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Contact

Bavarian State Ministry
for Sciences, Research
and the Arts,

BioSysNet - The Bavarian Research
Network for Molecular Biosystems

Research in life sciences and biotechnology is al-
ready extraordinarily high-performing in Bavaria.
With the Bavarian Research Center for Molecular
Biosystems (BioSysNet) and a new Core Center at
Ludwig-Maximilians-University Minchen (LMU
Munich), we want to make the Free State even
more competitive in innovative biosystems research
and further strengthen its international visibility.
For this, we have allocated around 18.1 million
euros within the framework of our initiative for the
future “Aufbruch Bayern”. Furthermore, we will
invest 13.65 million euros in building a research
facility for molecular biosystems at LMU Munich.

BioSysNet aims at solving one of the central
problems of life sciences: the regulation of gene
expression. On the basis of these findings, new
diagnostic methods and personalised therapy
approaches can be developed. This challenge can
only be met if experts from different disciplines
collaborate — especially from biochemistry, gene-
tics, bioinformatics, biophysics and medicine. As
a consequence, BioSysNet functions as a true net-
work bringing together competencies within our
Free State and therefore also attracting renowned
scientists from abroad to Bavaria.

This is why, besides scientific excellence and
disciplinary diversity, international experience
has also played a role in the selection of the five
new independent junior research groups. | am
delighted that we have succeeded in attracting
excellent young scientists from renowned Euro-
pean research institutions to BioSysNet and the
involved universities.

The network is complemented by the expertise of
already established scientists, who receive addi-
tional funding for their projects within BioSysNet
as so-called associated junior research groups or
associated senior research groups.

The exchange between members of the network
will contribute to better understanding biologi-
cal systems on a cellular and molecular level and
thus further advancing top biosystems research in
Bavaria.

| wish you an inspiring read of the following pages
that will inform you about the contents of the

funded research projects, the network structure,
and the schedule of events.

Munich, June 2013

L L

Dr. Wolfgang Heubisch



Interdisciplinary Research in the
Bavarian Landscape - Biosystems

The field of molecular biosystems is one of the
most innovative and fast developing research
topics of the 21st century. It has become a driving
force in biological and medical research and is by
nature and has to be in practice a truly interdisci-
plinary approach.

The newly founded Bavarian Research Network
for Molecular Biosystems connects scientific
groups from all over Bavaria. Scientists at diffe-
rent institutes and departments are investigating
interdisciplinary topics of Molecular Biosystems
to create new insights into the interconnectivity of
seemingly separated fields in cellular and organis-
mal as well as biophysical sciences, informatics
and mathematics. The strategy behind this pro-
gram is to concentrate the competencies in this
scientific subject and strengthen the position of
the Free State of Bavaria in this highly competitive
area at the global level. For the future, a combined
molecular biosystems approach will provide new
insights and possibilities for diagnoses and the
treatments of diseases. There are already great
efforts in the field of “personalized medicine” in
Bavaria. Interacting with this program and other
Bavarian Research Networks the funded projects
in basic research will give new prospects and
knowledge to improve peoples’ health - an impor-
tant economic sector for Bavaria and Germany.

Intensive cooperation with scientific groups abroad
is well established and will help us to main-
tain new developments. By this we combine the
strength of Bavaria with the international leaders
and will keep up with the competitors in the field
of Molecular Biosystems.

An international approved scientific committee
selected the best applicants in a very competitive
selection process. “Excellence” of the projects
and the scientists was the only criteria that counted.
We are more than happy to foster 19 excellent
scientific heads in Bavaria and at the same time,
to invite five junior scientists to build up their new
project groups in our scientific landscape.

We have to thank the Bavarian Government, espe-
cially the Bavarian State Ministry of Sciences,
Research and the Arts, to realize this kind of com-
bined and out-standing research. | hope you enjoy
reading this brochure and find it an exciting and
stimulating resource.

Munich, June 2013

Prof. Dr. Horst Domdey

Contact

BioM Biotech Cluster
Development GmbH,
Martinsried

hierl@bio-m.de
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Gene Center,
Ludwig-Maximilians-
Universitat Minchen

cramer@genzentrum.lmu.de

Gaining the future in biomedicine

Thank you for your interest in BioSysNet, the
Bavarian Research Network for Molecular Bio-
systems!

The life sciences are entering a new era. In the
past, we studied individual genes and gene pro-
ducts, leading to a detailed understanding of many
mechanisms underlying the function of living cells
in health and disease. Today, new systemic methods
extend the classical approaches. They enable
us to sequence entire genomes, to identify most
gene products in living cells, and to map inter-
action networks between components of living
systems. There is now a great opportunity at the
interface of classical molecular biology and recent
systemic approaches. A new research field deve-
lops that we call molecular systems biology or
molecular biosystems research.

This new research field requires a high degree of in-
terdisciplinarity. Geneticists, molecular biologists,
and strutural biochemists must interact closely
with mathematicians and bioinformaticians. This
allows us to combine classical approaches with
modern systemic methods to gain insights into
the inner workings of living cells, eventually un-
ravelling the molecular mechanisms that generate
and maintain living systems. Of particular inte-
rest here is the long-standing question of how
the information in the genome is used. What are
the mechanisms that ensure that the right sets of
genes are activated and silenced at the right place
and at the right time? To answer this fundamen-
tal and complex question, molecular biosystems
research relies on new frameworks that foster
interaction and scientific exchange.

In this brochure we present the newly established
Bavarian research network for molecular biosys-
tems. The network brings together 24 excellent
junior and senior research groups at four locations
in Bavaria. It is part of a larger effort to strengthen
molecular biosystems research in Bavaria by estab-
lishing a Bavarian Research Center for Molecu-
lar Biosystems. Contributing to this goal, a new
research building is currently under construction
on the Munich life science campus GroRhadern-
Martinsried. In addition, a core center at the
Ludwig-Maximilians-Universitat Munchen will
establish lacking expertise by recruiting new
research groups and will provide infrastructure
support. Together these measures will foster
technical advances, cutting-edge research and
innovations, and enable us to train the next gene-
ration of life scientists.

This brochure provides an overview of the work
conducted within our new research network.
It impressively demonstrates the scientific excel-
lence of the project leaders and a wealth of scien-
tific projects. | wish all colleagues involved best
of luck and breakthrough results. Let us together
gain the future in biomedicine!

Munich, June 2013

Prof. Dr. Patrick Cramer



One network throughout Bavaria

Leading new ways in molecular systems biology
for a better understanding of functions and
diseases.

» During recent years the Bavarian State govern-
ment has made a great effort to strengthen
research, innovation and technology in Bavaria.
One remarkable success story is the Bavarian
Genome Research Network, funded in 2004.
Based on its great achievements, the Bavarian
State Ministry of Sciences, Research and the Arts
established the Bavarian Research Network
for Molecular Biosystems at the end of 2011.
The objective of the new network is to bundle
local expertise in systems biology and thus
create ideal research conditions for the scientists
working in this program. Outstanding research
groups from different universities throughout
Bavaria work together in order to obtain a holistic
view on the regulation of living cells. The Bava-
rian Research Network for Molecular Biosystems
under the scientific coordination of Professor
Dr. Horst Domdey (BioM) is part of the Bavarian
Research Center for Molecular Biosystems
chaired by Professor Dr. Patrick Cramer (BioSys™).
A scientific advisory board, consisting of interna-
tionally renowned experts, will accompany and
regularly evaluate the work of the network.

Dr. Ana Eulalio + Dr. Cynthia Sharm
Prof. Dr. Jérg Vogel

AN

< JMU Wurzburg >

TU Munich

————
BioSysNet
< Prof. Dr. Dr. Stefan Engelhardt « Dr. Olaf Gr08>/ Bavarian Research Network for Molecular Biosystems \<

Dr. Tobias Madl « Prof. Dr. Dr. Fabian Theis
Prof. Dr. Gil Westmeyer

Groups within the network

» Systems biology is currently one of the most
dynamic and trendsetting areas in biological re-
search. In order to support further innovative pro-
jects in this field, the Bavarian government funds
cutting edge research projects on the platform of
BioSysNet. Therefore the network supports both
new, independent junior research groups as well
as established junior and senior research groups
in their joint quest to gain a better understan-
ding of molecular biosystems. The program is
split up into two different funding schemes. First
of all, five international and young scientists are
given the opportunity to build up an indepen-
dent and new research group in the Free State
of Bavaria. The new groups are located at the
Julius-Maximilians Universitat Wirzburg (Dr. Ana
Eulalio), at the Ludwig - Maximilians - Universitat
Minchen (Dr. Fabiana Perocchi), at the Techni-
sche Universitat Mdnchen (Dr. Tobias Madl and
Dr. Olaf Grof) and at the Universitat Regensburg
(Dr. Jan Medenbach). The newly recruited regu-
lar junior group leaders receive funding of up to
1.5 million euros over a period of five years. The
funding program enables those talented and am-
bitious young scientists to develop their own in-
dependent research programs.

FAU Erlangen

Prof. Dr. Robert Slany
Dr. Beate Winner

Prof. Dr. Anja Bosserhoff
Dr. Jan Medenbach « Prof. Dr. Gunter Meister
Prof. Dr. Rainer Spang

UR Regensburg >

LMU Munich

Prof. Dr. Ulrich Gerland  Prof. Dr. Mario Halic
Prof. Dr. Karl-Peter Hopfner « Prof. Dr. Christoph Klein
Dr. Philipp Korber ¢ Prof. Dr. Andreas Ladurner
Dr. Fabiana Perocchi « Dr. Johannes Sdding
Prof. Dr. Eckhard Wolf
Prof. Dr. Ralf Zimmer

The different groups within the Bavarian Research Network for Molecular Biosystems.

Contact

Dr. Ulrike Kaltenhauser
Gene Center,
Ludwig-Maximilians-
Universitat Minchen

kaltenhauser@biosysnet.de
Claudia Szeibert
Gene Center,

Ludwig-Maximilians-
Universitat Minchen

szeibert@biosysnet.de




In addition, 19 associated and well established
research groups in Bavaria will receive additional
funding of up to 250.000 euros, also over a period
of five years. This program enables them to follow
up on interesting project ideas and develop new
relevant technologies.

All groups conduct their research independently.
An essential component of the network is the
enhanced potential for the exchange of ideas
and expertise between its members. Progress
seminars and symposia provide a basis for scien-
tific collaboration and mutual support. All funded
groups are closely associated with their host insti-
tutions, but they are also members of the Bavarian
Center for Molecular Biosystems.

Different facilities combined
under one roof

» Developments over recent years has shown that
genome research is focusing increasingly on the
behavior of complex systems. Therefore, BioSys-
Net will address various scientific questions: How
is gene expression regulated? Which are the com-
ponents of a biological system? How do these
components interact with each other? How does
the system react as a whole, when left to itself or
when disturbed?

Answering these questions has always been one
of the central interests of the life sciences, but
only nowadays has it become possible to study
components, interactions and perturbations on
a molecular level with high quantitative defini-
tion. To achieve a holistic view, systems biology
research has to cross academic and institutional
boarders. Over all BioSysNet aims at understan-
ding the function and malfunction of cells and
organisms or even their malfunction in diseases
such as cancer and neurodegenerative disorders.

This interdisciplinary undertaking integrates re-
search projects from different areas such as biol-
ogy, biochemistry, chemistry, medicine, physics
and mathematics. The continuous development of
important new technologies plays a central role,
as well as the interpretation of complex interac-
tions with already established analytical methods.
The discussion of results within the network will
significantly improve the processing time of sci-
entific assessments.

Outlook

» Research in life sciences and biotechnology
is already extraordinarily high-performing in
Bavaria. Even today, it plays a leading role in the
European research landscape. The new network
will help the federal state to keep pace with the
international competition, as a rapid development
in this field is initiated. BioSysNet supports the
high-tech location of Bavaria for the successful
implementation of new research techniques and
innovations. The profile of the scientific and edu-
cational environment is strengthened and thus
ensures a future oriented alignment of the State
of Bavaria, which is a front-runner on the area of
functional genome research compared with other
European countries. In order to enhance this sta-
tus, the knowledge and human resources for the
formation of a new generation of companies and
the extension of existing ones have to be promo-
ted. Only in this way can the dynamic development
of the Bavarian biotechnological industry be
ensured.



Molecular Biosystems: From molecular scale to cells, tissues, organs and the entire human body. Unterstanding functions and
diseases on a whole new level.
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Introduction

» Mitochondria are double membrane organelles
found in virtually all eukaryotic cells. They serve
as the center-stage for energy production, ion
homeostasis, intermediary metabolism, and cell
death. Mitochondria have a special evolutionary
origin, derived from bacteria engulfed about 2 bil-
lion years ago by eukaryotes. Several mitochon-
drial functions have been retained over evolution,
so that unicellular yeast and multicellular orga-
nisms share many of the same mitochondrial com-
ponents [1,2] (Fig. 1).

Human mitochondria contain a tiny genome en-
coding 13 well-studied proteins, while all remain-
ing estimated 1500 mitochondrial proteins are
encoded from nuclear genes, translated in the
cytosol, targeted and imported into the organelle.
As a consequence of the dual genetic origin of
mitochondrial proteins, mitochondrial biogenesis
and function require extensive crosstalk between
cellular and mitochondrial machineries (Fig. 1). Bi-
directional signaling exists between mitochondria
and other cellular components that regulates the
dynamic and complex remodeling of mitochon-

drial shape, motility, metabolism, and proteome in
response to environmental stimuli and energetic
requirements during growth and development.
However, in many instances, the molecular links
between intracellular signals and mitochondrial
responses remain unknown [3,4]. How do mito-
chondria integrate into signal transduction cas-
cades? What are the mitochondrial proteins that
sense, modulate, and propagate intracellular sig-
nals? How is the mitochondrial signaling “toolkit”
regulated? What happens when mitochondrial
signaling networks are compromised and how can
we prevent deleterious effects?

Goals of the project

» The long-term goal of our laboratory is to
achieve a systems-level understanding of human
mitochondria to advance basic and disease bio-
logy [2] (Fig. 2). Specifically, we aim at identifying
the molecular machines and mechanisms respon-
sible for calcium signaling in mitochondria. To
this goal, we combine large-scale, computational
and experimental strategies with focused genetic,

Figure 1: Functional network of the yeast mitochondrial system: origin, conservation, and crosstalk. From Perocchi et al.,
PloS Genetics 2006.



Figure 2: Schematic summary of the integrative approach used to reconstruct mitochondrial signaling networks.

biochemical, and physiological studies of mito-
chondrial functions in fungi, mouse, and human
cells. We develop high-throughput assays to test
and reverse the effects of genetic and chemical
perturbations on mitochondrial calcium signal-
ing and to spotlight key signaling checkpoints
that could be targeted pharmacologically. Com-
prehensive and quantitative measurements of
metabolites, proteins, and their post-translational
modifications will be performed to decipher the
mitochondrial calcium footprint on cell metabo-
lism and protein regulation. In light of the funda-
mental roles of calcium signaling in development,
learning, metabolism, and neuromuscular func-
tion, and the ability of mitochondria from virtu-
ally all tissues to regulate calcium homeostasis,
we hope our research will have implications for
understanding the pathological mechanisms of
several human disorders.

Conclusions and outlook

» Given the key role of mitochondria in cell phy-
siology, our research has far-reaching implica-
tions in human health and disease. Mitochondrial
dysfunction is linked to virtually every age-asso-
ciated disease, including diabetes, cancer, and
neurodegeneration. Several genetic studies have
implicated genes that encode mitochondrial pro-
teins (e.g. PINK1, PARK2, and DJ-1 in familial

Parkinson’s; LZHGDH in gliomas). As more mito-
chondrial genes are implicated by whole-exome
sequencing studies, our functional characteriza-
tion of mitochondrial signaling pathways will pro-
vide valuable mechanistic insights and new per-
spectives for molecular intervention.
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Introduction

» Inflammasomes are intracellular danger-sens-
ing protein complexes that are important for host
protection through the initiation of inflammation.
The two major effects of inflammasome activity
are the maturation and secretion of IL-1 family
cytokines and the initiation of a certain form of
cell death, called pyroptosis. Both are mediated
by the common component of all inflammasomes,
the protease caspase-1. Inflammasomes and IL-1
family cytokines are present in our body in certain
types of immune cells including macrophages, the
major phagocytic cell type of the immune system
that is responsible for pathogen uptake and de-
struction. The two IL-1 family cytokines IL-1a and
IL-1p induce local and systemic reactions includ-
ing inflammation and fever, thereby playing a cru-
cial role in host defence. The function of pyropto-
sis is to remove the niche of pathogens that reside
within innate immune cells, and thus expose them
to destruction by the immune system.

Stress
Signals

o

ASC
0@

Caspase-1

NLRP3

On the molecular level, inflammasomes are cyto-
plasmic multi-protein complexes that contain a
danger sensing molecule connected to caspase-1
through interactions with the adaptor protein
ASC. To date, five inflammasome-activating sen-
sor proteins have been described in some detail:
NLRP3, NLRP1, NLRC4, AIM2, and RIG-I. Forma-
tion of the latter four inflammasomes is promoted
by specific stimuli. While the NLRP1 and NLRC4
inflammasomes are activated by microbial stimuli
derived from anthrax-causing bacteria or Salmo-
nella species, respectively, presence of viral DNA
or RNA in the cytoplasm activates the AIM2 and
RIG-1 inflammasomes. In contrast, the NLRP3
inflammasome is activated in response to severe
cellular stress that can be induced by a multitude
of physically and chemically dissimilar triggers of
endogenous and exogenous origin. Through this
wide spectrum of activators, inflammasomes are
key in sensing the presence of danger to the cells

of our body and the activation of an inflammatory
/L/—res{)mse\

immune cell I

secretion

— —>/

activation \\ / substrate
cleavage

Figure 1: The cytoplasmic sensor protein NLRP3 responds to a combination of cellular stress signals, leading to the assembly of
a protein complex consisting of NLRP3, ASC, and caspase-1. This complex, termed the inflammasome, promotes the activation of
the protease caspase-1, and active caspase-1 cleaves the biologically inactive pro-form of IL-1f to generate the active cytokine.
Active IL-1B is then secreted from the cell.




Goals of the project

» It is currently unknown how inflammasomes
can control secretion of IL-1 and pyroptosis. Pro-
teases are proteins that cut other proteins. The
most prominent substrate of caspase-1 is the pro-
form of IL-1B. This form is not secreted, and is
also not capable of activating its receptor IL-1R1,
since the pro-domain interferes with receptor
binding. Secretion of IL-1f is observed in concert
with cleavage, which has encouraged the view
that these two processes are mechanistically con-
nected. In our own recently published work, we
demonstrated that this long-standing paradigm
is not correct (Gross et al., Immunity, 2012). We
could show that the ability of caspase-1 to regu-
late secretion of IL-1f is in fact independent of its
protease activity. We found that caspase-1 forms
stable complexes with currently unknown inter-
action partners specifically upon inflammasome
activation, and hypothesize that these mediate
the downstream effects of inflammasome activity.
Furthermore, inflammasomes can control release
of non-substrate proteins including IL-1a and po-
tentially others that can contribute to the local
and systemic effects of inflammasome activity.

We are using the powerful tools of proteomics
to identify and characterize factors that asso-
ciate with caspase-1 in an inflammasome-depen-
dent manner in order to elucidate the mechanism
by which caspase-1 controls IL-1 secretion and
pyroptosis. Furthermore, we study the full reper-
toire of factors that are secreted in a caspase-
1-dependent manner.

Future prospects
and economic impact

» Dysregulated IL-1 production has a causal role
in a number of acquired and hereditary auto-in-
flammatory conditions. These include particle-
induced sterile inflammation (as is seen in gout,
silicosis, and asbestosis), hereditary periodic fe-
ver syndromes, and metabolic diseases such as
diabetes and atherosclerosis. In many cases, the
pathogenesis of these conditions has been linked
to deregulated inflammasome activation. Block-
ing the interaction of IL-Ta. and IL-1f with their
common receptor, IL-1R1 is effective in condi-
tions such as gout and hereditary periodic fever
syndromes, underlining the critical role of IL-1 in
these diseases. This is either done by increasing
the extracellular levels of the natural IL-1 recep-

Figure 2: Inflammasomes (green) form large, insoluble
complexes upon activation. Dendritic cell; blue, nucleus;
red, actin cytoskeleton.

tor antagonist through depletion of IL-1 using, for
example, antibodies. This type of medication is
not orally available but has to be given by frequent
injections and is particularly costly. It may there-
fore be favourable to interfere with the process of
IL-1 production by blocking inflammasome activa-
tion or IL-1 secretion.

Conclusions and outlook

» The process of inflammasome activation and
subsequent secretion of IL-1 secretion represents
a major uncharted area of cell biology. We hope
that a better understanding of these processes
and the factors involved will unveil mechanisms
that may serve as targets for future therapies.
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Introduction

» “Function requires structure” — this is a com-
mon statement throughout structural biology.
Indeed, most proteins need to adopt a defined
three-dimensional structure to carry out their
function. However, a large fraction of the genome
of any organism encodes proteins that, complete-
ly or in part, do not adopt a defined three-dimen-
sional structure but are nevertheless essential for
cellular function: the so-called intrinsically disor-
dered proteins (IDPs). Given their frequent occur-
rence in disease, it is of no doubt that these pro-
teins are potential targets for drug development.
To understand these proteins in general and to
provide strategies how to modulate these interac-
tions for disease treatment, structural characteri-
zation of IDPs and their biological complexes is
the key.

We focus on the IDPs in the intersection of the
Whnt and insulin signaling pathways which regu-
late cell fate, and contribute to diseases and age-
ing. Recent work has shown that regulation of
these proteins involves an intricate ‘code’ of nu-
merous post-translational modifications (PTMs)
and binding of a plethora of co-factors. Deregula-
tion of these proteins, including missense muta-
tions and changes in the signaling state, leads to
cancer, diabetes and ageing. Despite their impor-

tance, the underlying molecular mechanisms are
still largely unknown. This is mainly due to their
intrinsic flexibility, which complicates structural
analysis by conventional approaches.

Goals of the project

» The central goal of this project is to identify
the structural requirements of binding between
structured proteins (i.e. B-catenin) and the intrin-
sically disordered regions of Axin-1, APC, LEF-1
(Wnt signaling) and FOXO4 (insulin signaling).
Given the importance of these proteins in hu-
man diseases, our results will contribute essential
structural and functional data for understand-
ing disease. These IDPs and their complexes are
highly dynamic and challenging when relying on
conventional techniques and need to be studied
under near-native conditions. Therefore we apply our
recently developed multidisciplinary approach in
which Nuclear Magnetic Resonance (NMR) spec-
troscopy, Small-angle X-ray/neutron scattering
(SAXS/SANS) and modeling strategies are com-
bined to characterize the structural properties
of these disease-related IDPs in isolation and in
complex with their folded protein co-factors, the
modulation of structure and interactions by modi-
fications (PTMs, mutation), and the interference
with small-molecule modulators with function in
vitro and in vivo.

Figure 1: Comparison of ordered and disordered proteins. We aim to characterize the structural properties of disordered proteins
in isolation and in complex with their folded protein co-factors, the modulation of structure and interactions by modifications
(PTMs, mutation), and the interference with small-molecule modulators with function.



Figure 2: Outline of the multi-disciplinary approach for structure determination of dynamic protein complexes in solution by com-
bining NMR spectroscopy, SAXS/SANS and modelling. CSP, chemical shift perturbation; NOE, nuclear Overhauser enhancement;
PRE, paramagnetic relaxation enhancement; sPRE, solvent PRE; PCS, pseudo contact shift; RDC, residual dipolar coupling.

Future prospects
and general impact

» The molecular mechanisms of how IDPs act as
binding platforms for many partners are far from
being understood and therefore these proteins
were mostly neglected as drug target. However,
IDPs are known to bind with high specificity and
therefore constitute a promising target for disease
treatment. We anticipate that our results will set
the base for a new generation of biomarkers for
early detection, personalized anti-cancer and re-
generative drugs targeting defects of the Wnt and
insulin signaling pathways imposed by disease
mutations or changes in the signaling state.

Conclusions and outlook

» In summary, we combine a cutting edge multi-
disciplinary structure determination approach
with a highly relevant biology of IDPs from the
Whnt and insulin signaling pathways to allow effi-
cient translation from in vitro structural and inter-
action data to in vivo biology and vice-versa. This
holds the key to understanding these proteins in
general and provides essential inside how to modu-
late these interactions for disease treatment.
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Introduction

» Our ability to sequence has far outpaced our
understanding of the control of gene expression.
With more and more genomes being sequenced
it is now becoming increasingly important to un-
derstand in molecular detail how regulation is
achieved. Even though we have a good knowledge
of cellular RNA diversity and abundance this still
does not allow us to infer from the transcriptome
on the proteome. In fact one of the major chal-
lenges in modern biology is to bridge the evident
gap between transcriptome and proteome which
requires a better understanding of translational
control.

Translation control by upstream
open reading frames

» Translational control is an important and criti-
cal layer of gene expression control in essentially
all eukaryotic cells. It allows both rapid and loca-
lized changes in the concentrations of proteins in
responses to extra- and intracellular stimuli and it
is crucial for a large number of important cellular
processes such as cell division and differentiation,
embryonic development and memory formation
through neuronal plasticity.

Many mRNAs, particularly those encoding on-
cogenes, cytokines, growth factors etc., carry
upstream open reading frames (UORFs) in their
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Figure 2: Translational control of msl-2 mRNA by the RNA-binding protein SXL: In the absence of regulatory RNA-binding protein
the upstream open reading frame (UORF) in msl-2 mRNA only weakly impacts on downstream translation, resulting in translation
of the physiological open reading frame (upper panel, the uORF initiation (AUG) and termination (UGA) codons are highlighted in
green an red respectively). When recruited to an RNA regulatory element (orange box) in the 5" untranslated region of msl-2 mRNA,
the RNA-binding protein SXL (orange sphere) is able to direct initiating ribosomes to the upstream initiation codon and augments
the inhibitory potential of the uORF. This results in robust and strong translational repression of the msl-2 physiological open

reading frame (lower panel).

5" untranslated regions (UTRs). These uORFs are
widely recognized as constitutive regulatory ele-
ments that impinge on the translation of their associ-
ated physiological open reading frames, potentially
affecting the protein output of half of the human
transcripts. Polymorphisms that disrupt or create
UORFs in human patients can result in or increase
susceptibility to severe disorders such as heredi-
tary thrombocythaemia, cancer, bipolar affective
disorders, and Alzheimer’s disease, underscoring
the broad significance of the uORF regulatory po-
tential.

Recently | could uncover a novel paradigm for the
regulation of translation by demonstrating that
a trans-acting factor — an RNA-binding protein —
can modulate the activity of a uORF. Probing the
generality of the underlying mechanism unraveled
a network of co-regulated, natural Drosophila
mRNAs revealing a novel and possibly systematic
principle for the regulation of protein synthesis.

Future prospects
and general impact

» Building on these findings | now plan to make
use of a systematic and unbiased approach that
aims to identify novel cases of protein-controlled
uORFs, characterize their trans-acting regula-
tory RNA-binding proteins and study the regula-
tory mechanism in molecular detail, aiming for
a thorough understanding of uORF-mediated
translational control and its implication in disease.
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RNA: The Missing Link in

Bacterial Pathogen-Host Interactions

Unraveling hidden roles of RNA in the interplay between bacteria

and mammalian hosts

Introduction

» Although the vast majority of bacteria are in-
nocuous or even beneficial to mammalian hosts,
pathogenic bacteria are a major threat to human
health, being a leading cause of mortality and
morbidity worldwide. Pathogenic bacteria con-
tribute to important diseases, such as tuberculo-
sis as caused by Mycobacterium tuberculosis, or
the foodborne illnesses caused by Listeria, Shi-
gella or Salmonella species. During the course of
infection, bacterial pathogens manipulate a vast
range of host cellular functions to ensure their
survival and replication. Among others, bacterial
pathogens are known to induce reorganization of
the host cell cytoskeleton, modulate signal trans-
duction pathways, membrane trafficking and pro-
inflammatory responses. However, a largely unex-
plored question in the interplay between host and
pathogens is the impact of bacterial infection on
host cell RNA metabolism and its consequences
on the bacterial life cycle. A proper RNA metabo-
lism is essential to a number of crucial host cell
functions and therefore it is not surprising that
pathogens have evolved sophisticated mecha-
nisms to subvert these pathways to their own
benefit.

infected

Figure 1: Salmonella infection induces disassembly of cyto-
plasmic RNA processing bodies (P-bodies).

Goals of the project

» MicroRNAs are a class of genome-encoded
small RNAs that post-transcriptionally modulate
the expression of cellular mRNAs, regulating
a wide-range of biological processes. Previous
studies have shown that bacterial pathogens in-
duce significant changes in the mammalian host
microRNA expression profile. For example, our
previous work showed that a small subset of miRNAs,
including the let-7 family that controls cytokine
expression, is regulated in response to Salmo-
nella infection. Nonetheless, there is currently no
comprehensive atlas of microRNAs regulated as a
consequence of bacterial infection.

A major focus of our research is the identifica-
tion of host microRNAs that are regulated upon
infection with several representative bacterial
pathogens, as well as the characterization of the
mechanisms by which bacteria modulate host
cell microRNA expression. Our ultimate goal is to
determine whether different bacteria regulate a
common set of host microRNAs or if a microRNA
signature exists for infection by different bacte-
ria, and to analyze the cell-type specificity of this
response. We are also working on the identifica-
tion of host cell microRNAs that regulate bacterial
infection. The identification of these microRNAs
will be instrumental to the development of novel
therapeutic approaches against pathogenic bac-
teria, either through the modulation of selected
microRNAs, or their targets.

The relationship between bacterial infection and
RNA granules, in particular P-bodies and stress-
granules, is another aspect of the bacterial-host
interaction for which very little information is
available. Considering that the formation and sta-
bility of RNA granules is strictly dependent on
the cellular RNA metabolism, any perturbation of
these structures induced by bacterial pathogens
will likely be linked to an impact on host cell RNA
metabolism. The reciprocal effect of RNA metab-
olism on bacterial infection will also be evaluated.
The overall aim of these studies is to characterize
the impact of bacteria on cellular mRNA process-
ing, stability and surveillance pathways.

Finally, we will address the long-standing ques-
tion of whether or not RNA serves as a communi-
cation molecule during bacterial infection, such
that bacterial small non-coding RNAs are trans-
ferred into host mammalian cells to modulate
their function.



Cooperation partners

The ensuing knowledge may also constitute the
basis for the development of novel therapeutic ap-
proaches against infection by bacterial pathogens.
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Figure 2: Overexpression of selected microRNAs inhibits
Salmonella infection.

Conclusions and outlook

» Overall, by determining how bacterial patho-
gens interfere with the RNA metabolism of host
mammalian cells, and whether we can manipulate
RNA related pathways to antagonize bacterial
infection, we will significantly increase the cur-
rent understanding of host-pathogen interactions.
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Figure 3: Analysis of the nucleo-cytoplasmic shuttling of a Salmonella effector protein using the heterokaryon assay.
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Transcriptome Analysis to Delineate Genes Involved
in Synaptic Dysfunction in Synucleinopathies

Understanding mechanisms of neurite degeneration in Parkinson’s disease

and related disorders

Introduction

»Alpha-synuclein is a major constituent of Lewy
bodies, and these protein aggregates are the
pathological hallmark of Parkinson's Disease
(PD). While protein aggregates are the end stage
of the disease, the early steps of alpha-synuclein
toxicity are not clear.

Goals of the project

» We focus on the impaired cross talk between
neurons at an early step of PD and investigate
which additional genetic factors are involved in
alpha-synuclein induced loss of connectivity bet-
ween nerve cells and resultin neuron dysfunction.
Specifically, we will (1) Investigate alpha-synu-
clein induced gene expression signatures. We will
therefore perform whole-transcriptome analyses
in neuronal cultures from mouse models of synu-
cleinopathies, which will give a specific chance to
investigate the expression of a broad spectrum of
individual synaptic proteins as well as to identify
active biological processes and pathways within
identified transcriptional profiles. Our prelimi-
nary data suggest spine loss in synucleinopathies,
therefore (2) in a second step we will investigate
potential pathways of spine disturbance in synu-
cleinopathies in primary hippocampal cultures.
In the next step we will analyze whether synaptic
protein alterations are also present in PD patient
derived neurons.

control

Conclusions and outlook

» Our data will contribute to a better understand-
ing of synaptic connectivity in synucleinopathies
and by transferring knowledge from murine
models to human in vitro models delineate the cas-
cade ofneuronal dysfunctionin PD and LBD. Defin-
ing postsynaptic genes involved in synucleinopa-
thies may provide potential targets for therapeutic
approaches therein.
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Figure 1: Comparison of neurites in newly generated neurons in the dentate gyrus of the hippocampus. Neurites in synucleinopathies

(labeled green) are shorter than controls.



Introduction

» A central goal of molecular systems biology is
to unravel the mechanisms of eukaryotic trans-
cription regulation, for which yeasts provide the
simplest model systems. Since direct observation
of these mechanisms is not feasible, they must be
reconstructed from measurable characteristics
such as nucleosome positions, binding of tran-
scription factors, and transcription rates. For this
reconstruction process, theoretical models are an
essential tool. They can integrate multiple binding
interactions and active enzymatic mechanisms
into a quantitative description of the system be-
havior. The quantitative description then permits
to test whether mechanistic hypotheses are com-
patible with the data.

Goals of the project

» Our goal is to apply this general approach in
the context of nucleosome positioning, in close
collaboration with the experimental group of
Dr. Philipp Korber (LMU). The positions of nucleo-
somes on a eukaryotic genome determine which
parts of the DNA are readily accessible, e.g. for
binding of transcription factors (TFs), and con-
versely, the binding of TFs also affects the posi-
tioning of nucleosomes. DNA accessibility is
modulated by various chromatin remodeling com-
plexes and histone modification enzymes, many
of which are specifically recruited by TFs. The

central goal of this project is to construct coarse-
grained physical models to disentangle various
effective interactions that determine nucleosome
positions in vivo and also in vitro.

Future prospects
and general impact

» Such a physics-based description will contri-
bute towards the larger scale effort in biology to
unravel the interplay of transcription factors, the
core transcription machinery, and chromatin, that
ultimately results in the complexity of cis-regula-
tory gene regulation.
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Figure 1: lllustration of a coarse-grained physical model for a nucleosome. It approximates the highly dynamical biomolecular com-
plex by a physical object with relatively few dynamical degrees of freedom. Clearly, the challenge is to find reduced descriptions
which retain the degrees of freedom that are essential for the biological context at hand.
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Introduction

» Regulation of genome expression is essential
for cell proliferation, differentiation, development
and viability. Small RNA silencing pathways are
involved in the cellular control of gene expres-
sion and in the protection of the genome against
mobile repetitive DNA sequences, retroelements
and transposons. Small RNAs interact with tar-
get RNAs and promote chromatin modifications,
translational inhibition or degradation of comple-
mentary RNAs. We have uncovered new class of
small RNAs in fission yeast, priRNAs, which are
generated independently of Dicer.

Goals of the project

» priRNAs are likely to be involved in trigger-
ing of siRNA amplification and heterochromatin
assembly within centromeric repeats. However,
it remains unclear how priRNAs are generated.
We will combine small RNA sequencing and tran-
scriptomic approaches with biochemistry and
functional assays to determine biogenesis and
function of priRNAs. We also study why some
RNAs are more susceptible to RNA interference

and how RNAI is recruited to transposable and re-
petitive elements in fission yeast. To study RNAI
recruitment to chromatin we will use cryo elec-
tron microscopy to determine structures of RNAI
and chromatin complexes in fission yeast. Defects
in small RNA-mediated regulation of genome ex-
pression have been described in several human
cancers. Fundamental understanding of the role
of small RNAs in gene regulation will help us un-
derstand why some cells lose their identity and
turn into cancer cells.
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Figure 1: siRNA mediated heterochromatin formation in fission yeast. RITS complex (Argonaute) recruits RDRC (RNA dependent RNA
polymerase complex) and Dicer to synthesize new dsRNA and amplify siRNAs. RITS also recruits CLRC complex to modify chromatin
structure with repressive H3K9 methylation. H3K9 methylation recruits HP1 protein Swié and induces heterochromatin formation.



Reconstitution of Nucleosome Positioning
Mechanisms for S. cerevisiae and S. pombe

Comparative in vitro genomics over a large evolutionary distance

Introduction

» The genetic information of all cells is encoded in
DNA. However, in eukaryotic cells the DNA is not
just a “naked fibre” curled up in the nucleus, but it
is intricately packaged into a protein-nucleic acid-
structure called chromatin. The basic packaging
units of chromatin are so called nucleosomes.
Each nucleosome holds 147 bp of DNA and most
of the genome is organized this way. Importantly,
nucleosomes impede access to DNA such that
their non-random distribution along the DNA is
a fundamental layer of gene regulation. In other
words, the genetic information encoded in the DNA
sequence is regulated by the epigenetic informa-
tion encoded in chromatin. While this principle is
true for eukaryotes in general, there are important
mechanistic differences between species.

it

Figure 1: Epigenetic information of nucleosome positioning.
Nucleosome positions (grey circles) along DNA (line) may
differ in cell A versus cell B, such that the binding site (red dot)
for a protein factor (blue arc) may be accessible or not.
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Figure 2: Similarities and differences of global nucleosome
positioning in S. cerevisiae and S. pombe. Both yeasts show a
minimum of nucleosome occupancy just upstream of transcrip-
tional start sites (TSS) and regular peak arrays downstream,
but S. pombe has hardly any arrays upstream of TSS and
shorter peak-to-peak distance (nucleosome spacing). Figure
from Lantermann et al., 2010, Nat. Struct. Mol. Biol.

salt + extract
(&x wivc) dialysis + ATP

Figure 3: Genome-wide in vitro reconstitution of in vivo-like
nucleosome positions for S. cerevisiae. Stacks of >4700 rows
(= genes) with colour coded (yellow for high, blue for low),
TSS-aligned and clustered nucleosome occupancy data.
Only some native nucleosome positions are reconstituted by
salt dialysis (just DNA and nucleosomes), but added extract/
ATP generates in vivo-like nucleosome positions.

Data from Zhang et al., 2011, Science.

Goals of the project

» We wish to understand the molecular mecha-
nisms for nucleosome positioning in a genome-
wide in vitro reconstitution approach combined
with theoretical modelling (collaboration with the
group of Prof. Dr. U. Gerland). In order to distin-
guish universally conserved from species-specific
features, we compare the evolutionarily very dis-
tant unicellular yeasts S. cerevisiae and S. pombe.

Conclusions and outlook

» Our approach is special as it combines “verti-
cal” (biochemistry of in vitro reconstitution),
“horizontal” (-omics) and theoretical (modelling)
techniques. This has the potential of defining
quantitatively the mechanisms for the most basic
level of eukaryotic genome organization.
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Introduction

» The transcription rate of a gene is regulated by
the coordinated binding of activating or repressing
transcription factors at its promoter and cis-regu-
latory elements. To be able to understand the mo-
lecular computation which transforms factor con-
centrations into a transcriptional output, we need
to know the precise binding affinities of the factor
involved. Nutiu et al. (Nature Biotechnology 2011)
have demonstrated a high-throughput method
(high-throughput sequencing - flourescent ligand
interaction profiling, or HiTS-FLIP) with which
one can measure the binding constants of a pro-
tein factor to tens of millions of DNA sequences
at a time in a single lane of a high-throughput se-
quencer. Using this method, charting the binding
landscapes of thousands of factors in humans
and model organisms seems within reach. This
should allow the accurate prediction of regulatory
network topologies, factor binding strengths and
transcription rates.

Goals of the project

» In the framework of the BioSysNet network, we
will develop theoretical methods and software to
analyze and interpret these measurements and to
derive models parameterizing the binding land-
scapes that allow for the dependence between
motif positions. We further plan to use HiTS-FLIP
to analyze the cooperative binding enery land-
scapes of interacting pairs of factors. Our work
will contribute to a quantitative modeling of tran-
scriptional regulation and to enabling a system-
level description of regulatory networks in deve-
lopment and disease.
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Introduction

» A central question in systems biology is how to
link observed phenotypical behaviour to molecu-
lar state changes. We are specifically interested
in the cellular phenotype and its change over dif-
ferentiation in the context of somatic and embry-
onic stem cells (SCs) of mice. The challenge lies
in identifying and quantifying regulatory mecha-
nisms on the transcriptional level that cause a SC
to differentiate into a particular cell type, poten-
tially over many generations and dependent on
its environment. Population heterogeneities as
well as putative stochastic differentiation events
require single-cell observations. In collaborations
with our local SC institute, we have therefore
imaged live hematopoietic and embryonic SCs
and their progeny in vitro, and quantified trans-
cription factor levels using fluorescence-tagged
fusion proteins.

Goals of the project

» In this project, we ask which properties at
which stage in a cellular genealogy are sufficient
to predict differentiation. We determine morpho-
logical properties by quantifying the brightfield
and phase-contrast movies, which up to now have
only been used to track cells. We train a classifier
separately on the phenotypical as well as the mo-
lecular data to see which features are sufficient to
predict cell fate. Methodologically, we need to ad-
vance functional data classification and take into
account dependence of samples from adjacent
generations. In a first step, we evaluate our tools
on a generative genealogy model. Eventually we
will apply the predictors to existing and emerging
differentiation trees to determine the time point of
cellular decision on the single-cell level. The abi-
lity to predict cell decisions in real time will open
up novel experimental approaches such as omics-
analyses of cells as well as molecular perturba-
tions at the time point of fate decision.

Conclusions and outlook

» On the translational side, we are aiming in the
long run at improving the efficiency of differen-
tiation protocols, thereby contributing to the per-
spective of stem cells in the treatment of severe
diseases such as dementia or leukemia.
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Figure 1: From the stem cell genealogies provided by
our collaboration partner, we extract morpholigical
and molecular features. Using functional data analysis
and machine learning, we will finally predict fate deci-
sions in real-time to allow for targeted experimental
perturbations.
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Introduction

» Gene regulation is a logistic challenge for wide-
ly arborized neurons that need to follow local cues
during their outgrowth, maintain regional homeo-
stasis, and quickly respond to synaptic inputs at
sites a great distance away from their cell body.

Goals of the project

» Local mRNA storage and protein synthesis have
been shown to be important for axonal guidance,
synaptogenesis, and synaptic plasticity consis-
tent with hypotheses on quasi-autonomous lo-
cal protein synthesis in neurons. It has however
remained technically challenging to identify the
kinetics and function of local mRNA translation
and understand the parameters of its regulation.

Future prospects
and general impact

» In this project, we thus seek to develop a more
efficient genetic method for spatiotemporal regu-
lation of specific mMRNA levels. This will be pur-
sued by a combination of protein engineering and
molecular imaging.

Conclusions and outlook

» The technique aims at enabling systematic
analyses of regulation and function of local pro-
tein expression and may find broader applications
in tissue engineering and interventional studies.

Figure 1: Artistic depiction of a ribosome engaged in protein synthesis.



Introduction

» Post-transcriptional regulation is an important
layer of gene-expression control in both pro- and
eukaryotes. In bacteria, the 50 to 200-nt long
small regulatory RNAs (sRNAs) constitute a major
class of post-transcriptional regulators and have
been implicated in bacterial stress response and
virulence regulation. Besides sRNAs, a variety of
RNA-binding proteins have crucial roles in post-
transcriptional regulation and RNA metabolism in
the cell. In many bacteria, the Sm-like protein Hfq
is the most important RNA chaperone and is re-
quired for diverse cellular processes and virulence
of many bacterial pathogens. Epsilonproteobac-
teria, including several important pathogens such
as Helicobacter pylori and Campylobacter jejuni,
do not carry an apparent Hfg homologue, and
thus were previously thought to lack SRNA-medi-
ated regulation (riboregulation). Campylobacter
is currently the most common cause of bacterial
gastroenteritis in humans and has also been asso-
ciated with several autoimmune disorders. Its
small genome (1.65 Mb) encodes only a few trans-
criptional regulators, indicating that also Campy-
lobacter relies on post-transcriptional regulation
and might use other RNA-binding proteins than
Hfq to control its gene expression.

» Massively parallel cDNA sequencing (RNA-seq)
has been revolutionizing transcriptome analyses
of eukaryotes and prokaryotes. For example, our
recently developed differential RNA sequencing
approach (dRNA-seq) is selective for the analysis
of primary transcriptomes (1). We have now ap-
plied this dRNA-seq approach to multiple Campy-
lobacter strains, which allowed us to provide
global maps of transcriptional start sites as well as
conserved and strain-specific sSRNA candidates.
However, the functional roles and cellular targets
of these sSRNAs and their associated protein fac-
tors are still elusive.

Goals of the project

» In this project, we will use Campylobacter jejuni
as a new model organism for riboregulation in
bacteria without Hfg. We aim at the identifica-
tion and functional characterization of protein
factors involved in post-transcriptional regula-
tion in Campylobacter. This will include a com-
bination of genetic screens and the isolation of
RNP-complexes, followed by proteomics and
RNA-seq, as well as subsequent biochemical and
structural analyses. For example, we will combine
co-immunoprecipitation (co-IP) with RNA-seq to
identify the RNAs bound to epitope-tagged RNA-

binding proteins (2) and affinity chromatogra-
phy of tagged sRNAs (3) to isolate RNA-protein
(RNP) complexes (see Figure 1). The identification
and characterization of novel RNP complexes in
Campylobacter will increase our knowledge about
gene regulation and also virulence control in a
broader range of bacteria and help to understand
the underlying mechanisms of post-transcriptio-
nal regulation in bacteria without Hfq. Moreover,
the identification of novel virulence regulators will
provide new targets for antimicrobial therapies.

Figure 1: Isolation of RNA/protein complexes using (A) co-IP
of epitope-tagged proteins combined with RNA-seq and (B)
affinity purification of aptamer-tagged sRNAs.

Selected Publications

1. Sharma, C.M., Hoffmann, S., Darfeuille, F., Reignier, J.,
Findeiss, S., Sittka, A., Chabas, S., Reiche, K.,
Hackermiiller, J., Reinhardt, R. et al. (2010) The primary
transcriptome of the major human pathogen Helicobacter
pylori. Nature, 464, 250-255.

2. Sittka, A., Lucchini, S., Papenfort, K., Sharma, C.M., Rolle,
K., Binnewies, T.T., Hinton, J.C. and Vogel, J. (2008) Deep
sequencing analysis of small noncoding RNA and mRNA
targets of the global post-transcriptional regulator, Hfq.
PLoS Genet, 4, e1000163.

3. Rieder, R., Reinhardt, R., Sharma, C.M. and Vogel, J. (2012)
Experimental tools to identify RNA-protein interactions in
Helicobacter pylori. RNA Biology, 9.

Dr. Cynthia M. Sharma
Research Center for
Infectious Diseases (ZINF),
Julius-Maximilians-
Universitat Wiirzburg

cynthia.sharma@uni-wuerzburg.de

i

Cooperation partners

Dr. Ana Eulalio
Institute for Molecular
Infection Biology,
Julius-Maximilians-
Universitat Wirzburg,
Germany

Prof. Dr. Jorg Vogel
Institute for Molecular
Infection Biology,
Julius-Maximilians-
Universitat Wirzburg,
Germany

Dr. Kay Nieselt

Center for Bioinformatics
Tlbingen (ZBIT),
Universitat Tibingen,
Germany




Prof. Dr. Robert Slany
Institute for Genetics,
Friedrich-Alexander-
Universitat Erlangen-
Nirnberg

rslany@biologie.uni-erlangen.de

Cooperation partners

Prof. Dr. Arndt Borkhardt,
Uni-Klinik fir Kinderonkologie
Disseldorf, Germany

Prof. Dr. Jay Hess,
Dept. of Pathology, University
AnnArbor, Michigan, USA

Introduction

» Leukemia is the consequence of a series of
wrong decisions taken by a blood cell. A nor-
mally transient transcriptional program becomes
permanent. Genes intended to ensure tempo-
rary expansion of progenitors now fuel the limit-
less expansion of malignant clones stimulated
by runaway transcriptional elongation. Because
this particular mode of transcriptional tuning is
characteristic for many genes involved in develop-
mental and differentiation decisions it can serve
as a mark, flagging these important switchboards.

Goals of the project

» In this project we want to investigate the global
landscape of transcriptional kinetics in normal
and malignant cells. We are using conditional
oncogenes to study the global changes accompa-
nying the path from normal to leukemic stem cell
and back. This will not only identify the important
players but it will add another dimension by fol-
lowing these up in time. Like going from a snap-
shot to a movie we try to elucidate the kinetics of
malignant transformation.

At the fluorescence activated cell sorter.

Future prospects
and general impact

» The comprehensive understanding of the inner
mechanics of leukemia development will show the
Achilles’ heel of this procedure. Only if one knows
the “moving parts” it will be possible to point out
therapeutically promising targets where blocking
the sprocket will halt the machine. More efficient
therapeutics means better success and “leaner”
treatment.

Conclusions and outlook

» In our vision we'd like to go beyond cataloging
the “omics” to reach a vista of the “system” behind
leukemia.
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Figure 2: In the tissue culture lab.




Introduction

» The innate immune system is a first line of de-
fense against bacterial, fungal and viral patho-
gens. Pattern recognition receptors sense patho-
gen associated molecular patterns, such as viral
RNA, and elicit a host response that leads to pro-
duction of e.g. interferon and proinflammatory
cytokines, inducing an antiviral state of the cell.
RIG-I like receptors (RLRs: RIG-I, MDA5 and
LGP2) sense infections by a broad class of viruses
by recognizing patterns that distinguish viral RNA
from the cellular RNA. For instance, RIG-| senses
5’ triphosphates on dsRNA while MDAS5 is acti-
vated by long dsRNA molecules.

The innate immune system againstvirus infections
is poorly understood on a systems level, because
itis unclear how RLRs interact with viral genomes
in a qualitative and quantitative manner. Although
RIG-I ligands are fairly well characterized in vitro,
it is unclear which RNA molecules are detected
inside a living cell by different RLRs and how dif-
ferent RLRs cooperate to initiate a sensitive but
robust antiviral response. In this project, we aim
at proceeding from the structural and mechanis-
tic knowledge of interactions of RLRs with RNA
to an understanding how RLRs interact with viral
and cellular RNA in virus-infected cells on a sys-
tems level. We will use next generation sequenc-
ing technologies to understand which parts of the
viral genomes are detected by different RLRs,
along with structure-function analysis of mutant

RLRs to study how different pattern recognition
sites and ATPase activities contribute to RNA pat-
tern recognition.

Our studies should clarify which epitopes and
RNA molecules are differentially detected by dif-
ferent RLRs in a virus specific manner and help
clarify how RLRs cooperate or alternatively func-
tion in parallel or sequentially in virus sensing.
For instance, mutations that trap RLRs in func-
tional states will address whether the poorly un-
derstood ATPase activities of RLRs increase the
signal-to-noise of the system. The long term goal
is to understand how quantitative and qualita-
tive interactions of RLRs are correlated with the
strength of interferon production.
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Figure 1: Structural model for the activation of the innate immune sensor RIG-I by viral RNA: 5-triphosphate RNA binds to the requ-
latory domain RD and induces a structural switch in the ATPase domain that liberates CARDs (caspase activation and recruitment

domains) for signal transduction.
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Introduction

» Inflammatory bowel diseases (IBD) comprise a
group of various disorders associated with chronic
immune activation and tissue destruction in the
intestine. Depending on clinical and pathological
features, physicians classify IBD as Crohn's di-
sease, ulcerative colitis and indeterminate colitis.
The causes of IBD remain largely unknown and
involve extrinsic factors (such as bacteria) and
intrinsic factors (genetic susceptibility). Chronic
intestinal inflammation in children results in pain,
failure to grow, and multiple psychosocial prob-
lems. Existing therapeutic modalities are non-
specific and often not satisfactory.

Goals of the project

» The overall objective of this project is to identify
novel monogenetic disorders causing early-onset
IBD, to understand basic mechanisms of immunity

Figure 1: Each novel genetic defect illustrates the causes of
IBD - like pieces of a complex puzzle.

in the human gut, and to lay the foundation for
innovative therapeutic strategies. We will deline-
ate clinical features in pediatric patients with IBD,
perform genetic studies aiming to unravel novel
genetic defects causing early-onset IBD. Further-
more, we plan to generate mouse models to study
the role of newly defined genes causing early-
onset IBD. Finally, we plan to identify the complex
interaction of defined factors and their role in the
immune system.

Future prospects
and general impact

» To fulfill its mission, this ambitious research
project is based on a genome-wide search for
human disease-causing mutations and additional
interdisciplinary networks to understand complex
biological regulatory mechanisms. Upon identifi-
cation of novel genetic factors implicated in IBD,
a coordinated cooperation of biochemistry, cell
biology, biophysics, and immunology is required
to elucidate pathomechanisms and to provide a
scientific basis for innovative therapeutic strate-
gies for patients suffering from a devastating dis-
ease.

In the past, we identified the first truly mono-
genetic variants of IBD by discovering loss-of-
function mutations. This discovery had implica-
tions for therapy and we successfully performed
hematopoietic stem cell transplantation (HSCT), a
novel therapeutic approach for selected patients
with IBD. However, only 25% of all patients with
early-onset IBD have mutations in these disco-
vered genes.

Conclusions and outlook

» Studying rare patients with early-onset IBD
will allow us to identify pathways controlling the
homeostasis of the human intestinal immune sys-
tem. A systems biology perspective bears great
promise to identify novel therapeutic targets and
to develop new therapeutic strategies for patients
suffering from intestinal inflammation.

Selected Publications

1. Kotlarz D., Beier R., Murugan D., DiestelhorstJ., Jensen O.,
et al. Loss of Interleukin-10 Signaling and Infantile Inflam-
matory Bowel Disease: Implications for Diagnosis and
Therapy. Gastroenterology. 2012 (143), 347-355.

2. Glocker EO., Kotlarz D., Bozug K., Gertz EM., Schaffer AA.
et al. Inflammatory bowel disease and mutations affecting
the interleukin-10 receptor. The New England Journal of
Medicine. 2009. (361), 2033-2045.



Gene-Environment Interactions

Genome-wide dissection of chromatin plasticity regulating feeding
within the central nervous system of the fruit fly

Introduction

» For animals to survive, they must adapt to
new environments. When faced with different
amounts of nutrients, animals adjust their growth,
cell morphology and behaviour. Different types of
cells within a multicellular organism respond dif-
ferently, each adapting their gene expression and
physiological function to suit the new conditions.
Little genome-wide information is available for
these responses as determined directly within
specific cell types in intact organisms. Often cell
types exist in a matrix of cells that are not easily
biochemically separated, such as neurons in the
brain.

Goals of the project

» We will dissect how gene expression adapts
within individual cell types and obtain genome-
wide as well as dynamic insight into these chan-
ges. We take advantage of novel tools that we
have engineered to study how changes in metabo-
lism generate distinct gene expression responses
within the brain and dissect epigenetic mecha-
nisms that underlie these physiological adapta-
tions.

Future prospects
and general impact

» We use the powerful model organism Droso-
phila melanogaster to study how starvation and
re-feeding alter chromatin dynamics and gene
expression within highly specialized cell types, in-
cluding neurons and fat tissue. We exploit genom-
ic approaches, bioinformatics and modelling to
measure chromatin structure, histone variants
and modifications, transcription and mRNA-levels
within different cell types and upon metabolic
perturbation. Our long-range objectives are to
identify, characterize and model epigenetic,
transcriptional and behavioural mechanisms that
govern an organism'’s systemic responses to feeding.

Figure 1: The Drosophila brain imaged with markers for glia
(green) and neurons (magenta).
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Figure 2: Mapping active genes at genome-wide resolution
within specific cell types of the fly brain.

Conclusions and outlook

» Our analysis will provide novel spatial and tem-
poral resolution of gene-environment interactions
at the level of gene regulation, promising to reveal
fundamental new insight into mechanisms regula-
ting metabolism and feeding behaviour. Conside-
ring the range of nutritional disorders that exist
in humans (e.g. obesity, addiction, compulsive be-
haviours), the project is relevant to human health,
since many signalling pathways have first been
described in model organisms (e.g. circadian
clock, long-term memory) including the fly. The
use of state-of-the-art methods, novel tools and
a powerful genetic and behavioural organism will
allow us to identify and validate new mechanisms
relevant to the connections between metabolism,
genes and behaviour.
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Developmental Impact of Maternal

Diabetes Mellitus

A molecular systems study of oocytes, embryos and their maternal environment
in genetically designed diabetic mouse and pig models

Introduction

» The global prevalence of diabetes mellitus is
dramatically increasing. Maternal diabetes is
known to adversely affect embryo development
and pregnancy outcomes. These effects may be
associated with structural, functional or molecu-
lar changes, at different levels, from compromised
oocyte competence to alterations of the uterine
environment.

Goals of the project

» To integrate quantitative molecular, structural
and functional parameters indicating effects of
maternal hyperglycemia on oocyte developmental
competence

» To provide insights into developmental path-
ways affected by maternal hyperglycemia and
their regulation by epigenetic mechanisms

» To identify molecular changes within the ma-
ternal-fetal crosstalk in the diabetic condition

We will use corresponding mouse and pig models
expressing mutant insulin molecules, leading to
permanent hyperglycemia. Oocytes and embryos
recovered from these models will be analyzed for
structural, functional and molecular abnormali-
ties as compared to control oocytes. In addition,
we will perform expression profiling of the uterine
endometrium to evaluate effects of hyperglycemia
on maternal recognition of pregnancy.
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Figure 1: Permanent diabetes in INSC94Y transgenic pigs (tg)
as compared to wild-type controls (wt).

Figure 2: Porcine embryo at the morula stage.

Conclusions and outlook

» These studies will for the first time provide sys-
tematic insights into developmental consequen-
ces of maternal hyperglycemia, including the pig
as a relevant model for early human development.
Identification of critical windows in development
with high susceptibility for maternal diabetes may
help to refine preventive strategies to avoid deve-
lopmental failures and consequences for future
health.
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Introduction

» The Exp3 project develops an iterative approach
for exploring and explaining expression patterns
in regulatory networks using targeted combina-
torial perturbations (multiple siRNA knockouts/
knockdowns) of genes and sets of genes followed
by the subsequent gene and protein expression
measurements of the perturbed system.

Goals of the project

» From network, interaction and process models
a number of suitable and informative perturba-
tions are proposed, which will be applied via com-
binatorial knockdown of one or multiple genes,
followed by functional assays for virus replication
and a detailed measurement of the expression
levels of a large number of relevant genes (again
proposed via the models). Causal, time and space
resolved executable (Petri Nets with Fuzzy Logic
= PNFL) models are derived and exploited for
the prediction of new target sets. This Exp3 sys-
tems approach is applied for the investigation of
Herpes virus infections to identify relevant virus
host factors and allows for investigating specific
innate and adaptive immune response pathways
challenged by Herpes viruses in a much more in-
depth way as previously possible. Moreover, we
consider the combinatorial regulatory effects of
(Herpes viral) miRNAs and siRNA and their effect
on protein isoforms and their structures.

Figure 1 shows various high throughput data,
which have already been measured and which will
be used to construct initial models and to predict
the first round of perturbations. Figure 2 visual-
izes a current view on a target pathway associated
with the immune response of the host cell. Using
public and own data on PPIs and regulatory inter-
actions a much more comprehensive and dense
network is obtained.

Figure 1: Overview of experimental data for the Herpes system.
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Figure 2: Visualization of a textbook innate immune response
pathway relevant for viral infections [Source: http://www.
cellsignal.com/reference/pathway/Toll_Like.html].

Thus, many more edges between the players of
the target pathways are available, in several cases
also with additional annotations (direction, sign,
strength, confidence) of interactions. The Exp3
method aims at transforming such coarse net-
works employing targeted high throughput meas-
urements into executable (PNFL) models explain-
ing the data and describing the biological system
in a qualitative and (semi-)quantitative way.

Future prospects and general impact

» The Exp3 method should save time and money
in discovering new regulatory mechanisms.

Conclusions and outlook

» The proposed approach is applicable to a wide
range of systems modeling problems by drastically
reducing the number of experiments yielding much
more focused experimental data for obtaining cau-
sal models. As the approach is predictive it will also
allow for proposing validation experiments, which
can be performed via the very same protocol.
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Cooperative miRNA Function

in Cardiovascular Disease

Understanding the mechanisms of microRNA interaction may contribute
to the development of novel therapeutic strategies in cardiovascular disease

Introduction

» MicroRNAs (miRNAs) are small non-coding
RNAs with a length of 20 to 30 nucleotides that
post-transcriptionally regulate target genes by
base-pairing with complementary sequences in
the 3’ untranslated regions (UTRs) of protein-
coding transcripts. MiRNAs are required for vir-
tually all phases in the life of a living cell or orga-
nism. Although a growing number of miRNAs has
been assigned a critical role in the pathogenesis
of several diseases including those of the cardio-
vascular system, the mechanism of action of many
miRNAs remains unclear. One important obstacle
towards a better understanding of miRNA func-
tion stems from the intrinsic mechanism of action
of miRNAs: next to their embedding into their
functional unit, the miRISC ribonucleoprotein
complex, only 6-8 nucleotides of an miRNA deter-
mine mRNA recognition.

Goals of the project

Given this, bioinformatic analyses predict a pleth-
ora of target mRNAs, interactions and levels of
regulation: i) almost every mRNA contains miRNA
binding sites, ii) various mRNAs may carry sites
for an individual miRNA, and iii) one mRNA may
contain sites for various miRNAs. Based on these
predictions we may expect an enormous com-

plexity in miRNA-dependent regulatory networks.
This complexity could be required to fine-tune
or to boost the cellular response to an external
stimulus - either on a single mRNA or through
cascades of miRNA regulation on different levels
within a pathway. The topic of this BioSysNet re-
search group is the functional characterization of
cardiovascular miRNAs and their interactions in
cardiovascular disease. Elucidating the underly-
ing mechanisms may provide an entry point for
therapeutic intervention.
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Figure 1: MicroRNA-212 regulates cardiomyocyte cell size.



Introduction

» Cells in embryogenesis harbor several features
such as high proliferative capability, which are
also found in cancer cells. In embryogenesis these
characteristics are strictly controlled whereas in
cancer this regulation is lost. In this project we
will focus on a detailed understanding of differen-
tiation and migration of melanocytes in embryo-
genesis compared to melanoma cells to determine
molecular changes in regulation.

Goals of the project

» Melanoma is an aggressively disseminating can-
cer with high incidence still continuously rising.
Melanoma cells derive from melanocytes, which
originate from the neural crest and display several
characteristics of neuronal cells. During embryo-
genesis melanoblasts, the precursors of melano-
cytes, reveal several “tumorigenic” features as
they migrate actively and subsequently “invade”
the epidermis. These findings lead to our hypothe-
sis, that only few but critical molecular alterations
allow melanoma cells to “reinitiate and exploit”
characteristics of melanoblasts, and therefore, a
detailed understanding of neural crest differentia-

Figure 2: Phenotypic analysis of melanoblasts in cell culture.
Macroscopic and microscopic differences in pigmentation are
clearly visible.

tion and melanoblast migration will lead to crucial
novel information about melanoma development
and progression. The main aims derived from the
hypothesis are: 1. Detection of molecules which
can induce differentiation of melanoma cells and
2. Determination of molecular differences between
melanoblasts, melanocytes and melanoma cells.

Conclusions and outlook

» In general, our experimental approaches are
designed to discover novel central factors for
melanoma development and progression, which
have not been associated with the pathogenesis
of melanoma before, and will result in a better
molecular and cellular understanding of this bio-
logical system. In the long term, new targets for
effective melanoma therapy could be determined.
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Figure 3: Schematic illustration of the differentiation and de-differentiation processes.
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Introduction

» MicroRNAs (miRNAs) are a class of small
noncoding RNAs that negatively regulate gene
expression by destabilization or translational in-
hibition of mMRNAs. MiRNAs are encoded in the
genome of almost all eukaryotes and are syn-
thesized as part of longer primary transcripts.
Such transcripts are subsequently processed by
two nucleolytic events catalyzed by the RNase Ill
enzymes Drosha and Dicer. The expression of
miRNAs is tightly regulated, and in many cases
deregulation of miRNA abundance has been
linked to diseases including cancer. Such regu-
latory events are for example transcriptional
regulation, miRNA degradation or interaction of
RNA-binding proteins with the different miRNA
processing intermediates thus preventing them
from processing.

Goals of the project

» Based on several studies, it has become evi-
dent that the maturation steps of miRNAs can be
positively or negatively regulated by RNA bind-
ing proteins. However, only a small number of
posttranscriptional miRNA regulators has been
discovered to date. Therefore, the aim of our pro-

Figure 1: Regulation of miRNA maturation by RNA-binding
proteins. MiRNAs are synthesized as primary transcripts
that are processed to miRNA precursors by Drosha. These
molecules are further processed to mature miRNAs by Dicer.
Mature miRNAs bind to a member of the Argonaute protein
family and are incorporated into miRNA-protein complexes
termed miRNPs. In this project, we aim at the identification
of RNA-binding proteins (RBPs) that bind to miRNA precur-
sors and regulate miRNA expression.

ject is the identification of RNA-binding proteins
regulating miRNA processing. We have set up a
proteomics-based screen to identify proteins spe-
cifically binding to individual miRNA precursors.
In the proposed project, we plan to screen a set of
about 100 different miRNAs in 10 different cancer
cell lines in order to identify posttranscriptional
miRNA regulators involved in tumorigenesis and
tumor progression.

Future prospects and
economic impact

» miRNAs are important for various cellular func-
tions and consequently, miRNAs are frequently
misregulated in many diseases. Our work will
contribute to a better understanding of the causes
that lead to miRNA misregulation and therefore
also to a better understanding of the establish-
ment of diseases like cancer. Modulating such
regulatory networks might also have an economic
impact in the future.

Conclusions and outlook

» Proteins containing putative RNA-binding do-
mains are very abundant in the human genome,
many of them with unknown functions. MiRNA
expression is regulated at many different steps
including binding of processing intermediates by
RNA-binding proteins. We hypothesize that many
miRNA families might be under the control of spe-
cific RNA-binding proteins and many of the so far
uncharacterized RNA-binding proteins might be
involved in miRNA regulation.
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Introduction

» Cells of different origin in a tissue communicate
via secreted proteins. Immune cells communi-
cate with virtually all cells of the body. Stromal
cells communicate with tumor cells and the sig-
nals they give modulate tumor growth, migration
and the resistance to treatment. While this cross
talk certainly involves feedback mechanisms in
vivo, we developed experimental setups in which
unidirectional signaling is guaranteed. Hence in
our experimental setup there is always a sender
cell and a receiver cell. The sender emits signa-
ling molecules and the receiver has receptors
that sense these molecules and its inner signaling
network orchestrates the response to the signals
from the environment.

Goals of the project

» From a systems biology perspective, intercel-
lular communication links the molecular networks
of different cell types. We design computational
models that capture the cross talk of cellular net-
works. Our focus is on causal relationships bet-
ween the composition of the secreted signaling
molecules and the receiver cell’s response. For
all secreted molecules we computationally pre-
dict how increasing its amount in the secretome
by one unit will change the receiver’s response.
In collaboration with the labs of Prof. Claus
Hellerbrand and Prof. Peter Oefner, we grow various

lines of sending cells separate from the receiving
cells and use the conditioned media of these cells
to stimulate receiver cells. We characterize the
transcriptomes of sending cells, the content of
the conditioned media and the transcriptomes of
stimulated receiver cells. The observed statistical
dependencies between these measurements drive
our model. Our primary application will be to
understand the cross talk of hepatocellular carci-
noma cells and stromal cells in the cancer tissue.

Future prospects and
economic impact

» Our long term vision is that once we under-
stand how the composition of the extracellular
proteome in a tumour shapes the molecular net-
works and transcriptome of a tumour cell, new
avenues to design targeted combination therapies
will open. More concretely, we envision therapies
combining existing anti-cancer drugs with cer-
tain growth factors or inhibitors thereof that help
sensitize the tumour to the drug. While this is a
long term goal, we believe that first steps in this
direction include the development of experimen-
tal frameworks and computational methodology
to investigate paracrine signalling systematically
on the systems level.

Figure 1: Paracrine Communication: The molecular network of a sending cell determines the composition of a complex secretome
that simultaneously passes multiple messages to a receiving cell. The receiver cell’s intracellular networks in turn process these
inputs and adapt the receiver’s phenotype.
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Introduction

» Small noncoding RNAs (sRNAs) have begun to
rival transcriptional factors with regards to num-
bers and regulatory scope in gene expression.
Most bacterial SRNAs regulate multiple mRNAs
by short seed pairing, and it is now well-estab-
lished that many govern large post-transcriptional
regulons. We know little about how sRNAs differ
from transcription factors in terms of regulatory
activities and biological meaning, but increasing
evidence suggests that they impact timing and
threshold behaviour in gene expression programs.

Goals of the project

» This project aims to understand how sRNAs
shape the dynamics of global responses in the
pathogenic model organism, Salmonella Typhi-
murium. We will focus primarily on the SigmaE-
induced envelope stress response, but also in-
vestigate the SOS response to DNA damage, the
stringent response to starvation, and the regula-
tory cascades that induces Salmonella’s genes for
host cell invasion.

Conclusions and outlook

» We will harness the power of RNA deep se-
quencing and in vivo cross-linking for genome-
wide profiling of regulation at the levels of DNA
and RNA in parallel. This will unravel temporal
and directional differences in the regulation of in-
dividual genes at the transcriptional versus post-
transcriptional level, and identify network motifs
that interconnect these two layers in natural sys-
tems. Knowledge of these motifs will feed into a
rational design of sSRNAs that function as timing
devices in synthetic control circuits.
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Figure 1: A bacterial small noncoding RNA and the RNA chaperone Hfq.



Foundations

Care-for-Rare Foundation

Patients with rare diseases present a particular
challenge for medicine — diagnosis is difficult
and for the majority of affected patients no cure
is available. Mutations in the genome often and
inevitably lead to early death — sometimes even in
the first few years of life. Thus, research is of vital
importance to shed light on the pathomechanisms
and to lay the foundations for the development of
urgently needed therapies.

The Care-for-Rare Foundation for children with
rare diseases is taking on those challenges. Sup-
ported by Nobel Laureates and under the patro-
nage of Federal Minister for Education and
Research, Annette Schavan, the Foundation follows
the mission that no child should die of a devas-
tating rare disease — independent of ethnicity,
religion, or wealth.

Thanks to the Care-for-Rare Foundation, many
children throughout the world have been diagnosed
with newly discovered genetic diseases and
many could be rescued by use of novel therapeu-
tic strategies. Visit the Foundation’s website at
www.care-for-rare.org for more details. Dona-
tions will go directly to children in need and re-
search projects — without any deduction. Our
biannual newsletter will inform you about our
ongoing and completed projects.

Your donation is highly appreciated!

Donations Account:

Bank: Stadtsparkasse Ulm

IBAN: DE93 6305 0000 0000 0035 33
BIC: SOLADESTULM Bank
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Foundation
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Help us help!

HSP is Hereditary Spastic Paraplegia, a rare and
incurable hereditary motor neuron disease with
childhood or young adult onset that constantly
gets worse. HSP — those three letters make walk-
ing difficult and can imply life in a wheelchair.
Between 2000 and 3000 people suffer from Here-
ditary Spastic Paraplegia in Germany.

This is why in 1998, Dr. Tom Wahlig from
Minster in Westfalia, whose son Henry has also
suffered from HSP since childhood, established
the foundation named after him. Since 1998, the
Tom Wahlig Foundation has set up HSP-consulta-
tion in cooperation with many hospitals through-
out Germany and Austria to help facilitate the
beginning of this path. The core assignments of
the Tom Wahlig Foundation include promoting
research on HSP through start-up funding of pro-
jects, awarding research scholarships and buil-
ding networks by means of our symposium.

When the Tom Wahlig Foundation was established
in 1998, none of the genes which, when mutated
can cause HSP, were known. By now, around 50
gene loci and close to 20 genes have been identi-
fied. The hope of causal therapy linked to these
discoveries has yet to be fulfilled. One of the Bio-
SysNet project leaders, Dr. Beate Winner, and her
colleagues are currently working with the support
of Tom Wahlig Foundation research scholarships
to create human HSP neurons from skin cells.

HSP is not curable — yet. The work of medical doc-
tors, neuroscientists, and researches from other
areas of expertise gives those affected by HSP
daily hope that a way to cure or to alleviate the
effects of this disease will be found. Since 1998,
the foundation has been able to significantly
advance basic research in HSP - after having
remained static for close to 100 years. Also many
new insights were gained by means of the Tom
Wahlig Foundation support.

Help us help!

Help those affected by HSP by contributing to a
vision of a future without HSP. The foundation will
support you in this quest by all available means!

http://www.hsp-info.de




The Bavarian Reserach Network for Molecular
Biosystems supports collaboration with academic
research groups outside the network from Ger-
many and around the world. Cooperation with
industrial partners are also aspired as both sides
will benefit from it.
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