxin diffusion towards neighboring cross sections as well as intracellular degradation play the role
of an auxin sink.
This study is focused on capturing early events of redistribution, immediately after onset of blue light
irradiation.
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Inter-compartmental System-level Properties of Yeast Metabolism
Unraveled by Thermodynamic Analysis of Elementary Flux Modes
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One of the most obvious phenotypes of a cell is its metabolic activity, which is defined by the fluxes in the
metabolic network. Although experimental methods to determine intracellular fluxes are well established,
only a limited number of fluxes can be resolved. Especially in eukaryotes such as yeast, complex
compartmentalization and the existence of many parallel routes make it impossible to obtain information
on the inter-compartmental fluxes using current methods.
To gain more insight into the intracellular metabolic operation of S. cerevisiae we developed a new
computational approach where we characterize the flux solution space by determining elementary flux
modes (EFMs) for a medium size metabolic network (1). In a next step, we classify EFMs as
thermodynamically feasible or infeasible on the basis of experimental metabolome data (2). This allows
us to provably rule out the contribution of certain EFMs to the final flux distribution.
From the 71 million EFMs we classified 54% as thermodynamically feasible. By comparing the
thermodynamically feasible and infeasible EFMs, we could identify reaction combinations that span the
cytosol and mitochondrion and, as a system, would be impossible to operate under glucose batch
conditions. These system-level constraints cause one of the mitochondrial transporters to be inactive and
one transport flux to be possible in only one direction. Besides conclusions on single reactions, we found
that the import of redox cofactor equivalents into the mitochondrion was not possible and we unraveled
the underlying causalities from the identified system-level constraints. Our novel approach of
incorporating quantitative metabolite concentrations into the analysis of the space of all stoichiometrically
feasible flux distributions allows generating new insights into the system-level operation of the intracellular
fluxes without making assumptions on metabolic objectives of the cell.
References:
1. Anne Kümmel, Sven Panke, and Matthias Heinemann. Putative regulatory sites unraveled by network-embedded thermodynamic
analysis of metabolome data. Molecular Systems Biology, 2:2006.0034, 2006.
2. Marco Terzer and Jörg Stelling. Large-scale computation of elementary flux modes with bit pattern trees. Bioinformatics,
24(19):2229–2235, 2008.
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Interactions between Gene Expression and Metabolism: Relevance and
Effects
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The genetic analysis of central carbon metabolism in Escherichia coli has shown both the importance of
gene regulation in the control of metabolism and the plasticity of metabolism with respect to regulatory
mutations. In order to better understand the importance of interactions between gene expression and
metabolism, we have developed a modelling approach.
(1) We have analyzed the impact of metabolic effects on gene regulatory networks using Metabolic
Control Analysis and show that metabolic effects are essential for the proper reprogramming of gene
expression following a change in carbon source. We find that the signs of metabolic effects on gene
regulation are directly related to the directions of metabolic fluxes, so that the patterns of these effects are
reorganized upon a change in physiological conditions.
(2) We have developed a simplified lin-log model of carbon metabolism that can be partly identified on the
basis of large scale metabolomic measurements. When coupled to a gene regulation model, this
simplified model captures the main metabolic and gene expression effects occurring during transitions
between glucose and acetate as a carbon source. It thus allows us to probe the relative importance of
direct metabolic effects and gene regulation in these physiological transitions.
We will present the outcome of in silico experiments with this model showing the importance of gene
regulation in the control of metabolic fluxes and the role of metabolic intermediates as sensors of
physiological state.
References:
1. Baldazzi, Ropers, Markowicz, Kahn, Geiselmann, de Jong (2010) The carbon assimilation network in Escherichia coli is densely
connected and largely sign-determined by directions of metabolic fluxes. PloS Comp. Biol., 6:e1000812.
2. Berthoumieux, Brilli, de Jong, Kahn, Cinquemani (2011) Identification of metabolic network models from incomplete highthroughput datasets. Bioinformatics, 27:i186-i195.
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Analysis of Cell Division Patterns and Growth Parameters in Drosophila
Melanogaster Wing Disc
O. Kanca, E. Caussinus, M. Affolter
University of Basel

Wing disc of Drosophila melanogaster is a powerful and well established system to study organogenesis.
Throughout the larval life a group of about 30 cells divide and acquire different gene expression
signatures to form the mature wing disc, consisting of about 50000 cells that correspond to the blueprint
of the adult wing. The regulation of growth and patterning of the wing disc is a prime candidate for
systems biological approaches due to the co-occurrence of multiple events and cross-talk of different
signaling pathways. An important requirement for systems biology is high throughput data acquisition and
processing.
In order to provide data about the growth and patterning of the wing disc, we developed a method to mark
cells through expression of randomly chosen, genetically inheritable fluorescent proteins. The color that is
chosen by a cell will be inherited by that cells progeny, which will provide the fate map of that region. By
controlling the time and space of color choice, the method can be applied to give in depth analysis of cell
division patterns. A similar method has previously been developed for mapping the axonal connectivity of
nervous system, namely Brainbow. Our method uses a different choice system that is mainly aimed for
fate mapping of a developing tissue. The added advantage of our method is usage of fluorescent proteins
that are tagged with different signal peptides, driving the chosen proteins to different sub-cellular
locations. This allows the marking of clones to be performed in a combinatorial means, increasing the
power of resolving individual clones. Through image segmentation and analysis algorithms the data that
is generated will be used for modeling growth of wing disc and to study the interplay between growth and
patterning.
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Understanding Post-embryonic Development in Drosophila
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The cellular programs and mechanisms controlling tissue specific development and differentiation are of
key interest in a wide array of biological phenomena. Here we have developed a synergistic
computational/experimental approach for ascertaining key factors and local network topology within a
single tissue.
Drosophila melanogaster provides several opportunities to study tissue specific post-embryonic
development in the form of isolatable imaginal discs such as eye, wing, leg, etc. In addition, d.
melanogaster has arguably the most powerful arsenal of genomic manipulation and perturbation tools for
a complex organism.
The Deplancke and Basler labs have already provided a set of expression time-course data for one such
disc, the wing disc, in the form of RNA-Seq. They have also developed a complete clone library for the
controlled over-expression of each of the hundreds of transcription factors (TFs) responsible for the
regulation in d. melanogaster.
As part of the van Nimwegen group at uni Basel, we have incorporated this data into a probabilistic
framework allowing us to identify which TFs are responsible for the pattern of expression changes
occurring throughout wing disc development, a program of which little is currently known. This was done
by first using sequence and phylogeny to predict all associated TF binding sites within the genome-wide
set of proximal promoter sequences. We then inferred which TFs are most actively influencing wing disc
expression through the quantitative analysis of the TF’s sets of target genes and corresponding
expression profiles. This was done using MARA, an SVD implementation designed specifically for motif
response activities.
In the coming months before the conference, we aim to 1) predict the set of genes most critically targeted
by each of our most active TFs and 2) experimentally verify these predictions in vivo by performing an
over-expression time course for each TF, in order to capture regulatory network perturbations in the
expression profile and provide key insight into the local regulatory network structure.
In addition, the method described above should be highly applicable to a wide range of systems relating
to tissue development.
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Signalling Ballet in Four Dimensions
B. Kholodenko
University College Dublin Belfield (Dublin, IE)

Cells respond to countless external cues using a limited repertoire of interconnected signalling pathways.
Using modeling and experiments, we unravel how epidermal growth factor (EGF) and heregulin (HRG),
induce distinct none-or-all responses of the transcription factor c-Fos by activating the extracellular
regulated kinase (ERK) pathway. Although EGF and HRG induce transient versus sustained ERK
activation in the cytoplasm, the nuclear ERK activity and the resulting c-fos mRNA expression are
transient for both ligands due to induced nuclear dual-specificity phosphatases. Our data demonstrate
that the distinct c-Fos responses arise from ligand-dependent, spatiotemporal control of ERK activity
emerging from transcriptional negative feedback and cytoplasmic-signalling-to-protein-expression
feedforward loops.
Cells have developed mechanisms for precise sensing of positional information using cascades of
interacting small monomeric G-proteins (GTPases) that guide cell movement. We elaborated the first
systematic classification of 128 possible molecular topologies for two-tier GTPase cascades in terms of
their dynamics in time and space and identified cascades that generate switches, pulses, oscillations and
traveling waves of GTPase activities.
We applied biochemical measurements and deterministic and probabilistic models to study how network
topologies and cell-to-cell protein abundance variations shape signaling outcomes. Our results suggest
that in single HEK293 cells the ERK response to epidermal growth factor is analog, but the cell population
displays digital behavior, with cells in distinct “ERK on” and “ERK off” populations. This analog-to-digital
transformation depends on (i) negative feedback from ERK to Ras, which makes responses of individual
cells more graded while simultaneously forcing post-peak, quasi-stationary responses to be essentially
independent of input doses and (ii) cell-to-cell protein expression variability, which generates a spectrum
of activation thresholds within the cell population. Thus, protein expression noise plays an unexpected
role to improve signal discrimination on the population level.
References
1. Borisov, N., Aksamitiene, E., Kiyatkin, A., Legewie, S., Berkhout, J., Maiwald, T., Kaimachnikov, N. P., Timmer, J., Hoek, J. B. &
Kholodenko, B. N. (2009) Systems-level interactions between insulin-EGF networks amplify mitogenic signaling, Mol. Syst. Biol. 5,
256.
2. Kholodenko, B. N., Hancock, J. F. & Kolch, W. (2010) Signalling ballet in space and time. Nat Rev Mol Cell Biol. 11, 414-426.
3. Nakakuki, T., Birtwistle, M. R., Saeki, Y., Yumoto, N., Ide, K., Nagashima, T., Brusch, L., Ogunnaike, B. A., Okada-Hatakeyama,
M. & Kholodenko, B. N. (2010) Ligand-specific c-Fos expression emerges from the spatiotemporal control of ErbB network
dynamics, Cell. 141, 884-896.
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The Importance of Epidermal PIN1 Expression for Phyllotaxis
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Leaves and flowers are produced in regular arrangements called phyllotaxis. These lateral organs derive
from a population of stem cells residing in the shoot apical meristem. Phyllotaxis is controlled by gradients
of the plant hormone auxin, which are established by the activity of the auxin export protein PIN1. PIN1 is
predominantly detected in the L1 surface layer of the meristem and also in prevascular cells of the
developing organ primordia. Recent mathematical models showed that phyllotactic patterning can be
created through positive feedback between auxin concentration and the expression and subcellular
localization of PIN1. Early models suggested that PIN1 expression in the L1 surface layer of the
meristem is sufficient for correct patterning. However, more recent models indicate the involvement of
PIN1 in internal tissues as well. We used cell-layer specific complementation of the pin1 mutant as well
as cre/lox-mediated PIN1 knock-outs to test the validity of these models. Here we show that PIN1
expression in the L1 layer is sufficient to fully restore organ formation, fertility and normal phyllotactic
patterning in the background of the Arabidopsis thaliana pin1 mutant. A positive feedback between auxin
and PIN1 expression is not required for this process. Conversely, we show that knocking out PIN1
expression only in the L1 layer can result in loss of organ initiation. However, in many cases
compensatory upregulation of PIN1 in the subepidermal L2 layer causes partial rescue with abnormal
phyllotaxis and formation of sterile flowers. These results demonstrate that correct phyllotactic patterning
requires the presence of PIN1 in the L1 surface layer in and suggest that at least to some extent PIN1
expression in the L2 layer can compensate for the lack of its expression in the L1.
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Simulation and Visualization of Crowding and Combinatorial Signaling
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We propose a Brownian Dynamics particle tracking method to simulate signal transduction in the cell. The
virtual cell can contain cytoskeleton structures and additional crowding molecules as shown in the
Figures. The crowded conditions hamper the motion of the molecule agents through the cell. Thus we can
investigate the influence of realistic in vivo properties on the diffusion and reaction of the molecules.
The general method allows simulating virtually every signaling pathway. For a case study we model the
yeast pheromone response to alpha factor. Besides the three-stage MAPK cascade (Ste11, Ste7, Fus3)
the pathway also involves the scaffold molecule Ste5 that can co-localize all molecules in space. That
means that not only the four basic species (Ste11, Ste7, Fus3 and Ste5) have to be tracked, but also their
phosphorylation states and all complexes formed between them. The interactions therefore lead to a
combinatorial explosion of the state space.
In order to track the dynamics, we employ a rule-based description such that complexes are aggregated
into a new, generic particle. If two complexes meet in space, the corresponding interactions are
calculated based on the principal rate constants on the fly. Thus we can simulate the system and the
activation flux through the pathway despite the complexity.
In addition we can visualize the cell and the molecules therein by using cutting edge ray tracing
techniques. The simulated molecules cannot only be shown as spheres but actually by their detailed
atomic structure (see Figures). The use of acceleration data structures enables us to display the largescale dataset of a crowded cell even on a standard PC.
The visualization provides new insights into the simulation results, raising the appreciation and
awareness of the crowded conditions in the cell. Likewise we can follow the path of individual signaling
molecules and highlight molecular activation events. The evaluation of the 4D spatio-temporal data will be
even more intuitive with an interactive exploration tool that is coupled to the simulation, which is currently
under development.
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SAGA and ATAC Histone Acetyl Transferase Complexes Regulate Distinct
Sets of Genes and ATAC Defines a Novel Class of p300-Independent
Enhancers
A. Krebs, K. Karmodiya, L. Tora
IGBMC Strasbourg (Strasbourg, FR)

Histone acetyl transferase complexes (HAT) are coactivators that are important for transcriptional
activation by modifying chromatin. Metazoan SAGA and ATAC are distinct multi-subunits complexes that
share the same catalytic HAT subunit (GCN5 or PCAF). While the protein composition and the in vitro
activity of these two complexes were intensively studied, little is known about the precise function of these
complexes in vivo.
Studies analyzing the genome-wide recruitment of yeast GCN5 reported its general binding at promoters
and ORFs of active genes suggesting that its binding correlates in general with gene activity in yeast and
that it regulates both initiation and elongation. These results suggest that HATs are generally recruited to
active genes. In contrast, several studies in yeast and mammalian systems described gene specific HAT
requirement. Thus, at present it is not yet well understood whether genome-wide HATs carry out specific
or very broad functions.
In order to better understand the function of these complexes we have systematically mapped the
recruitment of the ATAC and SAGA complexes in two human cell lines. By making a comparative
analysis of the generated genome wide maps, we show that these human HAT complexes are targeted to
different genomic loci representing functionally distinct regulatory elements both at broadly expressed and
tissue specific genes. By contrasting the binding data with chromatin modification information at the
bound sites, we found that SAGA can principally be found at promoters while ATAC is recruited to
promoters and enhancers, yet only its enhancer binding is cell-type specific.
Furthermore, we show that ATAC functions at a set of enhancers that are not bound by p300, revealing a
new class of enhancers. We quantitatively integrated multiple datasets including expression profiling,
transcription factor binding and transcription factor motif scanning. This integrative analysis showed that
ATAC and SAGA are differentially recruited to limited subsets of active genes by specific transcription
factors. These findings demonstrate important functional differences between SAGA and ATAC
coactivator complexes at the level of the genome and define a novel role for the ATAC complex in the
regulation of a set of enhancers.
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Functional and Molecular Diversification of the Endocytic Pathways and
their Cell-to-cell Variability
P. Liberali, B. Snijder, Y. Heer, L. Pelkmans
University of Zurich

Endocytosis has evolved from a simple pathway in single-cell eukaryotes into a highly complex network of
uptake mechanisms and intracellular trafficking routes in mammalian cells. We currently do not have a
systematic functional genomics view of this complexity and how it has emerged. We conducted parallel
RNAi screens targeting 1,183 genes on the endocytosis of Transferrin, Cholera Toxin B, Low Density
Lipoprotein, Epidermal Growth Factor, GPI-anchored GFP, Dextran via fluid phase endocytosis, and
Dextran via EGF-induced macropinocytosis in human tissue culture cells. This was complemented with
screens on subcellular patterns of molecular markers of early endosomes, late endosomes, the Golgi
complex, and caveolae. Using automated image analysis of app. 106 single cells per screen, combined
with novel multivariate statistics incorporating population context-determined cell-to-cell variability, we
uncover that endocytosis routes have different, mutually exclusive patterns of cell-to-cell variability. By
accounting for this cell-to-cell variability, we reveal a first unbiased quantitative molecular classification of
the endocytic pathways. From the classification tree, we identified 200 genes determining the core
diversification machinery. Evolutionary analysis of these genes in 18 genomes covering most branches of
the tree of life, revealed hierarchical organization of conserved endocytic modules. Besides the core
machinery of diversification that acts in all cells, we also reveal a regulatory machinery, enriched in
protein kinases and regulators of GTPases, which controls endocytic pathways in subsets of cells as a
function of population context, coordinating the establishment of mutually exclusive patterns of cell-to-cell
variability of endocytosis routes.
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A Mathematical Model of Auxin Gradient Formation in Developing Female
Gametophyte
D. Lituiev, B. Mueller, B. Hellriegel, U. Grossniklaus
University of Zurich

Background: In Arabidopsis thaliana, as in 70% of all flowering plants, a postmeiotic female reproductive
cell, the functional megaspore, undergoes three syncytial mitoses to eventually form a seven-celled
embryo sac, comprising cells of four distinct types. The signalling triggered by a plant hormone auxin has
been shown to be distributed in a graded manner within the embryo sac, and was suggested to drive
speciation of its cells.
Aim: The aim of this work is to develop a mathematical model for cell specification within the developing
embryo sac in order to predict the quantitative contribution of different factors involved in the maintenance
of the auxin gradient.
Results: We developed a reaction-diffusion model, which accounts for mechanisms of auxin influx, efflux,
localized synthesis and degradation, and diffusion. Its properties are studied under reported empirical
parameter values. The solution to the models indicate that only very shallow steady-state gradient can be
achieved, particularly due to a very low ratio between the degradation rate and diffusion constant of
auxin.
Thus, we hypothesise that graded signalling output can be maintained on the level of protein signalling.
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Motion-orientation Interactions in a Recurrent V1-Network
T. Lüdge, R. Urbanczik, W. Senn
University of Bern

Experimental evidence reveals different types of orientation and motion selective neurons in the primary
visual cortex (V1). While most motion selective neurons are selective to a specific direction, other motion
selective neurons are non-directional and respond to motion whatever its direction is. Almost nothing is
known how these neurons interact in V1. Here we ask how directional and non-directional motion
selective neurons should modulate orientation selective neurons in order to improve figure-ground
separation in a noisy background. This task profits from highlighting co-aligned edges, which represent
potential object boundaries. Motion and orientation selective neurons both represent cues for such coaligned edges. From a theoretical point of view we therefore ask how to optimally combine these cues to
reliably detect co-alignments. As directional neurons yield evidence for an orthogonally oriented edge,
this information is expected to be additively combined with the information from orientation selective
neurons. In contrast, non-directional motion neurons are expected to multiplicatively modulate orientation
selective neurons and to sharpen edge extraction via recurrent circuitry. We present a Bayesian
formalism and simulation results of moving object classifications which support this reasoning.
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Reconstruction of Neuronal Network Activity from Calcium Imaging Data
H. Lütcke, F. Helmchen
University of Zurich

Calcium imaging in combination with two-photon microscopy has emerged as the method of choice for
the functional analysis of local neuronal populations in vivo. Different microscopy techniques and calcium
sensors, for example genetically encoded calcium indicators, provide experimentalists with a growing
arsenal of techniques among which to choose the most suitable approach with respect to imaging speed,
spatial coverage, signal-to-noise ratio (SNR) and type of preparation. While the relation between somatic
calcium signals and neuronal firing is fairly well understood and different algorithms exist for
reconstructing action potential (AP) firing, a comprehensive analysis of the factors influencing the quality
of reconstruction has not yet been performed. We present a simulation approach for the quantitative
evaluation of reconstruction performance given different experimental constraints. We simulated APevoked calcium traces by convolving spike trains with an exponential kernel (single-exponential rise and
double-exponential decay). After adding noise to achieve a specific SNR and down-sampling to the
desired imaging speed, we applied reconstruction algorithms to estimate the underlying spike train.
Original and reconstructed spike trains were compared using different metrics focusing both on the
overall detection performance as well as temporal precision of spike times. We examined the role of SNR,
imaging speed as well as indicator kinetics under conditions commonly observed in cortical pyramidal
neurons. We found that relatively moderate increases in frame rate (from 10 to 30 Hz) lead to dramatic
improvements in overall performance while even higher frame rates (200 – 300 Hz) improved the
temporal precision of correctly identified APs. Reconstruction of sparse APs benefited from the typical
decay time (0.5 – 1 s) of available calcium indicators especially at lower frame rates. Simulation of fast
rise times resulted in better and more precise AP detection at all imaging speeds. Future work will
address how these parameters influence AP detection in neuronal cell types with different calcium
dynamics, for example fast-spiking interneurons. The framework also extends to the reconstruction of
firing patterns from simulated networks of spiking neurons with different functional connectivity patterns.
We analyze factors playing a role in reconstruction of network dynamics and discuss the constraints and
challenges facing future network imaging studies.
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Branch Mode Selection During Early Lung Development
D. Menshykau, D. Iber
ETH Zurich (Basel)

Many organs of higher organisms, such as the vascular system, lung, kidney, pancreas, liver and glands,
are heavily branched structures. The branching process during lung development has been studied in
great detail and is remarkably stereotyped. The branched tree is generated by the sequential, nonrandom use of three geometrically simple modes of branching (domain branching, planar and orthogonal
bifurcation). While many regulatory components and local interactions have been defined an integrated
understanding of the regulatory network that controls the branching process is lacking. We have
developed a deterministic, spatio-temporal differential-equation based model of the core signaling
network that governs lung branching morphogenesis. The model focuses on the two key signaling factors
that have been identified in experiments, fibroblast growth factor (FGF10) and sonic hedgehog (SHH) as
well as the SHH receptor patched (Ptc) (Figure 1). We show that the reported biochemical interactions
give rise to a Schnakenberg-type Turing patterning mechanisms that allows us to reproduce experimental
observations in wildtype and mutant mice (Figure 2). The kinetic parameters as well as the domain shape
are based on experimental data where available. The developed model is robust to small absolute and
large relative changes in the parameter values. At the same time there is a strong regulatory potential in
that the switching between branching modes can be achieved by targeted changes in the parameter
values. We note that the sequence of different branching events may also be the result of different growth
speeds: fast growth triggers domain branching while slow growth favours bifurcations in our model. We
conclude that the FGF10-SHH-Ptc1 module is sufficient to generate pattern that correspond to the
observed branching modes.

Figure 1:
A graphical summary of the modelled interactions of the signaling factors in lung bud during morphogenesis.

Figure 2:
The steady state distributions of FGF10 and SHH concentrations. The upper panel presents an example of FGF10 a) and SHH b)
distribution during the domain branching mode, while the lower panel provides an example for FGF10 d) and SHH e) distribution
during a bifurcation branching mode.

95

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Invited Talk | ModCS-44

Studying Circadian Transcription Regulatory Networks on Long and Short
Time Scales
F. Naef
EPF Lausanne

Circadian clocks control our daily rhythms in physiology and behavior. These clocks use transcriptional
feedback loops that use several key transcription regulators among which the master clock regulator
BMAL1. To start dissecting the hierarchical network of transcription regulators behind circadian
physiology in mouse liver, we have undertaken a time series ChIP-seq analysis for several key clock
transcription factors. These experiments also allow us to refine mechanisms for BMAL1/CLOCK
dependent transcription, and reveal the dynamic nature of mammalian circadian protein-DNA
interactomes on a genome-wide scale. I will also present our recent data on the precision of the circadian
oscillator that use a novel short lived luciferase reporter. This approach allows us to measure the fine
kinetics of transcription from random and circadian promoters in mammalian cells. Mathematical modeling
using a stochastic model of gene expression gives novel insights into the properties of transcriptional
bursting at mammalian promoters.
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Subcellular Dynamics in Growing Arabidopsis Pollen Tubes
A. Nestorova, A. Boisson-Dernier, U. Grossniklaus
University of Zurich

The growing pollen tube is a suitable system for studying the polarized growth. This is a highly regulated
process, depending on the changes in the cell wall mechanics, as well as on the constant delivery of new
plasma membrane and cell wall material by the cellular trafficking machinery to the growing parts of the
cell. The main players in the endo- and exocytic pathways in the growing pollen tube have been
identified, but quantitative data about the different endosomal compartments and their contribution to the
subcellular transport is still missing. Moreover, the exact sites and rates of the cellular events remain a
matter of debate.
We use a set of A. thaliana fluorescent endomembrane marker lines (Geldner et al., 2009) for live
imaging of the intracellular dynamics during the growth process. Our aim is not only the characterization
of the endocytotic and the secretory pathways, but also their precise quantification (vesicular shape, size,
distribution, speed).
Our data, together with data about the mechanical properties of the cell wall (poster of Vogler et al.), will
be incorporated into mathematical model describing the growing pollen tube at the subcellular and
molecular level.
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SwissRegulon: A Repository of Bioinformatics Tools and Databases
Related to Transcription Regulatory Processes
M. Pachkov, P. Balwierz, E. van Nimwegen
University of Basel

SwissRegulon portal is a repository of databases and bioinformatics tools related to transcription
regulatory processes. It includes:
1. SwissRegulon: A database of genome-wide annotations of regulatory sites. We currently have
annotations for 17 prokaryotes and 3 eukaryotes (including human and mouse) in our collection.
2. PhyloGibbs: An algorithm for inferring regulatory motifs and regulatory sites from collections of DNA
sequences, including multiple alignments of orthologous sequences from related organisms.
3. MARA: Motif Activity Response Analysis is a free online tool that models genome-wide expression data
in terms of our genome-wide annotations of regulatory sites.
4. TCS: A database of predicted two-component signaling interactions across bacterial genomes.
www.swissregulon.unibas.ch
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Generation of Spatial Patterns through Polarity Switching
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The mechanisms that generate dynamic spatial patterns within proliferating tissues are poorly
understood, largely because of difficulties in unravelling interactions between cell specification, polarity,
division, and growth. Here we address this problem for stomatal spacing in the Arabidopsis leaf
epidermis. By using time-lapse confocal imaging to track lineages and gene activities over extended
periods we were able to capture the dynamics of the system. We show that stomatal precursor identity
depends on the maintenance of the SPCH (SPEECHLESS) transcription factor in one of the two daughter
cells through a sequence of divisions. The observed lineages tended to internalise the SPCH-expressing
daughter and thus reduce contact with other precursors. We used modelling to investigate mechanisms of
control stomata lineages can be re-created if SPCH maintenance is controlled by a polarity factor
positioned away from new division walls. We propose that BASL (BREAKING OF ASYMMETRY IN THE
STOMATAL LINEAGE) is acting as the polarity determinant and displaces the new division wall. We
validated the model by predicting the location of BASL and the resulting cellular arrangements over
multiple divisions. Comparing the model to tracked BASL-expressing lineages showed a good match.
Thus, complex patterning dynamics can be accounted for by the interplay of cell specification, division
and polarity in a growing tissue.
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Genome-wide Prediction of Coactivator-controlled Transcriptional
Networks Using Data from Ultra High-throughput Sequencing Technologies
S. Salatino, E. van Nimwegen, C. Handschin
University of Basel

Our SystemsX.ch IPhD project deals with the characterization of the genome-wide regulation of biological
programs controlled by the peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PGC1alpha) in murine muscle cells. Together with PGC-1beta and PRC, PGC-1alpha constitutes a family of
proteins which are regulated by physiological stimuli like exercise, cold, or fasting, and which are
particularly expressed in tissues with a high oxidative capacity like kidney, heart, brain, skeletal muscle
and brown fat. In all these tissues, they powerfully induce mitochondrial biogenesis and oxidative
phosphorylation. Although some genes have already been shown to be significantly induced by PGC1alpha, the complete set of primary target genes regulated by this highly versatile protein still needs to be
defined. Taking advantage of next-generation deep sequencing technologies, expression arrays and
other complementary wet-lab techniques, we apply computational methods for integrating these different
sets of high-throughput data and, thus, to develop a comprehensive analysis pipeline for dissecting the
transcriptional network driven by PGC-1alpha. To pursue our goal, we studied the state of the art of each
single step involved in ChIP-Seq analysis, trying to optimize it and to remove the main artifacts produced
by this relatively new experimental technique. In particular, we developed our own peak-finder tool to
precisely identify the binding sites to which the protein complex of interest was recruited to. Using both
known and de novo motif finding algorithms on the PGC-1alpha binding regions identified by ChIP-seq,
we were able to determine the core set of motifs that are recognised by the transcription factor partners
PGC-1alpha and, thus, define the set of partner regulators involved in PGC-1alpha mediated transcription
regulation. Gene Ontology and KEGG pathways functional enrichment analysis of PGC-1alpha target
genes identified a significant over-representation of terms related to mitochondrion organization, energy
metabolism and oxidative phosphorylation, which is consistent and tightly correlated with PGC-1alpha
function in skeletal muscle. In the next steps of the analysis, we will focus on the identification of the "cisregulatory modules" (CRMs) to which PGC-1alpha is recruited, which will help to dissect the
transcriptional network controlled by this coactivator in skeletal muscle.
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Acclimation of the Photosynthetic Electron Transfer Chain to Changing
Light
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The photosynthetic electron transfer chain acclimates to changes in light conditions through multiple
mechanisms. State transitions dynamically allocate light excitation energy between the two
photosystems, Non-Photochemical Quenching (NPQ) dissipates excess light energy as heat and
alternative pathways modulate electron flow. Some of these processes are controlled by a complex
network of chloroplast protein kinases and phosphatases. We have identified two new phosphatases
implicated in light acclimation: PPH1 and PBCP (Photosystem II Core Phosphatase). For state
transitions, PPH1/TAP38 counteracts the kinase STN7 and is responsible for dephosphorylation of LHCII
(Light Harvesting Complex antenna of PSII), enabling its mobility from photosystem I (PSI) to
photosystem II (PSII). The second phosphatase, PBCP, is responsible for dephosphorylation of PSII core
proteins, and is required for efficient repair of PSII.
To decipher the role of these acclimation responses in the regulation of photosynthesis, we are
developing a mathematical model of the photosynthetic electron transfer chain. Since the adaptations
occur in timescales of seconds and minutes, the faster processes of photochemistry can be approximated
as a steady-state and the photosystems can be modeled as light-activated oxydo-reductases. The current
model includes linear and cyclic electron flow as well as non-photochemical quenching, which are
described in a set of ten differential equations involving seven variables. Parameters are derived from
values in the literature for the pool sizes of electron carriers, their redox potentials and the time constants
of the different steps. The model reproduces as expected the importance of state transitions at low light
intensities and of NPQ in high light. It will be extended to include alternative pathways of electron flow and
its predictions will be confronted to experimental determinations of chlorophyll fluorescence kinetics and
of low-temperature fluorescence spectra.
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Lipid Homeostasis: Assessing the Effect of Kinases and Phosphatases in
the Lipidome of Yeast
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The major lipid components of eukaryotic cells are glycerophospholipids, sphingolipids, ceramides and
sterols. Lipid metabolism is regulated in a complex manner by genetic and biochemical mechanisms, with
interrelated biosynthetic and recycling pathways. Although several protein kinases and phosphatases
have been described to govern pathways of lipid metabolism, there is no overall picture of how kinases
and phosphatases affect lipid homoestasis. Here, we performed a systematic and semi-quantitative lipid
analysis of 130 yeast knockouts for kinases and phosphatases. By multiple-reaction-monitoring mass
spectrometry (MRM-MS) we quantified lipids from the major classes in yeast, revealing lipidome wide
changes in several mutants. Interestingly, the mutant with the largest extent of lipid alterations was
Snf1(delta), which lacks the central regulator of energy homeostasis in eukaryotes. By analysis of
similarity we observed distinct clusters of mutants which presented alterations in the fatty acid chain
length composition in phospholipids, ceramides and sphingolipds. Among those, there were kinases and
phosphatases that are components of common signaling pathways, i.e. nutrient sensing pathways (Snf1,
Gal83, Vps34, Vps15, and Tor1, Gcn2) suggesting an underlying signaling mechanism for the observed
changes. Another interesting result was a 10-fold increase in the relative concentration of a major
sphingolipid (18:0/26:0 MIPC-C) in pho85(delta) which has not been described yet to be related to
sphingolipid homeostasis. Concluding, the lipid profiles obtained here contribute to our understanding of
how protein kinases and phosphatases regulate lipid metabolism.
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Cell-sorting at the A/P-Compartment Boundary in the Drosophila Wing
Primordium: A Computational Model to Consolidate Observed Non-local
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Adjacent, non-intermingling populations of cells define compartment boundaries; such boundaries are
often essential for the positioning and the maintenance of tissue-organizers during growth. In the
developing wing primordium of Drosophila melanogaster, signaling by the morphogen Hedgehog (Hh) is
required for compartment boundary maintenance. However, the precise mechanism of Hh sinput remains
poorly understood. Here, we combine experimental observations of perturbed Hh signaling with computer
simulations of cellular behavior, and connect physical properties of cells to their Hh signaling status.
We find that experimental disruption of Hh signaling has observable effects on cell sorting surprisingly far
from the compartment boundary: Patches of cells deficient for Hh signaling transduction form ectopic
boundaries to neighboring wild type tissue up to 20 micrometers away from the compartment boundary, in
contrast to a previous model that confines Hh influence to the compartment boundary itself. We
recapitulate our experimental observations by simulations of Hh production, diffusion and local sensing
coupled to mechanical tension along cell-to-cell contact surfaces. Intriguingly, the best results were
obtained under the assumption that Hh signaling cannot alter the overall tension force of the cell, but will
merely re-distribute it locally inside the cell, relative to the signaling status of neighboring cells. Our
results suggest a scenario in which homotypic interactions of a putative Hh target molecule at the cell
surface are converted into a mechanical force. Such a scenario could explain why the mechanical output
of Hh signaling appears to be confined to the compartment boundary, despite the longer range of the Hh
molecule itself. Our study is the first to couple a cellular vertex model describing mechanical properties of
cells in a growing tissue, to an explicit model of an entire signaling pathway, including a freely diffusible
component.
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Modeling of Chromatin Dynamics During Differentiation Reveals REST as
a Mediator of Polycomb Targeting in Neuronal Progenitors
1

2

2

A. Schoeler , P. Arnold , E. van Nimwegen , D. Schübeler
1
2
Friedrich Miescher Institute Basel, University of Basel

1

While changes in chromatin are integral to transcriptional reprogramming during cellular differentiation, it
is currently unclear how chromatin modifications are targeted to specific loci. We developed a
computational model on the premise that transcription factors (TFs) direct dynamic chromatin changes
during cell fate decisions. When applied to a neurogenesis paradigm, this approach predicted the TF
REST as a determinant of transient gain of Polycomb-mediated H3K27me3 in neuronal progenitor cells.
We prove this prediction experimentally by showing that the absence of REST causes loss of H3K27me3
at target promoters in trans at the same cellular state. Moreover, promoter fragments containing a REST
binding site are sufficient to recruit H3K27me3 in cis, while deletion of their REST site results in loss of
H2K27me3. These findings illustrate that computational modeling can reveal epigenome and TF crosstalk
in a systematic fashion. Local determination of Polycomb activity by REST exemplifies such TF based
regulation of chromatin.
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Characterizing the Lipid Composition of the Endocytic System by Highcontent Microscopy
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The endocytic system consists of a series of distinct vesicular compartments that provide essential and
diverse functions to the cell. Material from the extracellular space proceeds along the endocytic systems
where it is recycled to the plasma membrane, sorted to other organelles of the cell, or transported to the
lysosome for degradation. These fates are determined by a multitude of endosome-resident proteins, and
the unique properties of endosomal membranes themselves, which have a propensity to form tubules, as
well as multivesicular and multilamellar structures within the organelles. Although the biophysical factors
directing these membrane dynamics are not well understood, it is clear the lipid composition of endosome
membranes. In particular the atypical glycerophospholipid lysobisphosphatidic acid (LBPA) contributes to
these membrane configurations and is essential for efficient cargo sorting and intracellular transport of
LDL-derived cholesterol. Accordingly, we initiated whole genome-wide siRNA screens to map the
regulators of these two lipids central to the function of the endocytic pathway using high-content imaging
approaches. We developed and validated an assay that simultaneously monitors cholesterol and LBPA
after gene knock-down and processed the resulting images by machine learning, multivariate and
unsupervised clustering approaches. To ensure biological robustness and to minimize the impact of offtarget effects, the screen was performed with two human cell lines (HeLa-MZ and A431), and with
libraries from distinct sources. Approximately 500 candidate genes were found and modeled to identify
the key pathways involved in lipid trafficking. Interestingly, although ablation of some genes implicated
endogenous cholesterol synthesis impacted on cholesterol in the endocytic system, the significantly more
genes identified in the screen have described roles in vesicular traffic and endocytosis highlighting
extracellular cholesterol as a paramount source for sterols for the cell. Furthermore, the low-densitiy
lipoprotein receptor (LDLR) was unexpectedly ranked as one of the strongest candidates for regulation of
endosomal LBPA provided new evidence linking cholesterol and LBPA functionally. To better understand
the relationships between these and other lipids, we have initiated an effort to produces complete lipid
profile of a subset of these candidates by lipid mass spectroscopy.
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Unravelling Mechanisms for Regulation of the Transcription Factor Msn2 in
S. Cerevisiae
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A common approach to the modeling of signaling pathways is to form a set of dynamic and mechanistic
models from a validated basic model and a set of debated model extensions. This results in a
combinatorial explosion in the number of possible models. We present an alternative approach that starts
from a single model, eliminates model parts that do not contribute to explaining the experimental
observations, and identifies the core mechanisms of the studied system.
Our approach, which is developed within YeastX, is applied to a model for the regulation of the
transcription factor Msn2 in S. cerevisiae. Experimental time series data for the compartmental
localization of Msn2 in the wild type or in mutants (gpa2d or vma5d), is used to unravel mechanisms for
the regulation of the transcription factor. Interestingly, it is not possible to infer specific mechanisms from
the wild type data, which is compatible with a large proportion of the possible models. However, the
inclusion of mutant data reveals two classes of models that are characterized by the predicted
phosphorylation dynamics.
The first model class suggests that Msn2 is primarily phosphorylated in the nucleus and predicts a low to
medium level of phosphorylation of Msn2 after glucose addition. This stands in contrast to the models in
the second model class, which suggests that the phosphorylation in the cytosol plays the biggest role and
requires a high phosphorylation level. We are now in the process of discrimination between the remaining
models based on informative experiments of the Msn2 phosphorylation, which will lead to a better
understanding of the regulation mechanisms.
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Modeling Mechanical Properties of the Drosophila Wing Disc
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One of the key questions in developmental biology is how organs reach their specific size and shape. The
mechanical properties of the tissue define how it reacts to internal and external forces. For instance,
those properties play a crucial role in understanding the response to spatial differences in growth.
Understanding of these properties can also be used to predict stress patterns that might in turn be used
to regulate growth. Such a mechanical feedback was proposed to explain uniform growth of the
Drosophila wing disc where the growth factor is expressed as a gradient.
Here, we are developing a mechanical model and a computational method suited to simulate the growth
of the entire wing disc. The focus lies on the global behavior of the wing disc including its three
dimensional folded structure. We use the finite strain theory of continuum mechanics. This allows us to
handle large deformations and anisotropic mechanical responses. A large variety of linear and nonlinear
material models can be used within this framework. It can also easily be extended to include isotropic and
anisotropic growth.
We are developing a Lagrangian particle level set method to solve the equations of the model and are
verifying the numerical results with known analytical solutions. The computational method must not only
be verified to see if the equations are solved correctly. It must also be validated to show that the model is
suited to study the growth of the wing disc and can have predictive power. The results of uniaxial
stretching experiments performed on wing discs suggest that a linear material can be used to describe
the wing disc. We are using these results to evaluate if a linear material is indeed sufficient to explain the
observations and are trying to calibrate the model to the wing disc.
This work is performed within the WingX project of SystemsX.ch. It greatly benefits from the close
interaction with Biologists and Physicists performing quantitative experiments on the wing disc.
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Information theory provides a framework in which one can rigorously ask about the reliability of signaling
in the presence of noise. In our past work [Tkacik et al, PNAS 105 (2008)] we have shown that during
development of the early fly embryo the morphogen Bicoid transmits 1.5 bits of information to the gap
gene Hunchback. This is close to 90% of maximum achievable capacity given the measured noise in
gene expression for this system. Moreover, the measured distribution of expression levels of Hunchback
across nuclei matches very well the predicted optimal distribution that achieves the maximal capacity.
Based on this finding, we propose a hypothesis: the early developmental gene regulatory network is wired
so as to maximize the amount of information that the gap genes encode about the morphogen
concentration and thus about the nuclear position within the embryo. This hypothesis can be made
mathematically precise, making the developmental notion of “positional information” quantitative and
analytically tractable. This hypothesis is also very predictive: it is possible to mathematically derive, given
biophysical constraints on the number of signaling molecules, the optimal, information-maximizing
solutions for the gap gene network, including the regulatory graph of interactions and parameters on the
regulatory arrows. This computation is thus not a fit to any particular dataset, but rather a prediction that
can be compared to the measured gap gene expression patterns in the Drosophila embryo.
I will present our recent theoretical and experimental progress in addressing the problem of positional
information with precision measurements and information-theoretic tools. On the theoretical front, I will
show how to compute the optimal regulatory networks when a single morphogen regulates a network of
downstream genes that can interact in an arbitrary feed-forward manner, as well as new work that allows
us to treat feedback, potentially multi-stable, regulation. On the experimental front, I will present recent
measurements of gap gene expression profiles and the associated noise, and show how these can be
used to assess whether an actual biological network efficiently encodes positional information. Although
still in progress, this work suggests that the optimization of information flows could be a predictive design
principle for genetic regulatory networks.
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Plants play an important role as food producers and suppliers of renewable resources. In addition,
photosynthetic organisms have a major impact on the global climate. Therefore, it is important to increase
our knowledge of how plants grow and how this growth is influenced by environmental factors.
As a model for polar growth we study pollen tubes where cell expansion is restricted to the tip. The plant
cell wall is a rigid structure of cellulose, hemicellulose and a pectin matrix. In order to allow the pollen
tube to grow in a directed manner the mechanical properties of the cell wall have to be modified at the tip.
Cell expansion requires the deposition of new membrane and cell wall material mediated by transport
vesicles.
Using microelectromechanical systems (MEMS) we are measuring the mechanical properties of lily and
Arabidopsis pollen tube cell walls. In addition, we want to determine cellular, biochemical and molecular
parameters affecting pollen tube growth and incorporate them into a mathematical model. To test the
model we plan to manipulate the mechanical properties using robotic micromanipulation techniques or
altered growth conditions, such as adding plant hormones, changing the osmolarity or pH of the medium
and using cell wall mutants.
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We introduce data-driven model building and testing aimed at understanding the mechanisms of hepatic
insulin resistance. The approach consists of four consecutive steps which enable the integration of
heterogeneous long- and short-term experiments on murine models. Firstly, genes and proteins are
statistically screened and selected. Secondly, functional modules are determined. Thirdly, sparse
networks of functional modules are estimated. Finally, dynamic mechanisms are identified. Genes and
proteins are statistically filtered according to their differential expression along time-courses by using
linear modelling and empirical Bayes. Gene priority lists are generated and updated according to
incorporated domain knowledge. Filtered data are then grouped according to a Bayesian clustering
approach: the Gauss-Dirichlet cluster process. Importantly, the number of clusters is inferred from the
data and validated. Functional modules of interest are determined with this step. On the basis of cluster
similarities and dissimilarities, the underlying sparse graphical structure of the functional network is
reconstructed. In a subsequent step, dynamic causal models are identified from the network structure and
the time points. The identification of the dynamical causal system enables understanding, prediction and
control of the physiological process of insulin resistance. Key mechanisms which cause alterations in
systemic responses are detected through the comparison of exogenous and endogenous experimental
changes. The introduced approach is motivated by the task of understanding insulin resistance, a
challenging task where useful but still incomplete models are available. The application scope of the
introduced approach is very broad: it provides an integrated framework to build, evaluate, and compare
physiological models from heterogeneous data and diverse experimental settings.
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Although many cellular processes in plant cells are shared with animal cells, they are very different in
structure. Plant cells are like small balloons, exerting considerable pressure (3-10 bar) on the rigid cell
wall that contains them. This turgor pressure is caused by osmosis and provides the structural integrity of
non-woody plant tissues. The pressure puts the cell wall under tension, and growth will only occur if
some of the tension is released by material loosening. The molecular events behind this process,
however, remain unclear. Although a lot is known about the regulation of plant growth by genetic and
signaling networks, little is known about how these events translate into the regulation of turgor pressure
and mechanical cell wall properties.
We address this issue by using a recently developed micro-indentation technology called Cellular Force
Microscopy (CFM). This technology allows us to indent a sample with probes as small as 1 um,
measuring forces with accuracy in the sub uN range. A major challenge in the interpretation of the
resulting force-indentation data is the fact that it does not correspond to a specific mechanical parameter
but rather reflects the overall stiffness of the cell or tissue. In order to quantify individual parameters such
as turgor pressure or cell wall elasticity, we model the experiments by using a method from
computational mechanics called "Finite Element Method" (FEM). FEM is widely used in engineering
sciences to simulate the deformation of a system where mechanical properties of the constituents are
known. We do the opposite and estimate mechanical properties based on the knowledge of how much
force is needed to deform cells or tissues.
By using this modeling approach, we could quantify the influence of various experimental conditions on
the CFM measurements, such as probe size and shape, indentation depth, indentation on sloped
surfaces, and the effect of pressure changes induced by the measurement. This allows us to separate
meaningful parameters for investigating growth, such as turgor pressure and cell wall elasticity.
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Adenovirus Infection Spread in Two-dimensional Cell Arrays Characterized
by Hybrid Spatial Dynamics Modeling
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Viruses are transmitted between cells by cell-cell contacts or cell free environments. Human
adenoviruses (HAdVs) are non-enveloped icosahedral DNA viruses infecting the respiratory, digestive,
excretory or ocular systems. They infect human epithelial cells by receptor-mediated endocytosis, and
lyse many cell types. The underlying mechanisms and dynamics of virus spreading between cells are,
however, not understood. Here we show that passive mass transfer in the cell free environment is the
major driving force to spread HAdV-C2. Using an in vitro system of 2-dimensional (2D) arrays of cultured
human epithelial cells and eGFP expressing HAdV we measured key parameters of HAdV spreading by
live fluorescent microscopy. We formalized the acquired data in an in silico model, which is a hybrid of a
cellular automaton and a particle strength exchange (CA-PSE). This “white box” model was used for
iterative comparison of live cell spreading phenotypes (SPs) with in silico SPs. It revealed a local
concentration effect of free HAdV, which is important to drive the spreading of HAdV. Together, our model
will be applicable for simulating HAdV interference conditions, and may also be of value to simulate the
spreading of oncolytic viruses in more complex tissue environments such as tumors. It might be useful to
assess the importance of extracellular virus particles from other families in propagating infection to noninfected cells, in comparison to cell-cell transmission modes.
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Statistically-based Modeling of Imaginal Cell Proliferation as a Function of
Extrinsic Factors
J. Zartman, S. Restrepo, K. Basler
University of Zurich

Insect cell lines are used both commercially in the production of heterologous recombinant proteins and
as biochemical tools that complement research in established genetics systems such as Drosophila
embryonic and larval development. Recently, a few studies have been successful in identifying novel
extrinsic growth factors that stimulate the growth of a cell line, Cl.8, which was derived from wing imaginal
disks. The utility of Cl.8 cells for growth control research derives from their strong dependency on growth
factors for proliferation. Motivated by the success of previous studies and recognizing that much is still
unknown about extrinsic regulators of insect growth, we have undertaken a detailed characterization of
the culture medium used to maintain the Cl.8 cell line.
The complexity of culture media requires innovative approaches to sample the large parameter space of
component identity and concentration. Our approach has been to use design-of-experiment methodology
to screen for factors that influence imaginal cell proliferation, followed by response surface methods to
derive topological maps of proliferation as a function of critical growth parameters. Our results have led to
improvements in the culture medium, identification of surprising interactions between medium
components, as well as the identification of novel strategies to produce a better-defined medium with a
reduced need for xenogenic and undefined supplements. Efforts to formulate a more defined culture
medium for Cl.8 cells will further increase the utility of this cell-line in Drosophila genetics studies on
growth control by improving experimental reproducibility and uncovering factors masked by the use of
serum. We have found response surface methods to be a powerful and efficient method for characterizing
and optimizing the growth medium for cell and tissue culture.
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Selecting Stochastic Models of Gene Activity Underlying Transcriptional
Bursting in Single Mammalian Cells
B. Zoller, N. Molina, F. Naef
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The intrinsic stochasticity in the dynamics of mRNA and protein expression has important consequences
on gene regulation and on non-genetic cell-to-cell variability. Recently experimental work in prokaryotes
and eukaryotes using single cell resolution time lapse imaging has enabled a quantitative analysis and
modeling of the stochastic processes underlying observed fluctuations. Gene transcription was found to
occur mainly during short and intense periods referred as to transcriptional bursts, interspersed by silent
periods. The fine transcriptional kinetics of endogenous genes in mammalian cells has recently been
measured (Suter et al. 2011) by live imaging at high temporal resolution of short-lived luciferase
reporters. Here, we further develop the probabilistic framework to model these recordings based on a
three-layered Hidden Markov Models that describe the three main processes of gene expression: gene
activation, transcription and translation. We propose models with different number of sequential gene
states describing the activation and inactivation events. To study those we developed and tested several
approximations to efficiently compute the transition probabilities and the likelihood of the models. We
select the optimal model using Markov-Chain Monte Carlo (MCMC) sampling, which provide new insights
about the number of gene activity processes and their characteristic timescale leading to transcriptional
bursts.
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Engineering Synthetic Mammalian Gene Networks – From Tools to
Therapies
M. Fussenegger
ETH Zurich (Basel)

Capitalizing on our latest advances in the design of heterologous mammalian transgene control systems
we have designed the first prosthetic networks that sense, monitor and score (disease-) relevant
metabolites, process off-level concentrations and coordinate adjusted diagnostic, preventive or
therapeutic responses in a seamless, automatic and self-sufficient manner. We believe that the design of
synthetic gene networks, which process molecular signals with near digital precision, may provide novel
therapeutic opportunities. Therefore we invite you to join us on a journey exploring the latest generation of
“traceless” transcription control systems, designing gene networks with highly complex expression
dynamics and appreciate our proof-of-concept studies on prosthetic networks improving artificial
insemination and enabling the treatment of gout.
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Forward and reverse engineering of transcriptional circuits holds the promises to foster understanding
and control of cellular processes. Yet, rational engineering of circuits is hindered by the daunting
complexity of living systems (1). Among others, two issues hamper progress: i) a lack of quantitative
characterizations for circuit's parts and ii) the unpredictability of circuit's response upon changes in the
host's internal state. Here, we tackle both issues by combining fluorescent reporters (2) with
thermodynamic modelling (3) and empirical laws of bacterial growth (4).
We constructed 12 constitutive promoters and measured transcription at 18 growth rates in E. coli.
Accordingly to theory and previous evidence (5), we found that constitutive transcription correlates with
growth-dependent RNA polymerase abundance and it is quantifiable by two promoter-specific
parameters, the maximal transcription rate Vmax and the Michalis-Menten constant Km. We showed
experimentally that this quantification holds in time-course as well, extending its applicability to dynamics.
We applied such characterization to the reverse-engineering of the transcriptional circuit of arginine
biosynthesis. Given growth-dependent (“constitutive”) parameters, we inferred regulatory parameters and
transcription factor activities. We found that the response to arginine depletion is jointly governed by
regulatory and growth-dependent parameters. Evidences hint that RNA polymerase is growth-dependent
so that it normalizes regulatory responses to varying growth regimes.
Here, we show how constitutive promoters can be quantitatively characterized in vivo by sampling
transcription across growth rates. This characterization allows prediction of transcription rates in steady
and dynamic growth. Overall, these findings enable decoupling transcriptional regulation from growth
effects and thus unravelling and designing of circuits that operate in changing growth conditions.
References
1. Kwok R (2010) Five hard truths for synthetic biology. Nature 463:288-90.
2. Zaslaver A et al. (2006) A comprehensive library of fluorescent transcriptional reporters for Escherichia coli. Nature Methods
3:623-628.
3. Buchler NE et al. (2003) On schemes of combinatorial transcription logic. PNAS. 100:5136-41.
4. Klumpp S et al. (2009) Growth rate-dependent global effects on gene expression in bacteria. Cell 139:1366-75.
5. Liang S et al. (1999) Activities of constitutive promoters in Escherichia coli. JMB
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Tackling Synthetic Biology from an Industry Point of View: Generating
Novel and Known Molecules by Assembly of Metabolic Pathways on Yeast
Artificial Chromosomes
J. Heim
Evolva SA Reinach

Natural products (including metabolites of higher organisms) have been an important source of
pharmaceuticals and other commercially attractive compounds, but their isolation and production is often
difficult. We have developed a novel bioengineering platform for the biosynthesis of natural metabolites,
comprising the expression of large numbers of both natural and synthetic metabolic genes from various
sources in yeast. This “synthetic biology” approach combines modern genetic engineering tools with
nature’s principles of recombination and selection for the generation of novel chemistry.
Based on gene sequence information from multiple species across all kingdoms, genes are either
synthesized or cloned for expression, in a combinatorial fashion, on expressible Yeast Artificial
Chromosomes (eYACs). Thus, tapping into nature’s rich chemical diversity, we have assembled a
number of functional metabolic pathways for production of commercially valuable natural products.
Using eYAC technology, five step beta-carotene and seven step flavonol biosynthetic pathways were
assembled in S. cerevisiae. For each individual step, several homologous genes from different organisms
were cloned into expression cassettes with inducible yeast promoters. The eYACs were constructed in
vitro by concatenating these cassettes in a random manner before adding YAC arms. Typical eYAC size
of yeast transformants was above 100 kb, corresponding to an average number of 35-40 expression
cassettes. PCR analysis of yeast cells containing a complete beta-carotene pathway demonstrated that
transformants displayed different combinations of genes derived from plant, fungal, as well as bacterial
origin. The assembly of the flavonoid pathway was monitored by LC-MS showing that about half of the
clones produced the flavanone naringenin whereas one third proceeded to the formation of the flavonol
kaempferol.
This novel technology has many potential applications, but is particularly suited for generating structurally
diverse compounds, many of which may not be amenable to chemical synthesis. It thus offers access to a
large chemical space of both known and novel, pharmaceutically interesting compounds. In addition, it is
adaptable to numerous applications in the Industrial Biotechnology sector such as the creation of
microbial cell factories for efficient production of high value products, as well as providing a superior tool
for identifying missing steps in biosynthetic pathways.
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Keynote Lecture: Beyond Stereo-specificity: Liquids and Mesoscale
Organization of Cytoplasm
T. Hyman
Max Planck Institute of Molecular Cell Biology and Genetics (Dresden, DE)

The cytoplasm is not a homogenous solution, but consists of large dynamic assemblies that arise from
transient molecular interactions. Some of these structures have been shown to represent liquid droplets
of concentrated protein and RNA. Liquid phase separation of cytoplasm may be a fundamental principle
of cytoplasmic organization.
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Keynote Lecture: Synthetic Biology for Synthetic Chemistry
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Synthetic biology is the design and construction of new biological entities such as enzymes, genetic
circuits, and cells or the redesign of existing biological systems. Synthetic biology builds on the advances
in molecular, cell, and systems biology and seeks to transform biology in the same way that synthesis
transformed chemistry and integrated circuit design transformed computing. The element that
distinguishes synthetic biology from traditional molecular and cellular biology is the focus on the design
and construction of core components (parts of enzymes, genetic circuits, metabolic pathways, etc.) that
can be modeled, understood, and tuned to meet specific performance criteria, and the assembly of these
smaller parts and devices into larger integrated systems that solve specific problems. Just as engineers
now design integrated circuits based on the known physical properties of materials and then fabricate
functioning circuits and entire processors (with relatively high reliability), synthetic biologists will soon
design and build engineered biological systems.
We have used synthetic biology to create inexpensive, effective, anti-malarial drugs. Currently, malaria
infects 300–500 million people and causes 1-2 million deaths each year, primarily children in Africa and
Asia. One of the principal obstacles to addressing this global health threat is a lack of effective, affordable
drugs. The chloroquine-based drugs that were used widely in the past have lost effectiveness because
the Plasmodium parasite which causes malaria has become resistant to them. The faster-acting, more
effective artemisinin-based drugs — as currently produced from plant sources — are too expensive for
large-scale use in the countries where they are needed most. The development of this technology will
eventually reduce the cost of artemisinin-based combination therapies significantly below their current
price. To reduce the cost of these drugs and make them more widely available, we have used synthetic
biology to engineer microorganisms to produce artemisinin from renewable resources.
Having successfully completed the artemisinin work, we are now engineering the metabolism of the same
microorganisms (Escherichia coli and Saccharomyces cerevisiae) for production of advanced biofuels.
Unlike ethanol, these biofuels will have the full fuel value of petroleum-based biofuels, will be
transportable using existing infrastructure, and can be used in existing automobiles and airplanes. These
biofuels will be produced from natural biosynthetic pathways that exist in plants and a variety of
microorganisms. Large-scale production of these fuels will reduce our dependence on petroleum and
reduce the amount of carbon dioxide released into the atmosphere, while allowing us to take advantage
of our current transportation infrastructure.
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Identification of Genetic Elements that Autonomously Determine DNA
Methylation States
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Cytosine methylation is a repressive, epigenetically propagated DANN modification. While patterns of
DNA methylation appear tightly regulated in mammals, it is unclear how these are specified and to what
extent this entails genetic or epigenetic regulation. To dissect the role of underlying DNA sequence
comprehensively, we sequentially inserted over 50 different DANN elements into the same genomic locus
in murine stem cells. Promoter sequences of approximately 1000 basepairs autonomously recapitulated
correct DNA methylation at the target site in pluripotent cells.
Moreover, they supported proper de novo methylation during differentiation.
Further truncation analysis revealed that this regulatory potential is contained within small Methylation
Determining Regions (MDRs). MDRs can mediate both hypomethylation and de novo methylation in cis
and their activity depends on developmental state, motifs for DNA binding factors and a critical CpG
density.
These results demonstrate that proximal sequence elements are both necessary and sufficient for
regulating DNA methylation and reveal basic constraints of this regulation.
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Exploring the Dynamics of the Yeast Proteome on the Single Cell Level
with High Spatio-temporal Resolution
N. Dénervaud, R. Delgado-Gonzalo, J. Becker, F. Naef, M. Unser, S. Maerkl
EPF Lausanne

We present a microfluidic platform based on multilayer soft-lithography (1, 2) capable of culturing and
imaging of 1152 yeast strains in parallel for several days. Each of the 1152 yeast strains is contained
within its dedicate on-chip micro-chemostat chamber. Each micro-chemostat is a few hundred pico liter in
size. The micro-chemostats are continuously supplied with medium by passive perfusion allowing growth
conditions to be rapidly changed. The entire microfluidic platform is 4cm2 in size allowing it to be placed
on a robotized microscope for rapid and high-resolution imaging. Each micro-chemostat can be
interrogated in bright-field and fluorescence mode with a frequency of about 1 Hz, allowing us to image all
1152 yeast strains with a temporal resolution of 20 minutes. We interrogated all 4156 yeast-GFP strains
(3) with our platform to gain insight into the dynamics of the yeast proteome under standard growth
conditions and in the response to stress and DNA damage induced by methyl methanesulfonate (MMS).
We imaged each of the 4156 yeast-GFP strains for 6 hours under standard growth conditions in SD -his
medium, after which medium supply was switched to SD -his containing 0.03% MMS and imaging was
continued for another 12-18 hours. We also imaged a sub-set of 576 yeast-GFP strains under various
other stress conditions including low MMS, Sorbitol, UV pulses, and MMS pulses. Overall we
accumulated over 23’040 time-lapse movies consisting of over 2’119’680 images. We achieved 98.7%
coverage (4103 strains) of the yeast-GFP library under standard growth condition fol- lowed by switching
to MMS. A manual annotation of the data indicates that 627 strains (15%) of the library show a change in
protein abundance or localization. Of these 627 strains, 38% or 239 strains show an apparent change
only on the protein localization level. These results suggests that dynamic single-cell interrogation on the
whole proteome level opens a new window on protein function otherwise inaccessible with other
methods.
References:
1. T. Thorsen, S. J. Maerkl, S. R. Quake, Science 298, 580 (2002).
2. S. J. Maerkl, S. R. Quake, Science 315, 233 (2007).
3. W. K. Huh, et al., Nature 425, 686 (2003).
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Systematic Analysis of Gene Expression Using Synthetic Promoter
Libraries
A.S. Rajkumar, N. Dénervaud, S. Maerkl
EPF Lausanne

Promoters contain the necessary genetic information to control gene expression levels, kinetics and
noise. Transcription factor (TFs) binding sites – which enhance or prevent transcription – form an
important part of this information. Determining a TF’s affinity for these sites is a first step in understanding
the regulation of gene expression. However, it is unclear how much these interactions contribute to gene
regulation from a genomic context, as the initial accessibility of all a promoter’s sites to its TFs is not
always guaranteed in vivo.
In this study, we are creating synthetic promoter libraries regulated by the transcription factor Pho4 –
already well-characterized in vitro - to allow us to better understand how the sequence of a promoter and
its accessibility to TFs and other proteins involved in protein synthesis – its architecture – dictates gene
expression. We have studied their induction in parallel using large-scale microfluidic devices developed in
our laboratory using an imaging platform, which allows us to measure single-cell fluorescence with high
spatio-temporal resolution. The combination of a defined promoter library and quantitative highthroughput analysis of induction will allow us to develop accurate models describing in vivo promoter
function in a eukaryote.
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Understanding the Development of 3-dimensional Organs by Combining
Mass Cytometry and Systems Genetics
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The embryonic and pupal Drosophila wing disc is an important paradigm in developmental biology (see
Affolter and Basler, 2007 and Schwank and Basler, 2010 for comprehensive reviews). It is one of the few
examples where a morphogen gradient has been visualized and concentration dependent activation of its
target genes has been shown. Evolutionary biologists have used the adult wing as an example for a
functional structure upon which selection is known to act, because obviously it is the wings that enable
flight. Unfortunately, the two fields, embryonic patterning and adult wing shape and function, have not yet
met. We plan to close this gap, embryonic patterning on the one hand and adult shape and size on the
other hand, by combining single-nucleotide-resolution quantitative genetics (see abstract by Sybille
Vonesch) with mass-cytometry based single cell quantitative measurements of proteins.
Mass cytometry, which combines cell sorting with ICP-MS based detection of rare-earth labeled
antibodies bound to these cells, allows the simultaneous quantitative measurement of many proteins in
single cells (see Tanner et al., 2007). Its advantages over traditional FACS sorting are the very low limit of
detection, high linearity and larger number of available labels (in principle as many as there are
lanthanide and actinide isotopes).
Since mass cytometry requires antibodies as crucial reagents, but for many Drosophila proteins of
interest are not readily available, we have decided to take a major effort in generating new antibodies. We
are establishing a molecular coordinate system of antibodies that will allow assigning a single cell, based
on its combinatorial code of expressed proteins, as measured by mass cytometry, to a defined region of
the wing disc. We are also generating antibodies against known regulators of growth and shape. This will
allow us to assess the signaling state of several growth controlling pathways in each cell and region of the
wing disc and will ultimately foster a new understanding of how larval growth of the wing disc translates
into the adult structure, the wing.

124

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Invited Talk | SynBio-10

Geometry Sensing in Protein Self-organization
P. Schwille
University of Technology (Dresden, DE)

The driving force behind our involvement with synthetic biology is the aim to quantitatively understand
fundamental mechanisms of self-organization and emergence in biological systems, particularly proteinprotein and protein-membrane interaction networks. Our concept is to identify minimal systems required
to capture a specific biological phenomenon, and reconstitute them to a controllable in vitro system. We
are primarily interested in protein systems that are able to transform membranes, with the ultimate goal of
identifying minimal protein machinery able to controllably divide a membrane compartment. We have
successfully reconstituted the self-organization of Min proteins, being part of the bacterial cell division
machinery, resulting in dynamic pattern formation and travelling waves on model membranes. We could
recently demonstrate that and how this system reacts to spatial cues, e.g., the exact geometry of the
membrane compartment. Strikingly, the Min waves are able to recognize the longest axis of a membrane
patch, and can be directed along complex pathways.
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De Novo Generation of Hundreds of Thousands of Promoters: Insights into
Transcriptional Mechanisms
O. Silander, L. Wolf, E. van Nimwegen
University of Basel

Here we develop a system using directed evolution to design a large set of genetically diverse functional
E. coli promoters (>100’000) from random nucleotide sequences. We show that within a short time,
promoters conferring specific, pre-determined levels of gene expression can be evolved. We measure
gene expression in single cells to quantify both the mean expression level and the noise in expression -the variation in transcriptional activity of identical promoters residing in different cells. Using data for more
than 1’000 promoters, we show that different artificially generated promoters exhibit distinct noise
characteristics: some promoters confer high levels of variation in expression between cells, while others
confer low levels of variation.
Finally, we sequence a large number of these promoters using next generation sequencing, and use this
data to understand the mapping of genotype (promoter sequence) to phenotype (mean expression level
and noise in expression). These data highlight a novel method to generate genetically diverse promoters
with specific transcriptional activities.
In addition, by combining a system to generate hundreds of thousands of independently evolved
promoters with high-throughput measures of phenotype, this method should bring us closer to being able
to directly predict expression levels from promoter sequence alone.
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Fine-tuning and Memory Divergence of an Epigenetic Circuit with Positive
Feedback Loop
L. Sun, A. Becskei
University of Zurich

Various “modules of cellular memory” such as hysteresis, bifurcation and bistability in gene regulatory
circuit with feedback loops have been intensively investigated in the recent years. In deterministic model
positive feedback with cooperative binding of transcription factor to the promoter can have hysteresis
behavior. The cellular memory, which is an outcome of hysteresis, is in simple positive feedback relatively
weak. By combining GEV positive feedback loop with SIR/SSN heterochromatin silencing complex, as
schematically shown in Figure A and B, we set out to enhance the memory. The GEV positive feedback
alone doesn’t have a long memory. In Figure C, the difference between the two histories (blue line
raffinose and green line galactose history) that is a characteristics of memory, is decreasing over time.
The sudden drop of mean fluorescence for the galactose history at 48 hours indicates toxicity of GEV
when it is overexpressed. Estradiol gradient is used to adjust the strength of positive feedback. Increasing
the concentration of estradiol can inhibit the repression of GEV by SIR silencing complex in the Pgal1GEV with TetR-SIR3 construct (Figure D). This is partially due to the dominance of the positive feedback
over repression in terms of signal amplification. Here galactose with doxycycline is used as ON and
galactose as OFF history because galactose alone is not sufficient to induce GEV expression, as
confirmed by the RNA level (data not shown). Figure E shows the cellular memory for the circuit of GEV
positive feedback with SIR/SSN silencing. A relatively persistent memory has been observed after 48
hours even after 68 hours. Doxycycline gradient is used in this case instead of the estradiol gradient to
induce the GEV expression. If estradiol gradient is used, memory vanishes after 24 hours no matter
whether doxycycline is added. SIR3 is a stronger silencer than SSN6 (data not shown) and we have
observed memory divergence between the two, as shown in Figure F. The outcome is highly dependent
on the GEV basal level during induction. Addition of 0.01 ug/mL doxycycline to both raffinose and
galactose histories, which provides an additional transient basal, is necessary for SIR3 but not for SSN6
to induce a strong memory.
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Programming Bacteria
C. Voigt
Massachusetts Institute of Technology (Cambridge, USA)

We are developing a basis by which cells can be programmed like robots to perform complex,
coordinated tasks for pharmaceutical and industrial applications. We are engineering new sensors that
give bacteria the senses of touch, sight, and smell. Genetic circuits — analogous to their electronic
counterparts — are built to integrate the signals from the various sensors. Finally, the output of the gene
circuits is used to control cellular processes. We are also developing theoretical tools from statistical
mechanics and non-linear dynamics to understand how to combine genetic devices and predict their
collective behavior.
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Assessment of Targeted Mass Spectrometric Workflows for Absolute
Quantification of Low Abundant Human Proteins
M. Bauer, E.A. Nigg, A. Schmidt
University of Basel

Recent advances in liquid chromatography (LC)- mass spectrometry (MS) have considerably improved
protein quantification accuracy and sample throughput, making it an indispensible tool in system biology
studies. Especially, the implementation of targeted MS methods, namely selected reaction monitoring
(SRM), allows consistent screening of preselected protein sets with high sensitivity across large number
of samples. Due to their non-scanning properties, triple stage quadrupole (QQQ) instruments are usually
employed for SRM experiments, however, other MS-instruments can also be successfully used to
perform SRM-like analysis.
Here we compared the performance of conventional data-dependent and different directed and targeted
MS approaches on two different instruments, namely a Thermo LTQ Orbitrap Velos and a Thermo TSQ
Vantage (QQQ). We assessed the limits of quantification (LOQ) and detection (LOD) for each method by
analyzing a dilution series of 20 human, heavy labeled reference peptides covering six orders of
magnitude in peptide concentration alone or spiked into a digested human cell lysate.
Interestingly, all approaches were capable of quantifying the selected peptides over the whole peptide
concentration range when analyzing the peptides alone. However, the dynamic detection range was
considerably reduced in the spike-in experiment that represents a more realistic proteome sample. Here,
3
the LOD and LOQ of the targeted approaches were 10 times lower than that of conventional (directed)
MS strategies, underlining the improved ability of these approaches in quantifying low abundant protein
species. Differences in dynamic range, sensitivity and throughput of the different targeted approached
were apparent and will be discussed in more detail together with their applicability for systems biology
studies.
With these methods we will be able to assess biological questions involving proteins being expressed at
very low levels, like components of the centriole duplication cycle, which were not accessible by previous
LC-MS methods. As the levels of centriole duplication factors are essential for the regulation of centriole
duplication, their quantitative analysis will be crucial to understand this essential biological process in
more detail. Since we can assign absolute abundance levels of each duplication factor per cell, we should
eventually be able to determine the thresholds of each duplication factor that allows for correct centriole
duplication.
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Automatic Analysis of High-throughput Live Cell Imaging Data to Identify
Temporal Dynamics in Localization Changes of the Yeast Proteome upon
DNA Damage
J. Becker, N. Dénervaud, S. Maerkl, F. Naef
EPF Lausanne

We developed new computational approaches to automatically score sub-cellular localization changes of
proteins in single yeast cells. We analyzed a large-scale dataset covering all 4159 yeast-GFP strains,
recently generated by time-lapse microscopy coupled to microfluidics. This new platform allowed us to
systematically study dynamically changing protein localization patterns in single cells upon treatment with
the DNA damaging agent MMS. Starting with manual annotation of localization patterns on the single-cell
level, we proceeded to automatic single-cell localization and classification by extending existing feature
recognition methods. We attributed probabilities in six geometrical shapes to single-cells instead of using
a larger list of sub-cellular patterns. This process ensured robust classification despite the problem that
yeast cells are about five times smaller than mammalian cells. By modeling the distributions of cellular
localizations in this reduced six dimensional space, we could compare localization patterns between
different strains or different time points, while also identifying subgroups of localizations within the
images. This methodology allows use to reliably identify dynamically changing protein re-localization upon
DNA damage stress.
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Quantitative Genomics Facility – A Next Generation Genomics Platform in
Basel
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In parallel to the human genome sequencing initiative several new technologies have emerged that allow
sequencing at unprecedented throughput and low costs. These approaches are generally referred to as
"Next Generation Sequencing". They enable researchers to not only re-sequence genomes and thus to
identify genome variations but also to quantify the abundance of experimentally enriched fractions of the
genome. The very large numbers of short individual sequence reads produced by the Illumina Genome
Analyzer and HiSeq2000 systems (currently approx. 320 and 1.600 million reads, respectively, per
instrument run) are well suited to make direct quantitative measurements of the sequence content of a
DNA sample. By determining a short sequence read from each of many randomly selected molecules
from the sample and then mapping each sequence read onto the reference genome, the identity of each
starting molecule is learned, and its frequency in the sample can be calculated. Desired levels of
sensitivity and statistical certainty, needed to detect rare molecular species, can be achieved by adjusting
the total number of sequence reads. Sequence census assays do not require knowing in advance that a
sequence is of interest as a promoter, enhancer or RNA-coding domain, as most current microarray
designs do.
At D-BSSE we have established a sequencing unit based on Illumina sequencing technology located in
the “Quantitative Genomics Facility”. This poster gives an overview of the sequencing technology, the
data management, IT and data analysis pipelines we have set up at D-BSSE.
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Towards Label- and Functionalization-free Sensing of Molecular
Interactions
B.A. Bircher, H.P. Lang, C. Gerber, H. Stahlberg, T. Braun
University of Basel

Systems biology aims to quantify the molecular components of biological systems, to determine their
interactions and to integrate the obtained information into network models. Therefore, high-throughput
methods to measure molecular interactions are essential. However, all current methods either need
labeling or surface functionalization. Moreover, comparatively large amounts of sample are required. To
overcome these restrictions, we are currently developing a new method for the detection of molecular
interactions working label- and functionalization-free, and compatible with micro-fluidic setups. The
method does not directly measure interaction events, but characterizes the fluid-dynamics of mixed
protein systems by determining their viscosity and density. Measurements of the intrinsic viscosity of such
mixtures will then be used to draw conclusions about the molecular interactions (1).
The micro-fluidic viscometer is based on resonating micro-cantilever beams immersed in the sample fluid.
The fluid exerts viscous and inertial forces causing a shift in resonance frequency and quality factor,
which are recorded continuously and converted into viscosity and density values according to recent fluiddynamic models (2). After calibration, an initial implementation of the viscometer has an accuracy for
viscosity and density better than 0.01cP and 0.001g/mL, respectively. In future, mixed protein systems
causing quantitatively detectable shifts in intrinsic viscosity will be determined and evaluated.
The latest progress in the development of the micro-fluidic viscometer is presented and its applications for
high-throughput screening of molecular interactions are discussed.
References:
1. Hess et al. Journal of General Physiology 33(5):511 (1950)
2. Van Eysden et al. Journal of Applied Physics 101:044908 (2007)

Figure: Schematic of the micro-fluidic viscometer. Samples and sample mixtures are injected consecutively. The dynamic cantilever
response is continuously converted into viscosity and density changes. Comparing the fluid dynamics of mixed and unmixed
samples theoretically allows the indirect detection of molecular interactions without labeling and functionalization.
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Correlative Imaging for Supervised Learning to Segment Dendritic Spines
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2-Photon imaging of living and stimulated neurons in time-series enables the possibility to study many
biological questions. But the manual analysis of fluorescence images is time-consuming and depends on
the experience of the expert. Therefore, an automated and robust detection and segmentation of spines
in 3D fluorescence images is required. But the automated analysis of fluorescence images is a difficult
task. It is not possible to conclude the shape of an object from fluorescence images alone. Therefore, it is
not feasible to get good manual segmented nor ground truth data from fluorescence images. Supervised
learning approaches require training data. To overcome this issues we propose to synthesize
fluorescence images and call them 'Digitally Reconstructed Fluorescence Images' (DRFI). We propose
how DRFIs are computed with data from 'Serial Block-Face Scanning Electron Microscopy' (SBFS-EM).
In SBFS-EM images it is possible to reconstruct geometrical shapes of dendrites and spines.
Furthermore, the manual segmentation of spines is feasible. Moreover, by synthesizing images using
DRFI the information present in the SBFS-EM domain can be transformed to fluorescence images. As
novelty, we use DRFIs to learn a distribution model of dendrite intensities and classify pixels of
fluorescence images into spine and non-spine pixels. This classification results in the segmentation of
spines. Fig. 1 shows the process pipeline. In the training phase the geometrically correct EM
reconstructions is used to synthesize data for supervised learning. In the testing phase voxels are
classified into spine and non-spine by using the learned models. All manual steps (e.g. reconstruction of
dendrites from SBFS-EM data) are part of the training phase. The testing phase needs only a
fluorescence image as input while the a-priori knowledge from SBFS-EM is transferred to the
fluorescence imaging domain.
Combining tow imaging modalities by synthetic images enables supervised learning for fluorescence
images.
Furthermore, result validation with real ground truth data is possible because of the correlative data set.
Therefore, no manually labeled gold-standard is required to validate the algorithm. Thanks to the
reconstruction in SBFS-EM resolution it is possible to compare the segmentation results with the real
geometry. The fluorescence intensity distribution of different oriented and different shaped spines can be
studied.
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The Application of Atomic Force Microscopy as a Nano-force Sensor:
Probing the Mechanics of Living Plant Cell Walls During Growth
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The development of any shape or form in plants is bounded by the cell wall. Here, we focus on the
biomechanical information provided by the wall, how it controls shape changes and diffuse cell growth,
and the upstream cues leading to mechanical changes in the wall. We have applied Atomic Force
Microscopy (AFM) as a nano-force sensor to probe the material properties of the cell wall of living plant
cells and tissues, a new and exciting application in plants. We have developed methods to examine the
elasticity and viscoelasticity of plant cell walls in simple cell systems; this information was then correlated
with plasticity/growth. The elastic behavior of walls is presented as an apparent Young's modulus, a
coefficient of linear elasticity. The viscoelastic behavior of walls is presented as a bulk elasticity constant
and a time relaxation constant.
Our techniques have been applied to tobacco BY-2 cells (plant cells existing in culture, in sibling chains of
2-6 cells) in order to examine the underlying basis of wall mechanical changes in a simple system. First
we focus on the technical aspects of the methodologies and explore their reasons and limitations : for
example, we work in conditions which negate turgor pressure within cells. Secondly, as our biological
focus, growth in BY-2 cells is correlated with elastic and viscoelastic measurements, and the effect of
several key growth regulators on the wall coefficient of elasticity was examined. The information obtained
via these methods provides insight into plant cell growth and shape development on a microscopic scale
and allows for future in depth analysis of cell wall structure and composition as it relates to the mechanics
of growth.
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Phase-specificity of Transcriptional Regulation of the Circadian Rhythm in
Mouse Fibroblasts
J. Cajan, B. Deplancke, F. Naef
EPF Lausanne

Circadian clocks in mammals are regulated by transcriptional feedback loops resulting in oscillatory gene
expression with a period of 24h. The phases of these expression rhythms are tightly controlled through
cis-regulatory and posttranscriptional mechanisms. Here, we focus on the transcriptional control that
enables the timing of the distinct phases. We generated a genome-wide binding profile of the core
activator of the circadian clock, BMAL1, in mouse fibroblasts via chromatin immunoprecipitation followed
by deep sequencing (ChIP Seq) and compared this data set to BMAL1 binding in mouse liver. Based on
this map of binding sites, we started to build luciferase reporter constructs to study the implications of
different arrangements of binding sites. This analysis will be further refined by adding information about
binding of a central repressor in this feedback loop, CRY1, which will be obtained through an antiCRY1
ChIP experiment. This data will help to classify promoters into categories such as promoters bound by
either or both transcription factors from which we will try to infer information concerning the phase
specificity seen in the expression of the reporter in dependence of the regulatory elements present. As a
novelty compared to previous studies of regulatory elements we construct reporters containing natural
promoter sequences as opposed to isolated elements and plan to insert them into the genome of
fibroblasts to create cell lines that stably express fully chromatinized reporters.
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A Novel Method for Assessing the Biological Relevance of Protein-protein
Interfaces in Crystal Structures: Concepts, Results and Development of a
Web Front-end
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Thanks to remarkable methodological advances, it is nowadays possible to determine the crystal
structure of very large biological macromolecules and complexes thereof. Such crystal structures typically
contain many protein-protein interfaces, some of which are biologically relevant, while others simply
mediate lattice contacts. Telling those two kinds of protein-protein interfaces apart is an increasingly
common and important problem in current structural biology. The same issue will also have to be
addressed in many cases where protein-protein interaction data from systems biology experiments are
going to trigger structural studies. To this end we have developed a novel method, called CRK (1), based
on concepts from molecular evolution, which determines whether a given protein-protein interface is
evolved (thus is biologically relevant) or does not bear an evolutionary signature (thus is a crystal
contact). In its first implementation the method achieved an accuracy level of 84% on benchmarking
datasets (1). We will describe the current status of CRK development and a web front-end that we have
developed in the frame of a collaboration with SyBIT.
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Proteome Wide Analysis of Protein Dynamics with High Spatio-temporal
Resolution in Single Cells
N. Dénervaud, R. Delgado-Gonzalo, J. Becker, F. Naef, M. Unser, S. Maerkl
EPF Lausanne

The development of single-cell time-lapse microscopy has been a major step forward in deciphering the
mechanisms involved in the regulation of gene expression and their spatio-temporal dynamics. So far,
most studies have focused on endogenous or synthetic genetic networks involving only few components,
while mRNA studies have given insights about population dynamics at the genome scale. Here, we report
the development of a new technological platform that allows the parallel growth and imaging of 1152
yeast strains in separated micro-chemostats. This requires using a purpose-designed microfluidic device,
with an automatized fluorescence microscopy unit and a fully integrated image processing pipeline. We
observed the spatio-temporal dynamics of 4159 S.cervisiae GFP-fusion protein (Huh et al.) under normal
and stress-inducing conditions, acquiring more than 20’000 time-lapse movies. We analyzed dynamic
changes of protein abundance and localization after MMS treatment, thus identifying new players of the
DNA damage response. This new platform allows us to systematically study protein dynamics in singlecell and will be a valuable tool to further study gene function at the system level.
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Measuring Circadian Movements of Arabidopsis Leaves Using Time-lapse
Laser Scanning – A Novel Phenotyping Approach
T. Dornbusch, S. Lorrain, D. Kuznetsov, A. Fortier, I. Xenarios, C. Fankhauser
University of Lausanne

Most higher plants are able to position their leaves relative to the light source in order to optimize light
interception and primary production. In natural habitats, plants usually compete with neighbors for light,
which triggers a set of growth responses commonly referred to as the shade avoidance syndrome (SAS).
The SAS is caused by a low red: far-red ratio (R/FR) and/or a low intensity of incoming light. If plants
forming a rosette during the juvenile growth phase, such as Arabidopsis thaliana, are threaded by
shading, they respond with an upward movement of leaves (hyponasty) and increased petiole elongation.
These growth responses are gated by the circadian clock. Leaves are more horizontal in the morning,
reaching a more vertical position in the evening and returning to a horizontal inclination in the morning.
Up to now, studies on circadian leaf movements have usually applied photogrammetry, as measurement
technique, which is elaborate and time-consuming. Here, we propose to use a laser scanner mounted in
the Scanalyzer HTS (Lemnatec GmbH, Würselen, Germany) to record time-lapse images of Arabidopsis
rosettes and measure circadian leaf movements. Shade conditions (low R/FR) in the Scanalyzer HTS are
mimicked using FR emitting diodes.
The outputs of the laser scanner are height-scaled images, which are recorded each hour during a period
of 48-72 hours. The image processing steps are illustrated in the accompanied figure and summarized
hereafter:
I) conversion of height-scaled laser scanner images to 3D point clouds,
II) segmentation of point clouds to relate points to distinct plants,
III) selection of the basal plant point (geometric origin of leaves),
IV) selection of the blade-petiole intersection points,
V) fitting of a parametric surface that superimposes best with the point cloud.
As a result, leaf surfaces are depicted as parametric surfaces, which in turn are computed using a 3D leaf
model. The model parameters petiole angle and length are the SAS traits we are interested to measure.
Here, we want to present our phenotyping method, its robustness and results from shade avoidance
experiments with Arabidopsis using a range of genotype, daylength and FR treatments.
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Common InfectX Data Analysis Workflows
M. Emmenlauer, P. Rämö, C. Dehio
University of Basel

InfectX is a consortium of 11 research groups, covering bacterial entry, viral entry, proteomics and
modeling, plus a group of supporting functions. The goal of InfectX is to comprehensively identify the
components of the human infectome for a set of important bacterial and viral pathogens and to develop
new mathematical and computational methods with predictive power to reconstruct key signaling
pathways controlling pathogen entry into human cells. The consortium uses state-of-the-art experimental
approaches, i.e. genome-wide high-content RNAi screening and proteomics, to systematically identify the
human infectome involved in pathogen entry. In order to produce reproducible and comparable data,
within such a large-scale collaborative and interdiciplinary project, a challenge is to produce standards for
data acquisition, analysis, and sharing. We have developed, and validated, a common InfectX image
analysis pipeline that includes all necessary steps for automated image quality control, image
normalization, object segmentation, feature extraction, and data normalization. In order to cope with huge
data volumes, open-source IT-infrastructure projects for image and data analysis, storage, and sharing
have been initiated within the SystemsX and SyBit. In particular, OpenBIS (distributed system for
managing biological information), iBrain2 (fully automated workflow processing manager), and
CellClassifier (Data browser and machine learning tool) provide a seamless information flow from the
automated microscopes, through image analysis on cluster computing, to the final statistical results.
Novel multiparametric analysis and modeling approaches, including supervised and unsupervised
machine learning techniques, are being integrated within the analysis workflow.
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Polycomb Targets Stalled Promoters of Coding and Noncoding Transcripts
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The Polycomb group (PcG) and Trithorax group (TrxG) of proteins are required for stable and heritable
maintenance of repressed and active gene expression states. Their antagonistic function on gene control,
repression for PcG and activity for TrxG, is mediated by binding to chromatin and subsequent epigenetic
modification of target loci. Despite our broad knowledge about composition and enzymatic activities of the
protein complexes involved, our understanding still lacks important mechanistic detail and a
comprehensive view on target genes. In this study we use an extensive data set for gene expression
(RNA-seq), Chromatin-Immunoprecipitations (ChIP-seq) and a new protocol for genome-wide detection of
transcription start sites (5’-MACE) to identify and analyze thousands of binding sites for the PcG proteins
and Trithorax from a Drosophila S2 cell line. In addition of finding a preference for promoter regions of
annotated genes with stalled Polymerase, we uncover many intergenic PcG binding sites coinciding with
non-annotated transcription start sites. Interestingly, this set includes previously unknown promoters for
primary transcripts of microRNA genes, thereby expanding the scope of Polycomb control to non-coding
RNAs essential for development, apoptosis and growth.
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Recording of Light Induced Neural Activity of Mouse Retinal Ganglion Cells
on an Integrated High-density Microelectrode Array
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In order to understand and elucidate the functioning of neural circuits, the activity of neural populations
must first be investigated.
Here we report the use of an integrated high-density microelectrode array, containing 11,011 electrodes
in a 3.5 mm2 area, to simultaneously record action potentials of functionally distinct neural populations in
the mammalian retina.
We demonstrate the ability to project light stimuli onto the retina, while recording using the microelectrode
array, in the absence of any light-induced artifacts in the recorded signals.
Single-cell action potentials are detected on multiple electrodes, allowing for recording retinal ganglion
cells (RGCs) activity at subcellular resolution.
Finally, the considerable degree of flexibility in electrode configuration allows for selection of a defined
population of retinal ganglion cells for extracellular recordings.

Figure: Strategy to select a defined population retinal ganglion cells.
a: Sensor area, 11,011 electrodes (black) and a region of interest (red, green, blue, yellow) that can be visually stimulated and
recorded by high density electrode blocks.
b: RGCs footprints of different RGCs after spike sorting.
c: Selection of electrodes under RGCs of interest to target a defined population type.
d: RGCs footprints on selected electrodes from five RGCs.
e: Polar plots showing that the recorded cells are all direction selective with the same preferred.
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The STRING Protein Network Database and Related Resources for
Systems Biology
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The STRING resource (“Search Tool for the Retrieval of Interacting Genes”) is a database and website
dedicated to protein-protein interaction networks. In contrast to related tools, STRING is a comprehensive
meta-site aiming to integrate all available interaction information, and to provide benchmarked confidence
scores for each interaction. Furthermore, the interactions stored in STRING are not limited to physical
binding between proteins, but include co-expression relations, shared pathway memberships and other
functional interactions.
Within SystemsX.ch, the STRING resource is applied in the context of the projects PhosphoNetX and
InfectX. For both, it serves as a regularly updated ‘scaffold’ upon which to project the data from the
various experiments. This enables seamless quality filtering and scoring, and serves as an essential
stepping-stone towards more elaborate, mechanistic models. After having rolled out a major update of
STRING, which increased coverage to more than 5 Mio proteins in 1133 organisms, we are now planning
several specialized resources that are based on and integrated with STRING.
In the context of the InfectX, and also for other efforts that generate ‘gene lists’ as their initial results, our
group is developing "Screen-Compara", a web-application to compare the results of systematic RNAi
perturbation screens. The web-application takes as input several gene lists at the same time and lets the
user visualize shared genes and pathways in an interactive way. Suitable statistics are implemented in
order to take into account different backgrounds, phenotype scores, rank order of the genes in the list,
enrichment in protein-protein interactions and enrichment in annotations. Annotations are gathered
automatically from several databases including the Gene Ontology, KEGG, and REACTOME. ScreenCompara is tightly integrated with STRING, such that extensive network visualization can immediately be
offered as well, and statistical enrichment of the gene lists with respect to protein-protein interactions is
reported.
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A Chemoproteomic Technology for the Ligand-based Receptor
Identification on Living Cells and Tissues
A. Frei, O. Jeon, S. Kilcher, J. Mercer, R. Aebersold, E. Carreira, B. Wollscheid
ETH Zurich

Introduction: Physiological responses of ligands such as proteins, peptides, pharmaceutical drugs, toxins
or whole pathogens are generally mediated through interactions with specific cell surface protein
receptors. However, due to technological limitations in the ligand-based identification of corresponding
receptors, many signaling molecules remain orphan ligands without known primary molecular targets –
invaluable information in understanding the respective mechanisms of signal transduction, drug action or
disease. Here, we provide chemoproteomic technologies for the understanding of the cell surfaceome as
a complex information gateway and a means to identify target glycoprotein receptors and receptor panels
for orphan ligands of almost every description.
Methods: Previously, we have developed the cell surface capturing (CSC) technology for the unbiased
identification and quantification of cell surface N-glycoproteomes by mass spectrometry (MS) (Wollscheid
et al. Nat Biotech 2009). This demonstrated the powerful applicability of chemical reagents in the tagging
of cell surface glycoproteins at carbohydrate groups and the subsequent purification of the corresponding
peptides for MS analysis. Here, we describe the synthesis of specifically designed trifunctional
chemoproteomic reagents and their application in the novel ligand-based receptor capturing (LRC)
technology. This quantitative MS-based approach allows for the highly specific and sensitive detection of
ligand-receptor interactions on living cells without the need for genetic manipulations or specific
antibodies.
Results and Conclusions: Experiments with ligands ranging from peptide hormones to clinical antibodies
demonstrate the potential of the LRC technology to identify one or more N-glycoprotein receptors for a
given ligand with great statistical power and to reveal rough binding site information. Advanced discoverydriven applications led to the identification of potential receptors and receptor panels for (promiscuous)
orphan ligands ranging from protein domains to intact viral particles. Follow-up experiments such as
combinatorial siRNA knock-down of receptor candidates confirmed their role in the respective biological
processes ranging from cell differentiation to pharmacodynamics and viral infection of host cells. In
summary, we provide the LRC technology as a novel systems biology tool to identify the N-glycoprotein
receptome for orphan ligands under near-physiological conditions.
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Morphodynamic Profiling to Explore Spatio-temporal Signaling Networks
Regulating Neurite Outgrowth
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Neurite outgrowth requires a highly sophisticated signaling program that involves co-ordinated regulation
of cytoskeletal, adhesion and trafficking dynamics. Rho GTPases have the potential to co-ordinate all of
these cellular events and have been shown to signal on time and length scales of tens of seconds and
single microns. However, neurite outgrowth phenotypes in response to molecular perturbations (siRNA,
drugs, …) are typically evaluated using static parameters such as neurite length, axonal specification or
cytoskeletal structures that are uninformative with regards to any of the more subtle signaling patterns
that are essential for neuronal morphogenesis. We have previously elucidated the neurite proteome using
shotgun proteomics and have used a bioinformatic approach to identify a neurite-localized 220 protein
Rho GTPase interactome. The challenge is now to identify modular, spatio-temporal signaling networks
that specifically regulate different neurite outgrowth subfunctions such as neurite inititation, elongation,
guidance, filopodial movement. We have previously shown that evaluating the whole morphodynamic
history of the neurite outgrowth process by timelapse imaging is highly informative to understand the
spatio-temporal modularity of Rho GTPase signaling. Here we present a robust high-throughput
timelapse imaging platform that allows to acquire 240 two-color timelapse movies across a 24 well plate
for a period of 24 hours with 12 minute resolution. This is currently being used for performing a siRNA
screen of the Rho GTPase interactome mentioned above. In the context of a multi-disciplinary
collaboration (see additional posters), this will be interfaced with 1. a computer vision framework that
allow to automatically segment neuronal shape and extract a large variety of morphodynamic parameters,
and 2. computational machine learning techniques that will allow to phenocluster the morphodynamic
features associated with each molecular perturbations. Here, we present our global approach as well as
the first phenotypes observed by targeting part of the Rho GTPase network. Identifying discrete spatiotemporal signaling networks operating during neurite outgrowth, has the potential to greatly simplify the
Rho GTPase protein interaction network and make it accessible for modeling efforts.
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Systems and synthetic biology heavily rely on quantitative data. Most efforts in biology have thus far
focused on inventorying and mapping genomes and proteomes. Genome sequencing and gene
expression analysis have provided insight into genomic architecture, and functional genomics approaches
have mapped network topologies. However, network topologies alone are not sufficient to model complex
biological processes. Precise quantitative dynamic information describing each node of a network is
instead necessary.
Here we present an integrated microfluidic device based on MITOMI (mechanically induced trapping of
molecular interactions), capable of characterizing 768 independent biomolecular association and
dissociation rates in parallel. MITOMI is a versatile detection platform capable of measuring a variety of
biomolecular interactions including protein-protein, protein-DNA, protein-RNA, and protein-small
molecule. We applied our platform to the high-throughput characterization of transcription factor (TF) –
DNA interactions.
To measure kinetic rate parameters our kinetic MITOMI platform (MITOKI) uses rapid and repeated
actuations of the MITOMI “buttons” to follow the association and dissociation of fluorescently labeled
molecules to surface bound proteins. Using this process we measured the association and dissociation
kinetics of 220 DNA sequences (all 3mer ZF variants) to ZIF268 in triplicates. We also measured the
kinetics of 48 yeast TF DBD with their cognate DNA binding sequences in parallel on a single device. All
48 TF DBDs were synthesized, immobilized, and characterized on-chip. Our platform captures on
average 22’000+ data points in a single experiment.
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Characterization of Interphase Microtubule and Shape Regulators Using
High-throughput, Automated Image Analysis
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Microtubules are key determinants of a variety of eukaryotic cellular features, including global cell shape,
intracellular transport, organelle positioning, and cell division. Therefore, understanding how microtubule
organization occurs precisely is crucial to understand how it mediates normal cellular shape and therefore
function, and it may provide important insights into the cause of diseases associated with microtubule
malfunction.
Our lab wants to comprehensively identify factors that regulate microtubule organization during cell
growth (’interphase’), determine their precise contribution to microtubule patterning, and assess the
relationship between different microtubule patterns and cell shape.
To answer those questions we use Schizosaccharomyces pombe, an unicellular organism, whose
genomic simplicity, uniform cell size and shape, and simple microtubule organization makes it ideally
suited for such a study. Using this model organism, we carry out a high-content/high-throughput
microscopic screen for microtubule regulators using a collection of fission yeast strains knocked-out for
each gene in the genome (’deletion collection’).
We develop an automated image processing pipeline to analyze the large sets of 3D microscopic images
of the screen by segmenting cells and microtubules in 2D and 3D respectively and quantitatively
characterizing them by extracting features. Using the numeric description of cells and microtubules we
apply statistical methods and data mining to quantitatively identify microtubule patterns and cell shape
variations and distributions in cell populations under different genomic conditions in an unbiased, reliable
and sensitive way.
With this approach, we hope to obtain the most detailed genomic coverage of microtubule regulators for
any eukaryote and identify conserved, novel microtubule regulators of general importance.
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Systems Biology of Membrane Lipids During Drosophila Development
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Lipids are rapidly moving to center stage in many fields of biological sciences and technological
advancements in lipid analysis is a major driving force for the emergence of lipidomics, the systems-level
scale analysis of lipids and their interacting factors. An interesting phenomenon in lipid biology is the
structural uniqueness of lipids between various eukaryotic model organisms. While substantial efforts in
providing the scientific community methods for comprehensive coverage of the lipidome have been made
in yeast and mammalian systems, such a resource is fairly limited for the powerful model organism,
Drosophila melanogaster. We combined multiple mass spectrometric approaches to systematically
catalogue the lipid composition of the fruit fly and create a Drosophila Lipid Atlas. While there is
accumulating evidence of lipids in drosophila development, these are mainly based on genetics and cell
biology study. To further our understanding of the role of lipids during development, we applied the
approach to examine the lipidome of Drosophila during its life cycle. Candidate pathways will be identified
and targeted by genetic means to unravel novel mediators critical for development.
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Towards Determination of Natural Variation in Blood Lipids
B. Husna, L. Bowen, C. Yingning, S. Guanghou, T. Yik Ying, P. Little, M.R. Wenk
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Recent advances in mass spectrometry complement existing platforms in providing rapid and sensitive
methods for metabolite profiling. These emerging technologies allow better and more comprehensive
detection of various metabolites including lipids. Many unanswered questions remain on the impact of
genome natural variation in healthy population. The basis of biological variation cannot be completely
explained by genomics, transcriptomics and proteomics. Lipidomics offers an avenue to complement
these traditional technologies in helping to study lipid profiles across various conditions. Lipids have been
found to be important in human health where dysregulation has been reported in pathological conditions
such as neurological disorders, autoimmune diseases and cancer, among many. It is, however,
imperative to understand how lipids vary in normal physiological settings. As such, this study aims to
explore the range of biological variation in human plasma of various lipids including glycerophospholipids,
sphingolipids and sterol derivatives in 360 healthy fasting Singaporeans. Targeted mass spectrometry
using multiple reaction monitoring (MRM) was used to quantify over 200 individual lipid species. In a first
step, variation that is introduced by sample pre-processing and instrumentation, i.e. technical variation,
has been carefully considered. Ultimately, this work aims to quantify biological variation and link
metabolite patterns with genomic and transcriptomic data to provide a biological meaning on underlying
mechanisms.
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Towards Visual Proteomics by Electron Microscopy: Vision, Developments
and Preliminary Results
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Systems Biology aims to quantify the molecular elements of a biological system, to determine their
interactions and to integrate this information into network models(1). (Cryo-) electron microscopy (EM)
tomography, the ultimate technique(2) to determine the structural and temporal arrangement of these
network components, is restrained by several factors; the thickness of the cell studied must be less than
2µm(3) and the required template matching is limited to relatively large protein complexes. Also as only
structural information is gathered it is difficult to link the data to other methods (eg. mass
spectroscopy(4)). Thus, there is a demand for complementary approaches that cross-integrate with other
experimental system biology techniques.
We envisage a new method allowing the quantitative analysis of eukaryotic cell contents in terms of mass
and structure. This requires the physical lysis of the cell followed by adaptable processing steps and the
subsequent transfer of the total content to an EM grid. This library of ultrastructural components can then
be analyzed for mass and structure by EM. A versatile, modular sample and grid preparation method is
being developed using microfluidic and microcapillary technology. A basic setup consisting of a first
processing unit (negative staining and desalting) and a hand-over unit for the sample transfer has been
built. This new sample preparation method allows the lossless pattering of EM grids with cellular
components in a semiautomatic procedure with high reproducibility. Initial results show, that the method is
applicable to process the total contents of cell lysates (Figure): Soluble proteins, filaments and
membranes are clearly resolved with excellent structural preservation and little aggregation. Further,
transferred samples are suitable for structural analysis by transmission EM (TEM) or for mass
determination by scanning transmission EM(5). An overview of the project and a progress report are
presented.

Figure: TEM images of negatively stained baby hamster kidney cell lysate. (left) Filamentous structures with the structure and
dimensions expected for actin filaments; (right) Typical membrane structures with integrated membrane proteins with the shape of
ATPases.
References.:
1. Aderem, A. Cell 121,511-513 (2005)
2. Ben-Harush, K. et al. J Cell Sci 123,7-12 (2010)
3. Leis, A. et al. Trends Biochem Sci 34,60-70 (2009)
4. Aebersold, R. & Mann, M. Nature 422,198-207 (2003)
5. Müller, S.A. & Engel, A. Micron 32,21-31 (2001)
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Metabolite flux profiling is a powerful tool to elucidate targets for medical therapy.1 Particularly suited are
LC-MS methods which allow monitoring kinetics of heavy isotope incorporation into metabolite pools.
Critical aspects of the approach are an efficient sampling method that involves complete removal of
medium components and secondly a high sensitivity method to reduce the number of cells required per
sample analysis.
To address these challenges in metabolome analysis, a nanoscale ion-pair reversed-phase HPLC-MS
method was developed which allows identification and quantification of negatively charged compounds
including central metabolites 2. Due to the very high sensitivity of the developed setup, less than 100
HeLa cells are required per injection. In a second step sampling of HeLa cells has been optimized by
introducing cell carrier plates which allow a fast washing step and permit to drastically decrease matrix
effects during HPLC-MS analysis. Optimized methods and protocols were applied to follow differences in
substrate utilization between non-infected and Shigella-infected cells monitoring kinetics of heavy isotope
incorporation into metabolite pools.
A number of metabolic changes of HeLa metabolism were observed during Shigella infection, i.e.
significant changes in metabolite pool sizes between infected and non-infected cells were observed. A
remarkable change was observed for the ATP level of infected cells. Compared to non-infected cells, the
ATP pool was found to be about 5 times decreased. Other metabolites i.e. hexose phosphates and
pentose phosphates remained almost unchanged. Labeling incorporation revealed some major
differences in pathway activities, e.g. labeling incorporation into acetyl-CoA was significantly faster for
infected HeLa cells compared to non-infected cells for similar pool sizes These results underscore
metabolic shifts of central metabolism upon pathogen infection.
References:
1. Munger, J. et al. Systems-level metabolic flux profiling identifies fatty acid synthesis as a target for antiviral therapy. Nat
Biotechnol 26, 1179-1186 (2008).
2. Kiefer, P., Delmotte, N. & Vorholt, J. A. Nanoscale ion-pair reversed-phase HPLC-MS for sensitive metabolome analysis. Anal
Chem 83, 850-855, doi:10.1021/ac102445r (2011).
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RNAiatlas - Anotation of RNAi Libraries and Prediction of Off-target Effects
in an RNAi Screen
K. Kozak
ETH Zurich

The occurrence of off-target effects is still a challenging aspect in the interpretation of data from largescale RNA interference screens. Up to now many methods have been found to reduce these effects, but
they cannot completely avoid them. In the framework of this paper a methods and database for the
analysis of off-target effects will be presented which can be applied after High Content Screenings (HCS).
Additionally new statistical methods for hit selection in RNAi HCS experiments will be describe.
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Functional Insights from Protein-protein and Genetic Interaction Maps
N. Krogan
University of California (San Francisco, USA)

Pathways and complexes can be considered fundamental units of cell biology, but their relationship to
each other is difficult to define. Comprehensive tagging and purification experiments have generated
networks of interactions that represent most stable protein complexes. We describe this work in various
organisms, including budding yeast and in infectious organisms like HIV and TB, and show how the
analysis of pairwise epistatic relationships between genes complements the physical interaction data, and
furthermore can be used to classify gene products into parallel and linear pathways.
NIH-GM084448; NIH-GM084279; NIH-GM082250.
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Structure of Complex Macromolecular Assemblies by Electron
Tomography and Sub-volume Averaging
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Cryo electron tomography combines the potential of 3-dimensional imaging of entire bacteria or
eukaryotic cells thinner than 1 µm with close-to-native state cryo preservation of the sample. Thicker cells
may be frozen under high pressure and physically sliced at ~100 nm thick sections (1). Resolution of the
reconstructions ranges at 4-6 nm and is limited by sample thickness; repeating elements i.e. ribosomes or
flagellar motors may be computationally processed to produce higher detail average structures. Such
structures generally have lower resolution than single particle cryo electron microscopy (cryo-EM) of
isolated complexes, but show the object of interest in the context of the cell. Among other
macromolecular complexes we study a bacterial injectisome (type III secretion system) that is commonly
used by bacteria to initiate the invasion process by injecting bacterial effector proteins to the host cell (2).
Structural analysis is hampered by a large thickness of the bacteria. In order to increase the contrast to
facilitate detection of the injectisomes, data collection at stronger defocus is required, which then
dampens the contrast transfer function (CTF) of the microscope, limiting the directly interpretable
resolution of the data. Deconvolution of the CTF, as commonly applied in single particle cryo-EM, fails
with thick samples. We are therefore developing a focal pair tomography approach: This imaging protocol
involves the acquisition of two tomograms of the same object – one having high contrast but limited in
resolution to 6 nm, other having low contrast but containing higher resolution data. Mutual alignment and
iterative refinement of the average of ~1000 subvolumes containing injectisomes from high contrast
tomograms resulted in a CTF-limited structure. For every projection having an injectisome we perform
the alignment of high and low contrast views based on local cross correlation. We further use a genetic
algorithm that takes rotation geometry into account and discards misaligned projections from further
processing. We aim at resolution improvement for sub-tomogram averaging, to study the structure of the
native injectisome in its cellular context.
References:
1. Leis A, Rockel B, Andrees L, Baumeister W., (2009), 34, 60-70
2. Cornelis GR. (2006) Nat Rev Microbiol., 11, 811-825
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In Vitro Reconstitution of Yeast Silent Chromatin: Towards a Molecular and
Structural Understanding of Silencing
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Heterochromatin is a specialized, heritable chromatin structure that silences distinct regions in eukaryotic
genomes. It is generally characterized by a compact, less accessible chromatin and repressive histone
marks. S. cerevisiae heterochromatic regions are bound by the Silent Information Regulatory (SIR)
proteins Sir2, Sir3 and Sir4 and contain non-modified nucleosomes.
The SIR system is the best studied case of epigenetic silencing, many factors have been described in
yeast that interfere genetically with silencing. In addition, several interactions between the SIR complex
and binding partners have been mapped and we have structural information of almost 50% of the
complex. However, even though we have a thorough understanding of the genetic requirements for
silencing, we do not know how the SIR complex binds chromatin and silences transcription.
To gain insight into this question, we have developed a reconstitution system that permits us to study the
binding of the SIR complex to an array of regularly spaced nucleosomes. Our initial biochemical analysis
showed that the system recapitulates many characteristics of yeast silent chromatin like DNA sequence
independent binding and protection of linker DNA from nucleases.
We are currently exploiting this system to tackle the structure of silent chromatin by electron microscopy.
As a first step, an EM structure of the Sir2-3-4 complex is to be solved and we will then address how the
complex interacts with chromatin and induces higher order structure formation. We are currently
implementing automated particle picking to obtain a better 3D model. This will hopefully allow the fitting
of very recently solved X-ray structures of domains of the SIR proteins to get a clearer picture of the
overall complex architecture and its chromatin binding mode.
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Label-free High Content Screening by Digital Holographic Microscopy
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Phenotypic screening by fluorescence imaging is widely used for investigating a variety of biological
processes in academic screening platforms as well as in modern pharmacological research. Usually, the
goal is to detect cellular phenotypes induced by compounds (i.e. chemicals and siRNAs). For putting into
evidence the biomarkers characterizing the different phenotypes, multiple labels and labeling approaches
are often required leading to multiple cell-associated parameters defining or characterizing a given
phenotype. Those derived from morphological changes appear as highly relevant biomarkers for getting
information about various biological processes within the cell.
Here we focus on cell viability, which is of paramount importance in the pharmacological context and in
general, in the bioactive probes discovery field. Early toxicological profile of compounds is valuable for the
selection of candidate molecules for hits validation, secondary screen and for the hits follow-up process.
Moreover, the further characterization of the cell death type, apoptosis, necrosis, or autophagy, may
provide additional relevant information about the compounds effects on a given cell type.
For overcoming most of the limitations associated with automated fluorescence microscopy screens, we
present a novel non-invasive label-free technology called Digital Holographic Microscopy (DHM) for
routine use to monitor cell viability for phenotypic toxicological profiling of chemicals and siRNAs. This
DHM technology can not only avoid the use of multiple invasive and sometime costly dyes, but its data
output is naturally quantitative (proportional to dry mass) and the technique is free of focusing issues
thanks to a unique “digital refocusing” feature. Here we are showing an excellent agreement between
DHM-based cytotoxicity screening assays and fluorescence microscopy “control” screens based on
Hoechst and Propidium Iodide dyes (see Figure). Moreover the DHM data post-processing appears as
entirely compatible with common cell imaging software, like e.g. CellProfiler.

Figure: Endpoint 24h CHO cells assay with three imaging channels: label-free DHM (a,d), Hoechst fluorescence (b,e), and
Propidium fluorescence (c,f). (a-c): control experiment (living cells); (d-f): lethal experiment with EDTA 10 mM. Field-of-view is 360
um.

156

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | NovTech-28

SyBIT Tools for SystemsX.ch
P. Kunszt, E. Hunt
SystemsX.ch

SyBIT has developed several tools for SystemsX.ch to manage the large volumes of data, automate
processing of data, to visualize and analyze the data and also to publish and share results.
We give an overview on the multitude of tools that have been developed by SyBIT until now.
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Machine Learning Techniques to Analyze Complex, Computer VisionExtracted, Dynamic Cellular Phenotypes
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Understanding cell morphologies and morphodynamics remains a challenging task in cell biology. In the
field of neurobiology, the effect of molecular perturbations have mostly relied on static images of neurons
to assess parameters such as neurite length, axonal specification or cytoskeletal structures. However,
during neurite outgrowth, we have recently shown that the whole morphodynamic history of this process
is a much more precise readout to assess the effect of specific molecular perturbations. In the context of
a collaborative, multidisciplinary effort, we are exploring the effect of perturbations of a Rho GTPase
signaling network that consists of 220 proteins identified to be neurite-localized in a shotgun proteomics
approach. We have devised a high-throughput timelapse imaging platform to assess the effect of siRNAmediated perturbations during the dynamic neurite outgrowth process. We also have devised a computer
vision framework to automatically segment and extract a large set of cellular morphodynamic features
occurring during neurite outgrowth (e.g. the morphodynamic vector). Here we present tools that allow to
mine the different morphodynamic vectors we have extracted to group similar cellular phenotype. Classic
methods usually involve statistical tests for knowing if two groups of data are different. But these tests
most often consider individual features, and make strong assumption such as normal distributions. We
propose to use machine learning tools to classify the morphodynamic
vectors, and indirectly estimate if features are informative. This approach allows to use sophisticated
learning strategies which exploit the joint behavior of features, hence taking into account statistical
dependencies between them. We have analyzed vectors consisting of 95 morphodynamic features. The
features are randomly split into training set and test sets. A classifier is first learned from the training set,
and used to classify the test set. This operation is repeated one hundred times for extracting a mean
correct classification rate which reveals the ability for classifying the morphodynamic phenotypes. As
proof of concept, this was performed on four genes. In average, the classification rate approximatively
reaches 70% which means that features are informative.
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Development of a New Generation of Versatile FRET Based Biosensors.
M. Letzelter, O. Pertz
University of Basel

Single chain, genetically encoded FRET-based biosensors are important tools that allow to visualize
signaling events with high spatio-temporal resolution in single living cells. While existing sensors have
proven invaluable, there is both room and need for improvements in terms of brightness and dynamic
range to provide robust measurements. Furthermore the construction of these sensors has proven to be a
tedious task. To address this need, we have constructed a universal biosensor library that can be applied
to rapidly construct highly sensitive FRET probes for a wide variety of signaling molecules. The biosensor
library takes advantage of a modular design in which domains can be rapidly exchanged, and allows to
create geometrical diversity by using different circular permutated GFP mutants at the donor and the
acceptor positions, various linkers and shuffling of the signaling and sensing domains. This allows to
accommodate structural constraints imposed by the signaling domains, and at the same time to maximize
the FRET change between the “on” and “off” states in the biosensor. Starting with pre-existing, 1st
generation biosensor designs, we constructed 75 RhoA and 100 ERK sensors and evaluated the extent
of FRET change between their “on” and “off” states. The best constructs displayed enhancements in
dynamic range of 3 and 1.5 times respectively, compared to the 1st generation biosensor. The use of
mTeal as donor fluorophore led to a two-fold increase in brightness over a sensor using cerulean. This
allows to cut down drastically exposure time, and therefore significantly limits bleaching and phototoxicity.
The high dynamic range allows for much more robust measurements. We monitored spatio-temporal
RhoA signaling during neurite outgrowth and surprisingly observed that the bulk of RhoA activation
localizes to filopodia present at the growth cone and on the neurite shaft. More diffuse regions of active
RhoA can also be observed at the tip of retracting neurites. This redefines previous models of Rho
GTPase signaling and suggests the existence of different spatio-temporal RhoA pools controlling different
functions.
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Accelerating 3D Protein Modeling Using Cloud Computing
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Detailed knowledge about the protein structures in highly virulent pathogens is essential in the fight
against antibiotics-resistant bacteria.
However, to prediction a proteins structure from the amino acid sequence, researchers often do not have
access to the amount of computing power they would need. In a collaboration between IBM, the ETH
Zurich and the Swiss high-performance cloud computing start-up CloudBroker, we have demonstrated
that this type of calculation can be done using existing Cloud Computing technology in a very reasonable
amount of time.
In just 10days we were able to model 249 proteins that would have otherwise taken almost a year on the
computational resources available to the ETH research team. Using CloudBroker's technology to provide
easy access to Rosetta on the IBM Cloud, over 30'000 work units were sent to 1000 cores in the IBM
Cloud.
The IBM Cloud environment is especially interesting for life science research because unlike on the
Amazon EC2, access is only granted to authorized partners and customers, and data access is more
strictly controlled and monitored.
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Processing Proteomics Data in the Cloud (pCloud) - A Performance Study
A. Markovic, E. Qeli, S. Barkow-Oesterreicher, C. Panse, C. Türker, R. Schlapbach
FGC Zurich

The processing of proteomic data is challenging and involves different algorithmic steps that can be
computationally demanding. Peptide spectrum assignment as well as the detection and identification of
post translational modifications of proteins with mass spectrometry constitute such examples. These
embarrassingly parallel tasks can occupy hundreds of nodes for several days on a typical cluster.
In this work we demonstrate how we seamlessly integrate cloud
resources into our local computing infrastructure to handle sporadic compute peaks, obtaining thus a
scalable system. This is accomplished by booking additional resources on demand from the Amazon EC2
cloud service.
We performed benchmarks comparing the local HPC cluster facility at the University of Zurich with the
cloud based solution. The results with respect to network bandwidth, CPU performance, and robustness
showed that this is a competitive option for computationally intensive tasks in life sciences. Hence, life
science HPC on a single workstation becomes possible.
This is the cloud the way it should be: automatic and effortless. pCloud is seamlessly integrated into local
proteomics computing, so every project member can compute their proteomics searches from
everywhere. And it’s free with a FGCZ project.
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Imaging Mass Spectrometry of the Drosophila Melanogaster Wing Imaginal
disc
1

2

2

2

1

2

F. Marty , L. MacAleese , A. Karchenko , G. Eijkel , K. Basler , R. Heeren , E. Brunner
1
2
University of Zurich, AMOLF/FOM Institute (Amsterdam, NL)

1

A tightly controlled and time-resolved genetic program guarantees that an organism is properly
assembled and reliably consists of the necessary and precisely positioned structures. Importantly, our
current understanding of development is primarily based on the genome and the proteome analysis.
However, there is increasing evidence that small molecules play essential roles during development. In
our work we address the question what role small molecules play in the developmental processes of
growth, pattern formation and maintenance during development and adulthood. Using the wing imaginal
disc of Drosophila melanogaster we investigate these question with secondary-ion-masspectrometric
imaging (SIMS-IMS) combined with lipid profiling technologies.
In a first attempt we could show that SIMS-IMS combined with principle component analysis (PCA)
generates patterns of m/z values which are reminiscent of expression patters of proteins that are
essential for developmental processes of the wing imaginal disc. These results are supported with overlay
experiments that correlate the patterns obtained by PCA with genetic patterns marked by the expression
of GFP-tagged proteins. Currently we are applying lipidomics technologies to gain further knowledge
about the identity of the m/z values we identified in the IMS approach.
At the 1st International SystemsX.ch Conference on Systems Biology the current workflow , results
obtained by SIMS-IMS and the challenge for the identification of candidates related to the patterns will be
presented. Furthermore, the authors will give a brief outlook about the planed experiments to task the
biological role of these molecules and will show how IMS combined with other profiling technologies and
standard molecular biological experiments can be used to gain knowledge about the role of different
molecular classes during growth, pattern formation, boundary establishment and maintenance.
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Scanning Transmission Electron Microscopy in Systems Biology
S.A. Müller, G. Schweighauser, P. Ringler, S. Arnold, S. Kemmerling, A. Engel, H. Stahlberg, T. Braun
University of Basel

Quantitative scanning transmission electron microscopy (STEM) allows the mass of a protein complex to
be determined from its electron scattering power. Further, the presence of an image allows this mass to
be directly linked to particle shape. Generally complexes present in purified protein samples have been
assessed; heterogeneity, when present, arising from the presence of various assembly states,
dissociation/aggregation of the complex and/or from the few impurities remaining. With the development
of systems biology, the application of mass measurement by STEM to much more complex
heterogeneous samples is of interest. Coupled to recently developed loss-less sample preparation
techniques STEM promises a way to determine the relative concentrations of various large sample
components (> 100 kDa into the MDa range) in small liquid volumes (Figure). Indeed, the ability of the
technique to sort the complexes present according to mass and shape (1) should facilitate their
identification and further analysis by other types of electron microscopy, and optimally complement other
techniques used in systems biology such as mass spectroscopy (MS). Recent developments in the
integration of STEM in systems biology will be demonstrated and feasibility studies will be presented.

Figure: Loss-less sample preparation by sample “writing” (A) of a calibration sample (TMV) and its corresponding image and massper-length distribution (inset) (B).
Reference:
1. Engel, A. (2010) Assessing biological samples with scanning probes. Single Molecule Spectroscopy in Chemistry, Physics and
Biology 96, p.417-431
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Precise Growth Rate Measurements of Schizosaccharomyces Pombe
Grown in a Microfluidic Environment
J.B. Nobs, S. Maerkl
EPF Lausanne

Cells can be seen as complex systems with several measurable outputs. Among those, growth rate can
be easily recorded and is information rich. Unicellular organism growth rate can be influenced by both
endogenous and exogenous perturbations that have a potentially wide range of effects.
In order to obtain precise growth rate measurements we developed an automated microfluidic imaging
platform. We also developed image analysis software that allows us to segment, track, and precisely
detect cell divisions to simultaneously measure the growth rate of thousands of individual cells.
The microfluidic device is made up of 120 micro-chemostats (chambers), each capable of holding ~10ˆ3
cells. The environment surrounding the cells stays constant over the course of the experiment while
excess cells are washed out. We have the capability to grow 8 different strains in parallel for several
days with media-exchange. Time-lapse movies are recorded with an automated inverted microscope. By
merging the results obtained in each of the chambers we can obtain population distributions of growth
rates.
We demonstrated this set of tools by measuring Schizosaccharomyces pombe populations grown at
different temperatures in rich medium. This set of tools allows us to detect small growth rate differences
and measure the impact of perturbations on the cells.
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Improvements of the T3PQ (Top 3 Protein Quantification) Method for
Label-free Relative and Absolute Quantification Analysis
C. Panse, J. Grossmann, S. Barkow-Oesterreicher, B. Roschitzki, P. Nanni, A. Wahlander, C. Fortes,
R. Schlapbach
FGC Zurich

Label-free methods are an attractive alternative to labeling approaches for proteomics researchers
seeking for accurate quantitative results. In previous work, several open source analysis tools were
evaluated using two reference data
sets. The T3PQ method (1) is our implementation to FT instruments of the method suggested by Silva et
al. (2). We show now that the method also works for fractionated data sets and with inclusion/exclusion
option a deeper coverage can be achieved. The method is based on the assumption that for each protein
identified by a set of peptides, the average of the three most efficiently ionized and therefore highest MS
signals directly correlate with the input amount of the corresponding protein. As most of the label free
quantitation methods, T3PQ is based on the calculation of the peak intensity of the first peptide isotope at
its most abundant charge state. In order to improve the method, in the present study the effect on the
quantitation results using peak area instead of peak intensity, together with the inclusion of different
peptide isotopes and charge states, has been evaluated.
We use data generated in the BattleX project. This data was deconvoluted to combine all the detected
charge states and isotopes into 1 signal for each peptide and the results are reported. The T3PQ
quantitation method is
based on the presence of 3 peptides for each protein in 1 single LC-MSMS run. As further improvement
of the method the effect of peptide fractionation and the possible separation of the 3 most intense
peptides in different fractions has
been taken into consideration.
References:
1. Grossmann J, Roschitzki B, Panse C, Fortes C, Barkow-Oesterreicher S, Rutishauser D, Schlapbach R. Implementation and
evaluation of relative and absolute quantification in shotgun proteomics with label-free methods. J Proteomics. 2010 Aug
5;73(9):1740-6.
2. Silva JC, Gorenstein MV, Li GZ, Vissers JP, Geromanos SJ. Absolute quantification of proteins by LCMSE: a virtue of parallel MS
acquisition. Mol Cell Proteomics. 2006 Jan;5(1):144-56.
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Biosensors for Real-time, Single Cell Metabolomics: A High-throughput
and Combinatorial Approach for Designing New FRET Sensors
1

2

2

2

2

1

E.A. Peroza , S. Schmitt , R. Pellaux , M. Held , S. Panke , N. Zamboni
1
2
ETH Zurich, ETH Zurich (Basel)

Biosensors based on Förster Resonance Energy Transfer (FRET) are a powerful method for investigating
metabolite levels in living cells. By providing real-time information with sub-cellular resolution and being
minimally invasive, FRET sensors represent an excellent tool for investigating metabolic dynamics in
complement to mass spectrometry-based metabolomics (1). Genetically-encoded FRET sensors are
chimeric proteins expressed recombinantly by the host organism in which a ligand-binding protein is
flanked by two fluorescent proteins (e.g. CFP and YFP). Despite the potential of FRET-based sensors as
a method for studying biological systems, the development of new sensors remains laborious, often relies
on the availability of three dimensional structure of the candidate ligand-binding protein, and is primarily
driven by trial and error. Thus, to date there are FRET sensors available only for a handful of molecules
and metal ions. We are currently establishing a fast and efficient way for the development of new FRET
sensors. Our new method generates thousands of versions of FRET sensor constructs and, by using a
COPAS system, it screens in vivo and in a high throughput fashion the best candidates for detailed
characterization. Additionally, the affinity and selectivity of the sensor for its ligand can be tuned if
desired. We will present how this innovative approach accelerates the development of new FRET sensors
and demonstrate the potential of our method by showing examples of new sensors constructs recently
generated in our labs.
Reference:
1. Niittylae, T.; Chaudhuri, B.; Sauer, U.; Frommer, W. B., Methods Mol Biol 2009, 553, 355-72.

166

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | NovTech-38

iBrain2: Implementation of a Versatile Workflow Management System for
High Content Screening
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High content screening is of increasing relevance to study cellular phenomena with a Systems Biology
approach (see e.g. B. Snijder et al, Nature 461(7263):520(2009)). These experiments deliver large
amounts of information about cellular phenotypes in response to specific environmental or internal
challenges. These data sets are common starting points for the modeling of cellular interaction networks.
At the same time, handling high content screenings presents significant IT challenges due to the large
amount of data involved, the complex data processing, and the need for reliable and reproducible
processing.
We present a software for high content screening that provides an automated and customizable workflow
management system. It enables robust parallel processing of screening data on computing clusters, and
allows complex and intensive data processing. Through modules, various image processing and
statistical tools, e.g from the widely used CellProfiler and Matlab packages, have been integrated. It also
offers the possibility to interface with data management systems such as OpenBIS, and to manage
different users and projects through a friendly web interface. Our software is being developed primarily to
support the needs of SystemsX.ch projects, such as InfectX and BattleX, but its modular design makes it
easily extensible for custom processing requirements.
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Towards an Integrated Platform for Management, Analysis and Publication
of Quantitative Imaging Results
T. Pylak, P. Buczek, M. Czink, F. Elmer, K. Enimanev, P. Glyzewski, M. Kohler, C. Ramakrishnan,
B. Rinn
ETH Zurich (Basel)

As quantitative imaging has moved into the mainstream for biological and pharmaceutical investigations,
well-integrated pipelines for automated acquisition, management, analysis and publication of result data
from quantitative imaging experiments are needed to fully leverage the wealth of biological information
contained in the images and to move to higher throughput. A central component of such a pipeline is a
database that is flexible and scalable enough to deal with very large amounts of data from a variety of
different microscopes and that can be easily integrated with analysis and visualization tools.
We report on recent progress of openBIS for quantitative imaging. openBIS is an open source software
framework for constructing user-friendly, scalable and powerful information systems for metadata and
data acquired in biological experiments and data analysis pipelines. It provides access to the data by an
AJAX-based graphical user interface suitable for power-users. For system integrators, openBIS provides
application programming interfaces (APIs) to seamlessly integrate it into data pipelines and lab workflows.
Recently, substantial improvements to the APIs have been made to support integration of openBIS with
several analysis and visualization tools for quantitative imaging. To enable data publication of quantitative
imaging results to the scientific community, a set of dynamic web views on the database has been
created for inclusion of results into publication web pages. This makes openBIS a quantitative imaging
database that supports the research process from image acquisition and lab information tracking to data
analysis and publication.
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OpenBEB: an OpenBIS Compatible Browser for Systems Biology
Coordinating Data Registration, Visualization and Annotation
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The aim of Systems biology is to obtain a more global understanding of the mechanisms in living
systems. To this end the molecular components of a system must be quantified, their interactions
determined and the experimental results integrated into network models. This needs a multi-modular
approach combining different techniques including micro-array assays, mass spectroscopy as well as
different microscopic methods (visual proteomics). Ideally, a multi-mode analysis should be performed on
single cells to reduce data-noise and facilitate data interpretation.
Such measurements must be performed in high through-put and the different measurement channels
must be correlated accordingly. We are developing both a database (openBIS) and a browser (openBEB)
for (automated) data registration, visualization and annotation. The browser consists of a core program
for data management, automatic update mechanism, metadata handling and a plugin manager. The
specific functionality is provided by plugins, including extensions for data loading, instrument controllers
and data presentation. Currently, this browser is optimized for visual proteomics, but the open plugin
structure will make it easy to write custom extensions for other measurement techniques.
Abbreviations:
openBIS: open Biological Information System
openBEB: A Bebby is atypical guy from Basel, but here BEB should be interpreted as Begin to End
browser.

Figure: The current implementation of openBEB is optimized for visual proteomics, including full screen view support, raw data
registration, batch annotation, real- and Fourier space view. Version two of the browser has a full support for plugins to allow other
kinds of data to be presented, such as massspectroscopy.
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B-Fabric: Automated Home Delivery of Next Generation Sequencing
Results
H. Rehrauer, C. Türker, R. Schlapbach
FGC Zurich

Next generation sequencing has established itself as a core technology driving systems biology research.
With this new technology it is possible to track regulatory and transcriptional events genome-wide and
with greatest detail. The routine management, processing and analysis of this data however represents a
major challenge due to the shear data size, the heavy demands on computing power, and the complexity
of the results.
We have extended B-Fabric, our integrated system for the complete management of functional genomics
data, to cope with the specific demands of next generation sequencing data. B-Fabric covers all steps
from the sample registration and processing in the lab, the data storage and preprocessing, data quality
control and finally data analysis and distribution of raw data as well as the results. B-Fabric makes use of
a parallel computing environment where the entire processing takes. Individual processing steps are
carried out by modular applications what can be easily integrated in B-Fabric. Data distribution is
facilitated by the torrent protocol.
B-Fabric is not specific for any sequencing platform and can support data from the 454, Solexa, Solid and
Iontorrent platforms. The implemented analysis steps include quality control and mapping. For ChIP-seq
and similar protocols we have integrated the detection of ChIP-enriched regions and annotation. For
RNA-seq we provide transcript coverage counts and isoform detection, as well as the discovery of
transcription in unannotated regions.
Compared to other workflow systems like Galaxy, B-Fabric provides a more application-specific user
interface and better user guidance.
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SASEBio: Semi-automated Semantic Enrichment of the Biomedical
Literature
F. Rinaldi, S. Clematide, G. Schneider
University of Zurich

Text Mining tools aim at improving the process of knowledge extraction from the literature, by supporting
the search for relevant articles, the semi-automated extraction of relevant passages, and the
transformation of information from the textual format to some suitable semantic representation.
An application scenario which is currently of great interest is within the process of biomedical literature
curation. Novel text mining tools can be used to suggest candidate semantic annotations to authors or
curators, depending on the scenario of application. The semantic annotations (formal descriptions of the
main entities and relationships discussed in the paper), manually confirmed by the author or curator, can
then be stored together with the electronic version of the article, allowing much more efficient information
retrieval and processing.
The OntoGene team at the University of Zurich has developed efficient text mining tools, focusing in
particular on the detection of interactions among biological entities. As a way of validating their approach,
they regularly participate in community-organized evaluation campaigns, such as BioCreative. The
OntoGene group participated in the protein-protein interaction task of 2006, obtaining competitive results,
and 2009, obtaining the best published results.
The OntoGene text mining system is based on a pipeline of NLP tools, which starts from the original
document, transforms it into a custom XML format, and gradually enriches it with various annotations
coming from the tools included in the pipeline. Figure 1 shows an example of a sentence that has been
fully analyzed using the pipeline: information concerning tokens, terms, phrases, and syntactic
dependencies is presented. The OntoGene pipeline also includes a step of terminology annotation and
disambiguation. Terminology is sourced from a number of well-known and reputable resources (such as
UniProt for proteins, the NCBI taxonomy for species, PharmGKB for drugs and diseases) and stored into
an internal database in a normalized and unified format.
Within the scope of the SNF-funded SASEBio project, the OntoGene team is further refining their text
mining tools and integrating them into a flexible web-based interface (ODIN, see figure 2) which allows
curators to efficiently process their target documents. Recent applications include a pilot project for
validation of gene/disease/drug relations in collaboration with the PharmGKB group at Stanford
University.
For more information see: http://www.ontogene.org/
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Large-scale Transcription Factor Interaction Mapping Using Microfluidic
Devices
S. Rockel, K. Hens, B. Deplancke, S. Maerkl
EPF Lausanne

One of the goals of systems biology is to systematically map all transcription factor (TF) interactions and
ultimately all protein interactions in model organisms such as Drosophila melanogaster or
Saccharomyces cerevisiae.
Miniaturized spatial formats such as protein and DNA microarrays provide the required multiplexing to
study molecular interactions in high-throughput. Protein arrays currently represent the gold standard to
test for binding activity and specificity of proteins in large-scale. However, they are difficult to generate as
proteome-wide expression and purification of fusion proteins are tedious procedures. Moreover,
traditional array based approaches can miss interactions with low affinities or very fast off-rates due to
loss of specifically bound material during washing. The recent development of a high-throughput
microfluidic design allowed the measurement of binding energies even of transient interactions by
mechanically induced trapping of molecular interactions (MITOMI) (1). Using the MITOMI concept proteinprotein interactions of 43 Streptococcus pneumoniae proteins were measured to understand the
biochemical pathways of the mapped network (2). Another study measured the impact of evolutionary
changes in the sequence recognition code of a given TF on its DNA-binding affinity by systematically
determining the DNA binding repertoire of a member of the helix-loop-helix TF family (3).
The aim of this work was to develop a rapid and cheap approach to array and investigate the fly and
yeast regulome. TF arrays are generated from spotted linear DNA templates, coupled to microfluidic
devices with the MITOMI concept.
The open reading frames (ORFs) coding for all known Drosophila TFs (760 as of 2008) were previously
cloned into Gateway compatible destination vectors with a C-terminal GST-tag (**LSBG, EPFL). In a
standard 96-well PCR approach, a DNA fragment containing the ORF and the GST-tag was amplified and
488 linear DNA templates transferred on-chip without further purification. Using these linear DNA
expression templates we were able to synthesize 450 proteins on-chip to detectable levels and are
currently investigating the binding capacity of these TFs.
References:
1. Maerkl, S.J. et al. Science 315 (2007)
2. Gerber, D. et al. Nature Methods 6 (2009)
3. Maerkl, S.J. et al. PNAS 106 (2009)

172

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | NovTech-44S

Structural Systems Biology of GPCRs in Supported-native Membranes
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G protein-coupled receptors (GPCRs) are ubiquitous mediators of signal transduction across cell
membranes and constitute a very important class of therapeutic targets. Present investigations to unravel
the molecular events in GPCR-mediated signaling mainly use heterologous expression in model cells. In
order to study the complex biochemical signaling network coupling at the intracellular side to GPCRs it
would be necessary to engineer and control the downstream signaling components, which is difficult to
realize in living cells. We have developed a platform enabling the study of GPCRs in their native
membranes transferred inside-out from live cells onto lectin-coated beads. The access to both sides of
the receptor allowed controlled supply of fluorescently labeled extracellular ligands and intracellular G
proteins (Figure). The feasibility of our approach was demonstrated using heterologously expressed
adenosine receptor carrying a yellow fluorescent protein at the C-terminal. The tethered membranes
comprised fully functional receptors in terms of ligand binding and enabled receptor-G protein
reconstitution. The interactions between the different signaling partners during the formation and
subsequent dissociation of the ternary signaling complex on single beads could be observed in real time
using multicolor fluorescence microscopy. Interestingly this approach of tethering native cellular
membranes from live cells and accessible from both sides provides a generic platform for investigating
complex signaling processes at plasma membranes at the (sub-) micrometer scale.
The compartmentation of GPCRs and stoechiometry of ligand-GPCR-G protein will be studied using
these native membrane-coated beads by electron microscopy (EM) after (cryo-)sectioning. Furthermore,
tethering of native membranes in an oriented manner directly onto EM grids is currently under
development for high-resolution EM. Native membrane sheets are ripped-off from live cells presenting the
intracellular biochemical machinery directly accessible for EM labeling techniques. They will be studied in
cryo-correlation microscopy, combining light and electron microscopy.

Figure: GPCRs containing-native membranes tethered on a lectin-coated bead. Both sides of the membrane sheets are
simultaneously accessible for the binding of extra- and intracellular signaling partners.
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Cellular Force Microscopy: A New Tool for Investigating Plant Cell
Mechanics in Vivo
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Shape and growth of living organism are directly controlled by the mechanical properties of individual
cells. As the interest in the physical basis of morphogenesis has increased in the past decades, there has
been a rapid development of tools for fine measurements of mechanical properties and application of
mechanical forces on single cells in animal tissues, in vitro and in situ. However, such tools still need to
be adapted to plants, due to their unique mechanical design. Plant cells are surrounded by rigid cell walls,
which are connected at the tissue level to form a stiff extra-cellular matrix. High internal hydrostatic
(turgor) pressure (comparable to the pressure within racing bike tires) inflates the cells like balloons,
resulting in considerable tension within the wall. As a result, mechanical stresses typically needed to
deform plant tissues are much higher than for animal cells.
Cellular Force Microscopy (CFM) is a new method dedicated to study mechanical properties of plant
cells, in vivo and in situ. The sample stiffness is assessed by indenting the surface with a small probe
while acquiring simultaneously the force applied and the probe displacement. CFM is automated and
allows to scan the sample surface to produce dense maps of stiffness and topology, similar to an Atomic
Force Microscope (AFM). However, the use of capacitive force sensors in CFM allows to apply a large
range of forces (from microNewtons up to milliNewtons) that are orders of magnitude higher than those
typically involved in AFM, while keeping a high resolution (around 50 nN). CFM is highly versatile and can
be combined with light microscopy for visual feedback. The use of long, thin probes on the capacitive
force sensors gives the possibility to access deep creases on the sample surface, while the micropositioner enables to scan surfaces on a large distances (up to several mm), making CFM particularly
suited to the study of curved surfaces, such as whole organs. We demonstrate the large range of possible
applications of this new technique, from gentle, non-invasive measurement in multiple positions to map
the plant tissue surface, up to puncture of walls in single cells using very high stresses. Our experimental
results new, non-intuitive mechanical behavior of plant tissues at the sub-cellular level, that we explain
with the aid of FEM based simulations.
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Regulation of Yeast Central Metabolism by Enzyme Phosphorylation
U. Sauer
ETH Zurich

Compared to other biological networks, the topological structure and function of metabolism is unusually
well understood. The true challenge in understanding how metabolic function, that is small molecule
fluxes, are modulated is the complexity arising from multiple overlapping regulatory mechanisms and
metabolic feedback into these regulatory networks (1, 2). The SystemsX.ch project YeastX investigates
for the model organism S. cerevisiae how nutritional conditions are sensed through signal transduction
pathways, translated into gene expression changes through transcriptional networks and finally cause a
functional response at the level of the metabolic network. By combining various omics methods with
computational analysis, we delineated actively controlling regulation events from the much larger number
of co-occurring regulation events. Specifically, we found that transcriptional regulation was not overly
relevant for controlling the steady state use of different pathways in central metabolism (3). Surprisingly,
we found an unexpectedly large number of enzymes in central metabolism to be directly phosphorylated
by kinases, indicating that control of metabolic activity through post-translational modification has been
underestimated. Finally, I will highlight the potential of a novel method for high-throughput metabolomics
(i.e. 2000 ion peaks per minute) in large-scale mapping of active metabolic regulation by kinases and
transcription factors.
References:
1. Heinemann M & Sauer U. Curr. Opin. Microbiol. 13: 337 (2010).
2. Gerosa L & Sauer U. Curr. Opin. Biotechnol. In press. (2011)
3. Fendt SM, Olivera AP, Christen S, Picotti P, Dechant R & Sauer U. Mol Sys. Biol. 6: 432 (2010)

175

1st International SystemsX.ch Conference on Systems Biology, Oct 24th – 26th, 2011 – Congress Center Basel, Switzerland

Poster | NovTech-47S

Systems Biology Analysis of RNAs Interacting with Polycomb Group
Proteins
T. Schlumpf, R. Sawarkar, C. Sievers, R. Paro
ETH Zurich (Basel)

Although all cells in the human body have the same genome, they can have vastly different phenotypes.
This diversity is in part caused by epigenetic control of gene expression. Major players of this control
system are Polycomb and Trithorax group proteins that alter the epigenetic landscape by modifying
histones. Misregulation of their components can lead to diseases such as cancer. To date the entirety of
components involved and the mechanisms by which they are targeted to specific regions of the genome
are unknown. Currently it is believed that the components are targeted via pre-existing histone
modifications, DNA sequence elements or RNAs.
Our work aims at unraveling the RNA mediated targeting mechanism of Polycomb Repressive
Complexes 1 and 2 (PRC1 and PRC2). Our approach uses data from ongoing PRC1 and 2 interactome
studies to identify potential RNA interacting proteins. Bound RNAs are isolated by using the PAR-CLIP
(Photoactivatable-Ribonucleoside-Enhanced Crosslinking and Immunoprecipitation) method and then
analysed by Next Generation Sequencing. By subsequent integration with gene expression profiles and
histone modification data obtained from the same cell type we hope to gain mechanistic insight into
Polycomb targeting.
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Long-term Two-photon Imaging in Barrel Cortex of Awake Mice Reveals
Reduced Population Activity During Voluntary Whisking
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The rodent barrel cortex is a model system for studying sensorimotor integration. Incoming sensory
information from the facial whiskers is modulated by whisking-related motor feedback. We investigated
stability of population activity during whisking using two-photon imaging, which enables simultaneous
measurement of ~30 neighboring neurons repeatedly over days and weeks. An adeno-associated viral
vector (AAV) was injected into the barrel cortex to express the genetically en-coded calcium indicator
Yellow Cameleon 3.60 (YC3.60), a cranial window was
implanted and mice were trained to tolerate head fixation. Contralateral whiskers were monitored with a
fast CCD camera during imaging sessions.
We found that whisking markedly reduced the occurrence of calcium signals in a majority of L2/3
neurons, while few neurons showed an opposite modulation. These properties of in-dividual neurons
were stable over weeks. Thus, our data suggest a motor modulation of sensory activity in barrel cortex
during free whisking.
Future projects will focus on the role of attention on cortical coding as well as aim at specifying cell
identities of modulated subpopulations.
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Absolute Quantification of a Large Set of Transcription Factors Involved in
the Adipogenic Gene Regulatory Network via a Mass Spectrometry-based
Approach
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The vast majority of cellular processes are mediated by differential gene expression, which is largely
controlled by DNA-binding transcription factors (TFs). To better understand how the gene regulatory
machinery outputs specific gene expression levels given a certain TF input, quantitative models have
been generated aiming to predict expression level of genes involved in specific biological processes.
Most of them have so far inferred the abundance and activity of TFs from mRNA levels, yet there is
general consensus that translational, post-translational, and cell localization effects limit the reliability of
mRNA-protein activity correlations and thereby the predictive power of the respective models. Thus,
absolute TF levels need to be experimentally measured in distinct cellular compartments to determine,
how much of a binding site will be occupied by a regulatory TF. For this purpose, we developed a MSbased quantitative assay aimed at monitoring the dynamic changes in TF abundance underlying specific
biological processes. Specifically, we established a multilayered system for the efficient development of a
sensitive medium-throughput SRM assay based on the use of TF proteins expressed in vitro for surrogate
peptides selection complemented by synthetic TF peptide libraries to select optimal transitions. Absolute
quantification of endogenous TFs is then achieved by spiking synthetic heavy labeled TF proteins
obtained from a cell free expression system. Such reference proteins are produced extemporaneously
and immediately spiked as a mixture to bypass the inconveniences related to peptide storage. Labeled
proteins are quantified in situ via the use of an engineered light reference peptide tag unique to each
proteins monitored in the assay. A faster implementation of the methodology uses additional referencepeptide variants to increase the number of TFs that can be simultaneously analyzed per injection. The
first implementation of the assay has allowed us to determine that two master regulators of fat cell
differentiation, PPARg and RXRa, are present in the nucleus of differentiated mouse 3T3-L1 cells at a
copy number of respectively 912 and 3562. These data correspond well to the number of detected
binding sites for each TF at this time point, which total 965 for PPARg and 3005 for RXRa. We now plan
to extend our analyses to other adipogenic TFs with the overall aim of generating a quantitative model of
gene regulation during terminal adipogenesis.
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Spatial Proteomics on the Drosophila Wing Imaginal Disc
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Position of cells and maintenance of their position by the presence of boundaries is a striking feature of
many developmental systems. These phenomena in the Drosophila wing imaginal disc, for example, are
poorly understood. A detailed and quantitative description of the proteome of these cells is important for a
comprehensive understanding of the biological processes that drive patterning, growth and
morphogenesis of the wing imaginal disc.
We developed and applied spatial proteomic technologies in order to gain a quantitative understanding of
the wing imaginal disc at the protein level. By using genetically manipulated flies, expressing GFP in a
wing disc compartment-specific manner, we were able to sort the cell populations based on their
fluorescence via flow-cytometry and subsequently applied proteomics on these subsets of cells. This
workflow enabled us to obtain the first compartment-specific proteomes of the wing disc and revealed
positional-related protein profiles from this complex tissue. We then performed surface protein analysis of
the wing disc tissue by using glycocapture enrichment methods and obtained an enhanced map of the
expressed N-glycoproteins. Combining the two approaches has provided us with a number of candidate
proteins to test for their involvement in compartment boundary maintenance. A possible mechanism to
explore, for example, would be the contribution of the candidate protein in the transmission of the signal
derived from mechanical tension that exists at the boundaries.
Our study provides the first detailed proteomics data associated with the position of cells in the tissue.
Our positional information-based proteomics approach will shed light into how boundary maintenance is
achieved and will help to model the processes that mediate wing disc development.
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MorphoGraphX: Software for Quantifying 3D Confocal Data Using Surface
Projections
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Many biological processes occur on surfaces. Leaf and flower positioning in plants, development of the
Drosophila wing disk, processes involving epithelial cells, are all concerned with events occurring
primarily in a single layer of cells. Thus it is extremely useful to be able to quantify geometry and
fluorescent protein expression in single layers of cell.
Often, however, these layers are not flat. If this is the case, a simple projection of the data onto a plane
may not be sufficient for several reasons. When trying to quantify cell shape change, division angles, or
growth, distortions from the projection may be too large. Such errors may also distort fluorescence
quantification from genetic constructs intended to track protein expression. Even when the tissue is nearly
flat and projection errors can be tolerated, the curvature of the tissue can make it difficult to get a clear
image of the single cell layer of interest.
To address this issue we have developed the MorphoGraphX software which specializes in biological
image processing on curved surfaces. The software can extract surface geometry from confocal image
stacks, and project the fluorescence of a single layer of cells onto the surface. If the fluorescence is that
of a cell wall marker, then a very clear curved image of the cell outlines is obtained, which can then be
used to segment the surface into cells (Figure). A protein fusion construct which fluoresces at a different
frequency than the wall staining can also collected simultaneousness on a separate channel. By
projected the second channel onto the segmented mesh, the expression of a protein of interest can be
quantified at the cellular, and in some cases sub cellular level. By comparing before and after stacks from
experimental treatments, both tissue shape and fluorescence change can be quantified. The technique is
much more precise that 2D methods, and is applicable in in many situations where a full 3D segmentation
is not possible.

Figure:
a) Surface projection of cell walls stained with propidium iodide in a tomato shoot apex.
b) Cell outlines extracted from the surface of a Drosophila imaginal wing disc.
c) Heat map of cell expansion due to growth (10hrs) in a tomato shoot apex (red cells indicate increased growth).
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Screening for Genes Governing the Mechanics of Cell Shape in Mitosis
with AFM
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The question of how cells set their shape is central to many aspects of biology. In the field of mitotic cell
shape, we recently showed that hydrostatic pressure and the actomyosin cortex drive mitotic cell
rounding (1). However, many of the genes and proteins that guide and drive these cellular processes
remain to be discovered. To this end we have adapted our mechanical atomic force microscopy (AFM)based assays to screen for candidate genes by by optimizing the throughput and combining it with RNAi
and chemical genetics. Our first efforts show that this approach is feasible and here we present
preliminary data. We believe these results are an important step towards a platform for genome-scale
screening of mechanical phenotypes. We anticipate such technologies and their outputs should be of high
interest to cellular biology and physiology due to the importance of cell mechanics and soft matter physics
in many biological and cellular processes from cell division to development and disease.
Reference:
1. Combined activities of hydrostatic pressure and the actomyosin cortex drive mitotic cell rounding
M.P. Stewart, J. Helenius, Y. Toyoda, S.P. Ramanathan, D.J. Muller & A.A. Hyman
Nature (2011) 469, 226–230
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Quantification of Gene Expression in Small Osteocyte Populations Isolated
from Cryo-sections of Murine Bone Using Laser Capture Micro-dissection
and RT-PCR
A. Truessel, N. Cuerq, D. Webster, F. Kurth, P. Dittrich, R. Mueller
ETH Zurich

Osteocytes, embedded deeply within the mineralized bone matrix have been shown to be the key
mediators of load induced bone remodeling, however, owing to their inaccessible location the molecular
mechanisms by which mechanical forces are translated into anabolic signals remain poorly understood. A
few, in-vivo studies, have attempted to identify load regulated genes expressed by osteocytes, however,
their interpretation is limited by the fact that they report the average effect of tens of thousands of cells.
The aim of the study presented here was to establish a working protocol for quantifying gene expression
in small osteocyte populations (<20), isolated from cryo-sections of murine bone using laser capture
micro-dissection and RT-PCR techniques. In doing so we hope to establish a platform which, when
combined with microfluidic imaging, can be used to spatially map and quantify gene expression
throughout bone’s diverse micro-architecture in a high-throughput manner. The RT-PCR (FAST SYBR
green cells-to-CT kit) protocol was first tested and optimized for differing populations (10,000 – 10) of
osteocyte-like MLO-A5 cells, cultured in-vitro. Beta-Actin (Actb) was taken as the reference housekeeping
gene to enable relative quantification of two genes of interest: Sclerostin (Sost) and osteocalcin (Bglap).
After establishing the size of the cell population in which genes could be reliably quantified, in-vitro, the
developed protocol was then applied in-vivo. Here the P.A.L.M laser microscope was used to catapult
individual osteocytes from cryo-sections of bone (12 microns) derived from female C57BL/6 mice
vertebrae (18 months of age), into the cap of an Eppendorf tube for subsequent processing. Results show
that Actb could be reliably detected in-vitro for cell populations ranging from 100,000 (Ct value = 13) to 10
(Ct value = 27). Sost could not be detected for any in-vitro cell population, whilst Bglap was reliably
detected for a minimum of 100 cells (Ct value = 26). These data indicate an un-optimized Sost primer
design as well as an extremely small number of Bglap mRNA templates. Actb, only, was successfully
detected in-vivo (N.cells =12, Ct value =31). Future studies will focus on the optimization of primer design,
RNA stabilizing, and method sensitivity using pre-amplification strategies.
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Managing Life Sciences Data with B-fabric
C. Türker, R. Schlapbach
FGC Zurich

Life sciences research have evolved from the simple combination of theoretical frameworks and
experimental hypothesis validation to combined sciences of biology/medicine, analytical technologies,
and informatics. Integrating these
multiple threads of a research project at the technical and data level requires tight control and systematic
workflows for data generation, data management, and data evaluation. This talk will present B-Fabric, a
system developed and running at the Functional Genomics Center Zurich (FGCZ), which provides a core
framework and web-based application for integrating different analytical technologies and data analysis
tools. In addition to data capturing and management, B-Fabric emphasizes the need for quality-controlled
scientific annotation of analytical data, providing the ground for integrative querying and exploitation of
systems biology data.
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A Systems Genetics Approach to Understanding Intra-species Variation in
Drosophila Wing Size and Shape
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The genetic networks underlying quantitative trait phenotypes such as height, aggression behavior or
many common complex diseases, and the genes responsible for naturally occurring variation in these
traits are still incompletely understood for most traits. This is despite the advent of whole genome
sequencing and the increasing number of genome wide association studies (GWAS) in various
organisms.
The Drosphila Genetic Reference Panel (DGRP) consists of 192 inbred Drosophila lines derived from a
natural American population. It is a powerful resource to investigate genetic, transcriptional and metabolic
networks affecting variation in quantitative trait phenotypes since the lines harbor a large pool of naturally
occurring genetic variation whilst their whole genome sequence is known and publicly available.
Our major interest lies in the characterization of the 192 lines for wing and body size traits and
subsequent association mapping in order to identify novel genes affecting organ size and shape and
unveil the underlying networks. This will help us to better understand Drosophila development, specifically
wing development, at the systems level as opposed to the classical organism minus one gene approach.
In parallel, 40 lines are intercrossed over 10 generations to create a base population with defined allele
frequencies for artificial selection towards extreme phenotypes. Flies with interesting phenotypes will be
used to establish new inbred lines, which are then re-sequenced. The phenotypic range of the selected
lines will exceed that of the base population and include more pronounced phenotypes at the extreme
ends. An association study with the derived lines will further facilitate the discovery of true causative
quantitative trait loci and may reveal loci that have only small effects in a natural context and would thus
most likely not have been picked up in the first round of association mapping.
Bioinformatical analysis of the validated genes will shed light on the genetic networks underlying natural
variation in those traits. Investigation of multiple traits and in different environments will allow us to
quantify genetic correlations among traits, pleiotropy of genes and reveal any existent genotype by
environment interactions.
This combined knowledge will give us invaluable insight into the endophenotype, the genetic,
transcriptional and metabolic networks underlying genetic variation in natural populations.
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Shigella Infection of Human Host Cells: Proteomics Quantitative Study of
Metabolic Enzymes
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The Battle X project aims to quantitatively study the host-pathogen metabolic interaction network upon
Shigella flexneri infection of human cells. Metabolism is highly relevant for pathogen growth and host
control and in addition provides attractive targets for antimicrobials. The proteomics part of the BattleX
project is concerned with quantifying changes in abundance of the metabolic proteins upon various
conditions of infection.
The initial studies aims to maximize the number of confidently identified proteins and roughly quantify
them through a spectral counting approach. Both infected and not infected HeLa cells, grown in different
media, were analysed by liquid chromatography-mass spectrometry (LC-MS) using an LTQ Orbitrap XL
(Thermo Scientific) and approximately 3800 HeLa proteins and 1300 Shigella proteins were identified. Of
these; 659 metabolic proteins (455 human and 204 Shigella enzymes) were selected for a more focused
quantitative approach,
To meet the demand of obtaining approximate protein quantities over a large number of conditions
(different growth media, infection by Shigella mutants, time course studies for measuring effect of
infection at several time points, etc), a specific and high throughput approach based on targeted single
LC-MSMS runs and label-free quantification has been developed. Using an MS approach based on the
combination of exclusion and inclusion lists, a dataset containing information about more than 4000
peptides to target for the quantification of the 659 enzymes of interest has been created and applied. The
in-house developed software T3PQ (Top 3 Protein Quantification) has been used for quantification (1).
To allow for higher quality quantitative data to be obtained for a set of core enzymes of interest, Single
Reaction Monitoring (SRM) acquisition with Stable Isotope Dilution (SID) was established and applied in
parallel. For this purpose LC separation coupled to a 5500 Q-TRAP (Applied Biosystems) was used.
Closer study of these proteins can give key insights into critical metabolic processes. A set of 20 proteins
were selected and 3 synthetic heavy isotope peptides per protein were spiked into the samples, allowing
for direct quantitative analysis at the various host-pathogen conditions.
Reference:
1. Grossmann J, et al. Implementation and evaluation of relative and absolute quantification in shotgun proteomics with label-free
methods. J Proteomics. 2010;73(9):1740-6
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Novel Sample Deposition Device for Preparation of MALDI-MS Samples
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Matrix-assisted laser desorption/ionization-mass spectrometry (MALDI-MS) allows fast analysis of various
samples such as peptides, proteins or oligonucleotides with high accuracy and sensitivity. One of the
main features of MALDI is the incorporation of the analyte into a suitable matrix. The matrix forms crystals
in which the analyte is incorporated.
To allow high-throughput measurements, a fast and reliable device that spots the sample onto the sample
plate is necessary. Since conventional matrices are crystalline, the spotting device can easily plug up. To
overcome this problem, ionic liquids that act as matrices have been developed. These matrices remain
liquid and therefore allow the continuous spotting of the sample without plugging of the nozzle.
To enable spotting and subsequent analysis of the sample in an ABSciex 4800 MALDI ToF/ToF mass
spectrometer, a novel device was designed and manufactured. Using this newly designed spotting device
and different ionic matrices based on the sinapinate anion, we were able to measure high-mass proteins
such as immunoglobulin M, bovine thyroglobulin, or membrane proteins e.g. bacteriorhodopsin.
Typical experimental conditions were ionic liquids with 10 mg/mL sinapinic acid in acetonitrile:H2O (v:v,
2:1) + 0.1% TFA with an equimolar amount of the corresponding amine to produce the ionic matix, which
was mixed with the sample in a 1:1 ratio. Subsequently the mixture was injected in one of the Loops of
the eight port valve and drops of 0.5 µL were deposited on the plate with a flow of 0.5 µL/min.
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Lipidomics, New Tools and Applications
M.R. Wenk
Faculty of Science (Singapore, SG)

Once viewed simply as a reservoir for carbon storage, lipids are no longer cast as bystanders in the
drama of biological systems. The emerging field of lipidomics is driven by technology, most notably mass
spectrometry, but also by complementary approaches for the detection and characterization of lipids and
their biosynthetic enzymes in living cells. The development of these integrated tools promises to greatly
advance our understanding of the diverse biological roles of lipids.
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Competence Center Computational Sciences: Brief Portrait of Topical
Work Groups
G. Funk
University of Basel
http:// www.computational.unibas.ch

Grid Computing and Scientific Workflows
Grid computing has given rise to the proliferation of distributed computing paradigms with the goal of
providing a common infrastructure with nearly unlimited storage and computational capabilities. The
objective of the grid is to enable simple access to these shared resources while hiding their origin and
location to the users. Grid computing encompasses three types of environments, depending on the type
of resource shared: Computational Grids, Storage Grids and Service Grids.
Workflow management allows building complex applications on the basis of existing building blocks, also
commonly referred to as “programming in the large”. Scientific workflows usually consist of
computationally expensive, long-running activities characterized by large volumes of data which need to
be shipped between activities.
The work group aims to explore, promote, and apply grid computing and workflows to better support
applications in computational sciences.
Contact: Prof. H. Schuldt, Dr. C. Langguth

High Performance Computing
Multi-core architectures have evolved into a very attractive hardware platform for general purpose
computations due to their extremely high floating-point processing performance and comparatively low
cost. High-end graphics processing units (by NVIDIA) and the Cell-processor (by Sony-Toshiba-IBM)
typically deliver performance of at least one order of magnitude higher compared to that of a conventional
CPU. Thus, commodity multicore systems (up to hundreds of processors) and commodity many-core
systems (up to hundreds of thousands of processors) will become a cost-effective, highly parallel platform
to solve scientific problems.
The work group is dedicated to explore the high-performance computing potential of novel chip
architectures. Topics include joint projects and high-performance computing applications transfer,
provision of research test beds at UNIBAS, algorithms and applications running on multi- and many-core
systems, and programming models for novel chip architectures.
Contact: Prof. H. Burkhart, PD Dr. O. Schenk

Geometric Numerical Integration
Many problems in physics, astronomy or molecular dynamics can be described by Hamiltonian equations.
For such problems, the Hamiltonian represents the total energy of the system and is conserved along the
exact solution. Thus, it seems natural to apply numerical schemes which are known to conserve total
energy.
The aim of Geometric Numerical Integration is the study of numerical methods that preserve geometric
properties of the flow of a differential equation (in our example, the total energy). The methods used to
treat such problems include Geometric- and Multi-symplectic integrators and Lie-groups. A particular
emphasis is the study of stochastic highly oscillatory problems as well as PDEs on Lie-groups (brain
model of perceptual completion).
Contact: Prof. D. Cohen
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Optimization Methods
Optimal design, optimal control, and parameter estimation of systems governed by partial differential
equations give rise to a class of problems known as PDE-constrained optimization. The size and
complexity of the discretized PDE constraints often pose significant challenges for PDE optimization
algorithms. Several challenging large-scale PDE optimization problems currently arise e.g. in the design
of artificial heart devices (with incompressible non-Newtonian flow as the governing PDEs), design of
plasma fusion systems (compressible MHD), and inverse problem in geophysical application (Helmholtz
problems). Similarly, model selection and calibration problems in econometrics and statistics, as well as
financial management, requires alternative optimization techniques that can deal with discontinuous and
multimodal search spaces.
This work group aims to pursue new avenues in non-deterministic optimization, including heuristic
approaches and search methods from computational intelligence.
Contact: Prof. D. Maringer

Probabilistic and Stochastic Methods
Until fairly recently statistical and probabilistic data analysis and modeling was mainly restricted to simple
models and tests that could be analytically treated. Nowadays, however, computers have enabled
researchers the use of highly sophisticated statistical, probabilistic, and stochastic models. This has lead,
on the one hand, to a need for computational methods associated with these models, e.g. methods for
efficiently sampling complex probability distributions or to numerically integrating out large numbers of
nuisance variables. On the other hand, since these models continue to push the boundaries of
applications, foundational issues arise in many current practical applications, and this also concerns
questions regarding the underlying relationships between concepts from probability
theory, statistics, information theory, statistical learning theory, statistical mechanics, stochastic
processes, and computational complexity theory.
The aim of the work group is to exchange knowledge and expertise regarding these methods between
groups that are actively involved in developing and applying them, including exchange of methodology
and algorithms wherever appropriate.
Contact: Prof. C. Kleiber

Partial Differential Equations and Reaction Network Dynamics
Reaction networks describe the composition change of substances due to ongoing reactions which
transform them from one species into another. The linking reactions can e.g. be chemical- or
nuclear/particle physics reactions. Mathematically they lead to a large set of ordinary differential
equations (ODEs) whose number is given by the number of different participating species. The reaction
speeds can vary by many orders of magnitude (stiff systems) and so-called implicit methods have to be
utilized which lead to very extended sets of linear equations (with sparsely populated matrices). The
description of the time evolution of extended gas/fluid dynamics systems (e.g. in meteorology,
astrophysical plasmas, blood vessel flow) leads to partial differential equations (PDEs).
New approaches how to treat them numerically are developed. The implementation of these methods is
tested in the above mentioned applications. A major issue is related to the question which type of
problems are more prone to so-called Eulerian (space-grid based) or Lagrangian (mass-grid-based)
methods and possible adaptive grids, changing the resolution as a function of evolving time.
The specific scientific goals are to: (1) Identify barriers to optimization presented by modern highly parallel
PDE simulation codes, (2) Discuss promising algorithmic and software approaches for overcoming these
barriers, and (3) Apply these techniques e.g. to magneto hydrodynamics and Helmholtz examples.
Contact: Prof. F.-K. Thielemann
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ResNet-1

Imaging and Image Analysis
Both the advent of new imaging techniques and the development of new algorithms for image processing
have created a growing interest in computational methods ranging from data storage and optimization
over low- and high-level image interpretation to real-time image processing and image reconstruction.
Common aspects of the work group members are time-series analysis of spatially distributed data,
multispectral/hyperspectral data analysis using e.g. classification algorithms, pattern recognition, digital
filters and image segmentation routines, and data optimization strategies. Another issue is related to geoinformatics and environmental modeling.
Contact: Prof. T. Vetter, Prof. P. Cattin

Protein Structure and Dynamics
Structure and dynamics of proteins are intimately linked with their physiological function. To better
understand what proteins do it is necessary to characterize their spatial organization, the relationship
between different protein families, the isolated dynamics and their aggregation properties. Many of these
investigations rely on energy or scoring functions. The simulation and exploration of proteins on particular
length and time scales is important. However, joining disparate and complementary levels of the
description of protein structure and dynamics is equally important. The combination of atomistic
simulations of individual proteins with sequence based methods, which make use of the evolutionary
information accumulated over millions of years in genes/genomes, have the potential to provide novel
insights for studying sequence-structure-function relationships.
This work group aims at bridging the gaps between atomistic/force field descriptions with more
global/coarse grained ways to describe protein structure and dynamics.
Contact: Prof. S. Bernèche

Faculty Spanning Courses in Computational Sciences
This group explores typical applications, common methods and tools taught across disciplines as well as
specific requirements within the different areas. If appropriate, the group makes suggestions about faculty
spanning course offerings and how they could be established.
Contact: Prof. C. Tschudin
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ResNet-2

FORSYS
K.P. Michel
FORSYS Managing Office (Heidelberg, DE)
http://www.forsys.net

A major objective of the ‘FORSYS –Research Units for Systems Biology’ initiative, funded by the German
Federal Ministry of Education and Science (BMBF) is the development of interdisciplinary and
collaborative research units for systems biology at German universities, non-profit research institutions,
and industrial companies that will have a high impact on systems biology research in Germany.
To be at the international forefront of systems biology research, the German Federal Ministry of
Education and Research initiated an orchestrated program on systems biology in 2001. This program was
to fund medium to long-term research initiatives. In 2006/7, the BMBF continued its policy and initiated
‘FORSYS – Research Units for Systems Biology’, an initiative embedded in the national BMBF support
program ‘Biotechnology- Taking and Shaping Opportunities’. As a result four FORSYS Centers located in
Freiburg, Heidelberg, Magdeburg, and Potsdam were selected (€ 45 million funding from January 1st,
2007 till December 31st, 2011).
FORSYS’s major objective is the development of interdisciplinary and work-sharing research units at
German universities, non-profit research institutions, and private companies. Starting in 2007, the
FORSYS Centers have contributed to a fast growing and increasingly successful systems biology
research community in Germany. FORSYS accounts for already existing research activities of the
participating institutions on the local, regional, national, and international level. Existing personnel and
equipment have been integrated to accomplish maximum synergy. In order to achieve the BMBF’s explicit
demand for sustainability of systems biology research, FORSYS attains support by contributions of local
and state facilities. Once the five year funding period ends the four centers will receive continued funding
by the respective state and university. Concomitantly, industrial companies have joined FORSYS and
contribute to a sophisticated system biology research in Germany. Besides the development of systems
biology research units, FORSYS has boosted teaching activities in the FORSYS Centers. The importance
of this goal is reflected by the fact that all FORSYS Centers have set up novel systems biology
educational programs for master and bachelor students in the life sciences. Moreover, dedicated PhD
programs have been established. These activities strongly account for BMBF’s support of selected
teaching and student exchange programs.
Since the FORSYS activities are restricted to the four FORSYS centers and their neighboring non-profit
research institutions, the BMBF reinforced its support of German systems biology by establishing the
FORSYS Partner initiative in 2007/8.
See www.forsys.net for further information and downloadable materials.
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ResNet-3

International Conference in Systems Medicine 2012
10th-14th September 2012, Ireland
K. Johnston
Systems Biology Ireland, University College Dublin (Belfield, Dublin, IE)
http://www.ucd.ie/sbi/peoplepartners/profiles/katejohnston/

Systems medicine has emerged as a new integrated approach to personalised healthcare, bridging basic
research and the clinic to develop new strategies for individualised diagnosis, treatment and prevention.
The research community’s success in applying systems approaches to modelling signalling-pathways and
biological networks led to their adaptation and application to large and complex networks involved in
diseases where multiple factors influence the disease state, e.g. cancer. One key challenge in systems
medicine is to bridge the gap between medical knowledge and experimental data and to evaluate both in
terms of clinical utility and patients’ benefit.
This is an ambitious field with some success in the translation and application of systems approaches to
medicine. Systems medicine will challenge how we study complex diseases and have far-reaching,
positive impact on modern therapeutics and medical practice.
Communication between scientists, clinicians, patients and the healthcare community is critical; all need
to understand where they fit in the big picture in order to define their roles and responsibilities. This
conference series is open to and welcomes disease focused clinicians and researchers alike.
Systems Biology Ireland (SBI) will host international conferences dedicated to clinical involvement in
systems medicine, which will be held in Ireland in September 2012 and September 2014. Each
conference will have an accompanying workshop, for training early career clinicians and researchers,
which will be held in Luxemburg at the LSCB in June 2013 and June 2015.
The series will raise awareness of new developments and technologies in this field and exploit
opportunities and challenges by focusing the community on medically driven problems.
Coordinators:
Conferences: Prof Walter Kolch, Director, Systems Biology Ireland.
Workshops: Prof Rudi Balling, Director, Luxemburg Centre of Systems Biomedicine.
Partners:
Dr Claus Bendtsen, Director of Computational Biology, AstraZeneca*.
Prof Rudolf Aebersold, Chair SEB, SystemsX.ch.
Prof Hans Westerhoff, Director, Manchester Centre for Integrative Systems Biology.
Prof Olaf Wolkenhauer, Chair in Systems Biology & Bioinformatics, University of Rostock.
Prof Leroy Hood, President, Institute for Systems Biology*.
Dr Pierre de Meyts, Corporate Vice-President, Novo Nordisk.
*awaiting confirmation
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