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Preface

State Minister Bernd Sibler
The increasing resistance of pathogens to antibiotics is one
of the major medical challenges of our time. As this development is pushing traditional approaches to their limits, it is
crucial to start thinking in a completely new way in this field
and to break new ground. We need interdisciplinary basic
research to counter the global threat of multi-resistant germs
effectively.
Therefore, I am very pleased that scientists from five Bavarian
universities enrich bayresq.net with their expertise in various
disciplines, especially in biology, bioinformatics, chemistry,
biophysics, medicine and mathematics. To make the best
possible use of this knowledge, we count on the possibilities offered by digitization. The common data platform as a
superstructure for all projects will greatly facilitate cooperation and can help different approaches to stimulate each
other.
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Interdisciplinary basic research combined with the boost of
digitization: Bavaria as a research location is well-prepared
for such a project – also and especially in the context of the
High-Tech Agenda. I am very optimistic about the results of
bayresq.net and wish the network and all participants every
success.

Bavarian State Minister
of Science and the Arts

Preface
fatalities over the past few decades is a wonderful evidence
of this benefit we received from science. It was above all the
Scottish physician and bacteriologist Alexander Fleming
who achieved this major pharmaceutical breakthrough with
his pioneering discoveries about 90 years ago. And it was
already in his Nobel Prize speech in 1945, when Fleming
warned from an inflationary use of the antibiotic penicillin
he had discovered. He pointed out the danger that the
microbes could become resistant to the dispensed penicillin, especially if it was dosed incorrectly. And this resistance
might last for a long time.

Prof. Dr. Horst Domdey
Let me start this preface with the following question: Is
it in the year 2021 – which is the 2nd year of the Covid-19
pandemic – still necessary to further increase our society’s
awareness of the fact that – due to the constantly growing
population and globalization – the biggest dangers lurk not
just from belligerent powers and from climate change, but
that one of the greatest dangers for mankind is hidden in
the most primitive organisms, in bacteria? As we all know,
the cause of the current pandemic is a virus, which is not an
organism, but an inanimate organic particle that nonetheless threatens human life and can lead to death. Bacteria,
on the other hand, are real organisms with sophisticated
survival strategies that can and probably will be extremely
dangerous to us.
Bacterial infections have always accompanied mankind.
Plague and cholera have certainly been as great human
killers in the past as the countless wars that have been
waged throughout history. Hence, the discovery of antibiotics that can halt bacterial infections was probably one
of the most significant events for the improved well-being
of mankind in the 20th and 21st centuries. The dramatic
reduction in the number of bacterial-infections-caused

Unfortunately, Fleming‘s prediction came absolutely true.
Over the years, the problem could in fact be partially resolved by the constant development of new, alternative antibiotics, however, now or at least in the near future the end
of the rope seems to have been reached, as the so-called
multi-resistance of bacteria is becoming more and more
threatening.
The problem is now particularly exacerbated by the fact
that newly developed antibiotics are more or less condemned to a slow-moving existence. So far, newly developed
antibiotics have only been needed in a few emergency
situations. However, since the development of a new anti
biotic still costs hundreds of millions of Euros or Dollars,
the pharmaceutical companies – not generating any significant sales with – have gradually withdrawn from this financially unrewarding business. Therefore, the governments
have two problems or tasks to deal with. On the one hand,
they have to create an attractive compensation for the high
development costs of the pharma industry and, on the other
hand, they have to ensure that research in innovative antibacterial concepts does not come to a complete standstill.
There are a number of ways of tackling the first problem:
For example, antibacterial agents that are used on patients
could be rewarded with an orphan disease status in individual cases, so that significantly higher costs can be billed,
amounts that are otherwise only charged with drugs for rare
diseases. On the other hand, the governments might create

and conclude guaranteed purchase contracts that secure
the pharmaceutical companies at least enough financial
compensation so that there is at least a zero-sum calcula
tion for the developers / manufacturers of these substances, which are essential for survival in individual cases.
As far as research into new mechanisms of action is concerned, the governments are required to provide broad
support for such research and development work, at least
in the academic sector, through specially tailored funding
programs. While the State of Bavaria has practically no
possibilities regarding the level of reimbursement for new,
alternative antibiotics, it can definitely intervene in the area
of funding research into new mechanisms of action and
active ingredients. The State of Bavaria has not only recognized this possibility, but has also taken it up proactively
and has implemented and financed the bayresq.net program in an exemplary manner. One can and must be more
than grateful for this action and, ultimately, as a citizen of
Bavaria, I am also a little bit proud that Bavaria is pushing
this important task forward with its great commitment within
the framework of bayresq.net.

Scientific manager
bayresq.net

PREFACE
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Introduction

New strategies against multi-resistant pathogens
by means of digital networking (bayresq.net)
Current developments require
the start of a new research network
Multi-resistant pathogens and the associated risk of incu
rable infectious diseases represent one of the greatest challenges of our future. According to a study by the Charité
Berlin, the worldwide number of annual deaths due to infections with multi-resistant pathogens could exceed ten million
by 20501. This prognosis is not only frightening from a medical and social point of view, but also has serious consequences on an economic level. As such, the US Center of Disease
Control and Prevention estimated the annual additional costs
for the health system and the loss of productivity at this point
to amount to 300 billion USD annually. These two examples illustrate the urgency with which we have to face these
developments.
By founding the research network “New strategies against
multi-resistant pathogens by means of digital networking“
(bayresq.net) the Free State of Bavaria has taken a groundbreaking step towards overcoming this problem, which is
highly relevant in terms of health policy. The right framework conditions have already been created in recent years in
Bavaria with the establishment of a powerful and innova
tive life science research landscape. Successful research
programs such as the Bavarian Genome Research Network
(BayGene), the Bavarian Immunotherapy Network
(BayImmuNet) and the Bavarian Research Network for Mole
cular Biosystems (BioSysNet) helped in interconnecting different stakeholders in life science in Bavaria. At the same
time, these network programs demonstrated that interdisciplinary scientific cooperation on specific key topics enabled
the area of life sciences to develop and advance in a special
way. Based on these outstanding prerequisites, a new network program now follows, which will bring us a significant
step forward in the struggle for new therapeutic approaches
against incurable infectious diseases.
1
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Introduction
Bavaria combines the interdisciplinary
forces of its universities in the fight
against multi-resistant pathogens
The new bayresq.net program supports research projects
that develop new approaches based on interdisciplinary
expertise in Bavarian science in order to gain a better understanding of infectious processes and the formation of
microbial resistance. The six research projects of the new
network program are each carried out jointly by a group of
renowned scientists from Bavarian universities who work on
various interdisciplinary research projects. Scientists from
the following disciplines can be found in the new
research program: biology, medicine, biochemistry, bioinformatics, mathematics
and biophysics. This interdisciplinary
cooperation makes it possible to
systematically examine complex
research content. The research
groups address numerous
aspects from the development of new therapeutics to
the effects of the immune
system, the microbiome or
the metabolome on the process of infection, both from
the perspective of the host
and the pathogen, with a particular focus on the properties and
mechanism of action of the latter.

INTRODUCTION
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Introduction
Taking advantage of digitalization
for people‘s health
Another important aspect of cutting-age research is taken
into account. By using state-of-the-art scientific methods
and laboratory analysis, enormous amounts of data are generated, which not only have to be stored but also evalu
ated and put in relation to one another fast and efficiently.
Without a superordinate modern data management system, research on complex issues such as infection processes would not be timely and target-oriented. Reliable predictions about reaction mechanisms and the development
of infections can only be made by using high-throughput
processes. The amounts of data collected in this way can
only be evaluated and made usable for all involved scientists by using a structured, modern data management
system. For the first time, an attempt is being made to
make all the data collected accessible to all researchers involved in the network in the form of open
data management. The experiences that are made
in this context can then be used also for new future network programs. bayresq.net is an element of
the strategy BAYERN DIGITAL, which is also used to
finance the program.
The unrestricted exchange of data between the project groups enables all network partners to benefit
from the results of other groups in parallel to their own
research. Know-how can be exchanged in an impressive
way and made available to all groups.
For this purpose, the bayresq.net main office provides a
dedicated infrastructure and conducts research on how
common data standards are best created and in which form
the data is of greatest benefit to the scientists. A close coo
peration between the bayresq.net main office, specifically Andreas Hauser who is responsible for developing and
implementing the data management and the scientists, as
well as absolute trust, form the necessary basis of such an
approach.

10
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Introduction
bayresq.net research sites in Bavaria

Biocenter
University of Würzburg

Institute of Molecular Infection Biology
University of Würzburg

University Hospital
Regensburg

Biopark
University of Regensburg
Department of Dermatology
University Hospital Erlangen

Pettenkofer Institute
LMU Munich
Department of Statistics
LMU Munich

Mathem. Faculty
TU Munich

Hospital Rechts der Isar TU Munich
Hospital Grosshadern
LMU Munich

BioSysM
LMU Munich

Medical Faculty
LMU Munich
Gene Center
LMU Munich

STRUCTURE
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Structure

Organs of bayresq.net
A network program of the Bavarian

State Ministry of Science and the Arts
The projects are funded over a period of 5 years by the
Bavarian State Ministry of Science and the Arts (subject to a
positive evaluation during the midterm evaluation).

The Scientific Advisory Board

ensures the selection and evaluation
of the research groups

Prof. Dr. Dr. h.c. mult. Jörg Hacker

Prof. Dr. Tanja Schneider

Former President of the Robert Koch Institute
Former President of the German Academy
of Sciences Leopoldina
Chairman of the Scientific Advisory Board

Professor of Pharmaceutical Microbiology
at the University of Bonn
Deputy Chairwoman of
the Scientific Advisory Board

Prof. Dr. Rolf Apweiler

Prof. Dr. Melanie Blokesch

Director of the European Bioinformatics
Institute, part of the European Molecular
Biology Laboratory in Cambridge

Associate Professor at Swiss Federal Institute
of Technology Lausanne

The selection of the funded research groups followed a
strictly science-based evaluation process. The Scientific
Advisory Board, an international group of experts, evaluated the applications in a two-stage application process and
ultimately proposed the 6 currently funded project groups
for funding by the Bavarian State Ministry of Science and
the Arts.
In addition, the members of the Scientific Advisory Board
will continue to accompany the funded projects and support them with their expertise. We would like to take this
opportunity to thank our Scientific Advisory Board for the
competent commitment and active support.

12
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Structure

Prof. Dr. Mark Brönstrup
Head of the Department of Chemical Biology
at the Helmholtz Centre
for Infection Research in Braunschweig
Professor at the Institute of Organic Chemistry
at the Leibniz University Hannover

Prof. Dr. Petra Gastmeier
Head of the Institute of Hygiene
and Environmental Medicine
at the Charité in Berlin

Prof. Dr. Michael Hecker

Prof. Dr. Zlatko Trajanoski

Former Head of the Institute
for Microbiology at the Ernst-Moritz-Arndt
University Greifswald

Professor of Bioinformatics
at the Institute of Bioinformatics,
Medical University of Innsbruck

Prof. Dr. Peter Hammann

Prof. Dr. Susanne Häußler

Former SVP Infectious Diseases
at Evotec SE
Honorary Professor
at the Saarland University

Head of Department of Molecular Bacteriology
at the Helmholtz Centre for Infection Research
in Braunschweig
Professor and Director of the Institute of Molecular
Bacteriology at the TWINCORE in Hannover

Prof. Dr. Lothar Wieler
President of the Robert Koch Institute
in Berlin

STRUCTURE
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Structure
Scientific management of the network
The scientific director of bayresq.net, Prof. Dr. Horst
Domdey, has the task of advising and councelling the
network‘s research groups and coordinating the processes with the main office. In addition, he critically observes the orientation and quality of the research work and,
if necessary, consults the Scientific Advisory Board. He
is the contact point for strategic questions and he ensures the transfer of the achieved results. Prof. Dr. Horst
Domdey helps the project managers find cooperation
partners and involves the researchers in the excellent infrastructure of the Bavarian Biotech Cluster. He advises
the office on the organization of public relations and,
together with the office, forms the general point of contact for all questions.

Prof. Dr. Horst Domdey

Dr. Ulrike Kaltenhauser

Scientific Management  
bayresq.net

Head of the Main Office

The main office
The main office organizes the joint meetings between the
researchers and helps the scientists get to know each other
and to build a good basis of trust. The office is the first point
of contact for all rising questions and helps the researchers
to overcome all administrative hurdles. The joint public
relations work is coordinated and controlled in the office,
including the creation of information material and the implementation of conferences and information events as well as
the development of new formats for public relations work.
The office team provides international information about the
program at trade fairs and conferences. Courses are held for
interested citizens. Furthermore, it manages the provided
funding and fosters the dialogue between science, politics
and the public. As a member of the steering committee
for biotechnology in Bavaria, which was set up to network
the regional biotechnology scene, Dr. Kaltenhauser is able
to provide young research groups with access to important
networks in Bavaria. The membership from the office mana
gement in associations such as m4 (Personalized medici-

Andreas Hauser

Digital Networking and
Data Management

ne), MedTechPharma (network for medical technology and
pharmaceuticals) or BIONITY.COM helps in interconnecting
the members of the bayresq.net projects to increase their
chances of gaining international visibility. The office team of
bayresq.net is presented below.

Julius Reich

Data Management
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Gabriele Jeske

Controlling and Support

Sophia Schreiber
Research Assistant

The members of the bayresq.net office are supported by the academic assistant Sophia Schreiber and the office worker
Gabriele Jeske, on an hourly basis in the area of public relations and administrative work.

STRUCTURE
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DynamicKit
PD Dr. Andreas Wieser
Ludwig Maximilian University of Munich (LMU)
Max von Pettenkofer Institute, Chair of Medical Microbiology
and Hospital Epidemiology, Medical Faculty LMU
wieser@mvp.lmu.de

Prof. Dr. Dr. Fabian Theis
Technical University of Munich, Faculty of Mathematics
Chair of Mathematical Modelling of Biological Systems
Institute of Computational Biology, Helmholtz Zentrum Munich
fabian.theis@helmholtz-muenchen.de

Finding new combination therapies
against multi-resistant tuberculosis
Information on the applicants
PD Dr. Andreas Wieser´s research group is spearheading a new proteomic technology, which for the first
time enables to accurately measure newly formed proteins over time in mycobacteria, the causative agents
of tuberculosis. Prof. Dr. Michael Hoelscher contributes
with his world leading expertise in infectious diseases
and experience in coordinating drug trials. Through his
work group we have access to novel substances and
data on clinical correlates of diseases and treatment.
Prof. Dr. Dr. Fabian Theis and Dr. Michael Menden are
driving computational analyses with artificial intelli
gence.

Selected Publications

Dr. Michael Menden
Ludwig Maximilian University of Munich (LMU), Faculty of Biology
Institute of Computational Biology, Helmholtz Zentrum Munich
michael.menden@helmholtz-muenchen.de

Prof. Dr. Michael Hoelscher
Ludwig Maximilian University of Munich (LMU), Medical Faculty
Department of Infectious Diseases and Tropical Medicine
hoelscher@lrz.uni-muenchen.de
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(1) High-dose rifampicin, moxifloxacin, and SQ109 for treating
tuberculosis: a multiarm, multi-stage randomised
controlled trial. Boeree MJ, Heinrich N, Aarnoutse R, Diacon
AH, Dawson R, Rehal S, Kibiki GS, Churchyard G, Sanne I,
Ntinginya NE, Minja LT, Hunt RD, Charalambous S, Hanekom
M, Semvua HH, Mpagama SG, Manyama C, Mtafya B, Reither K,
Wallis RS, Venter A, Narunsky K, Mekota A, Henne S, Colbers A,
van Balen GP, Gillespie SH, Phillips PPJ, Hoelscher M;
PanACEA consortium. Lancet Infect Dis. 2017 Jan;17(1):39-49.
doi: 10.1016/S1473-3099(16)30274-2. Epub 2016 Oct 26.

(3) Identifying dormant growth state of mycobacteria by
orthogonal analytical approaches on a single cell and
ensemble basis. Neumann AC, Bauer D, Hölscher M, Haisch C,
Wieser A. Anal Chem. 2018 Dec 3. doi: 10.1021/
acs.analchem.8b03646. IMPACT 6,3 (2016)

Cooperations
With their interdisciplinary basic research, the research
team combines expertise from fields such as bioinformatics, artificial intelligence and machine learning to
understand cellular processes (F. Theis / M. Menden),
analytical chemistry, medical microbiology (A. Wieser)
and tropical medicine, including therapy in tubercu
losis / clinical trials (M. Hoelscher). This project will
strongly benefit from the scientific network provided by
bayresq.net as well.

Involved scientists
Dr. Zohaib Nisar Khan, postdoc, Wieser group
Dr. Xaib Khan, postdoc, Menden group
Dr. Ines Assum, postdoc, Menden group

(2) Assessment of the sensitivity and specificity of Xpert MTB/RIF
assay as an early sputum biomarker of response to tuberculosis treatment. Friedrich SO, Rachow A, Saathoff E, Singh K,
Mangu CD, Dawson R, Phillips PP, Venter A, Bateson A,
Boehme CC, Heinrich N, Hunt RD, Boeree MJ, Zumla A,
McHugh TD, Gillespie SH, Diacon AH, Hoelscher M;
Pan African Consortium for the Evaluation of Anti-tuberculosis
Antibiotics (PanACEA). Lancet Respir Med. 2013 Aug;
1(6):462-70. doi: 10.1016/S2213-2600(13)70119-X.
Epub 2013 Jul

Computational Biologist in action.

DynamicKit

Introduction of the project
Tuberculosis (TB) is the deadliest infectious disease in
humans and claims around 1.5 million lives worldwide every
year. To successfully treat this lung disease, a mix of different drugs has to be administered for several months. This
however, is problematic as the bacterial pathogens be
come resistant, and even in treatable bacterial populations,
highly resistant subpopulations can be detected. In order
to prevent the spread of the disease, it is therefore not only
necessary to develop new antibiotics, but also to constantly
find new combinations of active substances. Such combinations can so far only be identified empirically in expensive
clinical studies. New digital tools in combination with novel
analytical tools, such as artificial intelligence self-learning
algorithms, have the potential to decipher the interplay of
different antibiotics on mycobacterial metabolism in a faster, more cost efficient way, making it possible to identify
suitable drug cocktails to overcome TB drug-resistance
and improve current treatment regimens.

Background

Microbiologist holds bacterial susceptibility test on agarose plate.

Multi-drug-resistance (MDR) is a dramatic challenge for the
most deadly infectious disease of the world, tuberculosis
(TB). In our project, we use self-learning algorithms to understand the interaction of different drugs in their effect on
the metabolism of mycobacteria, the causative agents of
tuberculosis. This way, we are not only able to predict new
suitable drug combinations for tuberculosis treatment, but
also determine biological molecules that reflect resistance
mechanisms, so that we can find out how we can specifically
reverse this with drugs. This combined approach yields
an urgently needed preclinical laboratory model that will
enable us to stop the further spread of the disease.

PROJECTS
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Strategy and conditions
The identification of new drug-combinations in TB is very
difficult as appropriate preclinical models to predict synergistic effects are missing, so that is the unmet need we plan
on addressing.
First, we will study the action of common antimycobacte
rials. A new experimental technique developed at the LMU
allows us to describe their modes of action, escape mechanisms and adaptive reactions over time in unprecedented

detail. This will enable us to characterize the effect of different antibiotics both individually and in combination.
This analysis will be extended thanks to artificial intelligence
and systems biology. The obtained dynamic data will be
modelled to gain a better understanding of the pathogen
and ultimately highlight novel drug targets. Neural-networks
and random forests can be used to perform in silico screens
of untested drug combinations, predicting their impact.

Technician is performing confocal Raman
microspectroscopy on bacterial samples.

Objectives of the research project
Our main goal is to develop fundamentally new approaches against resistant as well as susceptible tuberculosis
leveraging the potential of new experimental methods and
artificial intelligence.

Steel target plate is inserted into the MALDI-TOF MS for mass spectrometric analysis.
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In this way, we hope to find out which active ingredients
are an ideal match to be used as combination treatment for
tuberculosis. This could provide less toxic and shorter treatment regimens. Furthermore, we aim to identify new drug
combinations that may efficiently battle drug-resistant TB.

DynamicKit

to the scientific community. This project is thus contributing to expanding artificial intelligence, biotechnology and
molecular medicine as key technologies in Bavaria, making
them visible on an international level.
Results obtained will enable health professionals to deal
with current tuberculosis challenges within and beyond the
borders of Bavaria.

100

Rate per 100,000/year

75

Expected benefits for society
According to the WHO, antimicrobial resistances such as
the ones we find in tuberculosis currently pose the greatest
long-term threat to human health and wellbeing. This project builds on novel data science approaches within basic
research to address and counteract the development and
spread of resistance within this infectious disease.
During the last few years, the molecular biology field in
Bavaria has managed to rapidly react to international trends
as well as pick up and advance specific key topics relevant

50

Current global trend: -1.5%/year

Optimize use of
current & new tools
emerging from
pipeline, pursue
universal health
coverage and social
protection

-10%/year by 2025

Introduce new tools:
a vaccine, new drugs &
treatment regimens for
treatment of active TB
disease and latent TB
infection, and a point-ofcare test
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-5%/year

-17%/year

10
2015

2020

2025

2030

2035

Reproduced with permission „The End TB Strategy“, WHO, 2015, page 11, WHO/HTM/TB/2015.19
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Helicopredict
Prof. Dr. Sebastian Suerbaum
Ludwig Maximilian University of Munich (LMU)
Max von Pettenkofer-Institute
Chair of Medical Microbiology and Hospital Epidemiology
suerbaum@mvp.uni-muenchen.de

Prof. Dr. Markus Gerhard
Technical University of Munich (TUM)
Institute for Medical Microbiology, Immunology and Hygiene
markus.gerhard@tum.de

Dr. Atefeh Kazeroonian
Technical University of Munich (TUM)
Institute for Medical Microbiology, Immunology and Hygiene
atefeh.kazeroonian@tum.de

PD Dr. Christian Schulz
Hospital of the Ludwig Maximilian University (LMU)
Munich Grosshadern, Medical Clinic and Policlinic II
chr.schulz@med.uni-muenchen.de
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Genotype to Phenotype: Genome-based
resistance prediction in Helicobacter pylori
Information on the project leaders
Prof. Dr. Sebastian Suerbaum:
At the Ludwig Maximilian University, metagenomic
sequencing is performed, and genomes of all individual H. pylori strains isolated from the study population are reconstructed and analyzed for mutations in
resistance-related genes. Mutations are mapped and
compared to published databases and literature, and
correlated with phenotypic resistance profiles.
Prof. Dr. Markus Gerhard:
Prof. Gerhard’s group will perform microbiome sequencing of stomach and stool samples. After biostatistic
analysis and description of the individual micobiome
compositions, data are also included into the database
for correlation with other parameters.
Dr. Atefeh Kazeroonian:
The group of Dr. Kazeroonian at TUM will develop
algorithms for resistance prediction based on mutations/
single-nucleotide polymorphisms in the se
quenced
H. pylori genome and other parameters possibly influ
encing resistance (e.g. smoking, co-medication, viru
lence factors, and microbiome signatures). Models will
be optimized for prediction, most importantly by carefully selecting only the most informative variables.
PD Dr. Christian Schulz:
At the Hospital of the Ludwig Maximilian University of
Munich (LMU), endoscopies will be performed. Gastric
biopsies are taken for H. pylori culture, histology and
stomach microbiome analysis; stool samples are collected for fecal microbiome analysis. All patient-related
data are collected and entered into the study database.

Selected Publications
(1) Within-host evolution of Helicobacter pylori shaped by
niche-specific adaptation, intragastric migrations and
selective sweeps. Ailloud F, Didelot X, Woltemate S,
Pfaffinger G, Overmann, J, Bader RC, Schulz C, Malfertheiner P,
Suerbaum S (2019). Nat Commun 10(1):2273.

Cooperations
DZIF funded study “Helicobacter pylori Prevalence and
Antibiotic Resistance” (HPPreRes): In this study, 20,000
healthy volunteers are screened for H. pylori infection
serologically. Positive volunteers will be offered the
possibility to receive an upper endoscopy with biopsy
sampling. 2,000 H. pylori positive volunteers are enrolled to undergo endoscopy at the Hospital of the Ludwig
Maximilian University of Munich (LMU). The samples
from these 2.000 volunteers will form the basis for the
Helicopredict project. The partners involved in this
DZIF trial have already successfully been working together in several other DZIF trials.

Involved scientists
Dr. Florent Ailloud, postdoc, Suerbaum group
Dr. Karl Dichtl, M.D., Suerbaum group
Dr. Beate Spießberger, postdoc, Suerbaum group
Teresa Burrell, M.A., technician, Gerhard group
Dr. Dharmesh Sing, postdoc, Gerhard group
Dr. Claudia Crowell, M.D., Gerhard group

Helicopredict

Introduction of the project
Helicobacter pylori (H. pylori) infection is one of the most
prevalent bacterial infections worldwide, affecting half of
the world’s population. Chronic infection leads to chronic active gastritis and can result in the development of
other complications such as ulcers or gastric cancer. Indeed,
approximately 90% of all gastric cancers are associated with
H. pylori. Failure of standard eradication therapies is rising
dramatically due to the increased development of resistant
bacterial strains. Nowadays, it is estimated that already
10-20% of H. pylori strains are multiresistant. However,
culture-based resistance testing, which is currently only
recommended after unsuccessful second-line therapy, is a
lengthy process; in vitro growth of H. pylori takes 5-7 days
after isolation from gastric tissue and further resistance
tests last between 3 to 5 days. Taking this into account, a
rapid method to determine whether an isolated strain will
be prone to antibiotic resistance would be a tremendous
help to choose the appropriate therapeutic regimen.

Background
To address this challenge, Helicopredict develops an algorithm for prediction of antibiotic resistance, which is prima
rily based on H. pylori genome sequencing data that can
be obtained quickly. The algorithm will be made publicly
available to physicians and serve as a way to select the optimal therapy. This approach will help to optimize therapeutic
efficacy and counteract further resistance development.

PROJECTS
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Helicopredict
Strategy and conditions
Although some mutations in genes related to antibiotic
resistance clearly correlate with phenotypic resistance, the
significance of many mutations is unclear as phenotypic
resistance can often not be associated with a single specific
mutation. A drawback of most studies in this context is the
small sample size, which will be addressed in our project by
including data from up to 2,000 patients and their respec
tive H. pylori strains. Such a comprehensive approach will
enable us to include in our analysis, in addition to genomic
and phenotypic data, other factors that can contribute to
resistance in vivo. For example, previous antibiotic treatment
for a different condition might interfere with a later eradication therapy for H. pylori infection. In addition, the inflamma
tory response and degree of gastric pathology can eventually influence therapy success. Another important source
for the development of resistances are co-inhabiting bacteria in the gastrointestinal tract, since antibiotic resistances
can be transferred between different bacterial species by
direct plasmid transfer or through common bacteriophages.
Hence, the gastric and gut microbiota may also play an
important role in the acquisition of antibiotic resistances.
Therefore, we will build a database including genotypic
and phenotypic bacterial data, host inflammation-associated parameters as well as microbiota signatures. Based on
these data we will develop an algorithm for resistance prediction, which will be incorporated into an online platform.
Once completed, the online prediction tool will be tested
using selected strains for validation, and then opened for
public access.

Agarose gel electrophoresis

Objectives of the research project
Based on data from more than 2,000 patients, we will build
a database including genotypic and phenotypic bacterial
data, host inflammation-associated parameters as well as
microbiota signatures. The aim of the research consortium is the development of a genotypic resistance testing
database for the prediction of antibiotic susceptibility of
H. pylori. We will make genetic resistance testing available
based on this database in the sense of a „genotype to phenotype concept“. To this end, we will develop an algorithm
for prediction of antibiotic resistance that will be made
publicly available to physicians and serve as a way to select
the optimal therapy. The algorithm will be based on whole
genome sequencing of H. pylori but also include other
parameters putatively influencing resistance in the stomach
such as local inflammation and the gut microbiome, and use
machine learning to continuously improve the accuracy.
Prof. Markus Gerhard of the Institute for Medical Microbiology,
Immunology and Hygiene at the Technical University of Munich
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Helicopredict
Prevalence of H. pylori (DE): 35%
Antibiotic resistance rates (DE):
• Clarithromycin 11%
• Levofloxacin 13%
• Tetracycline 2.5 %

Gastric biopsies

Clinical sequelae
• 90% asymptomatic
• 10 % peptic ulcer
• < 3% gastric cancer
• < 0.1 % MALT

Next Gen. Sequencing
Resistome

Random
Forest

Virulome
Microbiome

Clinical Data

• Inflammation
• Risk factors

Helicopredict
web interface
• Classification of resistance
• Prediction of MIC values

Machine Learning

• Gastric Lessons
• Drug therapies

Helicopredict
Database

Logistic
Regression
Support
Vector
Machine
Naïve
Bayes

Schematic overview of project Helicopredict

Expected benefits for society
Helicobacter pylori infection is one of the most prevalent
bacterial infections worldwide, can result in chronic active
gastritis and lead to the development of other complica
tions such as ulcers or gastric adenocarcinoma. Importantly,
approximately 90% of all gastric cancers are associated with
H. pylori. Eradication is based on a 10-14-day therapy using
two antibiotics along with acid blockers. However, failure of
such therapies is rising dramatically due to the increased
development of resistant bacterial strains. On the other
hand, conventional, culture-based resistance testing is a

lengthy process, because in vitro growth of H. pylori takes
5-7 days after isolation and further resistance tests last
between 3 to 5 days. Such tests are therefore only recommended after unsuccessful second-line therapy. Helicopredict will develop a much more rapid method to determine
whether an isolated strain is prone to antibiotic resistance
and thereby help to optimize therapeutic efficacy already
during the initial treatment, counteracting the development of further resistance.
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Metabodefense

Prof. Dr. Jonathan Jantsch
University of Regensburg
Institute of Medical Microbiology and Hygiene
jonathan.jantsch@ukr.de

Host metabolism as antimicrobial effector:
Macrophage metabolites against multidrug
resistant bacteria
Information on the project leaders
Scientists in the Jantsch lab are working in the field of
infection immunology. A key research area is the impact of immunometabolism on innate antimicrobial
defenses.

PD Dr. Katja Dettmer-Wilde
University of Regensburg
Institute of Functional Genomics
katja.dettmer@klinik.uni-regensburg.de

The Dettmer lab´s focus is the development and application of hyphenated mass spectrometric techniques
to analyze metabolomes in an untargeted and targeted
fashion. In the latter context, quantitative methods for
selected groups of metabolites are developed and employed. Furthermore, stable isotope tracer analyses are
performed to better understand metabolism.
The Spang group´s key interest is statistical bioinformatics. His team works on algorithms, models and statistical methodology that aim at improving our understanding of biological processes.

Cooperations
Prof. Dr. Rainer Spang
University of Regensburg
Institute of Functional Genomics
rainer.spang@klinik.uni-r.de

Genomics Core Unit, University of Regensburg
Prof. Dr. Michael Hensel, University of Osnabrück
Prof. Dr. Dirk Bumann, Biozentrum, University of Basel

Involved scientists
Dr. Valentin Schatz, postdoc, Jantsch group
Dr. Raffaela Berger, postdoc, Dettmer-Wilde group
Lena Buck, M. Sc., PhD student, Spang group
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Selected Publications
(1) Low-oxygen tensions found in Salmonella-infected gut tissue
boost Salmonella replication in macrophages by impairing
antimicrobial activity and augmenting Salmonella virulence.
Jennewein J., Matuszak J., Walter S., Felm, B., Gendera K.,
Schatz V., Nowottny M., Liebsch G., Hensel M., Hardt W.D.,
Gerlach, R.G.* Jantsch J.* (2015). Cell Microbiol. 17(12):1833-47
(2) Ferritin-mediated iron sequestration stabilizes HypoxiaInducible Factor-1α upon LPS activation in the presence of
ample oxygen.
Siegert I., Schödel J., Nairz M., Schatz V., Dettmer K., Dick C.,
Kalucka J., Franke K., Ehrenschwender M., Schley G.,
Beneke A., Sutter J., Moll M., Hellerbrand C., Wielockx B.,
Katschinski D.M., Lang R., Galy B., Hentze M.W.,
Koivunen P., Oefner P.J., Bogdan C., Weiss G.,
Willam C., Jantsch J. (2015) Cell Rep. 13(10):2048-55
(3) Reference Point Insensitive Molecular Data Analysis Affiliations.
Altenbuchinger M., Rehberg T., Zacharias H. U., Stämmler F.,
Dettmer K., Weber D., Hiergeist A., Gessner A., Holler E.,
Oefner P. J., Spang R. (2017). Bioinformatics 33(2):219-226.
(4) Limitation of TCA Cycle Intermediates Represents an
Oxygen-Independent Nutritional Antibacterial Effector
Mechanism of Macrophages.
Hayek I., Fischer F., Schulze-Luehrmann J., Dettmer K.,
Sobotta K., Schatz V., Kohl L., Boden K., Lang R., Oefner P.J.,
Wirtz S., Jantsch J.*, Lührmann A*. (2019). Cell Rep. 26; 26(13)
(5) HIF1A and NFAT5 coordinate Na+-boosted antibacterial defense via enhanced autophagy and autolysosomal targeting.
Neubert P., Weichselbaum A., Reitinger C., Schatz V.,
Schröder A., Ferdinand J.R., Simon M., Bär A.L., Brochhausen
C, Gerlach R.G., Tomiuk S., Hammer K., Wagner S.,
van Zandbergen G., Binger K.J., Müller D.N., Kitada K.,
Clatworthy M.R., Kurts C., Titze J., Abdullah Z., Jantsch, J.
(2019). Autophagy. 15(11):1899-1916.

Metabodefense

Introduction of the project
The development of novel antibiotics increasingly fails to
keep up with the rising prevalence of antibiotic resistance
among bacterial pathogens. However, multidrug resistant
bacteria do not infect everyone, whom they colonize. Some
people’s macrophages are very efficient in controlling and
warding off infections, while other people‘s macrophages
are poor in fighting bacteria. We suspect that the reason
for this is rooted in different metabolic traits. However, currently it is unknown whether metabolic profiling can serve
as a tool to predict the ability of macrophages to control
infections. In addition to a number of medications that are
used to treat metabolic diseases, anthropogenic dietary
stimuli are known to promote a low-smoldering inflammatory response (metaflammation). However, our knowledge
how these conditions affect macrophage-dependent antibacterial immunity is sparse.

Background
Host metabolites do not only exert a regulative effect on
the immune system, but their (non-)availability can also impact the growth and intracellular persistence of bacteria.
However, our knowledge of the antimicrobial effects of host
metabolites is still rudimentary. Here, we postulate that the
targeted modulation of macrophage metabolism does not
only constitute an effective complement to conventional
control of bacterial growth but will also prove essential in
eradicating persisters.
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Phagocytosis of bacteria (green) by macrophages (red).

To that end, we will use a paradigmatic Salmonella-infection model to (1) characterize changes in the transcriptome
and metabolome of infected macrophages, (2) study the
interaction between host metabolism and Salmonellareplication heterogeneity, (3) assess the impact of targeted pathway perturbations of the infected host cell on its
transcriptome and metabolome as well as on the replication and persistence of Salmonella, (4) conduct bioinformatic analysis for the identification of novel host antimicrobial
effectors, and (5) validate such effectors in infection models. Thereby, we shall succeed in identifying novel host
metabolic targets that either act as microbicides on their
own or augment the efficacy of antibiotics.

The Dettmer-Lab’s key expertise is developing and performing targeted and untargeted metabolomic analyses. They
employ, for instance, a combination of hyphenated mass
spectrometric techniques (GC-MS, HPLC-MS/MS, HPLC(HR)qTOF MS) and tracer analyses using isotope labeled
substrates (13C-glucose or 13C-glutamine).

Macrophage metabolism
can be used
to fight infections
Killing

Strategy and conditions
In order to uncover novel antimicrobial effector mechanisms three working groups with complementary expertise
in infection immunology, transcriptomics, metabolomics
and bioinformatics team up. Scientists in the Jantsch-Lab
are working in the field of infection immunology. One of
their key research interests is studying the impact of immunometabolism on innate antimicrobial defenses. For that
purpose, they have established several macrophage infection models and methodologies to manipulate macrophage function including RNAi and CRISPR-Cas9 gene editing.
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The Spang-group aims to improve the understanding of
biological processes by developing algorithms, models
and statistical methods (zero-Sum regression, mixed graphical models, nested effect models) to analyze highly
complex datasets.

Immunometabolism

Persistence

Macrophage

Salmonella typhimurium

Replication

Hypothesis: Immunometabolism critically impacts bacterial killing, bacterial persistence and/ or bacterial replication.

Metabodefense
Objectives of the research project
Our goal is to uncover metabolic pathways in macrophages
that can be used to fight multidrug resistant bacterial infections. For that purpose, we will perturb various signaling
pathways of Salmonella-infected macrophages by genetic
and chemical means (Jantsch Lab). Next, we will assess
the transcriptomes, metabolomes and metabolic fluxes
of macrophages and selected subcellular compartments
thereof by RNA-seq (Genomics core unit) and a combination of hyphenated mass spectrometric techniques (Dettmer
Lab). Using both, predictive models of macrophage-driven
pathogen control and causal models, we will identify critical
host antimicrobial metabolic effectors from these complex
multi-dimensional transcriptional and metabolomic datasets (Spang Group). Finally, we will validate these effectors
(Jantsch Lab and Dettmer Lab). This shall lead to the discovery of novel host metabolites that serve as antimicrobial
effectors.

Metabodefense – Workflow
Infection of macrophages

Feedback

Sample preparation

Cell lysates

Extraction of RNA

& supernatants

& metabolites

Expected benefits for society
Bioinformatics

Our studies on the role of immunometabolism as antimicrobial effector might result in the identification of metabolic
host targets. This might have a broad impact on our under
standing of immunity against bacterial infections. Instead
of developing a novel antibiotic, this knowledge might be
harnessed to tailor novel host directed therapeutic approaches to fight bacteria. If successful, this could contribute in
tackling the antibiotic crisis. Moreover, this approach might
be spun off within a commercial company.

Zero-Sum regression
Mixed graphical models
Nested effect models

Data export

Analysis

RNA-seq
GC-MS
HPLC-MS/MS
HPLC-(HR)qTOF MS

Project workflow
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IRIS

Prof. Dr. Dr. André Gessner (WP1)
University of Regensburg
Institute for Microbiology and Hygiene
andre.gessner@ukr.de

Understanding immune control of commensal
bacteria for a new immunotherapy against
multi-resistant pathogens
Information on the project leaders
In order to be able to implement the work program,
different expertise is required:

Prof. Dr. Diana Dudziak (WP2)
University Hospital Erlangen
Department of Dermatology
diana.dudziak@uk-erlangen.de

The project leader of WP 1 is considered a proven expert in the fields of infection diagnostics and microbiome characterization.
The project leader of WP 2 is an specialist in the field of
dendritic cells and their use for vaccinations.
The project leaders of WP 3 have many years of expe
rience in the fields of infection immunology as well as
immune regulation.

Involved scientists
Dr. Andreas Hiergeist, postdoc, Gessner group
Prof. Dr. Markus Feuerer (WP3)
University of Regensburg
Regensburg Centre for Interventional Immunology (RCI)
markus.feuerer@ukr.de

Prof. Dr. Uwe Ritter (WP3)
University of Regensburg
Regensburg Centre for Interventional Immunology (RCI)
uwe.ritter@ukr.de
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Dr. Lukas Heger, postdoc, Dudziak group
Christina Gmeiner MTA, Dudziak group
Benedikt Nerb, M.Sc., PhD student,
Feuerer/Ritter group

Selected Publications
(1) Dectin-1 positive dendritic cells expand after infection with
Leishmania major parasites and represent promising targets
for vaccine development.
Zimara N., Menberework C., Abraham A., van Zandbergen G.,
Lepenies B., Schmid M., Weiss R., Rascle A., Wege A.K,
Jantsch J., Schatz V., Brown G.D and Ritter U.
Frontiers in Immunology, 26;9:263 (2018).
(2) Genome-wide DNA-methylation landscape defines specialization of regulatory T cells in tissues. Delacher M, Imbusch CD,
Weichenhan D, Breiling A, Hotz-Wagenblatt A, Träger U, Hofer
AC, Kägebein, D, Wang Q, Frauhammer F, Mallm JP, Bauer K,
Herrmann C, Lang PA, Brors B, Plass C, Feuerer M.
Nature Immunology, 18(10):1160-1172 (2017).
(3) DC subset specific induction of T cell responses upon antigen
uptake via Fcγ receptors in vivo. Lehmann CHK, Baranska
A, Heidkamp GF, Heger L, Neubert K, Lühr JJ, Hoffmann A,
Reimer K, Brückner, C, Beck S, Seeling M, Kießling M, Soulat D,
Krug A, Ravetch JV, Jeanette H. W. Leusen JHW, Nimmerjahn, F,
Dudziak D. J. Exp. Med, 214(5):1509-1528 (2017).
(4) Multicenter quality assessment of 16S ribosomal DNA-sequencing for microbiome analyses reveals high inter-center variability. Hiergeist A, Reischl U, Gessner A. International Journal of
Medical Microbiology. 306(5):334–342 (2016).
(5) Human lymphoid organ dendritic cell identity is predominantly dictated by ontogeny, not tissue microenvironment.
Heidkamp GF, Sander J, Lehmann CHK, Heger L, Eissing N,
Baranska A, Lühr JJ, Hoffmann A, Reimer KC, Lux A, Söder S,
Hartmann A, Zenk J, Ulas T, McGovern N, Alexiou C,
Spriewald B, Mackensen A, Schuler G, Schauf B, Forster A,
Repp R, Fasching PA, Purbojo A, Cesnjevar R, Ullrich E,
Ginhoux F, Schlitzer A, Nimmerjahn F, Schultze JL, Dudziak D.
Sci Immunol. 2016 Dec 16;1(6):eaai7677

IRIS

Introduction of the project
The immune system is continuously in contact with bacteria
and needs to distinguish between „friend or foe“. The balance of attack and acceptance is of utmost importance, as
our organism needs certain commensal microorganisms to
maintain specific functions of organs such as the skin and
intestine. Thus, certain organs are colonized with a specific
microbiome. At the same time, the immune system must be
able to combat pathogenic microorganisms in a targeted
manner. We assume that due to the overlapping antigeni
city of pathogenic and commensal bacteria, the immune
defense lacks efficacy for certain pathogenic microorganisms as it has learned to tolerate closely related commensal bacteria.
The IRIS team joins scientists from different disciplines
capable of identifying key control points of the immune system that might guide tolerogenic and antibacterial processes. We will study microbial as well as host-derived factors
and aim to transiently modulate the identified tolerogenic
programs to induce an efficient antibacterial immune response. This would allow to design a specialized immunothe
rapy and could therefore help to reduce the application of
antibiotics or might even replace them.

Background
The immune system is equipped with a broad repertoire
of cellular and soluble factors to combat pathogens. How
ever, latest data indicate that no immune reactions are induced against the bacterial microbiome of the skin. The
exact mechanisms are not known, yet. We hypothesize that
pathogenic bacteria acquiring multi-resistance benefit from
the established tolerance to commensals allowing for their

unrestrained spread. Therefore, patients colonized with
multi-resistant bacteria are not able to recognize and eliminate those harmful bacteria. The IRIS project aims to decipher the mechanisms leading to the tolerance of bacteria
in general, in order to find ways to decouple this tolerance
and at the same time induce a protective immune response
against multi-resistant bacteria.
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IRIS
Strategy and conditions
We are pursuing three work packages: WP1 (Team
Gessner) will characterize the genetic information of the
skin microbiome and Staphylococcus epidermidis isolates,
WP2 (Team Dudziak) will evaluate the responses of human
immune cell populations to S. epidermidis isolates, and
WP3 (Team Feuerer/ Ritter) will determine immunological
and microbiome-related parameters involved in tolerance mechanisms to S. epidermidis. The resulting sequence
data and immunological parameters will be made available to the other bayresq.net teams. Our network will create
the necessary synergies to decipher complex interfaces of
host-pathogen interaction and the induction of immuno
tolerance and immunity. This is of central importance in
order to develop new therapies against multi-resistant
pathogens.

Objectives of the research project
The IRIS team aims to decipher the immunological signa
ture of immune cells involved in maintenance of peripheral
tolerance to commensal bacteria. Innovative methods and
techniques, which enable us to conduct the work program,
have been established at the research institutions involved
in this project.
In the first phase, we will build on the principles of basic
research and elucidate the interactions between commensal bacteria strains and the immune system. Our aim is to
characterize the colonization dynamics of the bacteria and
the adaptation of the immune system. We assume that no
single cell types, but rather complex networks of immunological programs with different interacting cells are responsible for the tolerance to commensals. Our task now is to
identify the interaction partners and possible key molecules that induce immune defense or tolerance. The expected
results can be summarized as follows:
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Routine work performed by members of the Regensburg Center for Interventional Immunology.

Identification of microbiome-associated factors
that contribute to immune modulation
Definition of the immune cells involved in
the maintenance of peripheral tolerance
Deciphering essential cell-cell interactions and
molecules that induce immune defense or tolerance
These results will be critically evaluated in order to identify possible immunotherapies against multi-resistant bacteria during the second project phase. We are aware that

overruling tolerance can cause side effects. It is therefore
of utmost importance to identify possibilities to simultaneously allow for defense and the repair pathogen-damaged tissues. The expected data from the immune system
and the bacteria will be processed and made available to
the bayresq.net network. Due to the multilayered nature of
the immunological and microbial parameters, we assume
that networking will foster high synergisms. In order to implement this digital step, a digital platform will be created
during the course of the project.

IRIS
Expected benefits for society
Multi-resistant pathogens represent a socio-political and
ecological problem. Small children and the elderly are particularly affected. In addition, there are infections through
so-called hospital germs. In only a few years, it has been
forecasted that more people will die from an infection with
multi-resistant pathogens than from cancer. Important factors for the containment of multi-resistant pathogens are
the expansion of hygiene measures, the renunciation of
excessive and sometimes improper use of antibiotics in animal breeding, the more targeted prescription of antibiotics
in the treatment of infections, the strict adherence to the
prescribed treatment times and the development of new
antibiotics.

Epidermis

Dermis

Cellular immune response

Humoral immune response

B cells

Multi-resistant bacteria

Phagocytes

Commensals

T cells

Antibody

Antigen-presenting cells

Pathogen-specific antibody

Our immune system has the unparalleled potential to start
defense programs against pathogens. For this reason, knowledge of immunological processes also plays a decisive role
in the development of new drugs and therapies against
multi-resistant bacteria. The IRIS project aims to determine,
why multi-resistant bacteria, which we already carry on our
skin, can become detrimental during surgery (keyword:
nosocomial infection). The strategic and pivotal networ
king of the IRIS-Team with other projects within the
bayresq.net-network will help us to discover dominant
patho
gen-derived signatures, crucial for the spreading
of multi-resistant germs. This understanding of hostpatho
gen interactions is important to design new clinical approaches resulting in therapeutic conditioning of
the immune system and will help to mount a so far not
established immune response against multi-resistant
pathogens. The processing and sharing of big data with
German and international platforms will help us to implement this challenging goal.

Overruling peripheral tolerance as a possible approach to fight multi-resistant bacteria.
The vision of our project is to transiently destabilize peripheral tolerance to the skin microbiome.
This would allow for a targeted defense reaction against commensals and multi-resistant bacteria.
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Rbiotics
Prof. Dr. Jörg Vogel
Julius Maximilian University of Würzburg
Medical Faculty
Institute for Molecular Infection Biology
joerg.vogel@uni-wuerzburg.de

Dr. Franziska Faber
Julius Maximilian University of Würzburg
Medical Faculty
Institute for Molecular Infection Biology
franziska.faber@uni-wuerzburg.de

Prof. Dr. Lars Barquist
Julius Maximilian University of Würzburg
Medical Faculty
Institute for Molecular Infection Biology
Lars.Barquist@helmholtz-hiri.de

A digital approach to novel RNA-antibiotics
for health and disease
Information on the project leaders
The three project partners Jörg Vogel, Lars Barquist
and Franziska Faber, bring together expertise in RNA
biology, data science and microbiology. This project
will depend on interdisciplinary collaboration to overcome the challenges posed by antimicrobial resistance.
In particular, Jörg Vogel is a world-leading expert in
the area of RNA biology in the context of infectious
diseases (both pathogen and host), high-through
put RNA sequencing, and microbiology. Franziska
Faber has strong expertise in host-pathogen interactions and microbiome research, in anaerobic culture
of microbes and in antibiotics activity. Not only has
she worked with different pathogens relevant for this
project, she is also well experienced with animal models of infections. Lars Barquist is a versatile computational scientist with a strong microbio
logy background and experience with several pathogens in
the center of this proposal. He has further published
expertise on high-throughput analysis of essential bacterial genes, RNA-based regulation and RNA-seq data
and contributes expertise in machine learning.

Involved scientists
Dr. Svetlana Durica-Mitic, postdoc, Vogel group
Dr. Linda Popella, postdoc, Vogel group
Dr. Tina Lence, postdoc, Faber group
Phuong Thao Do, master student, Faber group
Dr. Eva Weiß, postdoc, Barquist group
Mingjing Kang, PhD student, Barquist group
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Cooperations
Knut Ohlsen, Julius Maximilian University of Würzburg,
Medical Faculty, Institute for Molecular Infection Biology
Dr. Hans Michael Maric, Julius Maximilian University
of Würzburg, Rudolf-Virchow Center
Prof. Claus-Michael Lehr, Helmholtz Institute
for Pharmaceutical Research Saarland

Selected Publications
(1) Global RNA profiles show target selectivity and physiological
effects of peptide-delivered antisense antibiotics. Popella
L, Jung J, Popova K, Ðurica-Mitić S, Barquist L, Vogel J (2021)
Nucleic Acids Research Apr 13;gkab242
doi: 10.1093/nar/gkab242
(2) An RNA biology perspective on species-specific programmable RNA antibiotics. Vogel J (2020) Mol Microbiol
113(3):550559. doi: 10.1111/mmi.14476
(3) A decade of advances in transposon-insertion sequencing.
Cain AK, Barquist L, Goodman AL, Parkhill J, van Opijnen T
(2020) Nat Rev Genet 21, 526–540.
https://doi.org/10.1038/ s415760200244x
(4) An RNA-centric global view of Clostridioides difficile reveals
broad activity of Hfq in a clinically important Gram-positive
bacterium. Fuchs M, LammSchmidt V, Ponath F, Jenniches L,
Barquist L, Vogel J, Faber F (2020) BioRxiv
doi: https://doi.org/10.1101/2020.08.10.244764

Rbiotics

Introduction of the project
Since their discovery, antibiotics have been used as a
“super
weapon” to treat bacterial infections, and have
improved our quality of life enormously, enabling much
of modern medicine. However, their widespread use promotes the development of multi-resistant pathogens and
damages our protective commensal bacteria, which has unwanted effects on our health. The aim of this project is to investigate new RNA-based antibiotics that make it possible
to selectively kill the bacteria that have a negative impact
on our health. In a multidisciplinary approach, our team
is researching antibiotics based on RNA-like molecules,
so-called peptide nucleic acids (PNA), which can be used
to specifically attack individual bacterial strains. These
RNA antibiotics can be modified through simple chemical
means to achieve effectiveness against emerging pathogens. In order to automate this process, we are creating
a digital platform using high-throughput processes and
machine learning, that will enable researchers to specifically design drug molecules against a variety of dangerous
pathogens.
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Rbiotics
Background
In a multidisciplinary approach, our team is researching a
novel group of RNA-like molecules (RNA antibiotics) that
can be used to target specific strains of bacteria. These
RNA antibiotics can be modified through simple chemical
means to specifically attack emerging pathogens. In order
to automate this design process, we are creating a digital
platform using high-throughput data and machine learning, that will enable researchers to specifically generate
drugs targeting dangerous pathogens.

Strategy and conditions
RNA antibiotics bind to messenger molecules (mRNA) in
the bacterial cell, which carry the blueprint of proteins. Binding of the antibiotic halts protein production, leading to
bacterial cell death. We will compare the effectiveness of
many hundreds of variants of RNA antibiotics to unders tand
the properties required to achieve efficient and specific
binding. We are applying new machine learning approa
ches to analyze, integrate, and apply this large amount of
data quickly.
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Digital Data
Experimental workflow for the design of
species-specific RNA antibiotics and identification of potential
resistance mechanisms through data-driven investigation.

bayresq.net

Mechanism of bacterial killing by short antisense oligomers (ASO), such as peptide nucleic acids (PNA). The PNAs are coupled to cell-penetrating peptides that carry them inside the bacteria. Once inside, they can bind to the 5‘ region of the mRNA of an essential gene to
inhibit its translation. The mechanisms of bacterial uptake and whether peptide and ASO remain attached to each other, or are cleaved
in the cytosol, are not fully understood.

Rbiotics
Objectives of the research project
The goal of our research approach is to establish effective
RNA antibiotics candidates for important clinical patho
gens and to understand their effects on bacteria. The
knowledge we gain from these studies will form the basis
for rational design of RNA antibiotics against multi-resistant pathogens and for editing the microbiome.

Expected benefits for society
The development of programmable antibiotics will have
major implications for the treatment of infection: as only the
particular strain targeted is affected, issues of resistance
development in other bacteria can be avoided. Additionally,
this approach will avoid harming our natural commensal
bacteria. RNA-based antibiotics have the potential to open
up entirely new treatment modalities, such as sensitising
resistant strains through targeting resistance genes, selec
tively silencing virulence factors of pathogens, or providing
a means to safely manipulate the human microbiota.

Working in an anaerobic chamber enables cultivating oxygen-sensitive bacteria in an oxygen-free atmosphere.
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StressRegNet
Prof. Dr. Cynthia M. Sharma
Julius Maximilian University of Würzburg
Institute of Molecular Infection Biology
Chair Molecular Infection Biology II
cynthia.sharma@uni-wuerzburg.de

Dr. Ana Rita Brochado
Julius Maximilian University of Würzburg
Chair of Microbiology
Biocenter/Research Center for Infectious Diseases (ZINF)
anarita.brochado@uni-wuerzburg.de

Prof. Dr. Christian L. Müller
Ludwig Maximilian University of Munich (LMU)
Department of Statistics
Faculty of Mathematics, Informatics and Statistics
christian.mueller@stat.uni-muenchen.de

36

bayresq.net

Identifying stressor-regulator pairs involved in bacterial
stress response, virulence, and antibiotic sensitivity.
Information on the project leaders
Research in the Sharma lab at the Institute of Molecular
Infection Biology in Würzburg focuses on the identification and characterization of small regulatory RNAs
(sRNAs), RNA-binding proteins (RBPs), and small proteins as well as their underlying molecular mechanisms
and functions in stress response and virulence control
of the widespread human pathogens Campylobacter
jejuni and Helicobacter pylori. The group employs
di
verse deep sequencing technologies to analyze
transcriptomes and translatomes as well as RNA-pro
tein (RNP) complexes, mechanistic analyses using molecular biology, genetics, microbiology and RNA biology
approaches and studies the impact of sRNAs, RBPs and
small proteins on infections using tissue-engineered
three-dimensional infection models.
The Brochado lab at the Biocenter/Research Center
for Infectious Diseases in Würzburg develops novel
high-throughput methodologies to globally profile the
effect of multi-antibiotic therapies and environmental
stresses on the molecular adaptation of bacterial patho
gens, both in vitro and during infection. The group combines cutting-edge experimental and computational
biology approaches to study antibiotic mode of action,
specifically pathogen-specific drug combinations in
gram-negative pathogens such as Salmonella, Escherichia coli, and Pseudomonas aeruginosa.
The Müller group at the Department of Statistics of
the LMU in Munich develops and applies computational statistics and data science methods for the analysis of high-dimensional biological data. The complex
high-throughput datasets generated in this project
require the expertise of the Müller group to develop

dedic ated data analysis and data integration methods,
including high-dimensional normalization, classification, and regression schemes as well as deep learning and
machine-learning methods for microbial and regulatory
network inference.

Involved scientists
Dr. Sarah Svensson, Postdoc, Sharma lab
Fabian König, PhD student, Sharma lab
Dr. Mona Alzheimer, Scientific coordinator, Sharma lab
Dr. Susanne Brenzinger, Postdoc, Brochado lab
Roberto Olayo Alarcon, PhD student, Müller group

Selected Publications
(1) A repeat-associated small RNA controls the major virulence
factors of Helicobacter pylori. Eisenbart SK, Alzheimer M,
Pernitzsch SR, Dietrich S, Stahl S, Sharma CM (2020)
Molecular Cell, 80(2):210-226.e7.
(2) A three-dimensional intestinal tissue model reveals factors
and small regulatory RNAs important for colonization with
Campylobacter jejuni. Alzheimer M, Svensson SL, König F,
Schweinlin M, Metzger M, Walles H, Sharma CM (2020)
PLoS Pathogens, 16(2): e1008304.
(3) Proton Motive Force Disruptors Block Bacterial Competence
and Horizontal Gene Transfer. Domenech A, Brochado AR,
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StressRegNet

Introduction of the project
Pathogens are constantly exposed to diverse environmental stresses, which can originate from their host, the micro
biome, food, antibiotics, and other drugs. Host colonization and adaptation to these cues requires the controlled
expression of genes required to cope with these stresses.
Besides global transcriptional regulators, sRNAs are important players that control stress response, virulence,
and metabolism during host colonization. An increasing
number of sRNAs also impact antibiotic resistance and
tolerance. However, the external cues that trigger specific
pathways and regulators are still largely elusive, as well as
how these regulatory cascades impact bacterial virulence
and sensitivity to antibiotics.
Using high-throughput approaches, we aim to explore which
chemicals trigger certain regulatory pathways involved in
adaptation of the human pathogens Salmonella and Campylobacter jejuni to the host and antibiotics. This will help
to unravel the cross-talk between different sensing and
adaptation mechanisms, and expose unknown bacterial
“Achilles heels”, as targets for novel therapeutic intervention.
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StressRegNet
Background
Salmonella and Campylobacter are widespread human gut
pathogens, which have recently been classified with high
priority for research and development of new antibiotics
by the World Health Organization. In the human intestinal
tract, these bacteria are subjected to constantly changing
chemical stimuli. Our StressRegNet consortium aims to
explore which stimuli (stressors) trigger pathways respon
sible for controlling bacterial adaptation to the host and
to antibiotics in these two human pathogens. For the first
time, reporter-strain libraries of small RNAs (sRNAs) and
global stress regulators will be profiled for their phenotypic
and transcriptional response to >3,000 stimuli related to
host metabolism or drug-treatment. Network analysis and
machine-learning algorithms will then be applied to select
candidate stressor-regulator pairs for further in-depth
characterization regarding their contribution to bacte
rial virulence control and antibiotic resistance pathways.
The developed methods, tools, and algorithms will be
readily accessible to the research community. Thereby, the
StressRegNet consortium will significantly advance the
The StressRegNet consortium aims to uncover chemical stimuli that trigger bacterial stress responses mediated
by sRNAs and/or global regulators using high-throughput screening, coupled with machine learning approaches
in the human pathogens Campylobacter and Salmonella.
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digitalization of infectious disease research and provide
a valuable resource for the development of novel antimicrobial strategies against Salmonella, Campylobacter, and
other human pathogens.

38

Strategy and conditions

Confocal microscopy image of HeLa cells infected with C. jejuni
(green). Blue: cell nuclei; magenta: Phalloidin (actin filaments).

bayresq.net

In our StressRegNet project, we will combine bacterial
genetics, high-throughput screening, and machine learning approaches to obtain a general picture of chemical
stimuli that trigger bacterial stress responses mediated by
sRNAs and/or global regulators. To this end, we will esta-

blish a transcriptional reporter library of ~30 stress-related
regulatory sRNAs or global transcriptional regulators from
Salmonella and C. jejuni, and profile their activity upon expo
sure to >3,000 host-related small molecules. Subsequently,
we will develop machine-learning techniques to decipher
the implications of these pathways for bacterial sensitivity
to antimicrobials. The interdisciplinary approach of our
StressRegNet consortium enables this unique chemical
genomics approach, as each of the three project partners
contribute crucial complementary expertise and essential technology. The strong interactions between wet-lab
scientists and mathematicians will advance infection bio
logy research through digitalization.

StressRegNet
Expected benefits for society
While antibiotics have been powerful tools to treat infec
tious diseases, their efficiency is seriously threatened by
rising antibiotic resistance. A growing list of bacterial
pathogens develops multiple resistances, including against
last resort antibiotics, making them harder, and sometimes
impossible, to treat. This includes the intestinal pathogens
Salmonella and Campylobacter, both of which were recently
classified by the WHO with high priority for research and
development of new antibiotics.
Based on a unique chemical-genomics approach, we will
profile the molecular adaptation of these pathogens to
host-derived stimuli. The systematic assessment of how
environmental cues impact antibiotic activity and virulence
pathways will be a ground-breaking step towards exploring
the potential of host-related metabolites, food-additives
and non-antibiotic drugs as antibiotic adjuvants to fight
infections.

Objectives of the research project
The goal of our project is to identify and characterize stressors and bacterial regulatory pathways that control host
adaptation and antibiotic sensitivity. By using a highthroughput chemical genomics approach, we will explore
chemical stimuli from the host environment that induce
stress response pathways in Salmonella and C. jejuni and
elucidate the underlying molecular crosstalk between sensory pathways of these microbes. We will profile ~200,000
stressor-regulator interactions in a comparable experimental setup, thereby allowing a direct comparison of
the strategies employed by two fundamentally different

human pathogens that inhabit the same niche, and face
similar stresses. We aim to generate predictive knowledge of bacterial responses to antibiotics, and of virulence
determinants, thereby offering a significant contribution to
the development of novel antimicrobial strategies. Additional molecular work will allow for further functional characterization of interesting stressor-regulator pairs and help to
decipher their regulatory networks and cellular targets. For
example, we aim to identify stressors that affect expression
of bacterial efflux pumps. Efflux pumps are activated by
several stress pathways, and their activation/repression has
direct consequences for virulence and antibiotic resistance.
Interfering with their regulation could improve efficacy of
antibiotics treatment.

Electron microscopy image of the foodborne pathogen
Campylobacter jejuni.
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Dr. Brochado inspecting bacterial colonies in her lab at the Biocenter of the University of Würzburg.

Moreover, we believe that the unique combination of
methods and expertise employed and developed within
this project can be extended to other pathogens, enabling
a strategic approach to finding targets for novel therapeutic intervention and address the rising threat of antibiotic
resistance to global health.
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Cooperation partners
Partnerships in the public sector
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Cooperation partners
Partnerships in the economic sector

Partnerships with foundations

Partnerships with media

PARTNER
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Personal commitment beyond project sciences
Impact of digitalization on research

Science Meets School
Since 2015, as part of previous network programs, the
management of the main office launched the internet platform www.science-meets-school.de together with BioM
and researchers from the LMU and the University of Erlangen with the intention to improve the collaboration between schools and research. On this website, scientists make
their expertise available to schools in Bavaria on a voluntary
basis in the form of lectures and interactive events.

The inventions and technological developments of the last
century have laid the foundation for many new possibilities
to share our knowledge and organize collaborations. We
are currently still learning to fully exploit these. The options
are manifold and concern many different areas, nevertheless they are met with a complex existing framework. This
requires a certain openness, effort, and creativity from all of
us. We are rewarded with an unconceivable immediacy of
data and results, which allows as to swiftly adapt our plans
to novel insights and reach our goals in a more direct way.

Initially, the project was limited to Erlangen and Munich.
The program was recently joined by scientists from the universities of Würzburg and Regensburg.
During the Covid-19 pandemic, our offer for schools was
very limited. However, we are confident that the program
will resume as soon as the immunization status in Bavaria
has reached a level at which schools can also return to faceto-face teaching, especially since we managed to add new
topics such as climate research and infectious diseases to
the platform.

Within bayresq.net, this advance is used by researchers
within the network to share their data and analysis tools
during their generation and development with other scientists long before publishing definite results.

By doing so, an exchange between research groups is
fostered which drives the quality of dealing with data,
simplifies networking and the transfer of expertise and at
best accelerates novel insights and collaborations.
From a comprehensive range of digital assistance services,
those providing the biggest added value should be identified, to make it evident for future networks which services
can be used as a standard to ensure the basis for future
success.
At the same time, these insights also serve as the empirical
basis for the composition, involvement and use of initiatives on a federal level, such as the National Research Data
Infrastructure (NFDI) and European projects, such as
Gaia-X.
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In this context, we
would also like to
thank the Bavarian
State Ministry for
Education and Culture, which has been
working closely with
us for years to inform schools about
scientific advances.
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This broschure is printed on heaven 42 - paper,
which is FSC certified.
There are ten principles that any forest operation
must adhere to before it can receive FSC forest
management certification. These principles cover
a broad range of issues, from maintaining high
conservation values to community relations and
workers’ rights, as well as monitoring the
environmental and social impacts of the forest
management.
FSC also provides a number of criteria relating
to each principle to provide practical ways
of working out whether they are being followed.
Our principles have been developed to be applicable
worldwide and relevant to all kinds of forest ecosystems, as well as a wide range of cultural, political and
legal settings.
More information: www.fsc.org
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