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general remarks

speaker’s report
2016 – 2017

Infectious diseases research over the past two decades has provided us with a tremendous amount of new
insight into the molecular mechanisms that pathogens use to infect host cells and in turn the body’s response.
Elucidating these molecular principles was often possible by taking a reductionist approach, establishing in vitro
infection systems and analysing seemingly clonal populations of interacting pathogens and host cells. However,
as we begin to appreciate more the impact of heterogeneity within cellular populations and local environments,
infection biology is entering a new phase in which a multitude of single-cell technologies will permit a previously
inaccessible view of the outcome of interactions between individual cells. Together with high-resolution imaging
based methods they promise to reveal how cells come together and interact within the context of the body. The
hope is that integration of systems and single-cell biology will lead to a deeper understanding of the molecular
and cellular basis of infections and identify novel therapeutic strategies that are urgently required in an age of
growing antibiotic resistance.
Würzburg has been a focal point for infectious diseases research in Germany and Europe, especially since the
Research Centre for Infectious Diseases (ZINF) was founded in 1993 to bring together experts in microbiology,
parasitology, virology and immunology as well as chemists and clinicians. As the ZINF approaches its 25th
anniversary in 2018, it is perhaps timely that its research landscape is undergoing another transformation to
meet the needs for a new high-resolution view of infection biology. These recent developments, which promise
to further expand and advance our activities, include our successful application to the Helmholtz Association
for the first federal institute in the area of biomedicine here in Würzburg, an achievement that would not have
been possible without the high visibility of the ZINF infectious disease programme.
The present report covering the 2016–2017 period not only highlights the scientific projects and achievements
of the Young Investigator groups that lie at the heart of ZINF, but aims to provide an overview of the research
activities of ZINF members with relevance to infectious diseases. It also contains the planned research activities
of scientists from the new Helmholtz Institute for RNA-based Infection Research (HIRI) and the first two group
leaders of the recently established Max Planck Research Groups for Systems Immunology.
The HIRI was chosen by the Senate of the Helmholtz Association in late 2016 as part of an open competitive
selection process for new institutes. By focusing on the role of RNA in infections and the immune response, it
is expected to add a new dimension to the research portfolio of its mother institution, the Helmholtz Centre for
Infection Research in Braunschweig. Its founding is a response to the rising antimicrobial resistance, chronic
infections, and (re-)emerging pathogens that challenge the health of human populations. The aim is to exploit
RNA’s vast potential as a diagnostic marker, target, and drug to combat infectious diseases, building on the expertise that has been established in Würzburg since 2009. In addition, HIRI will provide the necessary expertise
in single-cell RNA-seq, a powerful technique that will enable us to visualise the true heterogeneity of host-pathogen interactions. In the process revealing new pathogen states that may explain mechanisms of resistance and
persistence, and pinpointing the specific host cell types that provide niches for pathogen entry and replication
in the infected body.
Research at the HIRI focuses on four areas—bacterial infections, viral infections, host response, and RNA
delivery. From my vantage point as the founding director of the HIRI, its research programme perfectly complements the ongoing work within ZINF, and we look forward to strong ties with the University to synergise the
output from the infectious diseases programmes. Since its official launch in May 2017, the HIRI has already
grown to seven research groups, and the planning of a new building has begun with the winner of the ongoing
architecture competition expected to be announced this coming autumn. I would like to take this opportunity to
thank again everyone involved in bringing the long-standing dream of a federal institute for infectious disease
research to Würzburg to fruition.
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Infection related research in Würzburg will also be complemented by the establishment of several Max
Planck Research Groups in Systems Immunology, which will officially begin in 2019. Recruitment of Wolfgang
Kastenmüller from the University of Bonn and Georg Gasteiger from the University Hospital in Freiburg are the
first steps in establishing a world-leading systems immunology programme in Würzburg. The groups will study
the immune system and its interactions with the organism as a whole. One of their focal areas is the protective
role of the immune system against pathogens and cancer cells.
These two years have seen significant changes in the ZINF Executive Board with the retirement of long-standing
ZINF member Thomas Hünig after 27 years as the Chair of Immunobiology, his place will be taken by Wolfgang
Kastenmüller. Another addition is Oliver Kurzai recruited from the University of Jena as the Chair of Medical
Microbiology and Mycology. In addition to these changes, my new role as founding Director of the HIRI means
that I am able to pass over the spokesperson role to one of my colleagues and a success story of the Young
Investigator programme, Cynthia Sharma.
Since its beginning, a core element of ZINF has been a Young Investigator programme whose four junior
research groups have been considered as a paradigm for the promotion of early scientific independence within German universities. The success of the programme has recently been illustrated once again by Cynthia
Sharma and Nicolai Siegel who have completed their terms and taken the next steps in their careers. Cynthia
accepted an offer of a full professorship (W3 level) to become the newly created Chair of Molecular Infection
Biology II in Würzburg while Nicolai has accepted an offer of a W2 professorship at the University of Munich.
Both have had an extremely successful time as ZINF Young Investigators publishing in high profile journals
and receiving important awards such as the DFG Heinz Maier-Leibnitz Prize to Cynthia and an ERC starting
grant to Nicolai. Similarly, Ana Eulalio, whose ZINF-associated Young Investigator group was funded through
the Bavarian Research Network for Molecular Biosystems (BioSysNet), became an EMBO Young Investigator
and accepted a Principle Investigator position at the Center for Neuroscience and Cell Biology of the University
of Coimbra back home in Portugal. As to new ZINF Young Investigators, we have recently appointed Franziska
Faber from the Helmholtz Centre for Infection Research in Braunschweig. Franziska started her group in March
2018 focusing on the RNA biology in Clostridium difficile, an important clinical human pathogen for which
expertise was previously lacking in Würzburg.
As ever, we would like to extend our thanks to the members of our international Scientific Advisory
Board (SAB) which currently comprises: Michael Gilmore (Boston), David Holden (London), Gisela Storz
(Bethesda), Tone Tønjum (Oslo), Eric Pamer (New York), Katja Becker (Giessen) and Kai Matuschewski
(Berlin), for their continued support of the Young Investigator programme. We look forward to working
closely with them in the coming years. Moreover, we would like to thank Christoph Dehio (Basel), Axel Brakhage
(Jena), Sebastian Suerbaum (Munich) and Agneta Richter-Dahlfors (Stockholm) who completed their
SAB commitments in 2016 for their long-standing efforts. Christoph Dehio served as the chairperson of the
SAB for many years with admirable commitment and passion, always eager to help us to recruit the best young
scientists to the programme.
In terms of ZINF members 2016 and 2017 saw the retirements of Thomas Hünig, Chair of Immunobiology, Gerhard Bringmann Chair of Organic Chemistry I and Tobias Ölschläger (Institute of Molecular Infection
Biology). Gabriela Krasteva-Christ departed the ZINF when she accepted an offer from the University of
Saarland. As mentioned above the ZINF membership has significantly increased in part due to incoming researchers from the new non-university institutions, such as Chase Beisel, Antoine-Emmanuel Saliba,
Lars Barquist, Neva Caliskan, Redmond Smyth and Alexander Westermann from the Helmholtz Institute
for RNA-based Infection Research; Wolfgang Kastenmüller (Chair of Systems Immunology I) and Georg
Gasteiger (Chair of Systems Immunology II) from the Max Planck Research Groups; Oliver Kurzai (Chair
of Medical Microbiology and Mycology); and Florian Erhardt who is a Junior Professor at the Institute of
Virology and Immunobiology.
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In the 2016-2017 period, several ZINF members were awarded a number of prizes and appointments. I myself
was fortunate and honoured to have my work recognised in 2017 by a DFG Gottfried Wilhelm Leibniz Prize,
Germany’s most prestigious scientific award. Nicolai Siegel and Lars Dölken were awarded ERC Starting and
Consolidator Grants, respectively. Nicolai was also awarded the Karl Asmund Rudolphi Medal in 2016, the same
year Heidrun Moll received the Rudolf-Leuckart Medal, both of their achievements recognised by the German
Society for Parasitology. Also in parasitology Klaus Brehm and his team were rewarded with the 2016 Memento
Award for Neglected Disease Research for their work on tapeworms. ZINF Young Investigators, Sina Bartfeld received the 2017 ZONTA Prize and Franziska Faber the 2018 Young Investigator Prize (Förderpreis) from German
Society for Hygiene and Microbiology (DGHM). Joachim Morschhäuser received both the Heinz P.R. Seeliger
Prize and the First Tennessee Chair of Excellence Distinguished Visiting Professor, from the University of Tennesse
Health Science Center. Jürgen Schneider-Schaulies was awarded the 2017 Research Prize from the Vogel Foundation Dr. Eckernkamp and Thomas Rudel the 2017 Indian National Science Academy Award PC Ray Chair for
distinguished scientists.
Infectious diseases research at the University of Würzburg is supported through both national and international funding initiatives. These include funding through the EU Infect-ERA research networks, which involve
groups from at least three different participating EU countries. Cynthia Sharma and Ana Eulalio with a network junior consortium Combining high-throughput and single-cell analyses to study RNA regulators important
for the early steps of Campylobacter infection; Lars Dölken as part of Early determinants of DNA-virus lytic or
latent infection, Jörg Vogel as part of Commensalism versus disease? Asymptomatic carriage or urosepsis, as well as
coordinator Daniel Lopez, a former ZINF Young investigator, and Ana Eulalio with their network Intracellular
Staphlococcus aureus. Klaus Brehm was funded by a joint EU and Latin American and the Caribbean network for
the Development of new diagnostic and treatment options for helminthic neglected diseases.
ZINF members continued to secure research grants in several established networks that aim to better
understand infectious diseases, including the collaborative research centres DFG Transregio 124 Pathogenic
fungi and their human host: Networks of interaction, DFG Transregio 34 Pathophysiology of Staphylococci, DFG
Research Unit 2123 Sphingolipid dynamics in infection control, DFG Research Training Group 2157 to train doctoral
students in the emerging area of 3-D Tissue models for studying microbial infections by human pathogens, DFG
Priority Programme SPP1617 Phenotypic heterogeneity and sociobiology of bacterial populations, BMBF MedVet-Staph Interdisciplinary research network on the zoonotic impact of Staphylococcus aureus/MRSA, BMBF InfectControl 2020: Antigen reactive T cells for the diagnosis and therapy of fungal-associated diseases in at risk patients and
the Bavarian Research Network for Molecular Biosystems (BioSysNet). Also, the University’s Interdisciplinary
Centre for Clinical Research (IZKF) continues to promote infectious diseases research.

Students in Würzburg benefit from several high-quality seminar series that cover different aspects of infection biology. These include those hosted by the Institute for Virology and Immunobiology and the Tuesday
night Microbiology Colloquium, which is jointly organised by the Institute for Hygiene and Microbiology,
the Department of Microbiology and the Institute of Molecular Infection Biology. These seminars are extremely
well attended, by students and faculty alike, and have included a whole host of fantastic speakers including
Alexander Johnson (USA), Philippe Sansonetti (France), Rick Peek (USA), Luísa Figueiredo (Portugal), Dirk
Bumann (Switzerland), Andrew Goodman (USA), Marek Basler (Switzerland), Vanessa Sperandio (USA), Bryan
Cullen (USA) and Scott Gray-Owen (Canada) to name just a few. This spring, we have launched a new biweekly
RNA Seminar to which we invite national and international speakers in order to foster the growing strength in
RNA-based infection research.
A few years ago while I was transitioning from Berlin to Würzburg, Matthias Frosch graciously took care of the
ZINF on an interim basis but eventually passed on the torch to me in 2011. Having served the ZINF as spokesperson for almost seven years, I look back at these years with great pleasure. As the ZINF evolves together with
the Helmholtz and Max Planck groups it promises to further stimulate a dynamic environment, reinforcing
infection disease research as a main pillar of biomedicine at the University of Würzburg. New initiatives for
collaborative research networks that are directly relevant to the ZINF are already underway and are expected to
ensure its international leadership in, for example, RNA-based therapeutics and diagnostics, single-cell biology,
and a better understanding of the importance of heterogeneity in host-pathogen interactions. There could not
be a better time to pass the torch on and I wish my successor the best of luck for her term.
Let me finish by gratefully acknowledging the generous support provided by the Bayerische Staatsministerium
für Wissenschaft, Forschung und Kunst, and the president of the University of Würzburg for their continued
support of the Centre. We are looking forward to the next years of exciting research activities in the ZINF.

Jörg Vogel
Spokesperson ZINF
Würzburg, May 2018

ZINF members were responsible for or involved in the organisation of numerous national and international
meetings and conferences. To name a few, the 5th Joint Conference of the DGHM & VAAM Microbiology and
infection took place in Würzburg in 2017 and was organised by Matthias Frosch, Thomas Rudel and myself. I
have also been involved in the organisation of the bi-annual Cold Spring Harbor Asia Bacterial infection and
host defence in Suzhou, China, and the International Symposium RNA & infection, held in Würzburg. Together
with colleagues from Tübingen, Münster and Greifswald, Knut Ohlsen and Thomas Rudel were coorganisers of
the 3rd International conference on the pathophysiology of staphylococci. Ulrich Vogel organised the 14th Congress
of the European meningococcal and Haemophilus disease society and Hartwig Klinker, Christoph Schön and
Wilma Ziebuhr the 13th Congress for infectious diseases und tropical medicine. Jürgen Löffler organised the TR124
FungiNet Invasive mycoses in haematological malignancies and Andreas Beilhack the Else-Kröner-Symposium
Translational immunology – From target to therapy IV.
The training of graduate students and postdoctoral researchers remains a key mission of ZINF. Many of the
students are part of the Graduate School of Life Sciences at University of Würzburg, of which ZINF member
Caroline Kisker serves as the dean. The Infection & Immunity section of the GSLS is headed by ZINF members Thomas Hünig and Joachim Morschhäuser and contains three training programmes: infection, immunomodulation, and anti-infectives. In 2016–2017, students benefitted from several high-profile courses, including
the EMBO Practical Course Non-coding RNA in infection and a Summer School teaching Modern methods in
infection biology.
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sprecherbericht für den zeitraum
2016 – 2017

Medizin und Biologie werden gegenwärtig von neuen Technologien geprägt, die zu bahnbrechenden Fortschritten im Verständnis von Krankheitsprozessen führen. Die Infektionsforschung bildet dabei keine Ausnahme,
sondern ist im Gegenteil wichtiger Impulsgeber dieser innovativen Entwicklung. Neue Methoden erlauben
uns die Analyse biologischer Systeme auf Einzelzellebene und revolutionieren dabei unsere Sichtweise auf die
zelluläre Heterogenität von Populationen. Sie lassen uns verstehen, wie Mikroorganismen miteinander interagieren, um ihre unmittelbare Umgebung in Wirtsgeweben zu manipulieren. Auch ist die genaue Beobachtung
der komplexen Abläufe einer Immunreaktion während der Auseinandersetzung mit einem Erreger nun möglich. Eine Vielzahl von neuen Single-Cell-Sequencing-Technologien erlaubt uns dabei unerwartete Einblicke in
die bisher verschlossene Welt von Interaktionen zwischen individuellen Zellen und den daran beteiligten
spezifischen Molekülen. Zusammen mit hochauflösenden bildgebenden Verfahren wird erfahrbar, wie Zellen
im Kontext eines Organismus miteinander funktionieren. Es besteht die berechtigte Hoffnung, dass diese
Single-Cell-Biologie zu einem Verständis der molekularen und zellulären Grundlagen von Infektionen in bisher
unerreichter Tiefe führen wird. Daraus können sich auch die im Zeitalter von Antibiotikaresistenzen so dringend
notwendigen neuen Therapiestrategien ableiten lassen.

Die infektionsbezogene Forschung in Würzburg wird demnächst auch durch die Etablierung mehrerer MaxPlanck-Arbeitsgruppen zur Systemimmunologie unterstützt, die offiziell ihre Arbeit 2019 aufnehmen werden.
Die Berufungen von Wolfgang Kastenmüller von der Universität Bonn und Georg Gasteiger vom Universitätsklinikum in Freiburg sind erste Schritte, um ein weltweit führendes Forschungsprogramm auf dem Gebiet der
Systemimmunologie in Würzburg zu begründen. Die Gruppen werden das Immunsystem und seine Interaktionen mit dem Organismus als Ganzes studieren.

Während sich das Zentrum für Infektionsforschung (ZINF) an der Universität Würzburg dem 25. Jahrestag
seines Bestehens im Jahr 2018 nähert, zeichnet sich eine Neujustierung seines Forschungsfokus in Richtung
der Single-Cell-Biologie ab. Veränderungen haben im ZINF eine lange Tradition, durch die sich das Zentrum seit
seiner Gründung im Jahr 1993 ständig an neue Erfordernisse anzupassen weiß und damit als Forschungszentrum für Infektionskrankheiten in Deutschland und Europa attraktiv bleibt. Die jüngsten Entwicklungen betreffen
die erfolgreiche Bewerbung an die Helmholtz-Gemeinschaft zur Gründung eines ersten Bundesinstitutes mit
biomedizinischer Ausrichtung hier in Würzburg. Dieser Erfolg wäre ohne die Qualität und Sichtbarkeit der
Forschungsprogramme am ZINF mit seinem starken interdisziplinären Ansatz aus Mikrobiologie, Parasitologie, Virologie, Chemie und Klinik nicht möglich gewesen. Die Gründung des neuen Helmholtz-Institutes
für RNA-basierte Infektionsforschung (HIRI) verspricht einen noch größeren Ausbau der Infektionsforschung
in Würzburg über die Fächer- und Institutionengrenzen hinweg und damit die Stärkung des Wissenschaftsstandortes in dieser Disziplin.

Seit seinen Anfängen bildet das Nachwuchsprogramm das Herzstück des ZINF. Es ist beispielgebend für die
frühe Förderung der Unabhängigkeit talentierter junger Wissenschaftler an deutschen Universitäten. Der Erfolg
des Programmes wurde durch die Berufungen von Cynthia Sharma und Nicolai Siegel erneut unter Beweis
gestellt, die beide ihre Zeit als Nachwuchsgruppenleiter beendeten und den nächsten Schritt in ihrer Karriere
gingen. Cynthia akzeptierte den Ruf auf eine W3-Professur, um den neu geschaffenen Lehrstuhl für Molekulare
Infektionsbiologie II in Würzburg zu leiten, während Nicolai das Angebot auf eine W2-Professur an die LMU in
München annahm. Beide hatten zuvor eine besonders erfolgreiche Zeit am ZINF und veröffentlichten ihre Arbeiten in führenden Fachzeitschriften. Cynthia wurde dafür mit dem Heinz-Maier-Leibnitz-Preis der DFG geehrt,
und Nicolai erhielt einen der renommierten ERC Starting Grants. Darüber hinaus wechselte Ana Eulalio, die vom
Bayerischen Elite Forschungsnetzwerk (BioSysNet) gefördert worden war, auf eine Gruppenleiterposition am
Zentrum für Neurowissenschaften und Zellbiologie an der Universität Coimbra in ihrer Heimat Portugal. Im
Jahr 2017 konnten wir Franziska Faber vom Helmholtz-Zentrum für Infektionsforschung in Braunschweig als
neue Nachwuchsgruppenleiterin für das ZINF gewinnen. Sie baut seit März 2018 ihre Gruppe in Würzburg auf,
wobei sie sich auf die RNA-Biologie in Clostridium difficile fokussieren wird, einen bedeutenden humanpathogenen Erreger für den bislang die Expertise in Würzburg noch fehlte.

Der vorliegende Bericht, der die Jahre 2016-2017 umfasst nicht nur die Projekte und wissenschaftlichen
Leistungen der Nachwuchsgruppen, die den Kern des ZINF bilden. Er will auch einen Überblick über die
Aktivitäten der ZINF-Mitglieder mit Bezug zur Infektionsforschung geben und über die geplanten Vorhaben
am Helmholtz-Institut für RNA-basierte Infektionsforschung (HIRI) und der beiden kürzlich gegründeten MaxPlanck-Forschergruppen für Systemimmunologie informieren.
Die Gründung des HIRI wurde vom Senat der Helmholtz-Gemeinschaft Ende 2016 nach einem offenen,
multidisziplinären und sehr kompetitiven Ausschreibungsverfahren beschlossen. Sein Aufbau ist eine Antwort
auf die wachsenden Probleme mit Antibiotikaresistenzen, chronischen Infektionen und dem (Wieder)Auftreten
alter und neuer Infektionskrankheiten, die die Menschheit nach wie vor bedrohen. Basierend auf der in
Würzburg seit 2009 vorhandenen Expertise, wird vom HIRI erwartet, dass es dem Forschungsportfolio des
Helmholtz-Zentrums für Infektionsforschung in Braunschweig als Mutterinstitution einen völlig neuen Aspekt
hinzufügt. So wird sich die Forschung am HIRI auf die Rolle von RNA bei Infektionen und der Immunantwort
konzentrieren und damit das Potential dieses Moleküls als diagnostischen Marker, Zielstruktur für Antibiotika
und als Therapeutikum ausleuchten. Dabei werden vier große Forschungsfelder bearbeitet werden, die bakterielle Infektionen, Viruserkrankungen, die Wirtsantwort und RNA delivery umfassen. Als HIRI-Gründungsdirektor betrachte ich das Konzept dieser neuen Einrichtung als komplementär zum Forschungsansatz des
ZINF. Ich bin davon überzeugt, dass sich die Arbeiten der Zentren perfekt ergänzen werden. Dementsprechend
freue ich mich auf die enge Verbindung zur Universität und die Nutzung von Synergien, die die Leistungen
beider Institutionen stärken werden. Ich möchte auch die Gelegenheit nutzen, mich noch einmal bei allen
Beteiligten zu bedanken, die es durch ihre Arbeit und Unterstützung möglich gemacht haben, dieses neue
Bundesinstitut an den Standort Würzburg zu holen.
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Die letzten beiden Jahre waren auch mit Veränderungen im ZINF-Präsidium verbunden. So wurde unser langjähriges ZINF-Mitglied Thomas Hünig nach 27 Jahren als Lehrstuhlinhaber für Immunbiologie in den Ruhestand verabschiedet. Seine Nachfolge tritt Wolfgang Kastenmüller an. Ein weiterer Neuzugang ist Oliver Kurzai,
der von der Universität Jena auf den Lehrstuhl für Medizinische Mikrobiologie und Mykologie berufen wurde.
Darüber hinaus bedeutet meine neue Funktion als HIRI-Gründungsdirektor, dass ich die Verantwortung als
ZINF-Sprecher an meine Kollegin Cynthia Sharma übergebe, die eine erfolgreiche Absolventin des ZINF-Nachwuchsgruppenprogrammes ist.

Wie immer möchten wir uns an dieser Stelle bei den Mitgliedern unseres internationalen wissenschaftlichen
Beirates Michael Gilmore (Boston), David Holden (London), Gisela Storz (Bethesda), Tone Tønjum (Oslo),
Eric Pamer (New York), Katja Becker (Giessen) und Kai Matuschewski (Berlin) aufrichtig für die konstruktive
und kritische Begleitung des Nachwuchsprogrammes bedanken. Wir freuen uns auch weiterhin auf die enge
Zusammenarbeit mit ihnen in den kommenden Jahren. 2016 schieden Christoph Dehio (Basel), Axel Brakhage
(Jena), Sebastian Suerbaum (München) and Agneta Richter-Dahlfors (Stockholm) nach zwei Amtsperioden aus
dem Gremium aus. Wir sind ihnen für ihr großes Engagement und die angenehme kollegiale Zusammenarbeit
während der letzten Jahre zu großem Dank verpflichtet. Christoph Dehio übte sein Amt als Beiratsvorsitzender
für viele Jahre mit bewundernswertem Einsatz aus, wobei er uns immer mit Rat und Tat bei der Auswahl der
besten Talente für das Nachwuchsprogramm zur Seite stand.
Hinsichtlich der Mitgliedschaft im ZINF wurden 2016 und 2017 Thomas Hünig (Lehrstuhl für Immunbiologie) und Gerhard Bringmann (Lehrstuhl für Organische Chemie) in den Ruhestand verabschiedet. Gabriela
Krasteva-Christ verließ das ZINF als sie einen Ruf an die Universität des Saarlandes annahm. Insgesamt ist
die Zahl der ZINF-Mitglieder, nicht zuletzt durch die Kollegen in den neuen Institutionen, deutlich gewachsen.
So konnten wir Chase Beisel, Antoine-Emmanuel Saliba, Lars Barquist, Neva Caliskan, Redmond Smyth and
Alexander Westermann vom HIRI, Wolfgang Kastenmüller (Lehrstuhl für Systemimmunologie I) und Georg
Gasteiger (Lehrstuhl für Systemimmunologie II) aus den Max-Planck-Forschergruppen sowie Oliver Kurzai
(Lehrstuhl für Medizinische Mikrobiologie und Mykologie) und Florian Erhardt, der Juniorprofessor am Institut
für Virologie and Immunbiologie ist, als neue ZINF-Mitglieder begrüßen.
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Auch in den Jahren 2016 und 2017 wurden Würzburger Infektionsforscher mit einer Reihe von renommierten Preisen und Auszeichnungen geehrt. 2017 erhielt ich den Gottfried-Wilhelm-Leibniz-Preis, den wichtigsten
deutschen Forschungspreis. Nicolai Siegel und Lars Dölken erhielten ERC Starting bzw. Consolidator Grants.
Nicolai wurde außerdem mit der Karl-Asmund-Rudolphi-Medallie der Deutschen Gesellschaft für Parasitologie ausgezeichnet, und Heidrun Moll wurde 2016 mit der Rudolf-Leuckart-Medallie der Deutschen Gesellschaft für Parasitologie geehrt. Ebenso auf dem Gebiet der Parasitologie wurden Klaus Brehm und sein Team
2016 mit dem Memento-Forschungspreis für vernachlässigte Krankheiten für ihre Arbeiten zu Bandwürmern
ausgezeichnet. Als ZINF-Nachwuchsgruppenleiterinnen erhielten Sina Bartfeld den ZONTA-Preis 2017 und
Franziska Faber den Förderpreis der Deutschen Gesellschaft für Hygiene und Mikrobiologie (DGHM) 2018.
Joachim Morschhäuser wurde mit dem Heinz-P.R.-Seeliger-Preis ausgezeichnet und erhielt ebenso die Anerkennung als First Tennessee Chair of Excellence Distinguished Visiting Professor des Zentrums für Gesundheitsforschung der Universität Tennesee. Jürgen Schneider-Schaulies erhielt 2017 den Forschungspreis der VogelStiftung Dr. Eckernkamp und Thomas Rudel wurde mit dem Indian National Science Academy Award PC Ray
Chair for Distinguished Scientists geehrt.
Die Infektionsforschung in Würzburg wird durch nationale und internationale Förderprogramme unterstützt.
So bringt das EU-Infect-ERA-Netzwerk Gruppen aus mindestens drei EU-Partnerländern zusammen. In
diesem Rahmen konnten Cynthia Sharma und Ana Eulalio ein neues Nachwuchs-Forschungsnetzwerk zum
Thema “Combining high-throughput and single-cell analyses to study RNA regulators important for the early steps of
Campylobacter infection” etablieren. Weitere Infect-ERA-Konsortien unter Beteiligung von ZINF-Mitgliedern sind
die Programme „ Early determinants of DNA-Virus lytic or latent infection“ mit Lars Dölken, „ Commensalism
versus disease: Asymptomatic carriage or urosepsis?“ mit Jörg Vogel sowie das Konsortium „Intracellular Staphlococcus aureus“, bei dem Ana Eulalio gemeinsam mit Daniel Lopez (einem früheren ZINF-Nachwuchsgruppenleiter) als Koordinatoren fungieren.
Über diese Aktivitäten hinaus waren ZINF-Mitglieder bei der Einwerbung von Drittmitteln in einer Reihe von
Forschungsprogrammen aktiv und erfolgreich. Dies umfasst den Transregio-SFB 124 „Pathogene Pilze und ihr
menschlicher Wirt“, den Transregio-SFB 34 „Pathophysiology von Staphylokokken“, die DFG-Forschergruppe
2123 „Dynamik von Sphingolipiden bei der Kontrolle von Infektionen“ und das DFG-Graduiertenkolleg 2157
„3D-Infect“, das Doktoranden auf dem neuen Feld der dreidimensionalen Gewebemodelle für Infektionen und
des tissue engineering ausbildet. Weitere Drittmittelprojekte am ZINF sind das DFG-Schwerpunktprogramm
SPP1617 „Phänotypische Heterogenität und Soziobiologie von Bakterienpopulationen“, der BMBF-Forschungsverbund MedVetStaph „Staphylococcus aureus als Zoonoseerreger“ und das Bayerische Forschungsnetzwerk
für Molekulare Biosysteme BioSysNet. Schließlich unterstützt das Interdisziplinäre Zentrum für Klinische
Forschung (IZKF) weiterhin die Infektionsforschung an unserer Universität, wobei ungefähr ein Fünftel der
IZKF-Mittel derzeit in Projekte mit Bezug zu Infektionskrankheiten fließen.
Das ZINF und seine Mitglieder waren auch in den vergangenen beiden Jahren bei der Organisation von
zahlreichen Symposien und Tagungen aktiv, die alle aufzuzählen den Rahmen dieses Berichtes sprengen würde.
Stellvertretend seien deshalb hier nur einige genannt. So fand 2017 der gemeinsame Kongress der DGHM und
VAAM „Mikrobiologie und Infektion“ in Würzburg statt, der durch Matthias Frosch, Thomas Rudel und mich
selbst organisiert wurde. Ebenso war ich an der Ausrichtung des Cold-Spring-Harbor-Asia-Meetings „Bacterial
Infection and Host Defense“ in Sozhou (China) und dem Internationalen Symposium „RNA & Infection“
beteiligt, wobei letzteres hier in Würzburg stattfand. Gemeinsam mit Kollegen aus Tübingen, Münster und
Greifswald waren Knut Ohlsen and Thomas Rudel als Mitorganisatoren der 3. Internationalen Konferenz zur
Pathophysiologie von Staphylokokken in Tübingen aktiv. Ulrich Vogel organisierte den 14. Kongreß der Europäischen Gesellschaft für Meningokokken und Meningokokkenerkrankungen und Hartwig Klinker, Christoph
Schön und Wilma Ziebuhr waren Organisatoren des 13. Kongress für Infektionskrankheiten und Tropenmedizin
(KIT), der 2016 in Würzburg stattfand. Jürgen Löffler organisierte das TR124-FungiNet-Symposium „Invasive
Mycoses in Haematological Malignancies“ und Andreas Beilhack das Else-Kröner-Symposium „Translational
Immunology – From Target to Therapy IV“.
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Die Ausbildung von Doktoranden und Postdocs bleibt eine Schlüsselaufgabe des ZINF. Die meisten der
Studenten sind Mitglieder der Graduate School of Life Sciences (GSLS), der das ZINF-Mitglied Caroline
Kisker als Dekanin vorsteht. Die GSLS-Klasse „Infektion und Immunität“ wird von Thomas Hünig und Joachim
Morschhäuser als Sprecher geleitet und bietet drei Programme zu den Themen Infektion, Immunmodulation
und Antiinfektiva an. Auch im Berichtszeitraum 2016-2017 nutzten die Studenten die Möglichkeit, an hochkarätigen Laborkursen und Workshops teilzunehmen wie zum Beispiel dem EMBO-Praxiskurs „Non-coding
RNA in Infection“ und einer Sommerschule zum Thema „Modern Methods in Infection Biology“.
Neben den Konferenzen und Workshops profitieren Studenten, Postdocs und Wissenschaftler in Würzburg
von exzellenten Seminarreihen und Vorträgen zum Thema Infektionsbiologie. Dazu zählen die Seminare am
Institut für Virologie und Immunbiologie und das Mikrobiologische Kolloquium, das gemeinsam vom Institut
für Hygiene und Mikrobiologie, dem Lehrstuhl für Mikrobiologie und dem Institut für Molekulare Infektionsbiologie jeweils dienstags im Semester organisiert wird. Diese Seminare sind außerordentlich gut besucht
und werden sowohl von Studenten als auch den ZINF-Mitgliedern wegen der ausgezeichneten internationalen
Sprecher sehr geschätzt. So waren in den Jahren 2016 und 2017 Alexander Johnson (USA), Philippe Sansonetti
(Frankreich), Rick Peek (USA), Luísa Figueiredo (Portugal), Dirk Bumann (Schweiz), Andrew Goodman (USA),
Marek Basler (Schweiz), Vanessa Sperandio (USA), Bryan Cullen (USA) und Scott Gray-Owen (Kanada) zu Gast,
um nur einige zu nennen. In diesem Frühjahr haben wir eine neue RNA-Seminarreihe ins Leben gerufen, die
im 14-tägigen Rhythmus stattfindet und in der wir nationale und internationale Gäste zum Thema einladen,
um den Austausch zur RNA-basierten Infektionsforschung in Würzburg zu stärken.
Matthias Frosch hatte sich seinerzeit dankenswerterweise des ZINF als Sprecher angenommen, als ich nach
Würzburg kam und ich mich hier erst noch etablieren musste. Im Jahr 2011 übertrug er diese Aufgabe dann
an mich, und es war mir eine Freude dem Zentrum in den letzten sieben Jahren dienen zu dürfen. Das ZINF
entwickelt sich weiter und die Infektionsforschung ist und bleibt eine Säule der biomedizinischen Forschung
in Würzburg. Neue Forschungsinitiativen sind bereits auf dem Weg und werden uns die Chance bieten, eine
internationale Führungsrolle zum Beispiel auf dem Gebiet der RNA-basierten Therapie und Diagnostik, der
Single-cell-Biologie und dem Verständnis von Wirts-Pathogen-Interaktionen zu erlangen. Es gibt also keine bessere Zeit, um den Staffelstab der ZINF-Leitung weiterzureichen, und ich wünsche meiner Nachfolgerin Cynthia
Sharma alles erdenklich Gute für ihre Amtszeit.
Lassen Sie mich am Ende noch einmal dem Bayerischen Staatsministerium für Wissenschaft, Forschung und
Kunst für die großzügige Förderung und dem Präsidenten der Universität Würzburg für die kontinuierliche
Unterstützung des Zentrums danken. Das ZINF ist weiterhin erfolgreich und neue Initiativen wurden gestartet,
um den Herausforderungen auf dem Gebiet der Infektionskrankheiten im 21. Jahrhundert zu begegnen. Wir
freuen uns auf die nächsten Jahre mit spannender Wissenschaft und vielen neuen Forschungsaktivitäten.

Prof. Dr. Jörg Vogel
Sprecher des ZINF
Würzburg, Mai 2018
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Versbacher Strasse 9
D-97078 Würzburg
T +49-931-3189599
M georg.gasteiger@uni-wuerzburg.de
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1. general remarks
1.3 structure of the zinf
The Research Centre for Infectious Diseases (ZINF) at the University of Würzburg was
founded in 1993. It brings together bacteriologists, mycologists, parasitologists, virologists,
immunologists, chemists, bioinformaticians, structural biologists and clinicians from the
Medical, Biology and Chemistry Faculties.
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1. general remarks
1.4 news from the zinf

International
Symposium
RNA & Infection
Würzburg, 28 – 29 April 2016

EMBO
Practical Course
Non-coding RNA in infection
Würzburg, 18 – 24 September 2016
Corinna Richthammer, Gabriele Gerlach,
Hansjörg Hauser

Jörg Vogel, Herrmann Einsele, Dirk Heinze, Thomas Pietschmann
22
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Microbiology and
Infection 2017

ZINF visit
Bavarian State Minister Ilse Aigner
22 March 2017

5th Joint Conference
of the DGHM & VAAM
Würzburg, 5 – 8 March 2017

Ilse Aigner, Sina Bartfeld

Jörg Vogel and Susan Gottesman,
who gave the Hans Günter Schlegel Lecture

Matthias Frosch and Michael Hensel

Alfred Forchel, Jörg Vogel, Ilse Aigner, Matthias Frosch

Retirement Symposium
for Prof. Dr. Thomas Hünig
30 June 2017

Jörg Vogel with the poster prize winners
24
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Speakers and Chairs from the Regulation of the T-cell response symposium together with Thomas Hünig
25

Evaluation for the
Helmholtz Institute
for RNA-based
Infection Research
31 May 2016

Alfred Forchel, Otmar Wiestler, Lars Dölken, Jörg Vogel, Herrman Einsele,
Matthias Frosch, Dirk Heinz

Charlotte Michaux, Caroline Tawk, Nobel laureate Sidney Altman,
Lars Barquist, Yanjie Chao
26
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Emmanuel Saliba in discussion with Susan Gottesman
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2. young investigators
2.1 trypanosoma gene regulation
Using the protozoan parasite Trypanosoma brucei, the causative agent of African
sleeping sickness, the group studies the epigenetic mechanisms leading to the
formation of chromatin structures that promote and repress transcription.
One key question is how changes in chromatin structure can help the parasite
to evade the host immune response via antigenic variation.

dr. t. nicolai siegel
research centre for
infectious diseases
Zentrum für Infektionsforschung (ZINF)
Josef-Schneider-Str. 2/D15
D-97080 Würzburg
T
+49 (0)931-3188499
M nicolai.siegel@uni-wuerzburg.de
Current Address
Biomedical Center Munich
Department of Physiological Chemistry
Ludwig-Maximilians-Universität
Großhaderner Str. 9
82152 Planegg-Martinsried
T
+49 (089) 2180 77098
M n.siegel@lmu.de
www.siegel-lab.de
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INTRODUCTION
To elucidate the fundamental mechanisms involved in the regulation of gene expression,
we are using Trypanosoma brucei, an extracellular protozoan parasite that causes sleeping sickness in humans and nagana in cattle. Every year in Sub-Saharan Africa these
diseases lead to the deaths of thousands of people and loss of livestock worth billions
of dollars. To escape elimination by the host immune response, the parasite periodically
switches its coat of variant surface glycoproteins (VSG), a process referred to as antigenic variation. The molecular mechanism of antigenic variation is not well understood,
but several findings indicate that distinct chromatin structures ensure that only one of
several hundred VSG genes is expressed at any given time. For transcription of a specific
gene to occur, RNA polymerase II (RNA Pol II) must locate the correct transcription start
site (TSS) against a large background of genomic DNA sequences. In higher eukaryotes
this involves the assembly of an elaborate complex of transcription factors to target the
polymerase to the correct genomic locus. However, correct targeting also depends on
the accessibility of these factors to the TSS since most DNA is packaged into chromatin,
which is composed of DNA and proteins including arrays of nucleosomes. While the organisation of DNA into dense chromatin structures presents an obstacle to the transcriptional machinery, it also provides an opportunity to regulate gene expression because
chromatin structures can be locally and globally modified, making them highly dynamic.
Structural changes in chromatin can be induced by the post-translational modification of
histones or by the replacement of canonical histones with histone variants. While there
is extensive knowledge of the enzymes that add or remove specific histone modifications
or replace canonical histones with histone variants, it is not well understood in any organism how these enzymes are targeted to specific genomic loci. Furthermore, it is also
not clear how transcriptionally active or repressed chromatin structures are established.
Thus, using trypanosomes to study the formation of chromatin structures, we hope to
elucidate some of the very fundamental and evolutionarily conserved mechanisms of
chromatin formation, while at the same time understanding the role of epigenetics in
antigenic variation.
RESEARCH HIGHLIGHTS
Unusually for a eukaryote, T. brucei lacks RNA Pol II promoter motifs and its genes are arranged in long polycistronic transcription units, a feature that greatly reduces the number
of TSSs. Previously, using ChIP-seq, we revealed that TSSs and transcription termination
sites are marked by distinct chromatin domains that are strongly enriched in specific
histone modifications and contain different histone variants. The small number of TSSs
in combination with the distinct chromatin signature marking the boundaries of polycistronic transcription units makes this parasite an ideal organism to study the mechanism
of targeted histone variant deposition. Therefore, we are currently investigating how, in
the absence of DNA sequence motifs in T. brucei, the different histone modifications and
histone variants are targeted to specific loci along the genome and what role they play
in forming transcriptionally active or repressed chromatin regions across the nucleus.
Beyond chromatin dynamics, the group is also interested in post-transcriptional mechanisms of gene regulation in trypanosomes. The organisation of genes in long polycistron-
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ic transcription units allows for very little regulation at the level of transcription initiation,
suggesting an important role for post-transcriptional gene regulation, i.e. RNA maturation, stability and translation. However, the relative contribution of these processes to
the final steady state levels of proteins is not well understood. To obtain genome-wide
information on protein synthesis, we adapted a ribosome profiling approach to T. brucei. This technique is based on high-throughput sequencing of ribosome-protected RNA
fragments and enabled us to perform the first genome-wide analysis of RNA translation
and translational efficiency in a eukaryotic pathogen. We have found that translational
efficiency varies greatly between life cycle stages of the parasite and ~100-fold between
genes. Currently, we are searching for proteins and sequence motifs that promote or inhibit efficient translation. Importantly, the ability to map ribosome positions at sub-codon
resolution has also allowed us to differentiate coding from noncoding RNA and enabled
us to identify numerous long ncRNAs and hundreds of putative small peptides, many of
which are regulated in a life-cycle specific manner.
FUTURE DIRECTIONS
We are aiming to combine system-wide approaches such as Hi-C, ChIP-seq, RNA-seq
and ribosome-profiling with ‘classical’ biochemical and molecular techniques to obtain
a comprehensive understanding of chromatin dynamics in trypanosomes, especially at
regions involved in antigenic variation. A better knowledge of how gene expression is
regulated and different chromatin structures are formed in T. brucei should help us understand how the parasite undergoes antigenic variation and may eventually facilitate
medical intervention.

SELECTED PUBLICATIONS
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GT-rich promoters can drive RNA pol II transcription
and deposition of H2A.Z in African trypanosomes.
EMBO Journal 36: 2581-2594
Reynolds D, Hofmeister BT, Cliffe L, Alabady M,
Siegel TN, Schmitz RJ, Sabatini R (2016) Histone
H3 Variant Regulates RNA Polymerase II Transcription Termination and Dual Strand Transcription of
siRNA Loci in Trypanosoma brucei. PLoS Genetics
12: e1005758
ElBashir R, Vanselow JT, Kraus A, Janzen CJ, Siegel
TN, Schlosser A (2015) Fragment Ion Patchwork
Quantification for Measuring Site-Specific Acetylation
Degrees. Analytical Chemistry 87:9939–9945
Vasquez JJ, Hon CC, Vanselow JT, Schlosser A,
Siegel TN (2014) Comparative ribosome profiling
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Trypanosoma brucei life cycle stages. Nucleic Acids
Research 42:3623–3637
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PRIZES AND AWARDS
2016 ERC Starting Grant
2016 Karl Asmund Rudolphi Medal awarded
by the German Society for Parasitology
Fig. 1: Scanning electron micrograph of a long slender bloodstream form T. brucei parasite.
(Courtesy of Thierry Blisnick, Philippe Bastin laboratory, Institut Pasteur, Paris.)

Fig. 2: Immunofluorescence analysis of T. brucei. Acetylated histone H4K10 (green), tubulin
(red) and DNA (blue).
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2.2 host rna metabolism
The main focus of the group is to understand the impact of bacterial infections on host cell
RNA metabolism, with a special interest in the microRNA pathway, as well as the reciprocal
role of host RNA metabolism on the life cycle of bacterial pathogens.

INTRODUCTION
During the course of an 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 the reorganisation of the host cell cytoskeleton, modulate
signal transduction pathways, membrane trafficking and pro-inflammatory responses.
However, a largely unexplored question in host-pathogen interactions is the interplay
between bacterial infection and RNA metabolism in the host cell. A properly functioning
RNA metabolism is essential for a number of crucial host cell processes and therefore
it is not surprising that pathogens have evolved sophisticated mechanisms to subvert
these pathways for their own benefit. MicroRNAs (miRNAs) are a class of genomeencoded small regulatory RNAs that play a major role in the post-transcriptional control
of eukaryotic gene expression, by repressing target transcripts containing complementary
binding sites. In addition to their well-established functions in physiological and pathological host processes, it is becoming clear that miRNAs also play crucial roles during
infections caused by different bacterial pathogens. While the expression of several host
miRNAs is altered as part of the immune response to bacterial infections, considerably
less is known regarding miRNAs that regulate bacterial infections and whether bacterial
pathogens are also able to exploit host miRNAs to promote their own intracellular survival and proliferation.

dr. ana eulalio
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Institut für Molekulare Infektionsbiologie
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D-97080 Würzburg
T
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RESEARCH HIGHLIGHTS
We have been applying systems biology approaches, in particular high-throughput functional screening and RNA-sequencing, to identify and characterise miRNAs critical for infection with the model bacterial pathogens Salmonella enterica serovar Typhimurium and
Shigella flexneri. Salmonella and Shigella are facultative intracellular bacteria and among
the most common causes of lethality by food-borne diseases. To identify miRNAs regulating infection, we apply fluorescence microscopy-based high-throughput functional
screening with genome-wide libraries of miRNA mimics and inhibitors. In parallel, by performing RNA-sequencing analysis of the small RNA population of Salmonella or Shigella
infected cells, we identify miRNAs that are regulated upon infection. This is followed by a
detailed investigation of miRNA targets and of the underlying mechanisms of action, using a combination of experimental and bioinformatic approaches. Comparing the results
obtained for these two closely related bacterial pathogens has shown that Salmonella and
Shigella infections are regulated by a distinct subset of host miRNAs. We have identified
miRNAs that affect Salmonella and/or Shigella at different stages of the infection cycle
(e.g. invasion, maturation of the Salmonella containing vacuole, replication, intercellular
spreading of Shigella).
Among the identified miRNAs, we have determined that the members of the miR-15
family efficiently inhibit Salmonella infection through repression of cyclin D1, a protein required for the G1/S transition. Expression of miR-15 family members is decreased during
infection by Salmonella, thus favoring host cell cycle progression and, ultimately, bacterial
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replication. In addition, we have identified and characterised miRNAs that concurrently
regulate different steps in bacteria-host cell interactions. For example, we have characterised the dual regulatory role of miR-29b-2-5p during Shigella infection, which results
from the concomitant regulation of bacterial capture by host cells as well as intracellular
bacterial replication. Moreover, we have shown that miR-29b-2-5p through the repression
of its direct target UNC5C, a member of the UNC5 netrin-1 receptor family, induces a
dramatic increase in the formation of host cell filopodia that are essential for increased
bacterial capture and internalisation.
Beyond the miRNA pathway, we have also been investigating the role of the general
stress response in epithelial cells during bacterial infection. We have found that induction of stress in epithelial cells by inflammatory cues and oxidative insults prevents the
binding of Shigella to host cells. Mechanistically, this inhibition results from extensive
remodeling of the host plasma membrane following the stress-induced activation of the
acid sphingomyelinase (ASM), leading to the depletion of permissive bacterial binding
sites. We have also shown that Shigella intracellular replication activates ASM and triggers subsequent membrane remodeling, thus suppressing re-infection by non-motile
pathogens. Our findings reveal host membrane remodeling as a novel stress-responsive
cell-autonomous defense mechanism that protects epithelial cells from infection by
non-motile bacterial pathogens.
FUTURE DIRECTIONS
In the next years we will characterise in detail the roles played by selected miRNAs,
identified by the combination of high-throughput screening and RNA-seq approaches,
in Salmonella and Shigella infections. The identification of the targets of these miRNAs
is expected to lead to the characterisation of other previously unappreciated pathways
relevant for bacterial infection. Furthermore, we plan to apply these approaches to other
bacterial pathogens. Overall, we aim to obtain a better understanding of the interplay
between bacterial infection and host cell RNA metabolism.

SELECTED PUBLICATIONS
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Fig. 1: Overexpression of selected microRNAs inhibits Salmonella infection. HeLa cells were
transfected with selected microRNAs, followed by infection with Salmonella Typhimurium
expressing GFP. The regions highlighted by the white squares are enlarged in the rightmost
panels.

Fig. 2: Shigella infection inhibits stress-granule formation. HeLa cells were infected with
Shigella flexneri expressing DsRed, and stress-granules were detected by staining the cells
with anti-TIAR antibody.
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2.3 regulatory networks in pathogenesis
The group studies the regulatory circuitry that enables the human commensal
and opportunistic fungal pathogen, Candida albicans, to colonise different niches in the
human body. C. albicans serves as a model system to gain insights into the general
strategies employed by members of the microbiota to proliferate as harmless commensals
and how some of these microbes become life-threatening pathogens.
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INTRODUCTION
An assembly of trillions of microorganisms comprising bacteria, archaea and eukaryotes
inhabit the human body. While these microbes are, for the most part, harmless or beneficial to the host, occasionally some can cross the mucosal barriers and cause systemic,
potentially fatal infections. In fact, many life-threatening infections in humans are caused
by the very same bacterial or fungal species that comprise our microbiota. Despite their
obvious medical importance, little is known about the mechanisms whereby commensal
microbes turn into deadly pathogens and cause disease. A better understanding of the interactions between humans and members of their microbiota – opportunistic pathogens
in particular – has the potential to open new avenues for intervention against infections
caused by microbes that spread from our mucosal surfaces into the bloodstream. Fungi
remain particularly underrepresented in the studies of the microbiota. This is despite the
fact that fungi have major roles in microbial community stability and human disease.
Fungi infect billions of people every year and cause diseases that kill millions of individuals creating a burden on society similar to tuberculosis and malaria. Yet the contribution
of fungi to the global burden of disease is largely unrecognised. In contrast to the vast
resources dedicated to creating an inventory of the bacterial portion of the microbiome,
only a few projects have attempted to identify the entire set of fungal species residing in
and on mammals. Nevertheless, these studies are revealing that the taxonomical diversity of the fungal component of the microbiota is almost as rich as its bacterial counterpart. This underscores the need to investigate the fungi that inhabit the human body to
understand how the mixed array of microbes that constitute our flora contribute to health
and disease. Candida albicans is the most prominent fungal species residing in humans.
While C. albicans can thrive in multiple niches within the human body (e.g. mouth, skin,
gastrointestinal and genitourinary tracts), it most frequently dwells in the gut. The majority of healthy adults carry C. albicans as part of their normal gut microbiota. In addition to
being a human commensal, C. albicans is a common cause of fastidious mucosal disease
in healthy people, particularly females. It is also the major cause of life-threatening fungal
infections. In European countries, the incidence of invasive candidiasis is around 10 cases per 100 000 inhabitants and 1.09 cases per 1 000 hospital admissions. The mortality
associated with these infections approaches 40%, underscoring the need for novel therapeutics to treat and prevent this disease.

the effects of such undefined microbiota on the biology of the fungus. To circumvent this
limitation, my laboratory started to experiment with gnotobiotic mice. In this setting, C.
albicans is administered orally to animals that have been raised in a microbe-free environment (germ-free mice). We compared the patterns of C. albicans gut colonisation in conventionally raised and in gnotobiotic mice using histology and immunohistochemistry.
While the fungus reaches comparable loads (in colony forming units per gram of stool)
in both environments, our observations demonstrate that the location, distribution and
morphology of the fungus are strongly influenced by the presence/absence of gut microbiota. We have also conducted genetic screens in both mouse models of gut colonisation
and identified several C. albicans regulatory genes that contribute to the in vivo fitness of
the fungus in the gut. Our initial characterisation of these genes suggests that they provide a means for the fungus to control morphology and adherence. Consistent with this
notion, C. albicans cells locate in close proximity to the intestinal mucus layer in gnotobiotic animals. Our results are revealing an intricate gene circuitry that endows C. albicans
with the ability to colonise the mammalian intestine and suggest that the gut microbiota
shapes several aspects of the biology of the fungus in this compartment.
FUTURE DIRECTIONS
We will expand our analysis of C. albicans in the gut of gnotobiotic mice by incorporating co-colonisation with other components of the intestinal microbiota. Furthermore, we
have incorporated mouse models of colonisation in other mucosae (oral and vaginal) to
study the biology of the fungus on these surfaces and compare it to what we have learnt
in the gut. We expect that these approaches will provide new insights into the role of the
host microbiota in C. albicans intestinal colonisation and on the regulatory circuits underlying C. albicans proliferation in disparate host niches.
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Fig. 1: Candida albicans cells expressing the yellow fluorescent protein and observed in a
regular light microscope (left) or in a fluorescence microscope (right).

Fig. 2: Histopathology (magnification x40) of murine vaginal tissue after six days of infection
with C. albicans. Round and filamentous forms of the fungus are stained in dark pink on top
of the epithelium (in collaboration with Prof. Dr. Andreas Rosenwald, Pathology Institute,
University Würzburg).

RESEARCH HIGHLIGHTS
We have visualised the interface between the human commensal and pathogenic fungus
Candida albicans and the intestine of mice, a surrogate host. Adult mice with mature
intact microbiota are resistant to intestinal colonisation with this fungus. Accordingly,
murine gut colonisation in the laboratory is routinely achieved through the oral administration of antibiotics. A significant amount of indigenous flora—particularly anaerobes—
still persists after administering the antibiotics commonly used to achieve C. albicans intestinal colonisation in mice. Hence, a challenge in this experimental setup is to untangle
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2. young investigators
2.4 structural biology of mycobacteria
Pathogenic bacteria such as Mycobacterium tuberculosis or Staphylococcus aureus
have evolved sophisticated secretion systems to facilitate infections.
The group is interested in understanding the molecular mechanisms of Type VIIa
and Type VIIb secretion systems, which orchestrate the secretion of virulence factors
during different stages of the infection.
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T
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INTRODUCTION
Tuberculosis is a highly infectious disease that is caused by various strains of mycobacteria. According to recent figures from the World Health Organisation (WHO) it accounts
for 1.5 million deaths every year. The emergence of multi-drug resistant mycobacteria is
particularly concerning with approximately half a million cases reported in 2016 alone.
Host infection by pathogenic mycobacteria such as Mycobacterium tuberculosis is facilitated by virulence factors secreted by the unique Type VII/ ESX secretion systems.
The Type VII/ ESX-3 secretion system is essential for pathogen growth in response to
iron-limiting conditions suggesting a role for ESX-3 in counteracting host defense mechanisms that restrict iron availability. Moreover, ESX-3 effector proteins have been implicated in mycobacterial evasion of phagocytosis and suppression of T-helper cell activation.
The ESX-3 secretion machinery is therefore an attractive new target for anti-microbial
strategies against an essential, intrinsic bacterial process involved in metal homeostasis,
as well as promoting host clearance by restoring the immune response. However, neither
the ESX-3 secretion mechanism nor the mechanism linking the secreted ESX-3 effector
proteins to iron import are currently understood.
In parallel, the group is pursuing the structural and functional characterisation of the
Type VIIb /ESS secretion system found in pathogenic staphylococci such as the methicillin-resistant strain S. aureus USA300. The ESS pathway mediates the export of virulence
factors that are linked to abscess formation and bacterial persistence in mouse infection
models. A key component of the ESS secretion machinery is a ~170 kDa motor ATPase.
The fundamental function of motor ATPases is to target protein substrates either directly
through system-specific signal peptides encoded on the substrates or indirectly through
chaperones or adaptor proteins and use the energy of nucleotide binding and hydrolysis
to perform mechanical work to drive substrate transport. The motor ATPases of the ESX3 and the ESS systems differ markedly in their predicted domain composition. Therefore, we expect a different overall structural organisation of these motor ATPases with
consequences for the respective secretion mechanism. To date, no model for substrate
recognition and secretion of ESS effector proteins exists due to the lack of structural information on the tertiary and quaternary structure of the ESS ATPase and its interaction
with substrates.
RESEARCH HIGHLIGHTS
To gain insights into this important ESX-3 secretion mechanism, we have initiated the
structural determination of the membrane-embedded ESX-3 secretion machine by single
particle cryo-electron microscopy. To this end, we have reconstituted a core complex of
the ESX-3 secretion machine that contains four out of five membrane proteins (Figure
1) and we are currently using biophysical and biochemical methods such as chemical
cross-linking and fingerprint mass-spectrometry to characterise the complex.
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In parallel, we have established protocols for the extraction and purification of individual ESX-3 components from the bacterial membrane. This involves the use of thermal-unfolding assays to screen conditions for the stabilisation of these aggregation prone
proteins. Important crystallisation parameters such as detergent amount and monodispersity of the protein samples are determined by a combination of size-exclusion and
multi-angle light scattering experiments.
We have screened crystallisation conditions for several Type VII components of the
ESX-3 as well as the ESS secretion system. Initial crystallisation hits have been refined
and diffraction experiments have been carried out at the synchrotrons in Hamburg
(Deutsches Elektronen Synchroton, DESY) and in Grenoble (European Synchrotron Radiation Facility, ESRF).
Furthermore, we have established in vivo secretion assays in mycobacteria and staphylococci to investigate the secretion mechanism of the respective Type VII secretion systems.
FUTURE DIRECTIONS
Due to their important role in virulence, our research focuses on the ESX-3 and ESS
secretion machines as model systems of type VIIa and type VIIb secretion systems in
pathogenic bacteria. Our goal is to determine the three-dimensional structure of these
secretion machines and/or their single components by state-of-the-art structural methods such as cryo-electron tomography, single particle cryo-electron microscopy and
X-ray crystallography, permitting functional studies to generate a model of the type VII
secretion mechanism. Overall, these projects will improve our understanding of pathogen-host communication in tuberculosis as well as Staphylococcal infections and have
the potential to provide the structural basis for the development of new antibiotics.
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dissection of the chaperone-usher pathway.
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Fig. 1: Schematic of the type VII ESX-3 secretion system.
The ESX-3 gene cluster encodes five membrane proteins. Four of these components form
a stable complex. The fifth component is a protease (red) that regulates secretion in an
unknown manner. Current research points to a two-step substrate transport mechanism.
The role of a cytoplasmic ATPase (black) in secretion is unknown. IM, inner membrane;
OM, mycobacterial outer membrane.
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2.5 organoids as host models
The group studies host-pathogen interactions in the gastrointestinal tract using
human stem cell-derived organoids as host models. We are particularly interested in the
innate immune response and gastric pathogens, such as Helicobacter pylori and Epstein
Barr Virus, and their contribution to gastric carcinogenesis.
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INTRODUCTION
The gastrointestinal tract is lined by a single-layered epithelium that renews itself every
5 days. The stem cells required for this constant regeneration reside in the epithelium
itself, between the differentiated cells. The pathways that govern gastric stem cell identity
and differentiation need to be tightly controlled, because if the delicate balance guarding healthy homeostasis is disturbed, cancer can arise. In the stomach, infections by
pathogens and the resulting inflammation play a central role in cancer development. It
is estimated, that approximately half of the 720,000 cases of gastric cancer deaths every
year worldwide can be attributed to infection with one of two human pathogens: The
bacterium Helicobacter pylori and the virus Epstein Barr Virus (EBV). Both pathogens are
very successful, as they infect about 50 and 95% of the world’s population, respectively.
In both infections, the carcinogenic process is not fully understood. This is in part due to
a lack of suitable human model systems. Recent advances in the field of stem cell biology
have opened new avenues for medical research: A culture system has been developed
that allows theoretically endless culture of primary cells from virtually any patient. In this
approach, epithelial stem cells are isolated from the respective organ, placed in an extracellular matrix and supplemented with an organ-specific cocktail of growth factors and
inhibitors. The stem cells subsequently divide and grow into 3-dimensional mini-versions
of the organ from which they have been generated, and thus called “organoids”. Organoids have been grown from the human small intestine, colon, stomach, liver, pancreas
and prostate. Organoids are genetically stable and when transplanted back into mice,
they integrate into the respective organ. Furthermore, paired organoids from healthy and
tumour tissue from the same patient can be grown and the organoid’s drug response can
be associated with its mutational status. This supports the conclusion that organoids
not only faithfully represent the healthy epithelium, but also recapitulate the hallmarks of
disease and are a useful model for drug development and testing. For infection biology,
organoids are a very promising new model system, because for the first time, the effect of
infection on primary cells, including stem cells, can be studied. Also, as organoids can be
established from virtually any patient, a comparison of host reactions from a broad range
of patient-derived organoids will enable the identification of patient-specific responses
and possible risk factors for cancer development. Furthermore, it can be speculated, that
the primary cells may enable the growth of pathogens, for which so far no model system
exists.
RESEARCH HIGHLIGHTS
We aim to further establish organoids as a standard in vitro model for infection research.
Human gastric organoids self-organise into 3D cystic structures with a central lumen
flanked by a single-layered, polarised epithelium, therefore they closely resemble the in
vivo situation. Human gastric organoids harbour gastric stem cells next to the cells of the
lineages of the human stomach, namely pit mucus cells, gland mucus cells, chief cells
and endocrine cells. These cells all exist in parallel in a single organoid. Further, lineage
differentiation can be directed using Wnt and Nicotinamide. This enables the growth
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of specific cultures from different cellular lineages present in the stomach, such as the
gastric pit or the gastric gland. For infection, we use microinjection of bacteria into the
organoids or infection of 2-dimensional layers of cells grown from organoids. When organoids are infected with H. pylori, lineages of the glands mount a strong inflammatory
response, while lineages of the pit react only marginally. In cell lines and 2D layers of cells
grown from organoids, the bacterium employs its type-IV secretion system to inject not
only the bacterial protein CagA, but also a bacterial sugar, D-glycero-b-D-manno-heptose
1,7-bisphosphate (bHBP). This can trigger the innate immune response in the host cell.
An RNAi based genome-wide screen has identified ALPK1 and TIFA as crucial signaling
components involved in this activation. NF-kappaB activation through the ALPK1-TIFA-axis is independent of CagA protein translocation, indicating that CagA translocation
and HBP delivery into host cells are distinct features of the infection.
FUTURE DIRECTIONS
We are interested in the host’s barrier function and the reaction of specific cell types
to infection. We will combine organoid technology with system-wide approaches such
as RNA-seq and targeted approaches such as CRISPR-Cas mediated knockout to better
understand host-pathogen interactions. We expect that this will provide new insights into
the pathogenic changes in the host cell induced by infection. This will hopefully help to
delineate the steps in infection-associated carcinogenesis and eventually provide new
strategies for therapies.
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Fig. 1: 3D organoids from human gastric tissue. A) Starting from resection material from
patients, we isolate the gastric glands, which contain the stem cells, as well as the differ-
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entiated cells of the stomach. Placed in culture, the stem cells proliferate and grow into 3D
organoids that contain stem cells as well as differentiated cells of the stomach. B) Within
2 weeks, a single human gastric stem cell grows into an organoid. The organoid contains a
single-layered polarized epithelium.

Fig. 1: Human gastric organoids activate NF-kappaB signalling after microinjection with H.
pylori. 1 hour after microinjection of bacteria, organoids were fixed and NF-kappaB subunit
p65 was stained using antibodies. Modified from Bartfeld et al. Gastroenterology 2015.
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2.6 rna biology of clostridium difficile
The group, which was established in March 2018, studies RNA-based mechanisms
of virulence regulation in the enteric pathogen Clostridium difficile. We are also interested
in the development of RNA-based therapeutics, such as peptide nucleic acids,
for the tailored treatment of C. difficile infections.
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INTRODUCTION
The emergent human pathogen Clostridium difficile has gained global significance as one
of the leading causative agents of antibiotic-associated diarrhea. In healthy individuals,
infection with C. difficile (CDI) results in asymptomatic colonisation, but after antibiotic
treatment, CDI can cause a wide spectrum of pathologies ranging from mild diarrhea
to toxic megacolon with a potentially lethal outcome. Although it was originally considered to be a hospital-acquired infection, studies have revealed an increase in community-acquired cases of CDI and an increased frequency of severe infections due to the
emergence of hyper-virulent strains. A healthy and diverse intestinal microbiota, which
is dominated by obligate anaerobic bacteria belonging to the classes Bacteroidia (phylum Bacteroidetes) and Clostridia (phylum Firmicutes), confers the highest protection
against infections with C. difficile. These communities have developed strong microbial
networks that make it difficult for incoming pathogens to compete for nutrient sources
and to establish their own niche, a fact that has been termed “colonisation resistance”.
Antibiotic treatment largely disrupts this microbial community leading to a dramatic
change in the metabolic environment of the large intestine. This new environment with
decreased colonisation resistance is characterised by the presence of spore germination
signals (primary bile acids) and an increased availability of nutrients that support C.
difficile growth. Interestingly, nutrient availability is also important for C. difficile pathogenesis, as the expression of the toxin genes is highly dependent on the presence of
nutrients. That is, when nutrients become limited as a result of C. difficile outgrowth,
toxin production is induced, eventually causing the clinical symptoms of the disease.
It has become clear, that the intestinal life cycle of C. difficile is accompanied by a
rapidly changing metabolic environment, from the antibiotic-induced disruption of the
microbiota to the pathogen-induced inflammatory host response. To survive and establish itself the pathogen must rapidly adapt to its environment. This is strongly reflected in
the activity of transcriptional regulators, which respond to signals such as the availability
of carbon sources or iron limitation, that control toxin expression. Therefore, previous
research has strongly focused on the transcriptional regulation of sporulation, toxin production and central energy metabolism. However, there is a growing body of literature
highlighting non-coding RNA’s as important players in the post-transcriptional regulation of stress responses and virulence factors in major pathogens such as Staphylococcus
aureus and Salmonella enterica. However, our knowledge of C. difficile RNA biology and its
role in colonisation and virulence is lagging far behind these model pathogens.
RESEARCH AND FUTURE DIRECTIONS
While the transcriptional regulators governing virulence expression have been studied
for many years, we have relatively little knowledge of the potential RNA-based mechanisms involved in virulence regulation in C. difficile. Initial evidence for C. difficile using
non-coding RNAs to regulate gene expression comes from in silico predictions and RNAseq studies which have predicted well over 200 sRNAs and riboswitches. Although the in
vitro expression of several predicted sRNAs changes in response to infection-associated
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signals such as nutrient availability, none of them have yet been experimentally characterised. Additionally, the global RNA chaperone Hfq, which is required for the activity of
many bacterial small RNAs, seems to play a role in several infection-associated pathways
such as sporulation and biofilm formation further suggesting that regulatory RNAs are
involved in C. difficile virulence control. However, we have little knowledge of the underlying RNA mechanisms as well as the roles of additional RNA-binding proteins. As a first
step to describe and understand the RNA biology of C. difficile we are generating high-resolution primary transcriptome maps to facilitate the discovery of novel RNAs, especially
those that are regulated during infection relevant conditions. This will be extended to
analyse and compare the transcriptomes of clinically relevant isolates of the hyper-virulent phenotype to identify the gene expression signatures that contribute to the different
disease outcomes of these closely related strains. Furthermore, we are currently applying
a variety of biochemical approaches combined with high-throughput RNA sequencing to
identify novel non-coding RNAs and their cognate protein-binding partners. Ultimately,
the goal is to provide an integrative view of the post-transcriptional networks present in
C. difficile and reveal which new non-coding RNAs and RNA-binding proteins contribute
to the infection process using established mouse models of CDI.
A second focus will be the development of “programmable antibiotics” as a novel
therapeutic for treating infections with C. difficile. The primary strategy for treating bacterial infections is the use of antibiotics. However, in the case of C. difficile it is also the
primary risk factor for contracting an infection with this pathogen. Hence, a targeted
treatment strategy will be vital for successfully combating C. difficile infections in the
future. Therefore, we will explore synthetic oligonucleotides such as peptide nucleic acids
(PNAs) as a potential drug to interfere with the cellular pathways in C. difficile that are
important for outgrowth and virulence factor expression during infection. To do so we will
study several aspects such as mechanisms of drug delivery into the bacterial cell, modes
of action and efficiency of different target pathways.
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Fig. 1: Electron microscopic image showing
Clostridium difficile (Manfred Rohde (2007),
Helmholtz Centre for Infection Research,
Braunschweig).
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Fig. 2: The impact of antibiotic-induced disruption of the microbiota on C. difficile
gut colonization and pathogenesis.
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The Institute of Molecular Infection Biology (IMIB) is an interdisciplinary research institution within the Medical Faculty of the
University of Würzburg, with strong links to the Faculty of Biology.
IMIB was founded in 1993 and has been chaired by Prof. Dr. Jörg
Vogel since 2009.
Members of the institute investigate fundamental biological problems and molecular mechanisms, with a focus on pathogens and
infectious disease processes. IMIB research involves the study of
bacteria, parasites and fungi, as well as their eukaryotic host, and
ranges from bacterial and eukaryotic cell biology and immunology to fundamental aspects of gene regulation and RNA biology.
Furthermore, the institute is home to the groups of the prestigious ZINF Young Investigator program of the interfaculty Research
Center for Infectious Disease Research (ZINF). IMIB researchers
lecture university seminars and practical courses to biology, medical and dental students.
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3.1 institute of molecular infection biology
3.1.1 rna biology
Non-coding RNAs play important regulatory roles in all domains of life.
The group aims to understand the role of ncRNAs and RNA-binding proteins
in the context of bacterial infections, with the goal to use this knowledge
for targeted manipulation of the human microbiota.

INTRODUCTION
The Vogel lab strives to chart the full diversity of noncoding RNA functions and RNA-binding proteins in major bacterial pathogens as well as the thousands of different bacteria
that make up the human microbiome. We develop new RNA-seq based techniques to
capture the RNA world of any microbe, ideally at the single-cell level, and to help us
understand how and why bacteria use RNA as a regulator during infection. We not only
elucidate RNA biology-based mechanisms but also apply this knowledge to selectively
manipulate the microbiota. Projects focus on several bacteria from our major workhorse
Salmonella Typhimurium to anaerobic microbes that are associated with colorectal cancer such as Fusobacterium nucleatum.

RNA deep sequencing and mass spectrometry to predict biochemically RNA-protein
complexes. The ProQ protein is now under investigation in several different laboratories
and has already been shown to have important functions in diverse microorganisms.
FUTURE DIRECTIONS
In the next few years we aim to increase the resolution of our approaches and be able to
study RNA functions in in vivo settings of infection, a major goal is to establish generic
single-cell RNA-seq approaches to study post-transcriptional control and RNA-binding
proteins in any bacterial pathogen. Transcriptomes from single bacteria, which are currently unavailable, will provide insight into the basis for phenotypic resistance to antibiotic treatment, stochastic persister formation and phenotypic diversification – poorly
understood phenomena that are threatening our ability to successfully treat bacterial
infections. It is also a requirement for developing single-cell Dual RNA-seq to simultaneously study individual host-pathogen interactions.
To understand the role of individual bacterial species within the microbiota or their
emerging synergistic contributions to human health and disease requires approaches
to interfere and perturb their functions with a selectivity that is not possible using currently available antibiotics. Therefore, in addition to basic research-driven projects, we
have started a new programme to achieve precision manipulation of the microbiota using “programmable antibiotics” in the form of RNA-directed antisense oligonucleotides
(ASOs). Our goal is to use ASOs that are coupled to small peptides that carry them inside
the bacteria to silence the mRNAs of essential genes. This will require us to understand
the requirements that make ASOs truly species-specific; potential off-target effects; effective delivery strategies; as well as predicting the host response and bacterial resistance
mechanisms. Success will depend on integrating diverse expertise from RNA biology,
microbiology, immunology, single-cell biology, and pharmacy.
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RESEARCH HIGHLIGHTS
During the last few years we have been using RNA deep sequencing technology to understand the full complement of coding and non-coding RNA transcripts in bacterial pathogens such as Salmonella Typhimurium as well as infected host cells. Following RNA-seq
studies on pathogens alone, we have progressed to the point where we can monitor RNA
expression changes in the pathogen and the host simultaneously. This is based on the
establishment of Dual RNA-seq as a novel method to truly simultaneously profile gene
expression in both partners during a bacterial infection, in the process revealing new
molecular phenotypes of bacterial noncoding RNAs. This approach enables us to reveal
the functions of bacterial sRNAs by looking at the consequences of their activities on the
host response. For example, we have recently discovered how the PinT sRNA times the
transition between Salmonella’s two major virulence programs during host cell infection.
We have also been one of the first groups to apply single-cell RNA-seq to capture the
cellular heterogeneity of infected host cells, linking the intercellular growth of Salmonella
to differential host responses and the reprogramming of host cell identity. Specifically, we
have discovered that polarization of macrophages towards M1 or M2 states depends on
whether Salmonella replicates rapidly or adopts a persister state. These results provide
preliminary evidence that bacteria actively reprogram macrophages after uptake.
The group has a long-standing interest in identifying new functions of small regulatory RNAs, including the recent discovery of regulatory RNAs that are derived from the 3’
regions of bacterial mRNAs. For example, we have shown that the small RNA CpxQ is the
previously missing RNA regulatory arm of the enterobacterial Cpx-mediated response to
inner membrane stress and it is clipped from the 3’ end of the functionally related cpxP
mRNA. The analysis of such pathways has become more accessible by new RNA-seq
based techniques that enable the transcriptome-wide profiling of RNA-protein interactions (including UV crosslinking in vivo) and RNase cleavage sites.
Our interest in RNA-binding proteins that are involved in gene regulation has led to
the discovery of the “third domain” of post-transcriptional control in bacteria which is
centered around the previously overlooked, abundant RNA-binding protein ProQ. This
was made possible by the development of a novel technique (Grad-seq) that combines
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Fig. 1: PinT orchestrates gene expression in Salmonella and its host cells
(figure source: Machner MP, Storz G (2016) Nature 529, 472-473).
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3.1 institute of molecular infection biology
3.1.2 deep sequencing approaches to pathogenesis
Our research focuses on mechanisms and functions of post-transcriptional
gene expression control in the pathogenic Epsilonproteobacteria, Helicobacter pylori and
Campylobacter jejuni. We are especially interested in the identification and
characterization of small regulatory RNAs and associated RNA-binding proteins involved
in stress responses and virulence control in these widespread human pathogens.

INTRODUCTION
Post-transcriptional regulation represents a central level of gene expression control in
the cell. Small RNAs ( s R N A s ) and RNA-binding proteins ( R B P s ) are key players
in this regulatory process. In bacteria, the 50- to 200-nt-long sRNAs are a heterogeneous class of molecules that regulate gene expression in response to adverse growth
and environmental stress conditions and have also been implicated in controlling
virulence. Genome-wide approaches have revealed hundreds of sRNAs in diverse bacteria, including many pathogens. Our model organisms are the gastric pathogen, Helicobacter pylori, the causative agent of gastric cancer, and the related food-borne pathogen,
Campylobacter jejuni (Fig. 1), the most common cause of bacterial food-borne disease
to date. These pathogenic Epsilonproteobacteria lack, like 50% of all bacteria, a homolog
of the RNA chaperone Hfq, a key player in sRNA-mediated regulation in enterobacteria.
Therefore, besides the molecular mechanisms of sRNAs, we are interested in which auxiliary protein factors are involved in post-transcriptional regulation in these widespread
human pathogens.
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RESEARCH HIGHLIGHTS
Our previous differential RNA-sequencing (dRNA-seq) approach for describing primary
transcriptomes allowed us to provide a genome-wide map of transcriptional start sites
in H. pylori and revealed many sRNAs. Furthermore, in a comparative dRNA-seq analysis
of multiple C. jejuni strains we identified strain-specific promoter usage and sRNA repertoires that might underlie phenotypic differences among strains. Based on our global
transcriptome datasets, we are now using Helicobacter and Campylobacter as model organisms for RNA-based regulation (riboregulation) in bacterial pathogens and bacteria that lack Hfq. Using g e n o m i c s , biochemical, molecular biology and genetics
approaches we are elucidating the functions and underlying molecular mechanisms
of sRNAs in stress responses and virulence. For example, we have shown that the
conserved sRNA, RepG, directly targets a phase-variable homopolymeric G-repeat in the
5’UTR of an H. pylori chemotaxis receptor mRNA and that length variation of the G-repeat
determines the outcome of post-transcriptional regulation by the sRNA and strain-specific gene regulation. This represents an unexpected connection between sRNA-mediated
regulation and phase variation.
Since Epsilonproteobacteria lack an apparent Hfq homolog, we are also interested in identifying auxiliary protein factors such as RBPs or RNases that are important
for post-transcriptional regulation in these bacteria. For example, using co-immunoprecipitation combined with RNA-seq (RIP-seq) we have globally investigated t h e direct
RNA binding partners of the translational regulator CsrA in Campylobacter. This has
revealed many flagellar mRNAs to be bound by CsrA. The mRNA of the major
flagellin was identified to be the main CsrA target while also functioning as an RNA
antagonist of CsrA (Fig. 2). Moreover, we have revealed that the flagellin mRNA localises
to the cell poles and that CsrA and its protein antagonist FliW regulate the localization of
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this mRNA. This suggests that post-transcriptional networks in bacteria employ a high
temporal and spatial complexity. Our RIP-seq analysis of the CRISPR-Cas9 nuclease in C.
jejuni (CjCas9) has revealed that CjCas9 can bind and cleave endogenous RNAs in a crRNA-guided manner. Moreover, we have shown that RNA targeting by CjCas9, the smallest
Cas9 used for genome editing so far, is programmable in vitro, thereby providing new
opportunities for biotechnological applications.
Within the framework of the GRK 2157 3D-Infect we have been applying and developing novel three-dimensional (3D) infection models using tissue engineering. Such
complex multicellular 3D tissue-cultures can mimic the complexity and microenvironment of human tissues. We have successfully established infections with Campylobacter
using a small-intestine model and have begun to develop a new stomach model for Helicobacter. We are using these models to study the role of sRNAs during virulence. To
identify genes relevant for infection, we have been employing deep-sequencing analysis
of infections with high-density bacterial transposon mutant libraries as well as Dual RNAseq to simultaneously monitor host and pathogen transcriptomes.
FUTURE DIRECTIONS
In addition to studying sRNA functions and mechanisms as well as identifying novel
associated protein factors, we aim to further develop deep sequencing-based approaches and bioinformatics-based analyses to study bacterial infections. B e s i d e s s R N A s ,
o ur transcriptome maps as well as a global translatome analysis using ribosome profiling have revealed several small mRNAs encoding small ORFs <70aa. We are now also
studying the functions of such small proteins and have identified first phenotypes, such
as motility in C. jejuni. Moreover, we are interested in the potential roles of CRISPR-Cas
systems beyond genome defence, such as virulence control or endogenous gene regulation. Overall, our research will not only help shed light on the role of riboregulation in
virulence of Epsilonproteobacteria, but also in other human pathogens and microbes.
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Fig. 1: Transmission electron microscopy image
of the food-borne pathogen Campylobacter jejuni.

of a chemotaxis receptor in Helicobacter pylori.
PNAS 111:E501-10

Fig. 2: The regulatory protein CsrA binds
to and represses translation of multiple
bacterial mRNAs. In Campylobacter jejuni,
the flaA mRNA encoding the major flagellin
acts as both a target and, together with the
protein antagonist FliW, as a regulatory ‘sponge’
for CsrA. Moreover, flaA mRNA localizes to
the cell poles in a translation-dependent
manner that is influenced by CsrA
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3.1 institute of molecular infection biology
3.1.3 infection immunology
Infectious diseases caused by parasites represent a major worldwide disease burden.
The group aims to analyse the interaction between parasites and the host’s immune
system, to develop novel vaccination strategies, identify new anti-parasitic compounds
and to characterise their mode of action.

INTRODUCTION
Leishmaniasis remains a major public health problem in tropical and subtropical parts of
the world. Presently, unsatisfactory antileishmanial treatment options stress the importance of developing inexpensive, effective and rapid therapies against leishmaniasis that
also ideally support co-therapy with future vaccines against Leishmania parasites.
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RESEARCH HIGHLIGHTS
We have shown that successful parasitism requires Leishmania parasites to survive and
proliferate in their host cells, predominantly macrophages and dendritic cells, and we
understand that this ultimately blocks the production of the Th1-inducing cytokine IL12. Diffuse cutaneous leishmaniasis patients have a poor cellular immune response towards the parasites eventually leading to a chronic state of the disease. On the other
hand, the presence of CD8+ T cells in the lesion positively correlates with the recovery of
Leishmania-infected patients. In infected men and mice, both CD8+ and CD4+ exhausted
T cell populations contain antigen-experienced cells that do not respond to antigen by
undergoing proliferation, but also do not undergo apoptosis. T-cell exhaustion during
leishmaniasis may have considerable negative impact on the efficacy of vaccination and
the chemotherapeutic strategies and requires a better understanding.
Peripheral blood mononuclear cells closely mimic the immune response that occurs
in the whole organism and our collaboration partners have elegantly used this technology to demonstrate an exhausted T-cell status mediated by significantly elevated surface
expression of co-inhibitory molecules (PD-1/PD-L1) in patients with chronic leishmaniasis. The experimental conversion of exhausted T cells by blockade of PD-1 significantly
rescues CD4+ and CD8+ T cell proliferation and restores CD4-derived IFN-Ȗ production in
response to Leishmania antigen. Blockade of the PD-1 ligand thus promotes the rescue
of CD4+ and CD8+ T cell functions and induced the clearance of parasites. Although technical and ethical issues make the direct study of lesional lymphocyte function in patients
challenging, together with our collaborating partners we are initiating such studies with
check-point inhibitors in our murine infection model, which accurately reflects the human
infection.
Recent studies in tumor therapy indicate that cancer cells treated with certain chemotherapeutics can undergo immunogenic cell death (ICD, a functionally unique type
of apoptosis that also involves autophagy) and initiate a strong antitumor immune response. Interestingly, all of the three Standard of Care (SoC) therapies (miltefosine, amphotericin B and antimonies) in use against leishmaniasis, when appropriately applied,
lead to a similar curative outcome. This is supported by a strong patient-inherent immune component leading to the long-term clearance of parasites in patients - a unique
finding considering that these SoC therapies are not at all Leishmania-targeted drugs and
all three have completely independent mechanisms of drug action. It is also apparent
that effective chemotherapy relies on an intact host immune system as documented by
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the poor chemo-treatment response of leishmaniasis patients co-infected with HIV. In a
recent study, a platin-derivative was found to cure mice from visceral leishmaniasis and
data indicated a strong impact on components of the Th1/Th2 response. Parallels can be
drawn with the role of the immune system during oncogenesis and tumor progression,
where selected cytotoxic chemicals can indeed elicit ICD that stimulates tumor-specific
CD8-driven immune responses. Such “immunogenic chemotherapeutics” include cyclophosphamide, doxorubicin, oxaliplatin, mitoxantrone and patupilone. Their immunological effect is associated with the induction of Calreticulin, HSP90 and release of ATP and
HMGB1. Additionally, DC maturation resulting in highly immunogenic DC is another
determinant of ICD.
We have systematically addressed the immunological components, ICD markers and
DC maturation observed during Leishmania chemotherapy by comparing SoC therapeutics with the selected cancer chemotherapeutics mentioned above in appropriate Leishmania in vitro and therapeutic in vivo mouse models. Therapeutically active drugs are also
being analysed with respect to modification of signal transduction pathways in Leishmania-infected macrophages and DC. Finally, we are investigating ICD-enhancing strategies
that can subsequently support anti-parasite immunity. For example, the combination of
anti-Leishmania therapy with an inducer of immunogenic cell death, e.g., mitoxantrone,
may provide a survival benefit to Leishmania-susceptible mice by overcoming immune
tolerance after vaccination.
We also plan to include Leishmania-targeted drugs, such as inhibitors of the parasite
proteins CK1.2, HSP90 and MetAP2, which are expected to have a better therapeutic window compared to today’s repositioned cancer drugs. Testing Leishmania-specific HSP-90
inhibitors will be an especially exciting approach due to the highly homologous HSP83
protein that constitutes up to 80% of the total parasite proteins.
FUTURE DIRECTIONS
Syngeneic tumor models for the study and optimisation of human ICD induction are
currently not available. Therefore, the Leishmania infection model offers exciting opportunities because we can use a syngeneic in vivo infection model that both allows for optimisation of ICD induction and subsequent induction and study of the ability to trigger a
Leishmania-specific immune response. This could eventually be enhanced by check-point
inhibitors and maintained by vaccination.
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Fig. 1: Fluorescence microscopy images of macrophages after incubation with nanoparticles
(A-D) showing co-localization with the endosomal marker FM4-64FX. Images (E-H) are negative control cells treated with only the nanoparticles. Bright field (A and E), nanoparticles
(B and F), endosomal marker FM4-64FX (C and G), and merge of the channels (D and H)
are depicted. Hoechst 33342 was used to stain the nucleus.
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3.1.4 mycology
The yeast Candida albicans is a member of the human microbiota, but also one of the most
important fungal pathogens that can cause superficial as well as life-threatening
disseminated infections. Our group studies the regulation of gene expression, switching
between different cell morphologies, and genomic alterations to understand how
C. albicans adapts to changes in its environment and evolves during its life-long
association with the human host.

INTRODUCTION
Infections by opportunistic pathogenic fungi have become a major medical problem in
the past few decades due to the increasing number of highly susceptible immunocompromised patients. The yeast Candida albicans is a harmless commensal in most healthy
people, but it can also cause mucosal as well as life-threatening systemic infections. A
variety of virulence-associated characteristics contribute to the ability of C. albicans to
colonise and infect many different body locations, including the switching between different morphologies and metabolic adaptation to nutritional requirements in diverse
host niches. In addition, C. albicans can generate genetic variants that are better adapted
to permanent alterations in the host environment, as exemplified by the emergence of
drug-resistant strains during antimycotic therapy. Our group studies the regulation of
morphogenesis and other virulence traits, the role of nutrient sensing and metabolic
adaptation in pathogenicity, and the evolution of drug resistance in C. albicans to better
understand how this important fungal pathogen adapts to different niches and altered
environmental conditions during colonisation and infection.
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RESEARCH HIGHLIGHTS
C. albicans can develop resistance to the antimycotic drug fluconazole, which inhibits
ergosterol biosynthesis and is widely used to treat fungal infections, by various mechanisms. Many fluconazole-resistant clinical C. albicans isolates contain activating mutations in transcription factors that result in the constitutive overexpression of ergosterol
biosynthesis genes and multidrug efflux pumps. When introduced into a drug-susceptible strain, the hyperactive transcription factors confer increased fluconazole resistance,
but the deregulated expression of their target genes also causes reduced fitness in the
absence of the drug. We have therefore investigated if fluconazole-resistant clinical C. albicans isolates containing such mutations have overcome the fitness costs of drug resistance by compensatory mechanisms. This has involved comparing the competitive
fitness of resistant isolates and matched susceptible isolates obtained from previous
infection episodes of the same patients. Most of the resistant isolates still exhibited a fitness defect when grown in rich medium in vitro, whereas others that contained activating
mutations in the same transcription factor did not display such a fitness defect. Furthermore, several tested resistant isolates showed reduced competitive fitness during colonisation of the gastrointestinal tract of mice, but not in a mouse model of disseminated
candidiasis, demonstrating that the effect of drug resistance mutations on the fitness of
C. albicans depends on the host niche.
The majority of fluconazole-resistant C. albicans isolates have been recovered after
fluconazole therapy of recurrent episodes of oropharyngeal candidiasis in AIDS patients
(see Fig. 1, left picture). Histatin 5 (Hst 5) is an antimcrobial peptide that is produced
in the oral cavity of humans and has strong activity against C. albicans. Unlike most other antimicrobial peptides, Hst 5 acts intracellularly and kills C. albicans after it has been
taken up by specific transporters. However, it has also been reported that Hst 5 can be
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transported out of the cells by the efflux pump Flu1, suggesting that C. albicans might
acquire increased Hst 5 resistance by mutations that cause FLU1 overexpression. To address this possibility, we screened a library of C. albicans strains expressing artificially
activated forms of all its zinc cluster transcription factors, a fungus-specific family of transcriptional regulators, for increased FLU1 expression. Strikingly, we found that a hyperactive Mrr1, which confers fluconazole resistance by upregulation of the multidrug efflux
pump MDR1 (Fig. 1, right panels), also caused FLU1 overexpression and increased Hst 5
resistance. Similarly to the artificially activated Mrr1, naturally occurring gain-of-function
mutations in this transcription factor conferred increased Hst 5 resistance. Interestingly,
Mrr1-mediated Hst 5 resistance was mainly caused by the upregulation of MDR1 instead
of FLU1, revealing a previously unrecognised function of the Mdr1 efflux pump. Our findings demonstrate that antimycotic therapy can promote the evolution of strains that, as
a consequence of drug resistance mutations, simultaneously have acquired increased
resistance against an innate host defense mechanism and are thereby better adapted to
certain host niches.
FUTURE DIRECTIONS
We continue to study the evolution of fluconazole-resistant C. albicans strains as an example of genetic adaptation of the fungus to altered host environments, especially how
highly drug-resistant strains exhibiting multiple resistance mechanisms are generated
and how C. albicans overcomes the fitness costs caused by constitutively activated transcription factors. In addition, we want to elucidate the regulatory networks controlling
morphogenesis, metabolic adaptation, and other virulence traits by investigating the
functions of protein kinases and transcription factors as central components of signalling pathways.

SELECTED PUBLICATIONS
Hampe IAI, Friedman J, Edgerton M,
Morschhäuser J (2017) An acquired mechanism of
antifungal drug resistance simultaneously enables
Candida albicans to escape from intrinsic host
defenses. PLoS Pathogens 13: e1006655
Popp C, Hampe IAI, Hertlein T, Ohlsen K, Rogers
PD, Morschhäuser J (2017) Competitive fitness of
fluconazole-resistant clinical Candida albicans strains.
Antimicrobial Agents and Chemotherapy 61:
e00584-17
Ramírez-Zavala B, Mottola A, Haubenreisser J,
Schneider S, Allert S, Brunke S, Ohlsen K, Hube B,
Morschhäuser J (2017) The Snf1-activating kinase
Sak1 is a key regulator of metabolic adaptation and
in vivo fitness of Candida albicans.
Molecular Microbiology 104: 989-1007
Tebung WA, Choudhury BI, Tebbji F,
Morschhäuser J, Whiteway M (2016) Rewiring of
the Ppr1 zinc cluster transcription factor from purine
catabolism to pyrimidine biogenesis in the
Saccharomycetaceae. Current Biology 26: 1677-87
Ene IV, Lohse MB, Vladu AV, Morschhäuser J,
Johnson AD, Bennett RJ (2016) Phenotypic profiling
reveals that Candida albicans opaque cells represent
a metabolically specialized cell state compared to
default white cells. MBio 7: e01269-16

PRIZES AND AWARDS
2017 Heinz P.R. Seeliger prize
2016 First Tennessee Chair of Excellence Distinguished
Visiting Professor, The University of Tennesse Health
Science Center

Fig. 1: The left picture shows a case of oropharyngeal candidiasis in an AIDS patient
(courtesy of Prof. Dr. August Stich). The right panels show the overexpression of the
MDR1 efflux pump in C. albicans cells containing an activating mutation in the transcription
factor Mrr1. Mdr1 was tagged with red fluorescent protein for detection by fluorescence
microscopy.
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3.1.5 gram-positive cocci
Gram-positive pathogens are the leading cause of hospital-acquired infections.
The aim of our work is to unravel the regulatory processes that lead to pathogenicity,
to visualise the dynamics of infections and to develop novel therapeutic
strategies against Staphylococcus aureus.

INTRODUCTION
Staphylococci are the most common causative agents of nosocomial infections. In particular, Staphylococcus aureus is able to cause a broad spectrum of diseases ranging from
the formation of mild abscesses to life threatening infections such as septicemia, endocarditis, pneumonia and osteomyelitis. Importantly, the difficulty in eradicating S. aureus
infections is compounded by the bacterium’s ability to acquire new antibiotic resistance
determinants that favour its survival in the highly competitive hospital environment and
the decline in therapeutic options due to the emergence of new types of multiple resistant
strains. Methicillin resistant S. aureus (MRSA) has emerged as serious threat during the
past two decades in both health care facilities and the community at large. As a consequence it is likely that new strategies will be required to combat the pathogen. We have
focused our research on the factors and processes that are associated with the pathogenesis of staphylococcal diseases and contribute to the establishment of these bacteria in
the hospital environment. A major goal of our group is the development of immunotherapies and the identification of new potential antibiotics in order to combat staphylococcal infections. Moreover, we are developing in vivo imaging technologies to visualise the
dynamics of staphylococcal infections and the efficacy of novel antistaphylococcal agents.
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RESEARCH HIGHLIGHTS
Recently, we reported substantial anti-infective activity of the nitro substituted bisquaternary bisnaphthalimides against Gram-positive bacteria, including MRSA. To evaluate
the potential of S. aureus to develop resistance against these compounds, we selected
resistant S. aureus clones by culturing the pathogen in increasing concentrations of the
most active compound MT02. Interestingly, MT02 resistant variants induced a diffusible
red color of the broth. Chromatographic and spectroscopic analyses revealed a stepwise
reduction of the bisquaternary bisnaphthalimides` nitro groups to amino groups (Fig.
1). The corresponding derivatives were completely inactive against staphylococci. RNAseq experiments revealed a strong overexpression of a novel oxidoreductase in MT02
resistant strains. Deletion mutants for this enzyme did not produce the red color and
were not able to develop resistance against bisquaternary bisnaphthalimides. Moreover,
biochemical reactions confirmed a NADH-dependent deactivation of the nitro-substituted compounds. Thus, we were able to identify the first nitroreductase-based antibiotic
resistance mechanism in the human pathogen S. aureus.
We have analysed the humoral immune response following vaccination of mice with
live S. aureus by different routes to identify putative vaccine candidates. For this analysis,
we have used a recently developed protein array that detects anti-S. aureus antibodies.
Interestingly, there was a significant difference in the antibody pattern depending on the
route of vaccination. In general, intravenously vaccinated mice produced higher antibody
titres and a broader spectrum of specificities compared to intramuscularly vaccinated animals. Importantly, the strength of the antibody response induced by vaccination with low
doses of live S. aureus cells correlated with the level of protection in a challenge infection.
We are also interested in the regulation of cellular functions by eukaryotic like serine/
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threonine kinases and phosphatases. A major focus of our work, as part of the transregional collobarative research center 34 (TR-SFB34), is to understand the cellular role of
these enzymes, designated Stk and Stp, in S. aureus. To achieve this we have elucidated
the interaction partners of Stk and Stp and to unravel their function in cell wall biosynthesis. We have found that post-translational modifications of cell wall synthesising enzymes
are important to ensure the efficiency and accuracy of the cell wall synthesis machinery
in S. aureus (Fig. 2).
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FUTURE DIRECTIONS
We are extending our research to investigate the interaction of S. aureus with the host.
Dual RNA-seq will be used to address questions related to regulatory processes during
the spread of S. aureus in different disease models and the specific response of the host
by analysing the expression pattern of both partners. Furthermore, the role of Stk/Stp-dependent phosphorylation/dephosphorylation during infection will be studied by quantitative phosphoproteomics to detect infection-related changes in the host phosphoprotein
networks to learn more about manipulation of host signaling pathways by the pathogen.
Finally, we aim to develop novel antibacterial compounds targeting bacterial pyruvate
kinase for clinical application by comprehensive structure-activity relationship analysis of
novel trisindolyl cycloalkanes.
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Fig. 1: Stepwise reduction of antibacterial agent MT02. The three MT02 derivatives 2–4
with different substitutions on the 1,8-naphthalimide moiety were obtained by incubation
of MT02-resistant S. aureus MA12 strain with MT02 for 3 days. The corresponding 1H NMR
spectra are indicated. The blue clamps indicate signals related to protons of the
nitro-substituted 1,8-naphthalimide moiety, the red clamps signals related to protons
of the amino-substituted 1,8-naphthalimide moiety.
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Fig. 2: Electron microscope image of S. aureus Newman wt and mutant strains. The Stp
mutant strain (Dstp) produced a significantly thicker cell wall compared to the other strains.
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3.1.6 enterobacteria
The species Escherichia coli contains pathogenic, commensal as well as probiotic strains.
The group aims to understand the molecular basis of the E. coli strain Nissle 1917’s (EcN)
anti-bacterial properties and safety features by studying the interaction between EcN
and pathogenic bacteria such as enterohaemorrhagic E. coli (EHEC). In addition, extracts
and compounds from marine sponge associated actinomycetes are being tested for
Staphylococcus spp. antibiofilm activity.
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INTRODUCTION
The species Escherichia coli contains not only commensal but also highly pathogenic and
even probiotic strains. All E. coli share a common core genome, which facilitates the
identification of genes that are specific to pathogenic or probiotic E. coli strains. The
significance of E. coli as a pathogen was highlighted again in 2011 by the outbreak of an
epidemic in Germany caused by Shiga toxin (Stx) producing enteroaggregative E. coli
(EHEC) of serotype O104:H4. This outbreak resulted in about 3,800 O104:H4 infected
people and left more than 50 patients dead. Unfortunately, there is no specific therapy
available to treat infections caused by EHEC. Antibiotic treatment is not recommended. An effective antibiotic-independent therapy could be provided by the probiotic EcN,
which is already licensed as a pharmaceutical under the trade-name Mutaflor and used
for the treatment of ulcerative colitis and diarrhoea. Mutaflor has been used for many
decades and obtained GRAS (generally recognised as safe) status. We have shown that
EcN inhibits Stx production in all EHEC serotypes tested. Stx, the main virulence factor of
EHEC is prophage encoded, meaning that Stx encoding phages could possibly turn EcN
into a Stx producer if EHEC infected patients would be treated with EcN. Consequently, it
is important to determine the phage sensitivity of EcN.
We are also interested in identifying compounds that have the capacity to disrupt
biofilms formed by Staphylococcus epidermidis and S. aureus. These bacteria form biofilms
on contact lenses, artificial joints, heart valves, central venous catheters and silicon leads
from cardiac pacemakers, and is a major problem, because they cannot be eradicated by
antibiotics and/or the immune system. Therefore, we have screened extracts from marine
sponge associated actinomycetes for conpounds that inhibit biofilm formation.
RESEARCH HIGHLIGHTS
Recently, we have reported the in vitro inhibition of Stx production by EcN in the classical
EHEC (“Big Five”) as well as the O104:H4 outbreak strain from 2011. This finding supports the use of EcN to treat patients suffering from EHEC infections. However, because
Stx is encoded by a prophage in EHEC, this raises concerns that EcN may become a
Stx-producer due to a non-lytic Stx-phage infection in people harbouring both EHEC and
EcN. In fact, several E. coli K-12 strains tested became Stx producers after in vitro coincubation with certain EHEC strains. By contrast, we were unable to transform EcN into
a Stx-producer by coincubation with any EHEC strain or Stx encoding phages. Transcriptome analysis of EcN after coincubation with Stx-phages revealed the upregulation of a
phage repressor and a superinfection exclusion protein encoded by a prophage in EcN.
Expression of the page repressor in E. coli K-12 resulted in partial protection against Stxphage infection. Furthermore, we found EcN to inactivate Stx-phages and protect E. coli
K-12 strains against infection by these phages. These properties are additional important
safety aspects of EcN indicating that it could be used as a safe therapeutic option in the
prevention and treatment of EHEC infections.
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We have also investigated other safety aspects of EcN. EcN harbours a genomic island encoding genes for the synthesis of a yet to be identified polyketide. This polyketide
induces DNA double strand breaks (DDSB) in host cells in a manner that is strictly dependent on direct contact between EcN and the eukaryotic cells. However, in vivo EcN is
separated from gut epithelial cells by a mucus layer, which we hypothesised, may prevent
EcN induced genome damage. A protective role for the mucus layer was revealed by
comparing the induction of DNA double strand breaks in non-mucus producing cells
(HT29) interacting with EcN and those covered by a confluent mucus layer produced by
HT29MTXE12 cells.
In our screening to identify anti-biofilm compounds, we have identified several extracts and a compound isolated from marine sponged derived actimoycetes that prevent
biofilm formation by S. epidermidis and S. aureus on medically relevant materials. These
extracts as well as the compound are not cytotoxic to human cell lines and the Galleria
melonella model. Compound C3 is a possible candidate for antibiofilm coating of medical
devices.
FUTURE DIRECTIONS
Work is in progress to identify the molecules responsible for inactivation of Stx-phages
by EcN and the inhibitor of Stx expression in EHEC. In addition, the elucidation of the
structure of the antibiofilm compound is in progress.
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Fig. 1: Transmission electron micrograph of the monotrichously flagellated E. coli Nissle
1917.

Fig. 2: Light microscopic image of a human gut biopsy cryosection with E. coli Nissle 1917
bacteria adhering to a cross-section of a crypt. Arrows point to adhering bacteria.
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3.1.7 nosocomial infections by staphylococci
Staphylococci are common causes of hospital-acquired (nosocomial) infections.
The research of the group focuses on the factors and processes that contribute to the
establishment of these bacteria as pathogens in the hospital environment and beyond.
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INTRODUCTION
Staphylococci are primarily commensals residing on the skin and mucosa of humans and
animals; but they also represent important pathogens causing a broad variety of diseases. The most prominent species in this respect is S. aureus which is armed with an array
of highly potent virulence factors and which causes infections in both the hospital setting
and in the community. By contrast, the large group of coagulase-negative staphylococci
(CoNS) generally has a lower pathogenic potential and endangers mainly immunocompromised individuals in hospitals. CoNS are typical opportunistic pathogens associated
with medical progress as the vast majority of infections are linked to the use of indwelling
medical implants on which these bacteria form biofilms. Antibiotic resistance is a common theme both in S. aureus and CoNS. Thus, methicillin- resistant S. aureus (MRSA) and
methicillin-resistant CoNS (MR-CoNS) are widespread. As a matter of concern, methicillin-resistance is often accompanied by antibiotic resistance to other, unrelated antibiotic groups and classes, significantly limiting our opportunities to fight such infections.
Health authorities have identified multi-resistant staphylococci as a serious threat to the
public. Recent progress in genome research has provided exciting novel insights into the
biology of staphylococci, demonstrating that these versatile microorganisms can adapt
very rapidly to changing environmental conditions. We have a strong interest in teaming
basic research with public health issues to provide an in-depth understanding of staphylococcal infections and laying the basis for future innovative prevention and treatment
strategies. Currently, we focus on regulatory networks linking staphylococcal metabolism
and virulence. Also, we investigate the mechanisms of biofilm formation on medical devices, which significantly contributes to therapy recalcitrance of CoNS infections; and
finally, we study the role of CoNS as reservoirs for the evolution and spread of novel
antibiotic resistance genes.

and we hypothesise that members of the species might link host-colonising staphylococcal species with environmental bacteria, thereby contributing to the spread of resistance
genes among staphylococci. In this respect, the high-level daptomycin resistance phenotype displayed by a number of S. sciuri isolates is a worrisome finding. The molecular
and genetic background of this insusceptibility is currently unknown and will be subject
of further investigations.
Life in biofilms is another typical hallmark of staphylococci, notably of CoNS species
such as S. epidermidis. Biofilms have been proposed to functionally resemble a multicellular organism in terms of heterogeneous gene expression patterns. In a changing
environment, this heterogeneity is likely to facilitate persistence and survival of the population as a whole, but may also support division of labour and maintenance of the biofilm
structure. In various projects, we are studying the regulatory networks controlling biofilm
formation as well as the factors that trigger metabolic heterogeneity and genetic adaptation, with a special emphasis on RNA-mediated regulatory mechanisms. Currently, we are
analysing the role of two non-coding RNAs in the regulation of biofilm matrix production
and the genetic stability of S. epidermidis. Also, we are investigating T-box riboswitch-mediated control of methionine biosynthesis as a metabolic pathway that is differentially
expressed in various host niches.
FUTURE DIRECTIONS
In the near future we will continue to focus our research on the role of non-coding RNAs
and their impact on shaping the nature and structure of S. epidermidis biofilm communities. Further, we will address methionine biosynthesis control and the suitability of the
pathway as a putative anti-infective target. In a joint project with colleagues from Egypt,
Kenya and South Africa, we will investigate the molecular mechanisms and epidemiology of novel and rare resistance phenotypes in staphylococci in various African regions.
Finally, we are involved in an interdisciplinary research network aiming at reducing the
multiresistance burden in farm ecosystems.
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Fig. 1: Heterogeneous expression of a regulatory RNA in S. epidermidis colonies. (a) The
effect is visualized by a promoter fusion of the regulator with the blue-fluorescent protein
Cerulean. (b) Phenotype of the colonies on Congo red agar.
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RESEARCH HIGHLIGHTS
While, until recently, MRSA occurrence was restricted to the health care setting, specific
MRSA lineages are now also present in the community. Thus, during the last decade a
novel MRSA clone emerged which is adapted to animals and spreads rapidly in livestock
and pets. These livestock-associated MRSA (LA-MRSA) may carry, in addition to methicillin resistance, a variety of novel and uncommon antimicrobial resistance genes whose
genetic origin is largely unknown. In a recent study, we identified CoNS as a putative
reservoir of such genes in environmental samples from animal husbandries. Comprehensive resistance profiling of CoNS, obtained from pig farms, revealed alarmingly high
resistance rates against a number of antibiotics commonly used in human and veterinary
medicine. Many isolates carried rare (multi)resistance genes, and some isolates even
displayed decreased susceptibilities towards last resort antibiotics such as linezolid and
daptomycin, which have only recently been introduced into clinical practice. In particular, the species Staphylococcus sciuri seems to harbour a significant resistance gene pool
that requires further attention. S. sciuri thrives both on soil and in warm-blooded hosts,
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Fig. 2: Confocal laser scanning microscopy and 3D-reconstruction of a S. epidermidis biofilm
after live/dead staining. Live cells appear in green and dead bacteria in red.
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03.2

Institute for Hygiene
and Microbiology

matthias frosch
oliver kurzai
klaus brehm
christoph schoen
alexandra schubert-unkmeir
ulrich vogel

The Institute for Hygiene and Microbiology (IHM) is part of the
Medical Faculty at the University of Würzburg. The institute has
been chaired by Prof. Dr. Matthias Frosch since 1996.
The IHM is responsible for the diagnosis of infectious diseases
caused by bacteria, fungi and parasites, in addition to advising
clinicians on the treatment and prevention of these diseases. Research activity within IHM focuses on the molecular mechanisms
involved in the pathogenesis of various infectious diseases. The
institute leads the European Centre for Disease Control and Prevention (ECDC) program “Coordination of activities for laboratory surveillance of Invasive Bacterial Diseases IBD-labnet”. This
program is dedicated to monitoring invasive infections caused by
Neisseria meningitidis, Streptococcus pneumoniae and Haemophilus
influenzae throughout Europe.
IHM also hosts the National Reference laboratories for meningococci and Haemophilus influenzae (NRZMHI) and the consiliary laboratory for echinococcosis. Teaching includes students of
medicine, dentistry and related subjects.
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3.2 institute for hygiene and microbiology
3.2.1 molecular surveillance of invasive
bacterial infections
Matthias Frosch is holder of the Chair of Hygiene and Microbiology at the Institute
for Hygiene and Microbiology (IHM). The main tasks of the IHM are (i) research on
infectious diseases and their causative agents, (ii) the laboratory diagnosis of infectious
diseases caused by bacteria, fungi and parasites, (iii) the provision of advice to clinicians
with respect to diagnosis, therapy and prevention of infectious diseases,
(iv) hospital hygiene as well as (v) providing teaching and training for students
of medicine, dentistry and related subjects.
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INTRODUCTION
The genomic and phenotypic diversity of bacterial isolates within a species is the focus
of many research activities at the Chair of Hygiene and Microbiology. There is increasing evidence, that this diversity of pathogenic bacteria is key to understanding the complex interplay between pathogen and host and the correlations between certain bacterial
finetypes and the clinical presentation, progression and outcome of infectious diseases.
Neisseria meningitidis, the meningococcus, is a paradigm of a commensal and pathogenic bacterium, many variants of which colonise the human nasopharynx. However,
only a relatively small number of these variants, known as hypervirulent and hyperinvasive types, are associated with severe invasive and often lethal disease. Several groups
at the IHM focus on deciphering the basis for virulence, analysing the complex interaction of commensal and virulent meningococci with the human host and developing
tools for their identification and typing. The reports of the ZINF members Ulrich Vogel,
Alexandra Schubert-Unkmeir and Christoph Schoen, working at the IHM, illustrate these
research projects in more detail. Their research is stimulated by access to meningococcal
strains collected and typed at the National Reference laboratory for Meningococci and
Haemophilus influenzae (NRZMHi), which is hosted by the institute, and also access to
clinical specimens from the IHM diagnostic laboratories that are involved in the diagnosis of infectious diseases in patients at the University Hospital and other local hospitals.
Vice versa, these diagnostic laboratories also benefit from the research groups, such as
the implementation of new methods for pathogen detection and typing. This is especially true for the hospital hygiene laboratory, where an increasing number of molecular
and genome-based detection and typing methods have been introduced for nosocomial
pathogens, for the analysis of transmission traits and in the surveillance of pathogens,
providing early warning systems for the prevention of outbreaks.

laboratories to continuously improve laboratory performance with respect to the identification and characterisation of N. meningitidis, H. influenzae and S. pneumoniae as well as
the implementation of new techniques for routine diagnosis and typing. In this regard,
the IHM is supporting ECDC`s strategy and roadmap for the integration of molecular
typing into laboratory surveillance. It has been decided that the implementation of this
strategy should first start with a small number of priority pathogens with a plan for gradual expansion. Based on several expert consultations by the ECDC, N. meningitidis has
been identified as a priority organism. The IHM has contributed to evaluate the process
of integration of molecular typing in invasive meningococcal disease surveillance. Special
emphasis lies on the establishment of standards and surveillance systems enabling the
EU wide use of whole genome sequencing as method of choice for typing of meningococcal bacteria.
FUTURE DIRECTIONS
With the establishment of Germany`s first Chair of Medical Microbiology and Mycology,
the IHM will complement its already exsiting research foci by the pathogenesis, immunobiology and diagnosis of invasive fungal infections.
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Fig. 1: Microvilli formation induced in human brain endothelial cells upon contact with
N.meningitidis.

RESEARCH HIGHLIGHTS
In addition to the work in the diagnostic laboratories which includes the identification
and molecular typing of infectious agents as well as providing advice to public health
institutions in case management, there is also a great interest in continuously improving
laboratory surveillance of the diseases in collaboration with public health authorities at
the European level. This has resulted in the development of new typing tools as well as in
scientific studies on the population biology of different infectious agents.
Transnational collaborations between European Reference laboratories for meningococci and Haemophilus influenzae are being further promoted on behalf of the ECDC
(European Centre for Disease Prevention and Control). Within this framework a laboratory network (IBD-labnet) comprising of all Reference laboratories on N. meningitidis,
H. influenzae and Streptococcus pneumoniae in the EU Member States is coordinated by
the IHM and aims to harmonise laboratory surveillance of invasive bacterial diseases.
The goal is to improve laboratory capacities to accurately characterise these invasive bacterial isolates. To fulfill this task, the IHM assists the participating National Reference
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3.2 institute for hygiene and microbiology
3.2.2 medical microbiology & mycology
Fungal pathogens account for numerous infections and high mortality worldwide.
In our group we aim to unravel molecular mechanisms of host-pathogen interaction
in invasive fungal infection to enable better diagnosis and improved
clinical management of these devastating diseases.

apy of invasive fungal infections in Germany. In addition to targeted consultation and
special diagnostic services we aim to improve the clinical management of invasive fungal
infections and share our expertise with our national and international partners. Thus,
the NRZMyk pursues application-oriented research projects. We have analysed cases of
fungal keratitis in Germany, a devastating disease affecting healthy contact-lens wearers
as well as the taxonomic structure of Mucoraceae.
FUTURE DIRECTIONS
Based on our analyses of host-pathogen interaction and innate immune activation in
invasive fungal infections, we plan to maintain our translational approach in the future.
To extend our knowledge of genetic risk factors for fungal infections, we are currently
pursuing a study with >200 subjects to investigate the influence of SNPs on the immune
response against various pathogens that can trigger systemic infections. In this way, we
aim to identify potential biomarkers to assess the individual risk of systemic infection
in the future. Within the NRZMyk we will extend our focus on the increasing problem of
antifungal drug resistance in Candida and Aspergillus. Together with partners from Halle,
Leipzig and Dresden we will analyse the development of azole resistance in A. fumigatus
in the environment as part of the BMBF funded project FINAR (part of InfectControl
2020).

INTRODUCTION
Worldwide, there are a continuously growing number of patients who are at risk of invasive fungal infections. These infections occur mainly in immunocompromised patients
and result in high mortality. Pathogenic yeasts in the genus Candida and filamentous
Aspergillus spp. are the most important causes of invasive fungal infections in Europe.
However, an increasing variety of rare fungal pathogens are being identified. Furthermore, the development of drug resistance has started to pose a challenge in the clinical
management of invasive fungal disease. In our group, we investigate the interaction between fungal pathogens and the human host, aiming to elucidate virulence mechanisms
of the fungal pathogens as well as relevant effector mechanisms in the host immune
response. Within the National Reference Center for Invasive Fungal Infections (NRZMyk)
we directly apply our findings and expertise in the clinical setting by providing diagnostic
tests beyond the scope of routine diagnostic labs and consiliary advice to clinical partners
all over Germany.
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RESEARCH HIGHLIGHTS
Adaptation to host niches is crucial for pathogenic microbes and virulence of Candida
spp., it is closely related to their ability to respond to environmental changes. We have
been able to unravel the regulatory pathway central to metabolic adaptation at low CO2
levels (Fig. 1) and thus characterise a new adaptive pathway. Environmental adaptation in
C. albicans frequently triggers filamentation and differential expression of virulence associated genes. In collaboration with the groups of Bernhard Hube (Jena) and Julian Naglik
(London), we have contributed to the identification of candidalysin, the first pore-forming
toxin in a pathogenic fungus.
To investigate the role of various components of the immune system in the activation and maintenance of protective immune responses against fungal pathogens, we
have established a whole blood infection model and several infection models for primary
human immune cells. Using these models, we have analysed the role of NK/NKT cells
and dendritic cells in fungal infection. In collaboration with bioinformatics specialists at
the Hans-Knöll-Institute in Jena (Marc Thilo Figge) a virtual infection model and image
analysis algorithms has been developed to quantify host-pathogen interaction dynamics
based on live cell imaging data.
The group also studies the genetics of invasive aspergillosis in collaboration with A.
Carvalho (Braga, Portugal). In groundbreaking work, we have identified the contribution
of genetic polymorphisms in the soluble pattern-recognition receptor known as long pentraxin 3 (PTX3). Receipt of a stem cell transplant from a donor with a defined homozygous haplotype in PTX3 was associated with a substantially increased risk of infection,
related to impaired antifungal capacity of neutrophils.
The National Reference Center for Invasive Fungal Infections (NRZMyk), hosted at
the Leibniz Institute for Natural Product Research and Infection Biology – Hans-Knoell-Institute (Jena, head. O. Kurzai), is the central contact point for diagnostics and ther-
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Fig. 1: Expression of carbonic anhydrase (visualized using a GFP reporter construct)
depends on ambient carbon-dioxide, transcription factor CST6 and upstream
regulator SCH9.
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Fig. 2: Fusarium spp. are the most
important cause of fungal keratitis in
contact lens wearers. Data from the
NRZMyk show that these infections
frequently result in keratoplasty and
loss of the infected eye.
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3.2 institute for hygiene and microbiology
3.2.3 helminth infections
Parasitic flatworms are a major cause of human disease world-wide.
The group aims to understand host-parasite interaction mechanisms and parasite
development using the tapeworm model system Echinococcus multilocularis.

pointing to similarities between malignant transformation in humans and Echinococcus
metacestode formation.
By in vitro drug screening assays and transcriptome analyses the group also revealed
the basis for the limited activity of benzimidazole-based chemotherapy against the parasite. While benzimidazoles clearly affect the tegument of the parasite metacestode, the
most important parasite cell type for proliferation, the germinative stem cells, are not effectively inactivated by these drugs. The molecular reason for this is the stem cell specific
expression of a benzimidazole-‘resistant’ beta-tubulin isoform in E. multilocularis.
FUTURE DIRECTIONS
Ongoing studies aim to elucidate the regulatory mechanisms that control stem cell dynamics and development in E. multilocularis. In addition to wnt-signalling and anterior-posterior axis formation we also address the hedgehog-, TGF-beta/BMP-, and slit/
roundabout signaling pathways. An important question in this context is the signal, either
host- or parasite-derived, for protoscolex production in the metacestode. Ongoing projects also address the parasite’s signaling pathways as targets for chemotherapy.
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INTRODUCTION
Parasitic flatworms (e.g. trematodes and cestodes) are the causative agents of severe
diseases and infect hundreds of millions of people world-wide. An important sub-group
of these diseases are infections due to larval cestodes (tapeworms) such as alveolar (E.
multilocularis) and cystic (E. granulosus) echinococcosis. These infections are characterised by growth and development of the parasite’s metacestode larval stage in various
host organs such as the liver, lung, and brain, eventually leading to vesicle obstruction,
organ failure, and death. Among cestode infections, alveolar echinococcosis (AE) is the
most dangerous disease and involves an infiltrative, cancer-like growth of the metacestode within the host’s liver, followed by the formation of metastases in secondary organs.
The infection is initiated by the oral uptake of infectious eggs that contain the oncosphere
larval stage, which subsequently develops into the metacestode in a metamorphosis-like
manner that is driven by totipotent parasite stem cells. These stem cells, called germinative cells, are the most important cell types of tapeworms and account for the enormous
developmental plasticity of these organisms, for asexual proliferation of cestode larvae,
and for the tremendous regeneration capacity of adult and larval cestodes. Current treatment options against AE are very limited. In a few cases, surgical removal of the parasite
larvae can be achieved. In the remaining cases (>80%), benzimidazole-based chemotherapy, directed against parasite beta-tubulin, has to be used. However, beta-tubulin is
highly conserved between parasite and host, resulting in significant adverse side effects.
Furthermore, the drug’s effects are parasitostatic only and so they have to be taken for
very long periods of time (sometimes for the duration of the patients life).

Fig. 1: E. multilocularis protoscolex after staining
with phalloidin (muscles) and anti-acetylated tubulin
(nervous system, flame cells).
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Fig. 2: E. multilocularis stem cells in interphase
(below) and during mitosis (above) (staining: DAPI
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RESEARCH HIGHLIGHTS
The group has developed important tools for studying molecular host-parasite interactions and parasite development, including in vitro cultivation systems for Echinococcus
larvae and stem cells in which the infection of the intermediate host can be mimicked
under laboratory conditions. Furthermore, in collaboration with the Wellcome Trust
Sanger Institute (Hinxton, UK), the group completed a whole genome/transcriptome
sequencing project for E. multilocularis. Very recently, the group discovered molecular
developmental mechanisms explaining the unusual (for a tapeworm), cancer-like growth
behavior of the E. multilocularis metacestode. This is achieved by modulation of the anterior-posterior body axis of the invading oncosphere. In contrast to other (typical) cestodes, the E. multilocularis oncosphere temporarily shuts down its anterior pole (expression
of wingless-related (wnt) antagonists such as sFRP) giving yield to the cyst-like metacestode, which is entirely posteriorised tissue. After growth of the metacestode within host
tissue, the anterior pole is established again at multiple sites within the parasite tissue,
giving rise to numerous protoscoleces, the infective form for the definitive host. Asexual
multiplication of the parasite within the host is thus mediated by modification of the Echinococcus wnt-signalling pathway, which provides novel targets for the development of
drugs against AE. Interestingly, wnt-signalling is also modified in many human tumours,
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3.2 institute for hygiene and microbiology
3.2.4 molecular diagnostics and functional genomics
of human pathogenic bacteria
The application of molecular techniques enables the rapid detection of pathogenic
microorganisms and provides a better understanding of the basis of their pathogenicity.
Consequently, our work in diagnostic microbiology focuses on the assessment
and validation of DNA-based methods for the rapid detection of important human
pathogens. We further use genomics and transcriptomics to understand the
genetic and genomic basis for commensal and invasive behavior in Neisseria meningitidis
as a model of a human-adapted commensal pathogen.

dr. christoph schoen
institute for hygiene
and microbiology
Institut für Hygiene und Mikrobiologie
Josef-Schneider-Str. 2/E1
D-97080 Würzburg
T
+49 (0)931-3146162
M cschoen@hygiene.uni-wuerzburg.de&

68

INTRODUCTION
The still unfolding revolution in DNA sequencing and DNA sequence-based technologies
has already transformed the fields of basic and diagnostic medical microbiology. Work in
the group therefore focuses on the application of molecular technologies to improve the
diagnosis of infectious diseases and to better understand how microorganisms, and in
particular commensal bacteria, can sometimes cause invasive diseases in humans.
The diagnosis and molecular epidemiology of human pathogenic bacteria and parasites constitutes an increasingly important research focus. As an academic diagnostic
laboratory we have provided molecular diagnostic services and assessed the performance
of DNA-based assays in numerous collaborative research projects with scientific as well
as clinical partners within the ZINF and beyond. Recent examples include studies on the
molecular epidemiology of bacteria causing parapneumonic effusion and empyema in
children and the improvement of current approaches for the molecular detection of Mycobacterium tuberculosis in clinical samples.
In a more basic research setting we want to understand the genetic basis of virulence in commensal bacteria. Although these bacteria are normally beneficial or neutral,
some members are responsible for more infections today than “classical” pathogens.
Neisseria meningitidis is a prime example that colonizes the nasopharynx of up to 30% of
the healthy human population. Whereas most isolates from healthy carriers are considered non-pathogenic, a small number of strains belonging to hyperinvasive lineages can
cause invasive meningococcal disease (IMD) such as acute bacterial meningitis or sepsis
(Figure 1). A basic assumption for pathogenic bacteria is that virulence is genetically determined by virulence factors encoded in the bacterial chromosome. However, genomic
comparison of hyperinvasive and apathogenic lineages has not revealed unambiguous
candidates for indispensable virulence factors. Our group is therefore employing a variety
of molecular biological and genomic techniques, including comparative whole-genome
sequencing, microarrays and RNA-sequencing to search for the genetic basis of meningococcal virulence.
RESEARCH HIGHLIGHTS
Tuberculosis and the spread of Mycobacterium tuberculosis complex (MTBC) strains that
are resistant to rifampin (RIF) and isoniazid (INH) pose a serious threat to global health.
However, rapid and reliable MTBC detection along with RIF/INH susceptibility testing
are challenging in low prevalence countries due to the high rate of false positives. Within a retrospective monocentric study, we have recently analyzed 1323 respiratory and
311 non-respiratory samples using a commercial real-time PCR assay as well as by mycobacterial culture and microscopy. Retesting specimens in duplicate and employing a
determined cycle-threshold value cut-off significantly increased accuracy, specificity, and
negative predictive value of the test without affecting its sensitivity. Furthermore, combining this assay with a routinely used genotypic susceptibility assay enables the rapid and
accurate detection of MTBC and RIF/INH resistance in a low prevalence setting.
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To obtain a systems biology level understanding of meningococcal virulence, we have
compared the transcriptomes of an invasive and a carriage meningococcal strain under
different ex vivo conditions mimicking commensal and virulence compartments. Despite
indistinguishable ex vivo phenotypes, both strains differed in the expression of over 500
genes under infection mimicking conditions. A model based analysis of the transcriptomic differences in human blood suggested ensuing metabolic flux differences in energy,
glutamine and cysteine metabolic pathways along with differences in the activation of
the stringent response in both strains. Our data suggest that meningococcal virulence is
linked to transcriptional buffering of cryptic genetic variation in metabolic genes including
global stress responses. By using differential RNA-seq, we further mapped the primary
transcriptome of N. meningitidis strain 8013 at single-nucleotide resolution. Annotation of
1625 transcriptional start sites defined transcription units for most protein-coding genes
but also revealed a paucity of classical m70-type promoters, suggesting the existence of activators that compensate for the lack of −35 consensus sequences in N. meningitidis. The
transcriptome maps also revealed 65 candidate sRNAs, and immunoprecipitation with the
RNA chaperone Hfq drafted an unexpectedly large post-transcriptional regulatory network
in this organism, comprising 23 sRNAs and hundreds of potential mRNA targets.
FUTURE DIRECTIONS
As part of our translational work we will further develop and validate molecular methods for the rapid detection of bacteria causing blood stream infections. With respect
to the infection biology of meningococci, we want to obtain a better understanding of
meningococcal transcriptome organization and riboregulation, in particular of the role
the RNA-binding chaperon ProQ.
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Fig. 1: Ziehl-Neelsen stain of a respiratory sample from a patient with suspected tuberculosis.
Tubercle bacilli are stained in red. Since light microscopy is neither very sensitive nor specific
commercial molecular methods have been developed in recent years and their use recommended by the WHO. The validation of new molecular tests for the rapid detection of bacterial
infections represents one focus of the work in my group in diagnostic microbiology.

Fig. 2: The short non-coding RNA (ncRNAs) (ellipsoids) and mRNA (boxes) interaction
network mediated by binding to the RNA chaperone Hfq in Neisseria meningitidis.
The analysis of the role and function of RNA chaperones and ncRNAs for meningococcal
infection is a major focus of my group in basic medical microbiology.
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3.2 institute for hygiene and microbiology
3.2.5 host-pathogen interactions
The group is interested in understanding the strategies used by Neisseria meningitidis
to colonise the brain vasculature and to cross the blood-brain/blood-cerebrospinal
fluid barrier. To reveal these strategies we use tissue culture based cell models
including brain microvascular endothelial cells and a wide spectrum of innovative
molecular, biochemical and cell biological methods.

INTRODUCTION
Neisseria meningitidis is an obligate commensal in humans, colonising the nasopharyngeal mucosa usually without affecting the host, a phenomenon known as carriage. After the onset of colonisation, N. meningitidis strains occasionally penetrate the mucosal
membrane and enter the bloodstream to cause severe septicemia. Following bacteremia,
N. meningitidis may bind and subsequently cross the blood-cerebrospinal fluid barrier to
enter the subarachnoidal space, resulting in acute and purulent meningitis. The human
blood-brain/blood-cerebrospinal fluid barrier (BBB/B-CSFB) is one of the tightest barriers in the human body. Among invasive pathogens, only a few are capable of invading
the subarachnoideal space, thus suggesting that they have developed specific abilities to
circumvent the BBB/B-CSFB. As is the case for other bacterial pathogens, N. meningitidis
can activate host cell signal transduction pathways to promote adhesion and uptake by
the host cell. Preliminary data from our group have revealed that N. meningitidis is capable of activating the enzyme acid sphingomyelinase (ASM) to modulate ASM-generated
ceramide levels in the membrane of brain endothelial cells. Ceramide has emerged as a
biochemical mediator of diverse stimuli, including infection by some pathogenic bacteria
and viruses. Ceramide molecules associate into large-membrane macrodomains, which
serve as platforms for the concentration of signaling components, their assembly into
higher-order complexes and the transmission of signals across the plasma membrane.
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RESEARCH HIGHLIGHTS
Based on our initial observation that the activity of ASM is required for N. meningitidis uptake by infected human brain microvascular endothelial cells, we have begun an in depth
analysis of the role of the ASM-ceramide system and the involved signaling pathways.
During the last two years we have shown that the interaction of N. meningitidis with brain
endothelial cells causes the transient activation of ASM followed by ceramide release in
brain endothelial cells. In response to N. meningitidis infection, ASM and ceramide are
displayed in the outer leaflet of the cell membrane and condense into large ceramide-enriched membrane platforms that also accumulate ErbB2, an important receptor involved
in meningococcal uptake. Both the pharmacological inhibition of ASM by amitryptyline
as well as siRNA-mediated depletion of ASM abolished meningococcal uptake, whereas
adhesion was not affected. The importance of ASM in N. meningitidis uptake was further
supported by the natural ablation of the enzyme activity (NPDA fibroblasts). Mechanistically, we have observed that ASM activation is dependent on the binding of Opc-expressing meningococci to their attachment receptor, HSPG, followed by activation of phosphatidylcholine-specific phospholipase C. Interestingly, meningococcal isolates of the ST-8/
ST-11 clonal complex, which lack the opc gene and are more likely to cause severe sepsis
but rarely meningitis, barely invaded brain endothelial cells and were restricted in their
ability to induce ASM and ceramide release.
We have also initiated a study to investigate the effect of N. meningitidis on the cell
cycle of brain endothelial cells. Similar to viruses that perturb the cell cycle machinery to
facilitate their own replication, bacteria can also manipulate cell cycle checkpoints to establish infection. Furthermore, a growing family of bacterial toxins and effectors has been
described that interfere with the host cell cycle, named ‘cyclomodulins’. Interestingly, we
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have found that N. meningitidis is also able to interfere with cell cycle progression and
to differentially modulate cell cycle regulatory genes in brain endothelial cells, thereby
arresting infected cells in S phase. Importantly, we have provided evidence that the outer membrane proteins of the colony opacity-associated (Opa) protein family as well as
the Opc protein of N. meningitidis are sufficient to trigger the accumulation of cells in
S phase. This indicates that these bacterial factors not only function as major adhesins
and/or invasins, but that they can also act as ‘cyclomodulins’, and affect the cell cycle
machinery. By using a focused cell cycle real-time PCR based array combined with integrated network analysis we have demonstrated the differential regulation of several cell
cycle regulatory genes, including the cell cycle inhibitors p21WAF1/CIP1 and cyclin G2.
Their changes were observed on the protein level and/or re-localisation in N. meningitidis-infected cells. Moreover, increased p21WAF1/CIP1 expression was p53 independent
and genetic ablation of p21WAF1/CIP1 or cyclin G2 abrogated N. meningitidis induced S
phase accumulation.
FUTURE DIRECTIONS
In the case of invasive meningococcal diseases (septicemia and /or meningitis) endothelial adhesion events must occur during circulation under conditions of physiological
blood pressure. To investigate the bacterial and host factors that contribute to this essential step of invasive meningococcal disease, we aim to develop an in vitro circulatory 2-D
N. meningitidis-endothelium interaction model. We will implement laminar-flow chambers and video microscopy to study meningococcal infection in this environment. In addition, within the newly funded GRK 2157, we will seek to develop a human in vitro 3-D
model of the BBB/BCSFB to study colonisation and penetration of brain microvessels by
N. meningitidis. Overall, we aim to obtain a more detailed understanding of the changes
in host membrane structures during bacterial infection. In order to fulfill this goal, we will
implement co-culture models of human primary meningeal cells and induced pluripotent
stem cell-derived brain endothelial cells (iPS-ECs) seeded onto 3-D scaffolds. We are currently collaborating with the Chair of Tissue Engineering and Regenerative Medicine from
the University Clinics in Würzburg to establish iPS-ECs as a novel cellular culture model
to study N. meningitidis infection. In this regard, we are interested in analysing tight junction regulation mechanisms, increases in cytokine release and transcriptomic changes
that result from pathogen-host interactions.
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Fig. 1: N. meningitidis induces the formation of ceramide-enriched membrane platforms on
brain endothelial cells (HBMEC). HBMEC were infected with a GFP-expressing wildtype strain
MC58 for 2 h, fixed, left intact, stained with anti-ceramide antibodies and secondary Cy3-conjugated
anti-mouse-IgM antibodies and analyzed by confocal microscopy. Ceramides accumulate in
close association with attached bacteria. (doi:10.1371/journal.ppat.1004160.g001)

Fig. 2: N. meningitidis infection alters cell cycle gene expression in infected brain endothelial cells.
A transcriptome dataset was used to perform a network analysis. Network analysis revealed a
cell cycle-specific module of 78 genes and 351 interactions. Colouring is according to the fold
change where red denotes an overexpression in infected brain endothelial cells and green
denotes a down-regulation, respectively. Circles represent significantly regulated genes,
whereas squares represent associated genes below significance threshold.
(Cell Microbiol Jul 7. doi: 10.1111/cmi.12482)
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3.2.6 infection epidemiology of Neisseria meningitidis
and hospital infection control

SELECTED PUBLICATIONS
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Neisseria meningitidis is a commensal pathogen of the human host. The group conducts
infection epidemiology projects within the framework of the national reference
laboratory for meningococci and Haemophilus influenzae (NRZMHi) and research on the
meningococcal capsule. Hospital infection control is a major issue for public health.
As head of the infection control team of the University hospital in Würzburg, the group is
also involved in infection control projects.

INTRODUCTION
Neisseria meningitidis colonizes the human host and is considered to be a commensal
species that accidentally causes severe invasive disease in children and adolescents. The
NRZMHi, a national reference laboratory funded by the Robert Koch-Institute and headed
by Ulrich Vogel and Matthias Frosch for more than 10 years, provides the public health
system with laboratory surveillance data of invasive meningococcal disease. Since 2008,
the reference laboratory also conducts Germany-wide laboratory surveillance of invasive
Haemophilus influenza infections. There is a vital collaboration with the Robert Koch-Institute. The reference laboratory is also actively networking with other European reference
laboratories. Ulrich Vogel is the president of the European Meningococcal Disease Society, an organization that links reference laboratories and epidemiologists.
Infection control at the University Hopsital in Würzburg is ensured by an active infection control team headed by Ulrich Vogel.

Moremi N, Claus H, Vogel U, Mshana SE (2017)
Faecal carriage of CTX-M
extended-spectrum beta-lactamase-producing
Enterobacteriaceae among street children dwelling in
Mwanza city, Tanzania. PLoS One 12:e0184592
Taha MK, Claus H, Lappann M, Veyrier FJ,
Otto A, Becher D, Deghmane AE, Frosch
M, Hellenbrand W, Hong E, Parent du Châtelet I,
Prior K, Harmsen D, Vogel U (2016)
Evolutionary Events Associated with an Outbreak
of Meningococcal Disease in Men
Who Have Sex with Men. PLoS One 11:e0154047

Fig. 1: Laboratory surveillance by the reference laboratory for meningococci and
Haemophilus influenzae of invasive Haemophilus influenzae disease in Germany:
Age and serotype distribution for the year 2017.

Lappann M, Otto A, Brauer M, Becher D,
Vogel U, Johswich K (2016) Impact of Moderate
Temperature Changes on Neisseria meningitidis
Adhesion Phenotypes and Proteome.
Infection and Immunity 84:3484-3495
Lâm TT, Claus H, Frosch M, Vogel U (2016)
Analysis of non-typeable Haemophilus
influenzae in invasive disease reveals lack of the
capsule locus. Clinical Microbiology and
Infection 22:63.e7-63.e8
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RESEARCH HIGHLIGHTS
The reference laboratory continued to contribute to infection surveillance in Germany.
Invasive meningococcal disease in men who have sex with men was analysed and hypotheses concerning the pathogenicity of the causative strains were established. It was shown
by the analysis of a large number of invasive strains that non-typeable H. influenzae was
consistently associated with lacking capsule synthesis genes.
Infection control: a survey was published analyzing the attitude towards influenza
vaccination in health care workers. Surveillance of infections in Tanzanian cohorts conducted by Nyambura Moremi provided insight in the spread and clinical impact of various multidrug-resistant pathogens in hospitals and street children. An outbreak caused
by multi-drug resistant E. coli in a neonatal intensive care unit was published, highlighting
the need of interdisciplinary efforts in control.
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FUTURE DIRECTIONS
Infection surveillance of invasive bacterial disease will be continued with emphasis on
high coverage of all reported cases in order to achieve the best possible knowledge base
for evaluation of epidemiological trends, prediction of vaccine coverage of strains, and
antibiotic resistance development.
Hospital infection control processes compile a huge dataset that needs to be exploited for scientific evaluation for the benefit of patient safety. The group will focus on the
role of waste water systems for the distribution of carbapenem resistant Pseudomonas
strains. Furthermore, strategies for data mining for highly automated infection surveillance will be developed.
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03.3

Institute for Virology
and Immunobiology
–
Chair of
Immunobiology

zinf members:
thomas hünig
wolfgang kastenmüller
niklas beyersdorf
thomas herrmann
manfred lutz

The Institute for Virology and Immunobiology is part of the
Medical Faculty at the University of Würzburg. Prof. Dr. Thomas
Hünig has been the Chair of Immunology from 1990 to 2017.
Wolfgang Kastenmüller follows Thomas Hünig as chair.
The research interests of the individual groups focus on a broad
spectrum of basic and applied immunological topics. Many of the
results from basic research are translated into preclinical therapy
models for infections, allergies, autoimmune diseases, transplant rejection and graft-versus-host-disease. The institute also
provides diagnostic services for autoantibodies for the University
Clinics. Members of the Institute provide immunology lectures
for medical, biomedical, biochemistry and biology students.
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3.3 institute for virology and immunobiology
3.3.1 immunology
T-lymphocytes (T-cells) are central players of the immune system.
As effectors, they destroy infected and tumor cells, and as coordinators of immune
responses, they control their magnitude and quality. We are studying the rules
governing the activation and the execution of effector functions of T-cells,
with a focus on the key costimulatory receptor CD28.

INTRODUCTION
Foreign and self antigens are initially presented to T-cells by dendritic cells (DC), which
sense infectious agents with the help of pattern recognition receptors and instruct the
T-cells if and what type of immune response they should mount. A key signal for the initiation of such responses is provided via the DC surface molecules CD80/86, which are
engaged by the costimulatory receptor CD28 expressed by all resting T-cells. Antigen recognition (signal 1) and costimulation (signal 2) together induce full T-cell activation, i.e.
proliferation and expression of effector functions. Besides effector T-cells which exist as
“killer” (CD8) or “helper” (CD4) cells, regulatory T-cells (Treg cells, CD4+Foxp3+) are of
key importance in controlling the magnitude of immune responses and suppressing autoimmunity. Treg cells also require costimulation by CD28. We have previously developed
two important tools to study CD28 biology: a mouse strain in which CD28 can be inducibly deleted at any time point, and a set of monoclonal antibodies which either block or
ligate CD28 in a very efficient way (CD28 superagonists; CD28SA). In the past two years,
we have extended our studies on the requirement of CD28 for effector and regulatory
T-cell responses and extended previous work on the usefulness of CD28SA-mediated Treg
activation for the treatment of inflammatory and autoimmune diseases. Furthermore, we
have discovered a large fraction of “latent” Treg cells in human peripheral blood which
escape analysis with conventional approaches.
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ment of an optimized protocol (TRICKS for TReg Identification through CytoKine Stimulation) for the unmasking of these latent Treg cells in vitro, allowing their identification and
isolation for therapeutic purposes.
FUTURE DIRECTIONS
In September 2017, my 27 year term as Chairman of the Department of Immunology
came to an end. The Institute´s research focus on the costimulator CD28 will, however,
be carried on by the groups of Niklas Beyersdorf and Thomas Kerkau, with whom I have
collaborated for many years. It has been a great gift to enjoy the scientific environment of
the ZINF from its beginning, and I wish the ZINF and all its members many more exciting
and productive years of scientific interactions.
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Fig. 1: RESTORE culture reveals cytokine response to the CD28 superagonist TAB08
(formerly TGN1412) and increases the sensitivity of CD8 T-cell responses to viral antigens.

PBMCs restores defective sensitivity of circulating
CD8 T cells to virus- and tumor-derived antigens.

Human PBMC were stimulated over night in ELISPOT wells either immediately after isolation, or after first pre-culturing them at high density for 2 days. Each dot represents one
IFNgamma-producing CD8 T-cells (From Wegner et al., BLOOD 2015).
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RESEARCH HIGHLIGHTS
Using inducible CD28 deletion in a mouse strain developed in our group, we have found
that costimulation by CD28 is of particular importance for regulatory T-cells, both in a cell
intrinsic and in a cell extrinsic fashion (through the provision of the growth factor IL-2 by
helper T-cells). In addition, we have been able to resolve the issue of whether CD28 mediated costimulation contributes to secondary CD4 and CD8 T-cell responses – confirming
such a contribution for both lineages. With regard to CD28SA therapy, further examples
of CD28SA-mediated Treg activation for the successful treatment of autoimmune disease
and tissue damage have been presented in cooperation with other groups which have
expertise in the corresponding mouse models.
In our work involving mononuclear cells from human peripheral blood (PBMC), the
only source readily available for the investigation of the human immune system, we have
been able to show that recirculating CD8+ memory T-cells are hyporeactive to antigenic
challenge as a result of missing “tonic” signals provided in the tissue context, but not in
the blood, by cellular interactions.
In a new project involving human PBMC, we have investigated the curious finding
that as compared to lymphoid organs, regulatory T-cells as defined by the expression of
CD4, CD25 and Foxp3, are much less abundant in blood. We were able to show that this
deficiency is only an apparent one, caused by the transient down-regulation of Foxp3 and
CD25 due to the lack of STAT5 signals induced by the cytokines IL-2, IL-7 and IL-15, which
are provided in the tissue context but not during recirculation. This led to the develop-
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3.3 institute for virology and immunobiology
3.3.2 leukocyte dynamics
A central aspect of the cellular elements of the immune system is their capacity
to rapidly migrate between and within organs. The group aims to understand how leukocyte
migration is orchestrated and where and when leukocytes interact in order to
mount an effective immune response.
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INTRODUCTION
The life of a T lymphocyte is characterised by constant migration. After its development
in the bone marrow it migrates to the thymus where it undergoes strict selection. During
this selection process thymocytes migrate from the cortex to the medulla of the thymus.
Once the selection process is finalised thymocytes exit the thymus as mature lymphocytes and begin to recirculate between secondary lymphoid organs. In particular, they
enter lymph nodes via high endothelial venules (HEV) with the help of integrins and
chemokines. After lymph node entry, T cells begin to efficiently scan the whole lymph
node for antigen-presenting cells (APC) that may present foreign antigens. If such antigens are displayed, T cells arrest and interact with the respective APC for several hours
initiating clonal expansion and differentiation of effector T cells. If the host is not infected
and the T cell does not detect foreign antigens, it leaves the LN after about 12-21h via the
lymphatic system, which in turn drains into the blood stream. Back in the blood stream
T cells randomly enter another LN or the spleen reflecting a continuous recirculation
pattern. In the case of an infection, effector T cells and various other leukocytes such as
neutrophils and monocytes are recruited to the site of infection. Once these cell populations enter the tissue, they need to be further guided to find and eliminate the invading
pathogens. The critical factors that guide leukocytes throughout the body are chemokines
and chemotactic agents such as certain lipids. Another aspect of the immune system is
that its cellular elements do not act alone but communicate and cooperate in a highly
coordinated manner. Together these specialised cells form an effective and rapid intervention force. An important methodological development that allowed us visualise the
migrational behavior of leukocytes and their coordinated attack of microbial pathogens
is intravital mulitphoton microscopy. Using fluorescent animals that report on specific
cellular subsets we are able study their function and interaction patterns in living animals.
RESEARCH HIGHLIGHTS
During the last few years we have been utilising intravital microscopy and quantitative
multicolor confocal microscopy to elucidate the early cellular events during the initiation
of an adaptive T cell response in the context of a viral infection. In particular, we have
focused on the critical interaction partners of T lymphocytes, which are dendritic cells
(DC) and their various subsets. We have revealed that once naive T lymphocytes have
found a DC that presents a foreign antigen, they become activated and recruit several
additional cell types in order to enhance their own activation process. This recruitment
process happens within hours of T cell activation and is driven by the chemokines CCL3,
CCL4 and XCL1. CCL3 and CCL4 lead to the recruitment of plasmacytoid DC, which are
key producers of IFNI. XCL1 leads to the local recruitment of XCR1-expressing DC or the
so called cDC1. Together these recruited cell types form a dense cluster that allows for
optimal exchange of cytokines and antigenic information. Importantly, this information
exchange provides XCR1 DC with the required signals to promote CD8 T cell activation
over the following days of infection. In particular, these XCR1 DC are then able to not

institutions of the zinf

only stimulate CD8 but also CD4 T lymphocytes. Thereby, XCR1 DC become a critical
platform for the communication between CD4 and CD8 lymphocytes. Indeed, we have
found that XCR1 DC are a non-redundant DC subset that mediates CD4 helper signals to
cytotoxic CD8 lymphocytes. These helper signals are of particular importance to develop
long-lasting memory CD8 T cells, which are critical mediators of protective immunity
against intracellular pathogens. We are currently investigating how, when and where other immune cells play their part in the developing immune response and during direct
pathogen defence in tissues.
FUTURE DIRECTIONS
We currently developing new tools and mouse models that will allow us to visualise and
genetically target specific DC and lymphocyte subsets. We are further pushing our ability to image deeper tissue areas in order to extend our field of view to so far unknown
biological processes. Overall, we aim to obtain a comprehensive view of the migrational
behavior and interaction patterns of all leukocytes that represent the basis of a successful
immune response against invading pathogens.
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Fig. 1: Upon priming by Dendritic cells (DC), CD8 T cells rapidly produce the chemokine
ligands CCL3 and XCL1. These ligands lead to the local recruitment of additional DC subsets
like plasmacytoid DC and XCR1+DC. This local reorganization of the DC network supports
intimate interactions, allowing for optimal signal and cytokine exchange that is required for
the development of a protective, cellular immune response.
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3.3.3 t cell biology
Innate and adaptive immunity interact to provide the host with a highly efficient defence
against pathogenic microorganisms. T cells crucially contribute to adaptive immunity and,
further, orchestrate the immune response as a whole. Apart from providing immunity
against microbial pathogens T cells also play an important role in fighting cancer. Therefore,
our group has a long-standing interest in cell surface receptor-mediated T cell activation
and how T cell responses can be harnessed for therapeutic purposes.

INTRODUCTION
To protect the host from diverse pathogens such as viruses, bacteria, parasites and
pathogenic fungi, the immune system needs to be able to mount a variety of very different responses. Immune responses, thus, require orchestration in which CD4+ T helper
cells play a central role. The diversity of the different immune responses is reflected by
the plasticity of CD4+ T cells, which can differentiate into Th1, Th2 and Th17 cells. The
negative aspect of this flexibility, however, is that an immune response, which is appropriate to kill, for example, a parasite (Th2) may fail to protect against a viral infection (Th1)
and vice versa. Thus, in order to evade destruction by the immune system pathogens
can either directly inhibit immune responses or divert them into an innocuous direction.
Apart from T helper cells the CD4+ T cell compartment also harbours Foxp3+ regulatory
T cells (Treg cells). This small subpopulation of CD4+ T cells is highly autoreactive, but instead of inducing immunopathology they are very potent inhibitors of autoimmunity and
modulators of immune responses to microorganisms. Therefore, Treg cells have received
significant attention as potential targets of novel immunotherapies.
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RESEARCH HIGHLIGHTS
During the first year of life infants are very susceptible towards so-called ‘childhood diseases’ such as measles. Unfortunately, in some children the measles virus persists in
the brain after the acute infection, which may lead to a lethal form of encephalitis called
Subacute Sclerosing Panencephalitis (SSPE) after a few years of latency. Together with
Prof. Jürgen Schneider-Schaulies we have recently shown using a mouse model of measles virus infection of the brain that sphingolipid metabolism has a strong impact on
viral replication. Upon CD28 stimulation, Treg cells show a particularly high turnover of
sphingolipids, which appears to negatively affect their function. Therefore, genetically or
pharmacologically reducing sphingolipid metabolism in mice increases Treg cell activity
and results in a poorer control of the measles virus infection. As drugs interfering with
sphingolipid metabolism are already in clinical use as anti-depressants, in collaboration
with Dr. Andreas Menke, we have been able to show that these drugs have similar effects
on human Treg cells as those observed on mouse Treg cells in vivo.
Apart from modulating immune responses against pathogens or allo-antigens (acute
Graft versus Host Disease (aGvHD)) Treg cells play an increasingly recognised role in
tissue homeostasis. In collaboration with Prof. Stefan Frantz and Dr. Ulrich Hofmann we
have shown that in particular Treg cells positively influence wound healing after myocardial infarction (MI) in mice. Moreover, therapeutic activation of Treg cells with an anti-CD28
monoclonal antibody increases survival in an MI mouse model. To further develop Treg
cell activation therapy for potential clinical use we have generated anti-pig CD28 monoclonal antibodies, which will be used to study the immunomodulatory properties of these
antibodies in pigs after experimental MI.
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Immunomodulation is also a hallmark of opportunistic fungal infections, for example
by Candida albicans. While the inhibition of innate immunity is already fairly well characterised, the modulation of T cell immunity against Candida albicans by secreted fungal
proteins, which we are systematically analysing, is a novel field of research. Together with
Prof. Peter Zipfel we have shown that the pH-regulated protein 1 (Pra1) binds to mouse
and human T cells inhibiting the function of Th1 cells. By generating monoclonal antibodies against these secreted proteins we aim to neutralise their function and provide
a novel therapeutic strategy for treating these increasingly important infectious clinical
complications.
FUTURE DIRECTIONS
Our future research will strongly focus on translational aspects of our various findings in
pre-clinical animal models. This means that we will perform further in vitro testing using
human T cells and, together with our clinical colleagues, we will continue to work on
proof-of-principle studies in humans.
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Fig. 1: Anti-CD28 antibody treatment of mice enhances wound healing after myocardial
infarction. Application of a superagonistic anti-CD28 monoclonal antibody (CD28-SA, right)
into mice two days after myocardial infarction increases the recruitment of CD4+ Foxp3+
regulatory T cells (Treg cells, purple) into the infarct area compared to mice treated with an
isotype control antibody (left). Cell nuclei are shown in blue. Scale bar; 100 μm. Published
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in: (Weirather J, et. al. (2014) Circulation Research 115: 55-67).
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3.3.4 immunogenetics
Non-conventional T cells recognise non-peptide antigens and act as bridge between the
adaptive and innate immune systems. We aim to understand their antigen-recognition and
co-evolution of antigen-receptors and antigen-presenting molecules.

INTRODUCTION
Non-conventional T cells serve as bridge between adaptive and innate immunity. Their
T cell antigen-receptors (TCR) do not bind peptide antigens presented by MHC class I
or II but recognise classes of pathogen-derived and stress-induced molecules analogous
to pattern recognition receptors. The composition of their TCR is characterised by often
eponymous gene rearrangements such as in case of the Va9Vb2 T cells which are defined
by expression of a Va9-containing chain (Va9JPCa1) paired with Vb2-containing b-chains.
Va9Vb2 T cells are effectors with anti-microbial, anti-tumour and immunomodulatory activity, which are expanded in many infectious diseases (e.g. malaria). So far they have
been found only in humans and higher primates showing a unique reactivity to pyrophosphorylated metabolites called phosphoantigens (PAg). The most potent PAg is (E)-4-hydroxy-3-methyl-but-2-enyl pyrophosphate (HMBPP) which is the immediate precursor of
isopentenyl pyrophosphate (IPP) in the non-mevalonate pathway of isoprenoid synthesis
found in many eubacteria and in apicomplexa such as Plasmodium spp. HMBPP is ten
thousand times more potent than isopentenyl pyrophosphate (IPP), the central compound of all isoprenoid synthesis pathways. Increased IPP levels in host cells also lead
to Va9Vb2 T cell-activation. They are found in tumours, especially after administration of
aminobisphosphophonates (e.g. zoledronate), and also upon infection.
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RESEARCH HIGHLIGHTS
We have completed the functional and phenotypic characterisation of rat and cotton rat
iNKT cells as well as studies on the molecular basis of antigen recognition by the iNKT
TCR. Studies on the non-conventional MHC class II molecules H2E2 and RT1D2 containing Eb2 (mouse) and Db2 (rat) `-chains with a high capacity to present superantigens
from Yersina pseudotuberculosis (YPM) have also been completed. We are now concentrating on the analysis of Va9Vb2 T cells and investigating their potential for tumour therapy,
the molecular mechanism underlying their activation by PAg, the coevolution of Va9Vb2
TCR with butyrophilin 3 (BTN3) and identification and characterisation of Va9Vb2 T cells
in non-primate species.
A key player in Va9Vb2 T cell-activation is the cell surface molecule BTN3A1. Its extracellular domain is remarkably similar to members of the B7 family (e.g CD80/86) and the
intracellular B30.2 domain binds PAg. Binding of PAg leads to a conformational change
of the entire BTN3A1 molecule, which may then allow binding of the Va9Vb2 TCR to the
BTN3A1 expressing (primate) cell. We also have investigated biotinylated PAg, which can
be chemically crosslinked after photoactivation to PAg binding sites, as new tool to study
PAg action. We have also compared the activation of Va9Vb2 TCR transductants by PAg
and the BTN3 specific antibody 20.1 and shown an important contribution of Va9Vb2 TCR
CDR3 regions to either response and interference rather than synergism of both modes
of activation (Fig. 1 outlines a possible mechanism). Currently, we are analysing radiation
hybrids to map gene(s) on human chromosome 6, which in addition to the BTN3A1
gene control Va9Vb2 T cell activation by PAg, and studying the interplay between BTN3
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isoforms and PAg activation. This involves testing combinations of BTN3 isoforms,
BTN3-chimeras and mutants expressed in BTN3 knock out cells for PAg-“presentation”.
Finally, we are continuing our analysis of the co-emergence of Va9, Vb2 and BTN3 genes
in placental mammals and their possible coevolution. We have identified the alpaca
(Vicugna pacos) as the first candidate for a non-primate species to possess functional
Va9Vb2 T cells and study its HMBPP response with the help of new monoclonal antibodies that are specific for alpaca gb TCR and alpaca BTN3. We are also investigating VbTCR
and BTN3 genes of the nine-banded armadillo (Dasypus novemcinctus), a natural host and
model of infection for Mycobacterium leprae. We have found that despite the occurrence
of a Va9 open reading frame, Va9 genes were not present among expressed TCRa-chain
rearrangements and identified the armadillo BTN3 gene family as non-functional. Thus,
the armadillo may serve as a link in the emergence of the butyrophilin 3 (BTN3)/Va9Vb2
system with placental mammals but not as a model for Va9Vb2 T cell research.
FUTURE DIRECTIONS
We will continue our studies on Va9Vb2 T cells to finally harness them for tumour and
infection control. This work requires the development of new strategies to overcome
the unresponsiveness of Va9Vb2 T cells in tumour patients including the evaluation of
BTN3 specific agonistic antibodies as activating agents and comparison of TCR usage
of PAg and mAb 20.1 activated T cells. In this context we aim to identify the minimal
molecular requirements of BTN3 mediated Va9Vb2 T cell activation and to pursue the
identification of chromosome 6 encoded gene(s) that are mandatory for PAg-mediated
activation. Identification of such gene(s) will help us to manipulate Va9Vb2 T cells and is
a prerequisite for the generation of rodent animal models of functional Va9Vb2 T cells.
Finally, we will continue our efforts to identify and characterise Va9Vb2 T cells in non-primate species.
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Fig. 1: How do PAg and BTN3 specific antibodies activate via the Va9Vb2+ TCR ? At the
surface of target cells, BTN3A1 probably exists under different conformations schematically:
active, intermediate, and inactive. Intracellular proteins and additional BTN3A1-binding
proteins can modulate these conformations. The anti-BTN3A1 mAb 20.1 and PAg may
stabilize distinct conformers of BTN3A1, that some clonotypes of TCRVa9Vb2 (G115,
D1C55) differentiate whereas others (MOP) do not. Murine transductants have a higher
differentiation capacity than their human counterpart in ‘seeing’ the distinct PAg and
anti-BTN3A1 stimuli. Picture of an editorial on Starick et al (2017). Source: Franchini DM,
Michelas M, Lanvin O, Poupot M, Fournié JJ. (2017) BTN3A1-antibodies and phosphoantigens: TCRVa9Vb2 “see” the difference Eur. J. Immunol. 47(6) Pages 954–957 Copyright
Wiley-VCH Verlag GmbH & Co. KGaA.
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3.3.5 immune regulation
Infective microbes have developed a number of strategies to avoid elimination by the host’s
immune system. We are investigating how different pathogens manipulate dendritic cells
(DCs) and myeloid-derived suppressor cells (MDSCs) to induce immune tolerance by either
stimulating regulatory T cells or suppressing effector T cell responses.

INTRODUCTION
Pathogens are generally well adapted to their hosts. These evolutionarily adaptations include immune evasion mechanisms, i.e. activation of immune tolerance mechanisms
that, under physiological conditions, protect the host from auto-immunity and immune
hyper-reactivities. The myeloid immune cell compartment is a particularly attractive compartment to manipulate anti-pathogen responses due to their central role in directing
immunity and immune tolerance. Such cells include DCs and monocytic cells. One major
factor able to direct these cell functions is GM-CSF, which induces the differentiation of
immune effector cells such as neutrophils, macrophages, DCs as well as MDSCs. DCs
are well established as antigen presenting cells that can initiate CD4+ and CD8+ T cell
immune responses against pathogens. This occurs when they are at a mature stage after activation. However, immature DCs are not only resting cells waiting to encounter a
pathogen, in addition to their immunogenic functions, both the immature and semi-mature stages are involved in mediating immune tolerance to peripheral self-antigens. Major microbe immune evasion strategies, therefore, aim to prevent DC maturation or allow
them to be only activated to a semi-mature stage. Induction of T cell anergy or regulatory
T cells (Treg) are common tolerance mechanisms, but the DC molecular details are not
fully understood. Similarly, inflammatory monocytes are known effector cells but due to
their phenotypical similarity to immuno-suppressive monocytic MDSCs their relation and
ontogeny are not understood.
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RESEARCH HIGHLIGHTS
DCs typically mount a Th17 type T cell response to cholera toxin. We have found that
cholera toxin but not any of the tested pathogens induces the molecule CTLA-2 that
cooperates with and enhances the function of the immunosuppressive cytokine TGF-`
to finally generate Foxp3+ Tregs. The balance between Th17 immunity and Treg tolerence
is controlled by the cholera toxin dose, allowing host immunity and survival when cholera
toxin reaches high levels and also ensuring bacterial survival when doses decrease to
low levels.
DCs respond to helminths by typically undergoing semi-maturation that allows the
induction of a Th2 response. Using the tapeworm Mesocestoides corti, together with our
collaborators in Slovakia, Brazil and South Africa, we have revealed that excretory/secretory products contain factors that specifically block a Th1-inducing DC phenotype by
inhibiting their IL-12 production.
While the functional role of MDSCs has been widely described, their hematopoietic
origin is largely unclear. An enigmatic ‘early myeloid precursor’ cell pool has been suggested to generate specific MDSC precursors. We have described that the signalling cascades via GM-CSF and subsequent signals through IRF-1/IFN-aR and AKT/mTOR are
molecular requirements for the conversion of human or mouse conventional monocytes
into monocytic MDSCs. These data indicate that a specific MDSC precursor may not be
required but transcriptional and translational changes induced in monocytes suffice for
monocytic MDSC generation.
institutions of the zinf

FUTURE DIRECTIONS
We will further investigate the factors secreted by helminths to identify additional individual molecules using proteomic approaches. Interesting candidates will be tested for
interference with immune cells such as DCs and MDSCs. We will also study the detailed
interaction of MDSC with T cells by testing new MDSC-markers for functional suppressor
activity as well as their in vivo homing potential to understand the anatomical strategy of
MDSC mediated immune suppression in whole organisms.
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Fig. 1: Induction of CD4+ T cell anergy, Treg subsets and polarized Th1/Th2
responses by DC can be directed by their maturation stages and cytokines.
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Fig. 2: Anti-apoptotic effects of the IL-2/diphteria toxin Ontak on human Treg
and effector T cells.

institute for virology and immunobiology – chair of immunobiology

85

03.4

Institute for Virology
and Immunobiology
–
Chair of Virology
lars dölken
florian erhard
jürgen schneider-schaulies
sibylle schneider-schaulies

The Institute for Virology and Immunobiology is part of the Medical Faculty at the University of Würzburg. Prof. Dr. Lars Dölken
has held the Chair of Virology since 2015.
Virology-focused research at the institute centres on analysing
the regulatory principles involved in viral replication and gene
expression. In addition, researchers are investigating the pathogenesis of several viruses and elucidating the molecular basis for
the occurrence of resistance to antiviral compounds. Research is
also being conducted into the development of viral vectors to be
used for gene therapy. The institute is responsible for providing
virus diagnostics to the University Clinics and members provide
virology lectures for medical, biomedical, biochemistry and biology students.
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3.4.1 systems biology of herpesvirus infections
Herpesviruses are large DNA viruses, which cause a broad spectrum of diseases ranging
from the common cold sore to cancer. Our group employs systems biology
approaches combined with virus reverse genetics systems to study host cell modulation
and immune evasion in various herpesvirus models.

INTRODUCTION
Herpesviruses are not only important human pathogens but also represent interesting
tools to study fundamental aspects of cell biology and immunology. They encode hundreds of viral gene products, which comprehensively modulate the host cell environment.
Our group employs a systems biology approach to comprehensively study host cell modulation and immune evasion in herpes simplex virus 1 and cytomegalovirus infection. A
particular focus is on regulation at the RNA level. Herpes simplex virus 1 (HSV-1) is not
only the causative agent of common cold sores but is also responsible for life-threatening encephalitis. During productive infection, the virus installs a profound shut-off of
host gene expression. Our group studies the underlying molecular mechanisms and the
involved cellular processes. A second focus is on herpesvirus-encoded miRNAs. They regulate gene expression by sequencing-specific interactions with their target mRNAs. Many
herpesviruses express high levels of virally encoded miRNAs. These represent interesting
targets for novel antiviral agents (so called ‘AntagomiRs’). A prime example is the human
cytomegalovirus, which is an important pathogen in immunosuppressed patients and
responsible for congenital infections in about 1:1000 newborns. Employing the murine
cytomegalovirus model, we study the functional role and suitability of cytomegalovirus
miRNAs as drug targets.
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RESEARCH HIGHLIGHTS
Based on the integrative analysis of various high-throughput approaches including ribosome profiling, transcription start site profiling and whole proteome mass spectrometry
analyses, we have identified hundreds of novel viral open reading frames (ORF) and transcripts to be expressed by HSV-1, HCMV and MCMV. A key step for this was the development of a new bioinformatic approach for ORF identification from ribosome profiling
data (PRICE) by Florian Erhard at our Institute. In addition, we have been able to provide
the first reliable annotation of the thousands of small cellular ORFs in human cells. Largescale validation of cellular sORFs was achieved by MHC-I peptidome analyses (Fig. 1).
Thereby, this represents the first large-scale validation of these cryptic gene products in
mammalian cells. This reveals sORFs to encode a novel class of stress-responsive antigens. Due to the inherent instability of the encoded polypeptides, they represent poor
substrates for cross-presentation and CD4-CD8 T cell augmentation but are nevertheless
efficiently presented to T cells by MHC-I.
Recently, we have made the surprising observation that HSV-1 triggers widespread
disruption of transcription termination (DoTT) of cellular but not viral genes. This results
in extensive transcriptional activity for tens-of-thousands of nucleotides downstream of
the normal transcript termination site. Similar phenomena were subsequently observed
in cellular stress responses and cancer. We have now performed a comparative analysis
of these phenomena, which indicates that HSV-1 usurps the cellular response to stress
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to evade intrinsic immune activation. Interestingly, HSV-1- but not stress-induced poly(A)
read-through was accompanied by a dramatic increase in chromatin accessibility. This is
indicative of impaired histone repositioning downstream of the affected genes (Fig. 2).
FUTURE DIRECTIONS
By integrating a large variety of systems biology data, we will provide a comprehensive
re-annotation of the HSV-1, MCMV and HCMV gene products and assess their role as
novel viral antigens. Work is ongoing to functionally characterise individual novel viral
gene products. The long-term goal is to improve our understanding of viral manipulation
of RNA metabolism. We will identify the HSV-1 gene product(s) responsible for the disruption of transcription termination of cellular genes, detail the molecular mechanism
and elucidate how termination of viral genes remains insensitive to this effect. We will
characterise the transcriptional regulatory networks and identify key cellular transcription
factors manipulated during the course of herpesvirus infection. In addition, we are developing new tools to identify the cellular targets of the MCMV miRNAs in vitro and in vivo.
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Fig. 1: (A) Correlation of the number of peptides derived from known and novel ORFs
identified in MHC-I peptidome data based on predictions using PRICE, ORF-RATER or
Rp-Bp with translation rates deduced from ribosome profiling data. (B) Number of peptides
derived from novel ORFs in MHC-I peptidomes. Peptides identified by PRICE as well as
either of the other two algorithms are indicated in grey.
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Fig. 2: Example of 4sU-seq and ATAC-sew data from uninfected (mock) and HSV-1
infected primary human fibroblasts. HSV-1 induces poly(A) read-through of SRSF6
results in extensive open chromatin downstream of this gene.
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3.4.2 computational systems virology
Bioinformatics is the interface between computer science and its application
to biological problems. Our research interest is two-fold: We develop new computational
as well as statistical methods and tools to make use of data from high-throughput
experiments and apply them to study host cell modulation and immune evasion in
various herpesvirus models.

jun. prof.
florian erhard
institute for virology
and immunobiology
Institut für Virologie und Immunbiologie
Universität Würzburg
Versbacher Str. 7
D-97078 Würzburg
T
+49-931-31-86523
M Florian.Erhard@uni-wuerzburg.de

90

INTRODUCTION
The advent of high-throughput techniques has revolutionised biological research by
promising an unbiased and comprehensive view of a whole system. However, two properties of high-throughput data complicate their utility: They are huge and affected by errors inherent to the experiments. Their sheer size necessitates the use of sophisticated
methods from several areas of computer science (e.g. algorithmics, databases, machine
learning, parallelism, software engineering) and experimental bias or noise must be controlled using appropriate statistical methodology. A particular focus of our work is to develop specifically tailored analysis methods and tools for new high-throughput protocols
and workflows developed by our collaboration partners.
Moreover, a key step towards understanding complex systems such as virus infection
is to integrate several big data sets and interpret them in the context of the current knowledge of the system. Such integrative approaches with a focus on herpesviruses are the
second cornerstone of our research.
Herpesviruses provide a particularly interesting model for systems biology research:
Not only are they important human pathogens, but they also extensively modulate their
host cell environment and efficiently evade the immune system. Therefore, herpesvirus
infections represent interesting models to study fundamental aspects of cell biology and
immunology. In addition, due to their broad regulatory effects and their interesting kinetic
behavior, viral genetic elements are ideal candidates to study properties of high-throughput data.
RESEARCH HIGHLIGHTS
To identify novel viral open reading frames (ORFs) and to pinpoint the precise locations
of transcribed mRNAs in the genome of herpes simplex virus 1 (HSV-1), we have employed various high-throughput approaches including ribosome profiling, transcription
start site profiling and whole proteome mass spectrometry analyses. However, available
computational methods for the analysis of these data sets turned out to be insufficient.
Particularly, ribosome profiling has the potential to identify actively translated codons
with base-pair resolution. However, experimental noise hindered such highly resolved
analyses. Moreover, overlapping ORFs and non-canonical translation initiation was poorly resolved by existing computational methods. This was a particular problem for the
HSV-1 genome that is densely packed with ORFs. We solved these issues by computational modelling of noise and an improved statistical test for active translation (PRICE:
Probabilistic inference of codon activities by an EM algorithm). The former improves
the signal to noise ratio of any tested data set by a factor of 2 to 5 (see Fig. 1), the latter enables the delineation of complex cases such as when upstream ORFs overlap the
main ORF. Large-scale validation using MHC-I peptidome analyses validated our new approach and demonstrated it to outperform all existing methods regarding both sensitivity
and specificity for the identification of new cellular ORFs.
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A fundamental task in sequencing experiments is to quantify biological entities such
as ORFs, or mRNAs by counting reads. In many cases, the main focus falls on fold changes between two conditions. There are numerous statistical models for count data. For
example, these can be used to estimate p values for differential expression. However, we
were the first to propose a model for ratios of counts. We have shown that applying this
model helps to eliminate bias inherent to next-generation sequencing, it improves the accuracy of fold changes, and it can handle problems due to situations with zero reads in a
principled manner. All these significantly impact the further analyses of sequencing data.
FUTURE DIRECTIONS
By integrative analysis of a large compendium of big biology data, we will provide a comprehensive re-annotation of the HSV-1, MCMV and HCMV gene products. Moreover, we
will investigate their effector mechanisms, regulatory elements and cellular target pathways. A particular focus of the group will be to make data sets, measured by our collaboration partners or available in public databases, accessible and usable. One direction
is to employ PRICE in an automated manner to analyse all published ribosome profiling
data sets. The integrative analysis of all these will enable the investigation of fundamental
questions related to translation, including the role of uORFs, frame-shifts, codon usage
or RNA secondary structure. Another direction is to compile all HSV-1 data sets for integrative modelling of infection by this virus, and to scale this up to other viruses.
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Fig. 1: Probabilistic modelling enhances the interpretability of ribosome profiling
experiments and enables large-scale automated analyses. (A) In a ribosome profiling
experiment, reads correspond to RNA fragments generated by endonucleolytic cleavage.
Cleavage distances from the codon located in the ribosomal P site are probabilistically
distributed (blue triangles). PRICE employs a novel statistical approach to map sequenced
reads back to the P site codon. (B) Reads mapped to codons by the previous approach and
by PRICE were aggregated transcriptome-wide around annotated start codons (position 0).
Every third codon is color-coded to illustrate the three possible reading frames.
(C) Example locus on the HSV-1 genome showing two known overlapping ORFs (US8
and US8A). While the previous approach (top signal track) produces high levels of noise,
PRICE results in an almost perfect resolution of active reading frames.
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3.4.3 morbillivirus pathogenesis
Morbilliviruses, which include the human pathogenic measles virus, cause devastating
diseases in their specific hosts. The group is interested in the mechanisms of virus uptake,
the function of host cell factors, and the corresponding immune response.

sic antiviral factor APOBEC3G, which has previously been implicated in interfering with
HIV infection. Interestingly, in the presence of APOBEC3G MV transcription and protein
expression was reduced by 50-70%, and there was an increase in the mutation rate of the
viral genome. However, in contrast to HIV infections, APOBEC3G-specific hypermutation
was not observed. Our findings suggest that APOBEC3G not only impairs the activity and
fidelity of the viral RNA polymerase, but also affects the expression of a number of host
cell factors. These antiviral mechanisms are under investigation.
FUTURE DIRECTIONS
We will further investigate the role of host cell factors in morbillivirus infections to identify
critical steps that can be targeted for therapeutic intervention. In addition, we will further
investigate the role of specific membrane lipids, and the enzymes that process them such
as sphingomyelinases, during viral infections and the immune response. This will be
performed both in tissue culture and using the mouse model of persistent CNS infection
within the framework of the DFG-supported research unit (Forschergruppe; FOR 2123)
investigating “Sphingolipid dynamics in infection control”.
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INTRODUCTION
Measles virus (MV) is a single stranded RNA virus of negative polarity and belongs to the
genus Morbillivirus of the family Paramyxoviridae. Measles is not a “simple“ children’s
disease, but can cause a number of complications such as diarrhoea, pneumonia, blindness, and various forms of encephalitis. Due to these complications and virally induced
transient immunosuppression, more than 100 000 children worldwide still die every year
due to acute measles infections. In addition, after the acute infection of predominantly
very young children the virus may persist for longer times in the host, which occurs with
a frequency of approximately 1:1000 – 10 000 cases. After an average 6 to 12 years of
persistence MV may replicate and spread through the brain and cause the lethal disease
subacute sclerosing panencephalitis (SSPE). Vaccination against measles not only protects against the acute disease, but also from SSPE. Since an effective vaccine is available,
the World Health Organisation (WHO) has declared the aim to eradicate measles before
2020, however, due to socioeconomic problems this target will likely not be achieved.
We have established a mouse model of persistent measles virus infection of the CNS,
which partially models the human disease SSPE. It has the potential to be used to analyse
the antiviral immune response and also the effects of antiviral substances on acute and
persistent brain infections. This approach promises to provide new insight into the mechanisms that influence the infection, such as alterations of lipids in cellular membranes.
In addition, usage of human primary peripheral blood lymphocytes enables the identification of intracellular host factors for viral replication.
RESEARCH HIGHLIGHTS
The group has been investigating the role of the adaptive immune response and regulatory T cells (Treg) in persistent brain infections. This has revealed that the expansion of Treg
cells after the acute phase of the infection by superagonistic anti-CD28 antibodies leads
to an enhancement of MV infection of the CNS. In agreement with this, the depletion of
Treg cells by diphtheria toxin treatment (in DEREG-mice) reduced CNS infection. This
clearly demonstrates that the persistent viral CNS infection is under sustained immunological control and that this mouse model can be used to investigate and characterise
antiviral mechanisms and compounds. CD28 has been previously shown to activate acid
sphingomyelinase (Asm). We have found that the frequency of Treg cells among CD4+
T cells, the turnover of the effector molecule CTLA-4, and their suppressive activity were
increased in Treg cells from Asm-deficient mice. Moreover, we observed more infected
neurons in the brains of Asm-deficient mice compared to wt in our Treg cell-sensitive MV
infection model (Fig. 1). In agreement with genetic ablation, pharmacological inhibition
of Asm in vitro in primary human peripheral blood mononuclear cells (PBMC) and in vivo
in mice led to higher frequencies of Treg cells among CD4+ T cells. Our data suggest that
ASM-inhibiting drugs (as used during therapy of certain forms of depression) should be
considered as potential immunomodulatory agents for the therapy of inflammatory and
autoimmune disorders. Another focus of the group is to investigate the role of the intrin-
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Fig. 1: Increased viral infection in brains of acid sphingomyelinase (Asm)-deficient mice.
Coronal sections were prepared for histological analyses and the number of infected
neurons was quantified. (A) Left and middle panels, schematic and microscopic general
view (10x), and right panel enlargement (100x) of eGFP autofluorescence in a brain section
from an Asm-/- mouse 7 days after infection. (B) Characteristic brain sections from wt
control (Asm+/+; left panel) and Asm-/- (right panel) mice (200x). (C) Quantification of the
number of infected neurons (approx 50 sections per brain) from brains of mice 28 days
after infection.
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3.4 institute for virology and immunobiology
3.4.4 viral immunomodulation
Viruses can modulate the host immune response to facilitate their survival and
replication. Using measles virus (MV) as a model system, the group aims to decipher how
viruses take advantage of membrane receptors and membrane remodeling to interfere
with the activation of antigen presenting and T cells.

FUTURE DIRECTIONS
During the next few years we will explore the hypothesis that efficiency and patterning of
ceramide release acts to modulate immune synapse activity and identify the molecular
targets involved. We will investigate the cross-regulation of sphingolipid-metabolising enzymes during T cell receptor co-stimulation and co-inhibition and the role of MV-induced
changes in metabolic pathways especially with respect to T cell activation and sphingolipid breakdown. This will be done in close collaboration with groups within and associated
with the Research Unit FOR2123 Sphingolipid dynamics in infection control.

Fig. 1: Primary human control (CNTR)
and NSM KD T cells were mixed with
beads coated with _CD3/_CD28
antibodies or not, and conjugates
were visualized by scanning EM
(a, representative 6 μm uncoated bead)
(Collenburg et al., 2017).
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INTRODUCTION
Most viruses have evolved strategies to evade immune surveillance in order to survive
and spread in their hosts. Many of them do so by encoding non-structural proteins that
confer resistance to cell autonomous or innate immunity in their respective host cells.
A few human pathogenic viruses, including measles virus (MV), induce a general immunosuppression, which dampens virus-specific immune responses and favours the establishment of secondary or chronic infections. Viral glycoproteins have been identified
as the effectors required for the silencing of T cell activation. The group aims to define
mechanisms involved in the abrogation of TCR signaling relay. This is being investigated
at the level of dynamic repatterning of membrane lipid and protein complexes.
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RESEARCH HIGHLIGHTS
To understand the mechanisms involved in virally induced T cell silencing at the membrane level, we have focused on the functional consequences of dynamic membrane
changes induced by MV binding to its receptors on T cells. As major components of
the cell membrane, sphingolipids, especially sphingomyelin and its metabolite ceramide,
have been implicated in the differential segregation of receptors and their associated
signalosomes into membrane microdomains, membrane curvature and the formation
of protrusions. MV interaction with T cells induced the activation of neutral and acid
sphingomyelinase (NSM and ASM), which almost entirely accounted for the observed inhibition of actin cytoskeletal dynamics in these cells. Genetic screening approaches have
identified candidate genes potentially involved in MV-mediated T cell silencing which
include both membrane receptors and proteins regulating cellular metabolic pathways.
While addressing cytoskeletal and signalling alterations induced in response to MV-induced NSM activation, we have observed that they were a result of deregulation of NSM
activation, which normally occurs after TCR and CD28 co-stimulation in a strictly temporal and spatially confined manner. T cells that are genetically depleted of NSM or in
which its enzymatic activity has been pharmacologically inhibited are hyper-responsive
to co-stimulation, yet unable to signal in response to TCR ligation alone suggesting that
NSM activity is required for this process. We also defined the significant importance
of the NSM in T cell directional motility, which together with its role in TCR signaling,
reflects the key function of the enzyme in cell polarity. To follow sphingolipid compartmentalisation and trafficking in stimulated T cells directly, we have generated functional
analogues suitable for click reactions and are currently expanding the portfolio of those
in collaboration with Jürgen Seibel (Organic Chemistry, Würzburg) and Markus Sauer
(Biophysics, Würzburg).
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03.5
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roy gross
vera kozjak-pavlovic

The Department of Microbiology is part of the Biology Faculty at
the University of Würzburg. Prof. Dr. Thomas Rudel has chaired
the department since 2008.
The research activities at the department centre on the pathogenicity mechanisms of different microorganisms, including the
manipulation of various signalling cascades, non-coding RNAs
and cellular processes such as the cell death pathways in the
host. In this context the infection biology of obligate intracellular
bacteria such as Chlamydia is a major focus. Groups are also investigating the molecular basis of disseminating gonococcal infections and the host cell death induced by Staphylococcus aureus
as well as the intracellular lifestyle of this bacterium. In addition,
there is also great interest in understanding the role of (co-)infections in the onset of ovarian cancer and the signaling pathways
involved. Members of the department provide microbiology and
infection biology lectures and practical courses for medical, biomedical, biochemistry and biology students.
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3.5 department of microbiology
3.5.1 infection biology of bacteria
The group investigates pathogenicity mechanisms of the major human pathogens
Chlamydia, Neisseria gonorrhoeae, and Staphylococcus aureus. Furthermore, there is a focus
on bacterial and viral co-infections, particularly Chlamydia and herpes virus, and their
impact on human diseases such as cancer.
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INTRODUCTION
During the course of infection bacterial pathogens can dramatically alter host cell function to overcome innate and acquired immune responses and to inhabit their preferred
niches. Research in the Rudel group is divided into three major areas: (i) infection biology
of obligate intracellular bacteria (Chlamydia, Simkania), (ii) bacterial factors required for
dissemination and adaptation as well as the host cell response to Neisseria gonorrhoeae,
and (iii) cell biology of Staphylococcus aureus infection, particularly the induction of host
cell death. Many bacterial pathogens have acquired the ability to manipulate key biological processes within the host to facilitate their replication and dissemination. Remarkably, infection-induced manipulation of host cells often subverts and overrides cellular
fail-safe systems that normally protect them from chronic degenerative or proliferative
diseases. We aim to understand how and why particular bacterial pathogens interfere
with central protection pathways in the host cell such as apoptotic and non-apoptotic
cell death and DNA damage repair. These cell protection pathways play a major role
in preventing cancer development and their downregulation may thus facilitate or even
cause cancer. We are particularly interested in Chlamydia trachomatis, an organism that
has been associated with cervical and ovarian cancer. Infection by Chlamydia results in a
similar deregulation of cellular protection pathways as in ovarian cancer cells and epithelial cells. Likewise, there is clinical evidence for antibodies against Chlamydia in a disproportionately large percentage of ovarian cancer patients. Beyond Chlamydia infections,
epidemiological studies have suggested a co-occurrence of this pathogen with human
herpes viruses (HHVs) in several human diseases. For instance, human herpes virus-6
(HHV-6) DNA is frequently detected in different grades of cervical lesions. Therefore, a
main goal of our research is to understand chlamydial infections and co-infections and
how they may contribute to cancer development.
RESEARCH HIGHLIGHTS
The obligate intracellular pathogen Chlamydia depends on metabolites provided by the
host cell for growth and development. We have investigated the interconnection of the
host and pathogen metabolism and demonstrated a nearly complete dependence of
Chlamydia on amino acids provided by the host cell. During the active replication phase
of Chlamydia, host glucose is mainly used for the synthesis of bacterial cell wall building
blocks whereas ATP is taken up from the host cell as an energy source. Different carbon
compounds and metabolites are thus efficiently channeled from the host into bacterial
metabolic pathways for the production of biomass and energy. This model of co-substrate
usage in a partite metabolism therefore likely reflects a general feature in the adaptation
process of intracellular pathogens and their host that may finally provide metabolic robustness for the bacteria and decrease the metabolic burden for the host cells.
The survival and maintenance of the basal metabolic homeostasis of the Chlamydia-infected host cell are paramount for the completion of the intracellular life cycle of
the pathogen. Chlamydia itself however generates severe stress within the host cells by
promoting the transient production of ROS necessary for the establishment of infection
and growth. Such stress would be sufficient to promote mitochondrial fragmentation and
thereby suppress the ATP production required by the bacteria as an energy source. We
have demonstrated that Chlamydia infection both induces and requires an upregulation
of the host miRNA, miR-30c-5p (miR-30c) to ameliorate infection-induced stress on the
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host mitochondrial architecture. The protective effect of Chlamydia on the host mitochondrial network is a result of the miR-30c-mediated suppression of p53, which results
the low expression of the major mitochondrial fission regulator Drp1. Thus, despite an
excess of infection-induced stress, mitochondria are protected and generate sufficient
ATP for Chlamydia replication.
Protection from cell autonomous defense is essential for Chlamydia to propagate
inside host cells. We have shown that the chlamydial deubiquitinating enzyme (Cdu) 1
localises to the inclusion membrane with the active deubiquitinating enzyme domain
facing the cytoplasm. The inactivation of Cdu1 in Chlamydia leads to increased K63-ubiquitination of the inclusion followed by the recruitment of ubiquitin-binding proteins
from the autophagy machinery. Finally, loss of Cdu1 increased the sensitivity of Chlamydia
to IFN and impaired infection in vivo. Thus, the chlamydial inclusion serves as a deubiquitination platform to protect the pathogen from host defense mechanisms.
We also identified the staphylococcal repressor of surface proteins (rsp) in a genome-wide screen for genes influencing S. aureus survival in human cells. This effect
is likely mediated via SSR42, a long-noncoding RNA. We have shown that rsp controls
SSR42 expression, is induced by hydrogen peroxide, and is required for normal cytotoxicity and hemolytic activity.
FUTURE DIRECTIONS
We will continue to investigate pathogenicity mechanisms of different bacteria. With respect to obligate intracellular bacteria, metabolic adaptation to the host cell intracellular
environment will be of particular interest. Furthermore, we will continue to pursue the
molecular basis of disseminating gonococcal infections and host cell death induced by S.
aureus infection. In addition, it is our goal to understand the significance of infections in
the emergence and progression of cancer. Therefore, we aim to investigate the contribution of Chlamydia infections to the onset of ovarian cancer and the signalling pathways
involved using suitable in vitro and in vivo models for malignant transformation.
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Fig. 1: Overexpression of wild-type p53 prevents formation of Chlamydia inclusion.

Fig. 2: Confocal microscopy image of a Simkania negevensis-infected A549 cell.
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Staphylococcus aureus is endocytosed by human cells, however, certain strains such as
methicillin-resistant S. aureus (MRSA) readily escape from the phagosome thereby
avoiding eradication by the host’s defense mechanisms. The research group focuses on the
identification of bacterial virulence factors involved in phagosomal escape and cytotoxicity
as well as host factors that support the intracellular survival of S. aureus.

Fig. 1: S. aureus (cyan) is readily endocytosed by a lung epithelial cell and resides in
late endosomes (yellow).

INTRODUCTION
Staphylococcus aureus is taken up by phagocytic cells of the human immune system but
is also readily internalised by non-professional phagocytes including endothelial or epithelial cells. After invasion of host cells, cytotoxic S. aureus strains are able to escape the
phagosomal vesicles within a subset of host cells killing them from within. This leads to
a continuous cycle of phagocytosis and escape resulting in persistence of the bacteria
within infected tissues. However, the bacterial or host effectors as well as the underlying
molecular mechanisms are largely unknown.
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RESEARCH HIGHLIGHTS
Previously, we have developed escape reporter cells that we infected with a variety of
S. aureus mutant strains in order to measure the escape proficiency of each strain by automated microscopy. We thereby identified candidate bacterial genes encoding a non-ribosomal peptide synthase (NRPS). The S. aureus NRPS and its peptide product, the cyclic
dipeptide phevalin, enhance S. aureus phagosomal escape, contributing to epithelial and
immune cell death. Bacterial mutants in the NRPS genes were significantly attenuated in
vitro and also in vivo. Attenuation of virulence is readily recovered by genetic complementation as well as the addition of synthetic phevalin.
In order to identify additional virulence factors involved in S. aureus-induced virulence we conducted unbiased transposon mutant pool screens in vitro and in vivo. We
used a complex mutant library and analysed the recovered bacteria after, e.g., intracellular
passage through host cells by transposon insertion site deep sequencing. By using this
approach we not only identified a role for the NRPS in S. aureus-induced pneumonia, but
also identified a transcriptional regulator, Rsp, involved in S. aureus intracellular cytotoxicity. We have demonstrated that mutants devoid of this regulator had dramatically reduced
cytotoxic effects on epithelial cells, macrophages and neutrophils and were avirulent in
lung infections in mice. Identification of the transcription factor regulon established Rsp
as a novel virulence regulator. Most interestingly, S. aureus rsp mutants can be recovered
from bacteremia isolates in patients with nasal S. aureus carriage. This demonstrates that
during human nasal carriage S. aureus is able to acquire mutations within the rsp locus,
which can influence the invasiveness of the pathogen.

Blättner S, Das S, Paprotka K, Eilers U, Krischke M,
Kretschmer D, Remmele CW, Dittrich M, Müller T,
Schuelein-Voelk C, Hertlein T, Mueller MJ, Huettel
B, Reinhardt R, Ohlsen K, Rudel T,
Fraunholz MJ (2016) Staphylococcus aureus Exploits
a Non-ribosomal Cyclic Dipeptide to Modulate
Survival within Epithelial Cells and Phagocytes.
PLoS Pathogens 12:e1005857
Münzenmayer L, Geiger T, Daiber E, Schulte B,
Autenrieth SE, Fraunholz M, Wolz C (2016)
Influence of Sae-regulated and Agr-regulated factors
on the escape of Staphylococcus aureus from human
macrophages. Cellular Microbiology 18:1172-83

Fig. 2: S. aureus (magenta) escapes from phagosomes of a recombinant endothelial
cell line. A reporter protein (green) is recruited to the bacterial cell wall only once
S. aureus translocated to the cytoplasm of its host cell. The arrow indicates escaped
S. aureus. Bar: 2 μm.
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FUTURE DIRECTIONS
Our results indicate a fine-tuned host-pathogen interplay for intracellular S. aureus involving the uptake of the bacteria, their host-cell dependent phagosomal escape, growth
within the cells and cytolysis of the infected host cells. We will therefore conduct time
resolved experiments to further characterise molecular mechanisms and timing of the
involved processes in both, the host and pathogen.
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3.5.3 endosymbiont biology
Bacterial endosymbiosis is a major driving force in the evolution of life.
Endosymbiotic bacteria are widespread in insects and have significantly contributed to
the evolutionary success of this major group of animals. Thus, these animals
must have evolved mechanisms to tolerate chronic infection by beneficial bacteria while
discriminating and eradicating pathogenic bacteria.

INTRODUCTION
More than 120 years ago Friedrich Blochmann described the presence of obligate mutualistic intracellular bacteria in an animal. These unculturable bacteria (Candidatus Blochmannia) are found in bacteriocytes in the midgut and ovaries of ants of the genus Camponotus and are transmitted vertically to the offspring. This bacteria-host association has
existed for at least 50 Mio years. Previous work from our group has revealed a nutritional
basis of the symbiosis: the bacteria produce essential amino acids for the host and are involved in nitrogen recycling, thereby enabling the animals to settle in nitrogen poor niches such as tropical rainforest canopies. Bacterial replication within the midgut is tightly
coupled to the developmental cycle of the holometabolous host. The bacteria massively
multiply only during pupation, while in adult animals the number of endosymbionts decreases rapidly. In the ovaries the bacteria constantly infiltrate newly developing oocytes.
To address the question of how the bacteria are controlled in the midgut and the ovaries
we have characterised the ant`s immune transcriptome and began to investigate the
distribution and transfer mechanism of these obligate intracellular bacteria in the ovaries.
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RESEARCH HIGHLIGHTS
The genome sequence of Camponotus floridanus was recently established. Using an Illumina- based transcriptome analysis of immune challenged versus untreated animals, we
re-annotated the genome sequence with a special emphasis on immune-regulated genes.
This analysis revealed a complex innate immune system possessing many components
known from Drosophila melanogaster, especially with regard to central signal transduction pathways (Toll-pathway, Imd-pathway, etc.). By contrast, a relatively small number of
pattern recognition receptors (PRRs) recognising microbe associated molecular patterns
(MAMPs) and immune effectors were identified. However, correlating host gene expression with the massive endosymbiont multiplication in the midgut during pupation and in
the ovaries led to identification of two pattern recognition receptors (PRRs) due to their
expression profile. These PRRs are strongly and specifically upregulated in the midgut
during pupation and in the ovaries of egg-producing queen-less workers. These PRRs
must be negative modulators of the immune response, since they are endowed with an
amidase activity that cleaves peptidoglycan fragments to eliminate a major MAMP. Thus,
our data provide the first evidence for a down-modulation of the immune response in the
midgut during pupation and in the ovaries, thus allowing the expansion of the endosymbiont population. This assumption is strongly supported by experimental evidence for
a dampening of the immune response in the midgut tissue but not in other body parts
during pupation. Thus, these amidase PRRs appear to be key players in endosymbiont
tolerance in Camponotus floridanus and may be a general mechanism used in endosymbiont-bearing insects.
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In a further project we investigated Blochmannia infiltration of the oocytes. For this
we have taken advantage of the fact that worker animals have strongly reduced ovaries
which are quickly re-activated to produce haploid eggs when the animals are isolated
from their queen. We have found that the germarium of the ovaries always remains free
of bacteria, but the bacteria suddenly appear in cells of somatic origin after about four
divisions of the stem cells which then differentiate in nurse cells and oocytes. Around
the fifth division stage the bacteria are found free in the cytosol of the pro-oocytes and in
virtually all cells of somatic origin including follicle cells, but they are never found in nurse
cells. As egg chambers develop, the bacteria entirely disappear from somatic cells and are
found exclusively and abundantly within the oocytes. As oocyte development progresses
further the bacteria relocalise to the posterior pole of the eggs. Only during early stages
of oogenesis when the bacteria start to appear in the cytoplasm of pro-oocytes many bacteria are found in host-derived vesicles indicating endocytotic processes to be involved in
bacterial uptake.
FUTURE DIRECTIONS
The group aims to elucidate the molecular mechanisms involved in how insects tolerate
chronic infections by mutualistic bacteria while at the same time they are able to eradicate
pathogenic bacteria. To further address this question the hemolymph immune proteome
will be characterised, with the aim to identify (immune) factors involved in the control
of the endosymbionts. A fascinating topic which merits further investigations regards
the cell tropism of the bacteria within the ovaries which in the end leads to an exclusive
infection of the maturing oocytes.
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Fig. 1: A Camponotus species on a leaf (photograph by H. Feldhaar).

Fig. 2: Confocal image of two ovarioles of a queen-less Camponotus floridanus
worker: DAPI-staining (blue), Blochmannia stained with Alexa488 (green)
(photograph by Maria Kupper).
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3.5 department of microbiology
3.5.4 bacterial invasion and intracellular survival
We investigate bacterial and host-cell factors involved in the low phosphate-dependent
invasion and intracellular survival of Neisseria gonorrhoeae. To support these
investigations, we are developing three-dimensional tissue models of endometrial,
cervical and urethral tissue. Furthermore, we are interested in the role of mitochondria in
infection processes, with a focus on the intracellular pathogen Simkania negevensis.

FUTURE DIRECTIONS
Our future aim is to characterise pathogenicity factors that have been identified in transposon screens to be involved in the induction of cell death and invasion by N. gonorrhoeae. As we improve our 3D-tissue models, we are also working on the development of
imaging procedures, which will enable us to study invasion, transcytosis and dissemination of N. gonorrhoeae in greater depth. We will explore the interaction between Neisseria
and neutrophils, in 3D-tissue models and also on the single cell level. The connection
between mitochondria and S. negevensis, as well as mitochondrial biogenesis in the context of infection remains in our focus. Finally, we will continue to explore photoactivatable
proteins as research tools in infection biology.
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INTRODUCTION
Neiseria gonorrhoeae is a human pathogen that causes the sexually transmitted disease
gonorrhea, which includes complications such as pelvic inflammatory disease, sterility
and in rare cases disseminated gonococcal infection. During infection, N. gonorrhoeae
depends on pathogenicity factors, such as Pili for its initial adhesion, Opa proteins for
invasion and PorBIA porin, which seems to be of special importance in disseminated
infections. PorBIA porin interacts with the surface receptor SREC-I of epithelial cells and
mediates bacterial invasion under low phosphate conditions. PorBIA is also transported
into mitochondria during infection, where it induces mitochondrial fragmentation and
membrane potential loss, contributing to cell death. N. gonorrhoeae is an obligate human
pathogen; therefore it is of special importance to develop satisfactory infection models
other than classical cell culture.
Simkania negevensis is an obligate intracellular pathogen related to Chlamydia and
connected to pulmonary infections in young adults and children. Upon infection, S. negevensis resides in an infection vacuole (Simkania-containing vacuole, or SnCV), which
forms close contacts with the endoplasmic reticulum (ER) and mitochondria. The ability
of Simkania to block the ER stress response and apoptosis in infected cells, in contrast
to the observed fragmentation of mitochondria during infection, makes these bacteria a
fascinating object of research on the interplay between cell organelles and intracellular
bacteria.
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RESEARCH HIGHLIGHTS
Part of our research has focused on the low phosphate dependent invasion (LPDI) process that is mediated through the interaction of neisserial PorBIA and the SREC-I receptor.
We have identified new cellular and bacterial factors that might play a role in this process.
We have also succeeded in generating the first 3D-tissue models based on endometrial,
colon and urethral epithelial cell lines that have been tested as promising novel models
for investigating neisserial infection.
We are exploring novel substances, such as macrophage infectivity potentiator (MIP)
inhibitors, against C. trachomatis and N. gonorrhoeae infections. Inhibition of MIP strongly negatively influences the survival of N. gonorrhoeae in neutrophils as well as infectivity
and progeny generation in C. trachomatis, supporting an important role for the MIP protein in the life cycle and pathogenicity of bacteria.
We are also addressing the requirement of functional mitochondria during infection
with intracellular pathogenic bacteria such as C. trachomatis and S. negevensis. This is
in close connection with our work on mitochondrial biogenesis factors with a focus on
novel proteins that are involved in the maintenance of cristae stability and mitochondrial
morphology. Finally, we are interested in the possible use of optogenetic tools in infection biology. We have explored the mitochondria-targeted photoactivated adenylyl cyclase
bPAC and endoplasmic reticulum-targeted cyclic nucleotide gated channels as tools for
modulating cellular ATP levels and Ca2+ signalling, both of which are important factors
in infection processes.
institutions of the zinf
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Fig. 1: Neisseria gonorrhoeae invading the cell under low phosphate conditions.

is a novel mitochondrial intermembrane space protein
connected to respiratory chain assembly.
Journal of Molecular Biology 426:908-920

Fig. 2: Mitochondrial fragmentation in the course of infection with Simkania negevensis.
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03.6

Department of
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hermann einsele
andreas beilhack
hartwig klinker
jürgen löffler

The Department of Internal Medicine II at the University Hospital Clinics is part of the Medical Faculty of the University of
Würzburg. Since 2004 it has been under the directorship of Prof.
Dr. Hermann Einsele.
The department contains six research divisions, which include
Hematology and Medical Oncology, Infectious Diseases, Gastroenterology, Hepatology, Clinical Immunology and Psychosomatics. Excellent conditions for clinical research, teaching, and patient care exist due to close interdisciplinary interactions with the
Centre of Internal Medicine and Centre of Operative Medicine.
It contains a new and state-of-the-art stem cell transplantation
unit and the University Hospital Würzburg runs the second largest stem cell transplantation program in Germany implementing many novel strategies. The division of infectious diseases
has been certified as one of the first Centers of Infectology in
Germany. The clinical focuses of the division are HIV-infections,
chronic virus hepatitis and opportunistic infections in immunocompromised patients.
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3.6 department of internal medicine ii
3.6.1 interaction of Aspergillus fumigatus with human
natural killer cells and dendritic cells
Aspergillus fumigatus is a ubiquitious fungus that has the ability to initiate
invasive infections in immunocompromised patients.
The group aims to understand the pathophysiology of invasive aspergillosis and
develop new strategies to improve diagnosis.

burg, research groups are characterising infection-relevant networks of A. fumigatus and
host cells in response to the pathogen. To obtain a better understanding of IA, the groups
are systematically investigating all levels of infection biology starting with the pathogen,
via its interaction with single cell types (epithelial cells, DCs, alveolar macrophages, neutrophils, natural killer (NK) cells) and more complex infection models involving several
cell types at the same time before moving to mouse models and clinical samples. These
approaches will enable the elucidation of the regulatory circuits in both the pathogen and
the host cells using functional genomics. The relevance of single genes/proteins in this
process will be further studied by applying functional analyses (generation of knock-out
mutants, biochemical analysis, cell culture and animal models, RNAi). Finally, based on
these data, patient material will be analysed to provide the clinical relevance of experimental (primary cells, cell cultures, animal models) and computational models.
FUTURE DIRECTIONS
In the next few years we not only aim to provide new insight into the pathogenicity mechanisms of Aspergillus fumigatus, but also identify diagnostic biomarkers and potential targets for new antimycotic approaches, including the development of protocols for GMPgrade generation of DCs, NK and Treg cells suitable for clinical use.

INTRODUCTION
Aspergillus fumigatus is a saprophytic fungus that is found ubiquitously in the environment, where it plays an important role in the recycling of carbon and nitrogen. However,
within the last two decades it has become one of the most important fungal pathogens.
While inhaled conidia are efficiently cleared by the innate immune system of healthy humans, they can cause severe invasive disease in immunocompromised patients. In these
immunocompromised hosts, the inhaled conidia are internalised by airway epithelial cells
or pulmonary macrophages before undergoing germination and hyphal growth, leading
to invasive aspergillosis (IA), with the primary site of infection being the lungs. Patients
with neutropenia, T cell depletion, CD34-selected stem cell products, corticosteroid therapy, and cytomegalovirus infections are especially at risk of developing IA. Currently, there
are a lack of reliable diagnostic tools and effective treatments, resulting in a high mortality
rate of between 40 and 90 % in high-risk populations.
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RESEARCH HIGHLIGHTS
Invasive aspergillosis (IA) is the most detrimental infection in patients with haematological malignancies. Although, IA may be perceived to be an uncommon disease with an
incidence of 10 000 annual cases in Europe, there is increasing evidence that it is affecting
a broader range of patients. In addition, IA is the most expensive opportunistic infection
in immunosuppressed patients, with the annual cost in Europe being >100 million Euros.
The major infectious disease related interests of groups within the Dept. of Internal Medicine II are represented within the framework of two international and national research
consortia. A major problem in the management of IA is the poor diagnosis. Therefore,
within the framework of the EU ERA-NET pathogenomics program (Invasive aspergillosis: Biomarkers for prevention, diagnosis and treatment response (aspBIOmics)), groups
within the Dept. of Internal Medicine are developing and evaluating a range of in vitro assays for a comprehensive multimodal analysis. This includes combining the detection of
Aspergillus fumigatus elements (DNA, RNA, polysaccharides, proteins), host factors and
the individual genetic susceptibility of the patients. The major benefit of this combined
approach is the availability of a panel of biomarkers incorporated into rapid and sensitive
ex vivo assays. This means that for the first time, a multi-parameter diagnostic strategy
is being undertaken to target IA. This strategy has the potential to identify patients who
are at highest risk of IA before the infection occurs. As a consequence, effective tailored
prophylaxis can be provided and the success of antifungal therapy can be monitored. The
CRC/Transregio 124 (Pathogenic fungi and their human host: Networks of inter- action)
aims to combine state-of-the-art research in mycology and immunology to gain novel
insights into the pathophysiology of invasive mycoses. The explicit goal of this initiative
is to use modern sophisticated high-throughput approaches in basic research to generate
data that can be used to improve diagnosis and treatment of these infections. As part of
this national consortium, which includes groups from the Friedrich Schiller University
and Hans Knöll Institute, Jena and the Research Centre for Infectious Diseases in Würz-
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Fig. 1: Aspergillus fumigatus spores
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3.6 department of internal medicine ii
3.6.2 experimental stem cell transplantation
Allogeneic hematopoietic cell transplantation can be a life-saving therapy for patients
with high-risk malignant diseases. The group investigates beneficial and detrimental
immune effector mechanisms – particularly anti-tumour effects, protection from
graft-versus-host disease and opportunistic infections.

INTRODUCTION
The fungus Aspergillus fumigatus can cause life-threatening fungal infections after allogeneic hematopoietic cell transplantation or in other situations when the immune system is
perturbed. Imbalances in the immune system or disruption of cellular barriers can result
in invasive pulmonary aspergillosis. Clearance of these infections depends on immune
effector cells from the innate and adaptive immune system. Until now, only limited information has been available concerning the time-resolved progression and spatial distribution of Aspergillus fumigatus during infection and its dependence on the underlying
predisposing condition. Furthermore, the dynamics of immune cell recruitment and the
way in which they act in concert is not well understood. Our group employs various in
vivo and ex vivo imaging techniques to visualise disease progression, immune cell recruitment and the physical interactions among immune cells and the pathogen under in vivo
conditions. By modulating the immune system we are analysing the changes in interaction patterns and its effect on the outcome of fungal infections. We aim to elucidate the
interplay of host and pathogen under in vivo conditions to develop novel strategies to
improve disease outcome.

FUTURE DIRECTIONS
As members of the Collaborative Research Centre TRR124 Pathogenic fungi and their human host: Networks of interaction we will further develop and continue to employ our
imaging and microscopy platform to investigate dynamic immune-pathogen interactions
in vivo. Also we will take advantage of advanced single-cell analyses tools, the strong
bioinformatics core and our close ties with the clinics to elucidate critical host-pathogen
interactions to improve diagnostics and therapeutic options for patients undergoing hematopoietic cell transplantation and/or suffering from chronic opportunistic infections.
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Fig. 1: Pulmonary Aspergillosis. Light sheet fluorescence microscopy of the intact lung
allows visualizing Aspergillus fumigatus infection (red), quantifying fungal dissemination
(computed hyphal filament length measurement in blue, autofluorescent lung tissue in

fumigatus reveals biosynthesis of sulfur-containing
amino acids as a virulence determinant.
Infection and Immunity 84:917-929

green), and assessing immune cell interactions.
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RESEARCH HIGHLIGHTS
During the last few years we have been developing microscopy and imaging techniques to
investigate complex immune processes in vivo. Together with Sven Krappmann (former
ZINF Young Investigator, now at the University Hospital in Erlangen) we have developed
systems to visualise luminescent Aspergillus fumigatus infection in vivo in a non-invasive
manner. We have also developed a high-resolution multicolour light-sheet fluorescence
microscopy (LSFM) technique to monitor dynamic immune responses in intact organs
of mice or in biopsies from patients. This method has the advantage of being able to
visualise and quantify single cell interactions within their three-dimensional tissue environment. We are continuing this endeavour together with Katrin Heinze (Rudolf Virchow
Center, Würzburg) and have built a next-generation LSFM that enables the concomitant
detection of four colour channels of mesoscopic tissue specimens of up to 1cm in diameter. With Markus Sauer (Institute of Biotechnology & Biophysics, Würzburg) we are
attempting to combine this method with super resolution microscopy. We have applied
this approach to our in vivo animal models and elucidated the function of signalling pathways and essential transcription factors of defined T cell subsets after allogeneic hematopoietic cell transplantation. Non-invasive bioluminescence imaging in combination with
multicolour light-sheet fluorescence microscopy enabled us to pinpoint critical events
after allogeneic transplantation. Using mouse models we have identified a time period
of two weeks of massive alloreactive donor T cell migration in the blood after allogeneic
hematopoietic cell transplantation before clinical aGVHD symptoms appear. Based on
these observations we defined a collection of diagnostic markers to timely predict acute
graft-versus-host disease. We have also identified potential therapeutic markers to foster
transplantation tolerance without impairing desired effector functions such as the immune control of cancer cells as well as fungal and viral infections.
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3.6 department of internal medicine ii
3.6.3 division of infectious diseases
The group uses laboratory and clinical based approaches to investigate innovative
anti-infective strategies in the fields of HIV-infection, chronic hepatitis B/C,
and opportunistic infections in immunocompromised hosts. The pharmacokinetic
analysis center focuses on the detection and quantification of different antiviral
and antifungal agents.

INTRODUCTION
Worldwide, approximately 37 million people are living with HIV/AIDS. The availability of
potent antiretroviral drugs to inhibit HIV replication has provided important clinical benefits for many patients. However, a lifelong treatment regime with complex medications
places great demands on both patients and their physicians. Major problems associated
with long-term antiretroviral therapy include adherence to antiretroviral treatments, drug
resistance, toxicity, pharmacokinetics and pharmacological interactions.
Chronic hepatitis C is also among the most frequent infections in the world (about
170 million cases) and is often complicated by liver cirrhosis and hepatocellular carcinoma. While antiviral treatments have recently dramatically improved, adequate drug
exposure data are widely missing.
Invasive fungal infections are a life threatening complication in patients with haematological malignancies, especially those with acute myeloic leukemia or who are undergoing allogeneic stem cell transplantation. These patients often receive a number of different drugs for the underlying disease and for prophylaxis or treatment of complications.
Therefore, drug interactions are a relevant problem in daily medical care. The section of
Infectious Diseases is a clinical center within the German Liver Foundation. Since 2005,
the study-center has participated in the worldwide study-network for strategical HIV-studies INSIGHT (International Network for Strategic Initiatives in Global HIV Trials) sponsored by the National Institutes of Health/USA (http:// www.insighttrials. org).
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RESEARCH HIGHLIGHTS
The laboratory specialises in developing and implementing methods for evaluating the
pharmacokinetics and therapeutic drug monitoring of virostatic and antifungal agents.
One major focus is the pharmacokinetic evaluation of HIV protease inhibitors (PI) and
non-nucleoside reverse transcriptase inhibitors (NNRTI) during highly active antiretroviral therapy (HAART) in patients with HIV-infection. We have developed high-pressure
liquid chromatographic (HPLC) methods for determining plasma levels of HIV-1 PI
saquinavir, indinavir, ritonavir, nelfinavir, amprenavir, lopinavir, atazanavir, darunavir and
tipranavir, the integrase inhibitors raltegravir, elvitegravir, dolutegravir and for the NNRTI
efavirenz, etravirine and rilpivirine. Concentrations of nevirapine, another NNRTI, have
been investigated using a gas chromatographic setup with nitrogen-phosphorous detection. In a pharmacokinetic study we have demonstrated adequate plasma-concentrations
following a once-daily dosed combination of ritonavir-boosted darunavir with dolutegravir (Fig. 1), underlining that this combination is a potent and safe NRTI-free alternative.
The antifungal triazoles voriconazole and posaconazole are broadly used for either
treatment or prophylaxis of invasive fungal infections. Voriconazole is metabolised by the
CYP P450-system, while posaconazole inhibits the cytochrome P450 enzymes. For pharmacokinetic studies, we have developed a combined HPLC-assay for the determination of
serum concentrations of both triazoles. For hepatitis C, antiviral treatment has changed
dramatically. The division of infectious diseases is a study centre for many international
phase II and III studies with investigational anti-HCV drugs (protease inhibitors, polymerase inhibitors, NS5A inhibitors) such as Paritaprevir, Ombitasvir, Dasabuvir, Grazoprevir, Elbasvir, Daclatasvir, Simeprevir, Sofosbuvir, Velpatasvir, Voxilaprevir, Pibrentasvir
and Glecaprevir. A new HPLC-method for the simultaneous determination and quantification of Daclatasvir, Simeprevir, Dasabuvir, Grazoprevir, Velpatasvir and Ledipasvir has
recently been established (Fig. 2).
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Clinical phase III studies in patients with haematological malignancies have mainly
focused on fungal infections. In an investigator-initiated study (CASPHYLAX, initiated by
Dr. Werner Heinz, Würzburg), we have been evaluating the pharmacokinetics and efficacy
of caspofungin treatment for primary prophylaxis With respect to HIV we have participated in the NIH-and BMBF-sponsored worldwide START-study, one of the most important
strategic HIV-studies, to evaluate the optimal timing for beginning antiretroviral therapy.
The study is ongoing, the follow up of the patients is projected until 2021.
FUTURE DIRECTIONS
During the course of a previous International Research Training Group (IRTG1522), numerous clinical and pharmacokinetic data were collected from HIV-patients with different
co-morbidities. We will perform a detailed analysis of these data, including a population
study of the pharmacokinetics of antiretroviral drugs. In the next few years, we will focus
on the development of methods for the quantification of new anti-HIV-, CMV-, and HCVagents. The determination of plasma concentrations of these drugs will provide insight
into the individual pharmacokinetics of antiviral treatments in different patient groups
and will contribute to improving the efficacy and safety of long-term treatment.
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Fig. 2: HPLC run of simultaneous determination of Daclatasvir (DCV),
Grazoprevir (GPV), Dasabuvir (DBV), Velpatasvir (VPT), Simeprevir (SMP),
and Ledipasvir (LDV) (NVF = Nelfinavir = internal standard)
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3.6.4 immunity against Aspergillus spp.
Aspergillus fumigatus is a major cause of morbidity and mortality in different cohorts
of immunocompromised patients. Our group aims to better understand
the interaction of A. fumigatus with the innate and adaptive immune system, and with
other pathogens and to characterise genetic susceptibility to the fungus.
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INTRODUCTION
Aspergillus spp. are ubiquitous moulds present as saprophytes in air, soil, and water.
Therefore, humans are constantly exposed to their omnipresent spores. Spores are inhaled daily and exposure to the fungi can be considerable depending on the particular
circumstances. In patients with a compromised immune system, deposition of the conidia on mucous membranes in the upper and lower respiratory tract enables their germination and the penetration of tissue barriers. Major groups of patients who are predisposed
to invasive fungal infections are leukemia patients and patients after allogeneic stem cell
and solid organ transplantation. A. fumigatus is the predominant human pathogenic species that induces invasive aspergillosis (IA). The clinical features of IA are often non-specific with imaging and mycological analyses rarely confirming the diagnosis, making the
discrimination between IA and other fungal infections particularly difficult. Medical progress and thus longer survival times have expanded the number of immunocompromised
patients, and consequently the rate of IA has increased 14-fold in Europe in recent years,
with an annual incidence of 10 000 cases in Europe. Lethality is around 85% and falls to
50% if patients are treated with antimycotic drugs. Furthermore, IA is the most expensive opportunistic infection in immunosuppressed patients with annual treatment costs
in Europe of approximately €100 million. In-hospital stays due to complications arising
from IA cause additional costs of € 75,000 per patient. In contrast to most bacterial
pathogens, A. fumigatus undergoes major morphological changes during the early phase
of infection, resulting in different fungal surface structures. Spores are constantly inhaled
and reach the lung alveoli. Cells of the innate immune system recognise the fungus and
its different morphologies by distinct pattern recognition receptors (PRR), which induce
cell specific as well as general defence mechanisms. The most important cells of the
innate immune system are alveolar macrophages, granulocytes, natural killer cells (NKcells) as well as dendritic cells (DC). To date, interactions between the fungus and these
cells of the innate immune system have not been well characterised.

DCs are key players in the activation of NK cells and that this activation is mediated by
the C-type lectin Dectin-1. Recently, our group has performed extensive studies on the
role of chimeric antigen receptors (CAR) for antigens of A. fumigatus on NK cells and
T cells. In parallel, we study the interaction of A. fumigatus with other pathogens of the
lung, focusing on cytomegalovirus. Another major research interest is the genetic susceptibility of patients to A. fumigatus infections. Genotyping of a large DNA bank identified
single nucleotide polymorphisms that are potentially associated with the occurrence of
Aspergillus infections. We have shown that defined point mutations in CXCL10, TLR5 and
PTX3 are significantly associated with invasive aspergillosis. We have also led several clinical
studies investigating the diagnosis and treatment of fungal infections, including
the emerging Mucorales infections and we are active leading contributors to the
standardisation of Aspergillus and Mucorales diagnosis in Europe (through our activity
in the European Aspergillus PCR Initiative Steering Committee [www.eapcri.eu]).
FUTURE DIRECTIONS
During the next few years we will focus our research on pathway analyses in different
innate immune cells (macrophages, DC, NK cells) exposed to various A. fumigatus
morphologies. Using a combined approach of parallel deep sequencing analyses of the
fungus and the host, and siRNA knockdown of selected target genes, we aim to define
specific immune-relevant pathways involved in aspergillosis. Our studies will further investigate the role of CD56 as immune receptor on human NK cells, mRNA and miRNA
profiles and the direct effects of rIFN and perforin on the fungus. We will also intensify
our work using CARs against pathogenic fungi. Our translational research will focus on
functionally characterising PBMC and NK cells isolated from patients after allogeneic SCT
during their ex vivo interaction with fungal pathogens. We will also strive to improve the
molecular diagnosis of Mucorales infections and to better understand the pathophysiology of these emerging fungal infections. Furthermore, we are characterizing the simultaneous in vitro interaction of the innate immune system with human cytomegalovirus and A.
fumigatus using -OMICS technologies. Overall our aim is to develop patient-specific risk
profiles and individual management strategies for patients suffering from IA. infections.

Hellmann A, Lother J, Wurster S, Lutz M, Schmitt
A, Morton O, Eyrich M, Czakai K, Einsele H,
Löffler J (2017)Human and murine innate immune
cell populations display common and distinct response
patterns during their in vitro interaction with the
pathogenic mould Aspergillus fumigatus.
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Fig. 1: Aspergillus fumigatus and monocytederived dendritic cells.
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Grube M, Löffler J, Maertens J, Bell A, Inforzato A,
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(2014) Genetic PTX3 deficiency and aspergillosis in
stem cell transplantation. New England Journal
of Medicine 370:421-432

Fig. 2: Aspergillus fumigatus hyphae and
activated human natural killer cells.

RESEARCH HIGHLIGHTS
The research of my group is targeted towards immune recognition of A. fumigatus, patients’ genetic susceptibility to this fungus, and the molecular diagnosis of invasive fungal infections. We have a long-term interest in extensively characterising the human and
murine innate and adaptive immune responses to fungal pathogens. Immune cell populations studied in the laboratory include DCs, macrophages, monocytes, NK cells, T cells
and PMN with a major focus on the relevance of innate immune receptors, anti-fungal
effector mechanisms and the response of DCs to the fungus. By analysing the effect of
recombinant antigens on the immune response to A. fumigatus, we have revealed TLR2-,
TLR4-, and dectin-1 dependent activation of DCs by the fungus. Furthermore, we have
shown that NK cells interact with and recognise A. fumigatus via the NK cell receptor
CD56, which results in the release of Th1-like cytokines and fungal killing. In addition,
we have revealed using a combination of live cell imaging and DStorm microscopy that
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4.1 integrative informatics for infection biology
The group, established in 2018, uses modern data science technologies, including
visualisation, machine learning, and statistical modelling, to extract biological insight from
high-throughput genomic and post-genomic data. We use these technologies
to understand the effects of RNA-based regulation in bacteria, particularly the facultative
intracellular pathogen Salmonella enterica, and non-coding RNA’s role in host-pathogen
interactions as well as pathogen evolution.

Finally, we are investigating the functional consequences of RNA-based regulation
during infection. Deletion of the central RBP Hfq leads to severe attenuation of disease;
however, deletion of individual sRNAs generally leads to mild, if any, phenotypes. One
potential reason for this is redundancy between sRNA-based regulation and other stress
response pathways. To investigate this, we have developed an sRNA genetic interaction
screen in phagocytic cells utilising Transposon Directed Insertion Sequencing (TraDIS),
which tracks transposon mutant frequency using sequencing. By performing TraDIS in
sRNA deletion backgrounds, we will be able to identify genetic loci whose contributions
to intracellular fitness depend on the presence of regulatory sRNAs.
We expect these technologies to provide new insights into the behavior of Salmonella
during host cell infection, and particularly non-coding RNA’s role in the infection process.
As many of these technologies are easily transferable between strains and species, a longterm goal of the group is to develop techniques for comparative functional genomics to
provide insight into the remodelling of the transcriptome as bacteria adapt to causing
infectious disease.
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INTRODUCTION
Recent years have seen an explosion of new experimental methods for infection biology
harnessing molecular assays to high-throughput sequencing. Rather than being limited
to investigating a single genetic locus, the massively parallel measurements enabled by
high-throughput sequencing allows the entire genetic complement of a cell to be queried
simultaneously. There is now a growing cottage industry centered on harnessing classical molecular biological techniques to high-throughput sequencing to take advantage of
the scaling properties of this technology. These methods can provide insight into a wide
variety of cellular processes, for instance transcription, translation, RNA-binding protein
interactions or fitness effects. However, they also often rely on complex treatments and
experimental designs that introduce substantial complications in interpreting and integrating the resulting data. As a result, the critical bottleneck in moving from hypothesis
to result is increasingly not in data generation, but in data analysis. We use the bacterial
pathogen Salmonella enterica as a model system for the development of systems approaches leveraging these technologies to gain insight into virulence processes.
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Westermann AJ, Förstner KU, Amman F,
Barquist L, Chao Y, Schulte LN, Müller L,
Reinhardt R, Stadler PF, Vogel J (2016) Dual
RNA-seq unveils noncoding RNA functions in
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Fig. 1: Overview of high-throughput methods for characterisation of the bacterial
transcriptome. Each is defined primarily by the macromolecule it makes accessible to
study: DNA, RNA, ribosomes, RNA-binding proteins, and transposon insertions. The
applications for these technologies span a range from discovery of novel transcripts to
contribution of direct information about molecular functions.

RESEARCH AND FUTURE DIRECTIONS
We are currently assembling a molecular atlas by integrating high-throughput functional
genomics data for Salmonella behaviour during infection. For this we are using several
core technologies, including Dual RNA-seq, CLIP-seq, global RNA stability assays and
transposon insertion sequencing.
Dual RNA-seq uses fluorescence-activated cell sorting of infected host cells and depletion of ribosomal RNA followed by high-throughput sequencing of cDNA to provide information on the transcriptional output of both host and pathogen cells simultaneously.
We are analysing a collection of Dual RNA-seq time course data sets in 14 different host
cell types, including both epithelial and phagocytic models derived from human, murine
and porcine sources. This will provide insight into core and variable processes during
host cell infection by Salmonella, providing insight into the requirements for Salmonella
infection in a variety of hosts.
In a second focus area, we are investigating the effects of RNA-binding proteins
(RBPs) on Salmonella virulence. These proteins regulate gene expression by altering
mRNA stability, either directly or through the mediation of RNA-RNA interactions with
small regulatory RNAs (sRNAs). We have applied CLIP-seq to identify the targets of these
proteins. CLIP-seq uses UV cross-linking of RBPs to their RNA substrates, followed by
RNA digestion and sequencing to produce short footprints indicating the binding region
of the RBP. To provide insight into the mechanisms of action of these RBPs, we are developing RNA-seq based RNA stability assays using rifampicin treatment followed by time
course analysis. We are currently developing hierarchical Bayesian models for the analysis
of this data to provide accurate estimation of differential decay rates. This technique will
be broadly applicable to the study of the role of RNA stability in bacterial pathogens.
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4.2 rna synthetic biology
CRISPR-Cas systems comprise RNA-guided immune systems that have formed
the basis for revolutionary genome-editing technologies. The group aims to understand
the functional diversity of these immune systems in prokaryotes and
how they can be further exploited to advance the study, diagnosis, and treatment
of infectious diseases in humans.

FUTURE DIRECTIONS
In the next few years, we aim to extend our prior efforts to advance the characterisation
of CRISPR-Cas systems and how these systems can be exploited to probe the genetics
of bacterial pathogens and generate programmable-spectrum antimicrobials effective
against multidrug resistant bacteria. Their characterisation efforts are being aided by the
use of cell-free transcription-translation systems (TXTL). TXTL eliminate the need for protein purification or live cells and allows the rapid and scalable characterisation of these
systems. Separately, the group is applying these tools to advance gene editing capabilities in bacteria. For instance, we have an ongoing collaboration with Dr. François Leulier
(Institute for Functional Genomics of Lyon) developing CRISPR-based tools to probe the
genetic features of Lactobacilli probiotics. The group is also advancing the same tools to
perform combinatorial, genome-wide screens to quickly uncover genetic features linked
to the infection cycle and pathogenesis. We are also advancing CRISPR-based antimicrobials by evaluating which of the diverse CRISPR nucleases yield the most potent antimicrobial activity and how to best generate bacteriophage-based delivery vehicles. These
efforts are being extended from laboratory strains of E. coli to important pathogens such
as Klebsiella and Shigella and could yield much-needed alternatives to antimicrobials.
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INTRODUCTION
CRISPR-Cas systems represent an adaptive immune system found in many bacteria and
almost all archaea. Unlike adaptive immune systems in higher eukaryotes, CRISPR-Cas
systems utilise RNA as the recognition element for foreign invaders. The RNA is used
to assess complementarity with a potential nucleic-acid target, while the system’s Cas
nucleases cleave highly complementary sequences. Given the simplicity of these rules
for sequence-specific nucleic-acid targeting, CRISPR-Cas systems were quickly co-opted
as programmable tools for genome editing, gene regulation, in vitro diagnostics, and imaging agents, and they are revolutionising our ability to detect and treat human disease.
However, despite these advances, current CRISPR technologies rely on a small handful
of systems and nucleases. In contrast, the prokaryotic world offers a rich diversity of proteins, mechanisms, and functions—many of which remain to be discovered. The group
seeks to explore the expanse of CRISPR-Cas systems found in nature in order to understand their functional diversity and their potential toward different application areas.
Furthermore, the group aims to exploit the resulting insights to develop a new generation
of CRISPR technologies with an eye toward understanding, identifying, and eradicating
bacterial pathogens.
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RESEARCH HIGHLIGHTS
In the last few years, the group has engaged in complementary efforts to understand and
exploit CRISPR-Cas immune systems. Towards understanding CRISPR-Cas systems, we
have devised a series of experimental methodologies to identify protospacer-adjacent
motifs (PAMs), short sequences that must flank a target sequence and are unique to each
CRISPR nuclease. The technique was based on our demonstration that Type I CRISPR-Cas
systems, the most prevalent type in nature, can be readily converted into programmable
gene regulators. The technique was successfully applied to a diverse set of system types,
arguing for the generalisability of the technique. Critically, the results provide strong evidence that PAMs are more flexible than previously appreciated, impacting both guideRNA design and off-target predictions. Towards exploiting CRISPR-Cas systems, we first
demonstrated that these systems could be harnessed as antimicrobial agents and has
been actively developing delivery vehicles based on engineered bacteriophages. Finally,
we have established several collaborations to elucidate the functional domains within
guide RNAs and to develop DNA-based delivery vehicles for CRISPR ribonucleoprotein
complexes into mammalian cells. In total, these efforts have established the versatility of
CRISPR-Cas systems and laid a foundation for future efforts to exploit these systems for
addressing infectious disease.
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Fig. 1: CRISPR-Cas systems use RNA to bind and cleave target DNA.

Fig. 2: CRISPR-equipped
bacteriophages can be used to
selectively eliminate members of
a mixed microbial population.

PRIZES AND AWARDS
2017 Camille Dreyfus Teacher-Scholar Award
2016 NIH Maximizing Investigators’ Research
Award for New and Early Stage Investigators
2016 Bay Area Lyme Foundation Emerging
Leader Award
2016 Sigma Xi Faculty Research Award
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4.3 recoding mechanisms in infections
Many RNA viruses use non-standard translation strategies during gene expression,
although when these occur, their underlying mechanisms and functions are often unclear.
Our group aims to discover these unconventional translation events and exploit their
regulation in RNA viruses and eukaryotic host cells during infection. Exploiting these hidden
messages in the pathogen and host genomes will provide new opportunities for viral
interventions and better treatment options.
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INTRODUCTION
Gene expression can be regulated at different levels including during the translation of
proteins from messenger RNA by the ribosome. Recoding is the non-standard translation
of specific mRNAs either by stop codon read through, hopping over coding sequences
or by ribosome frameshifting. The ability of the ribosome to translate a single mRNA
in multiple ways significantly expands the genome’s repertoire and facilitates the cellular response to changing environmental conditions at the protein level. Regulation of
gene expression via translational recoding relies on the presence of stimulatory cis- and
trans- acting factors acting on the mRNA. Programmed frameshifting is a recoding event
that can occur either in + or – direction relative to the normal reading frame and directs
the ribosomes to an alternative open reading frame. Although initially discovered in viruses, translational frameshifts are more common in bacteria and eukaryotic organisms
than previously envisioned. This mechanism is used by many important pathogens (i.e.
HIV and SARS -CoV) to synthesise genes of importance for replication and proliferation.
Frameshifts also occur in prokaryotic and eukaryotic genomes with efficiencies as high as
80%. In bacteria, frameshifting is employed to produce the gamma-subunit of the DNA
polymerase III and the copper transporter gene copA, which is important for copper homeostasis. In eukaryotes, a notable example is the embryonal carcinoma differentiation
regulated gene (edr), which is regulated in a spatiotemporal manner during embryogenesis. Another example occurs during translation of the human ccr5 gene, which is the HIV
co-receptor in CD4+ T cells. Global analysis of ribosome profiling data has revealed several new cases of alternative frame translations in human and bacterial genomes. However,
we currently do not understand the role and regulation of these individual programmed
alternative translation events during cellular processes and pathogenesis.
Although in many cases a fixed amount of frameshifting is crucial to have the correct
functional ratio of the alternative frame to regular frame translation products, there is recent compelling evidence that some frameshift events are subject to temporal regulation
by proteins and small RNAs. For example, HIV co-receptor ccr5 frameshifting is directed
by a slippery site and an mRNA pseudoknot, it is stimulated by two cellular microRNAs.
Frameshifting in the encephalomyocarditis virus is induced up to 70% by the viral protease 2A, which binds to an RNA stem loop downstream of the slippery nucleotides. The
2A protein also downregulates host cell protein synthesis by shutting-off cap-dependent
translation of cellular mRNAs in favor of IRES dependent translation of viral mRNAs.
The central focus of my group is to identify the molecular players of translational
recoding events in viral pathogens and eukaryotic host cells by using biochemical, cellular and biophysical analysis tools. So far, we have focused on revealing the mechanisms
involved in frameshifting using highly purified in vitro translation systems. We have developed a codon resolved real time translation assay to monitor translational dynamics
over an infectious bronchitis virus frameshift site. Using ensemble rapid kinetic tools we
have, for the first time, shown that frameshifting is a late-translocation event that occurs
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due to the presence of RNA secondary structure located at the mRNA entry channel of the
ribosome close to the internal helicase center, while the P-site is occupied by a slippery
codon. To resolve the chimeric state the ribosome moves in the –1 direction to overcome the kinetic roadblock effect. Subsequently, we have shown that the canonical rules
of frameshifting are conserved in the bacterial dnaX mRNA, which also occurs during
translocation. However, in addition we found that in the absence of the cognate-tRNA
molecule, which is the 0-frame substrate for the next elongation cycle the ribosome can
shift the reading frame by 1 or by 2 nucleotides in the – direction. These findings explain
the cause of many alternative reading frame products observed by other groups and highlights that tRNA imbalance, infections or starvation might lead to non-standard decoding
via frameshifting.
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FUTURE DIRECTIONS
We aim to discover unconventional translation events in RNA viruses and cellular genes
and understand the underlying mechanisms as well as characterising the RNA-interactome of pathogens and host cells, which can be of crucial importance in pathogenic
processes and cellular responses. To address the role of specific frameshifting mRNA
interactions we will use a highly interdisciplinary approach that combines cutting-edge
RNA analytics, such as ribosome profiling and deep sequencing, with biochemical and
computational tools. In addition, we have an interest in exploiting the impact of small
molecules or cellular small RNAs and proteins on the structural features of frameshifting
secondary structures and consequently on the regulation of frameshifting efficiency in
vivo and in vitro. For example, we recently characterised a small synthetic molecule that
directly modulates the efficiency of frameshifting in a viral mRNA.
Our model systems will include simplified reconstituted viral and cellular components to reveal the molecular phenomena in vitro as well as whole mammalian cells or
infected cell systems to study the mechanisms in vivo. Understanding the mechanisms
and the regulation of frameshifting will also potentially facilitate the development of
switchable gene expression modules and better treatment options for frameshifting related diseases in humans.
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Fig. 1: The three main recoding mechanisms read-through, bypassing and frameshifting
lead to the translation of alternative functional proteins.
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4.4 bioinformatics
The group is interested in applying a variety of bioinformatic approaches
to model host-pathogen interactions, from individual molecules to metabolic pathways
as well as systems biology modelling approaches of regulatory networks and the
dynamics of complex biological systems. A focus is on the interaction of various immune
and other cells with fungi or bacteria.

FUTURE DIRECTIONS
The infection biology knowledge gained from dynamic modelling of host-pathogen interactions will be instrumental for all future projects. Systems biology modelling, bioinformatics and omics analyses will also form the basis of new projects. For example, in
the DFG funded graduate students college GRK2157 “3D Tissue Models for Studying
Microbial Infections by Human Pathogens” we have now first dynamical models of the
metabolism in Chlamydia and its interaction with the human host. Current studies on
bacteria include Lactobacilli and Campylobacter strains. Regarding fungi and fungal infections we are currently enlarging our database on host-fungal interactions to other fungal
species and interactomes.
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INTRODUCTION
Bioinformatics traditionally follows the genetic flow of information from DNA to RNA to
proteins. The assembled components have to be interpreted as a complete system with
emergent properties, requiring cutting edge methods in systems biology and network
modelling. The group’s strong interest in infection biology results from the fact that all
these aspects are combined in the interaction between host and pathogen during the infection process, two cellular systems in intimate contact involved in an intricate battle for
survival. Starting from metabolic models, we also investigate system responses as well
as regulatory components. Our approach is generic, we are interested in various infection models that include different hosts such as animals (e.g. mouse, man, Camponotus
ants) and plants (e.g. Arabidopsis) and different infectious agents from fungi (Candida albicans, Aspergillus fumigatus), bacteria (Salmonella enterica, Staphylococcus aureus, Listeria)
to viridae (HIV, foamy virus; vaccinia virus). To fulfill our goals, we are developing new algorithms to model regulatory and metabolic networks as well as generating different and
specific biological models of metabolism and regulation in different infection processes.
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RESEARCH HIGHLIGHTS
Infections are complex multiparametric processes, involving many cell types, molecular networks and different environmental conditions. Regarding plant infections we have
modelled the effect of different hormones in plant infections by Gram-negative bacteria
as well as the battle between the plant host and the pathogen over sugar resources.
We have also generated a detailed game theoretical model of the battle between fungi
(C. albicans) and human macrophages outlining different defense strategies. This study
was complemented by the detailed modelling of cytokine production and defense action
against A. fumigatus by dendritic cells and macrophages as well as the modulatory effect
of platelet-rich plasma on these immune reactions. Regarding S. aureus pathophysiology,
we have modelled shared and specific proteins and protein complexes comparing all
available S. aureus strains with full genome sequence.
We have also extended our efforts in pharmacological modulation and antibiotic
development. In particular, we published the drug-minded protein interaction database
(DrumPID) for efficient target analysis and drug development. We are also interested
in modelling animal- microbial interactions, for instance the Camponotus ant and its
interaction with its endosymbiont Blochmannia, as well as Gram-negative pathogenic
bacteria.
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Fig. 1: Mus musculus – C.albicans network of functional gene ontology terms. Further
interactions were analyzed including subnetworks in more detail. The analysis reveals a
surprising variety of functional processes that are involved in mouse – C. albicans
interactions (Remmele et al., 2015).
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4.5 molecular and physical parasitology
Motion is a hallmark of life. We study motion on very different scales,
from molecules to organelles to cells and beyond. Our model system is the African
trypanosome, a deadly blood parasite.
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INTRODUCTION
Trypanosomes have hundreds of VSG genes of which only one is expressed at any given
time from one of 15 expression sites (ES). Stochastic switching to the expression of a
new VSG forms the basis of antigenic variation, a process discovered in trypanosomes,
but present in many pathogens. How antigenic variation works is only partly understood.
Likewise, it is unclear how VSG coat density is maintained during the cell division cycle.
This is of particular interest as all biosynthetic organelles in trypanosomes are present in
single copies and have to be duplicated and positioned precisely to guarantee transport
and recycling of new coat compounds – a process that requires finely-tuned control of
molecular and vesicular motion.
The functioning of all biological processes relies on motion, at times directed and
energy-dependent and at other times random and driven by thermodynamics. Signalling
molecules must reach their destinations, as must vesicles and organelles. The environment obviously influences motion, a fact that is surprisingly neglected. Chemical and
physical cues such as viscosity, pH, temperature, boundaries or obstacles must be taken
into account for a proper understanding of the behaviour of proteins in the cytoplasm
or within biological membranes. Likewise, macromolecular and organelle trafficking is
not only controlled by biological motors or the cytoskeleton but also by factors such as
crowding and confinement.
African trypanosomes are perfect model organisms for the analysis of motion on different scales. The unicellular parasites are constantly motile throughout their complex life
cycle. They prosper in the blood of their mammalian hosts, they penetrate into different
tissues and they cross the blood-brain barrier. Once ingested with the bite of the transmitting tsetse fly, they must undergo dramatic cell biological changes in order to adapt to
varying environments in the insect, a 30-day journey through mostly unknown ‘terrain’. At
all times, trypanosomes are covered with a dense coat of glycoproteins. Within the mammalian host the parasites are protected by variant surface glycoproteins (VSG), which
completely cover the cell surface with some 10 million copies of the same protein. This
VSG coat has to maintain its density and fluidity in order to function – a phenomenon
that requires very accurate control of membrane and protein trafficking. This makes trypanosomes ideal models for studying the motion of vesicles and organelles.
RESEARCH HIGHLIGHTS
We have further developed our long-term interest in trypanosomes as prototypic microswimmers. We are now in the second phase of the Physics DFG SPP 1726 “Microswimmers”, as one of few biological projects. We are specifically looking at the amazing diversity of trypanosome morphotypes in the tsetse fly. The parasites populate the vector for
several weeks before they become infectious towards mammals. We have detailed the
cellular waveforms of the different types of trypanosomes and measured their location
and density in subareas of the insect digestive system. Using advanced fluorescence light
sheet microscopy, we have described the topology inside the tsetse fly with unprecedented precision, thereby unravelling the enormously complex maze formed by the peritrophic matrix. Trypanosomes have evolved a life cycle stage that is perfectly adapted for
navigating this labyrinth. This work was supported by advanced mathematical modelling,
a nice demonstration of the recent advances in truly predictive simulation sciences. Using transgenic parasites and high-end imaging we have been able to track individual cells
in very large swarms. We are now just beginning to understand the biological meaning
behind the dramatic transitions between solitary and collective motion patterns; these
principles can be translated to other systems, such as microbial biofilms.
zinf members associated with other institutes

Another focus of our work is the development of trypanosomes. We have found a
striking mechanistic connection between antigenic variation and gain of developmental
competence. The enigmatic process of VSG surface coat switching is directly linked to
the control of cell cycle progression and insect stage development. We have been able
to identify molecular sensors in the trypanosomes expression site, a unique polymerase
I-transcribed, polycistronic and telomeric transcription unit. Furthermore, we have shown
that VSG and expression site control are interconnected processes. Using natural (pleomorphic) trypanosome strains, we have been able to challenge the dogma that life cycle
progression to the quiescent stumpy stage requires a quorum sensing factor, as developmental transition can also occur stochastically, during antigenic variation.
The VSG protein itself and the formation of the protective VSG coat has been a focus
of our interests for a long time. But only recently, we have succeeded in establishing an
in vitro system, which allows biophysical measurements of the VSG coat in artificial lipid
bilayers. In parallel, we have developed techniques that allow direct comparison with the
natural VSG coat on living trypanosomes. As a first and surprising result, we found that
the molecular length of VSGs is optimized for diffusion-limited functions. This work is
also the first example of a direct size-dependence of the diffusion of a GPI-anchored protein in biological membranes. We have recently solved the complete protein structures of
several VSGs. This – finally – allows a molecular examination of the trypanosome surface
coat. The surprising features of the VSG structures will likely prompt us to fundamentally
revise our current view.
FUTURE DIRECTIONS
We will intensify our studies on the molecular and genetic control of trypanosome development, with a special emphasis on the VSG expression site as a trypanosome master
regulator. In the near future, our biophysical approach using single-molecule analyses of
VSGs on living parasites and in defined systems will provide insight into the dynamics of
the trypanosome surface coat. We will continue with our analysis of trypanosomes as versatile eukaryotic microswimmers. One focus will be on the tsetse fly parasites, the other
on the dissemination and annidation of different trypanosome species in their vertebrate
hosts. For this, we have established human skin tissue models that are naturally infected
with trypanosomes by tsetse flies.
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Fig. 1: Like many of the parasites that cause tropical diseases, Trypanosoma brucei employs genetic trickery to evade the immune systems of
humans and other mammals. This involves changing the variant surface glycoprotein (VSG) coat that surrounds the parasite on a regular
basis in order to remain one step ahead of the immune system of its
host: while the immune system looks for invaders wearing a particular
coat, the parasites are spreading through the host in a completely
different coat. This image shows the VSG surface coat of a living trypanosome (left). The size of the VSG protein (middle) determines the
diffusion properties. When the VSG is enlarged, for example by binding
of streptavidin (right), the protein moves significantly slower, which has
direct implications for parasite survival (see Hartel et al., 2015).

Fig. 2: Different life cycle stages of Trypanosoma brucei (see Krüger and
Engstler, 2015).
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4.6 tissue immunity
In addition to mobile cells of the immune system that migrate through our body,
most anatomical compartments host resident populations of immune cells that act as local
sentinels and contribute to homeostasis, repair and function of their host tissue. We are
investigating how innate and adaptive lymphocytes adjust to specific tissue-environments and
how they function as part of local immune cell networks. Our aim is to understand the
context-dependent physiological and pathological functions of resident lymphocytes for
immune homeostasis as well as infectious and inflammatory diseases.

FUTURE DIRECTIONS
In our quest to understand the development and maintenance of the “functional architecture” of local networks of tissue-lymphocytes, we are employing genetic mouse models, experimental models of inflammatory diseases, tumours and infection, single-cell
genomics and advanced imaging. We expect that our studies will contribute to a better
understanding of the role of tissue-specific mechanisms in the regulation of immune
homeostasis and defense.
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INTRODUCTION
Local networks of tissue-resident lymphocytes are strategically positioned in most anatomical compartments, including epithelial barrier surfaces such as the skin, the lung
and the gut, where they provide immune surveillance and front-line defense to microbial
invasion. In addition to immediate immunological effector activities, tissue-resident lymphocytes interact with both hematopoietic and non-hematopoietic cells and contribute
to physiological mechanisms of tissue homeostasis, repair and barrier function. Understanding the development, regulation and function of these cells is therefore relevant for
a broad range of physiological and pathological conditions.
The recently discovered innate lymphoid cells and tissue-resident memory T cells
represent populations of prototypic lymphocytes that appear to adopt the fate of tissue-residency either “by default” during ontogeny, or, “as a result of induction” during
peripheral differentiation, respectively. Under physiologic conditions, the size, microanatomical localisation and subset composition of the local pools of lymphocytes differs
quite dramatically among different organs, but the mechanisms that instruct cell-intrinsic
adaptations and the development, maintenance and coordinated function of resident
lymphocytes in specific tissue environments are poorly understood. We are investigating
innate lymphoid cells and memory T cells to delineate the nature of shared principles and
cell-type specific characteristics of innate versus adaptive tissue-resident lymphocytes.
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RESEARCH HIGHLIGHTS
Our previous work revealed that the currently known subsets of innate lymphoid
cells (ILCs) are locally maintained as tissue-resident cells in all examined lymphoid
and non-lymphoid organs. The notion that ILCs form an integral part of their host-tissue
suggests the presence of mechanisms of local development, differentiation and maintenance, as well as tissue-specific imprinting and specialisation of ILCs, which we are
currently studying.
Our work has also raised the question about a potential “dual origin” of tissue ILCs,
as we demonstrated for the first time that hematogenous sources of ILCs can complement the pool of tissue ILCs in adult mice in the post-infectious recovery and tissue repair
phase of infection. Whether these hematogenously-derived cells function to replenish the
local pools of ILCs, or instead represent cells with a distinct differentiation and specialised functions, e.g. for tissue repair, is currently being investigated.
We have recently identified antigen-dependent competition of CD8+ T cells within
non-lymphoid tissues as a mechanism that regulates the generation of local pools of
resident memory T cells. These findings highlight local mechanisms for the “selection” or
fine-tuning of a tissue- and site-specific repertoire of resident memory cells that can optimally recognise antigens present in discernible regions or niches within a given tissue.
Such mechanisms may be critical to generate local pools of resident memory T cells that
can control pathogens persisting in defined anatomical regions, and to strategically position T cells with specificity for regionally distinct heterogeneous microbial communities.
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Fig. 1: Networks of lymphocytes in non-lymphoid tissues and barrier sites

Gasteiger G, Rudensky AY (2014) Interactions
between innate and adaptive lymphocytes.
Nature Reviews Immunology 14:631-9
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4.7 medicinal chemistry
New anti-infective drugs especially against protozoa, such as malaria, trypanosoma
and leishmania, and Gram-negative bacteria are urgently needed due to the fact that many
currently available drugs have significant adverse effects in addition to increasing
levels of resistance. The group develops and optimizes new anti-infectives, especially
by means of structure-based drug design.

INTRODUCTION
The decline in the development of anti-infective drugs by the pharmaceutical industry
has resulted in an almost empty drug pipeline. As many pathogens become increasingly resistant to one or more antibiotics we are in danger of losing the arsenal of drugs
against infections. This is especially true for Gram-negative bacteria, such as Pseudomonas, Klebsiella, Chlamydia and Neisseria. However, for tropical diseases like malaria, sleeping sickness and leishmanial infections the situation is even worse because of the lack
of effective drugs without severe adverse effects in addition to resistance problems. The
Collaborative Research Center SFB630 at the University of Würzburg had been focusing
on the recognition, preparation and functional analysis of compounds against infectious
diseases. Although this programme ended in 2015, many projects and collaborations are
still active or being translated into new initiatives, such as a Transregio application focusing on covalently binding enzyme inhibitors.
In order to overcome the problem of increasing resistance rates, it is necessary to
find chemically novel drugs addressing new targets. Most of the antibiotics in clinical
use either interfere with the replication of bacteria and protozoa or with protein and cell
wall biosynthesis, and thus, produce selection pressure which results in the development
of resistance. Blocking the entry of the bacteria, their invasion and dissemination in the
host by targeting virulence factors, represent promising strategies to inhibit infections.
Most of the Gram-negative bacteria express “macrophage infectivity potentiator” (Mip)
proteins that are involved in these processes. Previously, inhibition of Mip in Legionella,
Burkholderia, Neisseria and Chlamydia has been shown to attenuate infections.
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RESEARCH HIGHLIGHTS
We have found anti-leishmanial borneoyl caffeic carboxylates in Valeriana walichii and
subsequently built a library of compounds. The in vitro highly active and non-toxic phenylpropanoic esters/amides reduce the parasite burden in Leishmania major- and L. donovani-infected BALB/c mice. These very positive results have prompted us to look into a
broader range of Leishmania species. The compounds were found to be also active against
L. tropica amastigotes and promastigotes. Preliminary data suggest that they may inhibit
a Mip related enzyme (see below, in collaboration with C. Peacock and M. Sarkar-Tyson,
University of Western Australia). Alicia Ponte-Sucre (Universidad Central de Venezuela),
has shown that “other” library members have high activity against L. bralisiensis, L. amazonensis, and L. Mexicana; all of which were isolated from patients with therapy failure.
We have been interested in the development of inhibitors of the virulence factor Mip
protein, which is responsible for invasion, and dissemination of most Gram-negative
bacteria. Mip has been proven to be a lethal target in Burkholderia pseudomallei, Legionella
pneumophila, and Chlamydia trachomatis. Since Mip can be crystallised structure-based
design of potent inhibitors is feasible. In collaboration with D. Begley and P. Myler (Seattle), I. Norville (Exeter), as well as T. Inglis and M. Sarkar-Tyson (Perth), we have established a library of highly active BpMips and LpMips. From inhibitor-liganded Mip crystal
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structures it has become clear that the inhibitors might occupy different substrate configurations in Mip peptidyl-proline-isomerase (PPIase). This will be addressed in the future
by corresponding inhibitors.
Screenings of the previously established compound library have shown good PPIase
inhibitory activity of Mips from Francisella tularensis, Yersinia pestis, Coxiella burnetti and
Klebsiella pneumonia, demonstrating the compounds great potential. Since the Mips have
a varying chemical structure, the best inhibitors for each Mip have to be optimised.
Mips from Neisseria meningitis, Neisseria gonorrhoe, and Chlamydia trachomatis have
proven to be worthwhile targets; this will be studied in more detail (in collaboration with
T. Rudel and V. Kozjak-Pavlovic, Würzburg). Structure-based inhibitor design by means
of HSQC-NMR experiments will be performed in collaboration with P. Rösch (Bayreuth).
Taken together, the Mip protein is a valuable target for innovative treatment of infections
with Gram-negative bacteria.
In a previous study bisquaternary bistacrine derivatives were found to be very active against trypanosoma and plasmodia. Bisnaphthalimides were found to be active
against staphylococci. Interestingly, nitro-substituted compounds produced a red color
in multi-resistant staphylococci. In collaboration with K. Ohlsen (Würzburg), the color
changes could be attributed to a reduction of the nitro group by a reductase that is overexpressed in resistant bacteria, revealing a new mechanism of resistance.
FUTURE DIRECTIONS
Since Mip pipecolic acid-type inhibitors have proven to be active against a plethora of
Gram-negative bacteria, such as Legionella, Burkholderia, Yersinia, Coxiella, Klebsiella,
Chlamydia and Neisseria, they can function as virulence factor targeting drugs. In addition to learning more about their mode of action we aim to derive better anti-infective
compounds including those that covalently bind to the Mip to silence virulence more
efficiently.
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Fig. 1: Structure-based design of
inhibitors of Legionella and Burkholderia Mips (Seufert et al. 2016)
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4.8 structure based drug design
The increasing emergence of pathogenic bacteria resistant to common antibiotics
is a worldwide medical concern. My group aims to characterise new targets and to identify
new lead compounds for the treatment of specific infectious diseases.

INTRODUCTION
Based on estimates from the World Health Organization about one third of the world’s
population is infected with Mycobacterium tuberculosis and about 10% of these individuals will develop an active infection. Critical issues in the treatment and control of the
disease include the emergence of multi- and extensively-drug-resistant strains.
Staphylococcus aureus, which is carried intermittently or persistently by 30-50% of the
adult population, has rapidly adapted to the presence of drugs used to treat staphylococcal infections. Hence, infectious diseases caused by resistant bacterial strains are becoming an urgent worldwide problem.
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RESEARCH HIGHLIGHTS
The inability of mycobacteria to synthesise cholesterol and its utilisation during lipid-based metabolism in the host suggests that proteins involved in the transport of cholesterol into the bacteria and its subsequent metabolism may constitute promising new
drug targets. It has been shown that cholesterol can be used as a sole carbon source but
it has also been suggested that cholesterol metabolites are important for persistence.
The fadA5 gene is located in the Mtb cholesterol catabolism cluster and a bacterial
strain lacking the fadA5 gene displays an attenuated disease phenotype in comparison to
the wild-type strain during the chronic phase of infection in a mouse model. In collaboration with Nicole Sampson’s group (Stony Brook University, USA) we have demonstrated
that this protein can be classified as a degradative thiolase or a 3-ketoacyl-CoA thiolase.
Our structural characterisation of the FadA5 protein has shown that the active form of the
protein is a dimer with each monomer harbouring an active site composed of a catalytic
triad with two cysteines and a histidine. We recently revealed a possible control of the
enzyme through a redox mechanism and thus the ability of the organism to respond to
oxidative stress. Intriguingly, in the oxidised state the enzyme forms two disulfide bonds
between Cys59 and Cys91 as well as Cys93 and Cys377. Cys93 is the thiolytic nucleophile
whereas Cys377 functions as the general acid catalyst for cleavage of the beta-keto-acylCoA substrate. The disulfide bond formed between Cys93 and Cys377 therefore blocks
catalysis. The formation of the disulfide bonds leads to a large domain swap between the
two monomers within the dimer, which is necessary to bring the two cysteines in close
proximity to each other for disulfide bond formation. The redox profile of FadA5 therefore
suggests that Mtb may be able to quickly react to oxidative stress. In the unactivated
macrophage FadA5 would be fully active whereas the activated macrophage would cause
a restriction in cholesterol side chain degradation because FadA5 would be at least partially inactivated.
The enoyl-acyl-carrier protein reductase (ENR) InhA (“FabI” in other bacteria) plays a
crucial role regarding the viability of mycobacteria. InhA is essential for the synthesis of
mycolic acids, which are a major component of the mycobacterial cell envelope and greatly contribute to the intrinsic resistance of mycobacteria to many antibiotic agents. Based
on the diphenyl ether (DPE) scaffold, which is present in the broad-spectrum compound
triclosan, we have investigated the effect of altering substituents on the kinetic behavior,
including residence time, towards InhA as well as the ENR of Burkholderia pseudomallei,
bpFabI. An increased residence time bears the potential to prolong the duration of antibiotic efficacy, attenuating the effects of antibiotic clearance from the system as well as the
effectiveness of some bacterial resistance mechanisms.
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Based on our structural data combined with kinetic analyses carried out in Peter
Tonge’s laboratory (Stony Brook, NY), we identified a novel triazole substituent located at
the 5-position of the scaffold, which significantly increases the inhibitors’ residence time
on InhA. The increase in residence time is achieved by modulating the ordering process
of the highly flexible substrate-binding loop (SBL), which is disordered in the absence of
the substrate or the inhibitor but becomes ordered upon binding of either compound,
thereby shielding the active site from the solvent. The triazole substituent slows down
the SBL-ordering process during inhibitor association as well as the inhibitor-dissociation
velocity by increasing the energy barrier for the SBL ordering (Fig. 1). In combination with
an appropriate substituent at the 2’-position of the DPE scaffold, the stability of the final,
inhibitor-bound state of InhA could be further increased. The combined effects lead to a
significant improvement of the kinetic properties and prolong the duration of action of
the novel triazole inhibitors.
BpFabI contains a smaller substrate-binding pocket compared to InhA, and therefore
the triazole substituent is not suitable as an inhibitor. However, substituent effects on
inhibitor-binding kinetics could be observed in bpFabI as well. Instead of the triazole
substituents, we tested acyl substituents with different lengths (ethyl and hexyl chains) at
the 5-position together with several variations of chemical groups at the 4-, 2’- and 4’-postitions of the scaffold, which influence the extent of SBL closure as well as the inhibitors’
residence time on bpFabI. The most prominent effects observed by structural and kinetic
analyses were reflected in a less flexible binding mode of hexyl-substituted DPEs and the
influence of 2’- and 4’-substituents on the SBL-ordering process.
The structure-kinetic relationships described in our work elucidate the crucial determinants that influence the kinetic behavior of inhibitor-enzyme complex formation and
provide a basis for the design of ENR inhibitors with significantly improved properties.
The triazole moiety attached to the DPE scaffold has a beneficial effect on the drug-like
properties as well as antibacterial activity of the respective compound, rendering this substituent a promising tool for further optimisation of the DPE scaffold towards the development of novel and highly effective antitubercular compounds with reduced side effects.
FUTURE DIRECTIONS
In bacteria, the growing acyl chain has to be transported by the acyl-carrier protein sequentially from one enzyme to the next in the FAS-II cycle. The acyl-carrier protein forms
relatively short-lived complexes with its partners but these interactions are essential for
catalysis. We will further characterize complexes formed between the acyl-carrier protein
and its binding partners in the FAS-II system and utilise this knowledge to develop new
lead compounds that interfere with these interaction sites.
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Fig. 1: Energetical states of the SBL-ordering process: Disordered SBL conformation in the absence of substrate/inhibitor

Fig. 2: Interactions that are crucial for the kinetic behavior of triazolesubstituted DPE inhibitors: van-der-Waals interactions established by the

(left); Ordered, more open state of the initial complex (middle);
Closed SBL conformation of the final enzyme-inhibitor complex
(right); The SBL is shown in red; the cofactor and an exemplary
DPE inhibitor are shown as sticks in grey and green,
respectively. TS: transition state, GS: ground state

2’-substituent (left); A hydrogen bond established with _-helix 7 of the SBL
(right); Example of a triazole-substituted DPE, where the triazole moiety is
framed in red (middle). Residues and inhibitors are shown as sticks.
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4.9 single-cell analysis
The ability of pathogens to subvert host cells for survival or replication is in part
due their astonishing capacity to adopt different lifestyles. The group aims to resolve this
complexity of host-pathogen interactions using single-cell transcriptomics.
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helmholtz institute
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INTRODUCTION
Pathogenic bacteria can reside in a mammalian host for a life-long period and chronic carriers contain a reservoir that can lead to recurrent infections. Within an infected
tissue such as the spleen, a lymph node, the lung or the mucosal layer of the intestine,
many pathogens escape inflammatory lesions and disseminate into tissues forming a
large array of diverse microenvironments. The recent development of fluorescence-based
tools to track individual pathogens and the emergence of single-cell RNA-seq (scRNAseq) have revealed the disparate nature of host-pathogen interactions even within the
same tissue. Furthermore, in vitro studies based on immortalized cell line models are
often unable to recapitulate the rich biology that occurs in vivo. Thus, characterising and
understanding infected cells at single-cell level resolution using genome-wide transcriptome analysis in combination with in vivo models and tissue engineering, are a powerful
approach to understand the heterogeneity inherent to the infection process. These approaches also have the potential to decipher the host-pathogen microenvironment and
ultimately resolve the impact of individual infection foci on the disease progression with
unprecedented resolution.
Our overall aim is to develop quantitative methods based on scRNA-seq to track
the physiological features of every individual pathogen in association with its host and
to reconstitute the three-dimensional environment of infection foci. We use Salmonella
enterica serovar Typhimurium (henceforth Salmonella) as a model pathogen to study the
lifestyle of intracellular bacteria.
RESEARCH HIGHLIGHTS AND FUTURE DIRECTIONS
In the context of infection, we have pioneered the use of scRNA-seq to investigate heterogeneity in the response of mouse bone, marrow, derived macrophages to Salmonella, focusing on bacteria with different growth status including non-replicating ‘persisters’ that
have been linked to recurrent infections. We have revealed a spectrum of functional host
response states to growing and non-growing bacteria; specifically, we have discovered
that macrophages containing growing bacteria become anti-inflammatory cells. Our data
support the emerging idea that bacteria use host genome plasticity to subvert infected
cells. These discoveries have fostered novel research directions to integrate scRNA-seq
with time series and spatial reconstitution of infection foci.
In the future we aim to use scRNA-seq together with computational methods to track
the temporal dynamics of single mammalian cells infected with Salmonella. Using this
approach, we expect to decipher the order of regulatory events that underlie bacterial
replication or dormancy as well as the landscape of infected cells containing ‘persister’
bacteria.
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A major challenge to understanding infections is the heterogeneity of both pathogen
and host response even with the same tissue. To overcome this we will use a variety of
reporters that reveal the physiological states of pathogens combined with scRNA-seq of
cells acquired from dissociated tissues. The overarching goal will be to interpret these
data within the original spatial context of the tissue using imaging based approaches
and/or targeted scRNA-seq.
In order to reach a higher dimension of scRNA-seq methodological developments
we will increase the throughput of the experiments. To achieve this we are adopting microfluidics-based droplet sequencing that has enabled the screening of thousands of
single-cells. In addition, we are establishing automated approaches to perform “deep
single-cell RNA-seq”.
Increasing the sensitivity of scRNA-seq will enable us to capture and describe the
transcriptome from individual bacterial cells, something that is currently not feasible.
Such an approach will enable us to also reveal the various fates of pathogens in different
infection foci as well as intercellular variability within communities.
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Cochain C*, Vafadarnejad E*, Arampatzi P,
Pelisek J, Winkels H, Ley K, Wolf D, Saliba AE*,
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Current Opinion in Microbiology 35:78–87
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Schulte LN, Helaine S, Vogel J (2016) Single-cell
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Fig. 1: A single-cell transcriptome analysis workflow. After a tissue or a cell mixture is
partitioned into a single-cell suspension, every cell is trapped individually in a singledroplet, well or a microfluidics-based trap and RNA is reverse transcribed into cDNA
and sequenced. Based on data, cells are ordered into subpopulations and associated
with a unique molecular signature

Fig. 2: Identification of divergent transcriptome signatures for macrophages with growing
and non-growing bacteria. After bioinformatics analysis of single infected macrophages
(left), a principal-component analysis revealed that naïve macrophages and macrophages
with growing (fluorescence picture down, scale: 10 μm) and non- growing (fluorescence
picture up, scale: 10 μm) have different transcriptome profiles (heatmap, right). Using the
expression patterns, macrophages with growing bacteria can be linked to anti-inflammatory
phenotype (called M2-like) while macrophages with non-growing bacteria show an
inflammatory profile (called M1)
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4.10 genome architecture and evolution
of rna viruses
The group, established in May 2018, will study the replication and evolution of
RNA viruses from the point of view of the RNA genome. The goal is to identify and
mechanistically characterize non-coding RNA (ncRNA) regulatory
sequences at the whole pathogen scale, and to exploit this knowledge for
improved therapeutic intervention.

in how the higher order genome architecture impacts viral evolution. This is best exemplified by influenza A, which has a segmented genome comprising 8 negative stranded
RNA segments (vRNAs). These segments are organised within the virion into a distinct
7+1 arrangement. We will study the impact of this genome organisation on viral evolution by reassortment. We plan to use this knowledge to improve disease prevention and
control strategies. At the population level, we hope to better understand the emergence
of novel viral strains, such as how potentially pandemic influenza arises from genetic
reassortment in pigs or birds. We also aim to rationally manipulate the outcomes of reassortment, and to exploit this knowledge to design novel vaccine platforms.
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of HIV-1 genomic RNA production and packaging.
Nucleic Acids Research 9:559 doi:10.3389
Mailler E, Bernacchi S, Marquet R, Paillart J-C,
Vivet-Boudou V, Smyth RP (2016) The life-cycle of
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INTRODUCTION
RNA viruses are a major threat to human health. They are responsible for millions of
deaths each year and are an important class of emerging infectious diseases. They possess a remarkable adaptive capacity due to their short replication cycles, high mutation
rates and ability to exchange genetic information (by recombination or reassortment).
This rapid evolution frustrates vaccine design, and inevitably leads to treatment failure
due to resistance.
Viral replication is orchestrated by the genome, which encodes for proteins needed
to hijack the host cell. However, the genomes of RNA viruses are not just passive carriers
of information, but active participants in the viral infection process through the action
of ncRNA. As a molecule, RNA is functionally versatile, and can specifically interact with
proteins, small molecules, or other nucleic acids. RNA viruses exploit this at almost every stage of their replication cycle, with ncRNA regulatory elements known to influence
splicing, protein translation, evasion of host cell defenses, viral evolution and accessibility towards drug binding. Consequently, ncRNA represent an extremely attractive target
for antiviral intervention, with the potential to revolutionise the treatment of infectious
disease. Almost all antivirals, and pharmaceuticals in general, target proteins, meaning
that the ability to specifically target RNA would considerably expand the pharmaceutical
landscape.
Whilst ncRNA hold significant promise as a novel target for antiviral drug development, RNA-based therapies have not yet become mainstream, because ncRNA function
is difficult to identify and to mechanistically dissect. As in the protein world, it is often
the higher order structure of the RNA, rather than primary sequence, that determines its
function. Moreover, RNA can readily undergo structural changes, allowing it to switch
between different functions or on/off states. Viral genomes in particular take advantage
of this structural flexiblity and may adopt specific folds in different environments or in the
presence of ligands to regulate their life-cycle.
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RESEARCH AND FUTURE DIRECTIONS
We have developed an integrative structural, functional and evolutionary approach to
identify RNA structures responsible for executing specific viral functions of interest. We
will use this approach to discover and mechanistically characterise the role of ncRNA in
viral replication and evolution. HIV-1 is particularly interesting, as it is now accepted that
the 5’ UTR has at least two regulatory functions that are related to distinct RNA conformations. Essentially, there is a conformation that is associated with translation and another
one which fosters the selective packaging of genomic RNA into nascent virions. However,
the precise structures that mediate these processes are still under debate, and various
models have been suggested. We will identify these structures by combining powerful
mutational and functional screens and RNA structural probing methodologies. In the
long term, we plan to use this knowledge to rationally develop small molecule drugs that
interfere with RNA structural dynamics as a novel antiviral strategy. We are also interested
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Smyth RP, Despons L, Huili G, Bernacchi S,
Hijnen M, Mak J, Jossinet F, Weixi L, Paillart J,
von Kleist M, Marquet R (2015) Mutational
interference mapping experiment (MIME) for
studying RNA structure and function.
Nature Methods 12:866–872
Fig. 1: Influenza has a segmented genome comprising 8 negative stranded viral
ribonucleoproteins (vRNPs). vRNPs are organised within virions into a characteristic 7+1
arrangement that has functional consequences for viral replication and evolution that
we will investigate using state of the art RNA structural probing methodologies.

Abd El-Wahab EW, Smyth RP, Mailler E, Bernacchi
S, Vivet-Boudou V, Hijnen M, Jossinet F, Mak J,
Paillart J-C, Marquet R (2014) Specific recognition of
the HIV-1 genomic RNA by the Gag precursor.
Naure Communications 5:4304-4317
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4.11 tropical medicine
Tropical Medicine is a multisectorial field. It comprises travel medicine,
advice on vaccinations and how to avoid contracting infectious diseases. It also involves the
diagnosis and treatment of tropical diseases and exotic infections. An increasingly
important issue is migrant health, which focuses on improving the health of refugees and
asylum seekers in this country. The most challenging aspect is medicine in the tropics, which
frequently relates to medical care in resource-limited settings and also includes
the analysis of social determinants of health.
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INTRODUCTION
Usually the “Tropics” are geographically defined as an area of high temperature and humidity where the sun is directly overhead at least once a year. More than 10 million Germans annually travel to tropical and subtropical countries, thus exposing themselves
to diseases that are unknown to many medical practitioners in this country. Pre-travel
clinics help to reduce the risk by administration of necessary vaccinations and by advising
travellers on the best methods of prophylaxis against malaria and other tropical diseases.
Two percent of all returning travellers consult their doctor regarding symptoms connected with exposure to tropical diseases. Fever is the most alarming symptom and
malaria must be ruled out in any person returning from endemic countries and with
elevated temperature. In Germany, some 600 people are diagnosed with a plasmodial
infection each year. Another important febrile disease, which is already more common
than malaria, is dengue fever. This viral infection is transmitted by day active mosquitoes,
which, due to global climate change, are already establishing stable colonies in southern
Germany. Returning patients displaying symptoms such as diarrhoea are often infected
by parasites, most commonly by the difficult-to-diagnose Giardia intestinalis. Skin conditions such as Larva migrans cutanea, staphylococcal pyodermia or erysipelas are also
very common in returning travellers.
Another important aspect of tropical medicine is the area of migrant health. Nearly
twenty percent of the population in Germany has a migrant background. Many suffer
from diseases that are unknown to medical practitioners in this country, for example,
sickle cell disease of familial Mediterranean fever. In some migrant communities, diseases such as chronic hepatitis C or HIV are more prevalent than in the German population.
Others, such as extrapulmonary tuberculosis, are difficult to diagnose and require specialised knowledge for correct clinical management. Therefore medical care for migrants
requires additional expertise. Würzburg is one of the leading centres in Germany with
respect to this issue. A serious problem is the fact that refugees and asylum seekers in
Germany have only limited access to our health care system, which places additional
social responsibility from personnel involved in the medical care of this vulnerable and
underprivileged group.
Tropical medicine also involves devising approaches to improve access to medical
systems in many resource-limited settings. Social determinants such as a lack of education, gender inequity, conflicts and war, climatic changes leading to the loss of natural
resources and poverty have direct and indirect influences on the health of millions of
people. Thus tropical medicine is an access point into the new field of “Global Health”.
RESEARCH HIGHLIGHTS
As part of the daily clinical routines, the department has been the first to detect a worldwide outbreak of sarcocystosis originating from Tioman Island in Malaysia, to report on
the first European patient with Tana pox disease and to detect the first imported case of
Japanese Encephalitis from Bali. There is also ongoing research on Trypanosoma brucei,
the agent of African sleeping sickness. This has led to the testing of synthetic molecules
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as possible drugs, and the successful identification of strong candidates with favourable
therapeutic index. The department has a strong research and training cooperation with
the Catholic University of Health and Allied Sciences in Mwanza, Tanzania. The Bugando
Medical Centre was the site of a double-blind randomised controlled clinical trial examining the effect of low dose steroids on the evolution of HIV infections. In cooperation with
the Institute of Virology (Würzburg) and University of Stellenbosch, South Africa, we have
revealed an alarming rate of primary drug resistance in patients with HIV infections. Both
studies have been brought to the attention of WHO and have the potential to influence
the treatment naive policy guidelines of HIV in Africa. Parasitic infections are still highly
prevalent in rural, semi-urban and even urban populations in Africa. We are involved in
studies on novel approaches in the diagnosis of malaria, the prevalence of intestinal
parasites such as Strongyloides stercoralis and Giardia intestinalis and on the co-morbidity
of schistosomiasis and Hepatitis B. A recent project has focused on the control of schistosomiasis in the Lake Zone region of Tanzania.
FUTURE DIRECTIONS
During the next years we will intensify our cooperation with African universities in Tanzania,Ghana and South Africa, with HIV infection remaining a strong focus. HIV treatment
programmes will be used to help to establish African health systems for the management
of chronic non-communicable diseases such as hypertension and diabetes. Recently, the
German Leprosy and Tuberculosis Relief Association, the world’s largest leprosy relief
organisation, which is based in Würzburg, has developed a new research agenda. In close
cooperation with this non-governmental organisation, we will intensify our work on tuberculosis, leprosy and Buruli ulcer. In addition Würzburg is the study centre of a new
nationwide project to detect and manage patients with Chagas disease in Germany. This
work will be supported in collaboration with the Universidad Católica de las Misiones in
Posadas, Argentina.
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Albert-Kölliker-Teaching Prize (Medical Faculty,
Fig. 1: Protective equipment in an Ebola treatment unit

University of Würzburg)

Fig. 2: Plasmodium falciparum in a patient with severe malaria
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4.12 tissue engineering
Tissue engineering has been successfully applied to create replacement structures
for reconstructive surgery. The TERM team is interested in developing and applying complex
multi-cellular three-dimensional (3D) tissue cultures that are able to mimic the
microenvironment of human tissues to study infection mechanisms of human pathogens.

In the field of gastrointestinal tissue engineering we have developed an advanced
primary human in vitro model of the small intestine combining gut organoid technology
with the BioVaSc-TERM®. The tissue model features all the major intestinal epithelial cell
types, such as mucus-producing goblet cells or hormone-secreting enteroendocrine cells.
The epithelial barrier integrity could be stabilised by co-culture in the presence of gut-derived fibroblasts. Transport studies with fluorescein, propranolol, and rhodamin123 indicate that these tissue models better reflect the in vivo situation compared to standard cell
line-based assays.
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FUTURE DIRECTIONS
In the RTG 2157 we will further study host-pathogen interaction using complex tissue
models of the skin, the gastrointestinal system, the airways and the blood-brain-barrier.
Since immune cells play an important role in infection we aim to implement these cell
types (e.g. dendritic cells) in our 3D tissue models to further study their contribution to
host-pathogen interaction.

Schweinlin M, Rossi A, Lodes N, Lotz C, Hackenberg S, Steinke M, Walles H, Groeber F (2017)
Human barrier models for the in vitro assessment
of drug delivery. Drug Delivery and Translational
Research 7:217-227
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Cubukova A, Edenhofer F, Walles H, Hansmann J
(2016) Evaluation of various bioreactor process
systems for the production of induced pluripotent
stem cells. Journal of Translational Science
2:277-285

INTRODUCTION
Tissue engineering and regenerative medicine is an emerging multidisciplinary field involving biology, medicine and engineering. One of the aims of tissue engineering is to
recapitulate and maintain the physiological function of cells or tissues in vitro for a longer
period of time than is possible in two-dimensional cultures. This includes the development of novel biomaterials, bioreactors, and co-culture techniques. Thus, human-tissue
engineered models that reflect normal and pathological situations can be designed to
investigate the underlying cellular and molecular mechanisms involved in specific infectious diseases. In this respect, models representing human barrier tissues such as
the gastrointestinal tract, the skin and the blood-brain-barrier (BBB), which are relevant
contact sites for pathogenic microbes, are of particular interest.

prof. heike walles
chair – tissue
engineering and
regenerative medicine
Lehrstuhl Tissue Engineering &
Regenerative Medizin (TERM)
Röntgenring 11
D-97070 Würzburg
T
+49 (0)931-3188828
M heike.walles@uni-wuerzburg.de

140

RESEARCH HIGHLIGHTS
Within the framework of the Research Training Group (RTG) 2157 „3D Infect” that has
been funded by the DFG since 2016 we provide expertise in tissue engineering to facilitate
investigations of host-pathogen interactions. Applying the BioVaSc-TERM® technology,
which is based on an acellular collagen matrix with a persisting blood circulation system,
we provide and further develop diverse 3D human tissue models. For example, the human vascularised skin equivalent that can be used for skin grafting or as an alternative
to animal testing. The epidermal part of this highly complex tissue model is composed
of human epidermal keratinocytes that build up a well-differentiated stratum basale,
stratum spinosum, stratum granulosum and stratum corneum. The dermal part contains
human dermal fibroblasts and human dermal microvascular endothelial cells lining
the vascular structures (Fig. 1). This tissue model will be used to examine infection-related mechanisms of the human pathogen Trypanosoma brucei (collaboration with Prof.
Markus Engstler, Würzburg).
Recently, we have further developed the human BBB in vitro model based on human
induced pluripotent stem cells. This model consists of microvascular endothelial cells
(ECs), astrocytes, pericytes and neural stem cells and shows a transendothelial electrical
resistance up to 2,500 1 (Fig. 2). Furthermore, typical BBB genes, such as the glucose
transporter SLC2A1, are upregulated and a complex in vivo-like tight junction (TJ) network
is present. Drug permeability tests with various reference substances confirmed the suitability of the models for drug transport studies. Within the RTG 2157 the BBB endothelial
cells are currently being used to study host-pathogen interactions with Neisseria meningitides, which causes diseases such as meningitis and sepsis (collaboration with Prof.
Alexandra Schubert-Unkmeir, Würzburg).
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Groeber F, Engelhardt L, Lange J, Kurdyn S,
Schmid FF, Rucker C, Mielke S, Walles H,
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Hansmann J, Rietscher R, Jurowich C, Walles H,
Metzger M (2016) Development of an Advanced
Primary Human In Vitro Model of the Small IntesFig. 1: (a) shows an overview of the vascularised skin tissue model. (b) represents a
magnification of the dashed area indicated in (a); ED: epidermal part, D: dermal part. (c)
shows a detailed view of the epidermal layer. hEK: human epidermal keratinocytes, SB:
stratum basale, SS: stratum spinosum, SG: stratum granulosum, SC: stratum corneum, DP:
dermal part, hDF: human dermal fibroblasts. Arrowheads indicate vascular structures.

tine. Tissue Engineering Part C Methods 22:873-83

Scale bars: 500 ȣP in (a), 50 ȣP in (b-c). Images were taken from Groeber et al. 2016.

Fig. 2: Schematic overview of BBB tissue model generation. Image was taken from
Appelt-Menzel et al. 2017.

141

4. zinf members associated with other institutes
4.13 host-pathogen-microbiota interactions
The group, established in March 2018, applies high-throughput RNA-seq approaches
to complex infection settings comprising of enteric bacterial pathogens,
their mammalian hosts and the resident gut microbiota. The aim is to identify
and molecularly characterise novel non-coding RNAs and RNA-binding proteins with
potential roles in bacterial virulence or the protection against pathogenic attack.
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INTRODUCTION
Infectious diseases caused by pathogenic microbes constitute a major public health
threat. We find ourselves in the middle of an antibiotic crisis and there is urgent demand
for novel therapeutic strategies to combat bacterial pathogens. The interaction of bacterial pathogens with mammalian hosts and their resident microbiota represents an incredibly intricate biological process, involving numerous organisms from different kingdoms
of life, all actively contributing to the balance between pathogenesis and clearance. We
can only fully comprehend – and eventually treat – infectious diseases, once we understand the role of each of the organisms involved.
The transcriptome provides a global snapshot of the physiological state of a cell under a given condition. Accordingly, genome-wide transcriptomic approaches are commonly used to deduce cell states, both in bacterial and eukaryotic systems. For example,
high-throughput transcriptome sequencing (RNA-seq) has been applied to virtually every
biological process studied, including bacterial infections of mammalian hosts. However,
to account for the widespread differences between bacterial and eukaryotic transcriptomes, original gene expression studies of infection focused either on the pathogen or its
host. To achieve a better understanding of host-pathogen interactions, we have recently
pioneered a novel RNA-seq-based technology, Dual RNA-seq, which measures host and
pathogen gene expression simultaneously during infection. This work has also contributed to a deeper understanding of the role of regulatory non-coding RNA in bacterial
virulence and host immunity.

The anaerobic Bacteroides thetaiotaomicron represents one of the most prevalent
members of the gut microbiota. While techniques are available to genetically manipulate
this bacterium, and its proteome and metabolome are subject of intense study less is
known regarding its transcriptome. We will apply various RNA-seq-based approaches to
B. theta grown in vitro under a set of defined conditions, in order to compile a high-resolution transcriptome annotation for this important microbiota member and identify
non-coding RNA candidates with a likely role in colonization resistance.
In summary, by improving multi-organism RNA-seq approaches we will compile a
network of host, microbiota and pathogen factors that shape this triangular interplay
during infection. In addition to providing the community with novel RNA-seq-based technologies, the biological insights gained from the accompanying mechanistic studies of
some of the strongly regulated candidate transcripts will substantially improve our knowledge of the functions of regulatory RNA molecules and their protein partners in bacterial
pathogenesis and host protection. This will lay the groundwork needed to exploit RNA
biology for diagnostics and therapy against infectious diseases.
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Fig. 1: Application of multi-organism RNA-seq approaches to bacterial infections. Left:

2018 EMBO Short-Term Fellowship Award
2016 Robert-Koch-Foundation, Post-Doc Award

Microscopy image of human epithelial cells (cytosol in red; nuclei in blue) infected with the
enteric pathogen Salmonella Typhimurium (green). Right: Concept of Dual RNA-seq,
that measures gene expression during infection simultaneously in the infecting pathogen

in Microbiology
(‘Robert-Koch-Postdoktorandenpreis’)
2016 Dissertation Prize of the German Center

and its infected host.

for Infection Research (DZIF) of the German
Society for Hygiene and Microbiology (DGHM)
(‘DZIF Promotionspreis’)

RESEARCH AND FUTURE DIRECTIONS
In vivo, pathogenic bacteria do not interact with their host cells in isolation, but in the presence of the protective commensal bacteria collectively referred to as the microbiota. The
group focuses on applying RNA-seq approaches to complex infection models of bacterial
pathogens and their hosts, as well as resident commensal species, to analyse the dynamic interplay of the host and its microbiota with invading pathogens. For example, using
Salmonella Typhimurium as a pathogenic model bacterium, we track infections in defined
mouse models colonised with different gut microbial consortia by taking RNA samples
at defined time points after infection and from different biological sources (ceacum, colon, stool samples). In parallel, genomic DNA samples are analysed to discriminate between changes within the microbial composition and gene expression differences during
infection. By comparing pathogen, host and microbiota transcriptomes upon wild-type
infection to that with defined Salmonella mutants, we aim to identify and correlate gene
expression changes between the interaction partners. This will reveal novel inter-species
interactions and potential consequences of individual bacterial virulence factors for overcoming the microbiota-host barrier. Similarly, by changing the microbiota composition or
using deletion strains of select commensal species, this will reveal the molecular impact
of a given consortium member in the host and pathogen transcriptome.
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5. research programmes and infrastructure
5.1
DFG Collaborative Research Centre /
SFB Transregio 34
Pathophysiology of Staphylococci
in the Post-Genome Era
Staphylococcus aureus is a dangerous pathogen and a leading cause
of bacterial infection in hospitals and in the community throughout the world. This microbe is a prominent example of the current
antibiotic resistance crisis, one of the major threats to health in
the 21st century. However, S. aureus is also a fascinating model organism to study host-pathogen interactions. Humans are exposed
to these bacteria often within the first hours of life. These encounters have a multi-facetted outcome, ranging from symptomless
colonisation and mild skin infections to life threatening disease.
Despite extensive efforts in the field, we still lack an effective vaccine to protect from S. aureus. The bacterium is equipped with an
impressive assortment of fitness and virulence factors, including
a wide variety of immune evasive compounds. Intricate regulation
networks enable it to withstand hostile environmental conditions,
such as nutrient limitation, oxidative stress or anaerobic conditions. In recent years, S. aureus has also been recognised as a facultative intracellular pathogen that can persist inside endothelial
and epithelial cells and establish a chronic infection. Transregio
34 addresses multiple dimensions and complexity of this topic by
an inter-disciplinary approach and new methodology. It aims to
partner bacteriological and immunological expertise with quantitative biomolecular analytics, structural biology, genomics, bioinformatics, haematology, and imaging. In the postgenomic era, the
availability of whole-genome sequences of S. aureus and its human
host has paved the way for comprehensive analysis of transcription profiles, proteins and metabolites. It is now possible to obtain
biological fingerprints of bacteria and host at unprecedented detail. This opens avenues for a new quality in the understanding of
cell physiology, pathophysiology and infection biology. The CRC/
TRR34 will focus on host-pathogen interaction during S. aureus
colonisation and infection, progressing from cell culture systems
of increasing complexity to animal models of infection and studies
with human subjects.
Projects involving ZINF members
A2

A8
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Knut Ohlsen
(Institute of Molecular Infection Biology)
Phosphoproteomic analysis of Staphylococcus aureus:
Functional characterisation of kinases and identification
of their substrates
Thomas Dandekar
(Dept. of Bioinformatics)
A systems biology perspective of metabolic and
regulatory adaptation of Staphylococcus aureus to
infection-related conditions

B4

C6

C11

Z1

Z3

Wilma Ziebuhr
(Institute of Molecular Infection Biology)
Regulation of methionine metabolism in staphylococci:
Impact on fitness and virulence
Jörg Vogel
(Institute of Molecular Infection Biology)
Post-invasion events in Staphylococcus aureus infected
host cells – A combined transcriptomics / proteomics
in vivo approach
Thomas Rudel and Martin Fraunholz
(Dept. of Microbiology)
Host cell death induced by Staphylococcus aureus
and its linkage to phagosomal escape
Thomas Dandekar
(Dept. of Bioinformatics)
An integrated view of adaptation of
Staphylococcus aureus
Knut Ohlsen
(Institute of Molecular Infection Biology)
In vivo imaging of Staphylococcus aureus infections

5.2
DFG Collaborative Research Centre /
SFB Transregio 124
Pathogenic Fungi and their
Human Host: Networks of Interaction
The incidence of invasive mycoses due to opportunistic fungal
pathogens has increased significantly over the past two decades.
This increase in infections is associated with excessive morbidity
and mortality and is directly related to a growing number of patients at risk of developing serious fungal infections. Despite this,
the current diagnosis of life-threatening fungal infections remains
difficult and is often too late. There are only limited options for
therapies, which are often ineffective. The yeast Candida albicans
and the filamentous fungus Aspergillus fumigatus are by far the
most important causes of life-threatening invasive mycoses in Europe. Both fungi have developed multiple sophisticated, specific
and unique pathogenicity mechanisms, many of which are not well
understood.
This CRC/Transregio brings together researchers from the
Friedrich Schiller University and Hans Knöll Institute in Jena and
the Research Centre for Infectious Diseases in Würzburg to obtain comprehensive insight into the medically important fungi C.
albicans and A. fumigatus and their interactions with the human
host. The aims of the CRC/Transregio are to identify pathogenic
determinants specific for each fungus and investigate the specific
roles of epithelial barriers, the mechanisms of the innate immunity
and potential contributions of the adaptive immune system to the
pathogenesis of fungal infections. These will form the basis for elucidating the complex mechanisms of fungal infections and identi-
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fy common principles of fungal pathogenesis. Finally, the insight
gained from these studies will be applied to develop new therapeutic approaches. To obtain a comprehensive description and
understanding of complex invasive fungal infections, a systems
biological approach will be taken to complement studies of fungal
pathobiology and the response of the immune system. Systems
biology will help to reveal the structure and dynamics of molecular
and cellular cause-effect relations within these pathogenic interactions. The vision of systems biology is the generation of a virtual
infection model that enables the prediction of the consequences of
changing parameters, such as reduced activity of certain immune
effector cells or receptors for the infection.
A detailed knowledge of the infection biology of A. fumigatus
and C. albicans and the immune response mechanisms will provide
the basis for better diagnosis and therapy of systemic infections.
Due to the involvement of two very active clinical departments a
sufficient number of clinical samples will be available for the analyses and greatly contribute to fulfilling the potential of developing
the basic science (bench) to the patient (bedside).
Projects involving ZINF members
A2

A3

B1

B2

C2

C6

Hermann Einsele and Jürgen Löffler
(Dept. of Internal Medicine II)
Interaction of Aspergillus fumigatus with human
natural killer cells, dendritic cells and human
alveolar epithelia
Andreas Beilhack
(Dept. of Internal Medicine II)
In vivo analysis of temporal and spatial disease
progression and immune cell recruitment during
invasive Aspergillus fumigatus and Candida albicans
infections
Thomas Dandekar
(Dept. of Bioinformatics)
Modelling interactions between the host and
fungal pathogens by combining metabolic pathway
analysis and evolutionary game theory
Thomas Dandekar
(Dept. of Bioinformatics)
Interaction networks of signalling molecules and
pathways between the pathogenic fungi Aspergillus
fumigatus and Candida albicans and their human host
Joachim Morschhäuser
(Institute of Molecular Infection Biology)
Regulation of Candida albicans virulence traits
by protein kinases
Thomas Hünig amd Niklas Beyersdorf
(Institute for Virology and Immunobiology)
Role of secreted Candida albicans proteins in
immune evasion and pathogenicity

5.3
DFG Research Unit 1680
Unravelling the Prokaryotic
Immune System
The CRISPR-Cas system (CRISPR: clustered regularly interspaced
short palindromic repeats, Cas: CRISPR-associated) is an adaptive
and heritable resistance mechanism against foreign genetic elements. The CRISPR-Cas system consists of clusters of repetitive
chromosomal DNA in which short palindromic DNA repeats are
separated by short spacers, the latter being sequences derived
from the invader. In addition, a set of proteins, the Cas proteins, is
involved. The system is somewhat functionally analogous to RNA
interference in eukaryotes and it is of great interest to compare the
prokaryotic and eukaryotic mechanisms.
CRISPR-Cas ribonucleoprotein complexes target homologous
nucleic acids: DNA in case of the bacterial CRISPR interference
system and RNA in case of the archaeal CRISPR-RAMP subtype.
However, this major difference is only based on observations in
a single archaeal species (Pyrococcus furiosus) and a few selected
bacteria, and a clear link to the respective relevant protein components is so far missing. Furthermore, the identity of the target, and
how targeted invading elements are inactivated or even destroyed,
remains unknown. Similarly, it is not known how the spacer sequences are acquired and incorporated into the bacterial genome.
The CRISPR-Cas system in prokaryotes has some conserved features but seems to be also highly variable. The CRISPR spacer and
repeat sequences have different sequences and lengths. The Cas
proteins belong to approximately 45 different protein families. For
most of these proteins their functional roles are unclear. Moreover,
bioinformatics analyses suggest the presence of certain protein
components in cyanobacteria and some chloroflexi, which otherwise occur exclusively in archaea. Despite the progress made in
understanding CRISPR function, many questions regarding the
structure and function of its key components remain to be answered.
The novel approach of this Research Unit is to take seven different bacterial and archaeal organisms to define the common main
features of the CRISPR system and to unravel the species-specific
unique subsystems using a comparative approach with the help of
mass spectrometry, crystallography and bioinformatics.
Projects involving ZINF members
B2

Jörg Vogel
(Institute of Molecular Infection Biology)
A CRISPR/Cas subtype Nmeni/CASS4 system in the
human pathogen Neisseria meningitides
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5.4
DFG Research Unit 2123
Sphingolipid Dynamics in
Infection Control

5.5
DFG Priority Program SPP 1617
Phenotypic Heterogeneity and
Sociobiology of Bacterial Populations

Lipid ordered membrane microdomains enriched for sphingomyelin and sterols are believed to serve as platforms for the compartmentalisation of membrane-associated proteins such as receptors
and membrane-proximal signalling components in regulating
processes involved in cytoskeletal dynamics. As major membrane
components, sphingolipids and their ceramide metabolites play a
key role in the dynamics of activated membrane microdomains.
These are implicated in steps decisive for the interaction of a host
cell with pathogens such as attachment, entry or invasion, intracellular trafficking, compartmentalisation and regulation of cell
autonomous defence responses. Because immune responses can
also be regulated at the level of sphingolipid dynamics, this pathway most likely controls decisive elements in the pathogenesis of
infectious diseases where pathogen uptake, spread and dissemination are counteracted by host cell autonomous, innate and
adaptive immune responses.
To address the role of sphingolipid dynamics in infection control, the research unit brings together relevant groups from the
University of Würzburg and the University of Duisburg-Essen. The
unit contains expertise in the infection biology of medically important pathogens such as measles virus (MV), Neisseria meningitidis,
Neisseria gonorrhoeae and Mycobacterium tuberculosis, sphingolipid
biology in infectious viral and bacterial disease pathogenesis, T
cell biology and immunotherapy as well as macrophage biology.
The unit will focus on the regulatory role of sphingolipid dynamics in both the host and pathogen. This includes regulating
the adhesion, activation, and differentiation and effector functions
of T cells at a molecular and cellular level as well as in experimental infection models. In addition to the effect of sphingolipid dynamics on pathogen adhesion and invasion, trafficking and modulation of host cell functions essential in the control of bacterial
pathogens will be analysed.

The DFG-funded Priority Program SPP1617 brings together microbiologists from all fields of bacteriology (e.g., infection biology, terrestrial microbiology, biotechnology etc.) with theoreticians from
the mathematical and physical sciences. In a combined interdisciplinary effort, SPP1617 aims at a deeper understanding of the
complexity of bacterial populations and the theoretical modelling
and prediction of their diversity. Focal point of the research is the
generation of phenotypic variation in bacterial communities, the
evolutionary mechanisms that gave rise to genotypes expressing
diverse phenotypes as well as the biological significance of the process. Individual projects cover cell-cell communications and the
production of common goods, the division of labour as well as
bet-hedging strategies in bacteria of medical, biotechnological and
ecological interest.

Projects involving ZINF members
TP1:

TP2:

TP3:

TP4:

148

Sibylle Schneider-Schaulies
(Institute for Virology and Immunobiology)
Sphingomyelinase activation in T cells:
Implications for T cell activation and paralysis
Niklas Beyersdorf and
Jürgen Schneider-Schaulies
(Institute for Virology and Immunobiology)
Role of sphingolipids in the regulation of
anti-viral T cell responses
Alexandra Schubert-Unkmeir
(Institute for Hygiene and Microbiology)
Analysis of the functional relevance of
sphingomyelinases and ceramide in
meningococcal pathogenesis
T. Rudel
(Dept. of Microbiology)
Sphingolipids in gonococcal infection

Projects involving ZINF members
Daniel Lopez
(Research Centre for Infectious Diseases)
Molecular characterisation of the cell types required for the
development of Staphylococcus aureus biofilms
Wilma Ziebuhr
(Institute of Molecular Infection Biology)
Heterogeneous gene expression, metabolic variability and
differentiation in Staphylococcus epidermidis biofilms

5.6
DFG Priority Program SPP 1784
Chemical Biology of Native Nucleic
Acid Modifications
Natural covalent nucleic acid modifications form a new hidden
layer of information in the genetic code beyond the classical four
letter alphabet. The Priority Program was established to unravel
this code. A network of researchers with backgrounds in chemical biology, structural biology, enzymology and bioinformatics will
gain deeper insight into where, how and why native nucleic acid
modifications occur and how they influence cellular processes.
Prospective participants will address current challenges in detection, localisation, recognition, and function of naturally occurring
modifications in RNA and DNA. Modifications as defined in the
program, are specifically introduced to the nucleic acid by cognate
enzymes, and do not include chemical lesions, DNA or RNA damages inflicted by light, reactive oxygen species, chemicals, and the
like.

research programmes and infrastructure

Projects involving ZINF members
Cynthia Sharma
(Research Centre for Infectious Diseases)
Identification and functional characterisation of pseudouridine
in mRNAs and non-coding RNAs of the bacterial human
pathogen Campylobacter jejuni
Jörg Vogel
(Institute of Molecular Infection Biology)
Discovery & characterisation of RNA modifications in a
bacterial pathogen

5.7
DFG Priority Program SPP 2002
Small Proteins in Prokaryotes,
an Unexplored World
Prokaryotes are highly abundant and diverse organisms that live
in literally all ecological niches. They have broad impact on the
environment and our health, and are crucial for biotechnology and
the food industry. To fully understand their versatile lifestyles and
exploit their metabolic capacities, we must know their biochemical
repertoires and cellular regulatory processes. Modern genomics
and transcriptomics technology have over the past decade discovered a wealth of hidden small genes containing short open reading frames (sORFs) in many prokaryotic genomes. These sORFs
encode μ-proteins of < 50 amino acids in length, and are typically
missed by automated gene predictions. Preliminary studies have
shown that these μ-proteins impact disparate cellular processes,
running the gamut of energy generation, transport, virulence,
symbiosis, sporulation, and photosynthesis. They often localise to
membranes and can modulate the activity of larger protein complexes. These initial findings notwithstanding, the full repertoire
and function of this cellular μ-proteome comprising perhaps hundreds of μ-proteins in any given prokaryote remains to be uncovered.
The Priority Programme aims to unravel this emerging major
class of prokaryotic gene products in order to examine the full
repertoire, functions and functional importance of the prokaryotic
μ-proteome. With the overall goal to identify the composition and
characterise the function(s) of the prokaryotic μ-proteome this Priority Programme exclusively focuses on ribosomally synthesised
μ-proteins in prokaryotes. Achieving the goals of this Priority Programme requires an interdisciplinary cooperation of researchers
in microbiology, infection biology, plant physiology, chemistry, biochemistry, genetics, genomics as well as applied bioinformatics.
Projects involving ZINF members
Jörg Vogel
(Institute of Molecular Infection Biology)
Functions of small proteins regulated during Salmonella infection

Cynthia Sharma
(Institute of Molecular Infection Biology)
Exploring small proteins in the food-borne pathogen
Campylobacter jejuni
Cynthia Sharma
Z2: Riboprofiling and Bioinformatics

5.8
DFG German-African Cooperation
Projects in Infectiology
The DFG funds joint research projects between scientists in Germany and Africa investigating infectious diseases and their social
implications. The program focuses on the investigation of neglected infectious diseases in humans and animals but also research
on topics of their social and economical impact.
In its recent global surveillance report, WHO identified antimicrobial resistance (AMR) of human pathogens as a serious problem that threatens the achievements of modern medicine. AMR
strikes all countries worldwide, but in contrast to industrialised
regions, there is a major gap in knowledge about the magnitude
of the problem in countries with limited resources. For the African
region, WHO identified a lack of data particularly on antibacterial
resistance (ABR) for many common and serious conditions, such
as meningitis, pneumonia and bloodstream infections. Also, ABR
is no longer an exclusive problem in human health, but is also
an issue in veterinary medicine, agriculture, food safety and in
the environment. The term ‘One Health’ was recently coined to
reflect this holistic approach to the problem. In this project, we
will focus on ABR and its molecular mechanisms in staphylococci
in three African regions (North, East and South) by adopting the
One Health approach. Staphylococci belong to the most common
human pathogens. They cause a wide range of clinical manifestations, but also occur as harmless skin commensals in humans as
well as in animals; and some species transiently survive in the environment. Staphylococci readily acquire many different resistance
genes, and methicillin-resistant Staphylococcus aureus (MRSA)
and coagulase-negative staphylococci (MR-CoNS) are among
the most common causes of healthcare-associated infections
worldwide. However, MRSA and MR-CoNS also occur outside of
medical facilities and are detectable in the community, in animal
husbandries as well as in the environment. The occurrence of the
same resistance genes in CoNS and S. aureus suggests ongoing
genetic exchange between MRSA and other staphylococci, and
CoNS may serve as a reservoir of resistance genes for S. aureus.
The suggested research aims to develop a comprehensive insight
into the molecular epidemiology and molecular resistance mechanisms present in staphylococci in Africa. In this program, medical
microbiologists from Egypt, Kenya and South Africa will work together with molecular infection biologists from Germany to determine the MRSA and MR-CoNS clonal lineages currently circulating
in healthcare settings, livestock and the community in the three
African regions. The project will particularly focus on elucidating
the molecular mechanisms and genetic basis of resistance against
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(novel and last resort) antibiotics as well as on the identification
of factors that drive ABR expression and transfer into MRSA. In
this respect, the hypothesis will be tested that CoNS may function
as shuttle organisms linking the resistance gene pool of environmental microorganisms with commensal and pathogenic bacterial
species such as S. aureus.
Projects involving ZINF members
Wilma Ziebuhr
(Institute of Molecular Infection Biology)
Molecular epidemiology and antimicrobial resistance mechanisms in staphylococci from various geographic regions in Africa

5.9
BMBF MedVet-Staph
Interdisciplinary Research Network
on the Zoonotic Impact of
Staphylococcus aureus/MRSA
Staphylococcus aureus, including methicillin-resistant S. aureus
(MRSA) are major human and zoonotic pathogens. Recently, certain defined MRSA clonal lineages were found to spread in industrialised animal husbandry. These livestock-associated (LA)-MRSA
were detected in food-producing animals and food samples, but
they also occur as colonisers in companion animals and humans.
LA-MRSAs have a significant potential to cause disease and they
add to the increasing burden of healthcare associated infections in
Germany. The MedVetStaph consortium brings together the expertise of microbiologists, infectiologists, epidemiologists and veterinarians to study the epidemiology, molecular biology and ecology of LA-MRSA. The goal of the programme is to provide policy
makers and public health authorities with solid scientific data to
implement efficient intervention and control measures to contain
the further spread of these bacteria.
Projects involving ZINF members
Wilma Ziebuhr
(Institute of Molecular Infection Biology)
Influence of antibiotic resistant staphylococcal species on
persistence and dissemination of LA-MRSA

5.10
BMBF #1Health-PREVENT
One Health Interventions to
Prevent Zoonotic Spread of
Antimicrobial Multidrug-Resistant
Bacterial Microorganisms
#1Health-PREVENT aims to implement suitable intervention
measures to prevent the zoonotic spread of bacterial multidrug
resistant microorganisms (MDRO) in agriculture, human and veterinary medicine as well as in the environment. Pursuing a truly
One Health Approach, the consortium fosters interdisciplinary
collaboration by joining partners from veterinary and human medical microbiology, molecular microbiology as well as from public
health and agriculture. #1Health-PREVENT will answer open epidemiological questions related to zoonotic MDRO spread. Furthermore, the programme will challenge novel intervention measures for their efficacy and practical feasibility to limit zoonotic
MDRO dissemination.
Coagulase-negative staphylococci (CoNS) from livestock and
livestock environments were recently found to be extensively
drug-resistant by carrying novel antimicrobial resistance (AMR)
genes and displaying uncommon phenotypic AMR, including resistance against last resort antibiotics. Little is known about the
impact of these low-grade pathogens and their transmission to
directly exposed humans. Also, their role in the ecological niche as
putative links between the general environmental AMR gene pool
and host-colonising as well as pathogenic bacteria is poorly understood. In this project, we will fill knowledge gaps concerning the
epidemiology of AMR-CoNS among livestock-exposed individuals,
and test several intervention measures (i.e. use of probiotic bacteria, alternative housing conditions of animals) for their efficacy
to reduce the AMR burden in farm environments. The overarching
goal of the project is to interfere with the emergence of pathogenic
MDROs at an early stage and to prevent their dissemination to
humans, including transmission into hospitals.
Wilma Ziebuhr
(Institute of Molecular Infection Biology)
Reducing the AMR burden in farm environments: Impact on
human commensals and zoonotic pathogens

5.11
BMBF InfectControl 2020
Antigen reactive T cells for the diagnosis
and therapy of fungal-associated diseases
in at risk patients (ART4Fun)
A rapidly increasing threat is arising from new or resistant pathogens and their growing global circulation that affects all areas of
human life. This threat is further afflicted with a drastic lack of
(new) effective drugs as well as insufficient preventive and diag-
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nostic possibilities. In addition, there is great demand for awareness and information, especially as regards to patients and specialists in health care professions.
InfectControl 2020 is a consortium of representatives from enterprises and academia that jointly aims at developing solutions
regarding these problems on a national and global level. Proposals
for solutions are being developed within the scope of the funding
programme „Zwanzig20 – Partnerschaft für Innovation“ headed
by the Federal Ministry for Education and Research (BMBF). With
InfectControl 2020, a highly innovative research alliance has been
established that aims at developing and commercially implementing basically new strategies for the early recognition, the control
and successful approaches to fight infectious diseases.
Aspergillus fumigatus and other fungi cause life-threatening
infections in immune-suppressed patients or allergic reactions in
patients including those with cystic fibrosis, asthma and chronic
obstructive pulmonary disease. The actual degree of fungal- associated pathologies is not entirely clear in most cases because
fungi are part of our daily environment making unambivalent
microbiological detection difficult. Accordingly current therapies
are often non-specific and delayed, diagnostic methods for the
underlying host-pathogen status are currently not routine. Members of the consortium have developed a immune cell based approach, antigen reactive T cell enrichment (ARTE), which allows
the host-pathogen status to be precisely determined and used for
diagnosis. ART4Fun integrates host-pathogen status, clinical epidemiology and veterinary data for an overarching diagnostic and
risk assessment of fungal lung pathologies and to develop new
therapies and prevention strategies. This project involves the engineering of Aspergillus specific T cells and their evaluation both in
vitro and in an in vivo mouse model of invasive Aspergillosis using
advanced in vivo imaging techniques. Clinical samples from patients with invasive Aspergillosis will be acquired and made available to other consortium members.
Projects involving ZINF members
Hermann Einsele
(Dept. of Internal Medicine II)
Antigen reactive T cells for the diagnosis and therapy of fungal-associated diseases in at risk patients

5.12
The Bavarian Research Network
for Molecular Biosystems (BioSysNet)
In the past, scientists have studied individual genes and gene
products, leading to a detailed mechanistic understanding of the
functions within living cells in health and disease. Recently, new
systemic methods have become available that significantly extend these classical approaches. They have made it possible to
sequence entire genomes, to identify most gene products in living
cells, and to map interaction networks between components of
living systems. This has led to the founding of a new research field
called molecular systems biology or molecular systems research.
This new research field requires a high level of interdisciplinarity,
involving geneticists, molecular biologists, structural biologists,

mathematicians and bioinformaticians. It provides a means to answer fundamental and complex biological questions and provides
insight into the inner workings of cells and revealing the molecular
mechanisms that generate and maintain living systems.
The Bavarian State Ministry of Sciences, Research and the Arts
established the Bavarian Research Network for Molecular Biosystems at the end of 2011, as part of its effort to strengthen research,
innovation and technology in Bavaria. The objective for the network is to bring together local expertise in systems biology within
Bavaria to obtain a holistic view of living cells. The network comprises of 24 groups and supports five new, independent junior researchers in developing their own independent research programs
as well as established junior and senior groups with interests in
molecular biosystems.
Projects involving ZINF members
Ana Eulalio
(Institute of Molecular Infection Biology)
RNA: the missing link in bacterial pathogen-host interactions
Cynthia Sharma
(Research Centre for Infectious Diseases)
Exploring RNA-binding proteins in Campylobacter jejuni
Jörg Vogel
(Institute of Molecular Infection Biology)
Temporal control of gene expression by small RNAs

5.13
ERA-NET
Infectious diseases cause tens of thousands of deaths each year
in Europe. Despite all the measures taken to address infectious
diseases, different factors have contributed to recent challenges:
(i) the threat of emerging pathogens (16 new and 5 re-emerging
infectious diseases have been identified in the last 2 decades), (ii)
mass migration, global travellers and growth of congested urban
slums, (iii) misuse and overuse of antibiotics, (iv) co-infection
with at least two pathogens. Hence, continuous global effort and
novel avenues of research are required to decipher the role of the
new factors in the development of infectious diseases.
Through this initiative, ERA-NET partners aim to understand
all basic aspects of complex human infection biology questions
such as co-infection that are not limited to specific pathogens, the
cross-talk between host and pathogens, as well as the relationship between microbial environment and infection. The ERA-NET
consortium funds high quality and cutting edge transnational and
translational research bringing together basic, applied, technology-driven and clinical research approaches to a broad variety of
topics regarding human infectious diseases.
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Networks involving ZINF members
Infect-ERA
Thomas Dandekar
(Dept. of Bioinformatics)
Systematic identification of antifungal drug targets by a
metabolic network approach (AspMetNet)
Fungal infections pose an increasing threat for the immunocompromised. Limitations in antifungal therapy arise from non-specific symptoms of infection, poor diagnostics and comparatively
few options for treatment. Currently established antifungal drugs
interfere with the fungal cell wall or plasma membrane and are
characterised by limited efficacy, severe side effects, or emerging pathogen resistance. Despite their promise to serve as highly
specific antifungal targets, fungal metabolic pathways have been
widely neglected. Because of the fact that Aspergillus, the causative
agent of aspergillosis, apparently lacks specific virulence factors,
its general characteristics, such as growth and tissue penetration,
strongly correlate with the outcome after infection of a susceptible
host. These traits strictly rely on nutrient acquisition and metabolic
turnover and, therefore, make biosynthetic pathways a prime target in antimycotic therapy. The basic concept of this transnational
consortium is to explore the metabolism of the main pathogenic
species A. fumigatus on a comprehensive scale as essential virulence determinant. Emerging from transcriptome profiling data
that are mapped on the annotated genome sequence of A. fumigatus, metabolic network reconstruction will serve to identify fungal-specific biosynthetic pathways and key reactions. Predictions
for unique enzymes will result in a candidate list of genes, the
inactivation of which is likely to result in an auxotrophic phenotype based on conditional essentiality of the biosynthetic reaction.
Phenotypic and molecular characterisation of these genes will culminate in virulence studies to test infectivity in established animal
models of aspergillosis. Based on the resulting data collections,
the metabolic network model will be refined in an iterative manner
to yield further candidate genes that again will be experimentally
validated. In essence, this systematically applied metabolic network approach will yield novel antifungal drug targets based on the
metabolism of A. fumigatus that will serve as promising candidates
for therapeutic intervention to fight fungal infections.
Thomas Rudel
(Dept. of Microbiology)
Co-infection as a cause of ovarian cancer (CINOCA)
The clinical impact of bacteria-virus co-infections and the subsequent chronic infections are both poorly understood, partly due to
the difficulty in drawing conclusive etiological links years after the
infection. This transnational network aims to investigate the contribution of chronic co-infections with human herpes viruses (HHVs)
and the intracellular bacterium Chlamydia trachomatis (Ctr) to the
onset of ovarian cancers. Recent epidemiological studies suggest
a strong association of ovarian cancers with both agents and –surprisingly– only to a minor extent with human papilloma virus, a
known etiologic agent of cervical cancer. An important paradigm
shift in recent years now firmly assigns the origin of ovarian cancer
to the epithelial lining of the Fallopian tube (FT), a prime meeting
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site for chronic, often asymptomatic infections by both HHVs and
Ctr. Thus, accumulating evidence warrants a careful analysis of the
molecular events by which these pathogens synergise in establishing their infectious niche and co-operatively promote malignant
transformation. This consortium encompasses leading European
laboratories in the areas of HHVs and Chlamydia research and
two highly committed clinical and SME partners. Together with a
clinical partner, who has generated an organoid model of normal
human FT cells, in vitro studies will be performed. This novel infection model will provide the basis for in depth genomic and epigenomic analyses that will allow tracing the infection-driven events
of host cell transformation on a genomic scale. In concert, this
consortium will illuminate the molecular mechanisms by which
HHVs and Ctr jointly reprogram human epithelial cells, providing
the basis for malignant transformation.
Cynthia Sharma
(Research Centre for Infectious Diseases)
Ana Eulalio
(Institute of Molecular Infection Biology)
Combining high-throughput and single-cell analyses to study
RNA regulators important in the early steps of Campylobacter
infection (CampyRNA)
Bacterial infections entail an active interplay between the virulence factors of a pathogen and the host response. Non-coding
RNAs (ncRNAs), including small, regulatory RNAs in bacteria and
host microRNAs, are increasingly recognised as important posttranscriptional gene expression regulators during infection. This
consortium uses Campylobacter jejuni, currently the most common
cause of bacterial food-poisoning, as a model organism to study
the role of host and pathogen ncRNAs during the early steps of
infection, specifically the adhesion to and invasion of epithelial
cells. To obtain a comprehensive overview of the host and pathogen ncRNAs expressed during infection and how they control
pathogenesis, this consortium combines several high-throughput
approaches with single-cell microscopy techniques. The project
will shed light on new virulence regulators of Campylobacter jejuni,
which could constitute targets for novel antimicrobial strategies.
In addition, the new approaches developed in this project will be
applicable for the study of additional human pathogens. Cynthia
Sharma is the coordinator of this Junior consortium.
Lars Dölken
(Dept. of Virology)
Early Determinants of DNA-Virus Lytic or Latent Infection
(eDEVILLI)

biology approach with cutting edge genetic manipulation of both
the host cell and the virus we will define the host and the viral
factors that bind to viral genomes immediately upon infection and
shape the decision whether an incoming virus will trigger the lytic
cycle, or if it will remain latent.
Jörg Vogel
(Institute of Molecular Infection Biology)
The nice bug: Commensalism versus disease – Asymptomatic carriage or urosepsis
The symbiotic relationship between commensals and their hosts is
made possible by a lack of virulence and immune activation. Commensals also actively modify the host environment. Through exquisite molecular mechanisms, they perturb host gene expression,
especially pathways which enhance persistence and reduce pathology. This project examines a novel strategy to use the protective
potential of commensals to prevent recurrent urinary tract infection (UTI). Asymptomatic bacteriuria (ABU) is a commensal-like
state, which protects the urinary tract against super-infections by
more virulent strains. We will establish ABU in UTI-prone patients
by inoculating them with the prototype strain E. coli 83972. Therapeutic efficacy of this approach has already been demonstrated
in placebo-controlled studies. Genomic, transcriptomic and proteomic tools may now be applied to analyse the molecular basis of
commensalism and protection in human hosts.
Daniel Lopez
(Research Centre for Infectious Diseases)
Ana Eulalio
(Institute of Molecular Infection Biology)
Intracellular Staphylococcus aureus: deciphering bacterial and
cellular factors involved in host cell invasion by clinically relevant
strains to define new therapeutic approaches (StaphIN)
Staphylococcus aureus infections represent a major health problem
in both hospital and community settings. S. aureus’ ability to fight
antimicrobial therapies is associated with its capacity to form biofilms and to acquire resistance to conventional antibiotics. This
consortium will perform a systematic analysis of a large collection
of S. aureus clinical isolates to assess the ability of the different
strains to invade, replicate and persist within host cells. In addition, bacterial and host factors relevant for S. aureus intracellular
lifestyle will be characterised. The ultimate goal is to exploit the
acquired knowledge to develop therapeutic strategies, with impact
on the prevention and/or treatment of persistent nosocomial infections.
ERANet-LAC (Latin America and the Caribbean)

Severe disease caused by herpes viruses typically does not surface
during the initial infection of the otherwise healthy host, but rather
when the virus reactivates from latency in immunocompromised
individuals, such as organ transplant recipients and AIDS patients.
Understanding the mechanisms that contain viral infection and
push the virus into latency immediately upon infection may enable
their use for life-saving preventive and therapeutic measures. The
eDEVILLI consortium focuses on the characterisation of the molecular mechanisms, which define whether a DNA virus infection
will result in latency or in lytic infection. By combining a systems
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The project aims to develop new therapeutic and diagnostic tools
to contribute to the control of neglected diseases caused by helminth parasites, suchasystic (CE) and alveolar (AE) echinococcosis. Due to the scarcity of available anthelmintic drugs and the
possible emergence of resistance, the discovery of new anthelmintic drugs is mandatory. The assembled international and interdisciplinary team has characterised a number of molecules that
may play important roles in nutrient acquisition, attenuation of
host’s immune response and development of these parasites and

has also developed in vitro and in vivo models as well as studied
epidemiological and clinical aspects of these diseases. We propose a new approach based on distinct biological and metabolic
aspects of parasitic helminths, considering in particular parasite
specific a) lipid binding proteins (LBPs) and b) microRNAs (miRNAs). These molecules are unique to these pathogens or highly divergent from the host counterparts and may exert essential
functions, thus fulfilling the main requirements for good selective
therapeutic targets. We will also assess their cellular expression in
order to prioritise targets that are widely expressed, including in
the key stem cell population. The uniqueness/divergence of several miRNAs and the ability to be detected in biological fluids also
makes them potential new specific biomarkers. Ultrasound studies and sera collection of human population affected by CE will
be performed in order to include the potentially new biomarkers
in the stage specific approach according to WHOIWGE (Informal
Working Group on Echinococcosis).
In addition, US surveys will provide a rapid impact on the health
system of the rural populations involved in the study. Sera from
AE patients are already available. We will evaluate specific parasite
molecules as new therapeutic/diagnosis targets using bioinformatics, molecular biology, biochemistry and biophysical methods
integrated with relevant clinical and epidemiological information.
The expected outcome of the project is the development of new
compounds that bind and inhibit essential and unique molecules
of these parasites, and to find new detection tools, to improve the
status of both treatment and early diagnosis of these complex and
neglected diseases.
Project involving ZINF members
Klaus Brehm
(Institute for Hygiene and Micorbiology)
Development of New Diagnostic and Treatment Options for
Helminthic Neglected Diseases

5.14
International Network for
Strategic Initiatives in Global HIV Trials
(INSIGHT)
The mission of the National Institutes of Health (NIH) sponsored
INSIGHT network is to develop strategies for the optimisation of
treatment—antiretroviral therapies (ART), immunomodulatory
therapies, and interventions to prevent and treat complications of
HIV and ART—in order to prolong disease-free survival in a demographically, geographically, and socio-economically diverse population of individuals infected with HIV. In order to carry out this
mission, the research agenda will be pursued through:
•
Large randomised trials with morbidity and mortality
outcomes, preceded, where appropriate, by vanguard (smaller, pilot) studies to refine design parameters
•
Studies relevant to both resource-abundant and
resource- constrained countries
•
Studies directed at minimising the adverse effects of
long-term treatment, while maximising treatment benefits
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•
•

•

•

Substudies conducted as part of larger trials
Studies designed to allow for co-enrolment, so that multiple
major research questions can be addressed in the cohorts
under follow-up
Carefully planned epidemiological analyses, including nested case-control studies that take advantage of a large cross
study database and associated specimen repositories; and
Linkages with other networks, in order to maximise
efficiency and research productivity.

During this seven-year funding cycle, INSIGHT will conduct 7 major clinical trials, three of which are already underway, and 3 vanguard trials at approximately 400 sites in 37 countries. Each of the
trials will have carefully planned substudies that add value to the
experimental design of the parent protocols. These substudies will
investigate mechanistic questions and evaluate the experimental
interventions for important secondary outcomes in a cost-effective way. Two of the trials will be preceded by intermediate-size
vanguard studies to refine protocols for larger scale investigation,
e.g., to estimate parameters for sample size or to more precisely
define the study arms.
Projects involving ZINF members
Hartwig Klinker
(Dept. of Internal Medicine II)
Strategic Timing of AntiRetroviral Treatment (START)

5.15
National Reference Laboratory
for Meningococci and Haemophilus
influenzae
The National Reference Laboratory (NRL) for meningococci and
Haemophilus influenza is hosted at the Institute for Hygiene and
Microbiology at the University of Würzburg and is headed by Matthias Frosch and Ulrich Vogel. The NRL has been commissioned
by the Robert Koch Institute to conduct representative laboratory
surveillance of invasive meningococcal disease and invasive infections caused by Haemophilus influenzae in Germany. Laboratory
surveillance of both infectious agents is performed in close collaboration with the Robert Koch Institute. NRL data are regularly
matched with statutory notification data to achieve comprehensive datasets, which are also reported to the European Centre
for Diseases Prevention and Control (ECDC). The NRL advises
laboratories and public health authorities with respect to diagnosis, epidemiology and prevention of meningococcal disease.
It collaborates with international networks, e.g. ECDC IBD labnet
and the European Meningococcal Disease Society (EMGM). The
NRL annually processes 800 samples from patients with invasive
bacterial infections. Key parameters assessed include serogroup
or serotype, clonal finetype, and antibiotic resistance. Culture-independent analysis by sensitive PCR assays and DNA sequencing is performed on 100-150 samples per annum. The reference
laboratory further conducts serological investigation of vaccine
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responses. It analyses the strain coverage of meningococcus B
vaccines. Annual reports for both infectious agents are available at
http://www.nrzmhi.de/. A geographic information system can be
accessed at www.episcangis.org.

5.16
The Consulting Laboratory
for Echinococcosis
The Robert Koch Institute appoints the consulting laboratory for
echinococcosis every second year for consultation, quality management and development of diagnostic procedures. The Institute
for Hygiene and Microbiology has hosted the consulting laboratory for echinococcosis since 1997. The consulting laboratory is
an assigned set point laboratory for interlaboratory comparison
tests. It is also involved in the preparation and updating of quality
standards for microbiological diagnostic procedures (MIQ). The
consulting laboratory offers the following services:
1. Information regarding the prevention and epidemiology
of different types of echinococcosis.
2. Information on the diagnosis, differential diagnosis,
and therapy.
3. Detection of antibodies against Echinococcus multilocularis
and E. granulosus in human sera.
4. Microscopy of cyst aspirates, sputa and other liquid
samples as well as solid tissue obtained at surgery for
echinococcal structures.
5. Parasitological analysis of stained and covered
microscopic slides for echinococcal structures and
differentiation of the parasite.
6. Detection of echinococcal DNA by PCR (after consultation
with the treating physician).
There is a close connection of the consulting laboratory and the
research group of Klaus Brehm of the Institute for Hygiene and
Microbiology, who investigates the host parasite relationship of
alveolar echinococcosis. The consulting laboratory is available online at http://www.echinococcus.de.

5.17
IBD-labnet Coordination of Activities
for Laboratory Surveillance of Invasive
Bacterial Diseases
The European Centre for Disease Prevention and Control (ECDC)
has funded the IBD-labnet since September 2008 within the framework of the program “Laboratory surveillance and external quality
assurance of invasive bacterial diseases in EU” and since October
2011 the follow-up program “Coordination of Activities for Laboratory Surveillance of Invasive Bacteria Diseases.” The IBD-labnet is
coordinated by Matthias Frosch from the Institute for Hygiene and
Microbiology and aims to harmonise the laboratory surveillance of
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invasive bacterial diseases caused by Neisseria meningitidis, Haemophilus influenza and Streptococcus pneumoniae in Europe and
EEA/EFTA countries.
The critical importance of valid and accurate typing data for
comparability of surveillance data means that a key objective of
the laboratory network is the standardisation and harmonisation
of typing methods. The members of this consortium, the National Reference Laboratories for N. meningitidis, H. influenzae and S.
pneumonia, are also supported in the strengthening of their laboratory capacity to accurately characterise the invasive isolates.
Therefore, the IBD-labnet assists the participating National Reference Laboratories to continuously improve their laboratory performance in the identification and characterisation of N. meningitidis,
H. influenzae and S. pneumonia as well as the implementation of
new techniques for routine work.
The major activities of the IBD-labnet include:
1. The assessment of the laboratory performances
by the distribution of external quality assurance exercises.
2. The improvement of the laboratory performances by the
organisation of training workshops or exchange programs.
3. The harmonisation of methods for antimicrobial
susceptibility testing, interpretation and reporting for
N. meningitidis, H. influenzae and S. pneumoniae.
4. The standardisation and harmonisation of methods
for DNA-based serotyping and molecular typing of
S. pneumoniae.
5. The establishment of a European meningococcal strain
collection.

5.18
Wellcome Trust Strategic Award
Flatworm Functional Genomics Initiative
Parasitic flatworms cause some of the most chronic infectious diseases on our planet. The Flatworm Functional Genomics Initiative
develops game-changing research tools for the study and manipulation of parasitic flatworm species responsible for the devastating
diseases echinococcosis (hydatid disease) and schistosomiasis
(bilharzia). The initiative will develop transformative functional
genomics reagents and make them readily available to the academic research community through well-curated North American
and European repositories. Specifically, they will use expertise in
molecular biology, cell biology and parasitology to create transgenic lines of parasitic flatworms, as well as primary and immortal
cell lines derived from these pathogens. These reagents will enable
helminthologists to keep pace with other more tractable areas of
infectious disease biology and more effectively contribute to the
control of parasites responsible for chronic human and animal
diseases.
Projects involving ZINF members
Klaus Brehm
(Institute for Hygiene and Microbiology)
Functional genomics in Echinococcus multilocularis

5.19
German Centre for Infection
Research (DZIF)
Prophylactic Application of Escalating
Doses of Donor-derived Central Memory
T-Lymphocytes (Tcm) after Allogeneic
Hematopoetic Progenitor Cell Transplantation (HPCT) to Prevent Infectious
Complications (PACT): A Prospective,
First in Man, Open Phase I/IIa
Clinical Trial
In this multicenter clinical study, Hermann Einsele and Götz Ulrich Grigoleit (Dept. Internal Medicine II) cooperate with clinicians from Munich, Tübingen and Hannover to improve allogeneic
hematopoietic progenitor cell transplantation (allo HPCT). Allo
HPCT is a potentially curative treatment option for hematological malignancies. During the last decade, acute myeloid leukemia
(AML) has become a major indication for allo HPCT. However, the
survival of transplanted AML patients is substantially limited – in
particular in older patients- by graft versus host disease (GVHD).
In vitro T cell depletion can minimize the risk for GVHD, but leads
to infectious complications with various opportunistic pathogens.
Central memory T cells (Tcm) have been described to contribute
most efficiently to rapid immune reconstitution after adoptive T
cell transfer with a comparatively low risk for GVHD induction. In
addition, it was recently demonstrated in pre-clinical mouse models as well as first clinical trials that adoptive immunotherapy of
very few numbers of antigen-specific T cell purified under minimally manipulating conditions (without any in vitro cell culture) can be
sufficient for effective and long-lasting immune reconstitution. In
this trial, Tcm will be purified by a recently available serial positive
selection technology (Fab Streptamer-Technology) and their safety
will be tested in a phase I/IIa clinical trial in AML patients undergoing allo HPCT of an HLA-matched, in vitro T cell-depleted graft.

5.20
Interdisciplinary Centre for Clinical
Research (IZKF)
The IZKF Würzburg organises the Medical Faculty’s internal funding for research. It was founded in 1996 within the federal advancement program ‘Health Research 2000” of the Federal Ministry of
Education and Research. Since 2004, it has been entirely funded
by the Free State of Bavaria. Its major goal is the strengthening
of clinical research through interdisciplinary cooperation between
clinical research and basic research in the biomedical sciences. In
2013, its funding volume was approx. 5 Mio. Euro. The IZKF supports interdisciplinary clinically relevant research at the university
through three main programs:
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•
•
•

Research project grants within defined scientific areas.
The promotion of young researchers in medicine through
the establishment of IZKF Junior Research Groups.
Infrastructure development through the establishment of
core facilities and instrumentation.

The funding decisions are based on peer review methods and
transparent fund management on three different levels:
•
The general assembly („Zentrumskonferenz“).
•
The executive board, which is responsible for decisions on
funding requests.
•
The External Scientific Advisory Board, which plays an active
role in the centre’s activities and participates in the assessment of each project proposal.
The aim of IZKF-project grants is to facilitate interdisciplinary research between groups at the university and to enable the funding
of research into new topics within the focus of the medical faculty.
Cooperation between clinical researchers and basic researchers in
biomedicine is a precondition for a successful grant application.
After up to three years of an IZKF-promotion it is expected to transfer the projects into external third-party funding. The IZKF-Junior
Career Program aims to support young independent researchers
in merging clinical and biomedical research at the earliest possible
stage of their medical career. Together with the direct Junior Career
Programs, the IZKF also supports young and motivated scientists
of the Medical Faculty with IZKF-research grants.
In order to enhance the local infrastructure, the IZKF has established several Core Facilities. Those with specific relevance to
infectious disease research include:
•
The core facility ‘Microarray-Unit’ was established in 2001
and broadened the spectrum of services as the “IZKF-Service
Unit for Microarray applications and bioinformatic analysis
of high throughput methods“. In 2013, it was incorporated
into the Core Unit ’Systems Medicine’ which is co-financed
by the Medical Faculty. It is a service partner for high
throughput techniques for researchers at the University
and the University Clinics.
•
The IZKF extended support for the “Centre for Experimental
Molecular Medicine (ZEMM)“ which allows IZKF members
access to the ZEMM’s central animal management.
•
The IZKF has also recently established the “Service Unit for
confocal microscopy and flow cytometry-based cell sorting“.
Projects Involving ZINF members
Andreas Beilhack
(IZKF, Dept. of Internal Medicine II)
Targeting essential transcriptional pathways to disrupt
fungal infection.
Hartwig Klinker
(Dept. of Internal Medicine II)
Axel Rethwilm
(Institute for Virology and Immunobiology)
Therapeutic drug monitoring in the therapy of HIV
and HCV infections
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Christian Perez
(IZKF)
Candida-host interactions
Sibylle Schneider-Schaulies
(Institute for Virology and Immunobiology)
HERV and immune reactions during pregnancy
Cynthia Sharma
(Research Centre for Infectious Diseases)
Heike Walles
(Dept. Tissue Engineering and Regenerative Medicine)
Jürgen Löffler
(Dept. of Internal Medicine II)
New infection models based on tissue engineering for the
human pathogens Helicobacter pylori and Campylobacter jejuni

5.21
Graduate School of Life Sciences (GSLS)
For many years the Faculties of Medicine and Biology at the University of Würzburg have offered high-level structured graduate
training. This culminated in the foundation of the International
Graduate School (IGS) by the University Senate in 2003 and the
University of Würzburg Graduate Schools (UWGS) in 2006, which
ensured common graduation standards and rules for all graduate
schools. The Graduate School of Life Sciences (GSLS) was successful in its application to the “Excellence Initiative of the Federal and State Governments” and obtained funds to support fellowships and other activities within the GSLS. In addition to the
section Biomedicine and the MD/PhD program three further sections, i.e. Infection and Immunity, Neuroscience and Integrative
Biology, were founded.
The Graduate School of Life Sciences (GSLS) is the largest
and most strongly integrated graduate school at the University of
Würzburg after the successful implementation of programs from
the Excellence Initiative application. The GSLS now houses doctoral researchers of all collaborative research programs – such as the
DFG-funded collaborative research centers (“Sonderforschungsbereiche”), research training groups (“Graduierten-kollegs”) and
clinical research groups (“Klinische Forschergruppen”), as well
as other collaborative programs funded by the Federal Ministry of
Education and Research (BMBF), the European Union and other
sources. The school is currently divided into five separate sections,
Biomedicine, Infection and Immunity, Neuroscience, Integrative
Biology and Clinical Sciences.
Key elements of training in the Graduate Schools
•
The traditional single supervisor (“Doktorvater“) is replaced
by a thesis committee of three principal investigators (PIs).
•
A panel of training activities is offered, from which an
individual program is tailored to each doctoral researcher.
•
Doctoral researchers actively participate in the program
by offering and organising courses and symposia.
•
A set of requirements has to be met to warrant a common
quality standard.

research programmes and infrastructure

Mentoring System
Each doctoral researcher has an individual thesis committee,
which meets with the doctoral researcher at regular intervals to
monitor progress and adjust the research and training activities.
Additionally, the doctoral researchers report the status of their
project within the research groups and programs, to exchange
ideas and obtain feedback within their peer-group.
Training activities
The training activities total a minimum of 4-6 hours per week and
consist of seminars, journal clubs, program seminars, methods
courses and transferable skills workshops as well as retreats and
international conferences.
Common Graduation Commission
The participating faculties form a common Graduation Commission within the respective graduate school. The commission is responsible for the conferral of all doctoral degrees within the graduate school. This enforces common standards across disciplines
and fosters interdisciplinary cooperation in graduate training.
Section Infection and Immunity
Section Speakers:
Thomas Hünig
(Institute of Virology and Immunobiology)
Joachim Morschhäuser
(Institute of Molecular Infection Biology)

models for human pathogens we aim to develop and apply novel
human 3D infection models based on engineered human tissues.
Within this project, scientists from different disciplines take a novel route to investigate microbial infections under close-to-natural
conditions. Host-microbe interactions are investigated in engineered three-dimensional (3D) human tissues. The planned application of next generation analysis technology (e.g. single cell
and dual RNA-Seq; super-resolution imaging; gene silencing in
primary cells) will enable us to gain unprecedented insights into
the molecular mechanisms underlying human infections. Such
advanced research combining complex primary infection models
and next-generation technologies at the highest level requires the
education of a new generation of scientists familiar with the underlying principles and applications of these techniques. Therefore,
the interdisciplinary training of the PhD students in state-of-theart and emerging technologies together with continuous scientific
exchange are the key elements of this Research Training Group.
The GRK 2157 integrates the long-standing expertise in infectious diseases at the University of Würzburg and new technologies
into an exciting new focus on 3D human tissue models. We expect to develop integrated concepts relating to the mechanisms by
which microbes overcome different infection barriers in humans.
The repertoire of pathogens includes measles virus, different bacterial pathogens and trypanosomes. Understanding the key events
of natural infections will form a basis to design new preventive and
therapeutic strategies to combat infectious diseases.
Focus of research

The topic “Infection and Immunity” represents an internationally
recognised major research focus of the University of Würzburg.
Strong interdisciplinary bonds between the Faculties of Medicine,
Biology, and Chemistry & Pharmacy are hallmarks of this research
field in Würzburg. Scientists from the participating faculties cover all the relevant disciplines and methodological approaches in
infectious disease research. The network of researchers in the
section “Infection and Immunity” however also explores such
-seemingly- quite different phenomena as the genesis and control
of cancer or aspects of symbiosis in plant biology. The scientific
program spans research on host-pathogen interactions, genome
research in pathogenic microbes, identification and characterisation of novel anti-infectives, molecular processes of immune response in various host organisms including humans, mechanisms
of tumorigenic processes induced by microbes, and new concepts
in immune therapy. This comprehensive coverage of topics will
guarantee the broadest possible training for doctoral researchers,
yet provide a focus on common and converging mechanisms.

5.22
Graduate School (GRK 2157) 3D-Infect
3D-Tissue Models for Studying Microbial
Infections by Human Pathogens
Infectious diseases are still one of the main causes of mortality of
man. A clear limitation of studying human pathogens is the lack
of a relevant infection model. This is particularly true for human
pathogens for which no animal reservoir is known. Since simple cell lines, cell culture systems or animals are highly artificial

We aim to elucidate the molecular and mechanistic basis for interactions between host and microbes in natural infections with
the long-term goal to develop new anti-infective strategies. Our
approach fosters the study of infections in 3D human tissue
models reflecting the natural infection site in humans. The main
entrance routes for human pathogens are the skin as well as the
respiratory, gastrointestinal, and urogenital tract. Engineered 3D
human tissues of these entry routes will be utilised for infection
experiments with selected human-specific microbes (Chlamydia,
Neisseria, Campylobacter, Bordetella, Salmonella, Trypanosoma and
measles virus).
We plan to establish vascularised tissue models to address
bacterial dissemination, such as seen in gonococcal infection,
whereas models for secondary barriers including human endothelia, 3D human blood brain barrier or dynamic DC/T cell interactions will be developed with groups working with microbes
causing meningitis or encephalitis (meningococci, trypanosomes
and measles virus). Natural tissues consists of more than one cell
type, and certain cell types may be selectively engaged during traversal of microbes through infection barriers such as the epithelial
layer. Moreover, individual cells within natural tissues may behave
differently from cells within monolayers, and may even be metabolically reprogrammed in response to pathogen encounter. These
predispositions not only require the investigation of microbes
during interactions with complex tissue, but also the exploration
of the response of individual host cells to the infection. The challenges of performing molecular analysis in such complex infection models will be met by applying the latest next-generation and
high-throughput technology for two general read-outs:
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1)

2)

bioimaging (super-resolution fluorescence imaging,
dSTORM, PALM, in vivo fluorescence imaging, BLI etc.),
and Raman Spectroscopy will be used to obtain overall
optical and physical information of cell behaviour;
single- and multi-cell next-generation RNA- and DNAsequencing combined with bioinformatics analysis will
provide information on gene expression changes during the
course of infection.

Besides the discovery of the basic principles of infections and
validation or disproval of data generated with “classical” model
systems, the identification of infection-induced signalling pathways, changes in cellular trafficking, cell-cell transmission or other infection related phenotypes will likely yield new targets for the
development of therapeutic strategies to protect from or combat
bacterial, parasite and viral infections. All students will work on interdisciplinary scientific projects. To provide them with a sound intellectual foundation the thesis committee will develop an individual education program for students during their graduate training.
This will result in a tailored, broad and comprehensive education
of each student.
Projects involving ZINF members
Project 1:
Andreas Beilhack
(IZKF, Dept. of Internal Medicine II)
Markus Sauer
(Dept. of Biotechnology & Biophysics)
Host-pathogen interactions revealed by 3D high-resolution
microscopy
Project 2:
Thomas Rudel
(Dept. of Microbiology)
Thomas Dandekar
(Dept. of Bioinformatics)
Host factors required for the initiation and propagation
of Chlamydia trachomatis infections
Project 3:
Vera Kozjak-Pavlovic
(Dept. of Microbiology)
Thomas Rudel
(Dept. of Microbiology)
Bacterial and host cell factors important for the invasion
and dissemination of Neisseria gonorrhoeae
Project 4:
Alexandra Schubert-Unkmeir
(Institute of Hygiene and Microbiology)
Meningococcal ligands and molecular targets required
for adhesion and penetration of the blood-cerebrospinal fluid
barrier under shear stress
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Project 5:
Cynthia Sharma
(Institute of Molecular Infection Biology)
Virulence factors and regulators required during
Campylobacter jejuni infections
Project 7:
Sibylle Schneider Schaulies
(Institute for Virology and Immunobiology)
Membrane and protein microdomains governing measles
virus transmission at entry and exit interface
Project 8:
Jörg Vogel
(Institute of Molecular Infection Biology)
Heike Walles
(Dept. of Tissue Engineering and Regenerative Medicine)
Establishing a human intestinal tissue model to study host and
pathogen determinants that restrict Salmonella enterica infection
Project 9:
Markus Engstler
(Dept. of Cell and Developmental Biology)
Development of tsetse fly-transmitted African trypanosomes
in human skin tissue models

5.23
Core Unit for Systems Medicine
To obtain a holistic view of a biological system requires
high-throughput technologies such as mass-spectrometry for
proteomics and metabolomics, next-generation RNA and DNA
sequencing and high-content screening platforms. The large quantities of data generated by these methods can be integrated and
used to model biological entities in a global fashion. While such
approaches open doors to new insights they require additional expertise to handle devices and to establish necessary protocols as
well as to computationally evaluate the data. Due to these requirements the hurdle to establish one or more high-throughput methods is rather high for a single research group. To lower this barrier
the Medical Faculty at the University of Würzburg has decided to
create a central institution that can assist such groups by providing access to the necessary instruments and expertise. For this
purpose the Core Unit Systems Medicine was founded in 2013 and
is located at the Institute of Molecular Infection Biology. As a joint
institution the Core Unit Systems Medicine provides its services
to research groups of the University and the University Hospital.
Consulted by a steering committee, it will continue to expand its
portfolio of high-throughput methods based on requests of the
local research community.

research programmes and infrastructure

159

06
appendix

160

2. zinf members scientific reports

2.1. young investigators

161

6. appendix
6.1 alumni young investigator group leaders
Since the founding of the Research Center for Infectious Diseases many former Young Investigator group leaders have been appointed to highly competitive positions at various universities
and industrial companies.

former young investigator group leaders

HEIDRUN MOLL
CURRENT POSITION
C3-Professorship at the University of Würzburg
Institut für Molekulare Infektionsbiologie

MICHAEL LANZER
CURRENT POSITION
C4-Professorship at the University of Heidelberg
Universitätsklinikum Heidelberg
Hygiene-Institut/Abt. Parasitologie

JOACHIM MORSCHHÄUSER
CURRENT POSITION
C3-Professorship at the University of Würzburg
Institut für Molekulare Infektionsbiologie

JOACHIM REIDL
CURRENT POSITION
Professorship at the University of Graz
Karl Franzens Universität Graz

KATJA BECKER
CURRENT POSITION
C4-Professorship at the University of Gießen
IFZ-Biochemie der Ernährung des Menschen

KLAUS ERB
CURRENT POSITION
Head of Dept. Allergologie und Immunologie
Department of Pulmonary Research, Boehringer
Ingelheim Pharma GmbH & Co. KG

MATTHIAS LEIPPE
CURRENT POSITION
C4-Professorship at the University of Kiel
Zoologisches Institut, Abteilung Zoophysiologie
Christian-Albrechts-Universität
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RESEARCH AT THE ZINF
1993 – 1999
Pathogenicity of Leishmania

RESEARCH AT THE ZINF
1994 – 1999
Pathogenicity of human malaria parasites

RESEARCH AT THE ZINF
1997 – 2000
Pathogenicity of Candida

RESEARCH AT THE ZINF
1996 – 2003
Virulence of Gram-negative bacteria

RESEARCH AT THE ZINF
1999 – 2000
Malarial parasites as targets for the development
of antiparasitic drugs

RESEARCH AT THE ZINF
1999 – 2004
Immunology of intracellular pathogens
and allergic disorders

CHRISTOF HAUCK
CURRENT POSITION
W3-Professorship at the University of Konstanz
Lehrstuhl für Zellbiologie

RESEARCH AT THE ZINF
2001 – 2006
Pathogen-host communication

SVEN HAMMERSCHMIDT
CURRENT POSITION
W3-Professorship at the University of Greifswald
Interfakultäres Institut für Genetik
und Funktionelle Genomforschung

RESEARCH AT THE ZINF
2003 – 2007
Pathogenicity of Streptococcus pneumoniae

UTE HENTSCHEL
CURRENT POSITION
W3-Professorship at the Helmholtz Center
for Ocean Research Kiel
Marine Microbiology, GEOMAR

RESEARCH AT THE ZINF
2004 – 2008
Novel Antiinfectives

ANN-KRISTIN MÜLLER
CURRENT POSITION
Group Leader at the Department of Parasitology
Universitätsklinikum Heidelberg
Hygiene-Institut Abt. Parasitologie

RESEARCH AT THE ZINF
2007 – 2008
Biology of rodent malaria parasites

GABRIELE PRADEL
CURRENT POSITION
W2-Professorship at the RWTH Aachen
Institut/Abt RWTH-InstitutInstitut für Molekulare
Biotechnologie

RESEARCH AT THE ZINF
2005 – 2011
Malaria: Transmission blocking strategies

SVEN KRAPPMANN
CURRENT POSITION
W2-Professorship at the University of Erlangen
Klinische Mikrobiologie und Immunologie

DANIEL LÓPEZ
CURRENT POSITION
Tenured Scientist Group Leader at the Dept. of
Microbial Biotechnology, Spanish National Centre
for Biotechnology (CNB), Madrid

PROF. CYNTHIA M. SHARMA
CURRENT POSITION
Full Professor, Chair of Molecular Infection
Biology II, Institute of Molecular Infection
Biology (IMIB), University of Würzburg

RESEARCH AT THE ZINF
2005 – 2012
Aspects of Aspergillus fumigatus pathogenicity

RESEARCH AT THE ZINF
2010 – 2015
Bacterial cell differentiation

RESEARCH AT THE ZINF
2010 – 2016
Deep Sequencing Approaches
to Pathogenesis

RESEARCH AT THE ZINF
2001 – 2003
Molecular Parasitology
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6. appendix
6.2 meetings and workshops (co)organised by
zinf members 2016 – 2017

Please note that for meetings and workshops organised by multiple people,
only ZINF members are listed.
Summer School Infection Biology 2017
Thomas Dandekar
Würzburg, 19 – 25 September 2017
14th Congress of the EMGM Society
Ulrich Vogel
Prague, 18 – 21 September 2017
EMBO Symposium “The Non-Coding Genome”
Jörg Vogel
Heidelberg, 13 – 16 September 2017
Joint Meeting TR124 FungiNet “Invasive Mycoses in Haematological Malignancies XI”
Jürgen Löffler
Würzburg, 7 – 8 September 2017
Regulation of the T-cell response
Niklas Beyersdorf, Thomas Herrmann
Würzburg, 30 June 2017

Epidemiology of serogroup W and Y meningococci in Europe
Ulrich Vogel
Frankfurt, 1 November 2016
Bauen in medizinischen Einrichtungen, eine interdisziplinäre
Herausforderung
Ulrich Vogel
Würzburg, 27 September 2016
EMBO Practical Course on “Non-coding RNA in infection”
Ana Eulalio, Stan Gorski, Cynthia Sharma, Jörg Vogel
Würzburg, 18 – 24 September 2016
3rd International conference on the pathophysiology of staphylococci
Knut Ohlsen, Thomas Rudel
Tübingen, 15 – 17 September 2016
DGHM Ulm 2016 Fachgruppenmeeting Microbial Pathogenesis (MPAT)
Alexandra Schubert-Unkmeir
Ulm, 12 September 2016

8th Würzburger Meningokokken- und Haemophilus influenzae-Workshop
Ulrich Vogel
Würzburg, 19 May 2017

Workshop „Sensory and Regulatory RNAs in Prokaryotes“
Young Scholars’ Program of the. Bavarian Academy of Sciences and
Humanities (BAdW)
Cynthia Sharma
München, 18 – 19 July 2016

Else-Kröner-Symposium “Translational Immunology – From Target To Therapy IV”
Andreas Beilhack
Würzburg, 4 – 5 May 2017

Network meeting of BioSysNet
Ana Eulalio, Cynthia Sharma, Jörg Vogel
Würzburg, 23 June 2016

Cold Spring Harbor Asia “Bacterial Infection and Host Defense”
Jörg Vogel
Suzhou, 17 – 21 April 2017

13th Kongress für Infektionskrankheiten und Tropenmedizin (KIT)
Hartwig Klinker , Christoph Schoen, Wilma Ziebuhr
Würzburg, 15 – 18 June 2016

Microbiology and Infection 2017 – 5th Joint Conference of the DGHM & VAAM
Matthias Frosch, Jörg Vogel und Thomas Rudel
Würzburg, 5 – 8 March 2017

International Symposium RNA & Infection
Jörg Vogel
Würzburg, 28 – 29 April 2016

DGHM Würzburg – Fachgruppenmeeting Microbial Pathogenesis (MPAT)
Alexandra Schubert-Unkmeir
Würzburg, 6 March 2017

Joint Meeting TR124 FungiNet “Invasive Mycoses in Haematological
Malignancies X”
Jürgen Löffler
Würzburg, 17 – 18 March 2016

Update chronische Virushepatitis 2017
Hartwig Klinker
Würzburg, 25 January 2017
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6.3 seminars and colloquia
MICROBIOLOGY COLLOQUIUM
19 December 2017
Rolf Müller, HIPS, Saarbrücken
Basic microbiology, chemistry and synthetic biotechnology to
identify and characterise antibiotics from microbes
12 December 2017
Marek Basler, Biocenter Basel, CH
Structure, function and dynamics of Type VI secretion systems
05 December 2017
Andrew Koh, University of Texas Southwestern Medical Center, US
Role of the gut microbiome in modulating host immune function
in cancer and stem cell transplant patients
28 November 2017
Kenn Gerdes, University of Copenhagen, DK
Activation of the bacterial stringent response
21 November 2017
Dominic Grün, MPI Freiburg
Revealing cell fate bias of multipotent hematopoietic progenitors
with single-cell RNA-seq
14 November 2017
Franziska Faber, HZI Braunschweig
Respiration of a microbial fermentation product drives Salmonella
expansion during colitis
07 November 2017
Eva Medina, HZI Braunschweig
Deciphering the cross-talk between Staphylococcus aureus and
the host during real infection
24 October 2017
Rick Peek, University of Vanderbilt, US
Enabling relationships in Helicobacter pylori-induced gastric
cancer
18 July 2017
Wolfgang Hammerschmidt, Helmholz Center Munich
The first days in the life of a human B cell infected with
Epstein-Barr virus
11 July 2017
David Rogers, University of Tennessee, Memphis, US
Molecular mechanisms of azole antifungal resistance
04 July 2017
Christopher Weidenmaier, University Hospital Tübingen
Bacterial cell wall polymers-key players in colonisation and
infection and targets for anti-virulence strategies
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27 June 2017
Wenxia Song, University of Maryland, College Park, US
The mystery of Neisseria gonorrhoeae infection in the female
reproductive tract
21 June 2017
Philippe Sansonetti , Institut Pasteur, Paris, FR
Bacterial pathogenesis in the microbiome era
13 June 2017
Bon-Kyoung Koo, University of Cambridge, UK
Two types of stomach stem cells for the homeostatic turnover
of gastric corpus glands
06 June 2017
Luísa Figueiredo, Instituto de Medicina Molecular, Lisbon, PT
Circadian control of gene expression in Trypanosoma parasites
30 May 2017
Patrick Viollier, University of Geneva, CH
From cell cycle to polarity control and back
23 May 2017
Andrew Goodman, Yale School of Medicine, New Haven, US
Microbiome offense and defense
16 May 2017
Teresa Carlomagno, Leibniz University Hannover
RNA-protein complexes in RNA metabolism: An integrative
structural biology approach
09 May 2017
Lucy Glover, Institut Pasteur, Paris, FR
Antigenic variation in African trypanosomes
02 May 2017
Oliver Kurzai, University of Würzburg
Innate immune responses in invasive fungal infections
25 April 2017
Magnus Steigedal, NTNU, Trondheim, NO
Role of Type VII-secretion in mycobacterial iron uptake
07 February 2017
Georg Zeller, European Molecular Biology Laboratory, Heidelberg
A meta-analysis of colorectal cancer microbiome studies
31 January 2017
Bruce Geller, Oregon State University, Corvallis, US
Gene-specific antibacterial oligomers

24 January 2017
Susanne Häußler, HZI Braunschweig
Treatment challenges of Pseudomonas aeruginosa infections
17 January 2017
Peter Sebo, Czech Academy of Sciences, Prague, CZ
The comeback of pertussis and the WHY and HOW of Bordetella
pertussis adenylate cyclase toxin
10 January 2017
Dörte Becher, University of Greifswald
Microbial proteomics – new methods and applications

12 July 2016
Barbara Bröker, University of Greifswald
Adaptive immunity to Staphylococcus aureus – protective and
pathogenic potential
05 July 2016
Marc Hübner, University Hospital Bonn
Helminth infections and their impact on lifestyle diseases
28 June 2016
Jan Wehkamp, University Hospital Tübingen
Intestinal antimicrobial host defense strategies as a target
for future therapies of chronic inflammation

13 December 2016
Hans-Peter Beck, Swiss Tropical and Public Health Institute,
Basel, CH
Exported proteins and their importance for morbidity in
Plasmodium falciparum malaria

07 June 2016
Sébastien Pfeffer, Institut de Biologie Moléculaire et Cellulaire,
Strasbourg, FR
Regulation of RNA silencing processes by viruses

06 December 2016
Liz Sockett, University of Nottingham, UK
Predatory processes for Gram negative bacterial invasion by
Bdellovibrio bacteriovorus

24 May 2016
Jessica Brown, University of Utah, Salt Lake City, US
Strategies to combat neuroinvasion by the opportunistic fungal
pathogen Cryptococus neoformans

29 November 2016
Malcolm Whiteway, Concordia University, Montreal, CA
Transcriptional rewiring in the ascomycetes

17 May 2016
Robert Arkowitz, Institute of Biology Valrose, Nice, FR
Roles of phosphatidylinositol phosphates during fungal
filamentous growth

22 November 2016
Sebastian Zeißig, University Hospital Dresden
Microbial control of intestinal tumor development
15 November 2016
Maarten van Dijl, University of Groningen, NL
Towards non-invasive real-time imaging of bacterial infections
25 October 2016
Alexander Johnson, University of California, San Francisco, US
How transcription networks evolve and produce biological
novelty
08 November 2016
Carmen Buchrieser, Institut Pasteur, Paris, FR
Legionella pneumophila: Organelle targeting during infection,
an important host subversion strategy
24 October 2016
Scott Gray-Owen, University of Toronto, CA
Sweet Heat: Tactical Immune Triggering Promotes Infection
and Disease by the Pathogenic Neisseria
18 October 2016
Martin Turner, Babraham Institute, Cambridge, UK
Regulation of lymphocyte differentiation by RNA-binding proteins

03 May 2016
Isabelle Bekeredjian-Ding, Paul-Ehrlich-Institut, Langen
A closer look at the adaptive immune response to Staphylococcus
aureus
26 April 2016
Theresia Strada, HZI Braunschweig
Signalling to actin dynamics during infection and pathogen
defense
12 April 2016
Vanessa Sperandio, UT Southwestern Medical Center, Dallas, US
Enterohemorrhagic E. coli sings: Pour some sugar on me!
26 January 2016
Dirk Bumann, University of Basel, CH
Heterogeneity of Salmonella virulence and control during
infection
19 January 2016
Laurence Arbibe, Institut Necker Enfants Malades, Paris, FR
Targeting of chromatin readers: an epigenetic strategy used by
the enteropathogen Shigella flexneri
12 January 2016
Olivia Steele-Mortimer, Rocky Mountain Laboratories, NIH, US
Salmonella on the brain. A mouse model for Gram negative
bacterial meningitis
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08 May 2017
Jochen Hühn, Braunschweig
Decision-making during T cell differentiation: epigenetics
and more ...

VIROLOGY AND IMMUNOBIOLOGY SEMINARS
18 December 2017
Markus Feuerer, Regensburg
Regulatory T cells in tissues

27 April 2017
Julia Jellusowa, Freiburg
Integration of cell signaling with metabolism in B cells

27 November 2017
Christoph Scheiermann, Munich
Circadian rhythms in the immune system
23 October 2017
Veit Buchholz, Munich
Studying adaptive immune responses by fate mapping of
individual lymphocytes in vivo
09 October 2017
Kerstin Brinkmann, Cologne
Loss of miR17~92 (onco-miR) causes BIM-dependent cell
death of early haematopoietic stem cells
11 September 2017
Tobias Bald, Brisbane, AU
Tumor immunoevasion by conversion of effector NK cells into
type 1 innate lymphoid cells
29 August 2017
Constanze Bonifer, Birmingham, UK
Mechanistic insights into aberrant chromatin reprogramming
in acute myeloid leukaemia
24 July 2017
Britta Brügger, Heidelberg
Investigating protein-lipid interactions within membranes
10 July 2017
Frank van de Veerdonk, Nijmegen, NL
Epigenetic reprogramming of monocytes during infection
and inflammation
29 June 2017
Nathaniel Landau, New York, US
Innate host defenses against HIV

25 April 2017
Roberto Cattaneo, Rochester, Minnesota, US
New viruses as anticancer weapons: the measles paradigm
22 February 2017
Alessandra Cambi, Nijmegen, NL
Cytoskeleton remodelling in dendritic cell
06 February 2017
Jolanda de Vries, Nijmegen, NL
Efficacy of dendritic cell vaccines in melanoma patients
determined by tumor infiltrating T cells and inhibitory
myeloid cells
30 January 2017
Oliver Fackler, Heidelberg
Actin dynamics in TCR signaling and HIV infection
16 January 2017
Roland Martin, Zürich, CH
Immune pathogenesis of multiple sclerosis
12 December 2016
Armin Saalmüller, Vienna, AT
Porcine CD4+ T lymphocytes
05 December 2016
Gerd Sutter, Munich
Vector vaccination against emerging zoonotic infections:
From animal models to clinical evaluation
28 November 2016
Thomas Blankenstein, Berlin
The power of adoptive T cell therapy

26 June 2017
Immo Prinz, Hannover
Adaptive immune responses of human T cells in response
to CMV

24 November 2016
Katrin Singethan, Munich
The experience of field work – working in the Ebola-torn country
Guinea with the European mobile lab (Emlab) project

12 June 2017
Utz Fischer, Würzburg
mRNA biology: lessions from viral infections and genetic
diseases

14 November 2016
Paul Lehner, Cambridge, UK
Genetic and proteomic approaches to viral evasion

10 May 2017
Georg Nagel, Würzburg
Channelrhodopsin et al.: Microbial optogenetic actuators

07 November 2016
Matthias Eberl, Cardiff, UK
Local T cell responses: protection versus tissue damage
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18 October 2016
Martin Turner, Cambridge, UK
Regulation of lymphocyte differentiation by RNA-binding proteins
13 October 2016
Bryan Cullen, Durham, US
Post-transcriptional regulation of viral gene expression
12 July 2016
Marcus Altfeld, Hamburg
NK cell mediated recognition of HIV-1-infected cells
27 June 2016
Lucy Walker, London, UK
Control of T cell dependent autoimmunity via the CTLA-4 pathway
21 June 2016
Thomas Rudel, Würzburg
miRNA-mediated cell organelle integrity during Chlamydia
infection
20 June 2016
Michelle Linterman, Cambridge, UK
The cellular composition of the human immune system is shaped
by age and cohabitation
13 June 2016
John Sinclair, Cambridge, UK
Latency of human cytomegalovirus in the myeloid lineage –
can the latent reservoir be targeted therapeutically?
23 May 2016
Wolfram Brune, Hamburg
Manipulation of the DNA damage response by cytomegalovirus
and consequences for host cell fitness
25 April 2016
Axel Kallies, Melbourne, AU
Molecular regulation of lymphocyte tissue residency
07 March 2016
Claudia Kemper, London, UK
Unexpected roles for innate immunity in the regulation of human
Th1 responses
29 February 2016
Hartmut Hengel, Freiburg
Cytomegalovirus (CMV)-encoded Fc Receptors: novel
modulators at the interface of innate and humoral immunity
18 January 2016
Eva Wolf, Munich
New-era in HIV infection: A cure in sight?
11 January 2016
Bruno Silva-Santos, Lisbon, PT
T cells in cancer immunology and immunotherapy
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6. appendix
6.4 funding
Please note that only the funding of ZINF members that is related to
infectious diseases research is listed.
2.1

NICOLAI SIEGEL

ERC starting grant (3D_Tryps #715466): The role of three-dimensional
genome architecture in antigenic variation

2.4

SEBASTIAN GEIBEL

Elitenetzwerk Bayern (Project N-BM-2013-246): Structural biology of
mycobacterial secretion machines
2.5

SINA BARTFELD

DFG (SI 1610/2-1): Unraveling the mechanism of targeted histone variant
deposition in Trypanosoma brucei

DFG GRK 2157 3D Tissue Models for Studying Microbial Infections by
Human Pathogens (Project 5): Virulence factors and regulators required
during Campylobacter jejuni infections

DFG (SI 1610/3-1): Unraveling the role of trypanosomal ncRNA in the
regulation of antigenic variation

Käthe und Josef Klinz-Stiftung: Systemic Analysis of immunological
barrier function in organoids from adult stem cells

2.2

Private donor Baldwin Knauf: Single-cell RNA-Seq profiling of human
gastric cells from organoids in health and disease

ANA EULALIO

BioSysNet, Junior Group: RNA: the missing link in bacterial
pathogen-host interactions
nd

Infect-ERA (ERA-NET) 2 call Junior Consortium; CampyRNA: Combining
high-throughput and single-cell analyses to study RNA regulators important for the early steps of Campylobacter infection
Infect-ERA(ERA-NET): StaphIN – Intracellular Staphylococcus aureus:
deciphering bacterial and cellular factors involved in host cell invasion by
clinically relevant strains to define new therapeutic approaches
DFG (BR 4837/1-1): Functional and molecular characterization of host
cell microRNAs controlling Salmonella infection
EMBO Young Investigator Programme: MicroRNAs in host-bacterial
pathogen interactions
EMBO Practical Course Grant: “Non-coding RNAs in infection”
(Applicants: J. Vogel, C.M. Sharma, S. Gorski, P. Romby)
2.3

CYNTHIA SHARMA

Infect-ERA (ERA-NET) 2nd call Junior Consortium; CampyRNA:
Combining high-throughput and single-cell analyses to study RNA
regulators important for the early steps of Campylobacter infection

3.1.1

DFG GRK 2157 3D Tissue Models for Studying Microbial Infections
by Human Pathogens (Project 5): Virulence factors and regulators
required during Campylobacter jejuni infections

DFG SPP 1617 Phenotypic Heterogeneity and Sociobiology of Bacterial
Population (Zi-665-2): Heterogeneous gene expression, metabolic vari-

DFG SPP 2002 Priority Program: Small Proteins in Prokaryotes, an
Unexplored World, Exploring micro-proteins in the food-borne pathogen
Campylobacter jejuni

DFG German-African Cooperation Projects in Infectiology: ShAREStaphylococci in Africa: Resistance & Epidemiology

DFG SPP 1784 Chemical Biology of native Nucleic Acid Modifications
(Sh580/4-1): Identification and characterization of pseudouridine in
mRNAs and non-coding RNAs of the bacterial human pathogen
Campylobacter jejuni
DFG (Sh580/1-1): Functional characterization of two acid-regulated
small RNAs in Helicobacter pylori

BMBF #1Health-Prevent: One Health Interventions to Prevent Zoonotic
Spread of Antimicrobial Multidrug-Resistant Bacterial Microorganisms.
(Project 01KI1727E) Reducing the AMR burden in farm environments:
Impact on human commensals and zoonotic pathogens
3.2.1

MATTHIAS FROSCH

BioSysNet, Associated Junior Group: Exploring RNA-binding proteins in

Robert-Koch-Institute (RKI) grant (1369-237): National Reference

Campylobacter jejuni

Laboratory for Meningococci and Haemophilus influenza

DFG SFB/TR 34 Pathophysiology of Staphylococci in the
Post-Genome-Era (Project C6): Post-invasion events in Staphylococcus

Young Academy fellowship of the Bavarian Academy of Sciences:
Functional characterization of small regulatory RNAs in the human

RKI grant (1369-378): Consiliary Laboratory for Echinococcosis EU/ECDC
grant: Coordination of activities for laboratory surveillance of invasive

aureus-infected host cells – A combined transcriptomics/proteomics
in vivo approach

pathogen Helicobacter pylori

bacterial diseases (N. meningitidis, H. influenzae and S. pneumoniae) in
Member States and EEA/EFTA countries

IZKF (Interdisciplinary Center for Clinical Research, Würzburg): New
DFG FOR 1608 Unravelling the prokaryotic immune system (Vo875/7-2):
CRISPR/Cas system in Neisseria meningitides

DFG SPP 1935 (Vo875/17-1): Deciphering the mRNP code; grant
Post-transcriptional regulation of TOP mRNAs

mucosal colonization, infection and translocation

Volkswagen Stiftung: A feast within us: Targeting microbial interactions
inside us to discover smarter therapeutic strategies

Influence of antibiotic resistant staphylococcal species on persistence
and dissemination of LA-MRSA

DFG SFB/TR 34 Pathophysiology of Staphylococci in the
Post-Genome-Era (Project B4): sRNA mediated gene regulation in
staphylococci: Impact on metabolism and biofilm expression

DFG SFB/TR 124 Pathogenic fungi and their human host: Networks of
interaction (Project C1): Molecular characterization of Candida albicans

Knauf Private Donation: Identification of Candida albicans traits
modulated by the mammalian gut microbiota

BMBF MedVet-Staph: Interdisciplinary Research Network on the
Zoonotic Impact of Staphylococcus aureus/MRSA (Project 01KI1014E):

BMBF Medical Infection Genomics. Central Management

underlying fungal-bacterial interactions in the mammalian intestine

Bavaria California Technology Center (BaCaTeC): Molecular mechanisms
of evolution of gene regulatory circuits

ability and differentiation in Staphylococcus epidermidis biofilms

(Applicants: J. Vogel, A. Eulalio, C. Sharma, P. Romby, S. Gorski)

DFG SPP 1784 Chemical Biology of native Nucleic Acid Modifications
(Vo875/13-1): Identification and Characterization of RNA modifications in
the model organism Salmonella

DFG (PE 2371/2-1): Mechanisms of host colonization by a eukaryotic
member of the microbiota

Impact on fitness and virulence

EMBO Practical Course Grant: “Non-coding RNAs in infection”

3D-infection models based on tissue-engineering to study pathogenesis

DFG SPP 2002 (Vo875/20-1): Functions of μ-proteins regulated during
Salmonella infection
DFG GRK 2157 3D Tissue Models for Studying Microbial Infections by
Human Pathogens (Project 8): Establishing a human intestinal tissue
model to study host and pathogen determinants that restrict Salmonella

3.2.3

KLAUS BREHM

of Helicobacter pylori and Campylobacter jejuni

CHRISTIAN PEREZ

DFG SPP 1656 Intestinal Microbiota (PE 2371/3-1): Genetic circuits

WILMA ZIEBUHR

DFG SFB/TR 34 Pathophysiology of Staphylococci in the Post-Genome
Era (Project B4): Regulation of methionine metabolism in staphylococci:

JÖRG VOGEL

Infect-ERA (ERA-NET), 2nd Call, Consortium: The Nice Bug –
Commensalism versus disease? Asymptomatic carriage or urosepsis
(Principal Investigator: Jörg Vogel)

3.1.7

ESCMID Research Grant 2014 and ESCMID/FEMS Research Fellowship
2014: New 3D-infection models based on tissue-engineering to study
pathogenicity of Helicobacter pylori and Campylobacter jejuni

DFG SPP 2002 Central Project Z2: Ribosome Profiling and Bioinformatics

Schering Stiftung Young Leaders in Science

BMBF Health Research (GFTARV62): Target validation for pharmaceutical
drug development: Validation of pyruvate kinase as novel metabolic target
to combat antibiotic resistant bacteria – PyrBac

3.1.4

JOACHIM MÖRSCHHÄUSER

DFG SFB/TR 124 Pathogenic fungi and their human host: Networks of
interaction (Project C2): Regulation of Candida albicans virulence traits by
protein kinases
DFG (MO 846/6-2): Phenotypic switching and genomic alterations as
host adaptation mechanisms of the opportunistic fungal pathogen
Candida albicans
DFG (MO846/7-2): Systematic functional analysis of the zinc cluster
transcription factor family of the pathogenic yeast Candida albicans by

Wellcome Trust Strategic Award (107475/Z/15/Z): Flatworm
Functional Genomics Initiative (FUGI): Development of cestode
functional genomics tools
ERANet-LAC (ELAC2015/T080544): Development of New Diagnostic and
Treatment Options for Helminthic Neglected Diseases (NDTND)
3.2.5

ALEXANDRA SCHUBERT-UNKMEIR

DFG FOR 2123 Sphingolipid dynamics in infection control:
Analysis of the functional relevance of sphingomyelinases and ceramide
in meningococcal pathogenesis

artificial activation

DFG GRK 2157 3D Tissue Models for Studying Microbial Infections by
Human Pathogens (Project 4): Meningococcal ligands and molecular

NIH/NIAID (Subrecipient): Novel Azole Resistance Mechanisms in

targets required for adhesion and penetration of the blood-cerebrospinal
fluid barrier under shear stress

enterica infection
DFG (Vo875/14-1): Small regulatory RNAs from 3‘ regions of mRNAs

Candida albicans

BioSysNet, Associated Senior Group: Temporal control of gene expression by small RNAs

3.1.5

KNUT OHLSEN

DFG SFB/TR 34 Pathophysiology of Staphylococci in the Post-GenomeEra (Project A2): Phosphoproteome studies to characterize serine/threonine protein kinases and phosphatases in Staphylococcus aureus; (Project
Z3): In vivo imaging of staphylococcal infections

170

appendix

171

3.2.6

3.3.5

ULRICH VOGEL

DFG (VO718/7-1): Characterization of sialic acid specific
O-acetyltransferases: from neuroinvasive bacteria to human hosts
Robert-Koch-Institute (RKI) grant (1369-237): National Reference
Laboratory for Meningococci and Haemophilus influenzae
3.3.1

MANFRED LUTZ

DFG (LU851/14-1): Conversion of anergic non-regulatory into Foxp3IL-10+ regulatory T cells by dendritic cells in vivo
DFG (LU851/6-2): VLA-1-dependent migration patterns and functions
of monocytic myeloid-derived suppressor cells (M-MSDC) during
autoimmunity and infection

Chlamydia trachomatis infections
(Project 3): Bacterial and host cell factors important for the invasion
and dissemination of Neisseria gonorrhoeae
DFG GRK 2243: Understanding Ubiquitylation: From Molecular
Mechanisms To Disease (Project B3): Mechanism of substrate
recognition by chlamydial DUBs

DFG SFB/TR 124 Pathogenic fungi and their human host (Project C6):
Role of secreted Candida albicans proteins in immune evasion and
pathogenicity
DFG (HU 295/12-1): Influence of the CD-28 signal on the functional programming and re-programming of mouse and human memory
as well as induced regulatory T cells

IZKF A303: Role of the immune system in the pathogenesis or Morbus
Parkinson

IZKF Research Group for Experimental Stem Cell Transplantation (B233)

Wilhelm Sander Foundation (2013.60.1): Functional roles of direct
and bystander release of IL-12 by dendritic cells for T cell activation and
anti-tumor immunity
3.4.1

Deutsche Jos« Carreras Leuk¦mie-Stiftung (DJCLS R 10/15): Exploring

DFG FOR 2123 Sphingolipid dynamics in infection control:
Sphingolipids in gonococcal infection

LARS DÖLKEN

European Research Council Consolidator Award (2016) “Herpesvirus
Effectors of RNA Synthesis, Processing Export and Stability (HERPES)”

NIKLAS BEYERSDORF

DFG SFB/TR 124 Pathogenic fungi and their human host (Project C6):
Role of secreted Candida albicans proteins in immune evasion and
pathogenicity
DFG SPP 2123 Sphingolipid dynamics in infection control (Project P2):
Role of sphingolipids in the regulation of anti-viral T cell responses
DFG (BE4080/2-1): The role of CD28-mediated signals in programming
and reprogramming of mouse and human memory and induced
regulatory T cells
Deutsche José Carreras-Leukämie-Stiftung (DJCLS R 13/25):
The influence of CD28 expression by allogeneic T cells on acute Graft
versus Host Disease (aGvHD) and Graft versus Tumor (GvT) effect
in an inducible knock-out model
Interdisziplinäres Zentrum für Klinische Forschung (IZKF) Würzburg
(E-298): Therapeutic modulation of regulatory T cells in minipigs to improve wound healing and survival after myocardial infarction
(Co-applicants: Anna Frey and Thomas Kerkau)
THOMAS HERRMANN

DFG (HE 2346/7-1): Vg9Vd2 T cells: Identification in non-primate species
and analysis of molecular determinants of antigen-recognition.
Deutsche Krebshilfe (70112079):Function and therapeutic relevance of
chromosome 6 localized genes for recognition and elimination of tumor
cells by human Vgamm9Vdelta2 T cells.
Wilhelm-Sander-Stiftung (2013.907.1): T cell and antibody-mediated
immunotherapies of multiple myeloma: mechanistic basis for new
strategies.
Wilhelm-Sander-Stiftung (2013.907.2): Mechanistic basis for new
strategies of gd T cell-mediated immunotherapies against multiple
myeloma.

Infect-ERA (ERA-NET), 2nd Call Consortium: Early Determinants of
DNA-Virus Lytic or Latent Infection (eDEVILLI) (Principal Investigator:
Lars Dölken)

JÜRGEN SCHNEIDER-SCHAULIES

DFG FOR 2123 Sphingolipid dynamics in infection control (SCHN
320/24-1; SCHN 320/24-2): Role of sphingolipids in the regulation of
anti-viral T cell responses
3.4.4

SIBYLLE SCHNEIDER-SCHAULIES

DFG FOR 2123 Sphingolipid dynamics in infection control:
Sphingomyelinase activation in T cells: Implications for T cell activation
and paralysis
DFG FOR 2123 Sphingolipid dynamics in infection control: Role of
sphingolipids in the regulation of anti-viral T cell responses

for the invasion and dissemination of Neisseria gonorrhoeae
3.6.1

HERMANN EINSELE

European Commission, FP7 Health-2013 – Innovation 2, collaborative project, Eu-FP7: Donor T Cells for Immune Control (T-Control)
(Health-F4-2013-601722): Clinical trial for the treatment of infections
and tumor relapse after allogeneic HSCT; Clinical trial for the treatment
of acute steroid refractory GVHD after allogeneic HSCT (Consortium
partners: H. Einsele (coordinator); L. Germeroth, Germany; A. Madrigal,
UK; F. Falkenburg, Netherlands; B. Fuchs, Germany)

HARTWIG KLINKER

NIH and BMBF (01 KG 0915): START – Strategic Timing of Antiretroviral
Treatment
3.6.4

BMBF – Verbundantrag ART4Fun - InfectControl2020

Human Pathogens (Project 7): Membrane and protein microdomains
governing measles virus transmission at entry and exit interface

DFG SFB/TR 124 Pathogenic fungi and their human host: Networks of

3.5.1

interaction (Project A2): Interaction of Aspergillus fumigatus with human
natural killer cells and dendritic cells

JÜRGEN LÖFFLER

DFG SFB/TR124 Pathogenic fungi and their human host: Networks of
interaction (Project A2): Interaction of Aspergillus fumigatus with human
natural killer cells, and dendritic cells
BMBF (BayBIO 1606-0003 - TbaseIA): T cell based monitoring for invasive
Aspergillus in patients with haematological diseases
BMBF InfectControl 2020: Antigen-reactive T cells fort eh diagnosis and
therapy of fungal-associated diseases in high-risk patients – Art4FUN
Sanderstiftung (Projekt 2015.083.1): Diagnostic strategies for cancer
patients with respiratory fungal infections.
IZKF (Interdisciplinary Center for Clinical Research, Würzburg): New
3D-infection models based on tissue-engineering to study pathogenesis
of Helicobacter pylori and Campylobacter jejuni
4.4

DFG GRK 2157 3D Tissue Models for Studying Microbial Infections by

THOMAS DANDEKAR

Infect-ERA (ERA-NET), 1st Call, Consortium: Systematic identification of
antifungal drug targets by a metabolic network approach (AspMet-Net)
DFG SFB/TR34 Pathophysiology of Staphylococci in the Post-GenomeEra (Project A8): Systems biological analysis of the central carbohydrate
metabolism and involved protein complexes in Staphylococcus aureus

Infect-ERA (ERA-NET), 1st Call Consortium: Co-infection as a cause of

DFG CRU 216 (KFO 216/2): Characterization of the Oncogenic Signaling

ovarian cancer (CINOCA) (Principal Investigator: Thomas Rudel)

DFG SFB/TR34 Pathophysiology of Staphylococci in the Post-Genome-Era
(Project Z1): Integration of bioinformatical tools for an omics databank in

Network in Multiple Myeloma - Development of Targeted Therapies
(Project 6): The heat shock protein/signaling interface as a therapeutic

a Staphylococcus aureus Wiki environment

DFG SFB/TR 34 Pathophysiology of Staphylococci in the
Post-Genome-Era (Project C11): Staphylococcus aureus induced host
cell death mechanisms

target in mutliple myeloma and in Graft-versus-Host-Disease; (Project
Z1): Centralized sample preparation and pathology
3.6.2

Sphingolipids in gonococcal infection
DFG GRK 2157 3D Tissue Models for Studying Microbial Infections by
Human Pathogens (Project 2): Host factors required for the initiation and
propagation of

appendix

VERA KOZJAK-PAVLOVIC

DFG GRK 2157 3D Tissue Models for Studying Microbial Infections by
Human Pathogens (Project 3): Bacterial and host cell factors important

EU Horizon 2020, EURE-CART – European Endeavour for Chimeric
Antigen Receptor Therapies

DFG FOR 2123 Sphingolipid dynamics in infection control (Project P4):
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DFG GRK 2157 3D Tissue Models for Studying Microbial Infections by
Human Pathogens (Project 6): Characterization of host cell responses
after Bordetella pertussis infection using 2D and 3D in vitro airway test
systems

DFG FOR 2123 (SCHN 405/11-1; SCHN 405/11-2): Central project

THOMAS RUDEL

m4 Award of the Bavarian Ministry of Economic Affairs and Media,
Energy and Technology
3.6.3

3.5.4

3.4.3

invasive aspergillosis after allogeneic hematpoietic cell transplantation
with in vivo imaging

ROY GROSS

DFG (Do1275/2-1): Systems biology analysis of HSV-1 host shut-off
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