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New Junior Research Groups
For the HZI, the recruitment of excellent junior research group leaders with
international experience is an integral part of its research strategy. Their scientific and methodological expertise complements and strengthens the centre’s
research portfolio. Being highly motivated young investigators and supervisors
they also contribute to the stimulating atmosphere on campus. In the following
section, five new Junior Research Group leaders who have recently joined the
HZI will briefly introduce their research:
Dr. Andrea Scrima, head of the junior research group “Structural Biology
of Autophagy” at the HZI in Braunschweig, was recruited from the Friedrich
Miescher Institute for Biomedical Research in Basel, Switzerland, in 2011 and
investigates the role of autophagy in immunity and infectious diseases.
Dr. Andriy Luzhetskyy, who was recruited from the University of Freiburg, has
been heading the junior research group “Actinobacteria Metabolic Engineering”
at the HIPS in Saarbrücken since 2011; his team is committed to exploring the
biosynthetic potential of actinobacteria for the development of novel anti-infective drugs.
Dr. Marc Erhardt, who started his junior research group “Infection Biology
of Salmonella” at the HZI in 2013, came from the Université de Fribourg,
Switzerland; he addresses the molecular mechanisms of Salmonella virulence.
Dr. Till Strowig, who was recruited from Yale University, USA, joined the HZI
early in the summer of 2013 to start his junior research group “Microbial
Immune Regulation”; he will investigate the role of host’s microbiota in
infections.
Dr. Alexander Titz from the University of Konstanz set up his junior research
group “Chemical Biology of Carbohydrates” at the HIPS in summer 2013;
with his research he aims to contribute to the development of innovative antiadhesion therapeutics for chronic biofilm infections.
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All of the young researchers have previously been successful in the competitive
selection procedure for the Helmholtz Young Investigators Groups. With this
successful career development tool the Helmholtz Association fosters the early
academic independence of young researchers. With generous funding shared
by the Helmholtz Initiative and Networking Fund and the HZI for at least 5 years,
the young researchers get the chance to set up and lead their own research
group for a period of five years; an in-built tenure option offers a long-term
career perspective at the centre. Each independent junior research group is
affiliated with an established HZI department and is fully integrated into the research environment of the centre, giving the group leaders access to excellent
infrastructures and allowing them to benefit from advice on scientific projects
as well as guidance on career planning by more experienced colleagues. Thanks
to close cooperation with our university partners, they gain teaching experience
and are able to acquire additional qualifications (like the habilitation or joint
professorships) useful for a career in academia.
When some of the junior research group leaders, after successful years at the
centre, eventually leave the HZI to continue their careers in prominent positions at other research institutions or universities – such as, in the past two
years, Prof. Lars Zender, now Professor at the University of Tübingen, and Dr.
Maximiliano Gutierrez, now Programme Leader Track at the National Institute
for Medical Research, UK– they will become part of an ever increasing HZI
alumni network that provides long-lasting personal links to the best infection
research institutions in Germany and abroad.
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Structural Biology of Autophagy in
Infection and Disease

Fig. 1. Overview of membrane dynamics
in the autophagy pathway. Abbreviations:
ER, endoplasmic reticulum; N, nucleus.
Mizushima et al., 2011 (modified)

The origins of autophagy
The term “Autophagy” is derived from the Greek words “auto” and “phagein”,
literally meaning “self-eating”. Christian de Duve (who was awarded the
Nobel Prize in 1974 for the discovery of lysosomes) introduced the word
“Autophagy” in 1963, at the same time when he coined the words “Endocytosis” and “Exocytosis”. With “Autophagy” he described a cellular process
observed by electron-microscopy studies in which single and double membrane structures with intracellular particles, including organelles, at different
degradation stages were detected. In the following decades, the different
degradation stages were characterized in further detail and regulatory
autophagy-genes and the family of ATG-proteins, comprising more than 30
proteins, were discovered. This initiated the characterization of autophagy
on the molecular level (reviewed in Klionsky, 2008).
Autophagy today
With the further knowledge gained over time,
autophagy can now be described as a cellular
process that is dedicated to the degradation
of intracellular components. Three major
degradation pathways in autophagy are
known, which include i) chaperone-mediated
autophagy (direct transport of cellular components across the lysosomal membrane), ii)
microautophagy (direct engulfment by invagination of the lysosomal membrane) and iii)
canonical macroautophagy, hereafter referred
to as autophagy. Various triggers can activate
autophagy leading to the formation of the
isolation membrane, also called phagophore,
which expands and forms the autophagosome.
These autophagosomes are specialized
double membrane structures that sequester
cytoplasmic components and subsequently
fuse with lysosomes, resulting in degradation
of the engulfed cargo, such as proteins and
organelles (Figs. 1, 2). While initially identified
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as starvation-induced process for maintenance of homeostasis by unspecific,
bulk degradation of intracellular components and recycling of the degradation
product, the number of newly discovered specific autophagy-mediated degradation events is increasing (reviewed in Mizushima et al., 2011).
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Fig. 2. Pathogen-mediated modulation of
autophagy at the stages of initiation, elongation and maturation Deretic and Levine, 2009

Autophagy in immunity and disease
Apart from the degradation of defective mitochondria, via a process termed
“Mitophagy”, autophagy is involved in a large number of immunity-related
processes in mammalian cells, such as thymic selection, antigen presentation,
lymphocyte homeostasis and regulation of inflammatory responses (reviewed in
Levine et al., 2011). The importance of autophagy is also reflected in the finding
that defects in autophagy can lead to the onset of cancer, neurodegenerative
and chronic inflammatory diseases. The latter include Crohn’s disease (CD), a
complex chronic inflammatory disease of the intestine that causes lesions in
the intestinal tract with an increased risk of colon cancer formation. The genetic
links between autophagy and CD have recently been uncovered; mutations in
the autophagy gene ATG16L1, the gene encoding the autophagy-stimulatory
GTPase IRGM as well as mutations in NOD2, an innate immunity intracellular
recognition receptor for bacterial components, increase susceptibility to CD
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and have been shown to impair autophagy. Despite knowledge of these “risk”
alleles, the molecular mechanisms that lead to the onset of Crohn’s disease are
to date only poorly understood (reviewed in Klionsky, 2009).
Autophagy: a cellular defense mechanism against pathogens
Autophagy emerged as powerful cellular defense mechanism against various
pathogens (bacteria, viruses, parasites) to counteract infections and mediate
pathogen clearance by direct engulfment and degradation. In a process termed
“Xenophagy”, these pathogens, either free in the cytosol, inside phagosomes
or pathogen-containing vacuoles, are targeted and degraded by autophagy.
However, the co-evolution of pathogens and the human host has led to the
development of sophisticated strategies used by pathogens not only to evade
autophagic detection and degradation, but also to exploit autophagy for their
own benefit. Bacterial pathogens, such as Shigella flexneri, Listeria monocytogenes and Staphylococcus aureus, as well as viral pathogens including
herpesviruses, human immunodeficiency virus-1, influenza A virus and Hepatitis
C virus have evolved a set of tools to modulate autophagy at various stages of
the degradation pathway (Fig. 2). Herpesviruses block initiation of autophagy at
the stage of isolation membrane/phagophore formation by specifically targeting regulatory host autophagy proteins. An alternative strategy for evasion is
to avoid recognition and capture by the host autophagy system as used by the
intracellular bacterial pathogens Shigella flexneri and Listeria monocytogenes. In

Fig.3. Structural Biology workflow: Selected target proteins are expressed as recombinant proteins in diverse expression hosts,
such as E. coli, insect and mammalian cells,
and purified to homogeneity by the use of
chromatographic methods (1). The next
steps consist of the crystallization of the
protein (2) and collection of the X-ray diffraction image (3). The data obtained from
the X-ray diffraction experiment is used
to calculate an electron density map that
represents the envelope of the amino acids
forming the protein chain (4). The map is
subsequently used to build the proteinchain (5) thereby obtaining the structure of
the protein of interest at atomic resolution
(6) Photos/Layout: Scrima
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Fig.4. Crystals of a regulatory ATG-protein
Photo: Stefan Leupold

addition, viruses and bacteria impede autophagosomal maturation and fusion
with lysosomes to counteract clearance by autophagy. While many strategies
aim at blocking autophagy, some bacterial pathogens even activate autophagy
in a controlled manner to allow for intracellular survival and the use of autophagosomes as safe replicative niche; several viruses are believed to activate
autophagy in order to enhance viral replication and egress to promote infection
(reviewed in Deretic and Levine, 2009).
Our research focuses on the characterization of the central mechanisms of autophagy regulation as well as the molecular mechanism of pathogenic evasion.
Using X-ray crystallography, complemented with proteomics, biochemical/biophysical and cell biological methods, we want to gain an insight into the function
of host- and pathogen-derived proteins in the context of host cell defense by
autophagy and immune evasion. The process from protein to structure comprises a number of different steps as depicted in the structural biology workflow
(Fig. 3). We are currently expressing, purifying and crystallizing various target
host-proteins and proteins from pathogens that modulate autophagy (Fig. 4) for
further structural and biochemical characterization.
Perspectives
Despite of the current research on autophagy, the fundamental processes that
regulate different stages of autophagy, as well as the strategies pathogens use
to evade or exploit autophagy, are not well understood. In addition, the impact
of mutations on the function of autophagy-regulating genes, as seen in Crohn’s
disease, is still elusive at the molecular level. Protein structures of these central
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key players in autophagy, pathogenic modulator proteins and their targets in
the host will greatly contribute to our knowledge of autophagy regulation and
the interplay of host and pathogen in pathogen defense and infection processes. These proteins represent important therapeutic targets since a selective
suppression of immune evasion mechanisms might allow us to reactivate the
host defense mechanism autophagy and consequently counter the infection. A
detailed understanding of autophagy regulation and pathogenic evasion mechanisms at atomic level may thus help to find novel ways of therapies for diseases
linked to infection and defects in autophagy.

In summary, we aim at:
• Analyzing regulatory mechanisms in autophagy
• Understanding pathogen detection mechanisms at the molecular level
• Unraveling the structural basis of pathogenic evasion mechanisms
• Utilizing the gained knowledge to counter infections and pathogenic
immune evasion processes

Andrea Scrima born in 1977 in Dortmund, Germany, is head of the Junior
Research Group Structural Biology of Autophagy at the Helmholtz Centre for Infection Research (HZI). He studied at the Ruhr-University Bochum and obtained
a biochemistry degree from the university in 2002. In 2006 he was awarded a
PhD for his thesis work on the structure and function of GTPases at the MaxPlanck Institute of Molecular Physiology, Dortmund, Germany. Afterwards he
spent almost 5 years as postdoctoral scientist at the Friedrich Miescher Institute
in Basel, Switzerland, as an EMBO and Ambizione (SNSF) fellow. After his postdoctoral work on UV-damaged DNA recognition in the context of nucleotide
excision repair, he joined the HZI in 2011 as head of the Junior Research Group
Structural Biology of Autophagy. The main area of research of his group is the
structural and functional characterization of regulatory processes in autophagy
and of host-pathogen interactions with a focus on autophagy-mediated pathogen defense and pathogen-derived immune evasion mechanisms.
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Actinobacteria Biosynthetic Potential
For a long time actinobacteria and streptomycetes in particular were
considered as an important source of natural products, but nevertheless in
last years interest in them reduced as a consequence of a decrease of new
antibiotics of actinomycetal origin introduced into the market. It was even
regarded that actinomycetes are exhausted sources of natural products;
however, results of sequencing data give completely opposite evidence. Genomes of streptomycetes contain huge underexplored potential to produce
secondary metabolites. Most genomes contain more than twenty gene clusters responsible for production of secondary metabolites with only few being
active and explored. One of the most important current tasks of streptomycetes genetics is to unveil their full potential as a source of new biologically
active compounds.
Since most streptomycetes species are rather difficult to manipulate genetically,
the easiest and the most common way to discover products encoded by “sleeping” cryptic secondary metabolite gene clusters is to express them in a heterologous host. Such a host usually has a well-developed system for genetic manipulations that allow to easily engineer and tune newly introduced biosynthetic
pathways. Among all streptomycetes strains used as a heterologous host so far,
Streptomyces albus J1074 seems to be one of the best and most widely used.
Host optimization
One of the major interests which we are following is optimization of S. albus
as a heterologous host for the production of diverse secondary metabolites of
actinomycetal origin. In our understanding, host optimization process requires
resolution of three main tasks: deletion of all secondary metabolite clusters,
overall genome minimization and its metabolic engineering to meet all requirements for overproduction of target heterologous compounds. As already
mentioned, actinomycetes contain numerous secondary metabolite pathways
encoded in their genomes and S. albus is not an exception. Their presence is
a serious drawback of a heterologous host since they consume cellular metabolites, which could be and should be directed for the production of target
compound. Furthermore, production of “native” compounds can complicate
detection and purification of heterologous compounds. Except gene clusters for
the production of natural products genome of S. albus contain a lot of genetic
information which is not necessary for survival in laboratory conditions. As it
was already shown in E. coli, the deletion of unnecessary DNA regions (genome minimization) often improves the properties of the engineered strain like
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genetic stability, frequencies of DNA transformation, growth rate, etc. Several
examples of positive effects of large DNA deletions in streptomycetes are also
known. Thus partially minimized S. coelicolor and S. avermitilis strains displayed
higher levels of production of heterologous compounds. Genome minimization
of S. albus requires many consecutive manipulations with large DNA fragments.
Such a task is almost impossible to accomplish using traditional genome engineering approaches. Here we use our “in-house”-developed technology for the
DNA manipulations in actinomycetes exploiting recombinogenic engineering
(FLP-FRT, Cre-loxP, Dre-rox, Tn5, Himar1 and I-SceI systems). The main advantage of utilization of site-specific recombinases is their ability to recognize short
cognate DNA sequences (binding sites) and to perform precise and effective
recombination between them, no matter how distantly they are located. For
example, by inserting binding sites for certain recombinase on the borders of a
large DNA fragment, it will be deleted or inversed (depending on site’s orientation) after expression of cognate recombinase.
One of the major features of a chassis-strain for the expression of natural product biosynthetic pathways is high levels of target compound production. On the
way to reach high productivity a problem of limited precursors has to be solved.
Mainly we focus on optimization of S. albus for the production of polyketide and
therpene antibiotics that use acetyl-, malonyl-CoA and isopentenyl pyrophosphate that is also derived from acetyl-CoA respectively. In order to reach this
goal we establish metabolite network of S. albus to predict which metabolic
reactions should be blocked or down-regulated to redirect metabolite flow in
the way to accumulate natural product precursors. Such changes in metabolism
of S. albus are being introduced by gene inactivation and tuning of their expression level using “in-house”-developed site-specific recombinase tools as well as
synthetic biobricks (promotors, ribosome binding sites, terminators).
Standard biological parts for actinobacteria
Alias, ease of engineering and tuning the introduced biosynthetic pathways does
not come naturally. At the very least, controlling gene expression requires the
use of proper promoters, ribosome binding sites, and terminators. This is where
the design and construction of standardized, modular biobrick libraries helps
minimizing routine efforts. However, biobricks construction is a challenging task
by itself.
Gene expression in bacteria is mainly controlled at the transcriptional level, and,
therefore, the promoter is the most efficient tunable element. Simply collecting the strongest promoters will not help though: one needs the entire range of
promoter strengths to fine-tune cluster expression (for example, because of the
toxicity of some essential compound components). Usually, promoter library
construction methods rely on random modification of existing promoters in
spacer regions between the consensus sequences and then measuring strength
of the resulting promoters. Thus, the proper (sensitive, reliable, easy to use)
reporter gene system becomes an important pre-requisite and we had already

Project Members
Bohdan Bilyk, Oksana Bilyk, Dr. Elke
Brötz, Dr. Lilya Horbal, Dr. Andriy
Luzhetskyy, Niko Manderscheid, Dr.
Maksym Myronovskyi, Dr. Yuriy Rebets, Dr. Bogdan Tokovenko

82 | Focus and Highlights | New Junior Research Groups

HL11JRG2_Luzhetskyy_Abb

Fig.1. Schematic overview of the constructing procedure for the “actinobricks” library
(promoter in this case). Degenerated
promoter sequence included in the reverse
primer marked in red colour. N stands for
any of the four nucleotides. PCR product
after amplifying the hygromycin resistance conferring gene (hygR) contains the
synthetic promoter sequence (red). In
the final plasmid the synthetic promoter
drives the expression of the gusA reporter
gene. aadA - spectinomycin resistance
conferring gene flanked by the terminators,
attP - phage attachment site for integration, int - integrase gene. The activity of
GusA enzymes, reflecting the strength of
the synthetic promoter is measured on the
spectrophotometer. Figure: Luzhetskyy

tackled that problem using the synthetic β-glucuronidase gene (GUS). We had
also constructed a versatile synthetic 60-promoter library (Fig.1). With the help
of RNA-sequencing data we were able to confirm that our GUS reporter system
is not affected by translation-level gene expression variations.
Another important component is the RBS, which controls the rate of translation initiation from our target transcript. Fortunately, computational tools had
already been developed for tuning the RBS sequence to the desired initiation
rate. However, successful application of computational RBS design demands a
high-quality genome assembly and annotation (including the 16S RNA, which
confers strain specificity for initiation rate tuning).
The two briefly described biobricks are the examples of success while they also
represent the most basic levels of control. For achieving that success, we had
already employed genome sequencing, assembly and annotation, as well as
RNA-sequencing. Higher-level biobricks (inducible promoters, tunable intergenic
regions, entire biosynthetic mini-clusters, regulatory feedback loop constructs,
gene expression switches with memory independence from the presence of the
switching compound), as well as metabolic-level tuning, will require additional
methods, such as genome-wide inference of gene regulatory and metabolic
networks, experimental (stable-isotope) and computational flux analysis, yield
optimization, etc. Despite the obvious complexity, we believe in the utmost
importance of pushing forward the development of biobricks to fully exploit the
biosynthetic potential of actinobacteria.
Regulatory network targeting
All afore mentioned approaches are based on the deep understanding of genetics, biochemistry and molecular biology of the target strains. However, a lot of
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genes involved in control of secondary metabolism remain unknown. Streptomycete’s genomes usually contain a significant number of genes involved in
transcriptional regulation. The currently known regulatory network controlling
secondary metabolism covers only some part of them, while function of the
rest remains unclear. Development of effective streptomycetes host requires
a deep understanding of regulatory network controlling secondary metabolism
genes expression that is impossible without identification of all major players of
these processes. The indispensable tool for this task is the system of random
mutagenesis that allows not only obtaining mutants with high frequency but
also will provide methods for simple screening and identification of desired
mutations. Different transposon mutagenesis approaches were applied in
streptomycetes research including classic in vivo and in vitro systems. However,
all of them have some disadvantages due to low frequency or locus-specificity
of transposition or impossibility of direct phenotypical screening and characterization of obtained mutants. Recently, we reported the development of two synthetic in vivo transposon systems based on natural Tn5 and Himar1 transposons
and their effective utilization in different streptomycetes species. Both systems
show high frequencies of transposition, have low specificity of integration as
well as provide a simple and rapid way of identification of mutations. Combining
these systems with the sensitive reporter system based on β-glucuronidase
gene simplifies selection of regulatory elements controlling particular biosynthetic processes.

The genomic era in streptomycetes research unveiled enormous hidden
potential of these bacteria to produce multiple secondary metabolites
with new structures and biological activities. Post-genomic research
in this field first off all is directed to embody this hidden potential into
new antibiotics, immunosuppressants, herbicides etc. First step in this
direction is the development of an effective toolbar of genetic manipulations in streptomycetes with the final goal of obtaining a universal host
for expression of heterologous secondary metabolites genes. Our current progress in this direction gives hope to develop a full such system
including tools for simple and rapid gene identification, deletion, expression and modification. This will open new horizons in studying of cryptic
secondary metabolite gene clusters from different sources leading to
production of novel biologically active compounds.

Andriy Luzhetskyy born in 1977, obtained his Diploma (1999) and Ph.D. (2004)
in Biology at the Ivan Franko Lviv National University, Ukraine. He worked as
a PostDoc in the Department of Pharmaceutical Biology and Biotechnology at
Freiburg University, Germany (2004-2010). Since 2011 he is the Head of the
Junior Research Group “Actinobacteria Metabolic Engineering” at the HIPS in
Saarbrücken.

Streptomyces sp. isolated in the Nikitsky
Botanical Garden of Crimea (Ukraine)
HIPS/Luzhetskyy
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Molecular Mechanisms of Salmonella
Virulence and Type-III Secretion
Salmonella are motile, Gram-negative pathogens that can infect mammalian
cells. Outbreaks of salmonellosis are a great economic and health problem
worldwide. Salmonella bacteria swim through liquid environments by
rotating a helical organelle, the flagellum. The flagellum is functionally and
structurally related to virulence-associated type-III secretion systems (injectisome or needle complex) of pathogenic bacteria. The ability to move is of
crucial importance for Salmonella virulence and infection of eukaryotic cells.
Although the importance of bacterial motility and type-III secretion for the
virulence of Salmonella is established, a detailed understanding of the
molecular mechanisms and interplay between those systems during infection is missing.
Bacterial motility
Motility allows Salmonella bacteria to reach a preferred site of colonization.
However, the large polymeric flagellar filament represents the major antigen on
the bacterial cell surface. The role of flagella and bacterial motility during the
Salmonella infection process is complex and little understood. Preliminary data
indicate that motility and flagellar structures have evolved in Salmonella to fit
the optimal requirements for virulence and pathogenicity. In addition, a complicated regulatory cross-talk between the flagellar and virulence systems ensures
optimal gene expression at specific points in the infection cycle.

Fig.1. Schematic structure of the bacterial
flagellum (A) and the type-III injectisome
(B). Many components of the flagellum and
injectisome are structurally and/or functionally related. OM = outer membrane;
PG = peptidoglycan (cell wall); IM = inner
membrane. © Marc Erhardt

HL13JRG4_Erhardt_Fig.1_15.1.13
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Type-III secretion
Both the flagellum and the injectisome feature a related type-III protein export
machine at the base of the respective nanomachines. Injectisome type-III
secretion systems secrete effector proteins into eukaryotic host cells which
results in the internalization of the bacteria. The bacterial type-III export apparatus is an impressive molecular machine, exhibiting both high speed and
stringent substrate discrimination. The secretion apparatus specifically
recognizes and exports a few proteins among the many thousands within
the cell by using energy from the proton motive force for protein
translocation. Although the key proteins have been identified, the
mechanism of type-III secretion remains poorly understood. The
component(s) that form the trans-membrane conduit for the substrate
or harness the proton gradient to energize translocation are still unknown.
In addition, no sequence motifs or common patterns have been identified
that can be used to accurately predict type-III secreted substrates.
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The project
Fig.2. Schematic overview of the putaUsing a combination of bacterial genetics, microscopy, biochemistry and infective invasion and intracellular replication
tion biology techniques we study in our research the mechanisms of bacterial
process during Salmonella infection of a
motility during bacteria-host interactions and the molecular function of bacterial eukaryotic host cell. Motility plays a crucial
role in movement towards and invasion of
type-III secretion systems in the Gram-negative pathogen Salmonella enterica.
a eukaryotic host cell. Extracellular flagelBoth bacterial motility and the process of type-III secretion are essential for
lin is recognized by the Toll-like receptor 5
virulence and, therefore, represent attractive targets for new anti-infectives.
(TLR5). Intracellular flagellin interacts with
Our research will provide novel and fundamental insights into our understanding
specific members of the Naip (neuronal
of the molecular details of Salmonella virulence and type-III secretion systems
apoptosis inhibitor protein) family, which
in turn drive assembly and activation of
and thereby the initial events required for the commitment of the pathogens
the NLRC4 inflammasome. Intracellular
to invasive diseases could become clear. Importantly, this knowledge could be
Salmonella replicate inside Salmonellaused to design specific inhibitors of bacterial type-III secretion systems which
containing vacuoles (SCV) where flagellar
might have the potential for new broad-range anti-bacterial agents that are
genes presumably are down regulated.
urgently needed at a time when antibiotic resistance is increasing.
Intracellular Salmonella then exit the host

cell after the biosynthesis of novel flagella.
© Marc Erhardt

Marc Erhardt, born in 1981, obtained his diploma in
biology at the University of Konstanz (2006). He did his
doctoral thesis (Dr. rer. nat.) at the University of Utah,
Salt Lake City USA, and the University of Konstanz
(2008-2011). Postdoctoral scientist in the Department
of Medicine at the Université de Fribourg, Switzerland
(2011-2012). Head of the junior research group Infection Biology of Salmonella at the HZI since 2013.
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secretion. Nature 451, 489-492.*joint first authors
Erhardt, M. & Hughes, K.T. (2010) C-ring requirement
in flagellar type III secretion is bypassed by FlhDC
upregulation. Molecular Microbiology 75, 376-393.
Erhardt, M., Hirano, T., Su, Y., Paul, K., Wee, D.H.,
Mizuno, S., Aizawa, S.I. & Hughes, K.T. (2010) The
role of the FliK molecular ruler in hook-length control
in Salmonella enterica. Molecular Microbiology 75,
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Interplay of Inflammasomes, Commensals
and Pathogens at Mucosal Interfaces
The microbiota and its influence on human health
The microbiota encompasses the diverse population of bacteria, archaea,
and fungi that populate many body sites of multicellular hosts. In mammals,
the largest number of these organisms can be found in the gastrointestinal
tract, with the highest concentrations present in the large intestine. It fulfills
essential tasks for the host metabolism in regulating intestinal epithelial
integrity and repair, as well as mucosal immune responses. The composition
of the microbiota is highly variable depending on body sites but also at the
same site within human individuals. The composition of microbiota is considered a complex phenotype shaped by both environmental and host factors
including the immune system. In humans specifically, changes in nutrition,
immune competence, increased incidence of disease and corresponding use
of medication (e.g. antibiotics), together with advancing age may result in an
altered composition of the microbial community of the gastrointestinal tract
and other mucosal territories.
In general the relationship between the host and the microbiota is considered
peaceful and even mutualistic, hence members of the microbiota are often
named commensal bacteria, from the Latin phrase cum mensa “sharing a
table”, to distinguish them from pathogenic bacteria. This homeostasis may
be disrupted temporarily when pathogens invade, or other environmental
Scanning electron micrograph of intestinal
bacteria in close contact with the epithelial
barrier. HZI
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changes such as antibiotic treatment, trigger the development of an imbalanced microbiota called dysbiosis. Strikingly, dysbiosis has also been noted
in many human conditions and diseases including obesity, diabetes, and
inflammatory bowel disease raising the question of whether dysbiosis is a
by-product of the disease or it has a causative function in disease development and progression. The second hypothesis is supported by several
studies, which demonstrated that by transplantation of a disease-associated
microbiota into germ-free mice, distinct disease characteristics could be
transferred. However, the immunomodulatory abilities of specific members
of the microbiota are unknown and via which mechanisms these occur.

Project Members
Dr. Till Strowig, Sophie Thiemann

The project
Recently we discovered a novel role for the NLRP6 inflammasome in regulation of the intestinal microbiota of mice. In its absence, an altered microbiota
composition develops that increases the severity of experimentally induced
colitis. Strikingly, transfer of the altered microbiota to WT mice resulted in
exacerbated colitis in these mice compared to normal WT mice. We are planning
to study the detailed mechanisms that are involved in NLRP6 inflammasome
mediated regulation of the microbiota and especially which cell types participate in this process. Notably, dysbiosis is observed in many human individuals
with immune-mediated diseases, but its impact on other aspects of immunity is
less well characterized. Hence, we intend to study the effects of the microbiota,
specifically dysbiosis on orchestrating anti-microbial immune responses and the
impact in host response to vaccination.

The knowledge emerging from this work is expected to expand our
understanding of innate and adaptive immune responses in the intestinal
mucosa and pave the road for the development of new therapies and
immune interventions against microbial pathogens.
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Chronic Pseudomonas aeruginosa Infections: Towards Anti-Adhesion Therapeutics
for Biofilm Dispersal and Inhibition
Carbohydrates and glycoconjugates belong to the three major classes of
biopolymers. Complex carbohydrates play important roles in biological
recognition processes that are represented by the presence of dense glycoconjugate layers on cells known as the glycocalyx. Despite their importance,
the study of carbohydrates suffers from limited methods for their synthesis
and analysis contrary to nucleic acids or proteins.
Treatment of chronic infections: disrupting lectin-mediated biofilms
Many human pathogens can establish chronic infections with the help of a
biofilm mode of life. As a protective shield, the matrix of the biofilm renders antibiotics ineffective and secures survival of the embedded pathogen. Novel ways
for treatment address disintegration of such biofilms and thus restore activity
of antibiotics. Frequently, the architecture of biofilms is maintained by carbohydrates and so-called lectins, recognizing and cross-linking carbohydrate motifs

Model of carbohydrate-mediated biofilm
formation by Pseudomonas aeruginosa:
The tetrameric lectins LecA and LecB
maintain the biofilm architecture by crosslinking various glycan structures on the
bacterial envelope, the host cell and the
exopolysaccharides. Blocking these lectins
with small molecules inhibits biofilm
formation. HZI
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of the glycocalyx, both on human cells and pathogens. The inhibition of such
structural components leads to the disruption of a biofilm and thereby allows
treatment of the infection. Pseudomonas aeruginosa is an important pathogen in
hospital-acquired infections and for cystic fibrosis patients. This Gram-negative
bacterium can establish chronic infections in various tissues through assembly
into protective biofilms. P. aeruginosa produces two lectins necessary for biofilm formation, which are focus of our research.

Project Members
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The group of Dr. Alexander Titz aims at the development of antibacterial
drugs using a combination of medicinal chemistry, biochemistry and microbiological methods. Recently, a competitive binding assay was developed for the in vitro evaluation of inhibitors of the Pseudomonas lectins.
In collaboration with other groups at HIPS and the HZI, potent molecules
obtained by the group are then further evaluated in biofilm and infection
models. Such compounds may ultimately lead to successful treatment of
chronic infections without evoking resistances among the pathogens.
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