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Vorwort

Liebe Leserin, lieber Leser,

die Vorbereitung der Antragstellung fir eine Verlangerung des Clusters "Balance of the
Microverse" hat bereits im Jahr 2023 ihre Schatten vorausgeworfen und das Jahr 2024
dominiert. Die damit einhergehenden Anderungen wie die Ubergabe der Sprecherfunktion an
Kirsten Kisel oder Neuerungen im Bereich der zugeordneten Graduiertenschule Jena School
for Microbial Communication (JSMC) sind nur die von auf3en am deutlichsten wahrnehmbaren
Auswirkungen. Dass ein so guter Antrag mit den Teilbereichen "Signals", "Structures" und
"Transitions" erstellt werden konnte, war ein groRer und wichtiger Schritt, der das Team
nochmals weiter zusammenfiihren konnte.

Mit Prof. Gianni Panagiotou und der Nachwuchsgruppe von Dr. Amelia Barber steht das im
Rahmen des Excellenzclusters vergréf3erte Team in der Mikrobiologie. Wir freuen uns, dass sie
uns unterstiitzen und kénnen damit auch die Forschung dieser Gruppen im Bericht des Instituts
fur Mikrobiologie vorlegen.

Im Umfeld der JSMC konnte nach Auslaufen der Forderung durch die Carl-Zeiss-Stiftung mit
Dezember 2024 eine Weiterforderung der JSMC durch Landesmittel sichergestellt werden. Fur
die Weiterfiihrung - und den Ausbau - des Programms war dies ein sehr wichtiger Schritt, der
auch das Institut fur Mikrobiologie in der Weiterqualifizierung von Promovierenden und der
Unterstiitzung von Postdocs voranbringt. Insbesondere die Erweiterung des Programms fir
Postdocs profitiert von der Ubergabe der Koordination an Dr. Jasmin Mertens, die diese
Aufgabe mit vielen neuen Ideen und einer neuen, verbesserten Struktur unterstitzt.

Damit liegt nun der im Zweijahresturnus neu aufgelegte Jahresbericht vor, der das Institut fur
Mikrobiologie in seiner gesamten Breite vorstellt und damit ein gutes Bild der in Jena mdglichen
Bandbreite der Forschung in der Mikrobiologie liefert. Ebenfalls Teil dieses Jahresberichts ist
wieder die Aufstellung der Lehre, die Studierende an die Forschung friih heranfiihren und fir
Mikrobiologie interessieren méchte.

Jena, im Februar 2025
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Lehrstuhl fur Mikrobielle Kommunikation

Prof. Dr. Erika Kothe

1. Research

"Omics" in the basidiomycete Schizophyllum commune

The spread of the white rot fungus Schizophyllum commune via spores is tightly linked with
its sexual reproduction cycle. Thus, genes of the mating type loci are being researched
which encode transcription factors on the one hand, and pheromones and a pheromone
receptor system of 7 transmembrane domain family receptors on the other hand. The
receptors can discriminate between at least 20 different ligands to control the recognition
between self and non-self. In response to a pheromone of a suitable mating partner,
intracellular, Ras-dependent signal transduction leads to the induction of dynein-dependent
nuclear migration. Beyond the pheromone receptors, four related proteins were attributed
to possess functions in filamentous growth and mating. This thesis is supported by the
demonstrated localization of the proteins in the hyphal tips, at the septae and non-fused
clamp cells. The membrane-located processes were investigated with respect to the
involvement of lipid rafts in the fungal membrane.

White rot fungi have great potential for degradation of recalcitrant matter. The white rot
fungus S. commune thus can be applied for mycoremediation, even in combined (heavy)
metal and polycyclic and aromatic hydrocarbon contamination (Traxler et al., 2024). It could
be shown to grow even in soil (compare BSc thesis Hory, 2023). Communication with the
soil bacteriome thus can be influenced (compare BSc thesis Handschug, 2024), and the
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exchange of signals between domains shapes the microbial community in a given spot. A
major advantage of mycoremediation is that the hyphal network supports both plants and
bacteria in stressful and especially in heterogeneously contaminated sites to build a
community and actively participate in the remediation and thus stabilize the site.

The exchange of signals plays a pivotal role in such organismic interactions, and since S.
commune is genetically tractable, it lends itself as a model to investigate intracellular signal
transduction (MSc thesis Orin, 2024). For the hyphal growth important in a structured
environment like soil, the cellular membrane features spots of higher complexity at which
places the cytoskeleton may be anchored. In such lipid rafts, one of the structural proteins
is stomatin, for which a knock-out mutation could be investigated (MSc thesis Jesse, 2023).
Although the lipid raft staining showed the structures already known from other filamentous
fungi, in the main part ascomycetes. This basidiomycete - like the entire phylum of
basidiomycetes - lacks components usually associated with stomatin and lipid rafts, the
replacement of conserved functions remains a question of interest.

In an interaction between the dry rot fungus Serpula lacrymans with S. commune as well as
with bacteria such as Bacillus subtilis or streptomycetes, specific signaling molecules
including volatiles are investigated in the frame of CRC ChemBioSys. The collaborative
project with Phamaceutical Microbiology (Prof. Hoffmeister) used specifically designed
microscopic slides to show thigmotropic cue decoding by S. commune (MSc thesis
Petersen, 2023). It turned out that the fungi are specifically responding to surface variation,
and already in growth experiments with glass beads, higher biomass is formed as
compared to liquid cultivation. It thus seems important to address questions of cell biology
and signaling not solely in plate or liquid culture, but to include specifically structured
surfaces for the fungi.

Ectomycorrhizal fungi

Colonization strategies and host specificity of ectomycorrhizal fungi are examined. Fungi of
the genus Tricholoma are capable to form a host-specific, mutually symbiotic relationship
with trees. Since only mated, dikaryotic strains are able to grow in axenic culture, the
mating types of T. vaccinum and its tetrapolar mating system was investigated (MSc thesis
Nushrat, 2023). The sequenced genome of T. vaccinum and an Agrobacterium tumefaciens
mediated transformation system enable functional analyses. An aldehyde dehydrogenase
and a MATE transporter are induced during the establishment of the symbiosis and in
symbiotic tissues. Also, hydrophobins i small, secreted proteins involved in formation of
aerial hyphae and mycorrhiza development i were examined in the specific symbiosis of T.
vaccinum with its host tree spruce (Picea abies).




The signal exchange with other soil microorganisms and the host could be linked to
sesquiterpenes produced by T. vaccinum as a pre-symbiotic exchange that, in turn,
influences the phytohormone balance of the host tree (Ezediokpu et al., 2022). Inhibition of
fungal sesquiterpene synthases in interaction with the highly compatible host tree P. abies
and in a low compatibility mycorrhizal interaction with pine (Pinus sylvestris). Comparing
the experimental variant of volatile exchange only and full contact with morphotype
formati on, a change in the treesbd6 mmegpanbeotd
rhizosphere beneficial microbes in case of the host compared to PAMP recognition
response in the early response followed by symbiotic response in case of the low
compatibility host tree (Ezeduokpu, 2023, Ezediokpu et al., 2023).

The mycorrhizosphere microbiome exerts a considerable influence on the communication
with the host plant. Simultaneously, the microbial community showed effects on the growth
and hyphal branching behavior of T. vaccinum. Furthermore, plant root exudates and
phytohormones were shown to control and direct the growth of the mycorrhizal fungus.
Responses to soil heavy metals was investigated using axenic mycorrhizal co-cultures
which identified specific metal responses including glutathione-based detoxification
(Ostreicher, 2023).

The influence of mycorrhiza on the forest ecosystem is also investigated in heavy metal
contaminated habitats analyzing the biodiversity of the ectomycorrhiza and the occurrence
of different exploration types in relationship with the environmental pollution (Bogdanova,
2023). Axenic co-culture experiments are performed to elucidate molecular biological
background of heavy metal responses.

The production of edible mushrooms has been successful for saprotrophic species. In
contrast, the investigation of high-priced ectomycorrhizal fungi such as truffles is difficult. In
a field trial, the impact of the ectomycorrhiz o s pher eds mi cr ob (B8arleesis
Engelhardt, 2023). The effect of soil parameter on growth and cultivation as well as
selection of potential mycorrhizal helper bacteria is addressed (MSc theses Jeckstiess,
2023, Nair, 2023).

Bio-Geo Interactions

Streptomycetes from a heavy metal containing site in Eastern Thuringia were used to
examine the mechanisms of heavy metal resistance with molecular biological methods.
Extreme sites with high metal load like the former uranium mining site near Ronneburg
showed adaptations of the microorganisms, for example towards 130 mM nickel. In this
context, this Streptomyces mirabilis was sequenced, and a transformation system could be
established for that strain. That allowed investigation of a metal transporter gene on
formation of biomineral formation (Costa, 2023). Both Mg containing struvite and Ni-struvite
could be formed with S. mirabilis, depending on presence of nickel in the media. The

omes

s ad



biosynthesis was accompanied by changes in both, transcriptome and metabolome, allowing to
form a hypothesis of mineral formation in a manner influenced by the exudates of the bacteria.
Inoculation of this strain with and without co-inoculation with mycorrhizal fungi at our test
field site near Ronneburg was evaluated for the effect on phytostabilization using a short
rotation coppice planting with birch, elder and willow on the acidic, metal contaminated soil
in addition to application of calcerous soil amendments (Furst, 2023). The nitrogen fixing
bacterial community at the site was investigated as a role in plant growth promotion in low
nutrient substrates had been seen (MSc thesis Chen, 2023).

The combined effect of metals and thiopeptide antibiotics was investigated comparing the
answers to the model streptomycete S. coelicolor (BSc thesis Robel, 2024). This yielded an
insight into a link via the orphan thiostrepton binding transcription factor tipA between metal
and antibiotic responses. The effect of heavy metal exposure on growth and transcriptome
was investigated and effect of co-cultivation with thiopeptide producing streptomycetes was
evaluated (BSc theses Reichel, 2024, and Markus, 2024).

To evaluate the effect of phages, two newly sequenced streptophages were analyzed (MSc
thesis Gloger, 2023). An effect of tals on virulence could be established hinting at specific
roles of viruses for microbiome development in metal contaminated areas.

Another focus is the investigation of the microbial diversity in various habitats, also with
regard to the geology of the sites, such as extreme sites with high salt loads or
radionuclide-containing waters. Microbial adaptation and community dynamics were studied
again at the former uranium mining and milling site (Harpke, 2023). A protective role of biofilm
formation could be predicted from investigation of isolates from the site (Harpke et al., 2023).

With regard to the mycobiome in bio-geo interactions, the investigation of a geological fossil site
at Messel, Germany, yielded a high diversity of plant pathogenic fungi that complete the picture
of biodiversity in that environment conserved for 42 Mio years. The oil shale preserved leafs
were scanned for signs of phytopathogenic fungi and a high diversity of smut and rust fungi
could be detected. This confirms, from a mycological aspect, the tropical climate at the time of
preservation (Smith et al., 2024).

2. Publications

Bogdanova O, Kothe E, Krause K. 2023. Ectomycorrhizal community shifts at a former
uranium mining site. J Fungi 9, 483.

Ezediokpu MN, Halitschke R, Krause K, Boland W, Kothe E. 2023. Pre-symbiotic
response of the compatible host spruce and low-compatibility host pine to the
ectomycorrhizal fungus Tricholoma vaccinum. Front Microbiol 14, 1280485.

Harpke, M and Kothe, E. 2023. Biofilm formation in Gram-positives as an answer to
combined salt and metal stress. J Basic Microbiol 63, 888-896

Smith KT, Collinson M, Folie A, Habersetzer J, Hennicke F, Kothe E, Lehmann T, Lenz
OK, Mayr G, Micklich N, Rabenstein R, Racicot R, Schaal SFK, Smith T, Tosal A, Uhl D,
Wappler T, Wedmann, Wuttke M. 2024. The biodiversity of the eocene Messel pit.
Palaeobiodiv Palaeoenviron 104, 859-940.

Traxler L, Krause K, Kothe E. 2024. Basidiomycetes to the rescue: Mycoremediation of
metal-organics co-contaminated soils. Adv Appl Microbiol 129, 83-113.



3. Third Party Funding

Projekttrager Vorhaben Laufzeit Mittel in 202
Sonderforschungsbereich .
DFG ChemBioSysTeilprojekt BO5 20222026 1300000 u + 1
Verbundvor habe
I . optische Technologien zur Ang
Leibniz Science Campl &2 L'y er” membran 2019- 2023 4153573
(LSC) InfectoOptics beei .
eeinflussenderfektionsprozess
I HOFAIm 2.0
Car{ZeissStiftung JSMC 20192023 54.239,28 (2 Projekte)
DFG Exzellendl uster fB3,y9705 37.638,5
Mi croverseo
RENA: Biologische
BMBF Radionuklidentfernung durch | ;4,5 264.000,00
Nutzung natirlicher Assoziatiol
prozesse, Teilprojekt B
Thiringer Aufbaubank| Triffelanbau in Thiringen 20212023 52.145,60 U
Algxander von Humbol Forsphungsstlipendmm Prof. Gi 20232024 8.800,00
Stiftung Oyetibo Nigeria
Projekttrager Vorhaben Laufzeit Mittel in 2024
DFG Sonderforschungsbereich 20222026 13,500,000 + 1 Do
ChemBioSysTeilprojel@05
CarlZeissStiftung JSMC 20192023 141.648,18
DFG ExzellenZl ust er @ Bg 20192025 31.769, 88 u
Mi croversebo
BMBF RENA: Biologische 20212024 44.563,16
Radionuklidentfernung durch
Nutzung natirlicher Assoziatiol
prozesseleilprojekt B
Thiringer Aufbaubank| Triffelanbau in Thiringen 20212024 12.920,00 «d
BMBF MyKoBEST. Dendroanalyse, | 20232026 124.672, 00 ¢
Bildung organische Bodensubs
Mykorrhizosphérenprozesse,
(kolloidaler)
Schwermetall/Radionuklidtrag
& Drohnabefliegung
4. Teaching
Angebotene Module der Mikrobiellen Kommunikation
WS 2022/2023 und SS 2023
Modulnummer Veranstaltung ECTS Teihehmerzahl
Terrestrische Mikrobiologie (Praktikum) 15
BBO29 Terrestrische Mikrobioldgdiedrie) 10 15
BB028 Terrestrische Mikrobiologie (Theorie) 5 6
BB011 Allgemeine Mikrobiologie (Praktikum) 37
BBiol.5, 011/BEBW4/ | Vorlesung Grundlagen der Mikrobiologie, Ringvorles 642 177
BBC2.2, 005(LBitBio Methoden der Mikrobiologie
BB3.MBNVC Mikobiologische Methoden und Mikrobiologisches B 6 4
Vorlesung Vielfalt mikrobieller Lebensformen 3 -
BBGW 1.4/1 Vorlesung Bealnteraktionen mit Gelandeiibung 3 11
BBGW..4/2 Seminar BiGeaolnteraktionen 1/2 3 20
BBGW 4.3 BioGeolnter#&tionen |l 21
MMB001 Einfihrung in die Mikrobiologie 6 12Erstseme.ster36
Mentoring
MMBOD Microbial Communication Colloquium Ca. 50
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Praktikum Mikrobi&tmmunikation 1
Seminar Mikrobiddlemmunikation 1
MMBO03 Vorlesung Mikrobi&ammunikation 10 1
PraktikurBasidiomyceténkl. Exkursion) 4
MMBOO7 SeminaBa_sidiomyceten. . _ _ 10 4
VL GrofRpilze/Hausarbeit Zellbiologie und Kommunif 5 - .
T 4+5 BScBioinformati
Basidiomyceten
Seminar MikrobBflanzénteraktiome 4
MMBO17 Ubung Mikrob@flanzénteraktionen 5 4
Praktikum Mikrokefhanzénteraktionen (Dr. Agler) 4
MBGW1.1 BioGeoKolloguium 3 20
MBGW 1.3 Vorlesung/Seminar Bioremediation 5 119
MBGW 1.4.6 Praktikum Bodenmikrobiologie 6 8
Seminar Organisrhisdnteraktionen 2 ~30
Vertiefungsund Projektmodule ECTS Anzahl Studierende
Vertiefungspraktikum Mikrobiologie BB3.MB4 10
Vertiefungsmodul MMB 700 15 7
Projektmodul MMB 800 15 7
Biogeowissenschaftliches Projektmodul BE@W 6 10 2

WS 2023/2024 und SS 2024

Modulnummer Veranstaltung ECTS Teihehmerzahl
BB029 Terrestrische Mikrobiologie (Praktikum) 10 7
Terrestrische Mikrobiologie (Theorie) 7
BB028 Terrestrische Mikrobiologie (Theorie) 5 8
BB011 Allgemeine Mikrobiologie (Praktikum) 44
BBiol.5, 011/BEBW4/ | Vorlesung Grundlagen der Mikrobiologie, Ringvorles 642 176
BBC2.2, 005(LBitBio Methoden der Mikrobiologie
BB)34.MBWC Mikrobiologische Methoden und Mikrobiologisches i 6 8
BB1.5/BEBW4 Vorlesung Vielfalt mikrobieller $febeen 3 -
BBGW3.6 Praktikum Mikrobiologie flr Biogeowissenschaften 3 -
BBGW 1/4 Vorlesung B®eaolnteraktionanit Gelandelibung 3 19
BBGW..4/2 Seminar BiGeolnteraktionen 1/2 3 19
MMBO001 Einfiihrung in die Mikrobiologie 6 17Erstsemgster1{)
Mentoring
Vorlesung Mikrobi&lammunikation 17
Praktikum Mikrobi&temmunikation 17
MMBOO3 Seminar Mikrobiddlemmunikation 10 17
Microbial Communication Colloguium Ca. 50
VL Grof3pilze/Hausarbeit Zellbiologie und Kommuni >
Basiliomyceten
MMB007 PraktikurBasidiomyceténkl. Exkursion) 10 1
SeminaBasidiomyceten 1
Praktikum Mikrobeflanzénteraktionen (Dr. Agler) 3
MMBO017 Seminar MikrobBflanzénteraktionen 5 3
Ubung Mikrob&flanzénteraktionen 3
MBGW1.1 BieGeoKolloguium 3 20
MBGW 1.3 Vorlesung/Seminar Bioremediation 5 5
MBGW 1.4.6 Praktikum Bodenmikrobiologie 6 2
Seminar Organismische Interaktionen 2 ~30
Vertiefungsund Projektmodule ECTS Anzahl Studierende
Vertiefungspraktikum Mikrobiologie BB3.MB 10 1
Vertiefungsmodul MMB 700 15 2
Projektmodul MMB 800 15 2
Biogeowissenschaftliches Projektmodul BE@W 6 10 1
Projektmodul BB800 11 3
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Abschlussarbeiten

Bachelorarbeiten

Franz Engelhardt. Interaktionen in der Truffel Ektomykorrhizosphare (August 2023)

Victoria Hory. Untersuchung des Einflusses verschiedener Kohlenstoffquellen auf das
Wachstum von Schizophyllum commune in kontaminierten Boden (August 2023)

Anna Lena Windrich. Untersuchung der Aufnahme von Selen in Phaseolus vulgaris var.
nanus und der Interaktion von Selen mit Wurzelexsudaten (Juni 2024)

Cosima Handschug. Al nt er akti onen zwi s Sthzophyktlm comWmé Cf 2 ul e pi
und dem Mikrobiomen belasteter Bodensubstrate aus dem Rickbau nuklearer Anlagen
(Juli 2024)

Sascha Robel. Thiopeptide antibiotics and their recognition and effect in Streptomyces (Juli
2024)

Emily Reichel. Einfluss von Schwermetallen auf die Genexpression und das Wachstum eines
metalltoleranten Streptomyceten (September 2024)

Kyra-Larissa Markus. Untersuchung von Thiopeptidstress und Co-Kultivierung mit
Thiopeptid-Produzenten auf Streptomyceten (September 2024)

Zweitbetreuung/Drittgutachten:

Philippa Vestner. Einfluss der Streptomyces-Inokulation auf kolloidale Phasen im Poren- und
Grundwasser auf dem Testfeld Gessenwiese (Juli 2024)

Eleanor Frost. Pflanzenékologische und Stressphysiologische Untersuchungen an
ausgewahlten Standorten der sanierten Abraumhalde Beerwalde mittels Chlorophyl
Messungen (August 2024)

Rebecca Ruiter. The degradation of 4MSOB-Isothiocyanat shapes interactions between
phytopathogenic Pseudomonas viridiflava and commensal Plantibacter (Oktober 2024)

Masterarbeiten

Nayeema Nushrat. Investigation of mating types genes in the basidiomycete Tricholoma
vaccinum (Januar 2023)

Marla Josephine Jeckstiess. Tuber aestivum: Effect of soil parameters and microorganism
composition on growth and cultivation (August 2023)

Xinbo Chen. Charakterisierung der stickstofffixierenden Bakterien auf den Flachen eines
ehemaligen Uranbergbaugebiets (Oktober 2023)

Robert Jesse. Characterization of stomatin i a lipid raft associated protein 1 in the
basidiomycete Schizophyllum commune (November 2023)

Levke Petersen. Growth and degradation capacities of Schizophyllum commune (November
2023)

Alexander Gloger. Bioinformatic examination of viruses associated with Streptomyces bacteria
(November 2023)

Aswathi Gopa Kumar Nair. Micoorganisms associated with Tuber aestivum: Natural and post
inoculation soil microbiome in the fields (Dezember 2023)

Leandro Santiago Padilla. Isolation and biochemical characterization of symbiotic yeasts
associated with the Erasian spruce bark beetle Ips typographus (Januar 2024)

Najmun Naher Orin. Schizophyllum commune: Influence of intracellular signal transduction on
microbial interaction (November 2024)

Zweitbetreuung/-gutachten:

YoungJun Bae. Optimization of a synthetic carbon fixation cycle using machine learning
(Februar 2023) Max-Planck-Institut fur terr. Mikrobiologie Marburg

Rhedia Tehrin Proma. Characterization of microbes and microbial consortia from rhizosphere
and their impact on plant growth of different Petunia genotypes (2023)

Neetu Neetu. Investigation of beneficial microbe-microbe/plant-interaction in sustainable
horticulture (Juli 2023)

Aftab Mahmood Ayas. Elucidation of regulatory metabolites in the cuticle supplementing
symbiosis of the grain beetle Oryzaephilus surinamensis (September 2023)

Enes Baran Demiray. Specificity and regulation of symbiont transmission in beewolves
(Hymenoptera, genus Philanthus) (November 2023)
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Nicolas Koppner: Untersuchung von Schadstofftransporten in Saulenversuchen mit
Schizophyllum commune fir die Entwicklung von Bioremediationsansatzen radioaktiv
kontaminierter Boden (November 2023)

Alicia Maria Goppel. Dendroanalyse verschiedener Baumarten im ehemaligen Uranerzbergbau
in Ronneburg (Thiringen) (Dezember 2023)

Inan Sapkota. Clinico-microbiological profile of multi-drug resistant pathogens in high-risk febrile
neutropenia and clinical correlation of stool surveillance culture (Januar 2024)

Shivani Kiran Nimbkar. Detoxifiction of spruce phenolic compounds by bark beetle symbiotic
fungus Cylindrobasidium ipidophilum (Juli 2024)

Karthika Muthuraj. Long-term placenta explant culture: Excluding microbial contamination in
toxicity assays (Juli 2024)

Phoebe Chin. The role of Lichtheimia corymbifera proteins on the intracellular acidification in
human primary monocytes (August 2024)

FeliaKnochAUnt er suchung zur Thallusin induziert
Ulva (Chlophyta) (August 2024)

Jan Warthofer. Stabilisierung organischer Bodensubstanz im ehemaligen Bergbaugebiet
Ronneburg durch kalkhaltige und mikrobielle Zusatze (November 2024)

Staatsexamen
Jonas Baumgarten. Effects of Phocalicola vulgatus mpk, on epithelial cell damage caused by
the human pathogen Candida albicans (Februar 2023) i Lehramt Gymnasium

Seminarfacharbeiten
Virginia Meister und Emma Schmidt. Einfluss von verschiedenen Umweltfaktoren auf die
Bodenmikroorganismen in Pflanzenkulturen (November 2024)

5. Supporting Early Career Scientists

Promotionsabschlisse 2023 und 2024

Ezediokpu, Marycolette Ndidi. Terpenes in the ectomycorrhizal association between Norway
spruce (Picea abies), or Scots pine (Pinus sylvestris) and Tricholoma vaccinum (Juni 2023)

Murillo-Roos, Mariana. The chemical landscape of leaves as a driver for microbial community
structure and metabolic interactions (Juli 2023)

Furst, David. Einflu? mikrobiologischer Behandlungen auf das Phytoremediationspotential
verschiedener Baumarten auf metallbelasteten Boden eines ehemaligen Bergbaustandortes
(Oktober 2023)

Silva Costa, Flavio. Biomineralization capabilities of Streptomyces mirabilis P16B-1: Insights
into struvite and nickel-struvite synthesis and their implications (Oktober 2023)

Harpke, Marie. Microbial adaptation and community dynamics in a former uranium mining and
milling site (November 2023)

Ostreicher, Manuela. Metal stress response of the ectomycorrhizal basidiomycete Tricholoma
vaccinum (April 2024)
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6. Equal Opportunities, Diversity and Family Support

2023
Anteil Frauen Anteil Manner Kindern unter 12 Jahren
13 7 9
2PostDee 3
2 Technische Assistamdim
2024
Anteil Frauen Anteil Manner Kindern unter 12 Jahren
11 7 7
2PostDoe 3
2 Technische Assistentinnen

7. International Cooperations

ENEA T Casaccia Research Centre i Italien
University of Bucharest T Ruménien

Babes-Bolyai University of Cluj-Napoca i Roménien
Jagiellonian University in Krakow i Polen

University of Vienna i Osterreich

Orebro Universitet i Schweden

University of Cagliari i Italien

University of Tucuman & PROIMI T Argentinien
University of Debrecen i Hungary

Instituto Politécnico Nacional CICATA-QRO i Mexiko
State Ecological Academy in Kiew i Ukraine

7. Administration

Beschaftigungsstruktur

| Personen | Stellenanteile

Beschaftigte im Rahmen von Haushaltsmitteln

Wissenschaftliche Mitarbeiterinnen 5 3,5
Postdoc 2 1,0
Technische Assistenz 2 2,0
Sekretariat 1 1,0
Tutoinnen 2
Beschéftigte im Rahmen von Drittmitteln

Wissenschaftliche Mitartheiten 11 5,6
WissenscliiicheAssistenten 4

Studentischi&ssistenten

Weiteres Personal

Auszubildende | 1 |

Vertretung in Selbstverwaltungsgremi@hof. Kothe
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- Mitglied der Prifungskommission BSc/MSc Biogeowissenschaften
- Sprecherin der Graduiertenschule Jena School for Microbial Communication

- Mitglied des Rats der Graduiertenakademie der FSU
- Mitglied des Forschungsrats der Universitat Hamburg

- Mitglied des Kuratoriums des Helmholtz-Zentrums Dresden-Rossendorf

- Gast im Beirat der Forschungsstelle fur gartenbauliche Kulturpflanzen, Erfurt

- Mitglied des Exekutivkommittees der International Max Planck Research School
"global Biogeochemcial Cycles"

- Mitglied der International Max Planck Research School "Molecular Ecology ",
International Leibniz School "Molecular Microbial Interactions"”, DFG-SFB
"ChemBioSys"; LeibnizCampus InfectoOptics; InfectoGnostics; Abbe Center of

Photonics

- Editor-in-Chief: Journal of Basic Microbiology
- Mitglied des Fachausschusses Mathematik und Naturwissenschaften der
Akkreditierungsagentur Acquin

8. Team

Leitain

UnivProf. Dr. Erika Kothe

Stellvertreterin

Dr. Katrin Krause

Technische Assistentinnen

Petra Mitscherlich

Peggy Brarsichon
Sylvia Creutzburg

Verwaltung Sekretarin

Christin Reichmann

PostDocs

Dr. Lea Traxler

Promovierende

Nina Carl

Flavo Silva Costa

Enes Baran Demiry
Marycolette Ezediokpu
David Furst

Aswathi Gopa Kumar Nair
Maximilian Herold
Marlene Holler

Evans lyamu

Robert Jesse

Kevin Lenk

Manuela Ostreicher
Sebastian Pietschmann
Levke Petersen
BeritFrizzy Porsche
Johanna Ziethe

Alex
XinbdChen Najmun Nah@rin
. Suiya Begum Saschd&obel
Studierende Marlaleckstiess Franziska Vogler
Emily Reichel Debbar Mossaab

KyralLarissa Markus
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NWG APMaatobiosi sin
Dr. Matt Agler

A thaliana NG2, isolated from Jena, inoculated in a gnotobiotic system (controlled microbiome)
together with a Janthinobacterium sp. isolate, recovered from the same wild plant population,
and Sclerotinia sclerotiorum, a necrotrophic plant pathogen.

1. Research

Plants are constantly exposed to a variety of stressors, including phytopathogenic pathogens.
Although plants have their own immune systems, proper microbiota balance is critical to their
survival. In fact, interactions between bacteria, fungi and oomycetes are so important, that when
certain of these components are missing, plants cannot survive in nature. To better protect
plants, we want to understand how and why these important interactions arise.

Microbial Diversity in Natural Plant Populations

Characterizing microbial diversity is an important first step in understanding it. Since
establishing methods to more efficiently characterize bacterial and fungal diversity in plant
organs like leaves (Mayer et al., 2021), we have been busy looking at what shapes bacterial
diversity in natural populations of Arabidopsis thaliana. A. thaliana populations in Jena are
diverse in terms of both their genetic diversity and in the makeup of important secondary
metabolites that play roles in defense against herbivores and bacterial and fungal pathogens.
By studying bacterial diversity in these populations over several years, we found that a) A.
thaliana leaf bacterial communities largely overlap with other plants in their environment, but
have some mi crobi al Amar kerso that ds eftlealh gui s h
microbiota recruitment over time are shared between some populations. We have preliminarily
published these findings (Mayer et al., 2022) and are working to understand the role of climate
in these patterns . Thanks to some of these preliminary findings, we were able to obtain DFG
funding (Projekt Nr 458884166) to look at functional diversity in these plant-microbe
communities over time using metagenomics, in collaboration with the group of Gianni
Panagiotou. In short, we find that abundant modules of leaf bacteria are enriched in functions
related to drug resistance. These functions contribute to their survival in niches associated with
metabolism of plant specialized metabolites (Unger et al., 2024)

Plant traits and microbial interactions
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The habitat of leaf microbes is primarily shaped by the host plant, but can also be strongly
influenced by other microbes. We believe that this influence can play a big role.

0} A. thaliana populations around Jena produce diverse glucosinolates that are known to
help protect against herbivores or pathogen infestation when they are converted to toxic
isothiocyanates (ITCs) upon leaf damage. We found that glucosinolates also help recruit
commensal leaf bacteria, who can use them as carbon sources. Some of these microbes can
also break down ITCs similar to pathogenic bacteria. We are investigating how these activities
shape bacterial recruitment and its importance for plant health, especially its roles in non-host
resistance to pathogens.

(2) Plant-derived resources can also play an important role in promoting bacterial diversity and
adaptation. We found that the habitat on leaves of different plants can be metabolically very
different and that some bacteria on leaves are likely to support each other metabolically
through cross-feeding. Since the expression of virulence genes in many bacterial pathogens is
dependent on specific metabolites, we are investigating how these metabolic interactions
influence virulence.

2. Publications

Unger, K., Raza, A.K., Mayer, T., Reichelt, M., Stuttmann, J., Hielscher, A., Wittstock, A.,
Gershenzon, J., Agler, M.T. (2024) Beyond Defense: Glucosinolate structural diversity shapes
recruitment of a metabolic network of leaf-associated bacteria. Nature Communications. doi:
https://doi.org/10.1038/s41467-024-52679-7. For this publication, Kerstin Unger received the
2024 Microverse Publication Prize

J Jose, E Teutloff, S Naseem, E Barth, R Halitschke, M Marz, MT Agler

Immunity and bacterial recruitment in plant leaves are parallel processes whose link shapes
sensitivity to temperature stress. bioRxiv, doi: https://doi.org/10.1101/2024.06.10.598336

Mayer, T., Teutloff, E., Unger, K., Lehenberger, P., Agler, M.T. (2024) Deterministic colonization
arises early during the transition of soil bacteria to the phyllosphere and is shaped by plant-
microbe interactions. BioRxiv. doi: https://doi.org/10.1101/2024.10.24.619992

3. Third Pary Funding

Projekttrager Vorhaben Laufzeit Mittel in 2021

MaxPlanck International Max Planck Research School | 01.11.2021 1 Doktorand

Gesellschaft fiCheearli Communi cati on| 31.10.2024

JSMC/Carl Zeiss . . . 02.07.2021 .
Stiftung JSMC / Microverse / Carl Zeiss Stiftung 31122024 1 Doktorandin

Projekt AMikrobi el e 01.11.2021 | 245.182 Perso#dhachmittel +

DFG Bl 2ttern als Trei ber|305202 162,562 Sequenzierungskos
. 01.01.2020 . .
DFG Microverse 01.06.2023 1 0. O D Doktdrandin
4. Teaching
Modulnummer Veranstaltung ECTS Teihehmezahl
Praktikum Mikrokefianzénteraktionen (Dr. Agl 18
MMBO017 Seminar MikrobBflanzénteraktionen 5 18
Ubung Mikrob@&flanzeénteraktionen 18
Vertiefungsund Projektmmdule ECTS Anzahl Studierende
Projektmodul MMB800 15 2
Vertiefungsmodul MMB700 15 2
Masterarbeiten
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Erik Teutloff. Balance in plant bacterial recruitment affects resilience to fungal invasion of the

phyllosphere. (December 2022)

Smilla Adler. Cross-feeding as mechanism for pathogen biocontrol. (October 2023)

Dissertation

Mariana Murillo-Roos. The chemical landscape of leaves as a driver for microbial community
structure and metabolic interactions (July 2023)

 oond ¢
v

5. Equal Opportunities, Diversity and Family Support

Anteil Frauen

Anteil Manner

Mit Kindern unter 12 Jahren

7 3 2
6. Team
Leiter Dr. Matthew Agler
PostDocs Dr. Shubhangi Sharma Dr. Mariana Murillo-Roos

Promovierende

Mariana Murillo-Roos
Jisna Jose

Kerstin Unger
Syed Ali Komail Raza

Studierende

Erik Teutloff

Niclas Krauf3

Smilla Adler (Inst. Técnico,
University of Lisbon)

Janek Wunderlich (HiWi)
Rebecca Ruiter (HiWi)
Simrat Naseem (HiWi)
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Lehrstuhl ftr Allgemeine Mikrobiologie
- Prof. Dr. Kai Papenfort -

1. Research

The overall goal of our research is to understand the regulatory mechanisms
controlling complex behaviors and stress resistance in pathogenic microorganisms. To
this end, we focus mainly on the major human pathogen, Vibrio cholerae, which we
employ as model to study the following four main areas of research: 1) discovery and
characterization of novel functional non-coding regulators; 2) the role of small proteins
in microbial physiology; 3) molecular principles of quorum sensing-mediated gene
regulatory processes; 4) the interaction of phages with bacterial pathogens.

The influence of regulatory RNAs on host-phage interactions
(Sprenger et al, 2024)

Many bacteria, if not all, utilize quorum sensing
Lysogenic

(QS) as a mechanism to coordinate population- <

wide behaviors such as biofilm formation, M‘l _
virulence, and motility, based on cell density. ‘1 O‘f vmz
Intriguingly, recent discoveries have revealed dl

that bacteriophages (phages) - viruses that 414 3
infect bacteria - can also engage in QS-like ( O

systems. These phages are capable of either
producing their own communication molecules | 7o or

"listening in" on the QS signals of their bacterial | - e o d o
hosts to inform critical decisions, such as | p= Wdi 0@@%

whether to initiate a lytic cycle (destroying the '=.~Ji 4{

host) or to enter a lysogenic state (integrating | =X . dlw ________ ‘u’ﬁw ......
into the host genome and remaining dormant). In
this study, we explored the complex interplay between Vibrio cholerae and the
lysogenic phage VP882, which responds to the host-produced QS molecule DPO (3,5-
dimethylpyrazin-2-ol). We demonstrated that activation of VP882 by DPO triggers a
shift in the molecular landscape of the host cell: phage transcripts become associated

with the hostds major RNA chaperone, Hf q.
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phage RNAs actively compete with and displace host-encoded small RNAs (SRNAS)
from Hfq, resulting in downregulation of host regulatory RNA activity.

Remar kably, VP882 does not rely solely on hi]j
encodes its own set of SRNAs that bind to Hfg. We identify and characterize one such
phage-derived sRNA, named VpdS, which plays a significant role in promoting phage
replication. VpdS fine-tunes the expression of both phage and host mRNAs, thereby
shaping the intracellular environment in favor of viral propagation. Furthermore, our
findings revealed that host-encoded sRNAs are not passive victims in this conflict.
Instead, they can act as antagonists to phage development by targeting phage mRNAs
for downregulation. This suggests that SRNAs are not only central to bacterial gene
regulation but may also constitute a previously underappreciated layer of the bacterial
defense system against phage attack. Overall, our findings shed light on the molecular
tug-of-war between phage and host and highlights the critical role of RNA-based
regulation in shaping infection outcomes.

2. Publications

Three selected publications

Sprenger, M., Siemers, M., Krautwurst, S., and Papenfort, K. (2024) Small RNAs
Direct Attack and Defence Mechanisms in a Quorum Sensing Phage and its Host.
Cell Host Microbe, https://doi.org/10.1016/j.chom.2024.03.010.

Ghandour, R., Devlitsarov, D., Popp, P., Melamed, S., Huber, M., Siemers, M., Kriger,
T., Kniemeyer, O., Klingl, A., Brakhage A. A., Erhardt M , Papenfort K. (2024) ProQ-
associated small RNAs control motility in Vibrio cholerae. Nucleic Acids Research
doi: 10.1093/nar/gkae1283.

Papenfort K. and Melamed S. (2023) Small RNAs, Large Networks: Posttranscriptional
Regulons in Gram-Negative Bacteria. Annual Reviews of Microbiology, 77:23-43.

3. Third Party Funding

Major third party funding:

Ger man Research Foundati on (DFG) , ASponge F
transition in Vibrio choleraed ,  22022.0

Vallee Foundation, Vallee Scholar Award, 2019-2023.

German Research Foundation (DFG), SPP2002, Small Proteins in Prokaryotes, an
Unexplored World, 2017-2023.

ERC-CoG, Art-RNA, 2024-2029.
German Research Foundation (DFG), Microverse Cluster, 2020-2024.
German Research Foundation (DFG), SPP2330, ANew Concepts in

host Interactions i From Single Cells to Microbial Communities 6 , -20Q42 2024-

2027.

German Research Foundation (DFG), SPP2389, AEmer gent Funct i
Mul ticell v2024ri tyo, 2021

Ger man Research Foundation (DFG), CRC1127,

Bi osystems (Ched®b6.0Sys)o, 2022
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German Researc h Foundation (DFG),
ProQ in Vibrio choleraeo , 22027 .4
4. Teaching

WS 2023/2024 und SS 2024

ARegul atory

Modulnummer | Veranstaltung | ECTS| Teihehmezahl

Wintersemester

BB031 Bakterielle Genregulation (Praktikum) 10 5
Bakterielle Genregulation (Theorie)

BB030 Bakterielle Genregulation (Theorie) 5 8

BBiol.5, 011/BEBW4/ | Vorlesung Grundlagen der Mikrobiologie 642 176

BBC2.2, 005, LBiBio Ringvorlesung Methoden der Mikrobiologie

DoC005, BBC2.2, LBIO | Algemeine Mikrobiologie (Prakikum) 108
Infection biology (Vorlesung)

MMB002 Infection biology (Praktikum) 10 19
Infection biology (Seminar)

MMBO001 Microbial Communication Colloquium Ca. 150
Microorganism Adaption (Seminar) 25

Sommersemester

BB011, BB1.5 Allgemeine Mikrobiologie (Praktikum) 44
Microbial Stress Response (Vorlesung)

MMBO006 Microbial Stress Response (Praktikum) 10 4
Microbial Stress Response (Seminar)

MMB001 Microbial Communication Colloguium Ca. 150
MicroorganisAdaption 25

WS 2024/2025

Modulnummer | Veranstaltung | ECTS| Teihehmerahl

Wintersemester

BB031 Bakterielle Genregulation (Praktikum) 10 8
Bakterielle Genregulation (Theorie)

BB030 Bakterielle Genregulation (Theorie) 5 6

BBiol.5, 011/BEBW4/ | Vorlesung Grundlagen der Mikrobiologie 642 167

BBC2.2005, LBibIBio Ringvorlesung Methoden der Mikrobiologie

EABB%OOS’ BBC2.2, kBio Allgemeine Mikrobiologie (Praktikum) 104
Infection biology (Vorlesung)

MMB002 Infection biology (Praktikum) 10 20
Infection biology (Seminar)

MMBO001 Microbial Communication Colloquium Ca. 150
MerdialAdaption (Seminar) 25

Projekt und Vertiefungsmodule ECTS Anzahl Studierende

Vertiefungsmodul MMB 700 15 3

Projektmodul MMB 800 15 3

Projektmodul BB800 11 1

Bachelorarbeiten
Larissa Ostmeyer, Maxwell Zienecker

Masterarbeiten

Felix Spath, Maria Thamm, Michael Afe, Lloyd Tucker
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5. Team

Post-doctoral fellows: Elisabeth Urbauer, Marcel Sprenger, Elke-Martina Jung, Rabea
Ghandour, Kerstin Thriene, Sebastian Kr aut wur st , Federico DO6Agost

PhD students:Hugo Li gthart, EoghanYu@ge Dz Vsixlokel , Jose
Technicians: Kerstin Gluth, Yvonne Greiser

Administration: Sandra Golke-Stiebritz

Student support: Larissa Ostmeier, Christoph Manitz

Master students: Julius Bauer, Ferenc Kanitz
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NWG ARBiAol ogi e der Bakt e

Dr. Kathrin Fréhlich

1. Research

Bakterien sind in der Lage, sich auf sténdig dndernde Bedingungen einzustellen und in den
verschiedensten Habitaten zu Uberleben. Diese Anpassungsfahigkeit beruht zum einen auf
einer effektiven Wahrnehmung der Umgebung und zum anderen auf der schnellen Regulation
der Genexpression. Neben Protein-vermittelten Mechanismen spielt hier die post-
transkriptionelle Kontrolle durch regulatorische RNAs eine entscheidende Rolle.

Kleine, regulatorische RNA-Molekiile (engl. small RNAs; sRNASs) sind eine heterogene Klasse
von Regulatoren die uber kurze, meist unvollstandige Basenpaarungen mit Zieltranskripten
interagieren. RNA-bindende Proteine wie das in vielen Bakterienspezies konservierte RNA-
Chaperon Hfg kdnnen zur Ausbildung der RNA-RNA-Interaktionen beitragen.

Eines der in der Arbeitsgruppe untersuchten Modellbakterien ist Caulobacter crescentus, ein
Gram-negativer Mikroorganismus aus der Klasse der Alpha-Proteobakterien. Die
charakteristische halbmondférmige (crescentoide) und namensgebende Gestalt des
Zellkorpers ist auf das Intermediarfilament-ahnliche Protein Crescentin zuriickzufiihren, das in
polymerisierter Form an der inneren Krimmung der Zelle vorliegt. Die RNA-Biologie in C.
crescentus ist weitgehend unerforscht und von den ca. 130 sRNAs, die momentan in dieser
Spezies annotiert sind, wurden lediglich einige wenige charakterisiert.

Um die Funktion von sRNAs systematisch zu analysieren, ohne dabei auf deren natirliche
Expression unter einer gewahlten Bedingung oder die Assoziation mit einem RNA-bindenden
Protein wie Hfq angewiesen zu sein, eignen sich Uberexpressionsplasmide. Fur Caulobacter
wurde die Plasmidbibliothek CauloSOEP (engl. Caulobacter SRNA overexpression) erstellt, in
der pro Stamm jeweils eine von insgesamt 49 sRNAs unter der Kontrolle eines Vanillat-
induzierbaren Promotors synthetisiert werden (Velasco-Gomariz et al. 2024 NAR). Im Rahmen
der Studie wurde die sRNA AbnZ identifiziert, deren Uberexpression mit einer stark
veranderten Zellmorphologie und einer deutlich verminderten Fahigkeit zur Koloniebildung
einhergeht. Dur ch Prozessierung wi r d Abnz al s
acrABnodT (abn) mRNA freigesetzt. Bei AcrAB-NodT handelt es sich um ein dreiteiliges
Sekretionssystem, das den Export von Antibiotika, Toxinen und Detergenzien aus dem
Zytoplasma in die Umgebung vermittelt. Damit ist AcrAB-NodT ein wichtiger Faktor bei der
Entwicklung von mehrfachen Antibiotikaresistenzen.

Der toxische Phanotyp der AbnZ-Uberexpression konnte durch genetische Analysen auf die
Repression des Operons tamAB zurickgefuhrt werden, welches fiir das Translokationsmodul
TAM kodiert. Im heterodimeren TAM-Komplex interagieren beide Untereinheiten Uber im
Periplasma lokalisierte Doméanen, und sind an der Integration von Transportproteinen und
potentiell auch Phospholipiden in die aul3ere Membran des Bakteriums beteiligt. Unter
physiologischen Bedingungen konnte eine kurzzeitige Inhibierung der tamAB-Expression
durch AbnZ dazu dienen, dass die Insertion des AcrAB-NodT-Komplexes in die Membran des
Bakteriums bevorzugt wird.
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Charakterisierung der sRNA AbnZ in Caulobacter crescentus.

Eine Uberexpression der sRNA AbnZ. iiber einen induzierbaren Promotor fiihrt zu einer
verminderten Fahigkeit zur Koloniebildung und einer Veranderung der Zellmorphologie. AbnZ
inhibiert die Expression von TAM, eines fir die Zelle essentiellen Membrankomplexes, der am
Transport von Membranproteinen und Phospholipiden beteiligt ist.

2. Publications

Velasco-Gomariz, M., Sulzer, J., Faber, F., Frohlich, K.S. (2024) An sRNA overexpression library
reveals AbnZ as a negative regulator of an essential translocation module in Caulobacter
crescentus. Nucleic Acids Res, gkaell39, https://doi.org/10.1093/nar/gkael1139 (online ahead of
print)

Bandyra, K.J., Frohlich, K.S., Vogel, J., Rodnina, M., Goyal, A., Luisi, B.F. (2024) Cooperation of
regulatory RNA and the RNA degradosome in transcript surveillance. Nucleic Acids Res,
52(15):9161-9173

Vogt, L.N., Panis G., Schapers, A., Peschek, N., Huber, M., Papenfort, K., Viollier, P., Frohlich, K.S.
(2024) Genome-wide profiling of Hfg-bound RNAs reveals the iron-responsive small RNA RusT in
Caulobacter crescentus mBio, 15(4):e0315323

Ruhland, E., Siemers, M., Gerst, R., Spath, F., Vogt, L.N., Figge, M.T., Papenfort, K. and Frohlich,
K.S. (2024) The global RNA-RNA interactome of Klebsiella pneumoniae unveils a small RNA
regulator of cell division Proc Natl Acad Sci U S A, 121, e2317322121.

3. Third Party Funding

Projekttrager Vorhaben Laufzeit

DFG Einzelanttp A G| o b al -déperueni RNENA mtEractibhs| 01.10.202030.09.2024
inCaulobacter cresedtus

DFG Exzellen€| ust er ABal ance of t he |01.01.202131.07.2024

FSU ProChance car eer -RNAlinerdaaidns imthel 01.07.202030.06.2023
mapr human pathogdelebsiella pneumoniae
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4. Teaching

Modulnummer Veranstaltung ECTS
MMBO018 Prakti kum ARNA Biol (5
Semi nar ARNA Bi ol og)
MMB002 Vorl esung Alnfectiorl0
MMBO003 Vorl esung ACel |l oByoll10
. |Ringvorlesung AMet hg
BB011, BBC005, BBC2.2, BB1.5, BEBW4bibBI Vorl esung AGrundl ageé 6+2
BB034.MB/C Mikrobiologisches Berufsfeld 6
BB800 Projektmodul 11
MMB700 Vertiefungsmodul 15
MMB800 Proj&tmodul 15

Jena RNA Club

Um die Vielzahl der an oder mit RNA arbeitenden Wissenschaftler*innen in Jena zu vernetzen,
organisiert Dr. Kathrin Frohlich gemeinsam mit Dr. Matt Blango (Leibniz-HKI) und Dr. Holger
Bierhoff (Uni Jena) i m R@aih meinn aemo rMatelniac RANAS&€mi n g

Sowohl 2023 als auch 2024 wurden daneben jeweils eintdgige Symposien ausgerichtet, zu
denen neben jeweils etwa 50 lokalen Teilnehmern auch Gastsprecher*innen eingeladen waren

um im AHaus zur R o s e n fi n Zu lunterschiediahen cGehietery dea RNbAe i t e
Biologie zu prasentieren.

JENA RNA CLUB
SYMPOSIUM?2023

Haus Zur Rosen, Jena
18 September 2023

Haus Zur Rosen, Jena
26 September 2024

Confirmed Speakers

Confirmed Speakers

Kaspar Burger | Wirzburg
Gabrijela Dumbovic | Frankfurt
James Saenz | Dresden

Julia Weigand | Marburg

J r | Wiirzburg

| Mannheim
e | Potsdam
larx | Konstanz/Jena

Organization & Contact
Jena RNA Club

holger bieroff@uni-jena de
matthew.blango@leibniz-hki.de
kathrin froehlich@uni-jena.de

Registration
participation is free of charge

please register by August 31st
Registration

participation is free of charge www.mikrobiologie.uni-jena de/en/264/
registration-2024-jena-rna-club-symposium
please register by August 14th
https://www.ibb.uni-jena.de/ L
enjregistration-ma2023 Organization & Contact

Jena RNA Club

holger.bierhoff@uni-jena.de
matthew.blango@leibniz-hki.de
kathrin froehlich@uni-jena.de
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5. Team

Dr. Kathrin Fréhlich 7 PI

MSc. Manuel Velasco Gomariz (Promotion)

MSc. Eric Ruhland (Promotion)

MSc. Laura Vogt (Promotion)

BSc. Felix Spath (Abschlussarbeit MSc. Mikrobiologie)
BSc. Maria Thamm (Abschlussarbeit MSc. Mikrobiologie)
BSc. Leonie Giese (Abschlussarbeit MSc. Mikrobiologie)
Pia Kunstmann (Studentische Assistentin)

RNA-Biologie der Bakterien i Sommer 2024
Eric Ruhland, Laura Vogt, Maria Thamm
Manuel Velasco Gomariz, Kathrin Frohlich
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Lehrstuhl fur Mikrobielle Interaktionen
Prof. Dr. Christian Jogler

JOGLER LAB

MICROBE HUNTERS - CAPTURING ELUSIVE
MICROBES

1. Research
Elusive Microbes 1 cultivating, understanding and applying

The Department of Microbial Interactions aims to bring elusive microbes into axenic culture, to
characterize them and to gain a deep understanding of their environmental interactions, their cell
biology and their ability to support human health and well-being.

The mission of our laboratory is to push the boundaries of scientific knowledge by exploring the
fascinating world of understudied or uncultivated bacteria. We are dedicated to unraveling the
mysteries hidden within microbial communities and harnessing their untapped potential for
biotechnological applications and the environment. Our research group is driven by a deep
curiosity about the vast diversity of uncultivated bacteria that inhabit diverse ecosystems on our
planet. We recognize that these microorganisms represent an immense reservoir of biological
innovation and possess unique adaptations that can contribute to solving pressing global
challenges. Through cutting-edge interdisciplinary research, we aim to understand the ecological
roles, evolutionary dynamics, and metabolic capabilities of uncultivated bacteria. By leveraging
advanced genomic, metagenomic, and bioinformatic approaches, we strive to decipher the
genetic blueprints of these elusive microorganisms and gain insights into their functional
attributes.

Our current research topics include:

Interactions of heterotrophic bacteria and phototrophs

Bioactive small molecule discovery and development of genetic engineering tools
Isolation and cultivation of members of the phylum Planctomycetota
Planctomycetal Cell division without FtsZ

Magnetotactic bacteria

=A =4 =4 -
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Interactions of heterotrophic bacteria and phototrophs

Up to 50% of the global CO, fixation is achieved by marine microorganisms such as algae. Their
mass reproduction frequently occurs as transient events -blooms- that challenge the balance of
t he oceands mietarg® phgaplangton pdptlatians are partly consumed by higher
trophic orders such as zooplankton and partly degraded by heterotrophic bacteria. Besides re-
mineralization and the related CO, emission, organic carbon sinks as marine snow to the sea
floor, where it is only partly degraded and partly stored in the sediment. However, the role of
microbes that determine the ratio between CO, storage and CO, emission, is hardly studied. This
is particularly true as some key players such as members of the phyla Planctomycetota,
Verrucomicrobiota, Bacteroidota and Gemmatimonadota are mostly not available as axenic
cultures. Thus, many aspects of the allelopathic interaction between algae and bacteria remain
elusive.

In our research, we aim at detecting, cultivating and characterizing so far unstudied heterotrophic
bacteria that are associated with microalgal blooms in the ocean. Using axenic cultures
representing understudied phyla as well as well-studied marine model organisms, co-cultivation
experiments are performed with the microalga Gephyrocapsa huxleyi (former Emiliania huxleyi)
to simulate synthetic blooming events and their decay. This will contribute to a functional
understanding of niche partitioning within the microalgal microbiota.

Furthermore, the role of members of the phylum Planctomycetota in marine communities is
investigated. Planctomycetota are commonly present in the microbiota of marine phototrophs and
can dominate the microbial community of the thalli of seaweeds. Compared to members of the
Roseobacter group most strains of the phylum Planctomycetota are slow-growing, more
challenging to cultivate and only little is known about their ecological significance. The isolated
strain Stieleria maiorica Mall5' turned out to impact the biofilm formation of Roseobacter group
members mediated by the production of the small molecule stieleriacine A;. Both bacterial groups
are associated with algae and survive by allelopathic interactions on the surface of marine
phototrophs.

The mutual triangular relationship between algae, Planctomycetota and Roseobacter group
members build the centre of a second project on algal-bacterial interactions. The role of the small
molecule stieleriacine A; in communities as well as its biosynthesis and the spatiotemporal
effects during the formation of communities will be examined. The interplay in bi- and tripartite
Planctomycetota-Roseobacter-phototroph communities will be addressed by visualizing the
distribution of mediators in the community and exploring single-cell behavior with other organisms
and compounds. The third part of this project aims at an investigation of the impact of
Planctomycetota on phototroph differentiation and comprises growth assays with axenic Ulva sp.
cultures and several Planctomycetota to identify responsible mediators. The results of the project
should contribute to a more holistic understanding of the impact of chemical mediators in complex
and vulnerable aquatic ecosystems.

However, the ecological importance of phototrophs does not stop with the transition to land, as
they are a main component of biocrusts (BCs). BCs are intriguing communities composed of
heterotrophic bacteria and fungi as well as photoautotrophic cyanobacteria, algae, mosses and
lichens. Often referred to as the Skin of the Earth, the latest estimates state that they cover about
12% of all terrestrial surface. BCs are found globally where light is available but otherwise harsh
conditions make the prevailing growth of higher plants impossible. They dominate arid regions
such as the poles, deserts, and high alpine environments, where they are pivotal ecosystem
engineers that offer a wide array of ecosystem services stabilizing the soil surface, preventing
erosion, fixing carbon and nitrogen, and building up organic soil biomass that enables later plant
settlement. Moreover, BCs immobilize heavy metals in contaminated soils, making them
promising communities for bioremediation applications.

Despite their long-known ecological importance, many aspects of BC are still poorly understood.
While their biogeography and ecology are well researched, detailed studies are confined to few
geographical regions, resulting in limited knowledge about both photo- and heterotrophic species
composition. Biochemical and molecular processes underlying their ecological functions,
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interactions between the many different microorganisms that build a BC, and the role of
secondary metabolites in these interactions are, with very few exceptions, still unknown. To
investigate these intricate and important communities on a molecular level, model systems
consisting of at least two organisms are needed. Such a system, however, so far only exists for
cyanobacteria-dominated BCs from temperate North American deserts, which is unsuited to
study BCs from other ecoregions like Europe, where BCs are also found in cold climate zones
like the Alps or the Arctic. Hence, we strive to develop a model system to investigate microbial
interactions in European, green-algal-dominated BCs.

Bioactive small molecule discovery and
development of genetic engineering tools

Despite genome- and lifestyle-based evidence, neither the interaction of planctomycetes with
bacterial competitors nor their suspected bioactive compound repertoire have been studied on
the molecular level so far. As a model system we are currently investigating the interaction of the
planctomycete Stieleria maiorica with Phaeobacter inhibens, a me mb e Rosamlfactet
groupé6. The producti on o f-chanN-aeyl tgrasines, by 1 maorica &
potentially relevant for altering physicochemical properties of marine biotic surfaces, ultimately
leading to active shaping of microbial communities by S. maiorica. The discovery of stieleriacines
functions as a blueprint for a bioprospection approach targeting the identification of novel
bioactive small molecules in characterized and novel members of the phylum. The approach
combines agar plate-based bioactivity tests and extraction of liquid cultures with subsequent
chromatographic analysis.

As part of the molecular toolbox that is required to investigate the role of secondary metabolite
biosynthetic gene clusters and other structural genes, the research also focuses on the
development of tools for the targeted modification of planctomycetal genomes as well as for an
inducible gene expression. Especially the construction of replicative plasmids and strategies for
the marker-free introduction of genomic modifications by two-step homologous recombination are
urgently required to push the research field forward.

The large genomes of strains belonging to the class Planctomycetia harbour genes encoding
uncharacterized biosynthetic gene clusters (BGCs), which are known to produce various
bioactive secondary metabolites or small molecules. The project aims on the members of
Planctomycetota to produce novel secondary metabolites using different strategies of
stimulations and also by developing bioreactors. The project also emphasizes on the
cultivation and polyphasic characterisation of novel members belonging to the phylum
Planctomycetota. Several doctoral and postdoctoral researchers are associated to the project.

Isolation and cultivation of members of the phylum Planctomycetota

As part of the CRC AguaDiva the project focusses on groundwater microbiomes of the Hainich
Critical Zone Exploratory (CZE). The Hainich CZE, located in northwestern Thuringia, covers
different land-use types (forests, pasture, and agricultural land) over a hillslope transect of 6
km length. Installed groundwater wells, located all over the transect, enable fast sampling of
the deep aquifers, ranging from oxic to anoxic conditions.

The cultivation focusses on the enrichment of planctomycetes as they contribute significantly
to the subsurface carbon and nitrogen cycle. Especially i maammoxd ( a bi@ anmonium
oxidation)-performing planctomycetes are abundant regarding metagenomics and have been
also proven by the consumption of ammonium and nitrite. Besides the major ecological
relevance of anammox-performing planctomycetes, they are also of huge biotechnological
interest, especially for wastewater treatment plants. Planctomycetes are potential CPR
(Candidate Phyla Radiation) hosts and have significant biotechnological potential, hence, also
planctomycetes with an aerobic lifestyle are focused on. In addition to the subsurface, strains
from existing collections are re-grown for genome sequencing and several previously explored
spots are revisited for sampling.
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Planctomycetal Cell division without FtsZ

Since many decades, researchers are focusing intensively on combating harmful bacteria.
Most of the well-characterized bacteria, including some of the deadliest pathogens on earth,
employ a cell division mechanism called binary fission. Here, a mother cell divides at its cell
center giving rise to an identical daughter cell. The proteins required for this process are
conserved and essential in all bacterial specimen i loss of function modifications will lead to
cell death.

Recently, bacteria with different modes of cell division have attracted cell biologists6 att ent i on
like the asymmetrically-dividing Planctomycetota i also referred to as budding bacteria. In
contrast to almost all other known bacteria today, they seem to lack the canonical and
essential proteins for cell division, including the Z ring-forming FtsZ. In addition, it is not known
which proteins are involved in the budding machinery. Therefore, we aim to describe the
budding process of various planctomycetal specimens including the model organism
Planctopirus limnophila using light- and electron microscopy. We will furthermore employ
comparative genomics, dry-, and wet lab genome mining approaches to yield promising
candidates involved in the cell division process. To analyze these candidates, the genetic
accessibility of P. limnophila will be enhanced by optimized tools for introducing genomic
modifications. Using these established systems, candidates will be investigated using
molecular cloning techniques, high-resolution fluorescence microscopy, and image analysis.

Magnetotactic bacteria

Bacteria thrive in various complex habitats, which are formed by many different gradients
including the earthdés magneti c f itethidgradidhhanth et ot ac
navigate effectively along the magnetic lines through these habitats. For this purpose, MTBs

form ultra-pure magnetic crystals, the so called magnetosomes, which are nano-sized and
membrane-enclosed. These organelles form chain-like structures and therefore function like
compass needles aligning the cell to earthds mag
be found in various shapes, numbers per cell, and sizes. However, what and how the shape,

number, and size of these organelles are regulated, remains undiscovered.

One reason is the scarce number of available axenic cultures of MTBs with different
magnetosomes, including the magnetotactic multicellular prokaryote. The poly-phyletic origin
of MTBs is the cause for their metabolic diversity and therefore increases the complexity of
their cultivation. Despite this complexity and due to their ability to produce ultra-pure magnetite
or greigite crystals from environmental available iron, MTBs obtain much attention as potent
bioremediators of metal-contaminated soil and as ultra-pure natural iron source for high-end
semiconductors.

To understand the formation of magnetosomes, their diversity has to be made accessible in
the form of axenic cultures, optimized growth parameters, and analysis of genomic features.
Using single cell isolation and single cell genome sequencing techniques, various MTBs will be
isolated from environmental sediment samples. Their magnetotaxis and cellular features,
focused on their magnetosomes, will be described using light- and electron microscopy
potentially leading to accessible model strains for magnetosome research and their application
in industry.

2. Publications

Santos JDND, Vitorino IR, Kallscheuer N, Srivastava A, Krautwurst S, Marz M, Jogler C, Lobo-
da-Cunha A, Catita J, Goncalves H, Goncalez |, Reyes F, Lage OM (2023). Streptomyces
marispadix sp. nov., isolated from marine beach sediment. Int J Syst Evol Microbiol 73(7),
005956.

Kumar G, Kallscheuer N, Jogler M, Wiegand S, Heuer A, Boedeker C, Rohde M, Jogler C (2023).
Stratiformator vulcanicus gen. nov., sp. nov., a marine member of the family
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Planctomycetaceae isolated from a red biofilm in the Tyrrhenian Sea close to the volcanic
island Panarea. Antonie van Leeuwenhoek, 116(10), 995-1007.

Kumar G, Kallscheuer N, Kashif M, Ahamad S, Jagadeeshwari U, Pannikurungottu S, Haufschild
T, Kabuu M, Sasikala C, Ramana, CV (2023). Gemmata algarum, a Novel Planctomycete
Isolated from an Algal Mat, Displays Antimicrobial Activity. Mar Drugs, 22(1), 10.

Kallscheuer N, Wurzbacher CE, Schmitz RA, Jogler C (2024). In the footsteps of Heinz Schlesner
and Peter Hirsch: Exploring the untapped diversity of the phylum Planctomycetota in isolates
from the 1980s to the early 2000s. Syst Appl Microbiol, 47(1), 126486.

Wurzbacher CE, Haufschild T, Hammer J, van Teeseling MCF, Kallscheuer N, Jogler C (2024).
Planctoellipticum variicoloris gen. nov., sp. nov., a novel member of the family
Planctomycetaceae isolated from wastewater of the aeration lagoon of a sugar processing
plant in Northern Germany. Sci Rep, 14(1), 5741.

Haufschild T, Kallscheuer N, Hammer J, Kohn T, Kabuu M, Jogler M, Wohlfarth N, Rohde M, van
Teeseling MCF, Jogler C (2024). An untargeted cultivation approach revealed
Pseudogemmatithrix ~spongiicola gen. nov., sp. nov.,, and sheds Ilight on the
gemmatimonadotal mode of cell division: binary fission. Sci Rep, 14(1), 16764.

Wurzbacher CE, Hammer J, Haufschild T, Wiegand S, Kallscheuer N, Jogler C (2024).
fiCandidatus Ua bi mi cr obi um h a plapadomgcetal leanteriuns with phagocytosis-
like prey cell engulfment, surface-dependent motility, and cell division. mBio, 15(10), e02044-
24,

Milke L, Kabuu M, Zschoche R, Gatgens J, Krumbach K, Carlstedt K, Wurzbacher CE, Balluff S,
Beemelmanns C, Jogler C, Marienhagen J, Kallscheuer, N (2024). A type Ill polyketide
synthase cluster in the phylum Planctomycetota is involved in alkylresorcinol biosynthesis.
App! Microbiol Biotechnol, 108(1), 239.

@vreds L, Kallscheuer N, Calisto R, Bordin N, Storesund JE, Jogler C, Devos D, Lage O (2025).
Comparative genomic analyses of aerobic planctomycetes isolated from the deep sea and the
ocean surface. Antonie van Leeuwenhoek, 118(1), 33.

Haufschild T, Hammer J, Rabold N, Plut V, Jogler C, Kallscheuer N (2025). Novel tools for
genomic modification and heterologous gene expression in the phylum Planctomycetota. Appl
Microbiol Biotechnol, 109(1), 79.

3. Third Party Funding

Funding body Project Period

DFG CRC 1076 AquaDiva i project AQ7: iSubsurface Since 2021
Planctomycetes as Sources for Novel Biotechnological
Applicationso

DFG CRC 1227 ChemBioSys i project AQ7: fPlanctomycetal Since 2021
Chemical Mediators Shaping Aquatic Phototrophic
Communitieso

DFG Excellence Tandem project with Ivo Nischang/Ulrich Schubert: Since 2022
Cl ust er 0 H feveloping cryogel-based bioreactors enabling
t he Mi cr o\l planctomycetal small molecule productiond

Carl Zeiss PhD fellowship AFrom Micr obi] Since 2021
Stiftung/Jena how bacteria support the imbalance of algal blooms and how
School for Microbial [t hey restore order to the mi
Communication

Wissenschaft im Mikrobenjager gesucht! Auf der Pirsch nach Bakterien mit 2022-2023
Dialog Magnetsinn (Hochschulwettbewerb 2022)
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4. Teaching

WS 2022/2023 und SS 2023

Modulnummer Veranstaltung ECTS | Teilnehmerzahl
MMBO004 Praktikum Mikrobielle Interaktionen
Seminar Mikrobielle Interaktionen 10 11

Vorlesung Mikrobielle Interaktionen

Praktikum Mikrobielle Gemeinschaften

MMBO008 Seminar Mikrobielle Gemeinschaften 10 11
Ubung Mikrobielle Gemeinschaften
BB031 Teil 2: Mikrobielle Okologie 10 8
WS 2023/2024 und SS 2024
Modulnummer Veranstaltung ECTS | Teilnehmerzahl
WCM-Mibi.p Seminar Molekulare mikrobielle Okologie
Molekulare mikrobielle | Vorlesung Molekulare mikrobielle Okologie 10 4
Okologie Vorlesung Molekulare mikrobielle Okologie
MMBO004 Seminar Mikrobielle Interaktionen
Vorlesung Mikrobielle Interaktionen 10 17

Vorlesung Mikrobielle Interaktionen

Praktikum Mikrobielle Gemeinschaften
MMBO008 Seminar Mikrobielle Gemeinschaften 10 17
Ubung Mikrobielle Gemeinschaften

Abschlussarbeiten

BSc theses

Selma Kreiss. Magnetotactic bacteria and where to find them: citizen science and single cell
microbiology characterize untapped MTBs (Oktober 2023)

Jordi Schorrig. Differential carbon source usage of three marine isolates representing common
bacterial phyla associated with the marine microalgae Emiliania huxleyi and comparative cell
number determination for a defined mock community (November 2023)

Samuel Schuck. Microscopic and molecular quantification methods for use in bacterial cocultures
(September 2023)

MSc theses:

Velemir Lawrinenko. Exploring the Magnetotactic Bacteria: Novel Isolation Techniques and
Cultivation Strategies (August 2023)

Moses Maina Kabuu. Functional characterization of novel planctomycetes paves the way to the
discovery of bioactive compounds (November 2023)

Carmen E. Wurzbacher. On the Cell Biology of Deep Branching Planctomycetota (Januar 2024)

Emanuel Petre. From axenic cultures to a modular algal-bacterial co-cultivation system:
Establishing cultivation and monitoring of the cosmopolitan coccolithophore Emiliania huxleyi
with marine heterotrophic bacteria (Februar 2024)

5. Gender balance and family

2023
Wome Men Children below 12 years
9 10 5
3 PostDoc m/w 0
1 Technical Assistant 0
2024
Women Men Children below 12 years
7 8 5
3 PostDoc m/w 0
1Technical Assistant 0
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6. International Cooperations

Prof. Olga Lage, Universidade do Porto i Porto, Portugal
Prof. Venkata Ramana Chintalapati, University of Hyderabad i Hyderabad, India
Prof. Lise @vreas, University of Bergen i Bergen, Norway
Dr. Damien Devos, Institut Pasteur de Lille i Lille, France

7. Team

Head of Department Prof. Dr. Jogler, Christian

Junior Group Leader Dr. van Teeseling, Muriel C. F.

Technical Assistance Wohlfarth, Nicole

Team Assistant Schein, Sabine

Postdoctoral Researchers Dr. Hotter, Vivien S.; Dr. Kallscheuer, Nicolai
Dr. Kumar, Gaurav

Doctoral Researchers Hammer, Jonathan; Haufschild, Tom

Kindgen, Madeleine; Staack, Myriel
Wurzbacher, Carmen E.

Students Appiah, David; Kabuu, Moses Maina E.
Kreiss, Selma; Lawrinenko, Velemir
Niegisch, Jana-Sophie; Petre, Emanuel
Rabold, Nico; Raupach, Lena
Schorrig, Jordi; Schuck, Samuel
Siebert, Sebastian; Wurzbacher, Carmen E.
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Lehrstuhl Theoretische Mikrobielle Okologie

Prof. Rosalind Allen

1. Research

The Theoretical Microbial Ecology group combines mathematical modelling with laboratory
experiments to probe the mechanistic origins of microbe-environment interactions. We are
interested in understanding microbe-environment interactions at the single-cell level, at the
level of populations and at the level of microbial communities. The group started in October
2021 with the recruitment of Prof. Rosalind Allen to the Balance of the Microverse Excellence
Cluster.

Modelling interspecies microbial interactions

In collaboration with the groups of Stefan Schuster (FSU) and Pierre Stallforth (FSU Jena and
Leibniz-HKI), we track the population dynamics of the amoeba Dictyosteium discoideum in the
presence and absence of toxic and non-toxic bacterial species. We are also developing
mathematical models to match our data. Additionally, we are tracking the motion of amoebal cells
on agar in the presence and absence of bacteria and developing corresponding individual-based
models.
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Working with the Agler group, we are developing mathematical models for the interaction
between plant leaf pathogens and commensal bacterial species, based on the degradation of
plant-produced immune defence chemicals by the pathogen, that can benefit the commensal
species under some circumstances.

We are also establishing a new model system in our lab, based on clinical isolates taken from
biliary catheter biofilm microbiomes, in which Klebsiella pneumoniae supports the growth of
Enterococcal strains that cannot grow in isolation (see figure).

Microbial ecology of aggregation

Our group is interested in how bacteria form aggregates in liquid suspension, and the ecological
consequences of bacterial aggregation. Recently we showed that extremely low doses of cell-wall
targeting antibiotic (1/8000 x MIC) can trigger large-scale aggregation in E. coli cultures, via a
mechanism that involves release of genomic DNA by a small minority of cells that are lysed by
the antibiotic (Tavaddod et al, 2024, npj Biofiims & Microbiomes; see figure below).

Supported by a microverse project grant, we are now investigating the microbial ecology of
bacterial aggregation within the context of a human host. We are screening a collection of clinical
isolates of gut bacteria for their aggregation characteristics in the presence and absence of
relevant factors such as bile acids and antibiotics. Our findings reveal that aggregation is
prevalent among but bacteria and may be strongly affected by environmental conditions in the
gut.

Exposure to very low doses of the antibiotic mecillinam can cause aggregation of E. coli
cells. Taken from Tavaddod et al (2024) npj Biofilms Microbiomes.

Microbial colonisation of medical implants

We are using experiments and mathematical modelling to understand how bacteria colonise a
range of medical implants within the human host. In recent work, we developed a mathematical
model for bacterial colonisation of a urinary catheter (Bull et al 2025 Nature Communications).
This model revealed a critical transition depending on the urine production rate by the kidneys. If
urine is produced rapidly, bacteria are washed out of the system and the patient will not develop
bacteriuria (bacteria in the urine). However for slow urine production rates, bacteria proliferate in
the bladder and colonise the catheter. Our model also reveals that the catheter length is a key
factor controlling the time before bacteriuria is detected. Therefore different clinical interventions,
corresponding to different sets of parameters in our model, may be appropriate for long-term
versus short-term catheterised patients.

We also have emerging interest in the colonisation of biliary catheters by bacteria, which can lead
to life-threating cholangitis infections in patients who have undergone liver transplant surgery.
Our work contributed to the development of light-activated antibiotic therapies for such biofilm
infections (Eberhardt et al 2024, Int. J. Antimicrob. Ag.). We are now also investigating the factors
that control the community composition of biofilm microbiomes on biliary catheters.
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Modelling antibiotic action and resistance

Modern medicine relies heavily on antibiotics to cure or prevent bacterial infections, and the
emergence of antibiotic-resistant infections presents an ever-growing threat. Yet the interplay
between antibiotic action and the physiology of a growing bacterial cells has been surprisingly
little explored.

Biofilm formation and antibiotic efflux pumping are both clinically important mechanisms by which
bacteria evade the killing effects of antibiotic treatment. Yet it is not well known how these
mechanisms interact (Vareschi, Jaut et al, Trends Microbiol., in press). In a DFG project under
the SPP2389 programmeofiEmacgenti afumatiitomcel |
the Schreiber group (BAM, Berlin), we are investigating the interplay between biofilm formation
and antibiotic efflux and its role for the emergence of antimicrobial resistance. We have
developed mathematical models to explore how efflux of antibiotic can inhibit neighbouring cells
within a biofilm, as well as experimental models using colony biofilms of an efflux overexpressing
strain.

At the same time, we are developing mathematical and experiments techniques to study the
action of antibiotics on small and highly fragmented bacterial populations. Most microbiological
assays are performed on very large microbial populations (~10° bacteria), but infections can be
initiated by only a few individual bacteria, which may be in a confined environment such as a host
cell. In theoretical work, we have shown that the fragmentation of a bacterial population into
multiple small subpopulations can drastically affect its response to antibiotics (Verdon, Popescu
et al 2025 J. R: Soc. Interface, see figure below). At the same time, in a collaboration with the
Rosenbaum group (HKI), we have used a multiplexed microfluidic droplet setup to show that the
response of small bacterial populations to antibiotics can differ greatly from the response of bulk
populations.

We are also developing innovative models for the response of the bacterium Staphylococcus
aureus to antibiotics. Using methods from mechanical engineering, we have shown how the
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pattern of mechanical stress in the S. aureus cell wall changes during the cell cycle, and have
developed a theory for stress-regulation of the control of cell scission. This model, developed with
collaborators at Sheffield University, can explain diverse effects of the antibiotic methicillin, as
well as why small cells may tend to show resistance to methicillin.

) increasing habitat fragmentation ———
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Habitat fragmentation can promote collective defence against antibiotic. Left: Sketch of our
theoretical concept, in which a microbial population becomes systematically more fragmented.
Right: theoretical predictions for the survival of a population of beta-lactamase producing
bacteria in the presence of a beta-lactam antibiotic, as a function of the degree of habitat
fragmentation. More fragmented habitats lead to increased survival hence an increased
effective minimal inhibitory concentration. Taken from Verdon, Popescu et al (2025) J. R. Soc.
Interface.

2. Publications

Vareschi S, Jaut V, Vijay S, Allen RJ, Schreiber F. 2025. Antimicrobial efflux and biofilms: an
interplay leading to emergent resistance evolution. Trends Microbiol. (in press).

Bull F, Tavaddod S, Bommer N, Perry M, Brackley CA, Allen RJ (2025). Different factors control
long-term versus short-term outcomes for bacterial colonisation of a urinary catheter. Nature
Communications 16, 3940.

Verdon N, Popescu O, Titmuss S, Allen RJ (2025). Habitat fragmentation enhances microbial
collective defence. J. R. Soc. Interface 22, 20240611.

Iglesias-Ramas A, Pio Lipani S, Allen RJ (2024). Population genetics: an introduction for
physicists. SciPost 89.

Tavaddod S, Dawson A, Allen RJ (2024). Bacterial aggregation triggered by low-level antibiotic-
mediated lysis. npj Biofilms & Microbiomes 10, 90.

Melaugh G, Martinez V, Baker P, Hill PJ, Howell PL, Wozniak DJ, Allen RJ (2023). Distinct types
of multicellular aggregates in Pseudomonas aeruginosa liquid cultures. npj Biofilms &
Microbiomes 9, 52.

Young E, Melaugh G, Allen RJ (2023). Active layer dynamics drives a transition to biofilm
fingering. npj Biofilms & Microbiomes 9, 17.
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Zodage A, Allen RJ, Evans MR, Majumdar S (2023). A sluggish random walk with subdiffusive
spread. J. Stat. Mech. 033211.

Spangenberg J ¢é (2825)sThdnRMAP abhdllenge lof. predicting RNA modifications
by nanopore sequencing. Communications Chemistry 8, 115.

Brangsch H ¢é B@®RY. Compbarative geadmics of Mycobacterium avium subsp.
hominissuis strains within a group of captive lowland tapirs. PloS one 20, e0320499.

Boil eau E é B(@ORY.I5ci-Modavt a gadntitative database of transcriptome-wide
high-throughput RNA modification sites. Nucleic Acids Research 53, D310-D317.

Dumann G, Rohland O, Abdel-Glil MY, Allen RJ, Bauer M, Busch A (2024). Draft genomes of the
bile duct microbiome strains Klebsiella pneumoniae and Enterococcus lactis isolated from
bilioenteric drainages with biofilm-forming abilities. Microbiology Resource Announcements
13, e00202-24.

Pastore Sé Busch A d)tNampoReaTA2Real-Time RNA-Sequencing Analysis for
time-efficient Decision-Making. Eur. J. Human. Genet. 32, 1626-1626.

Eberhardt N, Gonzalez Santamarina B, Enghardt ML, Rohland O, Hussain I, Tannert A, Thieme
L, Rubio I, Rodel J, Loffler B, Arndt HD, Bauer M, Busch A (2024) The effects of
photoactivated ciprofloxacin and bile acids on biofilms on bile duct catheters. International
Journal of Antimicrobial Agents 63, 107086.

Busch A et al. (2024) Gut microbiome in atypical depression. Journal of Affective Disorders 349,
277-285
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Cover image: individual-based simulation of a growing biofilm. The colours indicate the growth
rate of individual bacterial cells; the shading indicates local nutrient concentration close to the
biofilm. Taken from Young et al (2023, npj Biofilms & Microbiomes).

3. Third-party funding

Projekttrager Vorhaben Laufzeit Mitel pro jahr 2023/4
Sonderforschungsbereich .
DFG ChemBioSyisTeilprojekt CO7 20182022 12.950,00 u
Sonderforschungsber2@z89
DFG Emergente Funktionen der 20222026 4916, 00 a +
bakteriellen Multizellularitat
Sonderforbangsbereich
DFG ChemBioSysadditional funding| 20192022 21.000,00
ExzellenZl ust er A B4 70. 000, 00
DFG Mi croversebd 20182025 Doktorandin + 1 TA
Wellcome Trust :\DA';CSCXery grant: Life & death f 20242030 1 postdoc + 80,0Qi
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4. Teaching

WiSe 2022/3 and SoSe 2023

Modulnummer Veranstaltung

BBiol.5, 01BEBW4/

BBC2.2005(L BibIBio Ringerlesung Grundlagen der Mikrobi@egenfort, contribution Allen)

55380 Optimalitatsprinzipien in der Evolution (Schudbetjaro/tten)
213695 Oberseminar Theoretical Microbial Ecology

MMB001 Praktikum Allgemeine Mikrobiologie (Busch)

MMBO019 Introduction to Modelling in Microl§isllegy Busch)

206951 (DOSIS) Molekulare Intensivmedizin (DQS{3) contribution Busch)
WiSe 2023/4 and SoSe 2024

Modulnummer Veranstaltung

BBiol.5, 01BEBW4/

BBC2.2005(L BidMBio Ringerlesung Grundlagen der Mikrobi#tagenfort, contribution Allen)

FMIB10006 Mathematische Biologie 1 (Schuster, contribution Allen)
213695 Obersemar Theoretical Microbial Ecology

90366 PraktikurBachelor Mikrobioldgapenfort, contribuBusch)

7237 Grundlagen der Mikrobiologie (Papenfort, contribution Busch)
MMBO003 Microbial Communicafiarthe, contribution Allen)

MMBO019 Introduction Modelling in Microbiol@ddhen, Busch)

MMBO019 Hands on experience handling quantitative data in microbiology (Allen, Bu
206951 (DOSIS) Molekulare Intensivmedizin (DQB{3) contribution Busch)

MSc Infection Biology (Papenfort, contribetiyn All

MMB019 Next Generation SequencingliBus

BSc theses

Lena Rathnow Microbial dynamics of Enterobacteriaceae and Enterococcaceae: Biofilm
formation on surgical catheters in liver transplant patients (September 2024, supervised by Dr.
Anne Busch)

MSc theses

Marieluise Enghardt Efflux pumps and nutrient availability: the impact on Escherichia coli

susceptibility to tetracycline (October 2023, cosupervised by Dr. Vijay Srinivasan)

Abhishek Shaw Influence of nutrient richness and potassium on rifampicin susceptibility of
Escherichia coli (January 2024, cosupervised by Dr. Vijay Srinivasan)

Gul Duman Investigating biofilm formation and antibiotic resistance profiles of Enterobacteriaceae
and Enterococcaceae strains isolated from bilioenteric catheters of liver transplant patients
(September 2024, supervised by Dr. Anne Busch)

Kareena Valecha Influence of bacterial aggregation on the Immune response of THP1 cells
(September 2024, supervised by Dr. Stefanie Wagner and Dr. Anne Busch)

5. Research training

Dissertations
Freya Bull. Biophysical modelling of bacterial colonisation of urinary catheters (July 2023;
University of Edinburgh)

6. Equality and diversity

Anteil Frauen Anteil Manner Kindern unter 12 Jahren

15 5 5
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7. International Collaborations

University of Sheffield i UK
University of Edinburgh i UK
STFC Hartree Center i UK
University of Lyon - France
Florida State University i USA
Harvard University - USA

8. Administration/Finance

Beschaftigungsstruktur

| Personen | Stellenanteile

Beschéftigte im Ranen von Haushaltsmitteln
Laborleiterin 1 1,0
Technische Assistenz 1 1,0
Sekretariat 1 0,5
Postdoc 1 1,0

Beschaftigte im Rahmen von Drittmitteln

PhD students 3 1,95
Postdoc 3 3,0
Technische Assistenz 2 2,0
WissenschaftlicAssistenten 8
Computesupport 1 0,25

9. Outreach and Science Communication

At the Long Night of Science in Jena (November 2024), Anne Busch, Stefanie Wagner and

Andreas Ulmer, presented the fascinating world of microbes at the Zeiss Planetarium Jena as

part of the Microverse Cluster science event. Dr. Wagner also gave an introductory science talk

at the Microscopy Days in Berlin (April 2025). Dr. Ulmer also participated in the Corporate Run

2025. In November 2024, Berlin Science Week , Silvia Vareschi, Vijay Srinivasan and Rosalind

Al'l en helped present fABakteriopolisod, a mobile e:
of microbes to form spatially organised communities that was developed by the DFG-funded

priority program SPP2389.

o

S 4% JENAER FIRMENLAUF &
= —

Anne Busch sits on the Friedrich Schiller University's Equal Opportunities Advisory Board.

Anne Busch is also on the committee of the VAAM specialist group "Functional Genomics

& Bioinformatics."

f Marco Mauri runs the monthly APopul ation dyna
international audience

1 Marco Mauri co-organised the FNEEM mini-s y mp o s New Rronfiers in Modelling
Ecology and Evolution of Microbiomesd6 i n October 2023

1 Rosalind Allen is a Fellow of the Royal Society of Edinburgh
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1 Rosalind Allen was on the Royal Society of Edinburgh B1 (Physics) committee member for
Fellowship appointments, in 2023

1 Rosalind Allen is a member of the Royal Society University Research Fellowships, A(i) Physics
panel.

1 Rosalind Allen acted as external examiner for 5 PhD theses (2 UK, 1 Netherlands, 1 Denmark,
1 France)

Conference talks and seminars
2024
BEAT-AMR One Health and Antimicrobial Resistance
Imperial College London Ecology and Evolution seminar
UK Microbiology Society Annual Conference
Ecology & Evolution seminar, Freie Universitat Berlin
2023
Physics department colloquium, University of Cologne
BSG & Rosetrees Trust Interdisciplinary Workshop on IBD
DPG Fachverband Biologische Physik: Systems Biophysics
Jena Microbiome meeting
Physics Institute Colloquium, University of Bayreuth
Computational Biology seminar, Biozentrum Basel
CECAM - Challenges and opportunities in nonequilibrium soft matter
Systems Biology of Microbial Infection Conference, Jena

ICIAM (online)
10. Team
Group Leader Prof. Rosalind Allen
Lab leader Dr. Anne Busch
Ariane Zander Lisa-Marie Karnbach (on maternity
Technical assistants Consuelo Figueroa leave)
Zimmermann
Administrative assistant Moritz Wiegand
PostDOCS Dr. Marco Mauri Dr. Andreas Ulmer
Dr. Stefanie Wagner Dr. Elena Tiumina
PhD students Sheila Hoshyaripour Mbanghanih
Joel Ching Kuma Silvia Vareschi
Masters Students Sahar Dehkordi Anna Baborski
Johanna Wallnisch Srinath Laka (Ernst-Abbe
Tia Wiinschmann Hochschule)
Bachelors Students Lara Heinrichs-Klinzmann Sarah Schwab
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Microbiome Dynamics

Prof. Dr. Gianni Panagiotou
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1. Research

On January, 6, 2023 Gianni Panagiotou head of the Microbiome Dynamics Department at HKI

Jena, has been appointed University Professor at the Friedrich Schiller University in Jena and

did join the select group o f Professors from the <cluster of
Mi croverseo.

The Microbiome Dynamics Group (MBD) takes a highly collaborative approach, combining
meta-omics, biochemical and clinical data with emerging technologies in computational biology

and bioinformatics to explore the relevance of the human microbiome in health and disease. In

particular, our key research activities in 2023 and 2024 revolved around three topics: i) the role

of the microbiome in infection and sepsis and ii) the gut microbiome in non-communicable

diseases, and iii) the role of the gut microbiome in the success of lifestyle interventions.

Role of the microbiome in infection and sepsis: we explored the interactions between fungal
pathogens and the human commensal microbiome and their significance for the onset of
infection. We extended our previous study on the genetic diversity of the fungal pathogen
Aspergillus fumigatus (Barber et al, 2021, Nat Microbiol) by using metabolic modelling to study
the metabolic heterogeneity of different strains of the fungus. Our results suggest that the
fungus shapes the lung microbiome to promote its own growth and, in this way, colonize the
lung (Mirhakkak et al, 2023, Nat Comm). In addition, as a result of an international collaboration
with European partners, colleagues from the Collaborative Research Center "FungiNet", and the
Excellence cluster "Balance of the Microverse", we described the gut microbiome and
mycobiome ecology of cancer patients at risk of the fungal infection candidiasis (Seelbinder et
al, 2023, Nat Comm).
Another critical aspect we explored in 2023 was the role of the microbiome in the development
and severity of sepsis. In close collaboration with the groups of Prof. Bauer and Prof. Weiss, we
conducted a deeply phenotyped study (microbiome, mycobiome, metabolome, lipidome,
immunome, and clinical data) of septic and non-septic control patients. This unprecedented
characterization helped us find clear associations between sepsis severity and the gut
microbiome (Seelbinder et al., in preparation). In collaboration with the Jena University Hospital
and leading experts on sepsis, we investigated the individual predisposition to develop sepsis in
a large cohort of non-infected patients undergoing surgery. Our expertise in transcriptomics
analysis and machine learning allowed us to develop highly accurate risk prediction models
based on preoperative transcriptomic signatures (Garcia Lopez et al, 2024, Cell Reports
Medicine). Furthermore, in a separate study in collaboration with the group of Sebastian Weis,
we applied a multi-omics approach in human cohorts and mice models to characterize the
metabolic dysregulation during the onset of sepsis (Xu et al, 2025, Science Advances).
The gut microbiome in non-communicable diseases (NCDs): As coordinators of the BMBF
research consortium fAPer M CCiono, we hrelateel been
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features can be used to improve CRC prognosis and diagnosis, particularly in early-onset CRC
(EO-CRC). Taking advantage of a deeply characterized CRC cohort, we could identify gut
microbiome and mycobiome communities and blood and lipid signatures characteristics of
different disease stages (Xu et al, in preparation). Furthermore, we identified potential
biomarkers (gut bacterial and viral communities) capable of distinguishing CRC patients with
early and old disease onset (Zhou et al, in preparation).

Another key aspect of our research on NCDs is the study of metabolic diseases, i.e., obesity and
non-alcoholic fatty liver disease (NAFLD). In a recently published study, we initiated a clinical trial
with leading scientists from China, as part of our previous ITN 'BestTreat', to analyse the effects
of resistant starch in obese patients. Our findings suggest that resistant starch facilitates weight
loss by reshaping the gut microbiome, promoting the growth of beneficial bacteria (Li et al, 2024,
Nat Metab). In addition, we found robust and highly specific microbiome signatures that can
distinguish NAFLD from other co-occurring metabolic diseases and designed synthetic consortia
with predicted potential to cooperate against NAFLD development (Nychas et al, 2024,
Microbiome). Furthermore, our results using multi-omics analysis at different stages of the
disease indicate the key role of the gut microbiome and its metabolites in fibrosis (Chen et al, in
preparation) and inflammation (Li et al, in preparation), two landmarks of NAFLD.

Role of the microbiome in the success of lifestyle 2T %
interventions: Lifestyle interventions, such as changes in =4
diet or exercise, may have beneficial effects on several
disease treatments, presumably by altering the
composition of the gut microbiome. Thanks to a large-scale
meta-analysis of healthy patients, we were able to predict
how resistant an individual's gut microbiome is to change in
response to lifestyle interventions (Chen et al, 2023,
Microbiome). Moreover, we showed that the gut
microbiome plays a crucial role in the success of a high
resistant starch diet in improving NAFLD and obesity, and
we demonstrated causality using the emerging technology
of fecal microbiota transplantation in mice (Ni et al, 2023,
Cell Metab & Li et al, Nat Metab, 2024). Furthermore, we € A
are investigating the biosynthetic potential of the gut Our paper on the role of resistant
microbiome to transform the dietary chemical space, with  starch for management of NAFLD
the ultimate goal of designing personalized diets at the made it to the cover of Cell
micro level. During 2023, we have focused on Metabolism (Nietal, 2023 Cell
understanding how the gut microbiome can influence the Metabolism).

beneficial effects of a diet with anti-inflammatory properties by conducting extensive experiments
in a mouse model of colitis.

Finally, in 2023 and 2024 MBD has
secured several third-party funds (see a
section 3 ADrittmilg
sources (AMi CC
coordinator role. "FoodGuard" and
ANuUutri mmune?o, col |l a
(ANNAFLDO as coord
other funding sources (Czs

Breakt hroughs ﬁSP : S M'(‘:ACUTAk/Il in Berli
collaborators). Furthermore, we have '&KICK-OIf Meeung WILETODIO tackie 1n Beriin on

November 13, 2024. MiCCrobioTAckle is a Marie
been _part of the . strategy team Sklodowska-Curie Action (MSCA) Doctoral Network
preparln%]d and defending th_e proposal focused on training doctoral candidates across disciplines
for a 2™ round of funding of the 4nd sectors to advance microbiota medicine to combat
"Balance of the Microverse"” which we  cancer cachexia.

got on May 22, 2025.
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2. Publications

Bruch A*, Lazarova V*, Berg M, Krueger T, Schaeuble S, Kelani AA, Mertens B, Lehenberger P,
Kniemeyer O, Kaiser S, Panagiotou G, Gsaller F, Blango MG (2024) tRNA hypomodification
facilitates 5-fluorocytosine resistance via cross-pathway control system activation in Aspergillus
fumigatus Nucleic Acids Res , 1-20.

Chen J, Lu RS, Diaz-Canestro C, Song E, Jia X, Liu Y, Wang C, Cheung CKY, Panagiotou G#,
Xu A# (2024) Distinct changes in serum metabolites and lipid species in the onset and
progression of NAFLD in obese Chinese. Comput Struct Biotechnol J 23(2024), 791-800.

Chen J*, Wang Y*, Xu A, Panagiotou G# (2024) The human gut mycobiome and its potential as a
regul ator of the hostds metabolic health. I n:
Mycota - Human and Animal Relationships 3. 6, pp. 121-133. Springer, Cham. ISBN: 978-3-031-
64852. (Review)

Garcia Lopez A, Albrecht-Eckardt D, Panagiotou G, Schauble S# (2024) FungiFun3: systemic
gene set enrichment analysis for fungal species. Bioinformatics 40(11), btae620.

Garcia Lopez R*, Schaeuble S*, Sae-Ong T, Seelbinder B, Bauer M, Giamarellos-Bourboulis EJ,
Singer M, Lukaszewski R, Panagiotou G# (2024) Risk assessment with gene expression markers
in sepsis development. Cell Rep Med 5(9), 101712.

Garcia-Morena D, Fernandez-Cantos MV, Lopez Escalera S, Lok J, lannone V, Cancellieri P,
Maathuis W, Panagiotou G, Aranzamendi C, El Aidy S, Kolehmainen M, El-Nezami H, Wellejus
A, Kuipers OP (2024) In-vitro influence of specific Bacteroidales strains on gut and liver health
related to Metabolic dysfunction-associated fatty liver disease. Probiotics Antimicrob Proteins

Hedin KA, Mirhakkak MH, Vaaben TH, Sands C, Pedersen M, Baker A, Vazquez-Uribe R,
Schauble S, Panagiotou G#, Wellejus A#, Sommer MOA# (2024) Saccharomyces boulardii
enhances anti-inflammatory effectors and AhR activation via metabolic interactions in probiotic
communities. ISME Journal 18(1), wrae212.

Heilig L, Fariha N, Trinks N, Aimanianda V, Wong SSW, Fontaine T, Terpitz U, Strobel L,
Lemauff F, Sheppard D, Schaeuble S, Kurzai O, Hinniger K, Weiss E, Vargas M, Howell PL,
Panagiotou G, Wurster S, Einsele H, Léffler J (2024) CD56-mediated activation of human natural
killer cells is triggered by Aspergillus fumigatus galactosaminogalactan. PLOS Pathog 20(6),
€1012315.

Houttu V*, Boulund U*, Troelstra M, Csader S, Stols-Gongalves D, Mak AL, Dijk AMv, Bouts J,
Winkelmeijer M, Verdoes X, van den Berg-Faay S, Lek D, Ronteltap T, de Haan F, Jorstad H,
Mannistd V, Savonen K, Pentikdinen H, Hanhineva K, Babu AF, Panagiotou G, van Delden O,
Verheij J, Doukas M, Nederveen A, Schwab U, Grefhorst A, Nieuwdorp M, Holleboom AG#
(2024) Deep phenotyping of patients with MASLD upon high-intensity interval training. JHEP
Reports 7(3), 101289.

Li H*, Zhang L*, Li J*, Wu Q*, Qian L, He J, Ni Y, Kovatcheva-Datchary P, Yuan R, Liu S, Shen L,
Zhang M, Sheng B, Li P, Kang K, Wu L, Fang Q, Long X, Liu X, Wang X, LiY, YeY, YeJ,Bao,
Zhao Y, Xu G, Panagiotou G#, Xu A#, and Jia W# (2024) Resistant starch intake facilitates
weight loss in humans by reshaping the gut microbiota. Nat Metab 6(3), 578-597.

Loos D*, Pereira da Costa Filho A*, Dutilh B E, Barber AE#, Panagiotou G# (2024) A global
survey of host, aquatic, and soil microbiomes reveals shared abundance and genomic features
between bacterial and fungal generalists. Cell Rep 43(4), 114046.

Mcllroy SE#, Guibert I, Archana A, Chung WYH, Duffy JE, Gotama R, Hui J, Knowlton N, Leray
M, Meyer C, Panagiotou G, Paulay G, Russell B, Thompson PD, Baker DM # (2024) Life goes
on: Spatial heterogeneity promotes biodiversity in an urbanized coastal marine ecosystem. Glob
Chang Biol 30(4), e17248.
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Peng H, Schmiederer J, Chen X, Panagiotou G, Kries H# (2024) Controlling substrate- and
stereospecificity of condensation domains in nonribosomal peptide synthetases. ACS Chem Bio
19(3), 599-606.

Senne de Oliveira Lino F*, Garg S* Li SS, Misiakou MA, Kang K, Labate Vale da Costa B,
Svend- Aage Beyer-Pedersen T, Guerra Giacon T, Basso TO, Panagiotou G, Sommer MOA#
(2024) Strain dynamics of contaminating bacteria modulate the yield of ethanol biorefineries. Nat
Commun 15(1), 5323.

Soll D*, Chu CF*, Sun S*, Lutz V, Arunkumar M, Gachechiladze M, Schauble S, Alissa-Alkhalaf
M, Nguyen T, Khalil MA, Garcia-Ribelles I, Mueller M, Buder K, Michalke B, Panagiotou G,
Ziegler- Martin K, Benz P, Schatzimaier P, Hiller K, Stockinger H, Luu M, Schober K, Moosmann
C, Schamel WW, Huber M, Zielinski CE# (2024) Sodium chloride in the tumor microenvironment
enhances T cell metabolic fitness and cytotoxicity. Nat Immunol 25(10), 1830-1844.

Sprague JL, Schille TB, Allert S, Trumper V, Lier A, GrolBmann P, Priest EL, Tsavou A,
Panagiotou G, Naglik JR, Wilson D, Schauble S, Kasper L*, Hube B*# (2024) Candida albicans
translocation through the intestinal epithelial barrier is promoted by fungal zinc acquisition and
limtedbyNFaBmedi ated barrier protection. PLOS Pathog

Wang Y*, Chen J*, Ni Y, Liu Y, Gao X, Tse MA, Panagiotou G#, Xu A# (2024) Exercise-changed
gut mycobiome as a potential contributor to metabolic benefits in diabetes prevention: an
integrative multi-omics study Gut Microbes 16(1), 2416928.

Yuu EY, Buhrer C, Eckmanns T, Fulde M, Herz M, Kurzai O, Lindstedt C, Panagiotou G, Piro VC,
Radonic A, Renard BY, Reuss A, Leal Siliceo S, Thielemann N, Thirmer A, van Vorst K, Wieler
LH, Haller S# (2024) The gut microbiome, resistome, and mycobiome in preterm newborn infants
and mouse pups: lack of lasting effects by antimicrobial therapy or probiotic prophylaxis. Gut
Pathog 16(1), 27.

Zhou Z*, Kleis L*, Depetris-Chauvin A*, Jaskulski S, Damerell V, Michels KB, Gigic B, N6thlings
U#, Panagiotou G# (2024) Beneficial microbiome and diet interplay in early-onset colorectal
cancer. EMBO Mol Med 17(1), 9-30.

Brandt P*, Mirhakkak MH*, Wagner L, Driesch D, Mdslinger A, Fander P, Schéauble S,
Panagiotou G, Vylkova S# (2023) High-throughput profiling of Candida auris isolates reveals
clade-specific metabolic differences. Microbiol Spectr 11(3), e0049823. (Review)

Chao YY, Puhach A, Frieser D, Arunkumar M, Lehner L, Seeholzer T, Garcia-Lopez A, van der

Wal M, Fibi-Smetana S, Di etschmann A, Sommer mann T, Li kov
Vastert SJ, van Wik F, Panagiotou G, Krappmann D, GroR3 O, Zielinski CE (2023) Human TH17
cells engage gasdermin E pores to release IL-1 U on NLRP3 i nfl ammasome

Immunol 24(2), 295-308.

Chen J*, Leal Siliceo S*, Ni Y, Nielsen HB, Xu A, Panagiotou G (2023) Identification of robust and
generalizable biomarkers for microbiome-based stratification in lifestyle interventions. Microbiome
11(1), 178.

Csader S*, Chen X*, Leung H*, Mannistd V, Pentikdinen H, Tauriainen MM, Savonen K, El-
Nezami H, Schwab U#, Panagiotou G# (2023) Gut ecological networks reveal associations
between bacteria, exercise and clinical profile in non-alcoholic fatty liver disease patients.
mSystems 8(5), e0022423.

Faessler E, Hahn U#, Schéuble S# (2023) GePI: large-scale text mining, customized retrieval
and flexible filtering of gene/protein interactions. Nucleic Acids Res 51(W1), W237-W242.

Hader A#, Schauble S#, Gehlen J, Thielemann N, Buerfent BC, Schiiller V, Hess T, Wolf T,
Schroder J, Weber M, Hinniger K, Loffler J, Vylkova S, Panagiotou G, Schumacher J, Kurzai O
(2023) Pathogen-specific innate immune response patterns are distinctly affected by genetic
diversity. Nat Commun 14(1), 3239.
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Kelani AA, Bruch A, Rivieccio F, Visser C, Krliger T, Weaver D, Pan X, Schaeuble S, Panagiotou
G, Kniemeyer O, Bromley MJ, Bowyer P, Barber AE, Brakhage AA, Blango MG (2023) Disruption
of the A. fumigatus RNA interference machinery alters the conidial transcriptome. RNA 29(7),
1033-1050.

Leung H, Xiong L, Ni Y, Busch A, Bauer M, Press AT, Panagiotou G (2023) Impaired flux of bile
acids from the liver to the gut reveals microbiome-immune interactions associated with liver
damage. NPJ Biofilms and microbiomes 9(1), 35.

Mirhakkak MH*, Chen X*, Heinekamp T, Sae-Ong T, Xu LL, Ni Y, Kurzai O, Barber AE, Brakhage
AA, Boutin S, Schauble S#, Panagiotou G# (2023) Genome-scale Metabolic modeling of
Aspergillus fumigatus strains reveals growth dependencies on the lung microbiome. Nat Commun
14(1), 43609.

Ni Y*, Qian L*, Leal Siliceo S*, Long X*, Nychas E, Liu Y, Ismaiah MJ, Leung H, Zhang L, Gao Q,
Wu Q, Zhang Y, Jia Xi, Liu S, Yuan R, Zhou L, Wang X, Li Q, Zhao Y, EI-Nezami H, Xu A, Xu G#,
Li H#, Panagiotou G#, Jia W# (2023) Resistant starch decreases intrahepatic triglycerides in
NAFLD patients via gut microbiome alterations. Cell Metab 35(9), 1530-1547.

Patumcharoenpol P, Kingkaw A, Nakphaichit M, Chatchatee P, Suratannon N#, Panagiotou G,
Vongsangnak W# (2023) Exploring longitudinal gut microbiome towards metabolic functional
changes associated in atopic dermatitis in early childhood. Biology (Basel) 12(9), 1262-1277.

Refisch A#, Sen ZD, Klassert TE, Busch A, Besteher B, Danyeli LV, Helbing D, Schulze-Spéte U,
Stallmach A, Bauer M, Panagiotou G, Jacobsen ID, Slevogt H, Opel N, Walter M (2023)
Microbiome and immuno-metabolic dysregulation in patients with major depressive disorder with
atypical clinical presentation. Neuropharmacology 235, 109568. (Review)

Schruefer S, Pschibul A, Wong SSW, Sae-Ong T, Wolf T, Schauble S, Panagiotou G, Brakhage
AA, Aimanianda V, Kniemeyer O, Ebel F (2023) Distinct transcriptional responses to fludioxonil in
Aspergillus fumigatus and its @tcsC and sk
wall reorganizations triggered by this antifungal. BMC Genomics 24(1), 684.

Seelbinder B#, Lohinai Z*, Vazquez-Uribe R, Brunke S, Chen X, Mirhakkak M, Lopez-Escalera S,
Dome B, Megyesfalvi Z, Berta J, Galffy G, Dulka E, Wellejus A, Weiss GJ, Bauer M, Hube B,
Sommer MOA, Panagiotou G (2023) Candida expansion in the gut of lung cancer patients
associates with an ecological signature that supports growth under dysbiotic conditions. Nat
Commun 14(1), 2673.
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Mittelgeber

3. Third Party Funding

Art der Forderung

Titel des gefdrderten Projekts

PerMiCCion - Ein personalisierter mikrobiom-
basierter Ansatz zur Pravention, Diagnose und

Koordinator/in

Beginn

Ende

Foérdersumme

1 BMBF Projektférderung / Zuwendung Behandlung von frih-einsetzendem Darmkrebs ja 01.05.2022| 30.04.2026] M ®H N H ®
Standort Jena
. Metagenomics and Metabolomics Analysis of tl
Projektford 1Z d -
2 DFG roje orderung f2uwenaung = -y o Microbiome in Critical lliness for nein 15.06.2019| 14.06.2023| onp ®n n
Exzellenzcluster o . . N
Identifying Drivers of Homeostasis Shifts
Projektforderung / Zuwendung - Identification of universal mediators of
3 DFG ! 9 9 microbiome community structure through large nein 01.01.2023| 31.12.2024 Hnp ®nn
Exzellenzcluster h .
scale cross-habitat comparisons
Projektforderung / Zuwendung - . ) . .
4 DFG ! ung £ Zuwendung Microbiome Dynamics nein 01.01.2023| 31.12.2025 hdhp Pnn|
Exzellenzcluster
. Mikrobielle Wechselwirkungen auf den Blattern| .
5 DFG Projektférderung / Zuwendung fkro I . sev_\llr ungen au er nein 01.08.2021| 31.07.2024 MT Cc ®H p|
als Treiber fur bakterielle Anpassungen
6 DEG Projektforderung / Zuwgndung - |Interaktive Date.nbanken und standardisierte nein 01.07.2021| 30.06.2025 nmonn
Sonderforschungsbereich Analysen experimenteller Daten
Carl-Zeiss- |Projektford 1Z d Microbiota-dri isk t, ti .
- arl-Zeiss F rojektforderung / Zuwen ung icrobiota-driven risk assessment, prevention nein 01.07.2021| 31.12.2024 My o ®n
Stiftung 'Jena School of Excellence' and clearance of invasive aspergillosis
Microbiome applications and technological hubg
8 EU ERC-Grant as solutions to minimize food loss and waste - nein 01.01.2024| 31.12.2026 OHPp ®n N
FOODGUARD
Nutrition-responsiveness of the immune systen|
interplay between infectious diseases and diet-
9 EU ERC-Grant related metabolic diseases and the potential fo nein 01.09.2024| 31.08.2028 nTnodyT
food-based solutions
NUTRIMMUNE
Advancing Research at the Intersection Betwey
Gut Microbiota and Cancer Cachexia to Train .
EU ERC-Grant a - ~ A o oa 01.11.2024| 31.10.2028 ]
10 ran 9 NP LISQ4 Cdzi dNB [ SF RS la Ténen
MiCCrobioTAckle
Mikrobiombasierte maschinelle Lernmodelle zul
1 DEG ESU besseren Diagnose der nichtalkoholischen ja 01.08.2024| 31.07.2027 nwmc dyc
Fettlebererkrankung
M3-NAFLD
Carl-Zeiss- Syntheric therapeutic microbes for tailored
12 Stiftung FSU Konsortium antimicrobial therapies ja 01.04.2025| 31.03.2030 Oy H ®n N

SynThera
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Auszeichnungen

20233114 E B

Lion Lake International Microbiome

=

MBD receives a prize for short talk presentation at the Lion Lake Microbiome Conference

Our own Yuegiong (Bernard) Ni was honored with the 2" prize for best short talk presentation
during the Lion Lake International Microbiome Medicine Conference, taking place on October 29-
30, 2023 in Qingyuan City in China.

The conference focused on microbiome medicine, an emerging field offering exciting therapeutic
opportunities for multiple diseases. During the conference, participants heard about the latest
advances in clinical research related to microbiota interventions such as fecal microbiota
transplantation, probiotics, prebiotics, and microbial-based drugs.

1 Bernard had the opportunity to present his work on prebiotics and non-alcoholic fatty liver,
a project recently published in the prestigious Cell Metabolism journal (DOI:
10.1016/j.cmet.2023.08.002 ).
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https://www.cell.com/cell-metabolism/fulltext/S1550-4131(23)00297-8?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413123002978%3Fshowall%3Dtrue
https://doi.org/10.1016/j.cmet.2023.08.002

4. Studium und Lehre

Semester Modulnummer | Veranstaltung Lehrperson ECTS | Teilnehmerzahl
(Zustandigkeit)
SS24 228045 Eco-systems Biology of Human Prof. Panagiotou 10 4

Disease (MMB019-10, FMI-BI /
Wildcardmodule)

Participation in other FSU courses:

Semester Modulnummer Veranstaltung Lehrperson (Gastreferent)
WS2023/24 SS 2024 228045 MSc Module: Infection Biology Prof. Panagiotou
WS2023/24 MMB2.11 Molecular and Microbial Infection Prof. Panagiotou
Biology
Participation in external courses:
Datum Ort Veranstaltung Lehrperson
WS2023/24 and Leibniz-HKI, Jena | Big Data Analysis in Medicine Prof. Panagiotou
SS24 (Zustandigkeit)
21.-26.2.2024 UiB, Bergen, Metabolic modeling workshop Dr. Schauble (Gastreferent)
Norway
16th, 23rd and 30th | Leibniz-HKI, Jena | The art of scientific presentation Dr. Depetris-Chauvin
of May and 6th of (Zustandigkeit)
June, 2024

Masterarbeiten 2023 und 2024

Lin, Weiping. Exploring the Bacteria and Fungi Composition in Young and Old Cases of
Colorectal Cancer (June 2023).

5. Supporting Early Career Scientists

Leung, Howell. The Gut Microbiome in NAFLD: Advancing Diagnosis, Understanding
Pathogenesis, and Developing Novel Therapies (August 2023)

Loos, Daniel. The Fungal Focus on Broad-Scale Metagenomics (February, 2023)

Lopez Escalera, Silvia. Screening and identification of potential probiotic candidates in pre-clinical
models of Non-alcoholic fatty liver disease (October, 2023)

Siliceo, Sara Leal. Humans as holobionts: Systems-level approaches for disease prevention and
therapy (July 2023)

6. Equal Opportunities, Diversity and Family

2023

Anteil Frauen Anteil Manner Kindern unter 12 Jahren

7 10 5

1 Professor

1 Research Coordinator
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5 PostDocs

9 PhDs

1 Master student

2024
Anteil Frauen Anteil Manner Kindern unter 12 Jahren
7 10 5
1 Professor
1 Research Coordinator
1 Team assistant
1 Software Engineer
5 PostDocs
8 PhDs
7. International Collaborations
Title First Last name City Country
name Institution
Prof Weiping Jia Shanghai Shanghai China
JaoTong
University
Prof Aimin Xu The Hong Kong China
University o
Hong Kong
Prof Morten Sommer DTU Copenhagen Denmark
Dr Bjarn Nielsen Clinical Copenhagen Denmark
Microbiomic
Prof Mervyn Singer University London UK
Coll. Londor
Prof Oscar Kuipers University o Groningen The
Groningen Netherland
Prof Max Nieuwdorp AUMC Amsterdam The
Netherland
Dr Harriet Schelleken: University Cork Ireland
Coll. Cork
Prof George Nychas Agricultural Athens Greece
University o
Athens
Prof Karine Clement Sorbonne Paris France
University
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NWG Fungal Informatics

Dr. Amelia E. Barber

1. Research

Genomics of Human Fungal Pathogens

Human fungal pathogens
e.g.  Cryptococcus neoformans Candida albicans Aspergillus fumigatus

Strain A "/ \> Strain B
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= differences
D Secondary metabolites

High virulence Cell wall Filamentation Low virulence
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Fungal pathogens represent a growing and often underappreciated threat to human health,
with infections causing significant morbidity and mortality worldwided particularly among
immunocompromised individuals. Among the most prominent of these pathogens is Asper-
gillus fumigatus, an environmental mold responsible for a range of diseases, from allergic
reactions to life-threatening invasive aspergillosis and Candida parapsilosis, a commensal
yeast and opportunistic pathogen. Moreover, multi-kingdom pathogens like Fusarium spp.
threaten not only human health but also the global food supply. In recent years, genomics
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has revolutionized our ability to study the biology and evolution of these organisms. By
leveraging high-throughput sequencing and comparative genomics, research in NWG Fungal
Informatics is uncovering the genetic basis of fungal virulence, environmental adaptability,
and resistance to antifungal drugs.

Year
2016 32017 E32018 EH2019 2020 W2021 W 2022
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M Berlin [ Non-Berfin

Group

B Outbreak [ Outbreak, re-sequencedisolate Il Non-outbreak

Number of SNVs

T
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In a recent study led by the group, we investigated a multi-year fungal outbreak in a hospital
network in Berlin, Germany, caused by fluconazole-resistant Candida parapsilosis
(Brassington et al., 2024, The Lancet Microbe). Using large-scale genomic epidemiology, we
reconstructed the dynamics of the outbreak and showed that patient transfers between
healthcare facilities were likely responsible for the persistent reimportation of the drug-
resistant outbreak clone and subsequent human-to-human transmission. Whole genome
sequencing also confirmed the clonal nature of the outbreak strains, which were separated
by a small number of pairwise single nucleotide differences (SNVs) compared with non-
outbreak samples from elsewhere in Berlin and elsewhere in Germany (top panel). A Y132F
substitution in the drug target ERG11 was identified as the dominant resistance mechanism
in both the outbreak samples and fluconazole-resistant isolates tested from other sites in
Germany. We also introduced a novel multi-locus sequence typing (MLST) scheme tailored
to C. parapsilosis that allows rapid and cost-effective strain differentiation. This approach,
which combines PCR amplification and Sanger sequencing of just four loci, proved effective
in distinguishing outbreak strains from unrelated isolates, providing a valuable tool for
surveillance and infection control, especially in settings without access to whole-genome
sequencing.

Other work in the group is investigating the genomic diversity and pathogenic potential of the
Fusarium solani species complex (FSSC). This group of closely related fungal species is
uniquely capable of causing disease in both plants and humans. Using highly contiguous
genome assemblies we generated for clinical isolates of F. keratoplasticum and F.
petroliphilum (n=3 per species), we compared them with other FSSC genomes from plant
and animal sources. Interestingly, human pathogenicity appears to be polyphyletic within the
FSSC, suggesting multiple evolutionary origins of the underlying virulence traits. Strikingly,
pan-genomic analysis revealed significant gene presence-absence variation, with only 41%
of genes shared across the FSSC. A closer look at the functional differences resulting from
this high level of genetic variation revealed a similarly high degree of presence-absence
variation in long non-coding RNAs (IncRNAs) and biosynthetic gene clusters encoding
known and novel secondary metabolites. Furthermore, as has been reported for the
Fusarium oxysporum species complex, we found that that some of the genetic variation is
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encoded on discrete accessory chromosomes that could be isolate- or species-specific and
even cases where specific accessory chromosomes were incongruent with the whole
genome phylogeny. Transcriptomic studies under infection-relevant stress conditions, such
as elevated temperature, showed minimal differential gene expression, suggesting that these
species are well-adapted to human infection-relevant environments.

Fungal Ecology
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An additional research emphasis in the group is fungal ecology through the lens of big data.
To this end, in collaboration with the group of the Microbiome Dynamics group of the
Institute of Microbiology (Prof. Gianni Panagiotou) we conducted a global survey of public
microbiome data from host-, aquatic-, and soil- associated habitats to identify global patterns
in bacterial-fungal communities (Loos, Pereira et al.,, 2024, Cell Reports). Through this
analysis we identified a small number of bacterial and fungal generalistsd taxa that were
highly prevalent and abundance across divergent habitats, suggesting a high degree of
fitness to changing environmental conditions. To identify the properties underpinning this, we
used genome mining and found that generalist microbes possess specific genomic features,
including an increased number of antimicrobial resistance genes and secondary metabolism
genes. Strikingly, while cross-kingdom interactions are often overlooked in microbiome
studies, we found that bacterial variation could explain approximately a quarter of the fungal
community structure and vice versa (panel above). Moreover, due to their plasticity and
ubiquity, bacterial generalists contributed significantly to shaping the mycobiome
composition. These findings collectively enhance our understanding of microbial niche
breadth and its implications for global biodiversity decline.
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Barber AE, Figge MT, Brakhage AA, Osherov N, Kniemeyer O. The proteomic response
of Aspergillus fumigatus to Amphotericin B (AmB) reveals the involvement of the RTA-
like protein RtaA in AmB resistance. microLife. 2024. doi: 10.1093/femsml/uqae024.
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reconstruction of an azole-resistant Candida parapsilosis outbreak and the creation of a
multilocus sequence typing scheme. The Lancet Microbe. 2024. doi:
10.1016/j.lanmic.2024.07.012

Janevska S, Weiser S, Huang Y , Lin J, Ho e BagbereAB, Safter I, djickeld, K,
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4. Teaching

WS 2022/2023 und SS 2023

Course ECTS # Participants

MMBO003 Lecture in Microbial Communication Module 11

MMBO003 Lecture in Infection Biology Module 11

MMBO004 Lectures & 11
Practical Module: Microbial Ecology of Yeasts

External Lecture for MSc. Infection Biology Course at Uppsal Ca. 20

University and Swedish University of Agricultural Sc|
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Vertiefungsund Projektmodule ECTS # Participants
Vertiefungsmodul MMB 15 1
Pojektmodul MMB 800 15 1
WS 2023/2024 und SS 2024
Course ECTS # Participants
MMBO003 Lecture in Microbial Communication Module 20
MMBO003 Lecture in Infection Biology Module 20
MMBO004 Lectures & 20
Practical Module: Microbial Ecology of Yeasts
BBO11 Le.cturelln R!ngvorlesung Methoden der Ca. 40
Mikrobiologie
Lecture for MSc. Infection Biology Course at Uppsal
External University and Swedish University of Agricultural Sc Ca. 20
BSc theses

Lea Maria Kramer. Genome Analysis of Aspergillus oerlinghausenensis (September 2024)

MSc theses

Hsinyu Lin. Global surveillance of environmental human pathogenic fungi through metabarcoding
(September 2023)

Dissertations

Phillip Brassington. Comparative genomics reveals unigque features of fungal pathogens
(submitted; defense still outstanding)

5. Equal opportunities and family

2023
Number of Women Number of Men Children under 12 years
4 2 1
2024
Number of Women Number of Men Children under 12 years
3 3 1

6. International Cooperations
University College Dublin i Ireland
University of Utah i USA
Hebrew University of Jerusalem i Israel
University of the Basque Country i Spain
Shenzhen Institute of Synthetic Biology i China
Vanderbilt University i USA
University of Manchester i UK

7. Academic Service

- Member of the Aspergillus Genomes Research Policy Committee
- Member of organization team for Myk 2024

- Workshop organizer at FEBS HFP2024

- Poster judge, Joint Conference of the DGHM & VAAM 2023

- Guest editor, PLOS Genetics

- Session chairs at MiCom 2024 and Myk 2024

- Poster judge, Myk2024

- Ad hoc peer reviewing and external grant reviewing
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I E I BN Leibniz Institute
for Natural Product Research

H KI and Infection Biology
Hans Kndll Institute

Lehrstuhl far Mikrobiologie und
Molekularbiologie

Prof. Dr. Axel A. Brakhage

1. Research

The research of the Department of Molecular and Applied Microbiology (MAM) is dedicated
to the pathobiology of the medically important human pathogenic fungi, in particular
Aspergillus fumigatus and Lichtheimia corymbifera. In the field of natural product research,
we investigate the role of natural products for microbial communication and how they shape
microbial communities.

Host pathogen-interaction
Processing of A. fumigatus conidia in macrophages

The MAM investigates the processing of A. fumigatus conidia after uptake by phagocytes
such as macrophages or neutrophils. In a study by Jia et al. (Cell Host Microbe) we
discovered that the heat shock protein HscA, which is localized on the surface of swelling
and germinating conidia, binds to the pll protein on human lung epithelial cells or
macrophages. This has an impact on the fate of phagocytosed conidia: They preferentially
take the route of endosomal recycling and are redirected to the outer cell membrane of host
cells, instead of being processed in the deadly environment of a phagolysosome. The
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hijacking of pll increases the fungusé chance
variant (SNP) of the human p11 gene is associated with a lower risk of developing invasive
aspergillosis in patients after bone marrow transplantation.

The role of extracellular vesicles in host-pathogen interaction

In the field of infection research, we are also interested in exploring the function of
extracellular vesicles (EVs) released by host cells during the interaction with A. fumigatus.
One challenge in the functional analysis of EVs is their small size. To be able to track the
EVs during host-pathogen interaction we established a reporter system in alveolar epithelial
cells based on the fusion of EV marker proteins (CD 63, CD9, and CD81) with a green
fluorescent protein (GFP) and a light-emitting Nanoluciferase. This system allowed us to
visualise and quantify EVs and to show that host cell-derived EVs associate with the cell wall
of A. fumigatus hyphae and co-localise with the fungal cell membrane (microLife).

Factors of A. fumigatus contributing to virulence and drug resistance

In a collaboration with the group of Gustavo Goldman (Brazil) we compared the conidial
surface proteome of A. fumigatus with two phylogenetically closely related, non-pathogenic
Aspergillus species and the pathogen A. lentulus. The aim was to identify surface proteins
with a role in A. fumigatus pathogenicity. Altogether, 62 different proteins were exclusively
detected on the surface of A.fumigatus conidia. Among these proteins was the putative
glycosylasparaginase AspA which impacts the secretion of the host proinflammatory cytokine
IL-1 6. Thi s i Adimmgaus atenudtes the inflammatory response of immune cell
at the initial steps of infection (Nature Microbiology). Similarly, the binding of host proteins to
the conidial surface enables A. fumigatus to modulate the immune response. In collaboration
with scientists at the Institute Pasteur we demonstrated that the humoral pattern recognition
molecule pentraxin 3 binds to germinating conidia via the cell wall polymer
galactsoaminogalactan (Nature Communications). This PTX3 binding lowers the production
of pro-inflammatory cytokines, but leads to an increase in IL-10 production, an anti-
inflammatory cytokine.

Another project of the group focussed on the proteomic response of A. fumigatus to the
antifungal drug amphotericin B (AmB). The membrane protein RtaA, belonging to the RTA-
like protein family, showed the highest increase in abundance. Its deletion led to increased
sensitivity to AmB and similar polyene drugs, while the overexpression of rtaA increased
drug tolerance. This suggests that RtaA exhibits a membrane-stabilising function and
contributes to polyene resistance (microLife). In a collaboration with Mike Bromley, University
of Manchester, a functional analysis of 111 A. fumigatus kinase null mutants led to the
discovery that the absence of the TOR signalling kinase YakA results in hypersensitivity to

59



antifungal azoles and reduced pathogenicity. Phosphoproteome analyses revealed that YakA
regulates blocking of the septal pore during stress conditions. Interestingly, drug-induced
blocking of YakA synergised with the antifungal activity of azoles (Nature Communications).

Impact of fungi on the host

In collaboration with the group of Petra Bacher (UKSH Kiel) we found that common gut
commensal and food-derived yeast species are direct activators of CD4" T cells with a
cytotoxic T helper cell phenotype in pati
yeasts of the gut mycobiome and yeast-containing food may contribute to aberrant
inflammatory T cell responses in patients with CD (Nat Med). Another study with the same
group and Carsten Schwarz (Clinic Westbrandenburg) shedded light on the question which
types of A. fumigatus-specific T-helper cells contributes to protective immunity or
inflammation in patients with cystic fibrosis (CF). It turned out that CF patients with allergic
bronchopulmonary aspergillosis are characterised by a high frequency of cross-reactive Th2
cells, which recognise different filamentous fungi (J Clin Invest). A bioinformatic study in
collaboration with the group Microbiome Dynamics constructed 252 strain-specific, genomic-
scale metabolic models of A. fumigatus. The work shows that around 23% of metabolic
reactions of this fungal species are not conserved in all strains. Sputum samples of A.
fumigatus-infected CF patients suggest that this fungal species shapes the lung microbiome
towards a benefical growth environment (Nat Commun).

Natural products and microbial communication
Interaction of Aspergillus nidulans with Streptomyces bacteria

The filamentous fungus Aspergillus nidulans activates some of its natural product
biosynthetic gene clusters only upon interaction with specific soil bacteria of the genus
Streptomyces (S. iranensis and S. rapamycinicus). The bacterial natural product azalomycin
F that belongs to the newly named arginoketides, was identified as being responsible for this
activation. The co-isolation of soil bacteria that produce arginoketide compounds and
different fungi that respond to this signal with the production of additional natural products
demonstrate that bacterial arginoketide producers are very common in soil. Arginoketides
induce a second wave of fungal natural products and most probably contribute to the shaping
of microbial soil communities (Nat Microbiol).
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da Rosa-Garzon NG, Delbaje E, Bromley MJ, Cabral H, Diehl C, Angeli CB, Palmisano G, Ibrahim AS,
Rinker DC, Sauters TJC, Steffen K, Gumilang A, Rokas A, Gago S, Dos Reis TF, Goldman GH (2024)
Aspergillus fumigatus conidial surface-associated proteome reveals factors for fungal evasion and
host immunity modulation. Nat Microbiol 9(10), 2710-2726.

Ramirez-Zavala B, Betsova D, Schwanfelder S, Kriiger |, Mottola A, Kriiger T, Kniemeyer O, Brakhage
AA, Morschhauser J (2023) Multiple phosphorylation sites regulate the activity of the repressor Migl in
Candida albicans. mSphere 8(6), e0054623.

Rassbach J, Hilsberg N, Haensch VG, Dérner S, Gressler J, Sonnabend R, Semm C, Voigt K, Hertweck
C, Gressler M (2023) Non-canonical two-step biosynthesis of anti-oomycete indole alkaloids in
Kickxellales. Fungal Biol Biotechnol 1010(1), 19.

Rassbach J, Merseburger P, Wurlitzer JM, Binnemann N, Voigt K, Rohlfs M, Gressler M (2023)
Insecticidal cyclodepsitetrapeptides from Mortierella alpina. J Nat Prod 86(7), 1715-1722.

Sala A, Ardizzoni A, Spaggiari L, Vaidya N, van der Schaaf J, Rizzato C, Cermelli C, Mogavero S, Kriiger
T, Himmel M, Kniemeyer O, Brakhage AA, King BL, Lupetti A, Comar M, de Seta F, Tavanti A, Blasi
E, Wheeler RT, Pericolini E (2023) A new phenotype in Candida-epithelial cell interaction
distinguishes colonization-versus culvovaginal candidiasis-associated strains. mBio 14(2), e0010723.

Schruefer S, Pschibul A, Wong SSW, Sae-Ong T, Wolf T, Schauble S, Panagiotou G, Brakhage AA,
Aimanianda V, Kniemeyer O, Ebel F (2023) Distinct transcriptional responses to fludioxonil in
Aspergillus fumigatus a n d ics€Csa n gbsknd mutants reveal a crucial role for Skn7 in the cell wall
reorganizations triggered by this antifungal. BMC Genomics 24(1), 684.

Schulz L, Hornung F, Hader A, Radosa L, Brakhage AA, Loffler B, Deinhardt-Emmer S (2023) Influenza
virus-induced paracrine cellular senescence of the lung contributes to enhanced viral load. Aging Dis
14(4), 1331-1348.

Schwarz C, Eschenhagen P, Schmidt H, Hohnstein T, Iwert C, Grehn C, Roehmel J, Steinke E, Stahl M,
Lozza L, Tikhonova E, Rosati E, Stervbo U, Babel N, Mainz JG, Wisplinghoff H, Ebel F, Jia LJ, Blango
MG, Hortschansky P, Brunke S, Hube B, Brakhage AA, Kniemeyer O, Scheffold A, Bacher P (2023)
Antigen specificity and cross-reactivity drive functionally diverse anti-Aspergillus fumigatus T cell
responses in cystic fibrosis. J Clin Invest 133(5), €161593.

Stallforth P, Mittag M, Brakhage AA, Hertweck C, Hellmich UA (2023) Functional modulation of chemical
mediators in microbial communities. Trends Biochem Sci 48(1), 71-81. (Review)
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Torres-Gomez H, Keiff F, Hortschansky P, Bernal F, Kerndl V, Meyer F, Messerschmidt N, Dal Molin M,
Kruger T, Rybniker J, Brakhage AA, Kloss F (2024) Replacement of the essential nitrogroup by
electrophilic warheads towards nitro-free antimycobacterial benzothiazinones. Eur J Med Chem 279,

116849.

Tschongov T, Konwar S, Busch A, Sievert C, Hartmann A, Noris M, Gastoldi S, Aiello S, Schaaf A, Panse
J, Zipfel PF, Dabrowska-Schlepp P, Haffner K (2024) Moss-produced human complement factor H
with modified glycans has an extended half-life and improved biological activity. Front Immunol 15,

1383123.

van Rhijn N, Zhao C, Al-Furaji N, Storer ISR, Valero C, Gago S, Chown H, Baldin C, Grant RF, Bin
Shuraym H, Ivanova L, Kniemeyer O, Kruger T, Bignell E, Goldman GH, Amich J, Delneri D, Bowyer
P, Brakhage AA, Haas H, Bromley MJ (2024) Functional analysis of the Aspergillus fumigatus kinome
identifies a druggable DYRK kinase that regulates septal plugging. Nat Commun 15(1), 4984.

Visser C, Rivieccio F, Kriiger T, Schmidt F, Cseresnyés Z, Rohde M, Figge MT, Kniemeyer O, Blango
MG*, Brakhage AA* (2024) Tracking the uptake of labelled host-derived extracellular vesicles by the
human fungal pathogen Aspergillus fumigatus. microLife 5, uqgae022.

Wein P, Dornblut K, Herkersdorf S, Kriiger T, Molloy EM, Brakhage AA, Hoffmeister D, Hertweck C
(2023) Bacterial secretion systems contribute to rapid tissue decay in button mushroom soft rot
disease. mBio 14(4), e0078723.

Zehner LM, Krespach MKC, Stroe MC, Rosin M, Schroeckh V, Brakhage AA (2023) Activation of
Secondary Metabolite Production in Fungi. In: Pdggeler S, James T (eds.) Evolution of Fungi and
Fungal-Like Organisms. The Mycota, Vol. 14, pp. 241-273. Springer

3. Teaching 202312024

Module Number Title ECTs
MBGW1.4.1 Argewandte Mikrobiologie
MMBO005 Basic Module Microbiology and Molecular Biology
MMBO009 Molecular Biology/Biotechnology/Infection Biology of Lower Eukg 10
BSc theses
First name | Last Thesis title Mentor
name
JanaSophie | Niegisch | Wachstumsphysgirhe Untersuchungen zur Eisentoleranz von | Dr. Kerstin Voigi
Lichtheimia corymbi{®acorales)
Lara Zorner Charakterisierung der intrazellularen Prozessierungbuateyittas | Prof. Dr. Axel
Nanopartikeln in Zellmodellen Brakhage
Marie Krott Charakterisierung von extrazellularen Vesikel von Makrophagen Prof. Dr. Axel
Madeleine Interaktion miispergillus fumigatus Brakhage
MSc/diploma theses
First Last Thesis title Mentor
name name
Hanan | Alderzy | Investigating the role of thg€ ledt receptor MelLec in the generation of | Prof. Dr. Axe
antifungal extracellular vesicles and genetic labelling of extracellular ve] Brakhage
tool for their quantification and visualization
Isabel Heineking The intracellular procesdihgbtheimia corymbifgrares by macorpages | Prof. Dr. Axe
Brakhage
Rida Ali Evaluation of the intracellular faiehttieimia corymbifargrimary monocyteg Dr. Kerstin
Voigt
Larissa | Bulmann | Mechanistic basis of the azalomycin F modification Prof Dr. Axel
Brakhage
Derya Comert | Investigations on the role of NADPH oxidase and p11 protein on intracg Prof. Dr. Axe
processing #kpergillus fumigatus Brakhage
Johanna| Zech Analysis of BacteFRahgal Interactions for the Identifaradi@haracterization Prof. Dr. Axe
Natural Products Brakhage
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Melanie | Handel | Analysis of the regulated cell desgbengillus fumigadissbasis for the Prof. Dr. Axe
genereation of reporter strain Brakhage

Phoebe | Chin The role dfichtheimia gonbiferaroteins on the intracellular acidification irj Dr. Kerstin
human primary monocytes Voigt

Andrew | Zaki Selective inhibition of eumelanin in Mucorales and its influence in phagq Dr. Kerstin
human primary macrophages Voigt

4. Young Researchers

Dissertations

First name | Last name Thesis title Mentor
Katherine Gonzalez Rojas| Drug delivery systems for macro@maberganelpecific | Prof. Dr. Axel Brakha
targeting
Lukas Zehner Transcription factorSwéptomyces iranemsgulating Prof. Dr. Axel Brakha
secondary metabolites required for activation of silent
gene clusters
Muhammad | Rafiq Deciphering Aspergillus fumigatus evasion strategies| Prof. Dr. Axel Brakhal
immune cell phagolysosomes
Dolly E. Montano The immunesponse of human monocytdstitheimia Dr. Kerstin Voigt
corymbifera
5. International Cooperations
Aberystwyth University, Wales
Biology Department, Maynooeth University, Ireland
Department of Plant and Environmental Sciences, University of Copenhagen
DOE-Joint Genome Institute, USA
DTU Technical University of Denmark, Denmark
Institute of Animal Physiology and Genetics, Czech Academy of Sciences, Czech
Republic
Life and Health Sciences Research Institute (ICVS), School of Medicine, University
of Minho, Portugal
Medizinische Universitat Innsbruck, Austria
Molecular Mycology, Institut Pasteur, Frankce
Tel Aviv University, Israel
Université de Strasbourg, France
University of Bergen, Norway
University of Crete, Greece
University of Gothenburg, Sweden
University of Manchester, UK
University of S&o Paulo, Brazil
University of Szeged, Hungary
University of Wisconsin-Madison, USA
6. Team
Title First name Last name
Prof. Dr. Axel A. Brakhage
Annika Tittelbachlelmrich
Yu Hu
JMRC, FSU Yvonne Schrok
Dr. Arite Bigalke
Dr. Simone Edenhart
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Dr. Katherine Gonzalez Rojas

Dr. Alexander Grawe

Dr. Thorsten Heinekamp

Dr. Peter Hortschansky

Dr. Olaf Kniemeyer

Dr. Thomas Kruger

Dr. Muhammad Rafiq

Dr. Paula Reichelt

Dr. Franziska Schmidt

Dr. Volker Schroeckh

PD Dr. Kerstin Voigt

Dr. Kerren Volkmar
Jaime D. Acosta Esjia
Melanie Handel
Isabel Heineking
Nico Hermsdorf
Simranpreet Kaur
Moemi Kawashima
Liubov Nikitashina
Muhammad Rafig
Maira Rosin
Henrik Schweder
Sophie Tréger
Corissa Visser
Rasha Zaher
Lukas Zehner
AnnKathrin Zimmermann
Sylke Fricke
Andrea Hartmann
Caroline Semm
Silke Steinbach
Christina Taumer
Christiane Weigel
Larissa Bulmann
Johanna H. Zech
Melanie Handel
Maximilian Knott
Eric unger
Clara Kraus
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Lehrstuhl far Synthetische Biotechnologie
(Biotechnikum des Leibniz-HKI)

Prof. Dr. Miriam Agler-Rosenbaum

1)

1. Forschung

Unt er dem Slogan ANeue Prozesse f¢r neue Pr o«
Leibniz-HKI multiskalige, ingenieurtechnische Ldsungen far biologische
Herausforderungen. Wir entwickeln komplette Bioprozessketten fur mikrobielle Rein- und
Co-Kulturen vom Rohsubstrat bis zum reinen Produkt fir Antibiotika, Enzyme, Biotenside,
Toxine, Medikamente und Biopolymere bis zum m3-Mal3stab. Dabei liegen die
Innovationsschwerpunkte in den Bereichen 1) Online-Monitoring von Kulturen, 2)
physikalische Strategien fur das Management schwieriger Kulturen (beides realisiert durch
die BT-Forschungsteams Bioprozessentwicklung und Bioprozessintensivierung), 3)
bioelektrochemische Kontrolle von Kulturen (Forschungsteam Mikrobielle Elektro-
physiologie) und 4) Ultra-Hochdurchsatz-Kulturen (Forschungsteam Tropfenmikrofluidik).
Unser Portfolio an Forschungsaktivitditen und Technologien ist Grundlage fir unsere
eigene, international wettbewerbsfahige Forschung, =zahlreiche akademische
Kooperationen, sowie die translationale Unterstiitzung bei der Bioprozessentwicklung fur
KMUs. Das Biotechnikum ist auch Partner in grof3en Jenaer Forschungsclustern wie dem
CoE Balance of the Microverse, dem Leibniz-Wissenschaftscampus InfectoOptics, dem
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BMBF-Forschungscampus InfectoGnostics und dem Leibniz-Zentrum fir Photonik in den
Lebenswissenschaften.

Ausgewahlte Ergebniss der Forschungsteams: Das Bioprozessentwicklungsteam hat
zahlreiche Bioprozesse fur die eigene Forschung, das HKI und externe Partner weiter-
geflhrt (insgesamt ca. 100), wobei der Anteil an kontinuierlichen Bioprozessen zunimmt.
Wichtige Forschungsergebnisse der kollaborativen Bioprozesse wurden z.B. in Nat
Commun 2024 und J Nat Prod 2024 vero6ffentlicht.

Das Team fur Bioprozessintensivierung konzentrierte sich im Jahr 2024 auf drei
Hauptaktivitaten:

1) Anwendung von Online-Uberwachungs- und Steuerungsinstrumenten fur
Bioprozesse mit Co-kulturen, einschlielich komplexer Substrate wie Zellulose. Hier
haben wir einen unserer neuen zellulosebasierten Bioprozesse patentiert und
veroffentlicht (ACS SusChemEng 2024). Seit Ende 2023 wenden wir diese
Technologien auchofmt@eE MABaloarcsefi an
semikomplexen Co-Kulturen zu untersuchen.

2) Wir haben unsere neue Druckreaktorkaskade (TAB-Forderung) fur die Produktion
von Naturstoffen mit biochemisch schwierigen mikrobiellen Systemen eingesetzt (Disc
Chem Eng 2024, Micro Biotechnol, 2024). Zudem wurden die ersten anaeroben,
CO2-verbrauchenden Bioprozesse publiziert (Eng Life Sci, angenommen).

3) Seit Herbst 2023 wird Lars Regestein (zusammen mit der RWTH) von der
Bundesagentur fur Sprunginnovationen (SPRIND) gefordert, um ein pilzbasiertes
Bioprozesskonzept zur Marktreife zu bringen. BT/HKI stehen kurz vor der Griindung
desSpin-of fs ABiophelionh.

Das Forschungsteam Mikrobielle Elektrophysiologie verfolgt weiterhin  zwei
Hauptrichtungen: 1) Im Rahmen des ERC Consolidator Grant eMICROBe erforscht und
entwickelt das Team die Integration von extrazellularem Elektronentransfer und mikro-
biellem Energiestoffwechsel (Trends Biotechnol 2024). 2) Zum anderen laufen unsere
Arbeiten im DFG-Schwerpunktprogramm 2240 e-Biotech zur Etablierung von Elektro-
Bioprozessen mit C. ljungdahlii weiter und wir starteten 2024 in die zweite Férderphase.
Seit April 2022 koordiniere ich das DFG Schwerpunktprogramm 2240 e-Biotech. Das
Tropfenmikrofluidik-Forschungsteam hat sich von der Technologieentwicklung auf die
Anwendung von Hochdurchsatzkultivierung und Screening fir die fortgeschrittene
mikrobiologische Forschung konzentriert. Dabei arbeiten wir weiterhin eng mit externen
Partnern zusammen.

Wir haben unsere Kapazitaten fir Muliplex-Tropfenexperimente und die Anwendung von
Streulicht fir den Nachweis von Mikroorganismen mit geringem Gehalt erweitert (zwei
Veroffentlichungen in Sens Act B Chem 2024). Mit unserer Arbeit treiben wir das
Screening nach seltenen genetischen Varianten in einem hochdiversen Pool mikrobieller
Zellen voran, z. B. beim Screening von Mutantenbibliotheken (verschiedene Projekte
laufen) und bei der Kultivierung seltener Mikroben aus komplexen Umwelthabitaten, z. B.
Grundwassermikroben (ISME Commun 2024). Um mehr Nutzern den Zugang zu unserer
Ultrahochdurchsatz-Kultivierungstechnologie zu ermdglichen, haben wir fir das Leibniz-
Zentrum fur Photonik in den Biowissenschaften eine vereinfachte, benutzerfreundliche
Version unserer Plattform entwickelt.
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Uber die Forschung hinaus waren unser Abteilungsretreat in Plothen und die Organisation
des HKI Sommerfestes zwei Team-Ereignisse des Jahres 2024, die in Erinnerung bleiben.

2. Publikationen

Boto ST, Bardl B, Harnisch F, Rosenbaum MA (2023) Microbial electrosynthesis with
Clostridium ljungdahlii benefits from hydrogen electron mediation and permits a greater
variety of products. Green Chem 25(11), 4375-4386.

Franco A, Chukwubuikem A, Meiners C, Rosenbaum MA (2023) Exploring phenazine
electron transfer interaction with elements of the respiratory pathways of Pseudomonas
putida and Pseudomonas aeruginosa. Bioelectrochemistry 157, 108636.

Gotze S, Vij R, Burow K, Thome N, Urbat L, Schlosser N, Pflanze S, Miller R, Hansch
VG, Schlabach K, Fazlikhani L, Walther G, Dahse HM, Regestein L, Brunke S, Hube B,
Hertweck C, Franken P, Stallforth P (2023) Ecological niche-inspired genome mining
leads to the discovery of crop-protecting nonribosomal lipopeptides featuring a transient
amino acid building block. J Am Chem Soc 145(4), 2342-2353.

Munser AS, Trost M, Schréder S, Graf M, Rosenbaum MA, Tinnermann A (2023)
Analysis of very low bacterial counts in small sample volumes using angle-resolved
light scattering. Appl Opt 62(2), 411-418.

Peng CC, Dormanns N, Regestein L, Beemelmanns C (2023) Isolation of
sulfonosphingolipids from the rosette-inducing bacterium Zobellia uliginosa and
evaluation of their rosette-inducing activity. RSC Adv 13(39), 27520-27524.
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Pflanze S, Mukherji R, Ibrahim A, GUnther M, Gotze S, Chowdhury S, Reimer L,
Regestein L, Stallforth P (2023) Nonribosomal peptides protect Pseudomonas nunensis
4A2e from amoebal and nematodal predation. Chem Sci 14(41), 11573-11581.

Pourmasoumi F,” Hengoju S,” Beck K, Stephan P, Klopfleisch L, Hoernke M, Rosenbaum
MA, Kries H (2023) Analysing megasynthetase mutants at high throughput using
droplet microfluidics. Chembiochem 24(24), e202300680.

Schlembach, I, Ott C. (2023) Nicht-invasive Online-Fluoreszenzspektroskopie in
Ruhrkessel-Fermentern zur flexiblen Untersuchung von komplexen Bioprozessen
TechnoPharm 13(3), 118-123.

Yang Z, Qiao Y, Konakalla NC, Strgbech E, Harris P, Peschel G, Agler-Rosenbaum M,
Weber T, Andreasson E, Ding L (2023) Streptomyces alleviate abiotic stress in plant by
producing pteridic acids. Nat Commun 14(1), 7398.

Harnisch F, Deutzmann JS, Boto ST, Rosenbaum MA (2024) Microbial electrosynthesis:
opportunities for microbial pure cultures. Trends Biotechnol 42(8), 1035-1047. (Review)

Janevska S* WeiserS, Huang Y, Lin J, HoefgewrrTSrickedoj il K
J, Hoffmeister D, Regestein L, Valiante V, Kufs JE* (2024) Optimized psilocybin
production in tryptophan catabolism-repressed fungi. Microb Biotechnol 17(11),
e70039.

Mahmoud Mohamed MM, Yang Z, Lum KY, Peschel G, Rosenbaum MA, Weber T, Coriani
S, Gotfredsen CH, Ding L (2024) Genome-driven discovery of hygrocins in
Streptomyces rapamycinicus. J Nat Prod 87(5), 1321-1329.

Man DKW, Hermans SM, Taubert M, Garcia SL, Hengoju S, Kisel K, Rosenbaum MA
(2024) Enrichment of different taxa of the enigmatic candidate phyla radiation bacteria
using a novel picolitre droplet technique. ISME Commun 4(1), ycae080.

Rosenbaum MA, Graf M (2024) Microfluidics: taking experimentation to the scale and
diversity of microorganism. International Microbiology Literacy Initiative (Review)

Samimi A, Hengoju S, Rosenbaum MA (2024) Combinatorial sample preparation platform
for droplet-based applications in microbiology. Sens Actuators B Chem 417.

Schlembach I, Bardl B, Regestein L, Rosenbaum MA (2024) Nonengineered fungus
provides a shortcut from cellulose to bulk Erythro-isocitric acid. ACS Sustainable Chem
Eng 12(9), 3408-3418.

Tiso T, Demling P, Karmainski T, Oraby A, Eiken J, Liu L, Bongartz P, Wessling M,
Desmond P, Schmitz S, Weiser S, Emde F, Czech H, Merz J, Zibek S, Blank LM,
Regestein L (2024) Foam control in biotechnological processesd challenges and
opportunities. Discov Chem Eng 4(2), (Review)

Yang Z, Qiao Y, Strgbech E, Morth JP, Walther G, Jargensen TS, Lum KY, Peschel G,
Rosenbaum MA, Previtali V, Clausen MH, Lukassen MV, Gotfredsen CH, Kurzai O,
Weber T, Ding L (2024) Alligamycin A, an antifungal b-lactone spiroketal macrolide
from Streptomyces iranensis. Nat Commun 15(1), 9259.

3. Studium und Lehre

Sommersemester
Vorlesung: Mikrobielle Bioelektrochemie/160468 /2SWS
Praktikum: 160469/2 SWS

Wintersemester
Vorlesung: Biotechnologie/Bioverfahrenstechnik/90685/2SWS
Praktikum: 90686/5 SWS

Bachelorarbeiten
Maria Blumentritt. Fermentation und Scale-Up von Streptomyces coelicolor mNG und
Trichoderma reesei mCherry Co-Kulturen auf ZelluloseNahrstoffgrundlage

Masterarbeiten
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Carolina Casas Mesa. Untersuchung des Einflusses von mikrobiellen Gemeinschaften auf
den Celluloseabbau ausgewabhlter Pilze unter spezieller Beriicksichtigung der Glukose-
Affinitdtskonstante

Riya Kothya. Screening of new anti-Gram negatives in culture isolates from Termite
gut and tar contaminated soil samples with a droplet-based microfluidic system

John Oliver Gath. Screening of rylene dyes for cell-staining applications in droplet
microfluidics

Jessica Lamber. Respirometric investigations on the influence of white rot fungi on
lignocellulose degradation in co-culture

Kareem Gerges. Biosynthesis of ethyl acetate by Clostridium ljungdahlii
autotrophically using CO, and H;

Menatallah Elsedawy. Generating a reporter strain for the investigation of the
mevalonate pathway in Dictyostelium discoideum by overexpression of terpene

synthase genes

Akbiyik Rengin. The quantification of the energy levels of Escherichia coli BL21 cells
using a synthetic ATP reporter and fluorescence microscopy

Cole Carlson. Heterologous phenazine production in biotech hosts for
bioelectrochemical applications

Oskar Zorc. Exploring physiological stress responses in Clostridium ljungdahlii

Kasra Kamali. Droplet-based Microfluidics for High-Throughput Screening of Serine
Protease

Philipp Huber. Polyol lipid formation with Aureobasidium pullulans in context of
circular biomanufacturing

4. Wissenschaftlicher Nachwuchs

Dissertationen

Ana Palacio Barrera. Development of a model co-culture platform with Trichoderma reesei

RUT C-30 and Streptomyces coelicolor A3(2) for natural producttargeted

Bioprocesses.

Santiago Boto. Towards product diversification in carbon negative bioprocesses with
Clostridium ljungdabhlii.

Nicolas Schlosser. (Co)-culture processes of Janthinobacterium agaricidamnosum for

lipopeptide production and novel natural products.
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Lehrstuhl fir Angewandte Systembiologie

Prof. Dr. Marc Thilo Figge

QUANTITATIVE
CHARACTERIZATION

IMAGE
ANALYSIS

1. Research
Image-based Systems Biology

The Applied Systems Biology (ASB) research group has set itself the task of making
biology more quantitative, focusing on the analysis of microscopic and spectroscopic image
data. We apply the approach of image-based systems biology (see Figure 1), in which
image data is processed in an automated manner with the aim of quantifying biomedical
processes in an objective way. Based on the quantification result, we feed the determined
parameter values into mathematical models to perform computer simulations in space and
time with the aim of developing new hypotheses that can be tested experimentally. We are
particularly interested in investigating morphological, functional and dynamic aspects of
infection processes as they can be modeled in organ-on-chip models and in vivo mouse
experiments. In addition, we contribute to the automation of processes in the context of
natural product and antibiotic resistance research by providing algorithms for the online
analysis of droplet-based microfluidic approaches with ultra-high throughput.

In 2023, the ASB team published or contributed to 19 research articles in renowned
journals such as Bioinformatics, Biomaterials, Cell Host & Microbe, Computational and
Structural Biotechnology Journal, Nature Methods, Small, Systems Biology and
Applications, and various others. The ASB team organized the International Symposium
Systems Biology of Microbial Infection (SBMI) for the seventh time in 2023.
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Java Image Processing Pipeline (JIPipe). The visual programming language JIPipe allows users
to quantify processes observed in image data without the need to code algorithms. In this way the
otherwise growing gap between non-programmers and sophisticated image processing techniques,
such as artificial intelligence (Al) methods, is being narrowed. Figure adapted from Gerst et al.
(2023) Nature Methods.

The ASB team's research includes advances in the following areas: (i) Surrogate infection
modeling to predict optimal alveolar macrophage number for clearance of Aspergillus
fumigatus infections in the human lung, (ii) Quantitative analysis of tracks of intracellular
organelles using a Hidden Markov Model to distinguish peroxisome motion under various
conditions, (iii) Development of the visual programming language Java Image Processing
Pipeline (JIPipe) to enable anyone to perform batch processing (see Figure 2), (iv)
Application of tailored approaches from artificial intelligence to evaluate reproducible
cryogel preparations based on automated image analysis, to tune the corona-core ratio of
polyplex micelles for selective oligonucleotide delivery to hepatocytes or hepatic immune
cells, and to realize cost-effective and objective quantification of intramuscular fat in
histological sections of muscles.

In 2024, the ASB team published or contributed to 18 research articles in renowned
journals such as ACS Synthetic Biology, Biomaterials, Communications Biology, ISME
Communication, mBio, Nature Microbiology, PNAS, Small, and various others. The ASB
team organized the International Symposium Image-based Systems Biology (IbSB) for the
seventh time in 2024.
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Bottom-up approach to model the immune response against A. fumigatus lung infection. Ai C
Based on experimental phagocytosis assays between A. fumigatus conidia and type 2 alveolar
epithelial cells (AECs) (A), we fitted a Verhulst ordinary differential equation (ODE) model to the
increase of conidial diameter (B), and an extended Malthus ODE model to uptake indexes resulting
in an increasing chance of uptake from non-swelling to swelling conidia. The dotted arrow denotes
the transition from a resting to a swelling conidium that is taken up with a higher probability (C). DI F
Including the fitted ODEs into a previously developed hybrid agent-based model (hABM) of a human
alveolus, we were able to simulate millions of virtual infection scenarios. The hABM comprises one
alveolus as a % sphere consisting of type 1 AECs (yellow) and type 2 AECs (light blue). The
entrance ring (dark blue) and pores of Kohn (PoK) (black) are the boundaries of the system. The
migration of alveolar macrophages (AMs) (green) is directed by the chemokine signal (white
isolines) to locate the A. fumigatus conidia (red). The conidium can be taken up by AMs, type 1 and
type 2 AECs. G By training a surrogate infection model (SIM) on the hABM output, we were able to
predict uptake indexes by AMs and AECs for an interpolated parameter space. Figure adapted from
Saffer et al. (2024) Communications Biology.

The ASB team's research includes advances in the following areas: (i) Spatiotemporal
modeling and computer simulations to quantify cellular contributions to uptake of
Aspergillus fumigatus in the human lung (see Figure 3), (ii) Modeling microbial growth
curves to identify the competitive inhibition and mutualistic growth in co-infections with
Staphylococcus aureus and Acinetobacter baumannii, (iii) Organ-on-Chip models for
infectious disease re-search: Modeling of intravenous caspofungin administration using an
intestine-on-chip reveals altered Candida albicans microcolonies and pathogenicity, (iv)
Quantitative investigation of long term stimulation by implanted pacemaker in a human like
animal model to reveal the impact of functional electrical stimulation on nerve-damaged
muscles using deep learning, and (v) Deep learning-based characterization of neutrophil
activation phenotypes in ex vivo human Candida blood infections.

Overall, the ASB team represents a collaborative link between the two profile lines LIGHT
and LIFE of the Friedrich Schiller University Jena, which is due to the fact that image-
based systems biology is a generic link between experiment and theory in interdisciplinary
studies, as microscopic and spectroscopic data are routinely collected in today's
experiments. This also explains the role of the ASB team as an active collaborator in a
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number of interdisciplinary research initiatives: As part of the Cluster of Excellence
"Balance of the Microverse", we are developing our visual programming language JIPipe
for image processing in correlative data analysis. As active cooperation partners in the two
DFG-funded collaborative research centers FungiNet 124 - "Pathogenic fungi and their
human host - networks of interaction" and PolyTarget 1278 - "Polymer-based nanoparticle
libraries for targeted anti-inflammatory strategies”, we are advancing automated image
analysis in the context of fungal infections and the uptake of nanoparticles. Within the
DFG-funded Research Training Group 2723 "Materials-Microbe-Microenvironments" the
ASB team is responsible for image data analysis. In addition, M.T. Figge is spokesperson
for the Leibniz-funded ScienceCampus "InfectoOptics" and coordinates the "PneuThera"
project for the treatment of lung infections using a lung-on-chip model. In the
"InfectoGnostics" research campus, methods for use in infection diagnostics are being
further developed; for example, a microfluidics platform for screening for Staphylococcus
aureus in human and veterinary medicine is being developed in the "ADA" project together
with Biotechnikum at the Leibniz-HKI. Finally, M.T. Figge co-ordinates the work area
"Image Analysis" within the National Research Data Infrastructure "NFDI4Bioimage", where
new approaches to FAIR data analysis are being developed. This will be realized as part of
the develop-ment of the virtual programming language JIPipe, which enables any user to
program ImageJ macros for reproducible analyses and brings modern methods of artificial
intelligence within the reach of users who are not experienced programmers.
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3. Drittmittelprojekte

Projekttrager Vorhaben Laufzeit Mittel in 2023 und 2024
DFG Exzellenz |l uster Bl 5605 1 Doktorandin + 1 Postdo
Mi croverseo
Sonderforschungsbereich
DFG FungiNeit Teilprojekt B4 20212025 2 Doktoranden
Sondeforschungsbereich
DFG PolyTargétTeilprojekt Z01 20212025 1 Postdoc
DFG Graduiertenschule MMM 20222030 1 Doktorand
Teilprojekt F
DFG NFDI4Bioima@€d eilprojekt TA4| 20232028 1 Postdoc
BMBF InfectoGnotitsTeilprojekt ADA | 20212024 1 Doktorand
BMB- Computational Life Sciences | 20222025 1 Doktorand + 1 Postdoc
BMBE Le|bn!z Center for Photonics in 20212026 2 Postdocs
Infection Research
_ Leibniz Science Campus (LSC|
Leibniz InfectoOptidsP r 0] e K t 20192024 1 Postdoc
4. Studium und Lehre
WS 22/23 _
Seminar ASystembiologie der I mmunologieidA (Verans
SS 2023
Vorl esung VSystembioIogie der I mmunol ogiefi (Ver a
Prakti kum AMi kroskopie und Bildanalysefi (Veranst
WS 23/24 5
Semi nar /Ao3yosgtieembdier | mmunol ogiefin (Veranstaltungs:]
Vorl esung ABil dbasierte Systembiologiefi (Veranst
SS 2024 5
Prakti kum AMi kroskopie und Bildanalysefi (Veranst

Bachelorarbeiten

Maurice Falleta. Light microscopy based quantification of the peroxisomal import of matrix
proteins (2023)

Lukas Harder. Morphological and temporal investigation of the endosolam nanostructure using
labeled cargo proteins (2023)

Masterarbeiten

Mounir Zerdani. Fungal Growth Quantification of Candida albicans by Tracking Hyphal Tips in
JIPipe (2023)

Ahsanullah Ahsanullah. In vitro Interaction of Human Immune Cells with Staphylococcus aureus
Biofilms (2023)

Jana Wilms. Machine Learning Surrogate Models for Agent-Based Modeling: Application to
Host-Pathogen Interactions in Whole Blood Infections (2024)

Karoline Schied. Stochastic Lung-on-Chip Simulations: Implementing an Agent-based Organ-
on-Chip Model in C++ (2024)

Marius Wank. From lung-on-chip to virtual alveolus model: Quantitative modeling of Aspergillus
fumigatus hyphal growth (2024)

Veit Hucke. GAN-based image-to-image translation for biomedical image analysis (2024)
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5. Wissenschaftlicher Nachwuchs

Dissertationen

Alexander Tille. The human complement system: A mathematical analysis of its regulation
(2023)

Philipp Praetorius. From microscopy images to biological insights: Classical image analysis and
Al tools for automated quantification (2024)

Kassandra Walluks. Histologische Untersuchung des M. cricoarytenoideus posterior von
Schafen nach elektrischer Langzeitstimulation (2024)

Christoph Saffer. Mathematical modeling of spatiotemporal host defense mechanisms against
pulmonary fungal infections (2024)

6. Gleichstellung und Familie

2023
Anteil Frauen Anteil Manner Kindern unter 12 Jahren
9 15 5
2024
Anteil Frauen Anteil Manner Kindern unter 12 Jahren
10 16 5
7. Internationale Kooperationen
Dr. Margherita | Bertuzzi | University of Manchester Manchester | UK
Dr. Josh Moore Divison of Computational Biology, Univerl Dundee UK
Dundee

8. Administration/Finanzen
Beschéftigungsstruktur

| Personen | Stellenanteile
Beschéftigte im Rahmen von Haushaltsmitteln
Wissenschaftliche Mitarbeiterinnen 0 0
Postdoc 2 2
Technische Assistenz 0 0
Sekretariat 1 1
Beschéftigte im Rahmen von Drittnmittel

Wissenschaftliche Mitarbeiterlnnen 9 9
Wissenschaftliche Assistenten 3 0
Studentische Assistenten 0 0
Weiteres Personal

Auszubildende 0 0
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Vertretung in Selbstverwaltungsgremien

Since2023 Board Member and Coordinamat i easoTanktAhA
DFG-funded national research data management initiative NFDI4Bioimage

Since 2023 Board member in DF@unded Research Training Group 2123 Materials
MicrobesMicroenvironments

Since 2023 Board Member of the Beuteméetrg Ehwmpuss
Jena

Since 2023 Editor: PLOS Complex Systems

Since 2022 Member of the Faculty Council of the Faculty of Biological Sciences at the
Friedrich Schiller University Jena

Since 2022 CoordinatorofBMBH unded Pr oj ect i Ma cMuitiiMedelL e ar n
Simul ator for Infection Researcho in f

Since 2021 Deputy Coordinator of Excellence Graduate School Jena School for Microbial
Communication (JSMC)

Since 2021 PlintheBMBFf unded #ALei bninzi c&Ge nitne rl nffoerc tH hoont

Since 2020 PlintheofBMBFf unded Research Campus Al nfect

Since 2019 Coordinator of Research Areai@ata Synopsis in the DR@GInded Cluster of
Excellence EXC 2051 Balance of the Microverse

Since 2019 Member of theManagement Board of the Microverse Imaging Center in the-DFG
funded Cluster of Excellence EXC 2051 Balance of the Microverse

Since2019 Speaker of Leibniz ScienceCampus dlnfe

Since 2019 Editor: Scientific Reports

Since 2017 Ombudsperson at the ibaiz-HKI, Jena

Since 2017 Plin the DFGfunded Collaborative Research Centre 1278 PolyTarget

Since 2017 Editor: Cytometry A

Since 2015 Member of the Jena Center for Soft Matter and the Michael Stifel Center for Data
Driven and Simulation Science, Jena

Since 2014 Pl in the DFGfunded Collaborative Research Centre 124 FungiNet

Since2011 Organizer: yearly international sympos
|l nfectiono ( SBavsed aShys thd mea gii ol ogy o (| |

9. Team

Title First name Last name

Prof. Dr. Marc Thilo Figge

Team Assistance Lisa Herbich

Dr. Zoltan Cseresnyés

Dr. Carl-Magnus Svensson

Dr. Ruman Gerst

Dr. Anastasia Solomatina

Dr. Bianca Hoffmann

Dr. Sandra Timme

Dr. Jan-Philipp Praetorius

Dr. Kassandra Walluks

Dr. Dhruv Khatri

M.Sc. Parastoo Akbarimoghaddam

M.Sc. Yann Bachelot
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M.Sc. Arjun Sarkar
M.Sc. Philipp Stadter
M.Sc. Mounir Zerdani
M.Sc. Simone Piccioni
M.Sc. Marius Wank

M.Sc. Karoline Schied
M.Sc. Jana Wilms
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Biomolecular Chemistry

Prof. Dr. Christian Hertweck

1. Research

In the year 2024, the Department of Biomolecular Chemistry (BMC) has continued achieving
significant progress in the discovery and understanding of medically relevant natural products
that serve as leads for therapeutics or chemical mediators of infections, delving into their
biosynthesis and functions. Among the department's notable accomplishments were the
discoveries of overlooked biosynthetic pathways in anaerobic bacteria and the development of
tools to harness their biosynthetic potential, which led to the successful acquisition of grants,
notably an ERC Advanced Grant (AnoxyGen) and the funding of the meta-CDI project in the
Leibniz Collaborative Excellence Program. These projects aim at uncovering elusive virulence
factors and unearthing novel antiinfectives from anaerobes.

BMC researchers advanced their ecology- and genomics-driven approach to uncovering novel
bioactive compounds, leading to the identification of antiproliferative furan-substituted
cyclopeptides (Angew Chem 2024), for example. The BMC's research further explored the
complex symbiotic relationships between the pathogenic fungus Rhizopus microsporus and its
endosymbionts (Mycetohabitans spp.), known to cause rice seedling blight and systemic
infections of immunocompromised patients, BMC's investigations uncovered broader ecological
functions and the molecular basis of the symbiosis (e.g. ISME J 2024, Nature 2024, with J.
Vorholt, ETHZ). In addition to exploring symbiosis, the BMC has made significant advances in
understanding the biosynthesis and function of virulence factors and toxins in human, animal
and plant pathogens (e.g. rhizoxin, Angew Chem 2024a and 6-thioguanine, Angew Chem
2024e). Research into the infamous Burkholderia pseudomallei (BP) groupd responsible for
severe infections like melioidosisd has been a key area of focus. These pathogens possess a
conserved gene cluster involved in the production of polyketides (malleicyprols), which are
critical to their virulence. The BMC identified key enzymes for forming and incorporating the
reactive cyclopropanol unit of malleicyprols, an insight that may guide the development of new
antivirulence strategies against BP infections (Angew Chem 2024d). The department's
advanced techniques like imaging mass spectrometry, synthetic biology, and metabolomic
profiling has contributed to broader scientific inquiries in many collaborations. The support of
Leibniz-HKI and FSU junior research groups and young researchers by BMC members has
resulted in numerous high-impact joint publications e.g. Lackner (ISME J 2024), Beemelmanns
(Angew Chem 2024c), Brunke (Nat Commun 2024), Kries (Angew Chem 2024a, 2024b), Kloss
(Eur J Med Chem 2024), and Gressler (J Am Chem Soc 2024). Fruitful collaborations with MPI-
CE and FSU departments (Hoffmeister, Hellmich, Mittag, Arndt, Popp) are also documented by
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joint papers (e.g. Proc Natl Acad Sci USA 2024, Angew Chem 2024b, 2024f, J Am Chem Soc
2024).

2. Publications

Roman D, Meisinger P, Guillonneau R, Peng CC, Peltner LK, Jordan PM, Haensch V, Gotze S,
Werz O, Hertweck C, Chen Y, Beemelmanns C (2024) Structure revision of a widespread
marine sulfonolipid class based on isolation and total synthesis. Angew Chem Int Ed 63(23),
€202401195.

Richter I, Hasan M, Kramer JW, Wein P, Krabbe J, Woitas KP, Stinear TP, Pidot SJ, Kloss F,
Hertweck C, Lackner G (2024) Deazaflavin metabolite produced by endosymbiotic bacteria
controls fungal host reproduction. ISME J 18(1), wrae074.

Ishida K, Litomska A, Dunbar KL, Hertweck C (2024) An enzymatic prodrug-like route to thio
and selenoamides. Angew Chem Int Ed 63(31), e202404243.

Dorner S, Trottmann F, Jordan P, Bartels B, Rogge K, Werz O, Hertweck C, Hoffmeister D
(2024) The fatal mushroom neurotoxin muscarine is released from a harmless
phosphorylated precursor upon cellular injury. Angew Chem Int Ed 63(52), €202417220.

Battner H, Rassbach J, Schultz C, Popp J, Gressler M, Hertweck C (2024) Beneficial soil fungus
kills predatory nematodes with dehydropeptides translocating into the animal gut. J Am
Chem Soc 146(50), 34702-34710.

3. Third Party Funding

DFG: SFB ChemBioSys Teilprojekt BO1, Chemische Mediatoren in komplexen Biosystemen,
Sonderforschungsbereich 1127/3, BO1 und Teilprojekt 202, SFB 1127/3, Z02

DFG: Leibniz Forderpreis/ Gottfried Wilhelm Leibniz Preis 2015, HE 3469/ 7-1

Pakt Leibniz: A Molecular Targeting Approach to Combat Human Pathogenic Fungi,
Projektnummer: K21712016

JSMC-TP Carl Zeiss Stiftung, Natural Products in reconstituted microbiomes

HFSP:Human Frontier Sci ence rieobbgatedahspecidlized e ecol ogi
metabolites in bacteria-mi cr oal g ae iRefdremae aunber: 886950 ,

Freistaat Th¢ringen: EFRE, fABildgebendes Massens
Vi sualisierung mikrobieller Wi rkstoffeo, 2022 FC
4. Teaching
Bachelor theses
First Last Thesis title Mentor University | Date of
name name submission/disputation
Dimitra | Borik |Al n vi vo St udi el Christian FSU 07.11.2024
von BurG als Antivirulenz- Hertweck Jena

Strategie gegen Bakterien der
Burkholderia pseudomallei
Gruppeh

MSc/diploma theses

First namq Last Thesis title Mentor University Date of
name submission/disputation
Maximilial Meyer |A Sy nt hesi s and F| Chriséin FSU 18.06.2024
Evaluation of Analogues of the Yell¢ Hertweck Jena
Affinity Substance from
Clostridium ther
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5. Young Researchers

Dissertations
First namg Last Thesis title Mentor University Date of submission/disputatiq
name
Hannah | Bittner |AThe Rol e o f| Chrtian FSU Jena 03.09.2024
Bacteria in Micropredator | Hertweck
Defence of Mucoromycotg
Fungi i
Finn Gude fiNoncanoni c al Christian FSU Jena 25.11.2024
Antibiotic Biosynthesis an¢ Hertweck
a Novel SeResistance
Mechani sm in
Awards
Title | First name Last name Award Occasion (e.g. Conferenc City Date
Prof. | Christian Hertweck ERC Grant ERC 07/24
Dr. Taynara Lopes Silva | Medac Preis Medac GmbH Jena | 12/24
Dr. Jana Krabbe Medac Preis Medac GmbH Jena | 12/24
Dr. Ingrid Richter Medac Preis Medac GmbH Jena | 12/24
Dr. Kirstin Scherlach Medadreis Medac GmbH Jena | 12/24
Philipp Wein Medac Preis Medac GmbH Jena | 12/24
6. International Cooperations
Title First name Last name University / Institution
Prof. Elke Dittmann Universitat Potsdam
Prof. Julia Bandow RuhfUniversitat Bochum
Prof. Michael Groll TH Miinchen
Dr. Sacha Pidot University of Melbourne
Prof. Tim Stinear University of Melbourne
Prof. Jesko Koehnke Universitat Hannover
Prof. Gabriele Bierbaum Universitat Bonn
Prof. Thomas Helleday University of Sheffield
Prof. Markus Kinzler ETH Zirich
Prof. Julia Vorholt ETH Zirich
Prof. HansGeorg Sahl Universitat Bonn
Prof. Ute Hellmich FSU Jena
Prof. Franziska Faber Universitat Wirzburg
7. Staff
Title First name Last name From To
Prof.Dr. Christian Hertweck
Secretary
| Barbara | Urbansky | |
Scientists
Dr. Benjamin Bartels 08/23 08/25
Dr. Hannah Buettner 10/17 12/24
Dr. Katharina Dornblut 07/24 12/24
Dr. Jethro Hemmann 01/24 12/24
Dr. Keishi Ishida
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Dr. Mie Ishida 06/26
Dr. Jana Krabbe 12/14 12/
Dr. Taynara Lopes Silva 04/22 06/25
Dr. Evelyn Molloy 12/27
Dr. Hamideh Rezaee 06/24 06/26
Dr. Ingrid Richter 06/26
Dr. Kirstin Scherlach
Dr. Guy Schleyer 05/21 08/24
Dr. Aiko Teshima 06/22 01/26
Ph.D Students
Leo Dumjahn 09/23 08/25
Friedrich Johannes Ehinger 11/21 10/25
Romy Feldmann 01/19 02/25
Jonas Fiedler 08/21 06/26
Hale Hamedani 06/24 06/26
Elena Herzog 05/21 08/25
Philippe Meisinger 11/22 10/25
Mandy Mlotek 01/22 12/25
Philipp Wein
Undergratuates
Dimitra Borik 03/24 09/25
Sonke Heeren 01/24 01/25
Alexander Hoff 09/24 03/25
Hangyeol Jung 10/23 02/25
Maximilian Meyer 08/23 08/24
Pia Muller 10/23 02/25
Technical Assistents
Heike Heinecke
Christine Poser
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LEI BN Leibniz-Institut
flir Naturstoff-Forschung
Iz.H KI und Infektionsbiologie
| Hans-Knall-Institut

Lehrstuhl far Mikrobielle Pathogenitat

Chair Microbial Pathogenicity
Prof. Dr. Bernhard Hube

1. Research

Human pathogenic fungi frequently cause infections of the skin and mucosa, however, they are
also capable of causing severe, life threatening mycoses.

The research topic of the Chair Microbial Pathogenicity and the Department Microbial
Pathogenicity Mechanisms (MPM) is infection biology of pathogenic fungi, one of the two main
research areas of the Leibniz-HKI.

MPM explores the pathogenicity mechanisms of the most important Candida species (as
recognized by the World Health Organization (WHO), with a focus on C. albicans and
C. glabrata.
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C. albicans is regarded as the most important of all medically relevant yeasts and is an
extremely successful pathogen in humans. C. glabrata is closely related to the non-pathogenic
b a k e r 6 sSacgharansytes cerevisiae. However, in many cases C. glabrata is the second
most prevalent yeast pathogen in humans after C. albicans.

In contrast to most pathogenic fungi in humans such as Aspergillus fumigatus, Cryptococcus
neoformans, or Histoplasma capsulatum, which are found in the environment, C. albicans and
C. glabrata belong to the normal microbiota of mucosal surfaces and are regarded as harmless
commensals in most circumstances. In fact, most humans are colonized with these yeasts. An
intact immune system and a balanced microbial flora are normally sufficient to protect the
individual from Candida infections. However, certain critical events such as extensive
antibacterial treatment or dysfunction of the immune system may enable these fungi to
overgrow the microbiota on mucosal surfaces.

MPM investigates all aspects and stages of Candida infections. More recently, we started to
investigate the commensal life style of C. albicans, which is likely linked to the pathogenic
potential of this fungus. We collaborate with multiple local (Leibniz-HKI, Microverse Excellence
Cluster, Leibniz Campus, FSU, UKJ, Dynamic42), national (DFG priority programs, Leibniz
Alliance, individual collaborations), and international partners (EU consortia, ANR/BMBF and
Wellcome Trust consortia, multiple individual collaborations).

In the recent years, we continued our focus on the pathogenicity mechanisms of Candida
albicans and C. glabrata (and C. auris) using a broad spectrum of cellular, microbial, molecular,
and biochemical methods in combination with in vitro or ex vivo infection models.

Our research topics are:

Molecular biology of human pathogenic fungi
Functional genomics

Host/pathogen interactions

Host cell reporter for stress and cell death
Metal acquisition

Intracellular survival and escape

Invasion mechanisms and translocation
Microevolution

Morphology

Candidalysin

Lipases

Interaction with bacteria and commensal growth
Antifungal and antivirulence compound screening
Mode of action of antifungal agents

Fungal-host-i mlcroblota interactions

A a8 -_a_a-_2_-9_9_8_4a_-9a_-9a_-29_-2
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—
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at the mucosal
interface
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and adaptationin Zn*

pathogenicity

ik~

Nutrient acquisition
during infection

Interaction
with immune
cells

e

E
.. : ‘
Neutrophi Neutrophil Blood

The main topics of Department of Microbial Pathogenicity Mechanisms (MPM). For details, please visit our Leibniz-
HKI homepage: https://www.leibniz-hki.de/en/microbial-pathogenicity-mechanisms.html
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In 2023 - 2024, the department MPM published more than 30 original articles and reviews
with contributions as first/last and/or corresponding authors or as co-authors in highly
acknowledged journals, including Biomaterials, Cell Report, EMBO Rep, J Am Chem Soc, J
Biol Chem, J Clin Invest, J Exp Med, mBio (3x), Microbiol Mol Biol Rev, Mol Microbiol,
Nature, Nat Commun (2x), Nat Med, Nat Microbiol (2x), Nucleic Acids Res, and
PLOS Pathog, and Semin Immunol.

Candida albicans microcolonies in a gut-on-chip infection model (Kaden et al. 2024 Biomaterials; reviewed in
Alonso-Roman et al. 2024 Nat Microbiol)

MPM publications were chosen as Paper of the Month by the Deutsche Gesellschaft fir

Hygiene und Mikrobiologie (DGHM), received Publication Awards of the Deutschsprachige
Mykologische Gesellschaft (DMykG) and Medac Awards of the HKI and the Siegfried Czapski
Publikationspreis of the Jena Alliance of Graduate Schools. MPM member received the

Mi coverse Early Career Scienti st Awar d 2023 0
Microver se0 and the Roche Vortragspreis fg¢r I nf ekt
the DMykG.
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MPM Medac Award winners

As research highlights in 2023 - 2024, we made several discoveries dealing with the

C. albicans peptide toxin candidalysin. We found that C. albicans translocation through the

intestinal epithelial barrier is promoted by fungal zinc acquisition via candidalysin (PLOS

Pathogens). Furthermore, in a translational project, we showed that candidalysin-specific

nanobodies can neutralize candidalysin-mediated epithelial damage and inflammatory

responses that drive vulvovaginal candidiasis pathogenesis (mBio). We further contributed to

a study of our <coll aboration partner Julian Nagl
that candidalysin amino acid sequence variations in C. albicans are common and identified

variant toxins with differences in activity (mBio).

Candidalysin expression (green) during invasion of epithelial cells (Cover picture and Mogavero et al. 2021 Cell
Microbiol)

We also contributed to a study of Constantin Urban (Umea University, Sweden) showing that
C. albicans induces neutrophil extracellular traps via candidalysin (EMBO Report). We further
contributed to a study of David B. Corry (Baylor College of Medicine, Houston, USA) showing
that C. albicans is linked to chronic brain diseases such as Alzheimer's disease. This study
shows that C. albicans enters the mouse brain from the blood and induces two neuroimmune
sensing mechanisms involving secreted aspartic proteinases and candidalysin (Cell Report).
In a further extensive study, we elucidated why candidalysin is embedded in a precursor
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