I \
6™ JOINT CONFERENCE
OF DGHM & VAAM

3-11
March

2020
Leipzig

|
D | 15

72" Annual Meeting Annual Meeting 2020

German Society for Association for General and
Hygiene and Microbiology Applied Microbiology



001-EMV

Impact of ocean acidification on microbial eukaryotes from
the Timor Sea

*J, Rahlff*?, S. Khodami®, L. Voskuhl?, M. P. Humphreys*®, C.
Stolle!®?, P. M. Arbizu®, M. Ribas-Ribas*

!Institute for Chemistry and Biology of the Marine Environment
(ICBM), Carl von Ossietzky University Oldenburg, Wilhelmshaven,
Germany

2Institute for Environmental Microbiology and Biotechnology,
University of Duisburg-Essen, Essen, Germany

3Senckenberg am Meer, German Center for Marine Biodiversity
Research, Wilhelmshaven, Germany

“Ocean and Earth Science, University of Southampton Waterfront
Campus, National Oceanography Centre Southampton,
Southampton, United Kingdom

SNIOZ Royal Netherlands Institute for Sea Research, Utrecht
University, Department of Ocean Systems (OCS), Texel,
Netherlands

SLeibniz Institute for Baltic Sea Research (IOW), Rostock, Germany
’Project management Jilich, Rostock, Germany

Introduction

Increased anthropogenic carbon dioxide (CO2) emissions
drive climate change and pose one of the major challenges
of our century. CO: effects in the form of ocean acidification
(OA) on the communities of marine microbial eukaryotes
from the Timor Sea are barely understood.

Objectives

The study objective was to reveal effects of high CO2 versus
in situ CO2 seawater on the community composition of
therein living marine microbial eukaryotes immediately and
after 48 hours of treatment exposure.

Materials & methods

In a shipboard microcosm experiment, seawater from 65 m
depth of the Timor Sea was acidified in bottles to pH=7.6
corresponding to a pCO2=1668 patm and compared to in situ
conditions at pH=8.1 and pCO2=463 patm (both n=3). After
filtration and nucleic acid extraction from time zero and after
48 hours, lllumina sequencing of the V9 hypervariable region
of 18S rRNA (gene) was used to study the eukaryotic
community composition. In addition, chlorophyll a content,
and the concentration of extracellular carbonic anhydrase, an
enzyme with a role in concentrating CO2, were measured.

Results

Down-regulation of a carbon concentrating mechanism within
48 hours occurred faster in the high CO: treatment. We
detected significant suppressing effects by OA, compared to
in situ conditions on the eukaryotic operational taxonomic
units (OTUs), including diatoms and haptophytes. These
effects were often consistent between abundant (DNA-
based) and active (cDNA-based) taxa after 48 hours, e.g. for
the diatoms Trieres chinensis and Stephanopyxis turris, and
also applied for OTUs with rel. abundance <0.01%. A bottle
incubation effect aligned the abundance of abundant and
active OTUs. It further allowed certain taxa to flourish and to
study their response to the high CO: treatment.

Conclusion

The microbial eukaryotes showed some adaptation to the
CO:2 treatment over time, but many OTUs were adversely
affected by OA-driven seawater pH changes. While effects
on rare taxa are particularly prone to be overlooked, OA
effects might fundamentally impact on the basis of marine

biodiversity implicating unpredictable outcomes for food web
functioning in a future ocean.
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Global warming leads to permafrost thawing which
stimulates microbial carbon turnover and the formation of
greenhouse gases. Permafrost does not only warm and thaw
on land but also on the Arctic shelf where submarine
permafrost covers about three million km?2. Yet, very little is
known about how microbial communities respond to warming
and thawing of permafrost deep below the seafloor.

We studied microbial community abundance and
composition in submarine permafrost relative to onshore
permafrost with a focus on the microbial community
response to long-term submarine permafrost warming and
seawater penetration.

The microbial abundance as a measure of total cell counts
and quantitative PCR, as well as community composition and
diversity based on 16S rRNA Illumina sequencing were
investigated in permafrost cores from two locations in the
Siberian Laptev Sea, where permafrost had been subjected
to submarine conditions for centuries to millennia. Molecular
biological analyses were related to permafrost temperature,
pore water composition, and paleo-climatic proxies in order
to identify which of these factors control the response of
permafrost microbial communities to submarine conditions.

The combination of centennial permafrost warming and
seawater infiltration resulted in a loss both of microbial
abundance and bacterial diversity. At the same time, the
bacterial community of warmed permafrost without thaw was
still determined by the environmental and climatic conditions
at the time of sediment deposition rather than by the
temperature increase over centuries. A stimulating effect of
permafrost warming was reflected in an increased microbial
abundance and in reduced amounts of substrate only
millennia after sea water inundation.

In summary, despite the exposure to submarine conditions
for centuries to millennia, the bacterial permafrost community
generally resembled that of terrestrial permafrost without a
clear influence on it due to submarine permafrost warming.
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Abundance and community composition of methanotrophic
bacteria depend on small spatial scale changes in an arctic-
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Arctic-alpine ecosystems show a high spatial heterogeneity,
which is related to differences in elevation and micro-
topographic features like slopes, ridges and depressions. We
hypothesize that this spatial variation supports different
habitats for aerobic methanotrophic microorganisms due to
changes in soil moisture and temperature regimes. We
extracted DNA from 96 soil samples taken from two
mountain regions in the Norwegian Scandes with strong
gradients in micro-topography and elevation. Quantitative
PCR and amplicon sequencing of the functional marker gene
pmoA was used to investigate differences in methanotrophic
abundance and community composition. To explore the
effect of long-term temperature and soil moisture regimes on
the methanotrophic communities, partial least square
regression (PLSR) analysis was performed. First results
indicate that the pmoA copy number decreases in
depressions with increasing elevation, but this elevational
trend was not observed within other micro-topographic
locations. PLSR analysis showed that the main driver for
variation in methanotrophic abundance was the long-term
mean soil moisture, recorded over a period of five years. The
methanotrophic community composition between sites was
similarly affected by elevation and micro-topography
(ANOSIM, R=0.28, P < 0.001 for both factors). Phylogenetic
identification revealed that high abundant members (> 1%
relative abundance) of the upland soil cluster (USC) a
increased in relative abundance with elevation. Moreover,
USC a OTUs were more abundant at ridges, while
depressions were dominated by Cluster 5 and Methylocystis
strains. PLSR with the community compositional data are
ongoing to assess the relevance of soil factors (pH, organic
carbon, nitrogen content), long-term temperature and soil
moisture conditions on the methanotrophs in this ecosystem.
Our data demonstrate that the distribution of methanotrophic
bacteria is spatially very variable in an arctic-alpine
ecosystem and suggest that soil moisture is likely a major
driving factor for this pattern.
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The major threats for amphibian population declines are
habitat degradation, climate change and spread of
pathogens, such as the pathogenic fungus Batrachochytrium
dendrobatidis (Bd). Amphibian skin bacteria may play a
crucial role in protecting their host against pathogens.
However, current findings vary from study to study. For
example, we are largely oblivious if anthropogenic factors
alter the amphibian skin microbiome and thus its potentially
protective role. In this study, we compared the skin
microbiome composition of Bd -infected tadpoles with non-
infected individuals for the species Alytes obstetricans using
16S rRNA (bacteria) and 18S rRNA (micro-eukaryotes) gene
based high throughput sequencing (lllumina MiSeq).
Individual Bd infection state of A. obstetricans tadpoles was
determined using gPCR. In addition, we also compared the
skin microbiome of Alytes obstetricans tadpoles with the skin
microbiome of Rana temporaria and Bufo bufo in 20 different
Pyrenean lakes. These data were analyzed in regard to
different anthropogenic pressures (such as touristic impact,

livestock and presence of fish) and temporal variability
(beginning, middle and end of summer). Our results show
that seven out of 20 lakes were infected with Bd, with, at
least, 10% prevalence on the sampled individuals. We found
a significant difference in the bacterial richness between the
three species across the lakes (p=0.01) with posterior
pairwise comparison showing a more strong difference
between Rana temporaria and Alytes obstetricans (p<2e-6).
Differences were also detected between infected and non-
infected individuals of A. obstetricans (p=0.01) combining the
data of the three periods. The most frequent genus was
Limnohabitans, a known freshwater bacterial taxon, which
was present in 55% of all samples and which was more
abundant in A. obstetricans and R. temporaria than in B.
bufo. The first results show a higher influence of the host and
the environment on the microbiome composition than of the
presence of Bd on A. obstetricans samples. We will further
discuss the bacterial dataset in the context of environmental
factors and the Bd distribution.
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Extended-spectrum beta lactamase (ESBL)-producing E.
coli released with manure and biogas plant digestates into
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Extended-spectrum beta lactamase (ESBL) producing
Escherichia coli are a health care problem today. Intensive
application of antibiotics in livestock increases the release of
ESBL E. coli via manure into soil, ground and surface
waters. Beside the direct application of manure as fertilizers
on fields, manure is anaerobically digested in small scale
biogas plants in Germany which should reduce the
abundance of ESBL E. coli in digestates and subsequently
their release to the environment if the digestate is used for
fertilization. As part of the international JPI-EC-AMR
collaborative project Antimicrobial Resistance Manure
Intervention Strategies (ARMIS), we study the abundance
and antibiotic resistance patterns of ESBL E. coli in both
manure and biogas plant digestates by a cultivation
approach. So far input and output samples of five German
Biogas plants (four mesophilic and one thermophilic) were
investigated. ESBL E.coli were cultured on TBX agar with 4
mg L-1 cephalosporins which was incubated for four hours at
37°C and 20 hours at 44°C. In addition a pre-enrichment was
performed according to Schauss et al. (2015) to enhance the
detection efficiency. ESBL E. coli were cultured by direct
plating from manure and after pre-enrichment also form
output material. Genomic fingerprinting showed the presence
of the same genotypes in input and output samples
indicating a transfer of ESBL E. coli through the biogas
plants. The strains contained blaCTXM and blaTEM genes.
Whether or not differences in the antimicrobial resistance
pattern is caused by anaerobic digestion, has to be further
investigated.
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Introduction



Bacteria and chemical pollutions are indicators for the
ecological health of water bodies. In recent years antibiotic
resistant bacteria, as well as antibiotic residues and antibiotic
resistance genes have disseminated to surface waters.
Those parameters play a crucial role in the healthcare
system due to the life threatening risk multidrug resistant
bacteria pose to humans.

Objectives

The aim of this study was to depict a weekly profile of
antibiotic residues, antibiotic resistant bacteria and antibiotic
resistance genes in wastewater of a maximum care hospital
to monitor the dissemination of these parameters into the
environment.

Materials & methods

In total 504 one hour mixed wastewater samples were taken
to build a weekly profile of the researched clinic using an
automated sampler. All water samples were analyzed for
antibiotic residues, antibiotic resistant bacteria and antibiotic
resistance genes. Quantitative analysis of 43 antibiotic
residues was performed using LC-MS/MS. Resistance genes
were examined using real time polymerase chain reaction
(RT-PCR). Cultural analysis for multidrug resistant bacteria
was performed using chromogenic selective agar plates
(MRSA, VRE, ESBL) and morphological and physiological
characteristics. The isolates were identified using MALDI-
TOF MS and further characterized via microbroth dilution.

Results

The examined hospital wastewater contained residues of
clinically important antibiotics, for example meropenem and
vancomycin in varying concentrations. Further, relevant
antibiotic resistance genes (carbapenemases) were detected
throughout the whole sampling period. In addition, antibiotic
resistant bacteria were identified in all water samples,
including resistant strains of Pseudomonas aeruginosa,
Enterobacter cloacae and Escherichia coli.

Conclusion

Hospital wastewater consists of high concentrations of
clinically relevant antibiotic residues, highly resistant bacteria
and high amounts of antibiotic resistance genes. To prevent
the further dissemination and acquisition of resistance and to
protect the health of society, a specific treatment of hospital
wastewater is needed.
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Introduction Multi-drug resistant microorganisms may pose
an increasing threat to human health. Thus, accurate and
rapid detection of their resistance patterns is required.

However, a standard method for susceptibility testing in
drinking water analytics is still missing. The MALDI-TOF MS-
based direct-on-target microdroplet growth assay (DOT-
MGA) is a novel approach for rapid antibiotic susceptibility
testing of bacteria and could become an alternative for
testing microorganisms isolated from drinking water systems.

Objectives We aimed to establish a DOT-MGA approach for
rapid AST of Enterobacterales isolated from drinking water
systems, using adapted growth conditions for these isolates.

Material and Methods Isolates from drinking water systems
were used. Overnight cultures were done on blood agar or
yeast extract agar at 25°C or 35°C, respectively. Applying
the new MBT FAST prototype kit (Bruker), DOT-MGA was
performed with six clinically relevant Enterobacterales-active
antibiotics at EUCAST breakpoint concentrations. In addition
to cation-adjusted MH broth, nutrient broth (Oxoid) was used.
Microdroplets of 6 pl were spotted in duplicates directly onto
the spots of a MBT Biotarget 96 and incubated in a humidity
chamber for 4.5, 8 and 24 h at 25°C or 35°C, respectively.
Subsequently, medium was removed using absorbent pads
and MBT FAST Matrix was added. Measurements were
performed in duplicate using MBT FAST settings and spectra
were evaluated with the MBT FAST prototype.

Results Overall, best test performance was achieved using
nutrient broth at 35°C. Comparing the results of the DOT-
MGA with those obtained by the standard broth microdilution
according to EUCAST after 4.5, 8 and 24 h incubation,
categorical agreements of 94, 96 and 96%, respectively, with
test validity of 92, 92 and 75% were observed.

Conclusion This study indicated that rapid antibiotic
susceptibility testing of Enterobacterales isolated from
drinking water systems using the MALDI-TOF MS-based
DOT-MGA is feasible and accurate within 4.5 h using special
growth conditions. Standardization, improved spectrum
evaluation and confirmation of this proof-of-principle study"s
results are needed.
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Fusarium Wilt disease (Fusarium oxysporum f.sp
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Fusarium oxysporum f.sp lycopersici which causes wilt
disease is one of serious detention in cultivating tomatoes
which can cause losses up to 100%. Synthetic fungicides
usage which usually used in controlling plant pathogens may
caused resistance to these soil-borne pathogens, thus
making it more difficult to control. Control by utilizing
biological agents such as endophytic bacteria may become
an alternative that can be developed. The purpose of this
study was to acquire the best consortium from selected
indigenous endophytic bacterial isolates that -effectively
control Fusarium oxysporum f.sp lycopersici and promote
tomato growth and vyields. This study was designed in
experimental study using a completely randomized design.
The treatment given was the introduction of indigenous
endophyte bacteria consortium with 3 replications. The
results obtained were by 6 consortiums of compatible
endophytic bacteria to be combined. The consortiums 2,4, 5
and 6 were the best consortia that effectively controlled
Fusarium oxysporum f.sp lycopersici with incidence reduced



up to 100% and were able to increased tomato yield by fruit
weight 53.60 gr / plant.

Keywords: Endophytic bacteria, Consortium, Fusarium wilt
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Introduction:

It is proven that the inoculation of sterile body fluid in blood
culture bottle is beneficial for isolating more significant
pathogens. EUCAST'S RAST has yet only been evaluated
for positive blood culture bottles, so it is still unclear if RAST
is also applicable on sterile body fluids in blood culture
media.

Objectives:

The objective of this study was to test the applicability of
RAST on sterile body fluids in blood culture bottles and to
evaluate its performance regarding category agreement and
errors.

Materials & methods:
Positive blood culture bottles (BACTEC™  Aerobic,
BACTEC™ Anaerobic, BACTEC™ PED) inoculated with
sterile body fluid (e.g. joint fluid, ascites, dialysate) from
patients were subcultured onto Columbia 5% SB agar,
chocolate agar, MacConkey agar, Schaedler agar (if
anaerobic) and Mueller-Hinton agar. On latter, six commonly
used antibiotic discs were added (cefoxitin, ampicillin,
vancomycin, piperacillin/tazobactam, meropenem and
ciprofloxacin). Subculture and streaking was done in the
semi-automatic part of total lab automation (TLA).
Subcultures and RAST were imaged after 6h and MALDI-
TOF MS was performed with 6h growth. Zone sizes were
measured using the ReadA Browser software of the TLA and
interpreted according to RAST breakpoints for positive blood
culture bottles (Version 1.0/1.1). MIC values were
determined using VITEK2 panels for all isolates.

Results:

In the time period of November 2018 to August 2019
Staphylococcus aureus (n=143), Enterococcus spp. (n=72)
and Escherichia coli (n=33) were the most frequent detected
pathogens. Comparison of RAST and MIC results showed
5.6% of major errors for Enterococcus spp. in Ampicillin and
3.9% in Vancomycin. 7.7% of minor errors were found for
E.coli. Very major errors were not found for any pathogen. 3
and 18 samples were found with area of technical
uncertainty (ATU) in gram-positive cocci and E.coli,
respectively. Category agreement between MIC values and
RAST was 94.6%.

Conclusions:
Applicability and performance of RAST on sterile body fluid
in blood culture bottle is promising and patients may benefit
from the rapid procedure. Further investigation of ATU is
recommended.

010-DKMV

MALDI-TOF MS-based optochin susceptibility testing for
differentiation of Streptococcus pneumoniae from other
Streptococcus mitis group streptococci

*1. D. Nix}, E. A. Idelevich?, A. Schlattmann?, K. Sparbier?, M.
Kostrzewa?, K. Becker'®

University Hospital Minster, Institut of Medical Microbiology,
Mdinster, Germany

2Bruker Daltonik GmbH, Bremen, Germany

SUniversity Medicine Greifswald, Friedrich Loeffler-Institute of
Medical Microbiology, Greifswald, Germany

Introduction

Differentiation of Streptococcus pneumoniae from other S.
mitis group streptococci (SMGS) using MALDI-TOF mass
spectrometry (MS) is still challenging. For identification of S.
pneumoniae, optochin susceptibility test (OST) by disk
diffusion is one of the methods recommended by the WHO.
Since MALDI-TOF MS has become standard for microbial
identification, using this technology even for this purpose
would simplify routine workflow.

Objectives

We aimed to develop a novel MALDI-TOF MS-based OST
for differentiation of S. pneumoniae from other SMGS using
the recently introduced MALDI-TOF MS-based direct-on-
target microdroplet growth assay (DOT-MGA).

Material and Methods
For test development, reference strains and clinical isolates
(n=13) were used. To define a provisional breakpoint (BP) for
optochin susceptibility, MICs were determined by broth
microdilution method according to CLSI. For DOT-MGA,
bacterial suspensions in cation-adjusted MH broth with lysed
horse blood were added with or without 2, 4 or 8 pg/mL
optochin in duplicates directly onto the spots of a disposable
MBT Biotarget (Bruker) as microdroplets of 6 pl. The
inoculated targets were incubated for 24h at 35°C in the
incubation chamber (MBT FAST Shuttle). Subsequently,
medium was removed using the stamp device and 1 pl
formic acid was added onto dried spots, before adding MBT
FAST Matrix. Measurements were performed in duplicate
using MBT FAST settings.

Results

Optochin MICs for S. pneumoniae and for S. mitis /S. oralis
were in range 0.25-0.5 pg/mL and 8-128 pg/mL, respectively.
Provisional optochin BPs of 2, 4 and 8 ug/mL were tested.
Applying the DOT-MGA, successful detection of growth
control (MALDI Biotyper score 21.7) was achieved in 100%
of tests. 100% sensitivity and 100% specificity were achieved
with all tested BP concentrations when Biotyper score 21.7
was defined as optochin-resistant and score

Conclusion

MALDI-TOF MS-based OST is a suitable method to
distinguish  pneumococci from viridans streptococci.
Standardization, automated spectrum evaluation and
confirmation of this proof-of-principle study"s results in
further studies are needed.
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Automated antimicrobial susceptibility testing of
common gram-negative pathogens — How exact are
commercial systems?

*J. Dick, M. Marschal®, U. Schoppmeier?, S. Peter!
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Introduction: Antimicrobial susceptibility testing (AST) is one
of the key challenges of clinical microbiology. Automated



systems are commonly used for high-throughput AST in
clinical laboratories. Compared to broth and/or agar dilution
tests as reference method, automated systems facilitate AST
in a standardized setting while requiring less personnel
resources and are able to provide results in shorter time
courses. However, in terms of minimum inhibitory
concentration (MIC) determination, these systems are
regarded as inferior and thus reporting of MICs is
controversial.

Objectives: Compare the susceptibility testing of clinically
relevant gram-negative bacteria in automated AST systems
of three different common manufacturers (Beckman Coulter,
BD and bioMérieux) with broth microdilution tests by
MERLIN or polymerase chain reaction (PCR) for molecular
resistance determinants.

Methods: A total of 230 strains of Enterobacterales and 50
strains of Pseudomonas aeruginosa were tested for
categorial agreement applying EUCAST interpretative
criteria, and essential agreement (MIC + one 2-log level
range). For Enterobacterales, 11 antimicrobial substances,
for P. aeruginosa 8 substances, respectively, were compared
to broth microdilution test results. Additionally, in
carbapenemase producing organisms (CPO) beta-lactam
susceptibility results were compared to molecular resistance
determinants.

Results: The overall agreement for all systems with the
reference method was >90%, which met the criteria of the
ISO 20776-2:2007 standard. Major differences appeared in
"soft criteria™: hands-on time and time-to-result differed
considerably among AST devices. Agreement rates
depended on substance and microorganism rather than on
manufacturer or method.

Conclusion: Automated AST results delivered MICs more
rapidly than the reference method; notably, fast results did
not equal less accurate results for the majority of tested
substances against gram-negative pathogens.
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Tick-borne encephalitis virus (TBEV) non-structural
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vaccination antibody responses.
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Tick-borne encephalitis (TBE) is an important central
nervous system (CNS) infection in Europe and Asia caused
by the tick-borne encephalitis virus (TBEV). It is a flavivirus
belonging to the tick-borne group. Effective vaccines against
TBE are available in the affected countries. Diagnosing TBE
is challenging due to cross-reactive antibodies between
different viruses of the genus Flavivirus, family Flaviviridae.
Furthermore, due to the increasing vaccination rate against
TBEV differentiation between infection-induced and vaccine-
induced antibodies can be difficult and in many cases
impossible. We present a new approach to detect antibodies
against the TBEV non-structural protein 1 (NS1) as a
diagnostic marker, which is exclusively indicative for virus
replication in natural infection on the basis of an enzyme-

linked immunosorbent assay (ELISA) A total of 188
anonymized serum samples from the National Consultant
Laboratory for TBEV were included in our study. is The test
was validated according to the European Laboratory Norm
DIN EN ISO 15189 for diagnostic use. The enzyme-linked
immunosorbent assay (ELISA) for the detection of TBEV
NS1 specific IgG class antibodies reached a sensitivity of
>94% and a specificity of >93% in broadly cross-reacting
sera from patients with vaccinations against flaviviral
diseases and single or multiple flavivirus infections. The
detection of anti-NS1 antibodies is feasible and allows a
reliable differentiation between different flavivirus infections
and between TBEV infection versus TBE vaccination.
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False elevated minimal inhibitory concentrations for colistin

due to residual detergent in re-used plastic ware

N. JoR?, M. Rhein?, N. Gold!, N. Pfennigwerth?, *F. D. von
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Germany

Introduction

Because of the rise of multidrug-resistant Gram-negative
bacteria, susceptibility test results for colistin gain increasing
importance. Broth microdilution is the reference method and
warnings against the use of automated systems and gradient
tests due to false susceptible results exist.

Objectives

Minimal inhibitory concentrations (MIC) for colistin measured
by using commercial (E1-099-100) and customized (E1-167-
100) MICRONAUT plates (Merlin, Bornheim-Hersel,
Germany) were compared to test results obtained according
to 1ISO 20776-1:2019 by the German National Reference
Centre for Multidrug-resistant Gram-negative Bacteria.

Material and Methods

63 strains of multidrug-resistant Gram-negative bacteria (57
Enterobacterales, 5 Pseudomonas aeruginosa, 1
Acinetobacter baumannii complex) were included. All
Enterobacterales and A. baumannii complex isolates were
shown to be carbapenemase producers.

Results

65% (41/63) of colistin MIC results differed by a maximum of
one two-fold dilution step. 17% (7/41) of these were clinically
resistant. In 32% (20/63) the MIC measured using
MICRONAUT plates was between two to seven two-fold
dilution steps too high what led in 90% (18/20) to a
categorical error. A thorough investigation yielded that the
false-resistant results were not due to the MICRONAUT
plates per se, but caused by residual detergent in re-used
plastic ware.

Conclusion

Our results favor the application of single-use plastic ware for
colistin MIC testing.
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Synergism of ampicillin, gentamicin, ceftaroline and
ceftriaxone against Enterococcus faecalis assessed in
vivo using the Galleria mellonella infection model

*L. Thieme?, A. Hartung?, O. Makarewicz!, M. W. Pletz*

$Jena University Hospital, Institute for Infectious Diseases and
Infection Control, Jena, Germany

Introduction: Enterococcus faecalis is the third leading
pathogen causing infective endocarditis (IE). Ongoing high
patient mortality rates have prompted the emergence of
novel double B-lactam therapies besides aminoglycoside-
containing regimes. The G. mellonella infection model has
shown increasing popularity among the non-mammalian
infection models in the last years, with the main advantages
being free of ethical constraints and low resource-
consuming.

Objectives: To compare the in vitro and in vivo efficiency,
we have transferred a partial checkerboard set up of
ampicillin+gentamicin, ampicillin+ceftriaxone and
ampicillin+ceftaroline against E. faecalis into the
Galleria mellonella larvae infection model.

Materials and methods: Differentiation of synergistic from
additive interactions was based on the evaluation of larval
survival, haemolymph CFU quantity and a workgroup-
internal pathology score. One-time and triple dosing
schemes based on the half-life of ampicillin were applied.
Pharmacokinetic data of the antibiotics in the larvae were
determined via agar plate diffusion assays.

Results: Ampicillin and ceftriaxone synergized in a strain-
dependent manner in the larvae under both dosing regimens,
while the other two combinations showed additive effects.
Adaptation of the dosing interval to the half-life of ampicillin
led to an increased efficiency of the mono and combined
antibiotics, but hampered the determination of synergistic
effects. G. mellonella larvae allowed for a rapid, low-cost and
reproducible analysis of synergistic effects of antimicrobials
in an in vivo setting, yet not all synergistic effects observed in
vitro could be observed in the larvae.

Conclusion: Our results suggest superior action of ampicillin
plus ceftriaxone for the treatment of high-inoculum
enterococcal infections for at least some strains, but question
the benefit of the current standard gentamicin combination
treatment with its high side effect profile compared to
monotherapy.
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Question: One cornerstone for the diagnosis of Invasive
Aspergillosis (IA) is the detection of galactomannan (GM). So
far, enzyme immunoassays (EIA) are used for this purpose
but they are usually not performed daily resulting in an
undesired delay of test results. Immunochromatographic
assays, like the sona Aspergillus Galactomannan Lateral
Flow Assay (LFA), may overcome this disadvantage. The

LFA detects GM in serum and BALF in one hour without the
need for batch testing. To compare the performance of the
LFA with the PlateliaTM Aspergillus Ag EIA (Asp-EIA) we
have conducted a study on sera from patients after
allogeneic hematopoietic stem cell transplantation (HSCT).

Methods: All patients that underwent HSCT during a one
year period were enrolled. Patients with 1A were classified
according to the EORTC/MSG 2008 guidelines. The LFAs
were analyzed with a digital reader provided by the
manufacturer.

Results: A total of 547 sera from 101 patients after HSCT
were tested. By the end of hospitalization one proven, 10
probable and 19 possible |A cases were diagnosed. The
sensitivity and specificity of a single positive LFA for proven
and probable 1A were 80% and 57%, respectively. Repeat
testing of the LFA-positive serum samples revealed that the
positive result was reproducible in only 58% of samples. The
sensitivity and specificity of a reproducibly positive LFA for
proven and probable 1A were 80% and 77%, respectively.

The Asp-EIA and the LFA are both detecting GM. To directly
compare the two tests the EORTC/MSG-classification was
performed with only culture and (1—3)-B-D-glucan as
mycological criteria. In this case one proven, 8 probable and
21 possible IA cases were diagnosed. The sensitivity and
specificity of a reproducibly positive GM-test for proven and
probable IA were 22% and 97% for the EIA and 78% and
70% for the LFA, respectively. The GM levels determined by
both tests correlated significantly.

Conclusions: The LFA shows a superior sensitivity
compared to the Asp-EIA. Handling of the LFA is easy and
time to result is below 60 min. However, it is highly
recommended to use a digital reading device and to repeat
testing in case of positive results.
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Invasive aspergillosis (IA) is an invasive fungal infection
caused by Aspergillus species and represents a major cause
of morbidity and mortality in patients with impaired
immunological function. A crucial determinant for survival is
early diagnosis followed by targeted therapy. In this
retrospective study, we evaluated the performance of two
newly available serologic tests and compared their
performance with the established and widely used
galactomannan ELISA (GM; Bio-Rad Laboratories)
representing the gold standard of serologic diagnosis.

Sera of 45/ 4 and 47 / 7 cases of proven / probable invasive
aspergillosis were analyzed with the galactomannoprotein
antigen ELISA (GP; Euroimmun Medizinische
Labordiagnostika) and the Wako B-1,3-D-glucan test (BDG;
Fujiflm Wako Chemicals Europe), respectively. 156 and 154



sera of patients without clinical signs for invasive
aspergillosis were included as control cohorts for the
respective assays. Results of GM- and GP-testing of all 423
specimens correlated strongly (r=0.82, p <0.0001). The
sensitivities of both ELISAs were found to be 40 % in the
proven IA cases. Including all available samples of the period
of £7 days GM and GP seropositivity was detected in 47 %
and 56 % of proven IA patients. Both ELISAs are
characterized by high specificity (GM: 99 %, GP: 96 %). BDG
testing was less specific (92 % vs. 99 %) but more sensitive
(57 % vs. 40 %) compared to GM testing. Analysis of all sera
of the +7 days subgroup resulted in increased per case
sensitivities of 47 % (GM) and 68 % (BDG) in the proven IA
population. In cases of concordant positivity (24 cases of
proven / probable 1A), BDG was significantly more often
positive before GM (11 cases vs. one case), with a median
temporal lead of nine days.

Our results demonstrate that the performance of the novel
GP ELISA is similar to the Platelia GM ELISA. The BDG
assay was found to be less specific. However, higher
sensitivity and significantly earlier positivity of BDG testing
back its usage as a diagnostic tool in cases of suspected IA.
The findings underline the importance of repeated
Aspergillus antigen testing in patients at risk for IA.
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Introduction:  Streptomycetes, mycelium forming soil
bacteria, provide a range of industrially important natural
polyketides [1]. A prominent example are pamamycins,
discovered as regulators of cellular morphology and aerial
mycelium formation in S. alboniger [2]. Recent studies
revealed antibacterial activity of different pamamycin
derivatives, which makes them promising for applications in
the health and the agricultural industry [1].

Objective: In this work, the pamamycin producer S. albus
J1074/R2 was characterized on the systems level to
investigate the complex interplay between nutrient supply,
morphology and production performance.

Materials & Methods: S. albus J1074/R2 was analyzed
under a variety of growth conditions by metabolomics and
transcriptomics to gain a detailed insight into the molecular
mechanisms. Hereby, we studied the effect of medium
supplements and talc microparticles to tailor the cellular
morphology of the strain.

Results: The studies revealed a close link between
morphology and pamamycin production. Upon
supplementation with talc, S. albus J1074/R2 formed much
smaller pellets and almost threefold more pamamycin, as
compared to the control. This was accompanied by a global
rearrangement of gene expression, including a strong
activation of the pamamycin gene clusters. In addition,
intracellular CoA-thioester pools were affected, which shifted
the spectrum of the formed pamamycin derivatives to higher
weight variants. Moreover, the nutrient status affected
production, which was again reflected by global changes in

transcriptome and metabolome. The optimized set-up,
provided pamamycin at a high titer of 50 mg L.

Conclusion: Pamamycin production in recombinant S. albus
was improved. Systems biology analysis provides valuable
insights for further strain improvement, using metabolic
engineering.

Acknowledgements: This work was funded by the BMBF
grant "MyBio" (FKZ 031B034A)

1. Rebets, Y., et al., Insights into the pamamycin
biosynthesis. Angewandte Chemie, 2015. 54(7): p.
2280-4.

2. McCann, P.A. and B.M. Pogell, Pamamycin: a new
antibiotic and stimulator of aerial mycelia formation.
The Journal of antibiotics, 1979. 32(7): p. 673-8.
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Introduction

Polymers play an important role in our daily lives and have a
high demand on the scale of megatons per year. The
industrial production of polymer building blocks such as e-
caprolactone (e-CL) is associated with critical environmental
issued such as the generation of toxic waste and high energy
consumption. Consequently, there is a demand for more
eco-efficient and sustainable production routes.

Objectives

The goal of our research is the development of a platform
organism that is able to produce precursors for polymers
such as polycaprolactone or nylon 6.

Material and Methods

In order to develop a biotransformation of cyclohexane to
these monomers, enzymes derived from the cyclohexane
mineralizer Acidovorax sp. CHX-100 were heterologously
expressed in Pseudomonas taiwanensis VLB120. Different
plasmid-based constructs were generated and modified to
prevent the accumulation of intermediate products while
retaining a high catalytic activity.

Results

A biocatalytic cascade based on a cytochrome P450
monooxygenase (CYP), a cyclohexanol dehydrogenase
(CDH), a Baeyer-Villiger-monooxygenase (BVMO) was
constructed for e-CL synthesis from cyclohexane and
optionally was amended by a lactonase to end up with the
hydrolyzed precursor 6-hydroxyhexanoic acid (60H-HA).
The construction of an expression plasmid with one operon
harboring the first three enzymes resulted in a decent activity
of 37 Ugcow™. However, this activity was not stable as
cyclohexanol, which inhibits the BVMO accumulated with
time. The introduction of a second promoter could completely
circumvent this problem. Intrinsic hydrolases of P.
taiwanensis constituted another issue so that both ¢-CL and
60H-HA accumulated as products. The introduction of a
forth enzyme, a highly active lactonase, could completely



push the cascade towards 6-OH HA with a high activity of 45
U geow™.

Conclusions

The design of biocatalytic cascades requires knowledge on
the in vivo (co-)operation of the involved enzymes, which is a
prerequisite to rationally engineer a streamlined reaction. We
could show that P. taiwanensis can be used as a platform
organism to efficiently synthesize monomers.

019-MBTV

Metabolic Engineering of Corynebacterium glutamicum for
Production of UDP-N-acetylglucosamine

*C. Desiderato?, R. Gauttam?, D. Rado$?, A. Schwentner?, G. M.
Seibold?, H. Link?, B. Eikmanns?!

tUIm University, Institute of Microbiology and Biotechnology, Ulm,
Germany

2Max Planck Institute for Terrestrial Microbiology, Marburg, Germany

Uridine diphosphate-N-acetylglucosamine (UDP-GIcNACc) is
an acetylated aminosugar nucleotide which serves as
precursor in bacterial cell wall synthesis and is involved in
glycosylation reactions. Nucleotide sugars are currently
either produced chemically or in vitro by enzyme cascades.
However, in vitro synthesis requires costly substrates and in
most cases purified enzymes. An alternative way would be
the microbial production of nucleotide sugars from cheap
substrates. In this study, we aim to engineer the non-
pathogenic, Gram-positive soil bacterium Corynebacterium
glutamicum as host for UDP-GIcNAc production.

To increase UDP-GIcNAc formation, the native gimS, gimuU,
and glmM genes and glmM of E. coli, encoding the enzymes
for UDP-GIcNAc synthesis from fructose-6-phosphate, were
overexpressed in different combinations and on different
plasmids in C. glutamicum GRS43 [1], which lacks among
others the nagB gene for glucosamine degradation. The
recombinant strains were cultivated in CGXIl minimal
medium supplemented with glucose as sole carbon source.
Expression of the respective genes was examined by activity
assays or Western blot analysis. UDP-GIcNAc
concentrations were determined by LC-MS/MS analysis.

While the reference strain C. glutamicum GIcNCgl with an
empty plasmid in the exponential growth phase contained
intracellularly only about 0.25 mM UDP-GIcNAc, the best
engineered strain GIcNCg4 accumulated around 14 mM
UDP-GIcNAc. The extracellular concentrations in the
exponential growth phase did not exceed 2 mg/L. In the
stationary phase, about 60 mg UDP-GIcNAc/L were
observed extracellularly with strain GIcNCg4, indicating the
potential of C. glutamicum to produce the activated sugar.

We here show UDP-GIcNAc production from glucose with C.
glutamicum and its release into the culture medium. To our
knowledge, the observed levels are the highest obtained with
microbial hosts, emphasizing the potential of C. glutamicum
as suitable platform for activated sugar production.

[1] Unthan et al.,"Chassis organism from Corynebacterium
glutamicum - a top-down approach to identify and delete
irrelevant gene clusters," Biotechnol. J., vol. 10, no. 2, pp.
290-301, 2015.
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Brominated compounds such as 7-bromo-I-tryptophan (7-Br-
Trp) occur in Nature. Many synthetic and natural brominated
compounds have applications in the agriculture, food and
pharmaceutical industries, for example, the 20S-proteasome
inhibitor TMC-95A that may be derived from 7-Br-Trp [1].
Mild halogenation by cross-linked enzyme aggregates
containing FADH-dependent halogenase, NADH-dependent
flavin reductase, and alcohol dehydrogenase [2] as well as
by fermentation with recombinant Corynebacterium
glutamicum expressing the genes for the FADH-dependent
halogenase RebH and the NADH-dependent flavin reductase
RebF from Lechevalieria aerocolonigenes [3] have recently
been developed as green alternatives to more hazardous
chemical routes. In this study, the fermentative production of
7-Br-Trp was established. The fermentative process employs
an L-tryptophan producing C. glutamicum strain [4]
expressing rebH and rebF from L. aerocolonigenes for
halogenation and is based on glucose, ammonium and
sodium bromide. C. glutamicum tolerated high sodium
bromide concentrations, but its growth rate was reduced to
half-maximal at 0.09 g L-1 7-Br-Trp. This may be, at least in
part, due to inhibition of anthranilate
phosphoribosyltransferase by 7-Br-Trp since anthranilate
phosphoribosyltransferase activity in crude extracts was half-
maximal at about 0.03 g L-1 7-Br-Trp. Fermentative
production of 7-Br-Trp by recombinant C. glutamicum was
scaled up to a working volume of 2 L and operated in batch
and fed-batch mode. The titers were increased from batch
fermentation in CGXII minimal medium with 0.3 g L-1 7-Br-
Trp to fed-batch fermentation in HSG complex medium,
where up to 1.2 g L-1 7-Br-Trp were obtained. The product
isolated from the culture broth was characterized by NMR
and LC-MS and shown to be 7-Br-Trp.

[1] Koguchi Y., et al. (2000) J. Antibiot. 53:105-109
[2] Frese M., et al. (2015) Angew. Chem. Int. Ed. 54:298-301
[3] Veldmann K.H. (2019) J. Biotechnol. 291, 7-16

[4] Purwanto H.S. (2018) J. Biotechnol. 282:92-100
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Introduction: As integral constituent of terrestrial plants, lignin
is the second most abundant polymer on earth. Every year,
140 million tons of lignin accumulate as waste product by the
plant processing industry and are mainly burned due to the
lack of alternative valorization routes [1]. Lignin is hence the
most underutilized biobased renewable today.

Objectives: Corynebacterium glutamicum is a very well-
known industrial producer [2] and is able to degrade a large
spectrum of aromatic compounds [3]. Here, C. glutamicum



should be engineered to convert aromatics into cis,cis-
muconate (MA), a precursor of substantial value to derive
commercial chemicals such as adipate and terephthalate [3].

Materials & Methods: The b-ketoadipate pathway for
aromatic catabolism was disrupted downstream of MA by
deletion of catB, encoding muconate cycloisomerase, and
the resulting strain was cultivated with glucose as growth
substrate and different aromatics as biotransformation
substrates.

Results: The strain was able to convert different aromatic
compounds into MA with a molar yield of 100%. The
production efficiency was substantially improved by
overexpression of catA, encoding catechol 1,2-dioxygenase,
the key enzyme forming MA. In a fed-batch process, the
optimized MA-2 strain accumulated 85 gL-1 MA from
catechol with a volumetric productivity of 2.4 g L-1 h-1 [3].
The strain was also used to produce MA from depolymerized
softwood lignin.

Conclusion: Our findings open the door to valorize lignin by
metabolic engineering of C. glutamicum.

Acknowledgement: This project was funding by the BMBF
through the grants "Bio2Nylon" (No. 03V0757) and
"LignoValue" (No. 01DN17036).
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Introduction:

N-heterocycles are valuable precursors for the synthesis of
various pharmaceuticals [1]. Up to date, only a few chemical
and biological strategies exist for the selective synthesis of
saturated N-heterocycles.

Objectives:

Our aims are the design of a synthetic enzymatic cascade for
the Ha-driven production of methylated N-heterocycles and
understanding of the interplay between the individual
oxidoreductases.

Materials & methods:

We designed an enzymatic cascade to synthesis methylated
N-heterocycles consists of an engineered putrescine oxidase
(PuOFE203€) [2], an imine reductase (IRED) [3] and a NADP*-
reducing hydrogenase derivative (SH) from Ralstonia
eutropha [4]. The O2-dependent PuO&203¢ oxidizes diamines
to the corresponding imines, which are subsequently
reduced by the NADPH-dependent IRED to the saturated N-
heterocycles. The Oz-tolerant SH derivative catalyses the Hz-
driven recycling of NADPH [4].

Results:

Substituted pyrrolidines and piperidines were obtained with
up to 97% product formation in a one-pot reaction directly
from the corresponding diamine substrates. The formation of
up to 93% ee gave insights into the specificity and selectivity
of the putrescine oxidase. The Ha-driven NADPH
regeneration by the SH derivative was well sufficient and
surpassed the commonly used glucose-6-phosphate
dehydrogenase system with no by-product formation and
100% atom efficiency [2].

Conclusion:

In conclusion, we have developed an enzymatic cascade
reaction, allowing access to pyrrolidine and piperidine
heterocycles from substituted diamines. The described
enzymatic cascade avoids the consumption of any organic
solvents or toxic compounds demonstrating the sustainability
and greenness of this approach.
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e [1] Vitaku E, D.T. Smith, J.T. Njardarson (2014), J
Med Chem. 26, 10257-74

e [2] Al-Shameri, N. Borlinghaus, L. Weinmann, P.
Scheller, B. Nestl, L. Lauterbach, (2019), Green
Chem, 21, 1396-1400.

e [3] N. Scheller and B. M. Nestl, (2016), Appl
Microbiol Biotechnol, 100, 10509-10520.

e [4] Preissler, H.A. Reeve, T. Zhu, K. Urata, L.
Lauterbach, L.L. Wong, K.A. Vincent, O. Lenz,
(submitted)

024-MBTV

Comparative evaluation of expression modules for
recombinant biosurfactant-production by Pseudomonas
putida

S. Kubickit, I. Bator?, R. Weihmann?, S. Linden?, A. Loeschcke?, T.
Drepper?, T. Tiso?, L. M. Blank?, K. E. Jaeger'3, *S. Thies!
'Heinrich-Heine-University Duesseldorf, Institute of Molecular
Enzyme Technology, Juelich, Germany

2RWTH Aachen University, Institute of Applied Microbiology iAMB,
Aachen, Germany

3Forschungszentrum Jiilich, Institute of Bio-and Geosciences IBG 1:
Biotechnology, Jilich, Germany

The construction of recombinant strains is an important
strategy for the production of diverse natural products and
thus represents a key element of a biobased economy. To
this end, sufficient expression levels of biosynthetic gene
clusters have to be achieved. Pseudomonas putida has
emerged as a promising platform in this context with several
functional expression tools available. However, comparative
studies are largely lacking. Here, we compared different
inducible expression systems in P. putida KT2440 with
rhamnolipids as target compounds which are valuable
biosurfactants with potential applications in cosmetics,
agriculture, food, and pharmaceuticals.



We have used an efficient system for transfer and
expression of biosynthetic modules named yTREXTn7 to
establish the respective biosynthetic pathway within the host.
This system features site-specific chromosomal integration to
allow a comparative evaluation of different modules in terms
of expression strength by measuring fluorescence and
product accumulation as determined by colorimetry and
HPLC.

The modular architecture of yTREXTn7 allows the
straightforward exchange of bricks like cargo modules and
regulatory elements. The cargo modules applied here
contain rhamnolipid biosynthesis genes obtained from
various organisms in transcriptional fusion with an
expression reporter. In total, 16 stable production strains
were constructed by implementation of different modules.
Highest product titers and reporter outputs were obtained
using a salicylate-responsive expression module with a yield
of up to 1 g/L of P. aeruginosa type monorhamnolipids after
24 h at lab-scale cultivation. This was in line with the, among
all strains, fastest increase of the reporter signal after
induction. The optimal inductor concentration was
determined to be 2mM. We also developed a novel
colorimetric assay for a fast assessment of rhamnolipid
levels.

In summary, we identified efficient biosynthesis modules for
the production of rhamnolipids with a modular construction of
the expression cassette allowing for the addition of further
bricks to enhance the productivity, such as encode genes
needed for precursor supply.
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Enterohaemorrhagic Escherichia coli (EHEC) is a food-borne
pathogen that causes disease ranging from watery diarrhoea
to acute renal failure. Disease progression upon infection is
attributed to the production and release of Shiga toxins (Stx).
The treatment of EHEC infections is currently supportive and
the use of antibiotics is highly controversial due to reports
that antibiotics induce Shiga toxin expression and may,
therefore, increase the risk of HUS development. While Stx-
induction has been assessed in vitro with a plethora of
antibiotics and a variety of EHEC strains, in vivo confirmation
has been hampered by the lack of an adequate mouse
model. In 2012, Mallick et al' introduced the lysogenic phage
encoding stx2d from EHEC into the mouse pathogen C.
rodentium, creating a strain that mimics a human STEC
infection in mice.

Here, we assessed a number of commercially available
antibiotics for their ability to induce the production and
release of Shiga toxin in vitro and in vivo. We infected mice
with C. rodentium ¢stx2d and determined whether any
antibiotics could clear the infection without detrimental
effects to the host. Using the fluoroguinolone antibiotic
enrofloxacin as an example for a known Shiga toxin-inducing
antibiotic, we observed that the mice showed rapid weight
loss after treatment-onset even though the infection was

cleared. Kidney histology and serology for the kidney injury
marker BUN (blood urea nitrogen) showed kidney damage
comparable to that observed for infected but untreated mice.
A number of tested antibiotics were, however, able to clear
the infection without resulting in kidney damage.
Interestingly, rifampicin, a protein synthesis inhibitor, was
unable to clear infection at the concentrations used in this
study. Rifampicin did not, however, induce Stx-mediated
kidney damage, supporting in vitro data suggesting that
rifampicin inhibits Shiga toxin production.

This data suggests that while some antibiotics induce the
SOS response and increase Stx production and release,
other antibiotics may well be used as treatment options,
especially during outbreaks.

IMallick EM et al. (2012). J Clin Invest. 2012 Nov;122(11).
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Myo-inositol (MI) is a polyol abundant in soil. Its
phosphorylated form, inositol hexakisphosphate or phytate,
serves as a phosphorus storage in plants, especially in
seeds. Salmonella Typhimurium (S. Typhimurium) strains
are able to grow with Ml as the sole carbon and energy
source (1). The 22.6-kb genomic island responsible for this
metabolic capacity comprises 19 protein-encoding iol genes
and two sRNA genes. An extended lag phase of 60 hours
and a reversible bistable phenotype are unique features of
S. Typhimurium growth in the presence of Ml (2). On the
single cell level, flow cytometry analysis based on
promoter::gfp-fusions revealed that in the presence of Ml, a
small subpopulation switches its iol genes from the "OFF" to
the "ON" state at the end of the lag phase. This
heterogeneity is abolished in the presence of at least 0.55%
hydrogen carbonate that might act as an in vivo stimulus.
Oral infection experiments with cattle, pigs and chicken
demonstrated a significant contribution of MI utilization to a
S. Typhimurium infection. A set of factors was identified that
helps the enteropathogen to orchestrate the complex
regulatory architecture of MI utilization when it encounters
varying substrate conditions as in the gut. The global silencer
H-NS, the main repressor IolR and the catabolite regulator
protein CRP are antagonized by the orphan activator ReiD
(3), the virulence regulator SsrB and the novel regulatory
SRNA RssR (4). Moreover, the high binding affinity of loIR to
its target promoters avoids untimely and costly expression of
this catabolic pathway (5). Taken together, the investigation
of MI degradation by salmonellae provides insights into the
molecular mechanisms by which a pathogen acquires,
integrates, and utilizes a novel metabolic property.
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Small non-coding RNAs (sRNAs) are important modulators
of post-transcriptional gene regulation in a broad range of
bacterial species which regulate both physiological and
virulence pathways. The discovery of these post-
transcriptional regulatory networks has added a new layer of
complexity to gene regulation in bacteria. It is now well
established that non-coding RNA regulators modulate mRNA
translation and stability in a wide range of bacteria, however,
in C. difficile relevant RNA-binding proteins and central
sRNAs are still unexplored.

We have combined dRNA-seq based annotation of sRNA
candidates with density-gradient centrifugation of native cell
lysates coupled to RNA-sequencing and LC-MS/MS of
gradient fractions (Grad-seq) to identify functional non-
coding transcripts and predict their associated RNA-binding
proteins in C. difficile.

Our analyses have identified a spectrum of sRNA players
that associate with the global RBP Hfg and other novel RNA-
binding protein candidates. While Hfq functions have been
intensively studied in many gram-negative bacteria, its role in
gram-positive bacteria, and especially in C. difficile, remains
elusive.

We conclude, our discovery of a wide spectrum of noncoding
RNA molecules that associate with different RNA-binding
proteins suggests the existence of a rich layer of post-
transcriptional control in C. difficile.
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Acinetobacter (A.) baumannii is a human pathogen with
pronounced intrinsic and acquired antibiotic resistance, with
a high degree of tenacity and it is a dreaded cause of
nosocomial infections. A. baumannii strains with carbapenem
resistance can cause fatal outbreaks in intensive care units.
Often, the antibiotic drug colistin is one of the last therapeutic
options, with considerable side effects. Therapeutic
bacteriophages form an alternative valuable antibacterial
therapeutic option.

Initially, we isolated five bacteriophages from wastewater
using a carbapenem-sensitive outbreak strain of A.
baumannii. When tested against clinical A. baumannii
strains, the bacteriophages showed a narrow host range and
no activity against the carbapenem-resistant outbreak strain.
Isolation using wastewater from sewage plants in Kiel,

Hamburg and Berlin and the carbapenem-resistant A.
baumannii  outbreak isolate yielded five additional
bacteriophages. Although these bacteriophages were able to
lyse nearly all host cells, the carbapenem-resistant A.
baumannii strain developed some resistant colonies.
Bacteriophages isolated against these previously resistant
bacteria were unable to lyse the original host strains.

Although the spectrum of bacteriophages against A.
baumannii seems to be narrowly restricted, the isolation of
phages seems feasible which specifically target multidrug-
resistant isolates. Phage cocktails might be able to prevent
the emergence of multidrug-resistant strains, especially after
further modification of the host specificity of already isolated
bacteriophages.
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Questions: Pseudomonads are Gram-negative bacteria of
the Pseudomonadaceae for which currently 191 valid
species have been reported. The species P. aeruginosa has
a high impact in clinical settings, as they efficiently exchange
DNA (i.e. resistance plasmids) with other bacteria.
Antimicrobial resistance of multidrug-resistant isolates is
multifactorial and based on chromosomal and
extrachromosomal factors. Due to the steadily increasing
number of multidrug-resistant Pseudomonas isolates in
clinical settings, efficient strategies for control of these
bacteria are needed. As bacteriophages have been reported
as suitable alternatives for the treatment of multidrug-
resistant isolates, this study aimed to determine the
occurrence of lytic phages from waste water treatment plants
of poultry and pig slaughterhouses.

Methods: The recovered phages were characterized in their
phenotypic (host rang, plagque formation, TEM) and
genotypic properties (WGS) to determine their potential for
the treatment of Pseudomonas spp. bacteria.

Results: In general, all recovered phages exhibited a highly
restricted host range, which is limited to the species
P. aeruginosa. However, the spectrum and the number of
lysed isolates vary substantially, and provide thus a good
basis for the development of a phage cocktail with broad
activity. Overall, the phages were shown to be stable under a
wide range of pH and temperature conditions. On the basis
of their virion morphology, the phages were allocated to
different groups of Pseudomonas phages. WGS and
bioinformatics analyses revealed detailed information on
their phylogenetic relationship to different virus-genera.
Furthermore, sequence analyses indicated that the
recovered phages are suitable for therapeutic issues as they
did not carry antimicrobial resistance and/or virulence
determinants.

Conclusions: On the basis of the prevailing results, lytic
phages can be used to combat P. aeruginosa with high
efficacy. However, in order to develop a broad active and
highly efficient phage compound that prevents development



of phage resistant bacterial isolates, the cocktails need to be
carefully composed.
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Background:

Phages (i.e. viruses that infect bacteria) have been
considered as good tracers for the hydrological transport of
colloids and (pathogenic) viruses. They are typically
quantified as total virus particles or plaque forming units
(PFU) of infectious phages. Little, however, is known about
the transport of phages in soil as interactions with
heterogeneous soil matrices may hamper their transport and
infectivity, and thus have effects on soil microbial ecosystem
functioning.

Objectives:

Here we quantified waterborne transport of phages in
laboratory soil columns and evaluated its effects on the
specific infectivity of phages. The specific infectivity is
defined by the ratio of total particle to PFU and is a measure
for the minimum particle numbers needed to create a single
infection.

Methods:

Three Iytic phages of different morphology and
physicochemical surface properties (i.e. hydrophobic E. coli
phage T4 and the hydrophilic marine Pseudoalteromonas
phage HS2 and HM1) were applied in saturated laboratory
soil columns. Breakthrough of infective and total phages was
quantified by PFU and quantitative PCR (qPCR) in the
column effluents and compared to breakthrough of non-
reactive bromide and chloride tracers.

Results:

We found significant breakthrough of all phages in soil filled
saturated columns. Infective phages were retained in a
descending order of HM1 (61%), HS2 (30%) and T4 (24%).
gPCR quantification however revealed even more significant
retention of total particles for all phages and pointed at a
clear reduction of the specific infectivity relative to the
influents. All phages showed faster breakthrough through soil
than non-reactive tracers.

Conclusions:

Our data suggest that phages are efficiently retained by soil
matrices with retention extents depending on the phage
properties. Transport decreased the specific infectivity of the
phages (i.e. increased relative fractions of infective phages)
in the effluents pointing at an increased infection hazard for
host bacteria. Due to their absence in terrestrial systems and

their high PFU-based recoveries, marine phages can be
considered as good tracers to assess viral transport in soil.
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1. Introduction

Rivers carry water and nutrients, act as drainage channels
for surface water and serve as habitat and food source for
many earth"s organisms. Due to the increasing pressure
from urbanisation and intensified agriculture, many rivers
have been changing; stressors acting alone or
simultaneously. These changes influence population
dynamics and the diversity of river organisms, among them
also microorganisms. Viruses are one key factor for
microorganism mortality, drive diversification and evolution
through gene transfer and are key contributors to the
mineralization of nutrients.

2. Objectives

The objectives of this study were to: 1) identify viruses
present along a 40 km Holtemme river stretch and 2)
determine environmental factors that may influence virus
community structure.

3. Materials & methods

Thirteen sampling sites were selected along the Holtemme
River, a 48 km long river that starts in the Harz Mountains,
Germany. Sampling sites were chosen to reflect different
influences, such as natural environment, waste water
treatment plants (WWTP), factories, agriculture and restored
waters. Water was collected to count virus particle
abundancies using flow cytometry and to extract DNA for
viral metagenome analysis. Sequencing libraries were
prepared from both, random amplified DNA and using the
NEBNext Ultra Il FS technology.

4. Results

The number of virus particles increased over the course of
the river reaching peaks at WWTP introductions. Viral
communities were dominated by novel sequences and
members of the Caudovirales order and Microviridae family
followed by insect- and plant-specific viral sequences.
Highest diversity of viral sequences was found in urban
areas. Viral sequence communities clustered according to
their origin from natural, urban or agricultural sites
demonstrating the anthropogenic impact on Vviral
communities in this river.

5. Conclusion

Our results provide potentially valuable data for assessing
spatial dynamics of river viral communities in the context of
anthropogenic stress and will further help to understand how
environmental factors affect virus communities in this river
system.
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Introduction: Candidatus Altiarchaeum hamiconexum forms
nearly pure biofilms in terrestrial subsurface aquifers (up to
95% of cells) and has an autotrophic metabolism, thus
heavily impacts carbon cycling in these environments.
Microbial interactions of Ca. A. hamiconexum with bacteria
and symbiosis with another uncultivated archaeon are
known, yet  archaeal viruses infecting Ca. A.
hamiconexum and their subsequent impact on the
ecosystem"s food web remain uncertain.

Objectives: Here, we show that Ca. A. hamiconexum is a
frequent target of a previously unknown putative archaeal
virus.

Material & Methods: Putative viral infections on Ca. A.
hamiconexum cells were analysed by genome-informed
microscopy, based on a modified fluorescence in
situ hybridization method (direct-geneFISH a.k.a. viral FISH).
Probes for direct-geneFISH were specifically designed to
target a putative 8.9 kb circular viral genome, which was
previously in silico identified as a putative virus. Key findings
were obtained via manual enumeration of viral infections,
classified into three infection categories.

Results: By using genome-informed microscopy, viral
infections of Ca. A. hamiconexum cells showed lytic features
that could have implications for the integrity of the archaeal
host and thus on the entire carbon cycle in the
ecosystem. 523 infections of 18,411 counted archaeal cells
revealed a low percentage of virus adsorption (7.6%), few
advanced infections (17.4%), and many states of cell lysis
(75%).

Conclusion:  Overall, we conclude that Ca.A.
hamiconexum"s viruses have major implications in terms of
controling  host abundance, microbial = community
composition, biogeochemical cycling and nutrient fluxes in
subsurface aquifers.
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Question: A few thousands of tons of nanoparticles and
quantum dots (QDs) are yearly produced worldwide and
significant parts are released into ecosystems. An important
ecotoxicological aspect has been largely overlooked. It is the
activation of silent bacteria by the released nanomaterial.
Activated viruses once released catalyze an autocatalytic
process with a potentially exponentially killing rate of
bacteria. Is it possible to shed light on this underestimated
process by recording the released metabolic heat in real time
and interpreting the results thermodynamically and
kinetically?

Methods: To answer the question Escherichia coli with (A+)
and without (A-) lambda prophages were treated with test
chemicals and QDs in different concentrations. The process
of prophage activation and bacteria killing were monitored in
real time as heat production rate and by off-line
measurements. The off-line measurements include the
number of activated phage particles and surviving E. coli
cells, the intracellular levels of ROS, superoxide dismutase
activity and lipid peroxides. The influence of protective
agents (radical catchers) and metal-ion chelators were
investigated. Mathematical simulations were used to
generate a coherent image of the prophage activation from
this data.

Results and Conclusion: Calorimetry allowed the real time
monitoring of the prophage activation and thus qualify itself
as a future screening tool for testing chemicals concerning
their ability to activate prophages. CdTe QDs as an example
activate prophages at already nanomolar concentrations
range. The activation is mainly triggered by DNA damages
due to oxidative stress induced by the CdTe QDs. Freely
dissociated Cd2+ contributes depending on the
functionalization of QDs between 15 and 25 % on the
prophage activation. This paper will deepen the
understanding of effects of QDs on microbial environments
and provide new concerns for the potential environmental
risks of quantum dots.
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The properties of bacterial biofilms are dictated by the
macromolecules that build up a complex matrix to control
embedding of cells, access of metabolites and defense
against antimicrobials and bacteriophages. Whereas highly
stable protein structures like curli or insoluble
polysaccharides like cellulose may provide rigid mechanical
scaffolds, biofilms may also be composed from highly soluble
anionic exopolysaccharide (EPS) as the main constituent.
These biofilms are functional as protective barriers due to
their high viscosity.

We have analyzed the matrix properties of stewartan, a
mega-dalton sized anionic polysaccharide and major EPS
biofilm component of the plant pathogen Pantoea (P.)
stewartii [1]. Viscosity of the stewartan matrix can be
controlled by different glycan-modifying enzymes. Wcef is a
putative biofilm remodeling protein encoded on a P. stewartii
biofilm synthesis gene cluster [2]. Crystal structure analysis
revealed that WceF has striking structural similarity to
bacteriophage tailspike (TSP) hydrolases that modify long
polysaccharide chains, with a typical trimeric B-helix fold.
WceF hydrolyzes stewartan, but with notably lower efficiency
than the stewartan-targeting TSP from bacteriophage
@Ealh. These differences illustrate that stewartan is not a
fully inert meshwork. Rather, fluorescence correlation
spectroscopy showed that the mobility of particles in
stewartan depends on their size and surface chemistry. The
stewartan matrix acts as a molecular sieve with properties
depending on ionic strength and divalent cations that is
effective in trapping of bacteriophages. Coarse-grained



computational simulations emphasize that mesh size is an
inherent property of stewartan determined by its the glycan
composition and regulated by polymer chain entanglement.
Our results stress that major physicochemical properties of
the biofilm can be controlled by glycan-active enzymes from
both a host bacterium and a bacteriophage.

[1] Dunsing, V., Irmscher, T., Barbirz, S., and Chiantia, S.
(2019) Biomacromolecules 20: 3842-3854.

[2] Carlier, A., Burbank, L., and von Bodman, S.B. (2009)
Mol. Micro. 74: 903-913.
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Bacteriophages, also known as phages, are viruses of
bacteria and archaea. Their impact on prokaryotic evolution
has been investigated for long time but untl today
fundamental mechanism are not fully understood. The
genetic relation of phages and prophages with their hosts
and among each other is barely investigated on a large
scale. In this study we analysed 4,088 phage genomes and
34,981 prophages, which were before predicted from 18,872
prokaryotic genetic units (8,006 plasmids and 10,866
chromosomes). Using different comparative analysis based
on shared orthologous proteins we calculated the functional
similarity between all phage and prophage genomes. Phages
and prophages that share a minimum set (jaccard 0.1) of
orthologous genes were summarized in a graph. The full
graph contains 196,354 edges (associations) between phage
genomes, 3,514,604 edges between prophages and 90,659
edges connecting the phages and prophages. Statistical data
and network analysis revealed that phages possessing large
proteomes are less likely to be associated with a prophage.
Further, using connectivity analysis we identified several
pathogenic species like (Salmonella enterica, Clostridium
botulinum, or Bordetella pertussis) that are highly connected
in the network, meaning this species possesses a high
number of prophages or prophages with high similarity to
many other nodes in the network. The association network is
able to uncover relations of phages, prophages and their
host on different levels. Further it enables the abbility, from
the cluster of densely connected prophages, to predict
putative phages genomes that are yet not sequenced but are
of clinical interest for putative phage therapies.
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Clostridioides difficile (also Clostridium difficile) is the most
common pathogen of nosocomial infections in humans which
causes about 20-30% of antibiotic-associated diarrhea. A
zoonotic transmission of C. difficile to humans is indicated by
closely related isolates from humans and animals as well as
the isolation of C. difficile from different food products.
To estimate the exposure of humans with C. difficile via food,
we screened different retail products of fresh chicken meat
from Brandenburg/Berlin for the occurrence of C. difficile. We

revealed a relative high contamination rate of 14.1% in
chicken meat with skin and detected PCR-ribotypes (RT)
already found from CDI patients (e.g., RT 001, 002, 014)
indicating that contaminated chicken meat may be a potential
source of human infections. Moreover, we identified cutting
plants with a higher risk of C. difficile-positive samples. To
compare the relationship of the isolated strains from the
concerning cutting plants over several months in 2018 and
2019, we analyzed them using NGS followed by core
genome MLST. First results showed a contamination with the
spore-forming pathogen over several months in same cutting
plants. For instance, we detected a very similar strain (2-3
alleles distance) of the epidemiological RT 001 in chicken
meat from a German cutting plant in January and March
2018. Next, strains of the RT 002 were detected in four
cutting plants from Germany (Lower Saxony, Bavaria) and
Austria, with an identical strain being persistent in one
German cutting plant over 3 months. The ongoing
contamination with same strains can be explained with a
persistence of the pathogen within the cutting plant, or with a
recurring entry of related strains e.g., originating from the
same fattening farms. Further investigations of the
concerning cutting plants and other levels of the food chain
are necessary to clarify transmission routes and the
contamination source.
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Question: Bacillus cereus is one of the most relevant
potential threats of food safety, due to its production of
virulence factors and proteases. After ingestion of
contaminated food, bacteria start in the intestine with the
secretion of enterotoxins, which further lead to
gastrointestinal symptoms. Apart from public health issues,
food contaminations with B. cereus are also an economic
problem, due to recalls of charges, and cannot totally
avoided. Thus, a risk assessment of the toxic potential of B.
cereus is crucial to make assumptions on the hazards of
concerned food. However, the toxin gene profile as well as
the amounts of secreted enterotoxins, such as the tripartite
toxins Nhe (non-hemolytic enterotoxin), HBL (hemolysin BL)
as well as the single component cytK (cytotoxin K), do not
directly correlate with strain toxicity on Caco-2 cells. Also,
commercially available tests on single toxin components can
barely predict the actual toxic potential of B. cereus strains.

Methods: In order to determine potential markers correlating
with  pathogenicity, we combined phenomics with
transcriptomics and  proteomics  (surfaceomics and
secretomics).

Results: A holistic virulence assessment was generated
considering stomach survival, adhesion, germination and
motility as well as enterotoxin production. The predicted
virulence correlated well with the secretion of NheB,
sphingomyelinase and exoproteases, allowing us to establish
a rapid and reliable diagnostic tool. Furthermore, so called
"moonlighting proteins" — with primary functions in core
intracellular pathways and secondary functions on the cell
surface, mostly by binding to host proteins — were identified
by surfaceomics as differentially expressed in high and low
pathogenic strains, suggesting that these proteins might also
contribute to the enteropathogenicity of B. cereus. First in



vitro studies revealed that B. cereus strains bind variably to
different host proteins.

Conclusions: In this study, we identified toxicity-specific
markers of B. cereus in the secretome and on the cell
surface. Moonlighting proteins presumably play an
additional, hitherto underestimated, role in pathogenesis.
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Vibrio (V.) cholerae belonging to the non-O1/non-0139
serogroups are present in German retail seafood as well as
on the German coastal areas. These bacteria can be
transmitted through the contact with contaminated seawater
or the consumption of contaminated water and
undercooked/raw seafood causing intestinal or extraintestinal
infections. At present V. cholerae infections are rare in
Germany but the risk of infections increases due to the
steadily rising occurrence of Vibrio species caused by global
warming.

In this study, 63 V. cholerae strains isolated from German
retail seafood and 35 strains isolated from coastal areas of
the German North Sea and Baltic Sea were analyzed using
phenotypical and genotypical methods comparing these
strains to 18 clinical non-O1/non-0O139 strains as well as 5
pandemic 01/0139 strains to assess their pathogenic
potential. Phenotypic assays were performed for hemolysin
activity, human serum resistance and biofilm formation. The
genetic characterization was carried out with regard to the
major virulence-associated factors or markers of clinical
V. cholerae, including the cholera toxin and the toxin-
coregulated pilus as well as hemolysins, repeats-in-toxin
toxins, pandemic islands VSP-1 /VSP-2 and the type lll
secretion system.

First results showed, that the main cholera virulence factors
(ctx, zot, ace, tcpA, rstR and serogroups 0O1/0139) were
absent in all non-O1/non-O139 V. cholerae strains. In
contrast, genes encoding for the type Ill secretion system
and the cholix toxin (ChxA) were present only in non-Ol/non-
0139 V. cholerae strains. Hemolysin genes like hlyA and dth
conferring hemolysis on sheep blood agar, the resistance to
human serum and the formation of biofilm were present in all
groups. Additionally, a strong biofilm formation seems to be
associated to non-clinical non-O1/non-O139 V. cholerae
strains.

Against the background of global warming and an increasing
seafood consumption in  Germany (including the
consumption of raw products like raw oysters and sushi), an
additional testing for virulence genes beside ctx and
serogrouping of 01/0139 should be considered in food
diagnostics of Vibrio spp.
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Introduction:

Since its first implementation, PCR has been refined to a
method that provides many opportunities for improved
analysis of microorganisms. However, for its routine use in
diagnosis, standardized validation protocols and guidelines,
as well as supporting analytical elements (such as sample
preparation), are necessary prerequisites. In order to asses
and control the efficiency of each experimental step, a
recombinant Listeria monocytogenes AprfA (targeted
deletion) strain containing a competitive artificial single-copy
genomic target has been recently developed as an internal
sample process controls (ISPCs). However, a drawback of
ISPCs are the introduction of culturable bacterial cells which
are closely related to the target of interest. One solution
could be to use the ISPCs in the viable but non culturable
(VBNC) state in which they are not able to proliferate, can be
stored and are unlikely to resuscitate.

Objectives:

In this study the long-term stability of Listeria monocytogenes
AprfA in the VBNC state was investigated for a period of 100
days.

Material & Methods:

The VBNC state was investigated using a previously
published induction protocol based on a salt/non-ionic
detergent solution. A successful induction of the VBNC state
was confirmed using cultivation methods, de-novo ATP
generation, fluorescence microscopy and gPCR. Long-term
stability of the VBNC ISPC cells was investigated for 100
days. VBNC cells were stored in three different buffer
solutions and compared to living and killed cells.

Results & Discussion:

The results of this study show that it is possible to store ISPC
cells in the VBNC state for 100 days. The cells remained in
the VBNC state throughout the investigated period and did
not resuscitate. The gPCR signal from the VBNC ISPCs
remained stable for 100 days, demonstrating their
applicability to be used as controls.

Conclusion:

Overall it could be shown that it is possible to store bacterial
cells in the VBNC state for a period of 100 days and can be
utilized as an ISPC throughout the storage period.
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Vaccination rates among health care workers (HCW) are low
in Germany and may be a risk for transmission of influenza
to patients in the clinical setting (1). Therefore, other
preventive strategies should be taken into account to reduce
the rate of nosocomial influenza. In this view, a study was
conducted to compare two different hygiene regimens in
which one focuses on a strict mask policy.

Methods: Data from hospitalized influenza patients
(nosocomial rates / mortality) from the influenza season 2015
and 2016 (n=419) were compared to the seasons 2017 to
2019 (n=767): During the influenza season 2015 / 2016
patients were managed according to official recommendation
("standard protocol") (2). During the season 2017 to 2019, a
strict mask policy for HCW was introduced ("mask policy")
containing a mandatory wearing of surgical masks during the
whole shift when 3 or more Influenza inpatients were at
ward.

Results: During the season with a strict "mask policy”
compared to the "standard protocol", the rate of hosocomial
influenza infections decreased from 21.7 % to 9.97 % (p <
0.001, OR 0.51) being most effective for nosocomial
influenza A transmission (Influenza A: 24.3 % to 12.8 %, p =
0.014; influenza B: 86 % top 55 %, p = 0.118).
Consequently, mortality from nosocomial influenza was also
significantly reduced (p < 0.001). The vaccination rate of
HCW only slightly increased during the observational period
from 17 % (2015 / 2016) to 29 % (2017 to 2019) for nurses
and 42 % and 53 % for doctors, respectively.

Conclusion: a strict mask policy for HCW is highly effective
and reduces nosocomial influenza infection by nearly 50 % in
the clinical setting. Thus the present data clearly focuses on
the eminent role of hospital staffs in the transmission of
nosocomial influenza.

References:

e Neufeind et al, Epi Bull 2018, 32, 313-321

e https://www.rki.de/DE/Content/Infekt/EpidBull/Merkb
laetter/Ratgeber_Influenza_saisonal.html
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Introduction

Though nosocomial influenza (NI) poses a challenge to
affected patients as well as to hospitals, the main
transmission route in this setting is yet unclear. Possible
sources are infected patients, healthcare workers (HCW) and
visitors.

Objectives

Defining the proportion of NI patients (NIPs) with a traceable
transmission (TM) through another patient.

Material & methods

This single-center retrospective study included all patients
with laboratory-confirmed influenza (LCI) during the seasons
2016/17, 2017/18 and 2018/19.

Definitions:

e NIP: first positive sample taken >2d after admission
without any signs or symptoms of influenza on
admission.

e Contagious patient (CP): 1d before first pos. sample
was retrieved till 7d thereafter.

e Donor: CP infected with the same influenza species
(A/B), in the same room or ward with the NIP 2 to 5
d prior the NIPs first positive sample date.

A TM was assumed, if there was at least one plausible
donor. Underdiagnosing was corrected by identifying patients
classified by ICD-10 J09.- to J18,- who shared the ward with
NI for the relevant time. LCI patients were isolated in single
rooms or cohorted. Patients in the ICU were considered
being immobile.

Results:

e A total of 426 patients with LCI were identified,
thereof 55(13%) patients with NI.

e 27/55 (49%) NIP had a plausible TM hypothesis
through another patient.

e Of these 27, 20 NIPs (74%) shared only the ward
with their suggested donor(s). Furthermore, the only
plausible donor of 11 of those 27 (41%), was
isolated or immobile.

e the 41 possible donors were treated as follows:
29(71%) neuraminidase  inhibitor,  37(90%)
antibiotics, 26(63%) both

e 14/28 NIP (50%) without feasible donor shared their
room with a patient with virus-caused (N=2) or
unspecified (N=11) pneumonia classified by ICD-10.

Conclusion:

About 74% of the plausible NI transmission events took
place in the same ward, not room, and in about 40% of these
TMs, the only donor was isolated or immobile. Thus, the
most likely way of transmission seems to be contact
transmission via HCW or droplet transmission by unidentified
patients or HCW or visitors. However, underdiagnosing
seems to be of importance
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Introduction and Objectives
In the BMG-funded project "HygArzt" (ZMVI1-2516FSB111),
the effects of a new bundle of infection prevention measures
on the infection rates (IR) of nosocomial infections (NI) and
in particular on surgical site infections (SSI) implemented by
the infection control physician was investigated on three
orthopedic/trauma surgery general wards.

Methods

As study design, a pre-/post- intervention study was chosen.
Both, trauma surgery and orthopedic patients were included.
As intervention, a bundle was implemented which included:
Decolonization of patients before surgery, examination of
preoperative antibiotic prophylaxis, standardized wound and
fixator care, treatment of closed surgical wounds with
remanent skin disinfectants in the operating theatre and
closed incision prophylactic negative pressure wound
therapy for high-risk wounds. To identify NI, clinical signs of
infection were recorded according to KISS and CDC
definitions. Additionally, an active surveillance, which
included morning rounds three times a week in order to
detect undocumented signs of infection was performed.

Results

During the pre-phase (1141 surgeries) 61 NIs were recorded
(IR 5.3% (Cl 95% 4.0; 6.6)) and 44 SSis (3.1% (Cl 95% 1.5;
3.2)). In the post-phase (1546 surgeries) 35 NIs were
recorded (IR 2.3% (CI 95% 1.1; 2.7)) and 26 SSis (1.7% (ClI
95% 1.1; 2.3)). The post-phase showed significantly lower
relative risks for NIs (RR=0.43 (Cl 95% 0.28; 0.64), p<0.001)
and SSls (RR=0.44 (Cl 95% 0.27; 0.70), p<0.001) compared
to the pre-phase. A subgroup analysis for SSI of trauma
patients (pre: (745 surgeries, 29 SSils, IR 3,9% (Cl 95% 2.5;
5.3)); post: (937 surgeries, 19 SSls, IR 2,0% (Cl 95% 1.1;
2.9))) and orthopedic patients (pre: (696 surgeries, 15 SSils,
IR 2,2% (Cl 95% 1.1; 3.3)); post: (608 surgeries, 8 SSls, IR
1,3% (CI 95% 0.4; 2.2))) revealed a significant effect only in
trauma patients (RR=0.52 (Cl 95% 0.29; 0.92), p=0.02).

Conclusion

NI rates and SSI rates could be reduced by a new infection
control bundle in orthopedic and trauma patients
implemented by an infection control physician. The effect
was pronounced and significant in trauma patients.
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Introduction

In 2017 the IQTIG surveillance of surgical site infections
(SSI) for benchmark and quality improvement purposes was

introduced. So far, no comparison of the IQTIG vs. the KISS
surveillance is available.

Objectives

Our study compares IQTIG and KISS surveillance results in
order to define the comparability and to identify factors
associated with disagreement.

Materials and Methods

All patient in 2018 qualifying for coding according to IQTIG
algorithms were enrolled. Coding for IQTIG was performed
by physicians, coding for KISS was performed by one
investigator previously trained in KISS surveillance and
blinded to the IQTIG results. In cases of uncertainty two
infection control experts judged the coding.

Results

In 2018 in 1,238 cases (not all underwent surgery) an
electronic evaluation form according to IQTIG was triggered,
thereof 1,118 (88%) were assessed by both strategies. For
the remaining 120 patient cases no IQTIG evaluation was
performed.

In 250 of the doubled assessed cases (22%) a SSI was
diagnosed in each evaluation strategy. In 933 (83%) IQTIG
and KISS strategy revealed the same results ("S"). Thus,
185 cases (17%) were evaluated with different results ("D").
Within theses 185 cases, 91 (49%) were evaluated positively
for SSI by IQTIG and negatively by KISS, whereas 94 cases
(51%) were evaluated negatively for SSI by IQTIG and
positively by KISS, respectively.

Risk factor analysis for different coding results ('D"
compared with "S") revealed, that

1) in the group of differently assessed patients the number of
infections other than SSI seems to be higher (26/185; 14%
vs. 88/933; 9%; p=0.062)

2) differently assessed patients with surgical procedure were
coded significantly less often by the department performing
the surgical process (131/163; 80% vs. 551/634; 87%;
p=0.045)

3) differently assessed patients with surgical procedure
significantly more often had an ASA Score Il or IV (93/163;
57% vs. 292/634; 46%; p=0.014)

Conclusion

The IQTIG surveillance strategy and the KISS strategy
showed a high rate of consensus. Some of the results
identified shortcomings which may be corrected and thus
potentially improving IQTIG results.
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Surgical site infections (SSI) are one of the most severe
complications in joint arthroplasty. Decolonization measures
prior to elective orthopedic surgeries have shown to reduce
the risk of SSI especially in patients colonized
Staphylococcus aureus.

Does implementation of universal decolonisation with
polihexanide containing substances in patient with primary
joint arthroplasties have an effect on SSl-rates.

Methods

Between January 2015 and December 2018 patients
scheduled for hip or knee joint arthroplasty in 5 participating
orthopedic centres were included. From January 2017
patients received polihexanide containing decolonization
sets. Patients were instructed to perform a 5 day
decolonization regimen starting 4 days prior to surgery. SSI
were recorded according to CDC criteria.

Results

During the study period, 14189 patients received native joint
replacement. After Intervention was implemented 7633
surgeries were performed, while 4437 decolonization sets
were distributed to patients. 1869 patients consented to
participate in the study and provide detailed feedback on
compatibility and compliance. Overall SSI rate was 0.85 per
100 surgeries prior to introduction of the decolonization,
while it was 0.96 per 100 surgeries during the period of
decolonization and 0.59 per 100 surgeries in those using the
decolonization set. SSI rates due to Staphylococcus aureus
(SAU) were 0.24 per 100 surgeries, 0.21 per 100 surgeries
and 0.05 per 100 surgeries respectively. Surgery after
implementation of the intervention was identified as an
independent protective factor against SAU-SSI (OR .57 ;
95% ClI: .32-.99) in our multivariable regression analysis

Conclusions

A universal decolonization strategy with polyhexanide
reduces S. aureus SSI rates in patients with elective joint
arthroplasty. Further evaluations are needed.
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Legionella is found in natural aquatic and soil habitats. More
than 90% of LD cases are caused by Legionella
pneumophila serogroup (sg 1). The detection of the source
of infection needs the detection of the causative strain(s) in
respiratory samples.

During a nosocomial outbreak in 2017, 18 patients with
pneumonia confirmed by Legionella urinary antigen detection
as caused by Legionella pneumophila serogroup (sgl) were
treated in a German hospital. Based on the incubation period
six cases were defined as definitely nosocomial (NAP)(>10
days stay in the hospital) and seven cases as possible
nosocomial (3 to 9 days stay in the hospital). The remaining
six patients were defined as community acquired (CAP)
since they were admitted with the pneumonia or had a short
stay within the hospital. Half of the patients were male, half
were female aged from 40 to 89 years. Two nosocomial and
two community acquired cases died.

L. pneumophila, sg 1, monoclonal antibody type (MAbtype)
Knoxville, sequence type (ST) 9 was confirmed as the
epidemic strain.

For the detection of L. pneumophila soluble antigen in urine,
specimens were tested using a rapid
immunochromatographic card. In positve urine samples a
direct monoclonal typing approach was applied.

Respiratory samples were processed for PCR and culture.
To define the sequence type directly from clinical samples
nested SBT was performed on PCR positivesamples. All
respiratory samples were cultured. Isolated Legionella
strains were typed by monoclonal antibody typing and
sequence based typing .

From 10 patients (four with CAP and six with NAP)
respiratory samples were investigated by culture and PCR.
In the six nosocomial cases, the epidemic strain was
detected by culture or direct sequence based typing (dSBT)
in respiratory samples. In further three nosocomial cases, the
causative strain of MAbtype Knoxville was confirmed by MAb
based urinary antigen testing. On the opposite in four
community-acquired cases, other strains were detected.

This success was due largely to the good working
relationships between staff in the organizations involved
which led to the prompt referral of respiratory samples.
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The formate  hydrogenlyase  (FHL) complex is
phylogenetically related to the proton-translocating complex |
of the respiratory chain, but catalyzes the disproportionation
of formate to H2 and CO2 during mixed-acid fermentation.
The soluble domain is located in the cytoplasm and
comprises the activities of a [NiFe]-hydrogenase and a
formate dehydrogenase and is further attached to a
membrane arm. Two versions of FHL exist that differ in the
number of membrane subunits, which suggests differences
in their involvement in energy-conservation.

We investigated the five membrane-subunit version of FHLtq
from  Trabulsiella guamensis through heterologous
expression in Escherichia coli and used membrane-truncated
versions of the complex to determine the order of the
membrane subunits and their susceptibility to the
protonophore CCCP and the sodium ionophore EIPA during
Hz-evolution on a Clark-type hydrogen electrode.



The simultaneous loss of Hz-dependent reduction of the
redox dye benzyl viologen but retention of the reverse
reaction (Hz-production from the redox dye methyl viologen)
in crude extracts, indicated that the reaction direction is
regulated. Loss of the membrane domain during enrichment
of the FHLtg complex correlated with loss of this directional
regulation. Results with generation of membrane-domain
variants indicated that the complex has an inverted
membrane domain organization compared to complex I.
While addition of CCCP or catalysis in high-salt buffer
reduced the FHLq reaction slightly, a combination of both or
CCCP with EIPA completely inhibited catalysis. Interestingly,
and in contrast to the homologous system, in the E.
coli system the FHLtg complex showed increased activity
with high salt and CCCP, but only when glucose was used
as substrate. Similarly, deletion of two of the distal subunits
HyfF or HyfD caused an increased rate of Hz production after
CCCP treatment, while loss of HyfE caused a rate-reduction
in the presence of CCCP.

Taken together these data shed new light on the role of the
membrane arm of FHLtg in energy conservation and
catalysis by the complex. A model for proton and sodium flux
through the membrane domain can be deduced.
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The exergonic reaction of FeS with H2S to form FeS: (pyrite)
and Hz was postulated as an early form of energy
metabolism on primordial Earth. With an annual production
of more than 5 million tons, pyrite is also today the stable
end product of iron compounds reacting with sulfide in
reduced sediments. However, the mechanism of
sedimentary pyrite formation is still being debated. We
present enrichment cultures, which grew with FeS, H2S, and
CO:2 as their sole substrates to produce pyrite and methane
[1]. Pyrite formation followed a clear biological temperature
profile with maximum activity at 28°C. Methane formed
concomitantly with pyrite and exhibited the same
temperature dependence. Addition of either penicillin or 2-
bromoethanesulfonate inhibited both pyrite and methane
production, indicating a syntrophic coupling of pyrite
formation to methanogenesis. This hypothesis was
supported by a 16S rRNA gene-based phylogenetic analysis,
which identified at least one archaeal and five bacterial
species. The archaeon was closely related to the
hydrogenotrophic methanogen Methanospirillum stamsii
while the bacteria were most closely related to sulfate-
reducing Deltaproteobacteria, as well as uncultured
Firmicutes and Actinobacteria. We identified a novel type of
microbial metabolism driven by FeS transformation to pyrite
that could sustain part of the deep biosphere in sediments
and which may serve as a model for a postulated primordial
iron-sulfur world.

[1] Thiel, J., Byrne, J.M., Kappler, A., Schink, B., and Pester,
M. (2019) Pyrite formation from FeS and H2S is mediated
through microbial redox activity. Proc Natl Acad Sci USA.
116: 6897-6902.
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Desulfurella acetivorans is a sulfur-reducing
deltaproteobacterium capable to grow autotrophically with H>
or heterotrophically by acetate oxidation using the reversed
oxidative tricarboxylic acid (roTCA) cycle [1]. Citrate
cleavage (reductive direction) and citrate synthesis (oxidative
direction) are both catalyzed by ATP-independent citrate
synthase (CS), whereas the classical ATP-dependent citrate
lyase is absent [1, 2]. D. acetivorans harbours three CS, two
of them we characterized biochemically. While one
isoenzyme is a typical citrate synthase, whose Kwu value to
citrate (1 mM) is nevertheless close to the intracellular citrate
concentration in autotrophically grown cells (1.4 mM) [1], the
second CS homolog was a promiscuous enzyme with citrate
and methylcitrate synthase activities [3]. The comparison of
CS activity in D. acetivorans cell extracts and the activity of
heterologously produced CS suggests that this enzyme
constitutes ~20% of cellular protein. Indeed, the only specific
recognizable feature of the roTCA cycle in bacteria is its
dependence on unusually high activities of CS and malate
dehydrogenase (MDH). It allows to overcome unfavourable
kinetic and thermodynamic properties of citrate cleavage
reaction catalyzed by CS. As codon usage bias strongly
correlates with the protein/transcript level, we examined
whether the presence of the roTCA cycle can be predicted
by analysis of the codon usage of the corresponding genes.
Although the results of the analysis were not ambiguous for
some studied microbial groups, we identified several
bacterial species that potentially use the roTCA cycle. In the
case of Hippea maritima (Desulfurellaceae), we were able to
confirm very high activities of CS and MDH, demonstrating
that this type of bioinformatic analysis opens a possibility to
recognize  otherwise invisible metabolic pathways.
Furthermore, our results suggest that the emergence of the
roTCA cycle does not require specific adaptation of CS to
catalyze the thermodynamically unfavourable citrate
cleavage reaction.

[1] A. Mall et al., Science 359, 563-567 (2018).
[2] T. Nunoura et al., Science 359, 559-563 (2018).

[3] E. Pettinato et al., poster (2020).
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Introduction

Electroactive microorganisms (EAM) are capable of
performing extracellular electron transfer (EET) representing
a uniqgue metabolic trait. The terminal electron acceptor
(TEA) is solid and can be, e.g., metal ore or anode. Although
EAM attracted considerable interest, their thermodynamics is
still unexplored. However, assessing the energy fluxes
during EET is a prerequisite for deciphering their ecological
role and for leveraging their technological potential.

Objectives



Due to the peculiarity of their electron-transport chain (ETC),
the energy harvest of EAM is restricted. Metabolically
received electrons are transferred across the cell membrane,
while a share of ETC components is located in the periplasm
and at the outer membrane. Thus, these cannot contribute to
the generation of proton gradient across the inner membrane
subsequently utilized for ATP synthesis. Consequently, the
guestion arises, to which extent the potential of the TEA
influences the energy harvest of EAM.

Materials & methods

A previously developed model for electroactive biofilms?!
combining thermodynamic calculations on microbial growth,
electrochemical, chemical, and physical equations was
applied for deciphering the impact of the anode potential on
the energy harvest of the model EAM Geobacter
sulfurreducens.

Results

Energy harvest of G. sulfurreducens saturates at anode
potential of 0.2 V (vs. SHE) representing full exploitation of
the thermodynamic frame. The anode potential affects EET
rate and in turn the energy-yielding reaction (i.e., substrate
oxidation) by changing reaction conditions. However, this is
solely a kinetic effect, the thermodynamic frame of this EAM
is not influenced by the potential of the solid TEA.

Conclusion

Assessing the energy harvest of EAM requires an adapted
approach compared to classical thermodynamic calculations.
Instead of calculating the energy difference between electron
donor and terminal electron acceptor, the energy difference
between electron donor and an intracellular electron carrier
contributing to the proton gradient should be calculated?.

IKorth et al., 2015, Bioelectrochemistry

2Korth et al., 2019, Front Microbiol
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A community mineralizing benzene under nitrate-reducing
conditions, originally enriched in sand-filled bioreactors
percolated with groundwater at a benzene-contaminated
aquifer, has been maintained in laboratory microcosms for
many years. A controlled succession experiment using multi-

omics approaches could reveal microbial interactions and
bioindicators for benzene degradation. In this study, we
monitored the succession of species in this community
during the degradation of benzene under nitrate-reducing
conditions. The laboratory microcosms inoculated with our
benzene-degrading community were fed with benzene (25%
13C). We sampled the solid (sand) and liquid phases from the
microcosms at five time points: experiment set up (TO),
beginning of mineralization (T1), early log-phase (T2), late
log-phase (T3) and end of experiment (T4). After DNA
extraction, we sequenced metagenomes for all samples (150
bp paired-end Illumina reads, minimum 20 million reads per
library). We recovered 2006 good quality (low to no
contamination) metagenome-assembled genomes (MAGS),
spanning 144 bacterial and 3 archaeal unique taxa. The
most recovered prokaryotic MAGs belong to the orders
Betaproteobacteriales (320), Anaerolineales (292),
Rhizobiales (128) and Ignavibacteriales (86). From Archaea,
we recovered MAGs from the phyla Microarchaeota (3),
Nanoarchaeota (2) and Thermoplasmatota (2). Over 5.5
million unique proteins were predicted. Many enzymes
related to metabolic pathways involved in benzene
mineralization were identified. Those include also enzymes
related to metabolism of inorganic nitrogen. For example,
enzymes related to the anaerobic oxidation of ammonium,
indicating a likely active intake of nitrite by ANAMMOX
bacteria. Currently, we are conducting stable isotope probing
of the proteome (SIP-proteomics) from all samples and
performing functional annotation of the recovered MAGs.
Tracking labeled proteins will indicate not only the key
players in the metabolism of benzene but also how carbon
flows through the microbial community. In the end, we expect
to better understand the mechanisms underlying anaerobic
benzene mineralization under nitrate-reducing conditions.

053-EPAV

Turnover of intermediates and the active microbiota during
degradation of 13C-maize in a biogas digestor by RNA-based
stable isotope probing (RNA-SIP)

*N. Ruppel*, K. Schafer!, F. Buegger?, M. A. Horn!

!Institute of Microbiology / Leibniz University Hannover, Hannover,
Germany

2Helmholtz Zentrum, Muenchen, Germany

Biogas is an important renewable energy resource and is
produced during the anaerobic food chain. Complex
biopolymers are degraded by a consortium of
microorganisms. Numerous microbial taxa interact and
perform hydrolysis, many primary and secondary syntrophic
fermentations producing acetate and H2/CO2. Syntrophs are
crucial for converting intermediates to methane precursors.
Methanogens are the terminal electron sink and convert
acetate and H2/CO: into CH4. However, substrate specific
key players remain to be identified as well as rates of
interconnected pathways, which are crucial for process
stability and CHs4 vyield. Thus, a time-resolved RNA-SIP
experiment was performed using material from a one-stage,
thermophilic, maize-fed biogas digester. 3C-maize (97
atom.-% 3C) was supplemented to anoxic digestate
incubations at 50 °C as one-time dose, and labeled
intermediates and products quantified regularly by LC-MS
and GC-IRMS. Six time points were chosen for density
gradient centrifugation of RNA to identify active assimilators
of maize derived 3C by llumina MiSeq. Fully 3C-labeled
important process intermediates were acetate and
propionate, which increased immediately after '3C-maize
addition, with maximal concentrations after 5 h and 11 h,
respectively. Accumulation of other labeled organic acids
was not observed. *CHs4 and 13CO: increased linearly
without appreciable delay. Production of 3CO: decreased
after 17 h. The highest Hz concentration of 150 ppm was



measured after 15 h and was subsequently reduced.
Organisms within the phylum Firmicutes were always 3C-
labeled. Clostridiaceae and Dysgonamonadaceae were 3C-
labeled after 3 h, suggesting association with primary
fermentations, and Halanaerobiacea as well as an
uncultured family within the Clostridia were 13C-labeled after
9 h. Putative secondary fermenting syntrophs of the genera
Syntrophomonas, Gelria and Tepidanaerobacter were
labeled after 39 h. In conclusion, we identified hitherto known
and unknown thermophilic key players associated with
carbon turnover in such types of bioreactors, including key
syntrophs that are crucial to functioning of the anaerobic food
chain.
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The gut microbiota plays a decisive role for the human
immune system and supports digestion by expanding the
substrate spectrum of the host. The majority of the human
intestinal bacteria belong to the Phyla Firmicutes or
Bacteroidetes. These organisms are responsible for the
breakdown of fibers, which are not degraded by human
digestive enzymes. Although the analysis of central
metabolic pathways of gut microbes is increasingly gaining
importance, it has never been investigated how these
species metabolize pentoses, the monomeric units of e.g.
the important fiber hemicellulose. Bioinformatic analyses
revealed that a transaldolase as the key enzyme of the
regular pentose phosphate pathway (PPP) is absent in many
species of the human gut (e.g. Bacteroides, Prevotella,
Faecalibacterium and Ruminococcus species). To find
evidence for an alternative pentose conversion pathway, we
analyzed one of the main players in the colon, Prevotella
copri, for its potential to degrade xylose. We could show that
a pyrophosphate-dependent phosphofructokinase (PPi-PFK)
in combination with a fructose-1,6-bisphosphate-aldolase
(FBP-aldolase) was able to replace the transaldolase
reaction. In summary, this newly discovered pathway for the
degradation of C5-sugars differs significantly from the well-
known pentose metabolism of common bacteria and
represents a mixture of the PPP and a reversed Calvin cycle.
Bioinformatic data showed, that in the absence of the
transaldolase, the gene encoding the PPi-PFK can function
as a marker that indicates the presence of this alternative
pathway for pentose degradation in gut bacteria.
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Question: The carboxylate platform is a promising
technology for substituting petrochemicals in the provision of
specific platform chemicals and liquid fuels. It includes the
microbial chain elongation of short-chain fatty acids to form
the more valuable medium-chain variants. We investigated:
How does the pH value in the bioreactor shape the microbial
community? How does the microbiome in turn influence the
production process? And does the microbiome show
dynamic behaviour during the anaerobic fermentation that
influences the product formation?

Methods: We operated a 15 L open system continuous
stirred tank reactor for 241 days and combined flow
cytometric short interval monitoring, cell sorting and 16S
rRNA gene amplicon sequencing to investigate microbiome
structure and dynamics.

Results: Flow cytometry recorded 31 sub-communities with
cell abundances varying over 89 time points. It revealed a
highly dynamic community, whereas the sequencing analysis
displayed a mostly unchanged core community. Eight key
sub-communities were linked to caproate or caprylate
production (rS > |£0.7]). Amongst other insights, sorting and
subsequently sequencing these sub-communities revealed
the central role of Bifidobacterium and Olsenella, two genera
of lactic acid bacteria that drove chain elongation by
providing additional lactate, serving as electron donor.
Caproate and caprylate titres of up to 6.12 g/L and 1.83 g/L,
respectively, were achieved. Caproate production was
optimal at pH 5.5 and connected to lactate-based chain
elongation, while caprylate production was optimal at pH
6.25 and linked to ethanol utilisation.

Conclusions: High-titre medium-chain fatty acid production
with complex substrate is possible without the addition of
external electron donors. This result will greatly ease scaling
and profitable implementation of the process. The pH value
influenced the substrate utilisation and product spectrum by
shaping the microbial community. Flow cytometric single cell
analysis enabled the fast, short interval analysis of the
microbial community and was coupled with 16S rRNA gene
amplicon sequencing to reveal the pivotal role played by
lactate-producing bacteria.
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Among strains of the acetic acid bacteria genus
Komagataeibacter are high microcrystalline cellulose
producers. Due to its high capacity to store water and its
mechanical strength, bacterial cellulose (BC) is a very
versatile biomaterial. The strains contain three cellulose
synthase operons of different complexities. All operons
consist of at least the synthase itself and a channel protein.
Several diguanylate cyclases (DGC) catalyze the formation
of c-di-GMP that induces biofilm formation after binding to
the c- terminal PiLZ domain of AcsAB.

This study aims on the analysis of the role of respective
cellulose synthase operons and their regulation. Several
markerless multi-deletion mutants of elements of the
cellulose synthase operons and the DGCs as well as
fluorescent reporter fusions were constructed and used to
quantify produced cellulose as well as to assess the role of
the operons for biofilm formation by analyzing structural
differences in biofilm composition as well as by fluorescence
microscopy and scanning electron microscopy.
The genetic system we developed for Komagataeibacter
strains is, to our best knowledge, the only system applicable
to construct markerless mutants in cellulose producing
prokaryotes.

K. xylinus ATCC 53582 strain shows high quantities of BC
synthesis, deletion of dgcl reduced the amount of produced
cellulose significantly, while deletion of dgc2 abolishes
cellulose formation completely. In K. hansenii ATCC 23769 a



significantly lower amount of cellulose was measured after
deletion of elements of the AcsAB operon. The importance of
AcsAB for biofilm formation, compared to AcsAB2 and
AcsAB3 was supported by SEM data.
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Construction of an Aspergillus oryzae triple amylase
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Aspergillus oryzae is an industrially relevant organism for the
secretory production of heterologous proteins. Due to high
level secretion of the native a-amylase, A.oryzae is
especially interesting for the expression of heterologous
amylases. The activities of heterologously produced
amylases, however, cannot be quantified directly within the
culture broth due to the high background activity of the native
a-amylase. This background activity is caused by the gene
products of amyA, amyB and amyC. Deletion of all three
amylase encoding genes led to the complete loss of amylase
activity in the culture supernatant [1]. For heterologous
expression target genes are usually randomly integrated into
A.oryzae genome via NHEJ. Resulting clones vary in
expression strength due to different integration genome loci.
This hamperes fast and comparative enzyme screening
technologies in A. oryzae.

To generate a fast and comparative A. oryzae expression
platform with high secretion efficiency, the three amylase
genes amyA, amyB and amyC were deleted simultaneously
using multiplex CRISPR/Cas9 editing technology resulting in
the strain HGRO2. The rate of obtained triple knockouts was
67 % pointing out the high efficiency of the multiplex deletion
system. Further genome editing of HGRO02 at the amyC locus
was performed to enable target integration specifically at the
amyB locus.

Target integration of an amylase expression cassette
specifically into the amyB locus was performed using an in
vitro CRISPR/Cas9 dual RNP system. Using this system
high level secretion of the heterologously produced amylase
was achieved. This amylase activity could be quantified
directly from the culture supernatant without purification. The
target integration specific into the amyB locus resulted in
comparable amylase secretion level of single clones.

This new edited Aspergillus oryzae together with the specific
target integration system can be used as a chassis for the
fast and precise comparable characterization of newly
identified enzyme candidates.

[1] Nemoto, Maruyama, Kitamoto; Biosci Biotechnol
Biochem. 2012;76(8) DOI:10.1271/bbb.120142
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Pseudomonas putida is increasingly drawing attention as a
promising host for biotechnological applications due to its
highly versatile metabolism and unique resistance to
endogenous and exogenous stresses. Heterologous protein
overproduction, e.g. when expressing new pathways, often
results in reduced cell growth and cessation of protein
production as energy and metabolites, pivotal for the host's
own cellular maintenance and gene expression machinery,
are drained into the expression of foreign genes. In order to
measure and understand the metabolic burden, we followed
resource allocation during plasmid-based gene expression of
eGFP, as an easily tractable model protein, in P. putida
KT2440 and EM383. Strains engineered with the strong
XylS/Pm expression system, were grown on M9-Minimal
medium and glucose, and monitored spectrophotometrically.
Surprisingly, KT2440 (pSEVA 438-eGFP) showed a slightly
higher eGFP production rate (4970 + 200 rlu/OD*h) than the
cell factory strain EM383 (pSEVA 438-eGFP) (4450+ 120
rlu/OD*h). Since P. putida exhibited a big gene expression
leeway with no significant drop in growth rate, maltose
binding protein (MBP) from E. coli and eGFP were
genetically fused to increase the burden. mCherry was
additionally integrated into the genome with a constitutive
promoter as proxy for native gene expression. KT2440
attTn7::laclP-mCherry (pSEVA 438-malEeGFP) presented a
prolonged lag-phase, a substantial reduction in growth rate
to u= 0.05 h™1, accompanied by a surprisingly higher protein
yield of Yex= 108000 * 12000 RLU/OD when compared to
KT2440 attTn7::laclP-mCherry (pSEVA 438-eGFP) with u =
0.18 h™ and Ypx= 39000 + 8000 RLU/OD. Delay of
exponential growth by the fused protein might indicate
metabolic stress. An increase in solubility and protein folding,
as reported in literature for MBP fusions, could explain the
increased eGFP yield. To rule out burden by protein toxicity,
a stem-loop structure to prolong mRNA lifetime and gene
expression, was constructed and is yet to be tested in shake-
flask experiments. These results present a useful toolbox for
the quantification of metabolic burden in the future platform
organism P. putida.
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The two Gram-positive soll bacteria
Streptomyces davaonensis and Streptomyces cinnabarinus
produce the antibiotic  roseoflavin  (8-demethyl-8-
dimethylamino-riboflavin), which is a riboflavin analog and
acts as a natural antimetabolite. Roseoflavin synthesis has
been studied in S. davaonensis and similar enzymes are
present in S.cinnabarinus. The first step of roseoflavin
biosynthesis is the phosphorylation of riboflavin to riboflavin-
5"-phosphate (RP) by the flavokinase RibC. The complex
synthase RosB catalyzes the conversion from RP and
glutamate to 8-demethyl-8-amino-riboflavin-5'-phosphate
(AFP). Roseoflavin is synthesized by the dimethyltransferase
RosA from 8-demethyl-8-amino-riboflavin (AF) via the
intermediate  8-demethyl-8-methylamino-riboflavin ~ (MAF).
The RosB product AFP is not a substrate for RoOsA.
Therefore, the roseoflavin biosynthetic pathway depends on
a yet unknown phosphatase that generates AF from AFP.
We report here on the identification and characterization of
such a novel phosphatase. The novel enzyme was named
RosC. The roseoflavin biosynthetic pathway is now fully
understood. It takes four enzymes (RibC, RosB, RosC and
RosA) to convert a vitamin into a potent antibiotic.



Schwarz, J., Konjik, V., Jankowitsch, F., Sandhoff, R. &
Mack, M. ldentification of the Key Enzyme of Roseoflavin
Biosynthesis. Angewandte Chemie (International ed. in
English) 55, 6103-6106 (2016).

Konijik, V. et al. The Crystal Structure of RosB: Insights into
the Reaction Mechanism of the First Member of a Family of
Flavodoxin-like Enzymes. Angewandte Chemie (International
ed. in English) 56, 1146-1151 (2017).

060-MBTV

Identification of fungal limonene-3-hydroxylases for
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More than 30.000 tons of menthol are produced every year
as flavor and fragrance compound or as medical component.
So far, only extraction from plant material or chemical
production is possible. An alternative approach for menthol
production could be a biotechnological-chemical two-step
conversion, starting from (+)-limonene, which is a side
product of the citrus processing industry. The first step
requires a limonene-3-hydroxylase (L3H) activity that
specifically catalyzes hydroxylation of limonene at carbon
atom 3. Several protein engineering strategies already
attempted to create limonene-3-hydroxylases from bacterial
P450s,1-31 which can be efficiently expressed in bacterial
hosts. However, their regiospecificity is rather low, if
compared to the highly selective L3H enzymes from the
biosynthetic pathway towards menthol in Mentha species.
The only naturally occuring limonene-3-hydroxylase activity
identified in microorganisms so far, was reported for a strain
of Hormonema black yeast in South Africa,®! but the
responsible enzyme is not yet known.

We intended to identify the underlying P450 sequences in
related fungi in order to make it usable for biotechnological
applications.

Apart from the described Hormonema strain,® we
discovered different other fungi that can catalyze the
intended reaction. In the genome of one of the strains we
identified potential P450 monooxygenase-encoding genes.
Using heterologous protein expression and biotransformation
experiments in yeast, we were able to identify limonene-3-
hydroxylases from Aureobasidium pullulans and Hormonema
carpetanum.

Further characterization of both enzymes in P. pastoris
showed their high regioselectivity, their potential for
limonene-based menthol production and their additional
ability to convert a- and -pinene into specific hydroxylation
products.

1S, G. Bell et al., Chem. Commun. 2001, 7, 635-636.
21 A. Hernandez-Ortega et al., Sci. Rep. 2018, 8, 14396.
B A, Seifert et al., ChemBioChem. 2009, 10, 853-861.

S, Lupien et al., Arch. Biochem. Biophys. 1999, 368, 181-
192.

[BIM. S. Van Dyk et al., J. Mol. Catal. B Enzym. 1998, 5, 149—
154.
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Hydrogen can in the future serve as an advantageous carrier
of renewable energy. A prerequisite for this is that its
production via water electrolysis from photovoltaic or wind
power and utilization in fuel cells are realized with high
energy efficiency and with abundant, non-precious
electrocatalysts. In this study, we address this challenge with
an enzymatic hydrogen evolution electrocatalyst as an
alternative to the use of rare noble metals. The structured
electrodes feature a geometrically defined large specific
surface area, to allow low overpotentials to be used and
thereby high energy efficiencies to be achieved. The
unprecedented novelty of this study is the use of hydrogen
converting enzymes from unculturable microorganisms,
which are harnessed by a recently developed activity-based
screen of metagenomic libraries. The respective libraries
were constructed from deep-sea hydrothermal vent systems
hallmarked by dynamic hydrogen and oxygen concentrations
as well as steep thermal gradients. One particularly efficient
hydrogen converting recombinant enzyme was chosen for
further applications. When dispersed on a TiO2-coated
polyacrylonitrile fiber electrode, it exhibited a 3-fold higher
activity than the hydrogenase of the host in which it was
heterologously expressed. Furthermore, it is characterized
by an unusually high stability. These results highlight the
tremendous potential of enzymes derived from the
uncultured microbial majority for applications in energy
conversion and storage technologies.
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Biophotovoltaics is a new discipline in microbial fuel cell
research. The basic idea is the conversion of light energy
into electrical energy using photosynthetic microorganisms.
Oxygenic Cyanobacteria are the microbes most widely
applied in biophotovoltaics research. The microbes will use
their photosynthetic apparatus and the incoming light to split
the water molecule. The generated protons and electrons are
harvested using a bioelectrochemical system. The key
challenge is the extraction of electrons from the microbial
electron transport chain into a solid state anode. On the
cathode a corresponding electrochemical counter reaction
will consume the protons and electrons, e.g. through the
oxygen reduction to water, or hydrogen formation.

Here we present a system that generates light dependent
current output and H2 formation by Synechocystis PCC6803,



a model organism for oxygenic cyanobacteria. We have
employed a mediated electron transfer process using
potassium ferricyanide (K3Fe(CN)6) as electron shuttle
between the cells and the anode surface. Since the current
outputs of such a system are quite low, reproducibility was
difficult to achieve. Careful optimization of the reactor set-up
as well as a systematic screening of electrochemical
interference from media components was necessary and
subsequent media optimization was conducted. The resulting
optimized system allowed measurement of current output
and could be used to differentiate between electrons derived
from light-driven water oxidation and those generated by
metabolism of storage carbohydrates in darkness. Using
measurement of intracellular glycogen pools, energy charge
of the adenosin pool and degree of reduction of the
nicotinamid pools allowed to characterize the process in
more detail.

The results obtained here are currently used in combination
with metabolic engineering to improve current densities. This
not only provides deeper understanding of the electron flows
in cyanobacteria and thus improves our understanding of
photosynthesis but this also lays the basis for energy
efficient light-driven production of green hydrogen without the
generation of explosive oxyhydrogen.
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Bacteria with an increased tolerance against antibiotics
without acquiring genetic resistance are termed persisters.
When re-cultured in the absence of antibiotics, persisters
show the same drug susceptibility as the original population.
Currently, low metabolic activity, reduced ATP
concentrations, as well as the activation of toxin/antitoxin
modules are believed to be involved in persister formation [1-
3].

Here, we investigated persister cell formation in an atp
operon deletion strain of Salmonella Typhimurium by an
exposition of 4-fold the MIC of ciprofloxacin (CIP). We
examined the involvement of reactive oxygen species (ROS)
in killing and performed persister assays under ROS
diminishing conditions. In addition, we determined the
metabolic activity, NADH content, and persistence in strains
of S. Typhimurium harboring mutations in metabolic genes
involved in pathways associated with persister formation
through endogenous ROS production.

Despite reduced ATP pools, the atp operon deletion mutant
was found to be more susceptible to CIP, although previous
studies demonstrated that reduced ATP concentrations
result in increased persister cell formation [2,3]. We show
that deletion of the fre gene encoding flavin reductase in the
atp deletion background partially restored persister cell
formation to wild-type levels, as did ROS diminishing
conditions. Furthermore, we observed higher levels of
NADH, increased metabolic activity and elevated hydroxyl
radical formation in the atp operon mutant.

Our results suggest that the lack of the ATP Synthase
increases the metabolic activity through increased glycolysis,
resulting in the accumulation of NADH/NADPH, which in turn
drives the flavin reductase to elevated side reactions

reducing ferric iron to ferrous iron, thus promoting hydroxyl
radical formation via the Fenton reaction.

1. Germain, E., et al., Molecular mechanism of
bacterial persistence by HipA. Mol Cell, 2013. 52(2):
p. 248-54.

2. Shan, Y. et al, ATP-Dependent Persister
Formation in Escherichia coli. MBio, 2017. 8(1).

3. Conlon, B.P., et al, Persister formation in
Staphylococcus aureus is associated with ATP
depletion. Nat Microbiol, 2016. 1: p. 16051.
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Urinary tract infections (UTIs) are among the most common
bacterial infections and mainly caused by uropathogenic E.
coli (UPEC). UPEC differ significantly from commensal
intestinal E. coli by their considerably larger genome, which
enables them to survive and persist in the urinary tract.
During UTI, UPEC experience an increased number of
neutrophils that produce high levels of reactive oxygen and
chlorine species (RO/CS), among which is hypochlorous acid
(HOCI), the active ingredient of household bleach and the
most commonly used disinfectant in medical, industrial and
domestic settings. Due to the increased HOCI levels present
in the bladder, we hypothesize that UPEC strains need
particularly efficient HOCI-defense systems in order to
successfully colonize the urinary tract. Therefore, our goal is
to comprehensively understand the cause and effects of
RO/CS stress in UPEC and identify specific defense
strategies used to limit their damage.

Our growth and survival data suggest that UPEC strains are
substantially more HOCI-resistant than the commensal E.
coli strain MG1655. This is particularly significant since
MG1655 is considered to be one of the most robust E. coli
lab strains known. Moreover, the HOCI resistance of
enteropathogenic E. coli is similar to MG1655 and
significantly lower than UPEC. Contrary, no difference in
sensitivity among UPEC, EPEC and commensal E. coli was
observed in response to the neutrophilic oxidant peroxide
excluding the possibility that UPEC resistance is non-specific
to RO/CS in general. We found that expression the HOCI-
specific rclA gene was significantly more induced in HOCI-
treated MG1655 compared to CFT073, supporting the idea
that CFTO73 employs additional defense systems against
HOCI stress. Our transcriptomic data reveal the upregulation
of UPEC-specific transcriptional regulators. Based on our
observations, we propose that UPEC strains have acquired
increased resistance towards HOCI, which likely contribute to
UPEC pathogenesis. Identifying, characterizing and targeting
HOCI-specific defense systems has the potential to increase
the HOCI sensitivity in UPEC and mitigate HOCI-caused
damage.
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Bacterial persister cells are considered to be one of the
major contributing factors of recalcitrant infections. Several
different routes into a persister state have been identified
until today, but reduced growth and cellular activity appear to
be common traits. Previous studies have shown that the
depolarizing toxin TisB contributes to persister formation in
Escherichia coli during a ciprofloxacin treatment and that
mild TisB overexpression renders E. coli extraordinarily
persistent against antibiotic treatments [1,2]. New evidence
suggests that TisB affects both cellular activity and protein
biosynthesis. Microscopy and fluorescent protein production
assays revealed that wild-type cells show massive cell
elongation and protein biosynthesis even after 5 hours of
ciprofloxacin treatment. In contrast, a regulatory TisB mutant
with an increased population of TisB-dependent persisters
stops both processes within minutes when exposed to
ciprofloxacin. Reporter assays with the SOS response gene
sulA as a marker for DNA damage indicate that TisB-
dependent persisters effectively evade the impact of this
particular antibiotic, likely due to inactivation of target
molecules. However, we find the regulatory mutant
maladapted when DNA damage cannot be circumvented,
e.g. during a treatment with the DNA-crosslinking agent
mitomycin C, which does not require a target to be active.
We speculate that the inability of the regulatory mutant to
mount an effective SOS response is explained by a global
reduction of protein biosynthesis. The lack of an SOS
response proves to be a severe disadvantage during a
mitomycin C treatment. Hence, we observe a drastically
reduced survival rate for a strain highly persistent against
other antibiotic classes. We conclude that TisB-dependent
persistence is yet another example of an antibiotic-specific
endurance mechanism in bacteria.

[1] Dérr et al. PLoS Biol. 8, 29-35 (2010).

[2] Berghoff et al. Mol. Microbiol. 103, 1020-1033 (2017).
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Question:

The anaerobic gram-negative bacterium Fusobacterium
nucleatum (FN) is increasingly gaining attention due to its
role in diseases outside of its natural habitat. Recent studies
found a significant association of FN with colorectal cancer
(CRC) or adenoma tissue for which its increased presence
correlates with worsened patient prognosis and resistance to
common chemotherapeutic. Despite this, only few genes
have been characterized and even less is known about the
post-transcriptional regulation in FN and its possible
connection to CRC. To remedy this, we take an RNA-centric
approach of understanding the post-transcriptional regulation
of FN by investigating key regulators such as small non-
coding RNAs (sRNAs) and their function in its life style.

Methods:

We analyzed the primary transcriptome using differential
RNA-seq (dRNA-seq) and total RNA-seq during growth

stages and exposure to gut-associated conditions. Additional
standard methods were used to investigate the function of
newly identified SRNAs.

Results:

dRNA-seq allowed the precise identification of transcriptional
start sites and promoter regions for FN while also enabled
the discovery of novel sSRNAs. Exposing FN to different gut-
associated conditions allowed the characterization of
transcriptional units involved in its response to external
stress factors. These factors also led to differential
expression of multiple sSRNAs, indicating an important role in
coping with these environmental changes. In order to identify
targets of promising sRNA candidates, we genetic
manipulated the sRNAs and characterized them regarding
global transcriptomic changes and the impact on growth or
biofilm formation.

Conclusion:

Here we report the detailed primary transcriptome of FN
achieved by dRNA-seq and additionally allowed the
discovery of novel sRNAs in FN. We complemented this by
analyzing the transcriptomic response to different gut-
associated conditions. Combined, our results on the global
transcriptomic changes and the characterization of the
sRNAs enabled us to improve our understanding of the
regulatory role of the sRNAs and shed light on the CRC-
associated pathogen's physiology.
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The water-dwelling alpha-proteobacterium Caulobacter
crescentus is able to thrive in nutrient-poor environments. Its
lifestyle is controlled by an intricate network of transcriptional
activation and repression mechanisms, differential
phosphorylation of two-component system regulatory
proteins, and proteolysis of regulatory and structural
proteins. However, regulation at the post-transcriptional level
- hence the contribution of RNA-mediated regulation - which
has been identified as a central component of gene
expression regulation in other bacteria is only about to be
explored.

Bacterial small RNAs (sRNAs) are a heterogeneous group of
post-transcriptional regulators that often act at the heart of
large networks. Most SRNAs characterized today engage in
direct base-pairing interactions to modulate translation
and/or stability of target mRNAs. In many cases, the
ubiquitous RNA chaperone, Hfgq, contributes to the
establishment of functional interactions. We have recently
solved the X-ray crystal structure of the RNA chaperone
protein, and determined its principal ability to promote RNA
annealing. Here we report on the identification of sRNAs
associated with Hfg in C. crescentus, and for the first time
the characterization of Hfg-dependent post-transcriptional
regulation in this organism. Using transcriptomics we have
uncovered a large set of targets controlled by one Hfg-bound
and have validated its activity both in vivo and in vitro.

In addition, we characterized a novel SRNA, ChvR, controlled
by the conserved two-component system Chvl-ChvG. ChvR
is expressed in response to DNA damage, low pH, and
growth in minimal medium. We identified the mRNA of the



TonB-dependent receptor ChvT as the sole target of ChvR.
Genetic and biochemical analyses showed that ChvR
represses ChvT at the post-transcriptional level through the
formation of two distinct base-pairing interactions. Finally, we
show that ChvR-controlled repression of chvT is independent
of Hfg, and therefore distinct from previously reported
mechanisms employed by prototypical bacterial SRNAs.
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Gene regulation is often investigated from a synthesis-centric
angle. In this view, specific sigma or transcription factors
activate or repress the transcription of specific genes in
response to certain signals or growth phases. However,
there is no equilibrium or turning off of gene expression
without RNA degradation, the destructive side of the coin.

Furthermore, it is well established that RNA levels can be
also controlled by post-transcriptional regulation, e.g. through
small regulatory RNAs (sRNAs). Nevertheless, a standard
gene expression analysis only shows the differences in the
equilibrium RNA levels, but cannot disentangle if these are
due to changes in the RNA synthesis (transcriptional) or
changes in the degradation rates (post-transcriptional).

Here, we investigate both the differences in gene expression
and the differences in RNA degradation rates at standard
and iron stress conditions using the cyanobacterium
Synechocystis sp. PCC 6803 as a model. The analysis
allowed to estimate the relative shares of transcriptional and
post-transcriptional  regulation in the observed total
regulation. As an example, the regulon controlled by the iron
stress SRNA IsaR1!' became distinctively visible. Other
genes did not show a differential expression but the
degradation rate was clearly changed, indicating a converse
transcriptional and post-transcriptional regulation, which
leveled out each other.

Furthermore, we detected different modes of regulation, e.g.
degradation before the mRNA is fully synthesized or
degradation not until completion of transcription. Other
degradation patterns did not fit to any of these modes and
indicate interesting alternative modes of degradation.

Finally, the dataset helped us to disentangle the complex
transcriptional organization of the Synechocystis genome,
with  multiple instances of nested and alternative
transcriptional start site as well as mRNA fragments of
different stabilities, which together determine the fate of an
individual transcript variant.

1. Georg J., et al. 2017. "Acclimation of Oxygenic
Photosynthesis to Iron Starvation Is Controlled by the SRNA
IsaR1." Current Biology: CB 27 (10): 1425-36.e7.
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Analysis of ultrastructure of akinetes and the role of hetM in
heterocyst and akinete envelope formation
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The filamentous cyanobacterium Anabaena variabilis ATCC
29413 can differentiate heterocysts and akinetes to survive
under different stress conditions. Under nitrogen limited
condition, heterocysts provide the filament with nitrogen by
fixing N2 [1]. Akinetes are spore-like dormant cells, which
allow survival during adverse growth conditions. They differ
from vegetative cells by their cellular structure, composition,
and morphology and exhibit low metabolic activities [2]. They
can germinate to produce new filaments under suitable
conditions and are resistant to cold and desiccation [1].

Our research focuses on elucidating the mechanism of the
morphological changes during akinetes formation and
germination. Using scanning electron microscopy, we found
that the mature akinetes have a wrinkled envelope structure
and during germination, the cell size increases, surface
smoothens, and the short filament emerges. Focused lon
Beam (FIB)/SEM images indicated the presence of
cytoplasmic granules in immature akinetes and different
layers consisting of exopolysaccharide and glycolipid in
akinetes envelope. The akinetes envelope was found to be
required for maintenance of structural integrity and helps to
withstand the osmotic stress.

Formation or deposition of the heterocyst glycolipid layer
required the specific genes cluster including the gene hetM
(Ava_2595). Since akinetes may have been the ancestors of
heterocysts and share some common regulatory pathways
for differentiation [1], we mutated the gene hetM and
observed delayed heterocyst and akinete differentiation.
Heterocyst formation was aberrant and the mutant was not
able to grow without combined nitrogen source. Bodipy
staining showed the absence of glycolipid layer in
heterocysts and akinetes envelope in the mutant, which was
further confirmed by electron microscope analysis and thin
layer chromatography.

References

Maldener I, et al. (2014) Cellular differentiation in filamentous
cyanobacteria. The Cell Biology of Cyanobacteria: 263-291.

Perez R, et al. (2016) Clear differences in metabolic and
morphological adaptations of akinetes of two Nostocales
living in different habitats. Microbiology. 162(2):214-23.
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Quantification of outer membrane vesicles: a potential
tool to compare response in Pseudomonas putida
KT2440 to stress caused by alkanols.
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The bacterial release of outer membrane vesicles (OMVs) is
an important physiological mechanism of Gram-negative
bacteria playing numerous key roles. One function of the
release of OMVs is related to an increase in surface
hydrophobicity. This phenomenon initiates biofilm formation,
making bacteria more tolerant to environmental stressors.
Recently, it was qualitatively shown for Pseudomonas putida
that vesicle formation plays a crucial role in multiple stress
responses. Yet, no quantification of OMVs for certain stress
scenarios has been conducted. In this study, it is shown that
the quantification of OMVs can serve as a simple and
feasible tool, which allows a comparison of vesicle yields for
different  experimental setups, cell densities, and
environmental stressors. Moreover, the obtained results
provide insight to the underlying mechanism of vesicle
formation as it was observed that n-alkanols, with a chain



length of C7 and longer, caused a distinct and steep
increase in vesiculation (12-19-fold), compared to shorter
chain n-alkanols (2-4-fold increase).
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Phenotypic growth heterogeneity of C. glutamicum under
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Question

Microorganisms can perform multiple metabolic functions,
both in natural habitats as well as biotechnological
production processes. The rates at which different activities
are performed can vary between individual cells and the
surrounding environment [1]. The molecular mechanisms
with influence of metabolic heterogeneity have attracted
significant research interest in the last years [2], but the
difference in the environmental conditions which can affect
metabolic heterogeneity have received little research
attention. To investigate this, novel analytical methods and
workflows need to be established.

Objectives and Methods

In this contribution, we introduce a microfluidic single-cell
workflow for the cultivation of microbial cells at dynamic
environmental conditions [3] . This system allows to oscillate
between different environmental input parameters e.g. pH
values or carbon sources.

Results

In a proof of concept study, we cultivated Corynebacterum
glutamicum at oscillating medium conditions, switching
between medium rich (complex media) and a buffer (no
nutrients) with different oscillation frequencies ranging from
hours to minutes intervals. We could show that the oscillating
frequency has not only an impact on the overall growth rate,
but significantly affects cell morphology. Especially for high
oscillation frequencies (10 minutes intervals), cell physiology
seems so be significantly affected [3]. Latest results,
hypothesis regarding the observed growth pattern and
potential application will be shown.

Conclusion

Our results show that the concept of dynamic microfluidic
single-cell cultivation has a high potential to investigate
cellular physiology at environmental perturbations. This
paves the way for an improved understanding of how
environmental conditions shape metabolic heterogeneity.

[1] Pearman, P. B., et al, 2008, Trends in ecology &
evolution, 23:149-158.

[2] Ackermann, M., et al, 2015, Nature Reviews Microbiology
13:497-508

[3] Tauber, S., et al., 2020, manuscript in preparation.
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Biofilms are now considered to be the most abundant form of
microbial life on Earth, playing critical rolesin biogeochemical
cycles, agriculture, and health care. Phenotypic and
genotypic variations in biofilms generally occur in three-
dimensional space and time, and biofilms are therefore often
investigated using microscopy. However, the quantitative
analysis of microscopy images presents a key obstacle in
phenotyping biofilm  communities and  single-cell
heterogeneity inside biofilms. Here, we present BiofiimQ, a
comprehensive image cytometry software tool for the
automated high-throughput quantification and visualization of
3D and 2D community properties in space and time. Using
BiofilmQ does not require prior knowledge of programming or
image processing and provides a user-friendly graphical user
interface, resulting in editable publication-quality figures.
BiofilmQ is designed for handling fluorescence images of any
spatially structured microbial community and growth
geometry, including microscopic, mesoscopic, macroscopic
colonies and aggregates, as well as bacterial biofilms in the
context of eukaryotic hosts.
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During the ex vivo macrophage infection by the intracellular
pathogen Salmonella enterica serovar Typhimurium, the host
cell undergoes a two-step transition (i) from a quiescent state
to a pro-inflammatory state (so-called M1) after invasion, (ii)
from a pro-inflammatory state to an anti-inflammatory state
(so-called M2) when the bacteria starts to replicate. These
complex sequences of host cell fate changes happen in few
hours and are fundamental to allow the bacteria to deploy its
virulence program and establish an intracellular home
allowing the pathogen to replicate or niche as a persister
(Saliba et al, 2016; Stapels et al., 2018). How cells are able
to transition from one state to the other remains an open
question. Here we introduce a time-resolved single-cell RNA-
seq method based on the measurement of nascent RNAs
that allows to capture transcriptomics changes after
infections.

Current transcriptomics methods have captured snapshots of
these states but so far we have a very little understanding of
trajectories meaning what transcription factors govern the
phenotypic changes. Measurement of "fast" gene expression
changes upon infections have been hindered by the
presence of pre-existing RNAs and current single-cell RNA-
seq have no true temporal dimensions. We propose here to
use the measurement of nascent RNAs to record the cellular



history along the infection process. To this end, we used a
method called scSLAM-seq that we recently introduced
(Erhard et al 2019) based on nucleotide labeling,
biochemical nucleotide conversion and single-cell RNA-seq.
scSLAM-seq measures simultaneously total and new RNAs
revealing the order of transcriptional programs that takes
place upon Salmonella infection. scSLAM-seq is ready to be
used for other bacterial infection models and to monitor drug
response.

Erhard F et al, scSLAM-seq reveals core features of
transcription dynamics in single cells (2019) Nature

Saliba AE et al, Single-cell RNA-seq ties macrophage
polarization to growth rate of intracellular Salmonella (2016)
Nature Microbiology

Stapels DA et al, Salmonella persisters actively undermine
host immune defences during antibiotic treatment (2018)
Science
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immediate effects on single cell activities and microbial
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In the past decades, the use of antibiotics increased due to
their application for treating human infections, preventing
diseases in agriculture and fostering livestock growth in
farms. This massive use resulted in environmental
contamination with the consequent development and spread
of antibiotic resistance, but also in antibiotic absorption in
crops via manure as well as their run-off into streams, rivers
and lakes. The currently unknown effects of antibiotics on the
ecology and the physiology of natural microbial communities
may have irreversible long-term impact on the biochemical
elements cycling and the ecosystem functioning. Especially
important are the effects caused by antibiotics on natural
aquatic communities with direct impact on the water quality.

In the present study we used stable isotope probing in
combination with nanoscale secondary ion mass
spectrometry (SIP-nanoSIMS) to analyze the effects of two
commonly used antibiotics Amoxicillin and Ciprofloxacin on
single-cell microbial activities, measured as uptake of carbon
and nitrogen, and 16SrRNA amplicon sequencing for
monitoring the species composition and structure of two
aquatic communities. River water samples were collected
and incubated for 24 hours at in situ conditions in the
presence of labelled carbon and nitrogen (13C-acetate and
15N-ammonium) at different antibiotic concentrations (1
Mg/L, close to concentrations measured in water bodies; 1
mg/L, simulating potential spills or run-offs).

Our results show that single-cell C- and N-uptakes were
strongly influenced by the antibiotics addition: the higher the
concentration the bigger the gap between highly and lowly
metabolically active cells. Single-cell activity measurements
were supported by drastic reductions in microbial diversity or
changes in species abundance, suggesting a strong
selection pressure on the microbial community for both
applied antibiotics at both concentrations.

We conclude that antibiotics presence has immediate effects
on microbial activity, diversity and structure of natural
microbial communities, already detectable after short term
exposure.
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Using Click-CLEM to reveal the mechanism of the
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Introduction: Antibiotic-resistant bacteria represent a major
problem worldwide, making the identification of novel anti-
microbial compounds a priority to achieve. Sphingolipids,
including ceramides, are a diverse group of structurally
related lipids. The sphingosine backbone alone shows
antibacterial activity against a broad range of pathogenic
microorganisms, including Gram-positive and negative
bacteria and fungi. In addition, recent studies show a growth
inhibitory effect of ceramide analogs against Chlamydia
trachomatis and Neisseria meningitidis.

Aim: In this study, we used a combination of click chemistry
and correlative light and electron microscopy (CLEM) to
analyze the mechanism of the bactericidal effect of azido-
functionalized ceramides (w-Ces-Ceramide) against the
human pathogen N. meningitidis (Nm) by observation of
ultrastructural damage and the localization of w-Ces-Ceramide
in Nm after treatment.

Methods: We first estimated the minimal inhibitory
concentration and minimal bactericidal concentration of the
w-Ce-Ceramide. Next, we used scanning/transmission
electron microscopy (SEM/TEM) to observe ultrastructure
alterations in Nm and utilized CLEM to observe the
localization of ceramides in Nm. To visualize the w-Ce-
Ceramide by CLEM we took advantage of click chemistry in
which the azide of the ceramide reacts with a dye coupled to
an alkyne by strain promoted alkyne-azide cycloaddition.

Results: We observed ultrastructural damage of the bacterial
outer membrane after incubation with the w-Ce-Ceramide as
determined by SEM/TEM. By CLEM, we showed that the
ceramide integrated into the bacterial membrane, which may
explain the damage shown. Additionally, we found an
accumulation of the ceramides in the bacterial cytosol.

Conclusion: CLEM, combined with click chemistry, offers a
powerful tool to study the effects of antimicrobial compounds
against pathogenic bacteria. Besides the easy handling, this
approach has the advantage of avoiding artifacts because it
precludes the need for genetic tagging or antibody labeling.
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Role of sSRNA 5'-phosphorylation state for target RNA
regulation in E. coli
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In Enterobacteriaceae  RNA degradation is initiated by
endoribonuclease RNase E. The 5"-end-dependent
mechanism of RNase E cleavage relies on the conversion of
5’-triphosphate (5"-PPP) groups of primary transcripts to 5"-
monophosphate (5"-P) groups by the pyrophosphohydrolase
RppH. 5"-Terminal-monophosphates can allosterically
activate RNase E by contacting the -catalytic domain
(Bandyra et al., 2018, Mol Cell 72:1-11). Some base-pairing
small RNAs (sRNAs) trigger degradation of their target RNAs
by recruiting RNase E. In a previous in vitro study it was
shown that the regulatory potential of MicC sRNA towards its
target mRNA is higher when MicC is present in the 5"-P form
as compared to the 5"-PPP form (Bandyra et al., 2012, Mol
Cell 47:943-953). Thus, an RNA silencing pathway was
suggested, where 5"-P sRNAs accelerate target turnover by
allosteric activation of RNase E. Moreover, recently an RNA
aptamer was discovered that provides so far the only tool to
generate 5"-P RNA species in vivo on demand (Goépel et al.,
2016, NAR 44:824-837).

In the current study, the aptamer was used to establish a
conditional cleavage system allowing the release of 5"-P
sRNAs to study their impact on target RNA degradation in
vivo. SRNAs that are generated via primary transcription (e.g.
MicC, RyhB) are highly unstable in their
monophosphorylated forms in vivo. Accordingly, the 5"-PPP
forms exerted a stronger or comparable regulatory effect on
their targets as compared to the 5"-P variants. In contrast,
the 5"-phosphorylation state has no impact on stability of
sRNAs that are naturally monophosphorylated (e .g. CpxQ,
SroC), as they are generated via processing. The latter
sRNA class yielded comparable effects on its target RNAs,
regardless of their 5"-phosphorylation status and the
presence of RppH. In some cases, target degradation was
even slightly more efficient in presence of the 5"-PPP sRNA
as in presence of the respective 5"-P sRNA variant. Based
on our results, it appears that 5"-P sRNA-stimulated target
degradation by RNase E does not represent a mechanism
operating in vivo.
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A gap junction analog confers cell-cell communication
in multicellular cyanobacteria
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Cells of the multicellular cyanobacterium Nostoc (Anabaena)
PCC 7120 communicate along the filament using direct cell-
cell connections, the septal junctions (SJ):. These
proteinaceous structures traverse the septal peptidoglycan
thru nanopores? and allow the exchange of small molecules
between the cytoplasm of adjacent cells?.

We recently resolved the in situ architecture of the SJs and
showed that they are gated communication channels,
resembling ancient gap junction analogs®. The SJ are
composed of a tube traversing the nanopores, ending at
each cytoplasmic membrane in a plug structure, which is
covered in the cytosolic site by a cap module. By using
different inhibitors or applying natural stress conditions we
showed that the cap changes its conformation ceasing
communication. This showed that the SJs can control the
molecule transport between the cells. We also identified one
protein as component of the plug, the septal protein FraD.
Mutants lacking FraD are not able to close their SJ upon
stress, showing that this structural module is required for the
gating of the SJs. We currently investigate the gating

mechanism and the cell-cell communication between
heterocysts, specialized in nitrogen fixation, and their
neighboring vegetative cells.

1 Flores et al. Life 2019, 9
2 Lehner, et al. (2013), FASEB J, 27

3 Weiss, Kieninger et al. (2019), Cell, 178
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Flagella are organelles of locomotion and multiprotein
complexes whose assembly and positioning requires
complex spatiotemporal control. Generally, flagellar
assembly is thought to be controlled in several transcriptional
tiers, which is mediated through several master regulators.
Here, we have studied the regulation of flagellar genes in
polarly flagellated gammaproteobacteria by the regulators
FIrA, RpoN (054) and FliA (028) in Shewanella putrefaciens
CN-32 as a general model-organism. We show that the
transcriptional order of events also exist in Shewanella but is
not reflected at the protein level.

The major regulators, FIrA and RpoN, activate the
transcription of the basal body building blocks and flagellar
export gate. The sigma factor FliA regulates the late flagella
components. Notably, only a few of the early flagella proteins
appear to be regulated at the protein level while most are
present at normal levels also in the absence of the master
regulators. The data indicates that strict control at both the
transcriptional and protein level only occurs for key
components for initiation of flagellar assembly (such as some
early C-ring components), motor activation (such as MotY)
and for highly abundant proteins, such as the outside
structures (such as hook proteins and flagellins).

In addition, we investigated the regulation of the MinD-like
ATPase FIhG, which determines the number of flagella. A
negative feedback of the FIrA-dependent gene expression is
triggered by the interaction of FIhG with the HTH-domain of
FIrA. These findings provide new insights into coupling of
transcriptional regulation and assembly of polar bacterial
flagella.
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1. Introduction



The genus Borrelia was first described by Swellengreb 1907
(Skerman et al.,, 1989) with Borrelia anserina as type
species. The genus currently comprises 42 named species
(LPSN bacterio.net) including 21 species within the relapsing
fever-associated group (RF), 20 species within the Lyme
borreliosis-associated group (LB), and one species (B.
turcica) within the reptile-associated group. There is a wide
diversity of borreliae not represented by officially named
species, some of which form deeply branching unique
monophyletic lineages within the genus.

In 2014 it was proposed to separate the genus Borrelia
based on analyses of conserved signature insertions and
deletions (CSI) and conserved signature proteins (CSP) of
two of the groups, i.e. RF and LB species. This proposal was
met with resistance from people working in the field and
concerns for patient safety were raised. It was further
challenged by reports using different methods.

2. Objectives

To summarize arguments for and against the recent genus
separation proposed for Borrelia and to highlight the
increasing diversity known to occur in the genus Borrelia.

3. Results

The percentage of conserved proteins (POCP) was used to
show that all groups, RF, LB and reptile-associated, belong
to the same genus. A second approach used
phyloproteomics to conclude independently that a genus
separation of Borrelia was not supported. There is overlap in
ecology, clinical aspects and molecular features between
clades that argue against splitting of the genus Borrelia.
Information on members of the genus Borrelia is increasing
but detailed knowledge on relevant features is available only
for a small subset of species.

4, Conclusion

Current evidence and the increasing diversity that is being
recognized in Borrelia suggest that division of this genus
may not be justified at all, but is certainly premature. As
consensus on a universal concept for bacterial taxonomy has
not been reached, such taxonomic matters cannot be solved
by individual research groups. Systematics is a man-made
system to serve the community, thus the impact of decisions
must be carefully evaluated by an interdisciplinary approach.
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Introduction: Synthetic organic filters are widely used as UV
absorbers in sunscreens. The accumulation of those filters,
like octocrylene (OC), and their ecological consequences
have been discussed recently. OC was detected in
wastewater, oceans and some animals. To date, nothing,
however, is known about the potential of microorganisms to
degrade OC.

Objectives: In this study, sediment and water samples from
a landfill were used for enrichment cultures identifying the
potential of microorganisms to degrade the synthetic organic
filter OC.

"Materials and methods": Environmental samples from a
sewage plant and soakage at a landfill site (Singhofen,
Germany) were taken and used for enrichment cultures
(inoculation 1 % (v/v) with 0.35 % (viv) OC as carbon
source). Microbial diversity of the cultures was investigated
by DGGE analysis. The transformation of octocrylene with
selected strains was analyzed using GC-MS and LC-MS/MS.

Results: Enrichment cultures showed massive biomass
formation on OC droplets. Four genera, assigned to
Gordonia, Mycobacterium and Hydrogenophaga were
identified by DGGE analysis of the OC-colonized cultures. By
applying a "Reverse Discovery" approach the most potent
strains M. agri and G. cholesterolivorans were identified. In
the presence of M. agri a decrease of 19.1 % of OC
compared to the control was observed by GC-MS after 10
days of cultivation. Performing LC-MS/MS analysis the
transformation products DOCCA, CPAA and 50H-OC were
detected.

Conclusion: In this study, it was shown that applying a
"Reverse Discovery" approach microorganisms can be
identified for the degradation of hardly degradable synthetic
chemicals such as OC. The most potent strain was
Mycobacterium agri (Suleiman M., Schréder C., Kuhn M.,
Simon A., Stahl A., Frerichs H. and Antranikian G., 2019,
Communications Biology, accepted).
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The increasing use of pesticides has led to the contamination
of the major environmental compartments including soil,
water and the atmosphere. Glyphosate is one of the most
widely used herbicide worldwide. Recently, the International
Agency for Research on Cancer (IARC) has classified this
molecule as probably carcinogenic to humans which
indicates its potential toxicity to ecosphere as well. AMPA
and sarcosine pathways are the two widely reported
pathways of glyphosate biodegradation with different
environmental implications. However, the environmental fate
of two glyphosate degradation products namely sarcosine
and AMPA is widely unknown. This study elucidates the
biodegradation patterns of these two degradation products in
agricultural soil. In addition, effect of mineral fertilizers
(additional N and P source) on glyphosate biodegradation
and formation of non-extractable residues was studied. A soil
sampled from an agricultural plot not having prior fertilizer
application was fertilized with triple superphosphate (P
source) and 15N labeled or unlabeled Ammonium nitrate (P
source). Fertilized and unfertilized soils were then spiked
with 13C and/or 15N labeled molecules of glyphosate,
AMPA, sarcosine and glycine at 50 mg kg-1 soil. Spiked soil
was incubated at 20°C in dark for a period of 75 days. During
this period, compound mass balance including mineralization
(C0O2), extractable & non-extractable residues and biomarker
analyses (Phospholipid fatty acids and Amino acids) were
estimated. Results have shown faster mineralization of
glycine and sarcosine followed by glyphosate while AMPA
had minimum mineralization (less than 9% even after 75



days). More than 95% of glycine and sarcosine
mineralization occurred during first 10 days of incubation.
Nitrogen fertilization in soil enhanced the glyphosate
mineralization. Biomarker analyses were also conducted to
see the incorporation of 13C and 15N from the compound
into microbial biomass. This study concluded that AMPA
could be an environmental concern if glyphosate degradation
follows AMPA pathway.
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The Degradation Pathway of 2-Methylpropene (2-MP) 2-
MP is elucidated on the genetic level in M. gordonae
IBE200: A 6-component T4AMO/isoprene-like
Monooxygenase is the key enzyme initiating the
catabolic sequence
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1. Introduction Methylpropene (2-MP) is used as precursor
for polymer synthesis, MTBE/ETBE production, or as
propellant. It is produced by catalytic dehydrogenation of
isobutane or in genetically engineered E. coli by fermentation
from sugars. From activated sludge of an industrial WWTP
we isolated a 2-MP degrading M. gordonae IBE200.
Kottegoda at al. (2015) (doi:10.1128/AEM.03103-14) also
reported a 2-MP degrading Mycobacterium sp. ELW1, the
respective pathway proposal however based solely on
metabolites excreted.
2. Question The degradation pathway of 2-MP was to be
elucidated on the genetic level in M. gordonae IBE200 as
there are no metabolites excreted.
3.Methods Substrate screening, multiple sequence
alignment (MSA), inverse PCR (iPCR)/genome walking,
whole genome sequencing, transcriptome analysis, gene
disruption/knock-out, heterologous expression.
4. Results Grows on: 2-MP (u=0,03 h-1), n-alkanes (C6-
C17), n-alcohols (C3-C6), but not with sugars, rich media,
postulated metabolites, aromatics, isoprenoids and terpenes.
In cometabolism with 2-MP, n-butane is oxidized
subterminally!

MSA with oligos for alkene MOs and PCR resulted in a 1.5
kbp MMO a-subunit. Genome walking and iPCR resulted in a
10 kbp area containing a full 4-subunit SMMO including a
two-component system response regulator.
Full genome sequencing at HZI®), Braunschweig, revealed a
6-component T4MO/isoprene-like MO next to the sMMO,
epoxide hydrolase, alcohol- and aldehyde dehydrogenases,
CoA-ligase, 3-component CoA-mutase (ICM) and a complete
cluster for cobalamin synthesis.
A degradation pathway was postulated, matching the
metabolite based findings in ELW1, yet leaving unclear
which MO was used.
Transcriptome upregulation analysis (1-hexanol and 2-MP
grown cells) at FHG*) Stuttgart verified the postulated

pathway, favoring T4MOlisoprene-like MO.
Gene disruption/knock-out: T4moA and IcmA with
pK19mobsacB/pST-KO: didn"t work yet.

Heterologous Expression: TAMO and ICM with VLB120 and

other hosts and plasmids revealed isobutyleneoxide
formation only in Pseudomonas veronii MEK700 pCom10-
t4mo.

5. Conclusions This is the first 6-component
T4MOlisoprene-like MO expressed in an active state.
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Evidence of a novel side-chain degradation pathway during
bile-salt degradation in Novosphingobium sp. strain Chol11
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Bile salts are steroids in the digestive tract of vertebrates and
have a C5 carboxylic side chain. In the environment, they are
subject to bacterial degradation. Aerobic bile salt degradation
may proceed via different pathways: via A!*-3-keto
intermediates and 9,10-seco cleavage used by
Pseudomonas stutzeri Choll or via A*5-3-keto-intermediates
used by Novosphingobium sp. strain Cholll. Side chain
degradation is crucial for complete degradation in both
pathways. In Gram-negative bacteria using the A#-pathway,
the side chain is degraded by two sets of enzymes for
aldolytic cleavage, with the first set releasing acetyl-CoA and
the second set releasing the remaining side chain as
propionyl-CoA from the steroid skeleton. However, neither
genes nor intermediates of these reactions are found in
strain Choll11. Therefore, proteome analysis of strain Chol11
was performed using the bile salt cholate and the
intermediate 7a,12B3-dihydroxy-androsta-1,4-diene-3,17-
dione (DHADD) without side chain as substrates. With this
analysis, a distinct up-regulated putative side chain
degradation cluster was found containing genes for a
putative acyl-CoA dehydrogenase (ACAD, nov2c221/222)
and an enoyl-CoA hydratase (nov2c219/220) as well as the
already known steroid CoA ligase Scll (nov2c230). In cross-
complementation experiments with mutants of P. stutzeri
Choll, it was possible to re-establish complete cholate
degradation by expressing nov2c221/222 in the respective
ACAD deletion mutant P. stutzeri Choll Ascd1A. A Cholll
deletion mutant of one ACAD component (Anov2221) was
not able to grow with cholate, but with DHADD without side
chain. During growth of mutant strain Cholll Anov2c221
with cholate, an unknown intermediate accumulated, which is
currently being identified. These results support a side chain
dehydrogenating function of the ACAD. However, the lack of
a second ACAD and of aldolytic enzymes known from P.
stutzeri Choll points at a different mechanism for side chain
degradation which could be wide-spread in steroid-degrading
proteobacteria. Therefore, further genes in strain Choll1l are
currently being analysed for their role in side chain
degradation.

086-EMV

Pseudomonas spp. are key players in agricultural biogas
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Anaerobic degradation (AD) of heterogeneous agricultural
substrates is a complex process involving a diverse microbial
community. While microbial community composition of a
variety of biogas plants (BPs) is well described, little is
known about metabolic processes and microbial interaction



patterns. Here, we analyzed 16 large-scale BPs using
metaproteomics. All metabolic steps of AD were observed in
the metaproteome, and multivariate analyses indicated that
they were shaped by temperature, pH, volatile fatty acid
content and substrate types. Biogas plants could be
subdivided into hydrogenotrophic, acetoclastic or a mixture
of both methanogenic pathways based on their process
parameters, taxonomic and functional metaproteome.
Network analyses showed large differences in metabolic and
microbial interaction patterns. Both, number of interactions
and interaction partners were highly dependent on the
prevalent methanogenic pathway for most species.
Nevertheless, we observed a highly conserved metabolism
of different abundant Pseudomonas spp. for all BPs
indicating a key role during AD in carbohydrate hydrolysis
irrespectively of variabilities in substrate input and process
parameters. Thus, Pseudomonas spp. are of high
importance for robust and versatile AD food webs, which
highlight a large variety of downstream metabolic processes
for their respective methanogenic pathways.
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Why should we care about microorganisms in the
bentonite back fill material for the storage of high-level
radioactive waste in deep geological repositories?

*N. Matschiavelli, M. Dressler?, T. Neubert!, S. Kluge?, A. Schierz?,
A. Cherkouk?*

'Helmholtz-Zentrum Dresden-Rossendorf, Biogeochemistry,
Dresden, Germany

Every year 12,000 metric tonnes of high-level radioactive
waste (HLW) are produced worldwide. For the long-term
storage of this highly radiotoxic waste, a deep geological
disposal by using multiple barriers is favored. Bentonite is
proposed as a potential material for sealing the space
between the canister containing the HLW and the
surrounding host rock. In order to investigate the microbial
diversity and metabolic activity of naturally occurring
microorganisms as well as their time-dependent evolution,
we conducted anaerobic microcosm experiments containing
bentonite and a synthetic Opalinus Clay pore water solution.
During the one-year incubation at 30 and 60 °C, lactate- or
H2-stimulated microcosms at 30 °C showed the dominance
and activity of strictly anaerobic, sulfate-reducing and spore-
forming microorganisms. The subsequent generation of
hydrogen sulfide gas in the respective set ups, led to the
formation of fractures and iron-sulfur precipitations. In
microcosms that incubated at 60 °C, thermophilic bacteria
dominated, independent from the availability of substrates. In
the respective microcosms, no significant metabolic activity
was detected and there was no change in the analyzed bio-
geochemical parameters. Our results show that indigenous
microorganisms evolve in a temperature- and substrate-
dependent manner. Potentially formed metabolites could
affect the dissolution behavior of minerals and ions within the
bentonite as well as the corrosion process of the canister
material and require further investigations.
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Colonization after MRSA-contacts — Is prophylactic
separation of contact patients reasonable?
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Introduction: MRSA induced infections are associated with
increased mortality. Accordingly, risk adapted MRSA
screening is performed in in-patient areas at the University
Hospital Leipzig (UKL) as recommended by the Commission

for Hospital Hygiene and Infection Prevention (KRINKO) at
the Robert Koch Institute. When identifying a carrier of
MRSA several infection prevention measures are
implemented, including separation of contact patients until
negatively tested on MRSA. This procedure established
more than 15 years ago at UKL is expensive and means
efforts for the staff in treatment of these patients. There is no
recommendation of the KRINKO regarding dealing with
contact patients.

Objectives: How often occurs a pathogen transmission from
patients with MRSA colonization to their roommates? Due to
this hypothesis is a prophylactic separation of contacts
appropriate?

Methods: To quantify the rate of MRSA transmission from
indices to their contact patients, we collected all patients with
nasopharyngeal MRSA colonization as well as their
roommates from 2016 to 2018. Contact patients were
observed over a six-month period after contact to a MRSA
colonized patient. MRSA isolates of index and contact
patients were spa-typed.

Results: In total 227 MRSA contact patients were included.
At least 86,8% (n=197) were monitored once in a two-week
period after contact. Another 4,8% (n=11) were tested on
MRSA in a period of six months after contact. Contact
patients were provided with one up to 15 control swabs.
Altogether three contact patients were identified with MRSA.
Spa-typing of two isolates showed different spa-types of the
contact"s isolates compared to their related index. In the third
case, there was one positive PCR. Without a cultural isolate
the spa-type was non-determinable.

Conclusion: Considering constantly high number of nasal
swabs and declining overall prevalence of MRSA at the UKL,
with a tracing rate of 91,6% no transmissions from indices on
contact patients were detected. Our study revealed that
preemptive separation of MRSA contacts is unnecessary.
Therefore resources and costs can be saved.
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Introduction: Multi-drug resistant organisms (MDRO) play an
important role in the German healthcare system. Their
occurrence is partly registered via the obligation to report,
but data on the colonisation of the population are largely
lacking.

Objectives: The prevalence of methicillin-resistant
Staphylococcus aureus (MRSA), multi-resistant gram-
negative bacteria (MRGN) and vancomycin-resistant
enterococci (VRE) was to be determined in three study
groups (hospital patients, residents in nursing homes for the
elderly and patients in medical practices). In addition, risk
factors for carriage of MDRO should be investigated.



Materials & Methods: Screening for MDRO was performed
as a point prevalence study in voluntarily participating
persons via nasal, pharyngeal and rectal swabs or stool
samples in 25 hospitals, 14 nursing homes for the elderly as
well as 33 medical practices in 12 of 13 districts of Saxony.
Suspicious isolates were further examined phenotypically
and molecularly. Each participant completed a questionnaire
on possible risk factors for MDRO colonization. The data
were statistically evaluated by correlation analyses.

Results: 1.718 persons, 629 from hospitals, 498 from nursing
homes and 591 from medical practices, were examined. In
total MDRO was detected in 8.4 % of all participants. 1.3 %
persons were tested positive for MRSA, 5.2 % for 3SMRGN,
0.1 % for AMRGN and 2.3 % for VRE. Nine persons were
colonized with more than one MDRO. The following
independent risk factors could be significantly associated
with the detection of MDRO: presence of a degree of care,
male sex, current antibiosis, antibiosis within the last 6
months, current tumor disease, peripheral artery disease as
well as urinary incontinence. There was no significant
correlation between MDRO detection and hygiene
characteristics in clinics and nursing homes.

Conclusion: To our knowledge, this study represents the first
survey on prevalence of different multiresistant pathogen
groups in three study groups including outpatients in
Germany. 3MRGN were most frequently detected and were
also found in younger age groups. VRE were found almost
exclusively in the surrounding of individual clinics.
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Genome-based surveillance of clinical vancomycin-resistant
Enterococcus faecium (VRE) reveals increased prevalence
of vanB-type isolates of ST117/CT71 in German hospitals,
2010-2016
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Background: Enterococci are considered as common cause
of nosocomial infections, where treatment options are limited
due to intrinsic and acquired resistances. Particularly
vancomycin- resistant E. faecium (VRE) represent a burden,
since well-adapted lineages are widespread established in
healthcare facilities. In recent years, the upcoming resistance
to linezolid diminishes this last-line treatment option.

Objectives: Microbiological and genome-based analysis of
VRE clinical isolates collected as part of the tri-annual
resistance studies of the Paul-Ehrlich-Society performed at
25 medical laboratories in Germany, Austria and Switzerland
in 2010, 2013 and 2016.

Materials and methods: A total of 166 VRE isolates was
collected. Susceptibility to 18 antibiotics was tested by
applying the broth microdilution method. Resistance
breakpoints were assessed according to EUCAST guidelines
(v. 9.0). Whole genome sequencing was realized with
Illumina technology. For high-resolution genotyping and to
determine phylogenetic relations, cgMLST analyses were
performed with the generated data.

Results: Different genotypes were identified and were
assigned to distinct clusters in a phylogenetic tree, showing
individual population composition for the different years.

From 2010 to 2016, a change in vancomycin-resistance type
from vanA to vanB was observed. In 2016, the predominant
lineage was genotype ST117/CT71, showing the vanB-type;
the predominant genotype detected in 2010 (ST192, vanA)
was almost absent in 2016, while ST203 with vanA-type was
present in all study years.

Conclusion: Structured surveys like the PEG resistance
studies allow a snapshot of hospital pathogens" prevalence
within a given time frame and geographical coverage. We
observed the fluctuation of genetic lineages over time, like
the rise of ST117 showing the vanB-type. cgMLST analyses
determined various subtypes within ST117 such as CT71,
which in turn ascertained a cross-hospital, regional or
country-wide spread of distinct VRE strain types. At the
same time, some lineages were present in all cohorts.
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epidemiological analysis of blood stream infections
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Introduction: Vancomycin-resistant Enterococcus faecium
(VREF) is of great public health significance due to limited
therapeutic options. Recently, rising proportions of
vancomycin resistance in enterococcal infections have been
reported worldwide.

Objectives: We investigated time trends of VREF in
Germany and Europe and sought to identify factors
associated with an increased likelihood of vancomycin
resistance.

Material and Methods: Data from routine vancomycin
susceptibility testing of clinical blood culture E. faecium
isolates from Germany (n=10,468) and all remaining 29
EU/EEA countries (n=51,071) in 2012-2018 were analysed
using descriptive statistics and multivariable regression
analyses. Data were obtained from the European
Antimicrobial Resistance Surveillance Network. VREF
proportions were expressed as the proportion of E. faecium
isolates resistant to vancomycin among all selected isolates.

Results: In Germany the proportion of VREF continuously
increased from 9.1% (95%CI 6.9-12.0%) in 2014 to 24.4%
(95%CI 21.0-28.1%) in 2018. The steady rise was also seen
across the remaining EU/EAA countries, where VREF
proportions increased from 6.8% (95%CI 5.4-8.5%) in 2012
to 18.5% (95%Cl 15.7-21.7%) in 2018. Although rising trends
of VREF were observed in all European regions, marked
regional differences were found. For 2018, Western Europe
showed the lowest VREF proportions (11.3% [95%CI 8.7-
14.4%]), while Eastern Europe recorded the highest VREF
proportions (33.0% [95% CI28.0-38.5%]). Multivariable
regression analysis showed that adults (>20yrs) had an
increased likelihood of VREF compared to children and
adolescents (1-20yrs). Hospital units, such as ICUs (OR: 2.6
[95%CI 1.3-5.1]) and internal medicine units (OR: 2.0 [95%CI
1.0-3.7], p = 0.039) were associated with an increased
likelihood of VREF compared to the emergency department,
which reflects patients with community origin of E. faecium
infections.

Conclusion: VREF proportions are increasing in Germany
and across all European regions. Increased awareness and



efforts directed at infection control and antibiotic stewardship
are needed, particularly in hospitals, to combat the spread of
VREF in Europe.
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Introduction ARVIA ("ARS and AVS - integrated analysis")
is a new surveillance tool offering an integrated analysis of
antibiotic consumption and resistance in hospitals based on
data from the German antibiotic consumption surveillance
(AVS) and antibiotic resistance surveillance (ARS) to support
antibiotic stewardship. Analysis is provided for Escherichia
coli, Klebsiella pneumoniae, Staphylococcus aureus,
coagulase-negative Staphylococci, Streptococcus
pneumoniae, Enterococcus  faecium, Pseudomonas
aeruginosa and Acinetobacter baumannii complex. Hospitals
can access their results through an password-protected
interactive database on the ARS-website.

Objective To evaluate ARVIA for detecting associations
between consumption of antibiotics recommended for
treatment of infections with E.coli and according resistances
in participating hospitals.

Methods Data are analysed by time series analysis applying
Poisson and logistic regression models as appropriate, with
significance set at p<0.01. Furthermore a test for trend is
applied to describe evidence if there is a trend in antibiotic
resistance not explained by antibiotic consumption.

We analyzed data from the first eleven hospitals participating
in ARVIA. We describe the frequency of positive associations
between consumption of First-, Second-, Third-, Fourth-
generation cephalosporins, fluoroquinolones, carbapenems,
aminoglycosides, tigecycline and sulfonamide/trimethoprim
for treatment of infections with E.coli and according
resistance, with no evidence for a variable other than
antibiotic consumption affecting changes in resistance in the
test for trend.

Results Positive associations were found for E.coli and the
consumption of the following antibiotic groups (h=number of
hospitals): Second-generation cephalosporins (n=2), Third-
generation cephalosporins (n=3), aminoglycosides (n=3),
fluoroquinolones (n=3), penicillins (n=5) and
sulfonamide/trimethoprim (n=3).

Conclusion ARVIA is able to detect associations between
consumption of clinical relevant antibiotics and according
resistance in E.coli and is therefore a tool that can support
antibiotic stewardship in hospitals.
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Background:

Infections with carbapenemase-producing Enterobacterales
(CPE) lead to considerable increased mortality and
morbidity. Outbreaks occur mainly in hospitals and are most
often due to person-to-person transmission. From 2017 to
2019 an increase of Escherichia coli with carbapenemase
OXA-244 was detected at the German National Reference
Centre for multidrug-resistant gram-negative Bacteria (NRC).
We conducted an outbreak investigation to analyse spread
and route of transmission.

Methods:

CPE infections and/or colonisations are notifiable and
diagnostic laboratories are requested to send CPE-isolates
to the NRC. We defined cases as patients with confirmed
detection of OXA-244-producing E.coli from 2017 to 2019 in
Germany. Whole genomes of OXA-244-E.coli-isolates were
sequenced (lllumina) and analysed by multilocus-sequence-
typing (MLST), core genome (cg) MLST and high-resolution
SNP analyses. For epidemiological analyses RStudio and
RegioGraph-software were applied. We collected case
information on hospital stays, diagnosis and recent stays in
other countries through a standard questionnaire for
hospitals and cases.

Results:

The NRC detected 32 OXA-244-E.coli-isolates in 2017; 91 in
2018 and 110 until August 2019. cgMLST and SNP analyses
of 152 selected isolates from 2017 to 2019 revealed 20
clusters of closely related strains. One major cluster
harboured 63 ST38-E.coli isolates; 39 correspond to data in
the national notification system. Among these 39 cases 11
had infections, 6 of them bloodstream infections. Further
male and female of all age-groups were equally represented,
living and treated in 10 federal states of Germany. First 19
completed questionnaires showed that 71% of the patients
were previously hospitalised and 69% had their family or a
recent stay abroad.

Conclusions:

We confirmed occurrence of closely related ST38-E.coli
isolates with OXA-244 carbapenemase over a period of three
years in German hospitals. Lack of an epidemiological link
and the fact that 29% of the cases had not been hospitalised
previously might indicate transmission other than by
continuous spread from person to person or a non-
healthcare-associated CPE-outbreak.
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1 Introduction

Long-chain polyunsaturated fatty acids (LC-PUFAs) have a
variety of health benefits and enable various applications in
the food and pharmaceutical industry. Docosahexaenoic acid
(DHA) is a LC-PUFA of recognized value. The omega-3 fatty
acid is a primary structural component of the human brain,
cerebral cortex, skin and retina, thus displaying a high-value
food supplement [1]. A promising approach to derive LC-
PUFAs is fermentative production using the oleaginous yeast
Yarrowia lipolytica. The microbe naturally accumulates fatty
acids and has proven good accessibility to genetic
modification [2].

2 Objectives

Bioengineering has recently enabled recombinant
Y. lipolytica strains, which express myxobacterial PUFA
synthase cluster and accumulate LC-PUFAs [3]. Here, we
focused on the development of a superior bioprocess to
derive DHA using recombinant Y. lipolytica.

3 Materials & methods

An interdisciplinary approach of systems metabolic
engineering was used.

4 Results

The production of DHA was successfully demonstrated,
using different strains of Y. lipolytica, which expressed
synthetic PUFA gene clusters. The created strains
accumulated up to 104,8 mg/L in shake flasks. Subsequent
bioprocess and medium design resulted in a fed-batch
fermentation process, which yielded a DHA titer of 350 mg/L.
Hereby, the synthesis of DHA was strongly enhanced among
all fatty acids, which enabled a DHA content of 16.8 % of the
total fatty acid pool [4].

5 Conclusion

Efficient production of DHA was achieved. Given further
rounds of optimization, the developed approach has
promising potential to enable industrial production of this
high-value omega-3 fatty.

[1] Abedi, E., & Sahari, M. A. (2014). Food science &
nutrition, 2(5), 443-463. doi: 10.1002/fsn3.121

[2] Gemperlein, K. (2014). (Dissertation), Saarland
University. doi:10.22028/D291-23027

[3] Nicaud, J. M. (2012). Yeast, 29(10), 409-418. doi:
10.1002/yea.2921

[4] Gemperlein, K., Dietrich, D., Kohlstedt, M., Zipf, G.,
Bernauer, H. S., Wittmann, C., Wenzel, Silke C., Miller, R.
(2019). Nature ~ Communications,  10(1), 4055. doi:
10.1038/s41467-019-12025-8
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Metallophores are small metal chelating compounds
produced by many microorganisms under iron limiting
conditions. Due to their high potential for biotechnological,
medical, and environmental applications, there is a great
interest to identify and characterize new metallophores.
Recently the siderophore production of Variovorax spp. was
investigated and four different metallophores were found:
variobactin, vacidobactin,! variochelin,? and imaquobactin.®
In order to further explore the metallophore production of the
genus Variovorax, the metallophore of Variovorax paradoxus
EPS was isolated and characterized. Therefore, the
metallophore production was tested in different media and
with different carbon sources. The metallophore activity was
determined using a chrome azurol S assay. The highest
amount of metallophore was obtained using low-phosphate
minimal medium with glucose as carbon source. The
produced metallophore was extracted with XAD and further
purified using Cis columns. Experiments with different light
conditions showed a photosensitivity of the compound.
Bioinformatic analysis indicated some similarities, but also
clear distinctions to the four known metallophores of the
genus. This correlates well with the differences in the
metallophore gene cluster, which shows a different gene
organization and additional NRPS domains compared to
metallophore gene clusters of other Variovorax strains.
Although the exact structure needs to be verified by NMR
analysis it is very likely, that we found a structurally new
metallophore in V. paradoxus EPS.

1 C. W. Johnston, M. A. Skinnider, M. A. Wyatt, X. Li, M. R.
M. Ranieri, L. Yang, D. L. Zechel, B. Ma and N. A. Magarvey
(2015) Nature Communications, 1-11

2 C. Kurth, S. Schieferdecker, K. Athanasopoulou, I.
Seccareccia and M. Nett, Journal of Natural Products (2016)
79, 865-872.

3 A. W. Robertson, N. G. McCarville, L. W. Maclintyre, H.
Correa, B. Haltli, D. H. Marchbank and R. G. Kerr, Journal of
Natural Products (2018) 81, 858-865.
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In our project, we investigate the capacities of cyanobacterial
tricarboxylic acid (TCA) cycles for the sustainable production
of trans-4-hydroxy-L-proline (Hyp), a valuable chiral building
block for the pharmaceutical and cosmetic industry.

The currently used method for production of Hyp is the acidic
hydrolysis of mammalian collagen. It requires large volumes
of solvent and produces high amounts of waste. Alternative
production of Hyp via genetically engineered E. coli has been
achieved via heterologous expression of a-ketoglutarate-
dependent proline-4-hydroxylases (P4H). Both substrates, a-
ketoglutarate and proline, are part or derivatives of the TCA
cycle, respectively, and hence are provided by the host cells
metabolism. Similarly, the co-product succinate is part of the



TCA cycle and therefore further metabolized in the cell.
However, carbon and energy are provided by the breakdown
of glucose.

In autotrophic cyanobacteria, TCA cycles do not serve the
same dominant role in provision of chemical energy in the
form of ATP and reduction equivalents and thus the cells
maintain only low fluxes. In fact, cyanobacterial TCA cycles
were considered incomplete as the conversion from a-
ketoglutarate to succinyl-CoA is not taking place. Fairly
recently, several bypasses were identified and characterized
like the so called cyanobacterial complete TCA cycle shunt
via succinic-semialdehyde.

To produce Hyp in Synechocystis, we added an additional
bypass to the TCA cycle. We fused the gene coding for the
P4H of Dactylosporangium sp. strain RH1 with the copper-
inducible petE-promoter, native to Synechocystis. In our
latest results, we are able to produce significant amounts of
Hyp from CO2 and show that it is possible to utilize the TCA
cycle for the production of valuable chemical compounds. In
future work we want to use our production strains to better
understand the connection and regulation of photosynthesis
with the central carbon metabolism, in order to improve the
bio-technological applications of cyanobacteria.
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Question

In the light of diminishing phosphorous (P) resources and
mandatory P recovery there is, again, an increasing interest
in P elimination strategies of wastewater treatment plants
(WWTPs). The choice of P removal strategy will have a big
impact upon the choices for recovery processes. Biological P
removal may prove beneficial for some of the recovery
strategies, since P can be relocated and easily recovered
within the WWTP, allowing for cost effective disposal of the
process wastes. Here, by means of extensive sampling and
bioinformatics, we will highlight the relationship between
choice of P elimination strategy and microbial community
function in a full scale WWTP

Methods

A full scale WWTP was sampled at several treatment steps
over a long time period. Bulk abiotic parameters were
measured. Together with cytometric information of the
respective microbial communities bioinformatics analysis
give insights on the influence of P concentrations on the
microbial community.

Results

It was found that the effective biological P removal in the
WWTP could, under certain circumstances, impair
microbiological functions on other parts of the WWTP. While
there was a high removal of P in the activated sludge
system, the release of P in the anaerobic digester with
average ortho-P concentrations of 0.6 kg P/m3 proved critical
in a situation where the community was put under an
additional stress. Exceedingly high P concentrations led to a
complete breakdown of the biogas production process and a
very slow recovery of biological functions.

Conclusion

Biological P elimination in a WWTP has several advantages
like the lack of need for precipitation chemicals and
precipitation technology and the facilitation of P recovery. On
the other hand, high P concentrations, especially in
anaerobic digestion systems of such WWTPs, can prove
critical for the function of the microbial community. Therefore,
either close monitoring of P or a versatile P recovery process
is needed. The latter will also help to serve a circular
economy by sustainable resource management.
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The biosynthesis of magnetosomes by magnetotactic
bacteria like the alphaproteobacterium Magnetospirillum
gryphiswaldense is an intriguing example of a
biomineralization process. Magnetosomes are
monocrystalline single-domain nanoparticles of chemically
pure magnetite enveloped by a proteinaceous phospholipid
bilayer (magnetosome membrane) [1]. Because of their
unprecedented properties such as high crystallinity, strong
magnetization, uniform shape and size and the ability to
engineer the magnetosome membrane by genetic means,
the particles have been considered for many biomedical and
biotechnological applications [2].

For their future use in the biomedical field we investigated
potential cytotoxic effects of magnetosomes on eukaryotic
cells. The vitality of a FaDu cancer cell line was shown to be
not impaired when incubated with wildtype magnetosomes
for up to 24 h, and no increased cell death was observed.
Furthermore, short-term incubation with magnetosomes was
found to be sufficient to allow for magnetic separation, with
recovery rates of up to 60%.

In a systematic step-wise bottom-up approach we
furthermore developed a versatile genetic toolkit for the
generation of functionalized magnetic nanoparticles with
several fully genetically encoded properties [3]. The
optimized system was subsequently used for magnetosome
display of ligands of the TNF receptor superfamily. Biological
functionality of the particles could be demonstrated by
efficient stimulation of sensor cells expressing the
corresponding receptor, suggesting an optimal ligand density
to be required for the highest cellular response [4].

Overall, this illustrates the versatile features of (engineered)
bacterial magnetosomes, and our results provide a route
toward the generation of novel, fully genetically encoded,
functionalized biomaterials.

[1] Uebe R., Schiller D. (2016) Nature Reviews Microbiology,
14(10), 621.

[2] Mickoleit F., Schuler D. (2018) Bioinspired, Biomimetic
and Nanobiomaterials, 8(1), 86-98.

[3] Mickoleit F., Schiler D. (2017) Advanced Biosystems,
2(1), 17001009.



[4] Mickoleit F., Jérbme V., Freitag R., Schiler D. (2019)
submitted to Advanced Biosystems.

099-MBTV

Multiplexing antibiotic screening in droplet microfluidics using
an optofluidic platform

*S. Hengoju*?, K. Martin?, L. Mahler?, O. Shvydkiv?, M. Tovar?, M.
Roth!, M. Rosenbaum??

'Hans Knoll Institute, Jena, Germany

2Friedrich Schiller University, Faculty of Biological Sciences, Jena,
Germany

The necessity of novel antibiotics has been in high demand
due to the increasing occurrence of multiresistant microbial
pathogens. However, ongoing screening efforts for the
discovery of novel active compounds have not been
successful due to limitations in throughput and operational
cost. For empowering antibiotic screening assays from
complex microbial communities, we have developed a
droplet-based optofluidic platform with integrated optical
fibers. We combine our previously developed strategy for
culturing microbial strains [1] with multi-color fluorescence
detection using optical fibers [2]. Furthermore, a mixture of
reporter strains is pico-injected so that millions of picoliter
cultures can be screened for inhibition activity based on the
independent survival signals of each different reporter. This
approach demonstrates multiplexing capability in screening
assays aimed at simultaneously discovering new bioactive
compounds and exploring their molecular targets.

References
[1] Mahler et al., 2018, Sci Rep.

[2] Tovar et al., 2019, Anal Chem.
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1. Introduction

Microbial lipids are intracellular storage lipids comprised of
triacyglycerols. They have been considered as alternative
feedstock for biodiesel and oleochemicals. However, large-
scale production of microbial lipids is challenged by high
production cost, with feedstock costs as the main factor.
Therefore, the exploitation of low-cost substrates for
microbial lipids production is needed. Acetate is a waste- or
by-product generated from lignocellulosic  biomass
hydrolysate, syngas and other anaerobic bioprocesses.
Although acetate shows promising properties as substrate
for biotechnological processes, however, acetate also
inhibits microbial growth.

2. Objectives

In this study, lipid production from acetate and volatile fatty
acids (VFA) as carbon source by using the self-isolated
oleaginous yeast Apiotrichum porosum DSM 27194 was
investigated. Therefore, a novel fermentation strategy using
acetate or VFA as the acid reagent to control the pH was

designed and the fatty acid composition under different
conditions was analyzed and compared.

3. Methods

Automated Fed-Batch fermentations were carried out in 2 L
bioreactors. Lipid content and fatty acid composition was
analyzed by GC, whereas acid concentration in culture broth
was monitored by HPLC

4. Results

By supplementing glucose as the stimulant for microbial
growth, a lipid content of 35-40 % based on acetate and VFA
was obtained, corresponding to a lipid concentration of up to
11.5 g/L. Fatty acid composition of acetate-derived lipids
were similar to vegetable oil, suggesting its potential for
biodiesel production.

5. Conclusion

In this study, A. porosum was found to grow well on 10 or 20
g/L of acetate supplemented with 10 g/L of glucose as the
stimulant. When acetic acid was used to maintain the pH and
replenish the carbon source continuously and slowly, A.
porosum could accumulate up to 40% lipids per dry biomass.
These results demonstrate the promising prospect of
economic microbial lipid production from acetate and VFAs
through automated fed-batch.
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1. Introduction

Coffee is one of the most popular beverages in Germany and
throughout Europe. Quality and taste of coffee is significantly
influenced by the postharvest processing (fermentation,
drying, roasting). For example, in so-called wet processing
coffee cherries are treated unspecifically with naturally
occurring microorganisms. Nevertheless, the development of
new tastes and flavors and compositional changes of
ingredients are limited by these natural procedures.
Fermentation of coffee beans with specific microorganisms
can provide new opportunities to influence and
systematically improve taste of the coffee product.

2. Objectives

The aim of the project was to influence taste and quality of
coffee by fermentation with defined microorganisms and
roasting processes. This included the selection of pure
strains and combination of appropriate microorganisms in
order to improve the product properties.

3. "Materials & methods"

Microbial strains and environmental samples were stepwise
adapted to green coffee beans as substrate. Different
fermentation  conditions  (oxic/anoxic,  high/moderate



temperatures) were tested. After fermentation, the coffee
beans were evaluated by analysis of key ingredients with
chromatographic methods.

4. Results

Fermentation conditions had high influence on the
composition of coffee bean ingredients. Especially
chlorogenic acid was influenced when it was oxidized at
elevated temperatures. Several strains were able to growth
on coffee and resulted in changed flavor, sugar, organic acid
and phenolic acid profiles. Moreover, by enrichment of an
environmental sample from hot springs of the Azores and a
comparative analysis of the metagenomes, a community shift
was observed and key species of coffee fermentation under
elevated temperatures were identified.

5. Conclusion

In this proof of concept, we demonstrated the possibility of
influencing coffee flavor and ingredient composition with
selected microbial strains that have not been used before.
Moreover, by a metagenomic approach we identified
anaerobic thermophiles which are promising candidates for
further fermentation experiments.
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1. Introduction

Staphylococcus aureus is a major cause of bovine mastitis,
commonly leading to long-lasting, persistent and recurrent
infections. Thereby, S. aureus constantly refines and
permanently adapts to the bovine udder environment.
However, the genetic and molecular mechanisms allowing
predominant S. aureus subtypes to successfully persist even
for years inside the bovine udder are far from understood.

2. Objectives

In this study, we investigate S. aureus within-host adaptation
in bovine persistent mastitis.

3. Materials & methods

We analyzed a set of S. aureus isolates, collected over the
course of three months from a cow with chronic, subclinical
and untreated bovine mastitis. To obtain a comprehensive
picture of within-host adaptation, we carried out an in-depth
investigation of the evolution of this pathogen within the
bovine host including molecular, phenotypic and functional
assays.

4, Results

Whole genome sequence analysis revealed a complete
replacement of the initial predominant variant by another
isogenic variant. We report for the first time within-host

evolution towards a sigma factor SigB-deficient pathotype in
S. aureus bovine mastitis, associated with a single
nucleotide polymorphism in rsbU (G368A — G122D), a
contributor to SigB-functionality. The emerged SigB-deficient
pathotype exhibits a substantial shift to new phenotypic traits
comprising strong proteolytic activity and  poly-N-
acetylglucosamine (PNAG)-based biofilm production. This
possibly unlocks new nutritional resources and promotes
immune evasion, presumably facilitating extracellular
persistence within the host. Moreover, we observed an
adaptation towards attenuated virulence using a mouse
infection model.

5. Conclusion

This study extends the role of sigma factor SigB in S. aureus
pathogenesis, so far described to be required for intracellular
persistence during chronic infections. Our findings suggest
that S. aureus SigB-deficiency is an alternative mechanism
for persistence and underpin the clinical relevance of
staphylococcal SigB-deficient variants which are consistently
isolated during human chronic infections.

Reference: Marbach et al. 2019; Sci Rep. 9(1):13479
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Background: While S. epidermidis colonizes the skin and
nares of virtually all humans, the species also is a prominent
pathogen causing foreign material associated infections. A
plethora of factors promoting pathogenesis and biofilm
formation has been identified. However, extend of and
mechanisms behind adaptation processes to an invasive life
style have been largely overlooked so far. In the present
study, a collection of colonizing and corresponding invasive
S. epidermidis isolates from PJlI cases was used to
investigate pathogenicity factors facilitating the establishment
of infection, and diversity driven adaptation processes
fostering the shift from colonization to invasion.

Methods: Nasal swab samples and intra-operative joint fluid
were cultured from all patients included. From each material
multiple colonies grown from primary plates (nasal swabs: up
to 30; joint fluid: at least three) were picked. Isolates
identified as S. epidermidis were then analyzed by PFGE
and whole genome sequencing. Phylogenetic trees were
constructed and genomic association studies were
conducted. All isolates were tested for biofilm formation, Agr-
activity, cell-cell  aggregation,  proteolysis,  growth
characteristics and antibiotic susceptibility.

Results: 133 PJI patients were prospectively included into
the study. Twenty-eight cases were caused by S.
epidermidis and thus selected for in-depth analysis. A total of
267 S. epidermidis genomes was analysed (3 to 12
infectious isolates and 1 to 12 commensal isolates per
patient). Phylogenies were constructed and a genomic
association study conducted. In 6/28 cases a nasal clone
identical to the infectious isolate was identified. Interestingly,
we observed marked intra-clonal phenotypic heterogeneity
within the infection and in significant phenotypic divergence
from the nasal clone. Preliminary results point to gene



expression regulation as the basis. Importantly, there was
evidence of altered antibiotic susceptibility profiles in
subpopulations of S. epidermidis within infections.

Conclusion: There is pronounced inter- and intra-clonal
diversity in PJI caused by S. epidermidis.
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Background: S. aureus is the bacterium with the highest
prevalence in the cystic fibrosis (CF) population and it has
shown to play a vital role in CF airway inflammation. In light
of the clinical significance of S. aureus in CF on the one
hand and the lack of internationally accepted treatment
standards on the other hand, this study aims to identify
bacterial factors associated with pulmonary exacerbations.

Methods: Respiratory specimens (nose and throat swabs,
sputa) from 195 CF patients from 17 centers were studied
during an observational prospective multicenter study at a
central microbiology laboratory. From every sample,
phenotypically different (size, pigmentation, hemolysis) S.
aureus isolates were subjected to spa typing. The presence
of virulence genes (fnbA/B, clfA/B, cna, sdrC/D/F, sasG, eap,
emp, pvl, hlg, eta/etb, tst-1, sea-see, seg-sej) and the 4 agr
specificity groups were analyzed by single and multiplex
PCR. Clinical data were collected and correlated to
microbiological data to screen for links between bacterial
genetical traits and the patients” clinical outcomes.

Results: Neither the number of S. aureus clones in the
patients" specimens, the presence of prevalent and/or
dominant clones nor the quantity of virulence genes of the
individual S. aureus clone had an impact on clinical
parameters. None of the investigated virulence genes was
associated with exacerbations. However, for isolates
belonging to agr-types 1 and 4, there was a link to the clinical
status. Moreover, agr types showed a clear association with
the clonal background of S. aureus. Analyses concerning the
plasticity of the virulence genes revealed significantly
increased potential for horizontal gene transfer in case of
high bacterial density and the presence of several and/or
related S. aureus clones. Furthermore, the data point
towards increased rates of horizontal gene transfer in case of
antibiotic therapy.

Conclusions: Our results provide evidence for the concept
that rather the phylogenetic background than the presence of
specific virulence gene accounts for differences in S. aureus
pathogenicity. Horizontal gene transfer was high in patients
with environmental stress.
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Staphylococcus aureus (S. aureus) is a facultative
pathogenic bacterium that colonizes the nasopharyngeal
area of healthy individuals, but can also induce severe
infection, such as pneumonia. Pneumonia caused by mono-
or superinfected S. aureus leads to high mortality rates. To
establish an infection S. aureus disposes of a wide variety of
virulence factors, which can vary between clinical isolates.

Our study aimed to characterize pneumonia isolates for their
virulent capacity. For this, we analyzed S. isolates each from
nasal colonization, pneumonia due to S. aureus as a solely
identified pathogen (mono-infection), and pneumonia due to
S. aureus/influenza virus co-infection. A total of 70 strains
were tested for their genes for virulence factors and clonal
clusters. Additionally, the host-pathogen interaction was
analyzed through several functional assays in cell culture
systems of professional and non-professional phagocytes.

Strains from pneumonia due to S. aureus mono-infection
showed enhanced invasion and higher cytotoxicity against
professional phagocytes than colonizing and co-infecting
strains. This corresponded to the high presence of cytotoxic
components in primary pneumonia strains, such as defined
leucocidins, superantigens and serine proteases. By
contrast, strains obtained from a coinfection did not exhibit
these virulence characteristics and resembled strains from
colonization, although they caused the highest mortality rate
in patients.

Taken together, our results underline the requirement of
adhesins and toxins to cause pneumonia due to S. aureus
mono-infection, whereas in co-infection even low-virulent
strains can lead to pneumonia.
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Introduction:Streptococcus pneumoniae (pneumococci) are
versatile pathobionts colonizing the mucosal surface of the
upper airways of humans. This is the reservoir for
pneumococcal pneumonia, or sepsis and meningitis (PM).
Pneumococci adapt perfectly to the various host
compartments differing e.g., in nutrients and host defense
mechanisms. Thus. the proteome of pneumococci mirrors
the conditions in the host compartments. By employing an in
vivoproteome approach we recently indicated that the
competence regulator ComDE and oligopeptide transporter
AliB are essential for PM (Schmidt et al.,2019 PLoS Pathog
15:e1007987). Here we deciphered the proteome of
pneumococci during colonization and lung infection.

Methods:Mice were intranasally infected with GFP-
expressing serotype 4 strain TIGR4 or serotype 19F.
Pneumococci were recovered from mice by a
nasopharyngeal wash or bronchoalveolar lavage (BAL).
Pneumococci were separated from eukaryotic cells by FACS
sorting onto a filter. After on-filter digestion with trypsin
peptides were measured using LC-MS/MS in a data-



independent acquisition mode (DIA) and analysed with the
SpectronautTMsoftware package.

Results:Three days post-infection we isolated TIGR4 from
the nasopharynx and lungs, while we recovered 19F after 3
and 5 from the nasopharynx of infected mice. The in
vivoproteome analysis of TIRG4 or 19F samples with 1-5
million pneumococci resulted in the identification of
approximately 1000 proteins per sample. The in
vivoproteome profiles were compared to in vitroproteome
profiles of pneumococci cultured in complex or chemically
defined (CD) media. In particular the 19F showed 3 clusters
with a clear separation of 19F cultured in CD or complex
media and in vivosamples. Strikingly, there was no difference
between the proteome profiles of 19F colonizing 3 or 5 days
the nasopharynx. The strain-dependent differences in protein
patterns and niche-specific adaptations will be discussed.

Conclusion:Pneumococci adapt to their specific host
compartments and protein expression profiles differ fromin
vitrocultures. The differentially produced proteins are
identified and their impact on colonization will be analyzed.
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Pseudomonas aeruginosa (Pa) is one of the most important
nosocomial pathogens. The incidence of multidrug-resistant
strains is rising and the treatment options are continuously
decreasing because Pa employs various resistance
mechanisms including low permeability of the outer
membrane and expression of efflux pumps and -
lactamases.

With the aim to identify potential new targets to restore
antimicrobial susceptibility of multidrug-resistant (MDR)
Pseudomonas aeruginosa (Pa), we generated a high-density
transposon (Tn) insertion mutant library in a MDR Pa
bloodstream isolate (ID40). The depletion of Tn insertion
mutants upon exposure to cefepime or meropenem was
measured in order to determine the common resistome for
these clinically important anti-pseudomonal B-lactam
antibiotics. The approach was validated by clean deletions of
genes involved in peptidoglycan synthesis/recycling such as
the lytic transglycosylase MItG, the murein endopeptidase
MepM1, the MurNAc/GIcNAc-kinase AmgK and the
uncharacterized protein YgfB that all were identified in our
screen as playing a decisive role for survival of treatment
with cefepime or meropenem. We found that the antibiotic
resistance of Pa can be overcome by targeting usually non-
essential genes that turn essential in the presence of
therapeutic concentrations of antibiotics. For all validated
genes, we demonstrated that their deletion leads to the
reduction of ampC expression, resulting in a significant
decrease of B-lactamase activity and consequently these
mutants partly or completely lost resistance against
cephalosporins, carbapenems and acylaminopenicillins. In
summary, the determined resistome may comprise promising
targets for developing drugs that could be used to restore the
sensitivity towards existing antibiotics specifically in MDR
strains of Pa. Current studies to unravel the function of YgfB
will be discussed.
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Introduction: The increase of "classical" K. pneumoniae
(cKP) with extended-spectrum-B-lactamase production
(ESBL-cKp) poses a serious threat to health care. In the last
10 years a new "hypervirulent" but mainly drug-susceptible
pathotype of K. pneumoniae (hvKp) emerged, associated
with  community-acquired infections in otherwise healthy
individuals. Nowadays, there are more and more reports on
antibiotic-resistant hvKP, affecting treatment options in
ambulatory care and causing nosocomial outbreaks once
introduced into hospitals. Traditionally, hvKP are defined as
invasive strains of capsular serotypes K1 and K2 that are
string test and rmpA/A2 positive. However a consensus
definition is still missing.

Objectives: We investigated genetic characteristics
associated with host colonisation or invasion, in order to
understand the pathogenicity of hvKP strains.

Materials and Methods: A collection of K.pneumoniae
isolates from different German hospitals, including
susceptible cKP, ESBL-cKkp and hvkP isolates were
subjected to whole genome sequencing (WGS). Phenotypic
characterization was done by growth experiments and
antibiotic susceptibility assays. To analyse macrophage-
mediated phagocytosis, RAW264.7 cells were infected with
K. pneumoniae isolates and intracellular bacteria were
quantified.

Results: WGS-based analyses showed that the majority of
K1 isolates belonged to the clonal complex CC23, whereas
non-K1 isolates were clonally diverse. ESBL and
carbapenemases genes were present regardless of the
K. pneumoniae sequence type and several multidrug-
resistant hvKP were detected. Not all isolates harbouring
virulence-associated genes displayed a positive string test.
Interestingly, in vitro phagocytosis assays revealed a lower
phagocytosis rate for hvKP than for cKP and ESBL-Kp.

Conclusion: Our analyses revealed the emergence of ESBL
and carbapenemases-producing hvKP isolates in German
hospitals. The string test alone is not suitable to define hvKP;
the combination of WGS-based, experimental and clinical
data is needed for a reliable identification of hvKP isolates.
Further studies are necessary to identify those virulence
factors promoting resistance to phagocytosis.
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Introduction: The bacterial polyketide toxin colibactin is a
secondary metabolite that interferes with the eukaryotic cell
cycle by causing double-stranded DNA breaks. The
genotoxin is discussed to be linked to bacterially induced
colorectal cancer in humans. Colibactin is encoded by a



highly conserved, ca. 50-kb genomic (pks) island, which is
predominantly found in the family Enterobacteriaceae,
especially Escherichia coli and Klebsiella pneumonia isolates
from diverse sources and hosts.

Objectives: To increase our understanding of the prevalence
and diversity of the pks island on the genome level.

Methods: We performed a genome level study on
the pks islands found in all publically available prokaryotic
genomes (NCBI). We used KAlign for multiple sequence
alignment of the unique pks islands found in prokaryotes. A
phylogenetic tree was generated with RAXML from
polymorphisms in core positions of the island.

Results: We found that ca. 7% of E. coli (mainly phylogroup
B2) and K. pneumoniae, 40% of C. koseri, and 44% of K.
aerogenes isolates screened harbored the island. The vast
majority of pksisland positive strains belonged to E.
coli sequence types (ST) 73 and 95 and K. pneumoniae ST
258. Various lineages of pks islands were found
in Enterobacteriaceae, which could also be associated with
the presence and lineages of the yersiniabactin island, which
is closely positioned in the enterobacterial genome.

Conclusions: Our data indicate that the pks island is stably
maintained mainly in enterobacterial species such as E. coli,
K. pneumoniae and C. koseri, but can also be found in other
Enterobacteriaceae. Phylogroup- and even lineage-specific
pks island variants can be described. Our study provides
deeper insights into the evolution, dynamics and structure of
the pks island in Enterobacteriaceae.
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Candida albicans is one of the most common fungal
pathogens of humans. It can cause superficial but also life-
threatening  systemic infections under predisposing
conditions. The pathogenicity of C. albicans has long been
linked to its ability to transition between a unicellular, oval
shaped yeast and a filamentous hypha morphology.
Conditions that trigger filamentation include, for example,
infection of epithelial cells and phagocytosis by
macrophages. During hypha formation, the fungus expresses
a set of hypha-associated genes, and among those, ECEL1 is
one of the most highly expressed. The polyprotein encoded
by ECE1 contains seven recognition sites (KR) for the Golgi-
associated endoprotease Kex2. A sequential proteolytic
processing of the Ecel protein at these KR sites produces at
least eight individual peptides (Richardson et al. 2018). Of
the secreted peptides Candidalysin (peptide 3) is the first
peptide toxin identified in a human pathogenic fungus, crucial
for hypha-associated damage (Moyes et al. 2016).
Candidalysin is critical for the pathogenicity of both,
superficial and systemic infections, as examined in several in
vitro and in vivo infection models. However, the role of the
seven other peptides, and their processed versions, is still
unknown. Simultaneous expression and secretion of
Candidalysin with other Ecel peptides and a high
conservation of these peptide sequences within clinical
isolates suggest a crucial function of the non-Candidalysin
Ecel peptides (NCEPs) for C. albicans. Analysis using knock
out mutants lacking one or several NCEPs and mutants
producing Ecel with modified amino acid sequences of the

peptides suggest that these peptides are essential for normal
C. albicans hyphal growth and trigger distinct host
responses. Further, synthetic versions of NCEPs modulate
the action of Candidalysin in an in vitro oral epithelial
infection model. These data already indicate that NCEPs
influence the biology and virulence-associated attributes of
C. albicans.

Reference: Moyes, D. L. et al. Nature (2016); Richardson, J.
P. et al. mBio (2018).
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Introduction

Candida glabrata acts as a major fungal pathogen often
leading to severe bloodstream infections in
immunocompromised and critically ill patients. As a haploid
organism it has developed various mechanisms of resistance
to antifungals like Echinocandins (first line therapy in
candidaemia) and Azols. Amphotericin B -a polyene
antifungal substance- is the drug of choice in treating
multiresistant Candida glabrata strains due to a broad
susceptibility pattern and little-known resistance as it forms
extramembranous aggregates which extract ergosterol out of
the fungal cell membrane.

Objectives

A total number of 115 clinical C. glabrata isolates from the
NRZmyk strain collection -obtained between 2015 and 2018-
were screened for Amphotericin B tolerance. The sterol
composition of the fungal cell membrane was analysed in
positive found isolates to narrow down dysfunctional
enzymes involved in ergosterol biosynthesis, which lead to
mutated ERG genes.

Materials and Methods

Screening was performed by microdilution according to
EUCAST standarts. Sterole analysis was done by MS and
compared to a reference strain. Suspected ERG gens were
amplified by PCR and consequently sequenced.

Results

A total of 27 strains were found to be tolerant to
Amphotericin B (visible growth under 1ug/ml) and eligible for
further sterole analysis. Some strains showed an increase of
Ergosterol precursor sterols in the fungal cell membrane as a
result of defects in enzymes linked to Ergosterol biosynthesis
(i.,e. C-8 sterol isomerase). A concordant decrease in
Ergosterol itself as the major target of polyenes was
observed. PCR revealed relevant mutations in the encrypting
ERG gene family explaining the loss of function. In addition,
one strain showed a dysfunctional C5-sterole desaturase



pointing to a mutation in ERG3 leading to the same decrease
in Ergosterol.

Conclusion

Tolerance to Amphotericin B in C. glabrata is still a rare
phenomenon. However, our findings indicate that this yeast
is able to adapt to and withstand Amphotericin B by
alterations in the sterol cell wall composition, exchanging the
main target Ergosterol to its non- toxic precursor sterols.
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Microorganisms such as archaea, bacteria and filamentous
fungi (known as "mold") are an integral part of our human
body and our natural environment on Earth. When human
space exploration started around 1961, microbial life has
been brought along with astronauts to our space stations Mir
(Russian Space Station) and ISS (International Space
Station).

Filamentous fungi are one of the most abundant pathogens
on earth. They emit mycotoxins to our environment, causing
allergies and various disease patterns, especially in
immunosuppressed humans, which lead to up to over 300
Million fungal infections worldwide. Fungal spores can be a
major threat to humans inside a constraint living environment
and research addressing this particular health hazard is still
underrepresented.The "black mold", is a filamentous fungus
called Aspergillus niger and one of the main contaminants on
the ISS [1, 2]. It is able to spread its spores easily under
microgravity and can survive under extreme conditions [3].
Since one of the main sources of fungal infections is due to
the uptake of spores via contaminated food or inhalation, a
closed built environment like a space station is a major risk
factor for astronauts. Due to that, basic research on the
resistance of fungal spores towards extreme environments
needs to be addressed more. Knowledge about how to
effectively constrain and prevent fungal growth in closed
environments could not only be applied to human spaceflight
but lead to improvements of clean rooms and hospital
building materials. In order to find possibilities for efficient
decontamination on one hand and targeted preventions
against mold on the other hand, investigations of plasma
sterilization and antifungal surface development are
conducted.

References: 1. La Duc and K. Venkateswaran, Microbial
monitoring of spacecraft and associated environments.
Microb Ecol, 2004 2. Romsdahl, J., et al., Characterization of
Aspergillus niger isolated from the International Space
Station. mSystems, 2018. 3. Moissl-Eichinger, C., et al., Quo
vadis? Microbial profiling revealed strong effects of
cleanroom maintenance and routes of contamination in
indoor environments. Sci Rep, 2015
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Neonectria ditissima, the causal agent of tree canker, affects
a wide range of hardwood plant hosts like Fagus, Malus and
Pyrus. To date, there is no effective method to eradicate the
disease and little is known about virulence factors.

In this study we are interested in secondary metabolites as
determinants of interaction between the pathogen N.
ditissima and fungal endophytes within the plant
environment. The chemical communication between host
and pathogen may give hints for plant protection strategies.
Our research is based on the antagonistic and mutualistic
balance of the pathogen N. ditissima and the endophytic
consortia in different host trees. A broad variety of organisms
were isolated from healthy plants and these organisms were
tested for antagonistic activity against the pathogen. Several
compounds were identified from submerged cultures of
various endophytic organisms with a protective effect against
N. ditissima.

During our studies, tree canker inducing metabolites as well
as phytotoxins produced by N. ditissima were examined.
Extracts of the pathogen cultivated in different conditions
were tested in an apple assay. Citrinin and p-hydroxybenzoic
acid among other substances, were detected. In addition, we
were able to identify components with fungicide activity such
as llicicolins and ascochlorin were identified.

The genome of N. ditissima has been sequenced and
potential gene clusters responsible for the secondary
metabolite biosynthesis were determined. Moreover, based
on transcriptome analysis, we are able to narrow our search
of corresponding genes related to phytotoxicity are the target
of further studies. In order to assess the function of proteins
involved in the biosynthesis of secondary metabolites loss of
function mutants are being generated. Another approach is
the heterologous expression of the corresponding genes in
other fungal hosts.
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Fungal infections lead to estimated 1.6 million deaths in
human and destroy one third of crop harvest every year.
Antifungal peptides (AFPs), which are produced by fungi
represent a strong tool to combat fungal infections in human
and plants. AFPs have several characteristics in common
including but not limited to a net cationic charge, an
amphipathic surface, intramolecular disulfide bridges and
predominant B-sheet formation, a y-core motive as well as
high membrane effectiveness.

In this study new chimeric antifungal peptides (CAFP) are
designed, whose background are the three naturally
occurring antifungal peptides AFP, PAF and AnAFP



produced by Aspergillus giganteus, Penicillium chrysogenum
and Aspergillus niger respectively. The new cAFP produced
in the heterologous expression system Pichia pastoris will be
used to perform a susceptibility assay to investigate their
antimicrobial activity towards various bacteria, yeast and
filamentous fungi.

Additionally, molecular dynamics simulation is performed to
further investigate the interaction between the natural and/or
chimeric AFPs and the plasma membrane of filamentous
fungus and the model organism A. niger. Information about
the mode of action and specificity gained from these
experiments can be used to further improve and redesign
AFPs while maintaining their 3D structure, including the B-
barrel and the y-core motive.

Recombination of these peptides and an improved
understanding of their mode of action promises to be a
powerful approach to tackle multiple pathogens without
causing harm to humans, including their bacteriome, or
plants.
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Introduction: Round about 1000 malaria infections per year
are imported to Germany, which is hardly enough to maintain
high-level routine skills in malaria microscopy outside
specialized or reference centers. In European guidelines,
less investigator-dependent molecular diagnostic
approaches are encouraged for special indications, but the
question arises whether they may be generally the better
option for screening situations as well as for differentiation on
species level.

Objectives: The study was performed to assess reliability of
different available PCR approaches for primary malaria
screening to replace thick blood film assessment.

Materials & Methods: In this study, we compared traditional
microscopy, three commercial nucleic-acid amplification tests
(NAT) for malaria (1 loop-mediated amplification assay, 2
multiplex real-time PCRs) and one in-house real-time
multiplex PCR with a collection of 1020 well characterized
EDTA blood samples from patients with suspected or
confirmed malaria, which were sent for initial or confirmation
diagnostics to the German National Reference Center for
Tropical Pathogens Bernhard Nocht Institute for Tropical
Medicine Hamburg. At least two concordantly positive results
were demanded to define a sample as confirmed positive for
malaria.

Results: Within the 1020 assessed samples, a total of 765
(75%) concordantly negative and 223 (21.9%) concordantly
positive results of the four molecular tests were obtained,
comprising both samples above and below the microscopic
threshold. In contrast, discordant results were observed in 32
(3.1%) instances. For genus-specific assays, detected
sensitivity and specificity ranged from 96.4% to 98.4% and
from 99.6% to 99.9%, respectively. For species-specific

assays, 94.0%-97.6% sensitivity and 99.6%-100% specificity
were found. Falsely negative molecular test results
comprised microscopically negative samples, samples at the
microscopic detection threshold as well as quantitatively less
abundant species in mixed infections.

Conclusions: We recorded excellent test characteristics of
all assessed molecular assays with only minor differences,
suggesting suitability for initial screening.
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Molecular diagnostics has become inevitable in the rapid
identification of a majority of infectious diseases. In many
cases the detection of nucleic acid by polymerase chain
reaction (PCR) serves as the gold standard technique for the
identification of various infectious agents. It offers many
advantages and delivers reliable results with high sensitivity
and specificity in one to two hours. However, applicability
into the field for rapid on-site diagnostics as it is needed in
the investigation of bioterrorist outbreak scenarios is limited.
A widely used and portable alternative to PCR are
immunochromatographic lateral flow assays (LFAs). They
are commercially available and deliver results in just 15
minutes. Unfortunately, they are significantly less sensitive
and less specific and can therefore only be used as a rough
starting point for further molecular analyses. Here we present
an alternative and more sensitive method for the rapid
identification of infectious agents using Pulse Controlled
Amplification (PCA). PCA is a new class of molecular
technology that combines ultrafast wire-based nucleic acid
amplification with sample purification and delivers semi-
guantitative results in less than 15 minutes. It runs on a small
portable battery-powered platform and thus can be taken
directly into the field. To test it in the field, we developed a
modified assay tailored to our requirements with a focus on
fast and easy workflow for performing the PCA wearing our
standard NBC protective clothing. Here we show data of our
first successful test that we performed during the
international CBRN live agent exercise "Precise Response”
in 2019 in Suffield, Canada. We were able to detect Yersinia
pestis via PCA on site in a simulated bioterrorist scenario,
without the need of nucleic acid extraction or difficult
pipetting steps. Furthermore, we present first results of
validation experiments of this newly developed assay along
with an outlook into further development and possible
applications. In conclusion, PCA holds great potential as a
more sensitive and more specific alternative to conventional
LFAs for the fast investigation of outbreak scenarios.
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Introduction



Mediastinitis, in particular after open-heart surgery, is a
devastating infection in a singularly vulnerable patient group.

We questioned if biofilms might play a role in the sternum
wounds.

Objectives

Objectives of this study were to analyze the presence and
spatial formation of microorganisms in clinical osteomyelitis
samples. Special emphasis was laid on the detection of
biofilms in the samples.

Materials & methods

In a pilot study, we investigated 42 sternum samples from 12
putative osteomyelitis patients from the University clinic of
Leipzig by the molecular imaging technique fluorescence in
situ hybridization (FISH) in combination with PCR and
sequencing. Using FISH, we mapped the presence and
formation of microorganisms throughout the samples.

Results

We found microorganisms by FISH/PCR in all samples
investigated, thus confirming the clinical diagnosis of
sternum  osteomyelitis. In  nine cases, we found
microscopically single microorganisms that could not be
detected by PCR. In three cases, FISH detected single
microorganisms, microcolonies and biofilms, respectively.
These were identified by PCR (3/3) and FISH (2/3) as
Staphylococcus aureus, Enterococcus faecium, and S.
epidermidis.

Conclusion

This pilot study confirmed that FISH/PCR detected
microorganisms in mediastinitis samples, shedding light on
the formation, location, and invasiveness of the bacteria in
the tissue. We were able to interpret the finding of typical
skin flora members, thus discriminating between
contamination during sampling and infection. Skin flora may
cause severe infections and should not be ignored in routine.
Out of 12 patients, we found one case featuring mature
biofilms. Therefore, mediastinitis is not always associated
with biofilms, but microorganisms show a patchy distribution
in the tissue.
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Bacillus anthracis, the etiological agent of anthrax disease is
typically diagnosed by classical microbiological and
molecular methods such as polymerase chain reaction
(PCR). Alternatively, mass spectrometry techniques may aid
in confirming the presence of the pathogen or its toxins.
However, because of the close genetic relationship between
B. anthracis and other members of the B. cereus sensu lato
group (such as B. cereus or B. thuringiensis) mis- or
guestionable identification frequently occurs in diagnostic
laboratories. Bacteriophages such as phage gamma (which
is highly specific for B. anthracis) have been in use for
anthrax diagnostics for many decades. In this work we
employed host cell-specific receptor binding proteins of

(pro)phages, also known as tail or head fibers, to develop a
microscopy-based approach for the facile, rapid and
unambiguous detection of B. anthracis cells. For this, the
genes of (putative) receptor binding proteins from Bacillus
phage Wipl, Bacillus phage gamma and from lambdoid
prophage 03 located on the chromosome of B. anthracis
were selected. Respective phage genes (Wipl: gp23
transcriptionally coupled with gp24; gamma: gp14) and that
of lambdoid B. anthracis prophage 03 gene BA4079) were
PCR-amplified and cloned into an expression vector. The
phage genes were heterologously expressed in Escherichia
coli as C-terminal fusions with red fluorescent protein
mCherry and an N-terminal twin-strep-tag-epitope for
expression verification and purification of the recombinant
proteins. B. anthracis cells incubated with either of the fusion
proteins was successfully surface-labelled in red. Specific
labelling of B. anthracis was also observed when mixed
cultures with other B. cereus s.l. species were tested. In
contrast, the red fusion proteins did not bind to most cells of
a panel of other B. cereus s.|. species or to more distantly
related bacteria. From these results we anticipate that we
can further develop the recombinant receptor binding
proteins to become a valuable asset for the detection of B.
anthracis as a confirmative and rapid means of identification
and diagnosis.
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Introduction

Widespread and increasing use of antibiotics has driven the
emergence of antibiotic resistant bacteria. Methicillin-
resistant Staphylococcus aureus (MRSA) is of particular
concern in health care as it is resistant to commonly used
antibiotics and causes worldwide outbreaks. At the same
time, whole genome sequencing (WGS) is becoming the
method of choice for rapid and accurate identification and
characterization of bacteria.

Objectives

To predict antibiotics resistance in MRSA strains from WGS
data.

Materials & Methods

The BioNumerics S. aureus genotyping plugin v0.3 was used
to predict antibiotics resistance from genome assemblies of
440 diverse MRSA strains collected from 30 countries
(Castillo-Ramirez et al. 2012, Holden et al. 2013, Hsu et al.
2015). The plugin uses a BLAST-based approach with 90%
minimum identity and target coverage, both for whole genes
and mutations. Starting from the raw sequencing data de
novo genomes were assembled with Spades v3.7.1 in
BioNumerics v7.6.3. Predictions of the plugin were compared
to classically obtained AST results to calculate specificity and
sensitivity of the predictions.

Results

Predictions of 15 antibiotics (ciprofloxacin, clindamycin,
daptomycin, erythromycin, fosfomycin, fusidic acid,
gentamycin, linezolid, tetracycline, mupirocin, oxacillin,



penicillin, rifampicin, teicoplanin and vancomycin) were
compared to the classically obtained AST data. Sensitivity
ranged between 0 and 1 (median = 0.21). A sensitivity of O
was only obtained for 6 antibiotics for which no positive data
was present in the dataset. For these antibiotics, true
negatives were obtained for 98 to 99.5% of the cases.
Specificity ranged from 0.61 to 1 (median = 0.99). For 12 of
the 15 antibiotics a specificity higher than 0.95 was obtained.
Lowest specificity (0.61) was obtained for the antibiotics
ciprofloxacin and clindamycin. For penicillin a specificity of
0.83 was observed.

Conclusion

Based on WGS data, fairly accurate predictions of antibiotics
resistance in MRSA strains can be obtained. Yet, profound
knowledge of resistance mechanisms to some antibiotics is
lacking, leading to less reliable predictions.
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The global expansion of bacteria manifesting anti-microbial
resistance (AMR) presents challenges for treatment and
prevention; the World Health Organisation (WHO) has
predicted an overwhelming impact of diseases for which no
antibiotic treatment will be available [1]. With escalation of
AMR, combined with continuing decline in new antibiotic
discovery, development of innovative, reliable, rapid and
cost-efficient analytical techniques for effective diagnostics of
infectious disease is increasingly essential to confront rising
mortality and costs associated with AMR infections.
However, the routine methodologies used today for
diagnosing infectious disease depend, in most cases, upon
multiple protocols requiring cultivation of the pathogenic
bacteria from clinical samples. With accumulating whole-
genome sequence data becoming available, Mass
Spectrometry (MS)-based proteomics analyses increasingly
are able to be applied to biological studies. Proteomic
analyses are indirect analyses of genomes; the proteome
comprises proteins from the expressed genes of a cell,
organism or biological system. Proteotyping [2], using state-
of-the-art LC-MS/MS analyses of generated cellular
peptides, enables detection and identification of bacterial
species, virulence- and AMR-factors from single MS
analyses. In this study, reference strains of clinically-relevant
bacteria were analysed by proteotyping, to define the reliable
peptide biomarkers that could be used for diagnostics of
infectious diseases (i.e., discovery). The biomarker peptides
were applied for discrimination of bacterial species and
detection of known virulence- and AMR-factors, in vitro, and
also for detection and diagnostics of infective bacteria,
without prior cultivation, in vivo (i.e., validation). Notably,
comprehensive and accurate genome sequence data is key
to resolving peptide matching and protein discrimination for
identification and characterisation of infective bacteria and
infectious diseases.
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Rapid diagnostic tests for the detection of acute bacterial
and/or viral infection and sepsis are needed in the
emergency department (ED). Current diagnostic and
prognostic tests are impeded, e.g. by slow turnaround time
for blood cultures. Differentiating between bacterial and viral
infections as well as managing the appropriate level of care
are critical deliverables. Thus, over-treatment leading to
antimicrobial resistance, as well as C difficile infection or late
diagnosis and treatment of sepsis may result. In a
prospective single-site study at the ED of the Charité
University Hospital (Campus Benjamin Franklin) we
investigated the efficacy of a novel host response test from
blood which uses 29 host response mRNA targets and a
machine learning algorithm (HostDx Sepsis) to quickly and
accurately differentiate between viral and bacterial infections
including co-infections and non-infected patients and predict
the probable clinical course. Patients who presented with
signs of acute infection were enrolled. All patients were
adjudicated using chart review by two expert physicians
using clinical data, radiological and laboratory tests (incl. C-
reactive protein (CRP) and procalcitonin (PCT)) but blinded
to the HostDx Sepsis results. We here present an interim
analysis of 125 patients enrolled and adjudicated since
January 2019. The accuracy of HostDx Sepsis predictions
was compared to standards of rapid bacterial infection
detection, such as CRP and PCT. The Area Under the
Receiver Operating Characteristics (AUROC) for HostDx
Sepsis at predicting bacterial and co-infections vs. non-
infected and virally infected patients was 0.89 compared to
0.87 for PCT and 0.83 for CRP. HostDx Sepsis also
predicted viral and co-infections vs. non-infection and
bacterial infection with an AUROC of 0.85. When combined
with Sequential Organ Failure Assessment (SOFA)-scores
the test predicted multiorgan failure with an AUROC of 0.89,
compared to 0.86 for SOFA-scores alone. Our
results suggest that the use of a host-response test to
determine the infection status and severity allows for more
informed rapid decisions on antibiotic treatment and further
level of care in the ED.
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Introduction

Nocardiosis is a rare but life threatening infection caused by
aerobic Actinomycetes of the genus Nocardia particularly
affecting immunocompromised hosts. The identification of
Nocardia ssp. and antibiotic susceptibility testing (AST) by
standard microbiological methods may be incomplete but
molecular techniques may improve microbiological
diagnostics.

Objectives

To determine phylogenetics and antimicrobial resistance
mechanisms of clinical Norcardia isolates, we characterized
Nocardia strains from patient material using different
methods for taxonomic identification and AST as well as
whole genome sequencing (WGS).

Materials & methods

We studied Nocardia strains isolated from patient material
between 2000 and 2018. For taxonomic identification we
applied different MALDI-TOF (bioMérieux, Saramis
database) protocols and 16S rRNA gene-sequencing.
Antibiotic resistance was tested based on a microdilution
method according to the CLSI breakpoints and compared
with Etests. WGS was performed using the lllumina
workflow.

Results

We examined 40 Nocardia strains from 33 patients. Twenty-
four patients (72.7%) were immunocompromised due to solid
organ transplantation or stem cell transplantation. MALDI-
TOF analysis correctly identified 31 isolates (77.5%). An
advanced MALDI-TOF protocol with formic acid and
acetonitrile treatment increased identification to 37 isolates
(92.5%). One N. amamiensis strains was misidentified by
MALDI-TOF as N. abscessus as revealed by molecular
analysis. Two additional isolates were identified as N. lasii
via molecular techniques. AST by Etest and microdilution,
respectively, showed good concordance with an overall
trimethoprim-sulfamethoxazole (SXT) resistance rate of
22.2%. WGS of a SXT resistant N. farcinica isolate showed a
deletion of several amino acids compared to SXT sensitive
N. farcinica isolates (n=10) in a homolog of dihydropteroate
synthase.

Conclusion

A combination of different biochemical and molecular
methods for taxonomic identification and AST improved
species identification and AST results compared to standard
microbiological techniques. WGS revealed molecular insights
into SXT resistance mechanisms.
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Many well-studied bacteria divide via binary fission and
although several bacteria provide offspring in alternative
ways, the mechanisms underlying these alternative modes of
cell division remain mostly unknown. In stalk-terminal
budding, cells grow a cytoplasm-filled stalk from their cell
body, and the tip of the stalk then develops into a bud. This
mode of cell division is highly asymmetric, as the constriction
exclusively takes place at the budneck, giving rise to an
ovococcoid daughter cell and a stalked mother cell. Stalk-
terminal budding occurs in several alphaproteobacterial
species, including the newly established model organism
Hyphomonas neptunium.

Here, we investigate the mechanism of stalk-terminal
budding. We show that this process relies on FtsZ. Strikingly,
FtsZ localizes not only to the future division site, but also to
the stalk base. Comprehensive localization studies reveal
that the majority of the canonical divisome components
localize exclusively to the future division site, whereas a
subset of them also colocalizes with FtsZ at the stalk base.
Moreover, we show that one of the canonical divisome
components has adapted a novel function in stalk-terminal
budding. These results suggest that stalk-terminal budding
requires adaptations in both the localization, and possibly the
function, of the canonical cell division machinery.
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Transmission electron microscopy (TEM) is an important
imaging technique in bacterial research and requires ultrathin
sectioning of resin embedding of cell pellets. This method
consumes milli- to deciliters of culture and results in sections
of randomly orientated cells. For rod-shaped bacteria, this
makes it exceedingly difficult to find longitudinally cut cells,
which precludes large-scale quantification of morphological
phenotypes. Here, we describe a new fixation method using
either thin agarose layers or carbon-coated glass surfaces
that enables flat embedding of bacteria. This technique
allows for the observation of thousands of longitudinally cut
rod-shaped cells per single section and requires only
microliter culture volumes. We successfully applied this
technique to Gram-positive Bacillus subtilis, Gram-negative
Escherichia coli, the tuberculosis vaccine strain
Mycobacterium bovis BCG, and the cell wall-lacking
mycoplasma Acholeplasma laidlawii. To assess the potential
of the technique to quantify morphological phenotypes, we
examined cellular changes induced by a panel of different
antibiotics. Surprisingly, we found that the ribosome inhibitor
tetracycline causes significant deformations of the cell
membrane. Further investigations showed that the presence
of tetracycline in the cell membrane changes membrane
organization and affects the peripheral membrane proteins
MinD, MinC, and MreB, which are important for regulation of
cell division and elongation. Importantly, we could show that
this effect is not the result of ribosome inhibition but is a
secondary antibacterial activity of tetracycline that has defied
discovery for more than 50 years.

125-MCBV
Predicting membrane lipid composition from in silico
data — how far can we go?



*B. J. Tindall*
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Cell membranes are the most complex "organ" of the cell,
with up to 50% of a cells genome encoding components that
are associated with the membrane. A key step in the
formation of modern membranes is the evolution of the
classical lipid mediated "bilayer" in the form of a hydrophilic-
hydrophobic-hydrophilic sandwich. Complex lipid-lipid and
lipid-protein interactions, based on the chemical and physical
properties of the interacting partners determine a
membrane"s integrity and whether it is compromised, that
would lead to the death of the cell. As an ever increasing
number of genomes become available the question arises to
what degree can one predict lipid contribution, based on
genomic data, to the structure and functioning of the cell.

126-MCBV

Formation of magnetic organelles

*R. Uebe!

tUniversitat Bayreuth, LS Mikrobiologie, Bayreuth, Germany

The biogenesis and assembly of membranous cell
organelles requires a multitude of processes, including
membrane remodeling and correct spatio-temporal targeting
of proteins. These processes are relatively well characterized
in eukaryotes and were shown to involve, membrane
bending proteins, vesicular transport and/or organelle-
specific protein translocation systems. In contrast, the
biogenesis and assembly of prokaryotic organelles, which
usually do not have the same complexity as their eukaryotic
counterparts, often remained poorly understood.

Here we analyzed the formation of magnetosomes,
membrane-enclosed magnetite nanoparticles used for
magnetic  navigation, as a model system for
prokaryotic organelle formation. Genetic analyses
in Magnetospirillum gryphiswaldense MSR-1 revealed that
magnetosome formation is complex process that is governed
by specific magnetosome-associated proteins. MamB, a
cation diffusion facilitator (CDF) family member, for example,
has been implicated in magnetosome-directed iron transport.
However, deletion mutagenesis studies revealed that MamB
is essential for the formation of magnetosome membrane
vesicles. Using site-directed mutagenesis complemented by
structural analyses, fluorescence microscopy and cryo-
electron tomography, we show that MamB is most likely an
active magnetosome-directed transporter serving two
distinct, yet essential functions. First, MamB initiates
magnetosome vesicle formation in a transport-independent
process, probably by serving as a landmark protein. Second,
MamB transport activity is required for magnetite nucleation.
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Our current understanding of a free-living bacterium -
capable of withstanding a variety of environmental stresses-
is represented by the image of a peptidoglycan-armored rigid
casket. The making and breaking of peptidoglycan greatly
determines cell shape. The cytoplasmic membrane follows
this shape, pressed towards the cell wall by turgor pressure.
Consequently, bacteria are morphologically static organisms,
in contrast to eukaryotic cells that can facilitate shape
changes. This concept of a bacterial cell is challenged by the
discovery of the novel bacterial phylum Saltatorellota.
Members of this phylum can change their shape, are capable
of amoeba-like locomotion and trunk-formation through the
creation of extensive pseudopodia-like structures. Two
independent Saltatorellota cells can fuse, and they employ
various forms of cell division from budding to canonical
binary fission. Despite their polymorphisms, members of the
Saltatorellota do possess a peptidoglycan cell wall. Their
genomes encode flagella and type IV pili as well as a
bacterial actin homolog, the "saltatorellin”. This protein is
most similar to MamK, a dynamic filament-forming protein,
that aligns and segregates magnetosome organelles via
treadmilling. We found saltatorellin to form filaments in both,
E. coli and Magnetospirillum gryphiswaldense, leading to the
hypothesis that shapeshifting and pseudopodia formation
might be driven by treadmilling of saltatorellin. Furthermore,
some unusual traits of Saltatorellota strains seem to be
occurring only in a small fraction of newly formed daughter
cells, implying some kind of cell differentiation.
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Analysis of the Clostridioides (Clostridium) difficile
motility behaviour by video microscopy revealed a novel
swimming pattern
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Introduction:

Most strains of the gastrointestinal pathogen C. difficile
produce peritrichous flagella, which mediate swimming
motility. Motility is most often examined in soft agar based
assays. However, little knowledge exists on the actual
swimming behaviour of single C. difficile cells.

Objectives:

We wondered if direct observation of swimming motility via
video microscopy could offer more insights into the motility
patterns of C. difficile.

Materials & Methods:

We designed an open-source python program that allows us
to simultaneously track a large number of bacterial cells on
standard computers. With the aid of this program it was
possible to determine and quantify the most relevant C.
difficile motility parameters, as travelled distance, speed,
percentage of time where bacteria are motile and turning
points.

Results:

The C. difficile 630Aerm and C. difficile R20291 populations
were found to consist of three fractions including (i) non-
motile bacteria, (ii) bacteria with a high frequency twitching



pattern, and (iii) bacteria with long run phases. The size of
the individual fractions is variable and depends on the
nutrient conditions. The fraction with long run phases
appears to be able to swim forward and backwards without
an obvious preference. This is in contrast to the usual motility
pattern of bacteria, which consists of a preferred direction of
travel coupled with a reorientation phase.

Conclusions:

We found that C. difficile displays a swimming behaviour that
appears to be different from known swimming patterns of
bacteria described in literature.
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Caught in the act: pervasive transcription duringthe low-
energy phase of the budding yeast growth cycle.
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When grown in continuous culture at high cell density
budding yeast
cells autonomously synchronize their metabolic activity into
stable

oscillations, and these metabolic cycles percolate throughout
physiology and gate cell division cycle check-points.

Metabolic cycles
can persist even in non-dividing yeast cells. The industrial
diploid strain

IFO 0233 shows a strong decoupling from division, with
metabolic
cycles about 10x faster than doubling times. Despite the

diversity of
metabolic dynamics between strains, cycling cultures
traverse through

a conserved yet adaptable transcriptional program, between
the

expression of growth and anabolic, and catabolic and stress-
response

functions, respectively. The dynamics of non-coding
transcription

have not yet been explored.

An RNA-seq timeseries was sampled in high temporal

resolution from a
chemostat culture during a metabolic transient of the
oscillation. The

temporal program of coding transcripts encodes the spatial
structure

of the growing cells and is itself organized into large
chromosomal

domains of co-expressed clusters. This spatio-temporal
organization

may support co-translational complex formation and optimal
proteome

ressource allocation. An unprecedented level of non-coding
transcription from loci involved in auto-editing of the yeast
genome

(rDNA, mating type, CUP1) and evolution of gene regulation
(transposons) indicates a recombination-prone state during
the G1l-like

low-energy phase of the metabolic cycle. Genetically

dynamic loci,
tRNA, replication origins, and free-standing "long terminal
repeats"

are all enriched at the borders between high-energy and low-
energy

phase transcription domains. Our data provides a snap-shot
of the
spatial and functional constraints of genome evolution, and
suggests a

role of "pervasive transcription" in adaptive exploration of
novel
phenotypes.
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The uncharacterized DUF1127 protein from Rhodobacter
sphaeroides binds RNA
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The facultative phototrophic  bacterium  Rhodobacter
sphaeroides can adapt its life style to changing
environmental conditions. In the past our group elucidated in
R. sphaeroides the role of protein regulators and small,
regulatory RNAs (sRNAS) in stress responses, particularly to
oxidative stress. The four homologous sRNAs CcsR1-4
(conserved CCUCCUCCC motif stress-induced RNA) are
expressed under various stress conditions and modulate the
C1 metabolism [1]. These sRNAs are derived from the 3
UTR of the RSP_6037 mRNA. The RSP_6037 gene
encodes a small protein of 70 amino acids and the residues
23-62 constitute a domain of unkown function (DUF1127).
This functional unkown protein domain is structurally related
to eukaryotic RNA binding proteins [2]. Small proteins with
the DUF1127 domain are widely distributed among Alpha-
and Gammaproteobacteria and more than 11000 bacterial
sequences with DUF1127 proteins are listed in InterPro.

Our data show that the small protein RSP_6037 influences
the amount of the CcsR sRNAs and that the uncharacterized
DUF1127 domain is sufficient for the function. By co-
immunoprecipitation we could show binding between the
small DUF1127 protein, the sSRNA CcsR1 and other RNA
transcripts. We test the hypothesis that binding of the
DUF1127 domain of RSP_6037 influences the stability and
processing of RNA transcripts and may play an important
role in RNA maturation.

[1] Berghoff BA, Glaeser J, Sharma CM, Vogel J, Klug G.
(2009) Photooxidative stress-induced and abundant small
RNAs in Rhodobacter sphaeroides. Mol Microbiol. 74: 1497-
512.

[2] Billenkamp F, Peng T, Berghoff BA, Klug G (2015) A
cluster of four homologous small RNAs modulates C1
metabolism and the pyruvate dehydrogenase complex in
Rhodobacter sphaeroides under various stress conditions. J.
Bacteriol. 197: 1839-1852
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Question

While the aetiology of primary sclerosing cholangitis (PSC)
remains largely unknown, several reports, including our own
previous data, support a functional and potentially
pathogenic link between the intestinal microbiota and liver
inflammation in PSC. However, it is unclear whether the
microbial signature so far described in PSC single-centre
cohorts is centre-specific or if a PSC-specific microbial
signature across different geographical regions exists.

Methods

We included in total 388 individuals from two separate
cohorts from Norway and Germany: 137 PSC patients (n=75
with concurrent colitis), 88 patients with ulcerative colitis
(UC) and 133 healthy controls (HC). The faecal bacteriota
was analysed by 16S rRNA gene sequencing (V1-V2). In
addition, stool samples from individuals of the German
cohort (66 HC, 65 PSC patients and 38 UC patients) was
subjected to ITS2 gene sequencing to unravel alterations in
the mycobiome.

Results

In both cohorts, the global microbiota composition (beta-
diversity) was significantly different when comparing PSC
and HC (P<0.001). Multiple robust single microbial markers
of PSC were identified, including novel associations with
Proteobacteria and the bile tolerant genus Parabacteroides,
and previous associations with e.g. Veillonella and
Lactobacillus. Within the mycobiome we found a significant
increase of Trichocladium griseum belonging to the class
Sordariomycetes as well as of Candida species in stool
samples of PSC patients confirming earlier published results
within a French cohort? at increased taxonomic resolution.

Conclusions

Patients with PSC display reproducible microbiota alterations
compared to HC, independent from geographical region and
concurrent colitis, which could relate to PSC itself and be of
clinical relevance.

lLemoinne S, Kemgang A, Ben Belkacem K, et al. Fungi
participate in the dysbiosis of gut microbiota in patients with
primary sclerosing cholangitis. Gut 2019 doi: 10.1136/gutjnl-
2018-317791
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Spore formers are initial butyrate producers during infant gut
microbiota development

*C. Schwab®?, O. Appert?, A. Ramirez Garcia?, R. Ferstl®, E.
Bersuch?®, S. Loeliger®, C. Lacroix?, R. Lauener?®, R. Frei®, C. Roduit®
1Czech University of Life Sciences, Prag, Czech Republic

2ETH Zurich, Zurich, Germany

3Christine Kiihne - Center for Allergy Research and Education (CK-
CARE), Davos, Switzerland

“Kinderspital St. Gallen, St. Gallen, Germany

SKinderspital Zurich, Zurich, Switzerland

The acquisition and microbial succession of the infant gut
microbiota are key to establishing a host-microbiota
symbiosis. The early gut microbiota provides environmental
conditions for later colonization through the formation of

short chain fatty acids (SCFA). Spores might be a source of
environmental transition.

We were interested in the role of spore formers in early
microbiota colonization, and their impact on butyrate
production. We used a combined cultivation-dependent and -
independent approach to determine cultivable spores, spore
and fecal microbiota composition and SCFA formation in a
cohort of infants (n=69, CARE-Childhood, AlleRgy, Nutrition
and Environment, Switzerland) at 90, 180 and 360 days of
age.

At 90 days, about 80% of the samples contained cultivable
spores at a mean most probable number of log 3.4 cells/g.
Cultivable spore prevalence and abundance was significantly
higher in feces from 360 days (100% and log 4.2 cells/g,
respectively) and compared to 180 and 90 days. Butyrate
was produced by 50, 78, and 94% of the spore samples
during germination at 90, 180 and 360 days.

The cultivable spore microbiota was dominated by
Clostridiaceae (mean abundance 50-77%).
Bifidobacteriobacteriaceae (mean abundance 90 days: 66%,
180 days 55%, 360 days 31%) were the major bacterial
family in feces with Clostridiaceae contributing 1-5% of the
reads. Nevertheless, the spore forming Clostridium cluster |
was the most prevalent and abundant butyrate producing
group at 90 days. Abundance ranged from log 6.3 to log 8.5
cells/g in approximately 40 % of the samples. Abundance of
non-spore forming butyrate producers Faecalibacterium
prausnitzii, Eubacterium rectale / Roseburia spp. and
Eubacterium hallii was low at 90 days (< log 5 cells/g) but
significantly increased at 360 days together with mean fecal
butyrate levels (1.7 mM/g at 90 days and 12.6 mM/g at 360
days).

Our data show the impact of spore forming butyrate
producers on SCFA formation especially at the early stages
of infant gut microbiota development. Our data may suggest
opportunities to enhance early life butyrate concentrations
through the supplementation of selected groups of butyrate
producers.
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The intestinal microbiota plays a pivotal role in protecting the
host against pathogenic microbes, modulating immunity and
regulating metabolic processes. We are using a simplified
human microbial community of 8 species for the investigation
of metabolic output and species interdependence. The



objective of this study is the detection of novel proteins
smaller than 100 amino acids (= sProteins) that are
potentially regulating the simplified intestinal human
microbiota. sProteins have largely been unrecognized and
little is known about their structure and function in microbes.
Several studies suggested that sProteins have a wide range
of functions including significant structural re-organization of
microbial communities.

In this study, we applied different sProtein enrichment
strategies (e.g. C8-cartridges and GelFree fractionation)
before mass spectrometric analysis since most sProteins can
not be identified using standard protocols. In addition, after
sequencing, de novo assembly and annotation of the
complete genomes of the 8 species, we created an
integrated proteogenomics search database (iPtgxDB).
Searching MS/MS data against the iPtgxDB, we were able to
identify several novel sProteins which will be further
validated using metatranscriptome analysis. Notably, several
novel sProteins were not identified in single strain
cultivations possibly indicating a fundamental role in
microbial community organization.

Identification and the further functional characterization of
sProteins will change the view on microbial community
organization.
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Exploring pathogenic functions of host microbiota
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It is becoming evident that certain features of human
microbiota, encoded on distinct taxa including autochthonous
members, promote disease. As a result, borders between so-
called opportunistic pathogens, pathobionts and commensals
are increasingly blurred and specific, organism(bacterial)-
centric targets for manipulating microbiota to improve host
health are becoming elusive. In this study, we focus on
functions of bacterial communities that have the potential to
cause disease, proposing the term "pathogenic functions
(pathofunctions)". The concept is presented via three distinct
examples, namely, the formation of (i) trimethylamine, (ii)
secondary bile acids and (iii) hydrogen sulfide that all
represent metabolites of gut microbiota linked to the
development of non-communicable diseases. Using publicly
available metagenomic and metatranscriptomic data
(n=2,975) we quantified those pathofunctions in health and
disease and exposed the key players. Pathofunctions were
ubiquitously present, even in healthy microbiota, though
increased abundances were detected in patient groups.
Overall, the three pathofunctions were measured at low
mean concentrations (<1% of total bacteria) and
encompassed various taxa, including uncultured members.
We outline how this function-centric approach, where all
members exhibiting a particular pathofunction are redundant,
guides risk assessment and can assist the development of
precision treatment directing gut microbiota to increase host
health.
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Single-Cell Dispensing for High-Throughput Bacterial
Isolation
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The intestinal microbiota of mammals is known to influence
their health, however a large proportion of bacterial species
in gut communities are still unknown. Cultivation is essential
to improve genome databases and to explore the functional
potential of bacteria. Agar plate-based approaches are still
widely used for bacterial isolation, but are time-consuming.
The use of single cell dispensers (SCD) allow high-
throughput, label-free bacterial sorting. This project aimed to
study the feasibility of using SCD for the isolation of gut
bacteria and to design a more efficient workflow for bacterial
cultivation.

The initial feasibility study was conducted using pure cultures
and enriched faecal samples in both aerobic and anaerobic
conditions. To increase throughput, 96-well plates were used
for cell dispensing. Enrichment trials were also tested for
their ability to generate varying input bacterial compositions
upstream of sorting to maximize the harvested cultured
diversity.

SCD was able to sort single cells from two different pure
cultures of strictly anaerobic gut bacteria at an average
efficacy (percentage of sorted single-cells giving rise to
growth) of 7% (motile bacteria) and 69% (non-motile
bacteria). Direct processing of a frozen glycerol stock of
mouse faecal sample resulted in low efficacy (ca. 4%) when
compared with enriched mouse faecal cultures (ca. 37-87%),
but recovered diversity of isolates was higher (9 different
species out of 24 isolates tested vs. 18 of 1,356). Two novel
bacterial species were cultured from a human faecal sample
(Bacillus sp. nov.) and a mouse caecal sample (Flintibacter
sp. nov.) using the new SCD approach. Out of the media
tested so far, 12/15 enriched on average 54% of dominant
(21% rel. Abund.) and 12% of sub-dominant (<1% rel.
Abund.) human faecal OTUs. A combination of the five
highest-scored media (YCFA, GAM, BHI, GMM and
Conditioned Medium) covered ca. 40% of human faecal
OTUs.

The combination of SCD and gut content enrichments is
promising and is being tested further for maximal recovery of
the cultured diversity from human and mouse gut microbiota.
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reflect high spatial heterogeneity of anammox and
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Anthropogenic inputs of nitrate into groundwater pose a
considerable risk to drinking water quality. However,
groundwater chemistry is also affected by continued in situ
microbial nitrate formation and nitrate reduction to gaseous
nitrogen or ammonium. Here, we investigated nitrogen
transformation processes and their microbial key players in
oligotrophic karstic limestone aquifers in western Thuringia,
Germany. These aquifers are characterized by a high spatial
heterogeneity in the availability of oxygen, ammonium and
nitrate. Under anoxic conditions, anaerobic ammonia
oxidation (anammox) was the dominant N2z-forming process
at maximum rates of 5 nmol N2 L d1, compared to almost
undetectable denitrification activity. Variation of anammox
activity and transcriptional activity of hzsA genes encoding



hydrazine synthase across sites pointed to the existence of
anammox hotspots, where Brocadiaceae accounted for up to
15% of the groundwater bacterial community. Abundances of
archaeal and bacterial ammonia-oxidizers, including
complete ammonia-oxidizers, were positively correlated with
ammonium, while nitrite-oxidizing bacteria showed positive
correlation with their product nitrate. Similar to anammox,
transcriptional activity of amoA genes encoding ammonia
monooxygenase and process rates suggested that
nitrification activity was limited to a few oxic sites, where
Nitrospiraceae formed up to 20% of the microbial community.
Our results demonstrate a large spatial heterogeneity of
aerobic and anaerobic nitrogen transformation processes in
oligotrophic limestone aquifers. Availability of nitrogen
compounds and oxygen are closely linked to the distribution
patterns of the microbial key players but their activity, in turn,
is likely to also shape groundwater nitrogen chemistry.
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A novel promiscuous Roseobacter plasmid mediates
antibiotic resistance in the ocean
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Background

Plasmids play an important role in the survival strategies of
roseobacters (Rhodobacteraceae) in marine ecosystems.
Their conjugation, which is driven by characteristic type IV
secretion systems (T4SSs), mediates the horizontal transfer
of important genes and is supposed to trigger the
colonization of new environmental niches.

Methods

1. BLASTP: Identification of RepC_soli-type plasmids

2. Comparative plasmid analyses: Discovery of crucial
genes

3. Functionality test: Cloning of plasmid replicase &
transformation in model organism (Phaeobacter
inhibens DSM 17395)

4. Plasmid stability test: Spontaneous loss

5. Experimental conjugation: Intra- & inter-genus
6. Antibiotic resistance tests: Minimal inhibitory
concentration; growth curves
Results

We discovered a novel Rhodobacteraceae-specific plasmid
type designated RepC_soli. As a unique selling point, the low
copy number plasmid comprises a solitary replicase (repC)
and lacks a typical parAB partitioning system. The conserved
backbone of all RepC_soli-type plasmids also contains
solitary parA and parB genes, a T4SS and a toxin/anti-toxin
module. Phylogenetic analyses of RepC_soli proteins
revealed the presence of four compatibility groups. We
experimentally confirmed the functionality of the replicase
and documented an exceptional stability of the 57 kb plasmid
from P. inhibens P72 (pP72_e). The natural chloramphenicol
(Cm) resistance gene of pP72_e served as selective marker
for experimental conjugation across genus borders. Plasmid
transfer caused a 20 to 40-fold increase of Cm resistance in
the transconjugants.

Conclusions

The discovery of a Rhodobacteraceae-specific low copy
number plasmid type without the archetypal parAB operon is
indicative of a new mechanism of plasmid partitioning. The
universal presence of T4SSs, experimental conjugation and
the natural distribution of RepC_soli plasmids reflect a highly
promiscuous life style. The natural presence of plasmid-
located antibiotic resistance genes in marine bacteria likely
documents the anthropogenic footprint in the ocean.

Reference

Petersen, Vollmers et al. (2019) PNAS 116: 20568-20573,
doi:10.1073/pnas.1905878116
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Soil microbial communities are site specific and vary in
response to changes of environmental factors. There are
thus dissimilar microbial communities under different soil
conditions or along natural gradients. In addition, tree roots
recruit specific microbial partners from local soil communities
and support their growth by exudates. Hence, the tree root-
associated microbiome is shaped by both the host tree and
environmental conditions. On this background, we analysed
soil microbiomes in the root vs. root free zones of genetically
identical host tree saplings, called PhytOakmeter (Quercus
robur L., clone DF159), released at four grassland sites
across a Europe North-South transect, from Finland to
France. Soil microbial DNA was extracted, 16S and ITS2
genes were amplified to respectively target bacteria and
fungi, and sequenced using lllumina MiSeq technology.
Microbial communities were analysed in relation to soil
chemistry and host tree growth. Species richness and
Shannon diversity index in the tree root zone increased
southwards for bacteria but were constant for fungi. Within
southern sites of the transect, microbial diversity was higher
in PhytOakmeter root zones than in the tree root-free zones
while the middle and northern sites showed similar diversity
values between the two soil compartments. Analysis of
similarities ~ permutations  together  with  non-metric
multidimensional scaling showed a site effect on the
analysed microbial communities. Soil parameters like pH,
TOC, TON, C/N and the clonal host tree growth impacted on
microbial diversity and community composition. Very young
PhytOakmeters exerted a remarkable influence on soil
microbial diversity and community structure, and were able
to select specific microbial genera, enriched in
ectomycorrhizal fungi, yeasts and saprobes from respective
local microbial pools. This validates the PhytOakmeter
approach to better unravel recruitment processes of
microbial partners by host trees at large spatial scales and
under broad range of environmental conditions.
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The lag phase in batch cultivation is determined by
differential growth rather than adaptation
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Introduction: The lag phase is the early phase of microbial
growth in batch cultures, when bacteria adapt to the
conditions after being inoculated to new growth medium.
According to textbooks, bacteria do not divide during this
adaption period but rather increase in cell size, repair
damages, and produce enzymes needed to metabolize the
substrate.

Objectives: In contrast to the established concept, we
hypothesize that the lag phase appears to be an adaptation
phase because only a small fraction of the population starts
growing exponentially immediately after inoculation whereas
the majority of cells remain inactive. Since the number of
growing cells is small compared to the inactive background,
the total number of cells appears seemingly constant. As
soon as the initially small number of exponentially dividing
cells outnumbers the inactive cells, the populations increases
to a measurable extent and the batch culture eventually
enters the log-phase.

Materials and methods: To evaluate this hypothesis, we
studied the growth of Pseudomonas fluorescens with 13C-
labelled glucose and deuterated water in the growth medium
at the single cell level. Only actively growing cells
incorporated both labels into their biomass which could be
followed with Raman microspectroscopy

Results: Raman-microscopy revealed the incorporation of
13C and deuterium into a small fraction of cells (7%) already
60 min after inoculation, indicating active metabolism. 300
min after inoculation, the total cell number and the optical
density started to increase when the initially small number of
labelled cells increased from 7% to over 90% of all cells.
Interestingly, we also observed heterogeneity in metabolic
traits in the cells of same population at different growth
phases.

Conclusion: We conclude that the present concept of the lag
phase is merely a phenomenological description and does
not reflect a particularly cell physiology. Instead, the lag
phase is determined by the ratio of active to inactive cells
and the time which the actively dividing cells need to
outnumber inactive cells.
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Modern  molecular observational technologies (e.g.
sequencing, probes) can produce high-resolution time series
of microbial concentrations. The dynamics in those data hold
important clues about the ecology and interactions of the
various system components (phytoplankton, DOM, bacteria).
These datasets are typically analyzed using empirical
methods (e.g. correlation networks), but those provide limited
mechanistic insight (e.g. a network may show interactions
between two viruses) and are of limited use for making
predictions. Mechanistic approaches do not suffer from these
limitations, but are generally not applied to big data sets,
maybe because of the large number of processes and
components.

Here we introduce mechanistic microbial ecosystem model
inference (MMEMI), where the model structure, including

components, processes and parameters are optimized within
mechanistic constraints to match observed dynamics. The
model allows for any number of components that interact via
a several processes, including exudation, photosynthesis,
grazing, heterotrophy and others. The optimization problem
is challenging because of the many components, non-linear
interactions and feedbacks, which is handled using a method
that mimics natural speciation or diversification (e.g.
stepwise increase in the number of phytoplankton species).

The MMEMI method is applied to a four-year, daily resolution
marine microbial time series, including observations for 20
phytoplankton and 40 bacteria types. The resulting
mechanistic model includes additional 30 POM and DOM
types. The following results are discussed: (a) Model
calibration (years 1-3) and validation (year 4); (b) Predicted
interactions, including specific phytoplankton > DOM >
bacteria linkages, and comparison to auxiliary data (e.g.
functional gene contents); (c) Predicted mass fluxes between
ecological compartments and to the deep ocean; and (d)
Functioning under a warmer future climate.
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Mass spectrometry-based metabolomics has become a
powerful tool for the study of chemical ecology. With the
recent advances of mass spectrometry technologies and
bioinformatics tools it is now possible to study both; all the
microorganisms present in a specific environment at a
specific time and the interactions with the environment and
within microorganisms living in the same ecological niche.
The bacterial order actinomycetales are responsible for the
production of 65-70% of microbially produced specialised
metabolites with diverse biological activities. Some
actinomycetale strains contain over 30 biosynthetic gene
clusters encoding for these metabolites. However, it is
estimated that only 10% of these genes are transcribed in a
mono-culture setting. Furthermore, it has been observed that
microbial interactions may induce cryptic gene clusters
providing a defence mechanism. Therefore, the study of
bacterial competition it is key in understanding the ecological
role that secondary metabolites pose to microbes and in
understanding the induction of cryptic biosynthetic gene
clusters as a result of these microbial interactions. Methods:
microbial interactions were assessed in tri-cultures (three
strains) and co-cultures (two strains) using 49
actinomycetale strains, two Pseudomonas and one Bacillus
strain. Metabolites were extracted for interesting interactions
and assessed with mass spectrometry-based metabolomics
techniques such as liquid chromatography mass
spectrometry ~ (LC-MS), ToF-SIMS (imaging mass
spectrometry) and MetaboAnalyst. Results: It was found that
29 strains showed altered phenotypes as a result of bacterial
competition. The analysis of these interactions with LC-MS
revealed the production of metabolites that were specific to
the tri-cultures and co-cultures. Furthermore, these
interactions, were subjected to imaging mass spectrometry in
order to visualize the distribution of metabolites within the
samples which allowed a better understanding of the
chemical ecology during bacterial competition. Conclusions:
mass spectrometry represents an exicitng strategy to study
bacterial chemistry and the ecology of bacterial competition.
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Negative hysteresis as a novel principle to improve antibiotic
therapy
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Introduction: Evolutionary processes are responsible for the
current antibiotic crisis. Surprisingly, they are usually ignored
during design of novel therapy. In general, bacteria show
enormous potential to adapt to constant environments,
including those defined by antibiotics. Adaptation may
however be more difficult if conditions change fast. Thus,
rapid fluctuations in drug application may prevent resistance
development, especially if the used antibiotics sensitize
bacterial cells towards subsequently administered antibiotics
(i.e. the phenomenon of negative hysteresis). To date, fast
fluctuations and negative hysteresis are not considered for
antibiotic therapy.

Objectives: The aim of our study is to test experimentally
whether fast switches between antibiotics and negative
hysteresis minimize the ability of bacteria to adapt to drug
therapy.

Methods: The model pathogen Pseudomonas aeruginosa
was subjected to several evolution experiments with constant
or fluctuating antibiotic treatments, followed by phenotypic
analyses and whole genome sequencing combined with
functional genetic analysis to identify possible targets of
selection.

Results: Treatment with beta-lactam antibiotics induces long-
lasting  sensitization of P. aeruginosa towards
aminoglycoside drugs. High levels of such negative
hysteresis improve efficacy of fast sequential antibiotic
therapy through three complementary effects: increased
bacterial clearance, reduced adaptation rates, and reduced
multidrug resistance. Genomic and functional genetic
analysis revealed that negative hysteresis imposes specific
selective constraints that favor an evolutionary response to
the inducible sensitizing effect instead of the evolution of
multidrug resistance.

Conclusion: Negative hysteresis increases bacterial
extinction in fast sequential treatments and reduces selection
of resistance by favoring responses specific to the induced
physiological effects. Fast changes between antibiotics are
key, because they create the continuously high selection
conditions that are difficult to counter by bacteria. Our study
highlights how an understanding of evolutionary processes
can help to outsmart human pathogens.
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and zooplankton grazing

*M. Bengtsson?, D. Murray?, K. Mironova®, A. Abonyi, A. Endredi®,
C. Vad“, R. Ptacnik*

tUniversity of Greifswald, Institute of Microbiology, Greifswald,
Germany

2University of East Anglia, Norwich, United Kingdom

3Severtsov Institute of Ecology and Evolution, Moscow, Russian
Federation

“WasserCluster Lunz, Lunz, Austria

SHungarian Academy of Sciences, , Budapest, Hungary

Heatwaves are expected to be more frequent and intense in
the future and will cause significant disturbance to vulnerable

ecosystems. Alpine lakes may be especially impacted due to
their cold-adapted communities and their restricted
biodiversity. Bacteria perform essential ecosystem services
in lakes, such as degrading pollutants, remineralizing carbon
and acting as a food source for protists and zooplankton,
thereby fueling aquatic foodwebs. The impact of heatwaves
on bacteria in real-world ecosystems is likely complex as
they are both directly and indirectly affected by temperature;
via their own metabolism, via interactions with temperature-
sensitive phytoplankton and via top-down control of their
heat-stressed predators. We manipulated heat as well as
dispersal of microbes and zooplankton in a mesocosm
experiment featuring complex plankton communities from
natural lakes. Mesocosms were monitored using both
molecular and traditional plankton profiling in order to
disentangle dynamics and interactions. We hypothesized
that a week-long heatwave (+5 C) would lead to increases in
bacterial activity during the heatwave and long-term changes
in bacterial community composition depending on dispersal.
Our results revealed increases in bacterial activity during the
heatwave, but only in combination with dispersal. Strong
shifts in community composition due to the heatwave lasted
for over two weeks after the heatwave had ended. We found
that zooplankton abundance explained more variation during
the heatwave, while heat explained more variation after two
weeks, indicating legacy effects of impaired top-down control
during the heatwave. Potentially pathogenic bacteria such as
Legionella sp. were overrepresented in heated tanks while
several Bacteriodetes taxa were underrepresented. In
conclusion, heatwaves alter  freshwater bacterial
communities on timescales that exceed the duration of the
heatwave itself. Changes in top-down control is likely more
important than direct effects of temperature in driving
bacterial community composition, which implies that
understanding plankton foodweb dynamics is key for
predicting the microbial consequences of a warmer world.
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Introduction

Colistin is a last resort antibiotic against the critical status
pathogen Pseudomonas aeruginosa.

Objectives

The aim of this study is to investigate the evolutionary
trajectories towards antibiotic resistance using five clinical
strains of P. aeruginosa which have been exposed to
increasing quantities of colistin and metronidazole and a
combination of those drugs over 21 days in a morbidostat
device.

Materials and Methods

Five assays were performed to elucidate the effect of
antibiotic resistance on the phenotype of each strain: growth
curves, two biofilm assays, a serum kiling assay, and a
virulence assay using Galleria mellonella.

Results



The cell density in biofilm increases under exposure to
colistin, while the addition of metronidazole can remove this
effect. This indicates that metronidazole may modulate the
effect of colistin on the development of vital cells in biofilms.
We furthermore observed an overall increase in biomass
within biofilms for both single-drug and combination..

The killing effect of serum is lost within seven days of colistin
exposure. The control condition strains maintain their
susceptibility to serum. This suggests that colistin drives
bacterial modifications conferring a protective effect from
serum complement factors.

Almost all strains show a decrease in virulence as the
number of days to colistin exposure continues, in contrast to
the control conditions.

Conclusion

Significant changes are underway with regards to the
phenotype of the strains after exposure to colistin and the
combination of colistin and metronidazole. Our results
suggest a clinically important bacterial evolution under
sublethal antibiotic concentration.
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Introduction

Streptococcus pyogenes is an exclusively human pathogen
causing a wide range of clinical manifestations from mild
superficial infections to severe, invasive diseases.
S. pyogenes is consistently susceptible toward penicillin, but
therapeutic failure of penicillin treatment has been reported
frequently. At the same time, streptococcal resistance to
alternative antibiotics is common. Therefore, novel therapies
are needed. Antisense peptide nucleic acids (PNAs) were
shown to reduce growth of several pathogenic bacteria, but
spontaneous cellular PNA uptake is restricted.

Objectives

PNAs can be coupled to cell-penetrating peptides (CPPs)
that support PNA translocation. Here, we investigate the
effect of 18 CPP-coupled anti-gyrA PNAs on S. pyogenes
growth and virulence.

Materials and methods

S. pyogenes was incubated with CPP-coupled anti-gyrA
PNAs for 6 h at 37 °C. Reduction of bacterial counts was
determined in comparison to the untreated sample. CPP-
PNA minimal inhibitory concentrations (MICs) were
determined according to the protocol of Clinical and
Laboratory Standards Institute ("CLSI"). The gyrA transcript

level following treatment was determined by RT-qPCR.
Additionally, we tested the effect of CPP-anti-gyrA PNAs in a
Galleria mellonella infection model.

Results

HIV-1 TAT, oligolysine (K8), and (RXR)4XB peptide-coupled
anti-gyrA PNAs efficiently abolished bacterial growth in vitro.
The MIC of TAT- and K8-anti-gyrA PNAs was 15.6 uM and of
(RXR)4XB-anti-gyrA 62.5 uM. The level of gyrA mRNA was
reduced in bacteria challenged with these three CPP-anti-
gyrA PNAs. Treatment with antimicrobial effective CPP-
PNAs increased survival of larvae in the G. mellonella
infection model.

Conclusion

Out of 18 CPPs, we could identify three CPPs (TAT, K8, and
(RXR)4XB) which support the uptake of PNAs in S.
pyogenes. For treatment of S. pyogenes infections, these
CPPs could be coupled to other essential genes or to
antibiotic resistance genes.
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Introduction: Effective antimicrobial treatment is key to
reduce the high mortality of bacterial sepsis in patients on
intensive care units (ICUs). Dose adjustments are often
necessary to account for pathophysiological changes or
renal replacement therapy. Extracorporeal membrane
oxygenation (ECMO) is increasingly being used for the
treatment of respiratory and/or cardiac failure. However, it
remains unclear whether dose adjustments are necessary to
avoid subtherapeutic drug levels in septic patients on ECMO
support.

Objective: To evaluate and comparatively assess the mean
serum concentrations of continuously applied antibiotics in
intensive care patients being treated with and without ECMO.

Materials and methods: Between November 2018 and
October 2019, we prospectively enrolled patients on a
pneumological intensive care unit in southwest Germany
who received antibiotic treatment with
piperacillin/tazobactam, ceftazidime, meropenem, or
linezolid. All antibiotics were applied using continuous
infusion, and therapeutic drug monitoring of serum
concentrations (expressed as mg/L) was carried out using
high-performance liquid chromatography. Target
concentrations were defined as 4-fold above the minimal
inhibitory concentration (MIC) of susceptible bacterial
isolates, according to EUCAST breakpoints.

Results: The final cohort comprised 86 ICU patients, of
whom 24 were treated with ECMO. ECMO patients were
significantly younger (mean age: 47.9 vs. 62.2 years),
required haemodialysis more frequently (58.3% vs. 32.3%)
and had an elevated ICU mortality (54% vs. 23%). In the
ECMO group, mean antibiotic serum concentrations were
significantly lower for piperacillin (43.6 vs. 78.1), high-dose
meropenem (24.2 vs. 42.8) and linezolid (8.5 vs. 14.8). We
found high rates of insufficient antibiotic serum
concentrations among ECMO patients, which did not reach



the pre-specified MIC target (piperacillin: 55% vs. 14% in
non-ECMO; linezolid: 37% vs. 8%). No such difference was
observed for ceftazidime and meropenem.

Conclusions: ECMO treatment was associated with
significantly reduced serum concentrations of piperacillin and
linezolid.
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Introduction

The spread of multiresistant strains is an increasing threat for
hospitalized patients especially if carbapenemase producing
strains (CPS) are the cause of an infection. Extensive data
on asymptomatic CPS carriers are still missing. After an
outbreak of carbapenemase producing Klebsiella
pneumoniae at the University hospital of Leipzig (2010-
2013), the hospital was constantly looking for ways to avoid
transmission between patients. Beside a strict adherence to
hygienic orders, the clinic developed a consistent screening
system.

Objectives

The following study is the first one to describe the outcome
of a CPS screening after a carbapenemase outbreak.

Materials & methods

Stool specimens/rectal swabs were screened for CPS by
cultural and molecular biological methods. Patient data were
analyzed using the medical records.

Results

In total 92768 patients (2012-2017) were screened for the
presence of CPS. Amongst them 220 (0.24%) patients were
found to be carrier of CPS, out of these 240 different CPS
strains were isolated. In detail 39.6% (n=95) VIM, 22.9%
(n=55) OXA-48, 22.5% (n=54) KPC, 11.3 % (n=27) NDM-1,
1.3% (n=3) IMP and 0.8% (n=2) GES carbapenemases were
detected. Four strains were found to be positive for two
different carbapenemases: VIM/OXA-48 (n=1), VIM/IMP
(n=1), VIM/GES (n=1), VIM/NDM-1 (n=1). In 68.2% (n=150)
cases the CPS was detected at the admission to the
hospital, 32.8% were detected due to other screening
reasons: 20.9% (n=46) patients hospitalized for more than 14
days, 10.5% (n=23) CPS in other material than stool/rectal
swab, 0.5% (n=1) patient with contact to a CPS patient. In 16
patients (7.3%) the CPS was isolated from blood cultures
indicating an endogenous infection.

Conclusions

Besides the presenting of the screening results, the study
should lead to the discussion, if an extensive screening of
hospitalized patients has any positive effects for patients and
hospitals. However, more detailed knowledge about the
duration of colonization and possible risk factors for a CPS
carriage might be useful to prevent endogenous infections
with resistant gram negative bacteria.
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INTRODUCTION

Bloodstream infections caused by Gram-negative bacteria
(GNB) are a cause of sepsis, which remains the most
important cause of death among infections in Germany. The
adequate management of GNB bacteremia (GNBB) can be
hampered by the lack of specialized assessment and optimal
communication between clinicians and microbiology experts.
In contrast to Staphylococcus aureus bacteremia, treatment
of GNBB is difficult to standardize due to the variety of
causal agents and resistance mechanisms involved.

OBJECTIVES

The aim of this study was to evaluate the quality of the
GNBB management at the University Hospital Minster
(UHM).

MATERIALS AND METHODS

Five quality-of-care indicators (QCI) were defined to evaluate
the management of GNBB cases: 1) antibiotic adjustment
according to microbiological results, 2) dosage, 3) follow-up
blood cultures, 4) duration of treatment and 5) source
identification. One point was assigned to each QCI correctly
addressed (total score: 0-5). GCI scores were calculated for
all GNBB cases detected over a 6-month period at the UHM.

RESULTS

In total, 79 GNBB cases were identified. The patients"
average age was 59 years and 69.6% of them were male. In
relation to the total number of cases, QCI were satisfactorily
covered as follows: 1) 48.1%; 2) 34.2%; 3) 63.3%; 4) 57.0%;
5) 59.5%. The average QCI score was 3. The most
commonly isolated bacteria were Escherichia coli (67.1%)
and Klebsiella spp. (13.9%). GNBB was defined as hospital-
acquired (diagnosis >48 h after admission) in 47 cases
(59.5%).

CONCLUSION

GNBB is a potentially lethal condition that poses a challenge
for the clinician. At our hospital, therapeutic management of
GNB requires optimization. Measures should be taken
aiming at an overall quality improvement with a special focus
on antibiotic selection and dosage. On-site ABS
consultations have been shown to positively impact clinical
practices and could thus contribute to increase the quality of
GNBB management.
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QUESTION: This study investigated predominant
microorganisms causing community-onset bacteraemia at
the medical emergency department (ED) of a tertiary-care
university hospital in Germany from 2013 to 2018 and their
antimicrobial susceptibility patterns.

METHODS: Antimicrobial resistance patterns in patients with
positive blood cultures presenting to an internal medicine ED
were retrospectively analysed.

RESULTS: Blood cultures were obtained at 5,191 of 66,879
ED encounters, with 1,013 (19.5%) positive results, and true
positive results at 740 encounters (diagnostic yield, 14.3%).
The most frequently isolated relevant microorganisms were
Enterobacterales (n=439, 59.3%), Staphylococcus aureus
(n=92, 12.4%), Streptococcus pneumoniae (n=34, 4.6%),
Pseudomonas aeruginosa (n=32, 4.3%), Streptococcus
pyogenes (n=16, 2.2%), Enterococcus faecalis (n=18, 2.4%),
and Enterococcus faecium (n=12, 1.6%). Antimicrobial
susceptibility testing revealed a high proportion of resistance
against ampicillin-sulbactam in Enterobacterales (42.2%).
The rate of methicillin-resistant Staphylococcus aureus was
low (0.4%).

Piperacillin-tazobactam therapy provided coverage for 83.2%
of all relevant pathogens using conventional breakpoints.
Application of the new European Committee on Antimicrobial
Susceptibility = Testing  (EUCAST) recommendations
increased the percentage of susceptible isolates to high-
dose piperacillin-tazobactam to 92.8% (p < 0.001). Broad-
spectrum carbapenems would only cover an additional 4.8%.
The addition of vancomycin or linezolid extended coverage
by just 1.7%.

CONCLUSIONS: Using an ureidopenicillin-beta-lactamase
inhibitor combination at the high dose suggested by the new
EUCAST recommendations provided nearly 93% coverage
for relevant pathogens in patients with suspected
bloodstream infection in our cohort. This might offer a safe
option to reduce the empiric use of carbapenems. Our data
support the absence of a general need for glycopeptides or
oxazolidinones in empiric treatment.
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1. Introduction

Irradiation with ionizing radiation is an effective sterilization
method for pathogen containing solutions. However, high
energy is needed for sterilizing liquids in standard processes,
hence existing irradiation techniques (gamma-, X-rays and
high-energy electron beam) require big and complex

radiation protection shielding constructions and thus cannot
be used in a normal laboratory environment. We have
previously demonstrated that low-energy electron irradiation
(LEEI) is an efficient inactivation method for pathogens in
liquids that does not require strong shielding and can
therefore be integrated in any laboratory setting. In addition,
it is extremely fast due to a high dose rate and optimally
conserves biological structures, which is essential for many
downstream-applications.

2. Objectives

We constructed a research-scale prototype for LEEI
treatment of pathogen-containing liquids (milliliters up to
several liters), that can be implemented in sterilization or
manufacturing processes under GMP conditions.

3. Materials and Methods

We tested different bacteria (E.coli and B. cereus) and
viruses (InfluenzaA and Zika) with LEEI using two different
completely closed concepts for automation (a continuous
inactivation system and a system based on disposable
bags). The pathogens were tested for infectivity before and
after LEEI treatment. Protein conservation was analyzed by
ELISA using polyclonal antibodies. DNA of irradiated and
non-irradiated samples was extracted and analyzed by PCR.

4. Results

A dose-dependent reduction of infectivity was observed,
resulting in complete inactivation of all tested pathogens. As
expected, bacteria required lower doses than spores or
viruses. Compared to non-irradiated material, the antigenic
structures in inactivated samples remained largely intact.
Although LEEI treatment leads to fragmentation of nucleic
acids, PCR detection (amplicons > 300bp) yielded positive
results.

5. Conclusion

The unique prototype enables the efficient sterilization of
pathogen containing liquids in a fast, automated process and
allows the direct use of the material in sensitive diagnostic
downstream assays such as ELISA or PCR.
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Introduction Sink siphons in hospitals, especially in the ICU,
are considered to be potential sources of nosocomial
infections and/or colonizations with multidrug resistant
(MDR) pathogens. After experiencing an outbreak with MDR
P.aeruginosa in 2015, disinfection of siphons in all ICU
patient rooms with Perform ® 2% (Schulke, Hamburg,
Germany) once a week and screening of these siphons for
MDR bacteria were carried out. Disinfection procedures were
adjusted in two wards in April 2017. In this study we
analyzed samples of six patient rooms of these wards, for
the period of 22 weeks before and after stopping disinfection
procedure to check if there was an increase of MDR Gram



negative bacteria,
carbapenemases.

especially such producing

Methods In two ICU wards (one interdisciplinary, one
surgical) siphons from the washbasin in six patient rooms
were sampled weekly and analyzed for the presence of
carbapenem resitant Gram negative organisms (CRGNO).
Species ID was performed by mass spectrometry and AST
using an automated system. Isolated CRGNO were
screened by PCR for the presence of carbapenemase genes
(KPC, NDM, Oxa-48 group and VIM).

Results No significant difference (p=0,4) between the
disinfection (19/132 CRGNO positive samples [14%]) and
none disinfection period (25/132 CRGNO positive samples
[19%]) was observed. The most frequent species detected
was P. aeruginosa (56%). The other isolates belonged to the
group of Enterobacterales (K. pneumoniae 19%, E. cloacae
complex 17% and C. freundii 8%).

A carbapenemase gene was found in 84% of all tested
isolates during the whole period with VIM (55%) and Oxa48
(45%) being the only genes detected.

Conclusions CRGNO are frequently observed in sink
siphons in patient rooms in the ICU ward of our hospital. A
high percentage of these isolates harbor a carbapenemase
gene. Disinfection of siphons with Perform® could not
prevent colonization with CRGNO and there was no relevant
increase of such isolates after stopping disinfection
procedures. Therefore, alternative prevention strategies to
avoid nosocomial transmission of CRGNO via siphons in
hospitals are required.
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Water activated by atmospheric pressure plasma (PAW) has
been proposed as a new approach in bacterial inactivation.
During water activation many active and reactive substances
and radicals arise associated with a radical decrease in pH.
In this study we investigated the influence of PAW on
antimicrobial properties tested with bacterial strains such as
Pseudomonas aeruginosa as waterborne pathogen,
Escherichia coli as fecal indicator and Staphylococcus
aureus as skin colonizer.

Drinking water was activated by non-thermal atmospheric
pressure plasma with electric power of 60 to 120 W for 10 to
30 min. In the following PAW was used for post-discharge-
treatment of planktonic cells grown in nutrients and adapted
to tap water for long term survival.

Strains were exposed to PAW for defined periods of time (2
to 120 min) followed by cultivation. After treatment PAW
activity was stopped by application of neutralization solution.
The PAW effect on bacteria was proved by live/dead
differentiation using real-time polymerase chain reaction
(PCR) with propidium monoazid (PMA) pre-treatment and
flow-cytometry.

Post-discharge treatment was highly efficient against
bacteria and the disinfecting properties of PAW were
dependent on the activation conditions and the treatment

time for the water. Starting with 108 bacteria per mL, PAW
(activated for 10 min at 100 W) achieved at least an 8-
decimal-logarithm-unit reduction in 10 min treatment for all
tested strains when grown in nutrient media. The treatments
were less efficient on P. aeruginosa and E. coli when they
were adapted to tap water and incubated for several weeks.
PAW had to be activated with higher electric power (120 W)
and prolonged activation (30 min) to achieve a reduction of
at least 8 decimal-logarithm-units. These antimicrobial
properties were upheld during storage of the PAW at room
temperature for at least 120 min. PAW demonstrates a high
potential in applications as disinfectant.
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Introduction

Hospital wastewater is a hotspot for antibiotic residues,
antibiotic-resistant bacteria and antibiotic-resistance genes.
Especially with regard to reserve antibiotics, hospital
wastewater is an important source for the spread of antibiotic
resistances in the environment. In particular because
conventional wastewater treatment plants are not able to
fully remove these pollutants from the wastewater (Voigt et
al. 2019).

Objectives

The aim of the study was to answer the question, whether it
would be possible to reduce the concentrations of antibiotic
residues, antibiotic-resistant bacteria and resistance genes in
wastewater significantly, by using ultrasound treatment.

"Materials & methods"

For the simulation of the wastewater treatment, we used an
ultrasonic reactor of the AIMES GmbH and a simulated
Waste Water Matrix, purchased from Sigma-Aldrich
(Taufkirchen, Germany). Concentrations of the antibiotic
residues were measured with LC-MS/MS. Cultural analysis
was performed by plating out a dilution series of the treated
simulated wastewater onto chromogenic selective agar
plates. The bacteria were differentiated via MALDI TOF MS
and microdilution.

Results

With the help of ultrasound treatment, the concentration of
antibiotic residues in wastewater can be reduced by up to 80
% within ten minutes. The amount of antibiotic-resistant
bacteria and resistance also showed a great reduction.

Conclusion

Within the scope of the investigations, the principle of
wastewater treatment by ultrasound has been applied for the
first time to the removal of antibiotic residues, antibiotic-
resistant bacteria and antibiotic-resistance genes. The study
is a first step towards a decentralised in-line treatment of
hospital wastewater to reduce the introduction of antibiotic
resistance into the environment via hospital wastewater.
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Introduction The BMG funded HYGARZT
Project investigates medical and economic advantages of
infection prevention and control measures (IPCM),
implemented by the infection prevention and control link
practitioner (IPC-LP) in orthopedics and trauma surgery.

Objectives Behavior of operation room (OR) staff, before
and after the implementation of IPCM by the IPC-LP using a
pre-after interventional study design.

Methods and Materials During the pre-intervention phase,
adherence with existing IPC-measures was observed. We
focused on hand hygiene (HH), wearing of caps and masks
(CM), private conversation, opening of OR doors and
fluctuation of OR staff. As intervention the OR staff was
trained by the IPC-LP about the IPCMs, which were
observed, by using a checklist. For statistical analysis we
used the Fisher-Pitman permutation test.

Results Pre-/post-interventional 95/104 surgical procedures
were observed, respectively. Overall 1945/2710 HH
indications were identified. The adherence to HH before
incision (excluding surgical hand disinfection) increased from
5.2% to 54.9% (p<0,001) (surgeons) and from 9.7% to
62.4% (p<0,001) (nurses), after surgery from 15.1% to
53.0% (p<0,001) (surgeons) and from 15.4% to 61.3%
(p<0,001) (nurses). The adherence for correct donning of CM
did not change significantly (wearing of surgical caps, about
60% (p=0.390) or surgical masks from 85.9% to 90.2%
(p=0.068)). Private conversations were documented in
19.2%/ 29.3% (p=0.037) of observed procedures. Door
openings increased from 60.0% to 98.1% (p<0,001). In
31.6%/75.0% (p<0,001) of the procedures, persons
entranced or leaved the OR.

Conclusion In our setting the IPC-LP accomplished
significant risings in adherence to HH adherence for non-
aseptic indications, carried out by the OR staff. Helpful was
the definition correct moments for HH and simplified
providing of disinfectants. In contrast, fluctuation of staff with
associated door openings increased, which could be
explained in part by personal exchange and shortages.
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"When push comes to nudge": Is it time to nudge healthcare
workers' compliance to prevent nosocomial infections and
antimicrobial resistance? Results of two systematized
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Question Healthcare workers" compliance to prevent
nosocomial infections (NI) and antimicrobial resistance
(AMR) remains suboptimal. To improve implementation,
nudging has been introduced in the field.[1,2] Nudges refer
to "any aspect of the choice architecture that alters people's
behavior in a predictable way without forbidding any options
or significantly changing...economic incentives”, and choice
architecture to influencing choice by "organizing the context
in which people make decisions".[3] This study presents
reviews on nudges aimed at hand hygiene compliance
(HHC) and rational antibiotic use (RAU).

Methods Searches were conducted in PubMed and LIVIVO
in April 2019 following PRISMA. Nudges in the studies were
classified using appropriate typologies [4-5].

Results N=18 and N=13 studies using 26 and 19 nudges
were included for HHC and RAU, respectively. Prompts, i.e.
non-personalized information to raise awareness, were used
most (24.4%). For HHC, these were followed by reminders
(15.4%), frames (e.g. presentations of gains or losses), and
proximal stimuli (e.g. increase of behavioral ease by
placement; 11.5% each). For RAU, simplification, i.e.
increasing ease of optimal choice, shared first place with
prompts (21.1%), followed by frames, social norms, and
availability (e.g. added behavioral options; 15.8% each).
Effectiveness was reported for 71.1% of nudges. Of these,
77.7% (HHC) and 92.8% (RAU) reported statistically
significant improvements.[TvL1]

Conclusions Nudging may represent a low-threshold
approach to promote NI- and AMR- preventive compliance.
The magnitude and ancillary conditions (e.g. motivation,
regulations) of its effectiveness have yet to be determined.

[1] Jacob JT et al. Preventing healthcare-associated
infections through human factors engineering. Curr Opin
Infect Dis 2018;31:353-8

[2] Katchanov J et al. "Nudging” in microbiological reports.
Infection 2017;45:123-7

[3] Hertwig R, Grine-Yanoff T. Nudging and boosting.
Perspect Psychol Sci 2017;12:973-86

[4] Hollands GJ et al. Altering micro-environments to change
population  health behaviour. BMC Public Health
2013;13:1218

[5] Sunstein CR. Nudging. J Consum Policy 2014;37:583-8
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Staphylococcus aureus is a notorious bacterial pathogen that
causes fatal diseases in humans. During infection, S. aureus
generates cytotoxic deoxyadenosine (dAdo) from neutrophil
extracellular traps which eliminates phagocytes. Here, we
demonstrate that disruption of caspase-3, a key modulator of
apoptosis, protects macrophages from dAdo intoxication and
impairs S. aureus disease pathogenesis. Mice lacking
caspase-3 in immune cells exhibit diminished susceptibility
towards S. aureus bloodstream infection, as caspase-3-
deficient macrophages readily infiltrate abscess lesions
thereby supporting neutrophils in the phagocytic clearance of
staphylococci. Combined with a screen for single nucleotide
polymorphisms (SNPs) in human CASP3 that protect
macrophages from S. aureus-mediated dAdo intoxication,
these data may explain variable outcomes of S. aureus
infections in humans.
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Question

Polarized macrophages are the first defense line of the
human immune system. Since S. epidermidis evolved
sophisticated mechanisms to escape the host's immune
response professional phagocytes are facing problems
eradicating those pathogens. In order to understand why and
how biofilms are able to persist during this study investigated
the cellular effects of macrophages during infection.

Methods

Primary human macrophages isolated from buffy coats were
infected with different S. epidermidis strains. Phagocytosis
rates, macrophage polarization and TLR2 presentation were
analyzed by confocal laser scanning microscopy and FACS
analysis. For better understanding of the phagocyte's
reaction during infection transcription and protein levels of II-
1B, TNF-a, II-6 and 1I-10 were assessed and a RNAseq
experiment was carried out.

Results

Instead of being activated upon infection with bacteria
embedded in a biofilm the macrophages' expression and
secretion of pro-inflammatory cytokines is significantly
reduced in contrast to contact with single cell bacteria.
However, anti-inflammatory cytokines are highly upregulated.
Along with these findings, the phagocytosis rate is
dramatically decreased as soon as bacteria are protected in
a biofilm. Interestingly, in an infection context the
macrophages subtype is shifted towards anti-inflammatory
M2 as confirmed in FACS analysis. The S. epidermidis
recognition receptor is TLR-2. By blockage of this receptor
the phagocytosis rate of biofilm positive strains can be
recovered as well as the induction of the pro-inflammatory
defense. When analyzing the overall gene expression
pattern of macrophages during infection experiments it
becomes clear that a dramatic dysregulation of the innate
immune response takes place.

Conclusion

With the help of biofilm formation bacteria are able to evade
phagocytosis by shifting the host's immune response
towards an anti-inflammatory profile. Understanding biofilm
related immune escape mechanisms of S. epidermidis and
other biofilm forming bacteria may pave the way towards
novel therapeutic approaches in the future.
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Bordetella (B.) bronchiseptica, as well as Streptococcus (S.)
suis, are respiratory pathogens contributing to the porcine
respiratory disease complex (PRDC) which causes high
economic losses in the pig industry. Furthermore, both are
zoonotic pathogens and infect humans.

S. suis is a frequent colonizer of the upper respiratory tract of
pigs, but it can also cause invasive infections in animals
predisposed, e.g., by infection with B. bronchiseptica.
Though the mechanisms how B. bronchiseptica promotes
infection with S. suis are still unclear, it is plausible that
B. bronchiseptica induced damage of the ciliated epithelium
barrier facilitates adherence and invasion of S. suis.

In this study, we established a porcine precision-cut lung
slice (PCLS) model to analyze interactions during
coinfections with both pathogens. We investigated the effects
of B. bronchiseptica infection on colonization, invasiveness
and cell damaging capacities of S. suis, with particular focus
on the role of its pore-forming toxin suilysin (SLY). For this
purpose, we infected PCLS with a clinical isolate of B.
bronchiseptica for 24 hours to predispose the PCLS to
infection with a virulent S. suis serotype 2 strain and its
isogenic SLY-deficient mutant strain, as well as the
complemented mutant strain. During incubation, we
determined the ciliary activity using light microscopy, the
growth of B. bronchiseptica and S. suis in the supernatant by
serial dilution and plating on agar plates and the extent of
induced cell damage using an LDH release assay.
Additionally, at certain time points, PCLS were lysed to
evaluate cell-associated bacteria or were fixed for
histopathology and immunofluorescence staining.

Taken together, our results showed that coinfection with B.
bronchiseptica promoted adherence and cell damaging
effects of S. suis independent of the presence of SLY. In
addition, the PCLS coinfection model may also be used to
study bacteria-bacteria-host interactions ex vivo in other
porcine respiratory infections, as well as in human infections,
considering that pigs are generally recognized as a suitable
model for human diseases.
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Legionnaires' disease is a severe form of pneumonia that
can be life-threatening. One out of ten patients dies in
consequence of an infection with the causative agent
Legionella pneumophila. The bacterium is well-adapted to
colonize man-made water systems and, after inhalation, to
replicate in alveolar macrophages. Using human explants of
pulmonary tissue we characterized the thermolysin-like
protease ProA as a L. pneumophila virulence factor. Vital
lung specimens were derived from cancer patients
undergoing lobe- or pneumectomy, and histological events
were investigated after inoculation with the purified protease.
ProA treatment results in effective degradation of
collagen 1V, an important structural host factor. This evoked
tissue destruction in the human lung samples, which
facilitates dissemination of the pathogen and was similarly
observed in infected patients. Purifying high amounts of
recombinant ProA we additionally crystallized the protease
and managed to determine the X-ray structure at 1.5 A
resolution. ProA consists of two domains with N-terminal -
sheets and C-terminal a-helices, and contains a central zinc
cofactor in the active site. Moreover, the crystal structure
revealed vast homology to important virulence factors of the
same enzyme family, such as pseudolysin from
Pseudomonas aeruginosa. In molecular detail we were able
to gain comprehension concerning the interplay of structure
and function of ProA in human lung tissue explants.
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The role of the global regulators sarA and sae in S.
aureus biofilm formation in vitro and in vivo
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Staphylococcus aureus causes very severe infections of
vascular grafts. To study the pathogenesis of these
infections we have developed a murine model that closely
mimics the situation as it is in patients by implanting a Teflon
catheter inside the carotid artery of mice followed by
intravenous infection with S. aureus. In this model the biofilm
is formed under the stress of high blood flow as well as the
pressure of the host immune system. In this study we
investigated the role of the global regulators sarA and sae in
biofilm formation in vitro and in vivo.

Methods: A catheter was placed in the right carotid artery of
CD1-mice. Mice were infected with S. aureus LS1 wild type
(WT), LS1lAsae- or LSl1lAsarA-mutant one week after
surgery. 10 days later the mice were euthanized and
kidneys, bones and catheters were removed for CFU
counting (animal experiments were approved (LANUV,
approval no. 81-02.04.2018.A334). The in vitro biofilm
formation of strains was determined by crystal violet staining
and the interaction of bacteria and host cells (primary
endothelial cells, neutrophils) was analyzed.

Results: In vitro S. aureus LS1 WT and LS1Asae could form
biofilm, LS1AsarA however not. Our in vivo model showed a
completely different picture: Although the sae null-mutant
was able to colonize the kidneys and bones, meaning that it
was not immediately removed from the host, it was less able
to colonize the intravascular catheter than the other strains.
Subsequent in vitro experiments showed that the Asae-
mutant was less able to invade host cells and did not induce
a proinflammatory response from neutrophils or HUVECSs. In

contrast to LS1 WT and LS1AsarA, LS1Asae had no effect
on the viability of neutrophils and could not cause a
significant increase in neutrophil transmigration via a HUVEC
cell layer compared to PBS control.

Conclusion: The result of biofilm formation in vitro did not
reflect biofilm formation in vivo under the stress of the
immune system. Although the AsarA-mutant and wild type
strain induced a host response that should help the host to
eliminate the bacterial infection, this response seemed to
enhance the bacteria's ability to form a biofilm.
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Introduction

It is widely accepted that immune cells play a crucial role in
hyper-inflammatory and tissue destructive processes of
group A streptococcal (GAS) necrotizing skin and soft tissue
infections (NSTIs). Several immune cells are recruited to the
site of infection, including neutrophils and macrophages.
Analyses of human NSTI biopsies revealed that high
amounts of viable bacteria were readily detectable, even in
those patients with prolonged antibiotic therapy. GAS secrete
a potent cysteine protease streptococcal pyrogenic exotoxin
B (SpeB). Mixed populations of SpeB-positive and negative
GAS clones were identified in patient biopsies.

Objectives

Here, we aimed to identify host factors that interfere with
GAS SpeB expression.
Materials & methods

To identify host factors responsible for a mixed SpeB
phenotype within the biopsies, microscopic analyses of the
tissue were performed. In addition, whole genome and
proteome analyses of GAS NSTI isolates were conducted.
Furthermore, the impact of human primary cells on GAS
SpeB expression was analysed.
Results

Although up-to 90% of GAS genome was identical between
different GAS NSTI isolates, a diverse expression pattern of
SpeB during the infection was detected. Human
macrophages and neutrophils were identified as major
sources driving the on/off switch of SpeB. However, this
phenomenon was more pronounced in neutrophils. Further,
in vitro passaging of SpeB-negative GAS clones revealed
that the switch occurs mainly on the proteome level and not,
as previously reported, on the genome level.
Conclusion

Our data suggest that the on/off-set of SpeB expression
potentially promotes intracellular survival in phagocytes. It is
a reversible process, which suggests that GAS have adapted
strategies to sense potential danger signals during an
infection. We are currently addressing the survival strategies
by using whole proteome analyses.
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Introduction: Bartonella henselae is a facultative
intracellular bacterium, responsible for cat scratch disease
and vascular proliferations (bacillary angiomatosis) in
humans. The trimeric autotransporter adhesin Bartonella
adhesin A (BadA) is a major pathogenicity factor of B.
henselae mediating bacterial adherence to endothelial cells
(EC) and extracellular matrix (ECM) proteins. The
identification of specific binding sites between BadA and
ECM proteins might give insights about the use of BadA-
specific peptides to treat bacterial infections by a new class
of antibiotics ("anti-ligands").

Objective: To describe BadA binding sites in fibronectin
(FN) as the basis of the interaction between BadA and ECM
proteins in host-cell adhesion.

Material & Methods: B. henselae strains (wild type and
BadA deficient) were exposed to proteolytic FN fragments to
analyze binding affinity via ELISA and western blot.
Competition assays were performed using bacteria and
heparin or antibodies targeting specific FN regions. The
BadA-FN interaction was further analyzed by mass
spectrometry of cross-linked peptides. As a proof of concept
for the importance of BadA-FN interaction in the infection
process, FN deficient ECs (LentiCRISPR) were generated
and incubated with different FN fragments and B. henselae
strains using in vitro infection models.

Results: Binding experiments between B. henselae and FN
fragments were performed showing higher affinity of BadA to
a 30 kDa fragment located at the N-terminus and 40 kDa at
the C-terminus of the FN molecule. This interaction was
supported by mass spectrometry analysis of the cross-linked
peptides and by the binding inhibition after competition
assays with heparin. The importance of this interaction was
evaluated via infection experiments. After the definition of
BadA-FN binding sites, further steps will include the
generation of synthetic molecules for the inhibition of
bacterial adhesion to host cells ("anti-ligands").

Conclusions: The two heparin-binding domains of the FN
molecule were identified as the major BadA binding sites.
The role of these binding sites will be analyzed in the course
of infection using in vitro infection assays.
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Introduction - Pseudomonas aeruginosa is one of the most
important opportunistic, nosocomial pathogens. It has an
impressive range of potential host species, as it is able to
infect plants, invertebrates and vertebrates. The latter
include (immunocompromised) humans, e.g. during chronic
infections of the cystic fibrosis lung. This host range requires
a large metabolic capacity and a high number of virulence
determinants.

Objectives - This study aimed to investigate the interactions
between metabolism and virulence over hundreds of
generation of directed evolution in P. aeruginosa.

Methods - We evolved P. aeruginosa in 96 different growth
conditions (BIOLOG Genlll plate) over the course of 300-400
generation in the presence or absence of sub-inhibitory
concentrations of the antibiotics Ciprofloxacin and
Tobramycin. Aliquots were frozen daily to trace evolutionary
trajectories.

Results - We found that media composition influenced
virulence potential (measured as ability to kill mammalian
cells) both immediately and over longer time-scales.
Interestingly, resistance patterns suggested media
adaptation-mediated  development of resistance (to
Kanamycin) and development of cross-resistance in
Ciprofloxacin-exposed bacteria. Virulence factors such as
pyocyanin as well as quorum sensing signals showed a clear
downward trend in rich media, suggesting the emergence of
social cheaters in these conditions.

Conclusion - Our findings show that adaptation to media,
both short and long-term has a clear impact on virulence
potential, resistance and - unsurprisingly - growth of
P. aeruginosa. The mechanisms behind these differences
could be used to explore novel treatment options aiming to
down-regulated virulence in the clinical setting.
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In recent years, Arcobacter butzleri has gained notoriety as
an emerging pathogen associated with poultry and water. A.
butzleri has been detected in about 11% of diarrhea patients
in South Africa. It may therefore be one of the main
pathogens for diarrhea in other African countries, but this is
relativized by the variable virulence of the individual isolates.

The aim of the study was (i) to identify antibiotic resistance
genes (ARGs) in generated genome sequences of two
multidrug-resistant A. butzleri isolates, (ii) to use multilocus
sequence typing (MLST) to generate a guiding phylogeny of
A. butzleri isolates from poultry in Ghana, (iii) to examine the
distribution of ARGs in the test cohort, and (iv) to assess the
virulence and the possible antibiotic treatment options for
arcobacteriosis based on the genome sequences and the
ARG distribution.

A total of 48 A. butzleri isolates were isolated from poultry
distributed in Ghana. These isolates were MLS-typed and
investigated by agar disk diffusion for their susceptibility to
ciprofloxacin, tetracycline, gentamicin and erythromycin.
Whole genome sequence data of two A. butzleri isolates
were obtained by a combination of single-molecule real-time
(SMRT) and lllumina sequencing technology. In the test
cohort, the distribution of a total of 14 ARGs was investigated
by amplicon sequencing.



With 43 different sequence types for 48 isolates, the test
cohort proved to be phylogenetically very heterogeneous. A
total of 14 ARGs and virulence factors similar to those of
Campylobacter were identified in the two generated genome
sequences. In total, only four isolates show an ARG
constellation indicating a multidrug-resistant phenotype,
while oxa-464, macA and macB and the quinolone
determining region (QRDR) were present in the majority of
isolates.

The evaluation of the virulence genes in the two A. butzleri
genomes shows that the species may have a similar
virulence potential as Campylobacter species.

The presence of the ARGs oxa-464, macA and macB and
the QRDR in the predominant number of isolates indicates
that ampicillin, macrolides and quinolones should not be
recommended as antibiotic therapy for arcobacteriosis in
Ghana.

167-GIV

New sustainable therapeutic options for Clostridioides
difficile therapy

*M. Brauer'?, S. Wagner®, J. Herrmann*, S. Sievers?, D. Zihlke?, V.
I. Pauker?, R. Muller*, T. M. Fuchs?, K. Riedel*?

tUniversity of Greifswald, Institute of Microbiology, Greifswald,
Germany

2Institute of Marine Biotechnology, Greifswald, Germany

SFederal Research Institute for Animal Health, Institute of Molecular
Pathogenesis, Jena, Germany

“Helmholtz Centre for Infection Research and Pharmaceutical
Biotechnology, Helmholtz Institute for Pharmaceutical Research
Saarland, Department Microbial Natural Products, Saarbriicken,
Germany

Clostridioides difficile is an important nosocomial pathogen
causing gastrointestinal disease in patients who have
received antimicrobial therapy recently. While people with an
intact intestinal microbiome show colonization resistance
towards C. difficile, spores of C. difficile are able to
germinate in the gut of patients with a dysfunctional
microbiome. Thus, antibiotics play a dual role in
C. difficile infections by paving the way for the infection as
well as by still being first-choice therapy.

With regard to recurrence rates of up to 30 %, we aim to
characterize new antimicrobials for C. difficile therapy that
show activity against C. difficile but ideally omit most other
bacterial species in the gut.

To do so, we first performed broth dilution assays to identify
compounds with low minimal inhibitory concentrations for
C. difficile from a selection of antimicrobials that have been
isolated from microorganisms. Subsequently, broth dilution
assays were repeated to test for the action of the most active
compounds on selected commensals from the gut. In
parallel, proteomics experiments in C. difficile strain 630
were performed to gain information on the mode-of-action of
the same compounds. Moreover, we also fed one
compound, Chlorotonil A, to piglets and analyzed its impact
on the intestinal microbiota using a multi-omics approach.

Our results show that the antimicrobial compounds
Chlorotonil A and B, Chelocardin and Myxopyronin B are
significantly active against C. difficile with minimal inhibitory
concentrations below 3 pug/ml. First results from our
proteomics experiments revealed that Chelocardin interacts
with the bacterial cell envelope. Results for Chlorotonil A/B
and Myxopyronin B are expected soon. In addition, the
animal experiment and broth dilution assays for the

commensal bacteria showed that Chlorotonil A has a rather
narrow spectrum activity affecting mainly groups of Gram-
positive bacteria, e.g. families within the order Clostridiales.
Therefore, we hypothesize that Chlorotonil A and B could be
promising candidates in C. difficile therapy. Future infection
experiments in mice will help to further validate this
hypothesis.
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The invasive bacterium Salmonella enterica is a common
gastrointestinal pathogen and causes severe foodborne
illness  worldwide. Intestinal homeostasis and the
maintenance of the epithelial barrier are essential
components of host defense during gastrointestinal infection
and requires a strict regulation of cell death. Interferons
(IFNs) are potent immune-modularity cytokines that are
strongly expressed by several cell types in response to
inflammation and infection. It has just recently been reported
that IFNs potentially influence the pathogenesis of several
inflammatory diseases by mediating regulated necrosis by
altering the expression of MIkl via STAT1. However,
molecular mechanisms of cell death regulation are not fully
understood. Thus, we elucidated the contribution of different
forms of cell death and upstream regulatory components. An
IFN-STAT1 axis ensures host defense during Salmonella
Typhimurium infection by limiting infected cells either by
Caspase8-mediated apoptosis or MLKL-mediated
necroptosis. A strict cell death regulation is nevertheless
required since mice lacking Caspase8, an essential regulator
of apoptosis and negative regulator of necroptosis, are highly
sensitive towards gastrointestinal infection and inflammation
associated with lethality. Our results demonstrate that
epithelial STAT1 signaling controls MIkl gene expression in
intestinal epithelial cells during Salmonella Typhimurium
infection and that STATL1 signaling plays a crucial role for the
course of disease based on maintaining intestinal
homeostasis and for host survival. This pathway seems to be
pathogen specific since STAT1 has only a minor contribution
to coordinate cell death during other gastrointestinal
infections. Furthermore, we suppose a contribution of STAT2
beside STAT1 to maintain intestinal homeostasis and
epithelial integrity during inflammation and infection.
Collectively, our study reveals that IFN-STAT-signaling
maintains homeostasis of the intestinal barrier by altering cell
death regulatory components. Our data suggest that IFNs
and epithelial STAT1-signaling maintains intestinal tissue
homeostasis during Salmonella infection by controlling host
cell death.
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Helicobacter pylori avoids its elimination by the host immune
system and persistently colonizes approximately 50% of the
world population. This is accompanied by a strong infiltration
of neutrophil granulocytes resulting in a bacterial gastritis
that may lead to peptic ulcer disease, duodenal ulcer, MALT
(mucosa-associated lymphoid tissue) lymphoma or gastric
cancer. A hallmark of the human pathogen is its cag type IV
secretion system (cag-T4SS). Translocation of the
oncoprotein CagA of H. pylori via the cag-T4SS is facilitated
by carcinoembryonic antigen-related cell adhesion molecules
(CEACAMS), which interact with the Helicobacter outer
membrane protein Q (HopQ) of H. pylori. In this work the
interaction of H. pylori with human CEACAM1, CEACAMS3
and CEACAMG receptors (hRCEACAMS) expressed on PMNs
from humanized mice was investigated. It could be shown
that human CEACAMs strongly enhance HopQ-dependent
the amount of translocated CagA. Afterwards, CagA gets
tyrosine phosphorylated in human PMNSs. In this work the
influence of the CEACAM-HopQ interaction on tyrosine-
phosphorylation of CagA was shown. In addition, it could be
demonstrated that CEACAMs change the functions of
neutrophils in a H. pylori infection. CEACAMs enhance the
production of reactive oxygen species and play a special role
during  phagocytosis.  Moreover, the release  of
proinflammatory chemokines was affected by the H. pylori
CEACAM interaction. Taken together, this  work
demonstrates the importance of the HopQ-CEACAM
interaction on neutrophils for H. pylori and might lead to a
better understanding of the host pathogen interaction.
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Introduction: Mucus glycoproteins, i.e. mucins constitute as
major components the mucosal protective barrier of the
gastrointestinal tract. Mucins are densely decorated with O-
glycans exhibiting a vast structural diversity. Specific glycan
motifs play key roles in mucosal protection and also in
extrinsic interaction with commensal and pathogenic
bacteria. To this day, there is a substantial lack of knowledge
of the precise structures of the glycans from mucin
glycoproteins.

Objective: To decipher the heterogeneity of O-glycans
derived from mammalian mucins an approach involving a
novel sample preparation protocol combined with state-of-
the-art mass spectrometry (MS) techniques is employed.

Materials and Methods: Mucins obtained from porcine
stomach and from bovine maxillary gland served as model
substances. O-glycans were chemically liberated from the
protein backbone by use of p-elimination. Released
carbohydrates were characterized by MS!- and MS2-analysis
including collision-induced dissociation (CID) and ion mobility
MS.

Results: The release of O-glycans from the protein
backbone of mucin from porcine stomach by B-elimination
reactions in combination with MS analysis revealed
heterogeneous mixtures of more than 35 distinct neutral

glycoforms harboring core type 1 and type 2 structures.
Besides simple di- and trisaccharides complex fucosylated
oligosaccharides up to octadecamers were found and their
structures were elucidated by low-energy CID experiments.
Chemical liberation of O-glycans from mucin of bovine
submaxillary glands yielded a high number of differently
fucosylated and sialylated glycoforms based on core 2 and
core 3 structures. Taking advantage of the various collisional
cross-sections of isomeric oxonium-type fragment ions
allowed discriminating different linkage types of terminal
sialic acids.

Conclusion: The present results demonstrate the potential
of MS analysis of O-glycans released from mammalian
mucins for their in-depth structural characterization.
Knowledge on the exact glycan structure is imperative for
understanding the functional role of O-glycans in the
interaction of resident and harmful microorganisms with the
mucosal barrier.
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Introduction

Cell surface proteoglycans (PGs) are glycosylated proteins
involved in cell-matrix and cell-cell interactions which also
play an important role in bacterial adhesion, invasion, and
immune response. PGs consist of a core protein linked
tochains of glycosaminoglycans (GAGs), such as
chondroitin sulphate, heparan sulphate, and heparin. The
initial step of GAG assembly is facilitated by the B-D-
xylosyltransferase enzyme encoded by the XylT2 gene.

Objective

To elucidate a role of the PGs in Salmonella Typhimurium
(S. Typhimurium) infection.

Methods

Gentamicin protection assay was employed to assess an
invasion into and replication of S. Typhimurium in wild-type
and xylosyltransferase-deficient (AXylT2) Chinese hamster
ovary (CHO) cells. Gentamicin concentration in the CHO
cells was measured by ELISA. S. Typhimurium reporter
strains were used to determine the intracellular localization of
Salmonella.

Results

S. Typhimurium adhered to and invaded into CHO WT and
CHO AXyIT2 cells at comparable levels. However, 24 hours
after infection, proteoglycan-deficient CHO cells were
significantly less colonized by S. Typhimurium compared to
CHO WT This proteoglycan-dependent phenotype was
rescued by addition of GAGs (heparin) to the medium, as
well as by complementation of the XylT2 gene. No



differences in the levels of intracellular gentamicin
concentration between CHO WT and CHO AXyIT2 cells were
detected. Chloroquine resistance assay and immunostaining
revealed that in the absence of PGs, significantly less
bacteria were associated with Salmonella-containing
vacuoles (SCVs) when compared to WT CHO cells. Notably,
cytosolic bacteria had similar replication rates in CHO WT
and CHO AXylT2 cells. Inhibition of endo-lysosomal fusion
by a specific inhibitor of phosphatidylinositol phosphate
kinase PIP5KIII (PIKfyve) significantly increased Salmonella
burdens in CHO AXylT2 cells, but decreased Salmonella
loads in CHO WT cells, demonstrating an importance of PGs
for membrane-associated intracellular bacteria.

Conclusion

Proteoglycans influence survival of Salmonella at the later
time points of infection via an action of PIKfyve-dependent
endo-lysosomal fusion.
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Since 1938, isolates of S. Typhi are classified by phage
typing, based on lysis of bacterial strains by specific
bacteriophages. The set comprises 110 Vi-adapted phages

[1].

We describe the sequencing and analysis of S. Typhi
isolates sent to the NRC from 2015 to 2019. Our aim is to
establish NGS as a routine typing method. Therefore we
evaluate SNP- and cgMLST-based approaches and compare
it with classical typing methods.

SNP-based phylogenetic analyses were done with Geneious.
SeqSphere+ was applied for cgMLST analysis based on
strain CT18 and the EnteroBase wgMLST scheme [6]

1. S. Typhi isolates classified as ubll are not lysed by
Vill-typing phages, preventing a reliable statement
about epidemiological contexts. In these cases
NGS based methods showed a high degree of
differentiation.

NGS data were used to identify isolates of lineage H58 and
XDR, characterized by 44 SNPs and multiple antibiotic
resistances. We were able to identify these SNPs in 114
isolates including 5 XDR isolates. Both, SNP- and cgMLST-
based analyses were successfully applied as routine
methods and outbreak detection.
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Helicobacter pylori has been shown to undergo rapid in vivo
evolution in the course of chronic infection. In contrast, little
is known about genome and methylome variation during the
first stages of the infection. Here, we investigated genome
and methylome evolution of H. pylori strain BCS 100 in 10
human volunteers. The cagPAl-negative H. pylori strain BCS
100 is the first strain that has been used in multiple challenge
trials involving human volunteers. Genome sequences were
generated for 16 H. pylori clones isolated from the challenge
strain, and from 20 clones re-isolated from the antrum and
corpus of 10 human volunteers who participated in a H.
pylori challenge study to evaluate a recombinant Salmonella-
based vaccine candidate. Comparison of whole genome
sequences revealed genomic variability within the challenge
strain population, and provided evidence of adaptation to the
individual volunteers, affecting mostly genes with an outer-
membrane related role and genes involved in peptide
uptake. One re-isolate displayed a duplication of the catalase
gene, which might help with fighting oxidative stress in an
individual with a high degree of inflammation. Methylome
differences were due to the ON/OFF switching of the
enzymatic activity of phase-variable MTase genes.
Adaptation of H. pylori to different individuals and stomach
niches with particular selective pressures included genome
and methylome modifications specific to every isolate. Thus,
H. pylori is a versatile bacterium able to adapt to new hosts
via changes in several genes and, probably, by modifying
gene expression due to changes in the epigenome.
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Background and Aim: Viral infection and vaccination
induce antigen-specific memory B-cell responses. The aim of
the study was to identify and subsequently track influenza
nucleoprotein (NP)-specific memory B-cells in the blood of
an individual by single cell analysis and deep sequencing.



Methods: Influenza NP-specific memory B-lymphocytes
were isolated from blood at three time points over 19
months. BcR 1gG heavy and light chain variable regions of
single antigen-specific memory B-cells were amplified by RT-
PCR, cloned in antibody expression plasmids and
sequenced. Antibody function was determined by ELISA. At
the last blood drawing, the heavy chain regions were
additionally analysed by MiSeq deep sequencing. Amino
acid sequences from single cell analysis and deep
sequencing were compared.

Results: Single cell BcR gene amplification from memory B-
cells and cloning of heavy and light antibody chains yielded
26 structurally different influenza NP-specific antibodies.
Three of the BcR sequences of single memory B-cells were
also found by deep sequencing 15 to 19 months later.

Conclusion: By using antigen-specific memory B-cell
isolation and deep sequencing, influenza NP-specific
memory B-lymphocytes are traceable in the blood for more
than a year. Deep sequencing can possibly be used to
longitudinally assess the antigen-specific memory B-cell
repertoire and to determine the durability of memory B-cell
clones in vivo.
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Single-cell transcriptomics is revolutionizing the analysis of
phenotypic cell-to-cell variation in eukaryotes but technical
hurdles have prevented its robust application to prokaryotes.
Using poly(A)-independent single-cell RNA-seq, we report
the faithful capture of growth-dependent gene expression
patterns in individual Salmonella and Pseudomonas bacteria,
across all RNA classes and genomic regions. These
transcriptomes provide important reference points for single-
cell RNA-seq of other bacterial species, mixed microbial
communities and host-pathogen interactions.

176-1IvV

Modulation of macrophage transcription and epigenetics
by Yersinia enterocolitica

*|. Bekere?, J. Huang!, M. Schnapp?, M. Aepfelbacher®

tUniversity Medical Center Hamburg-Eppendorf (UKE), Institute of
Medical Microbiology, Virology and Hygiene, Hamburg, Germany

The pathogenic Yersinia pestis, Y. pseudotuberculosis and
Y. enterocolitica suppress the host immune response by
downregulating the transcription of inflammatory genes. This
activity is encoded on a virulence plasmid which allows the
bacteria to inject effector proteins (Yops) into the host cells
via the bacterial type three secretion system. We
investigated whether epigenetic histone modifications play a
role in the global effect of Y. enterocoliticaon gene
transcription. Therefore we infected primary human
macrophages with Y. enterocolitica strains (wild type, AYopM
and AYopP mutants and the virulence plasmid deficient
WAC strain) and performed Chromatin Immuno-Precipitation
(ChlP)-seq employing anti-H3K4me3, -H3K27ac, -
H3K27me3 and -H3K4mel antibodies in combination with
RNA-seq. Wild type induced activating histone marks
at ~2100 genes at promoters, which dose dependently
paralleled transcription. Further, wild type Yersinia strongly
modulated activating H3K27ac at enhancers of more than

5000 genes. Integration of all data revealed that wild type
upregulated promoters and enhancers of genes for
metabolism and small Rho GTPase signaling. In addition,
wild type suppressed activation of promoters and enhancers
of immune response genes. YopM did not to play a
significant role while YopP showed a major contribution to
the wild type effects, suggesting that Yops other than YopP
or YopM or the interplay of all Yops contribute to this
phenomenon. Moreover, the effect of YopP on the chromatin
is partially mediated through inhibition of the MAPK pathway.
In summary, we provide evidence for a profound
epigenetic and transcriptional reprogramming of macrophage
metabolism, small Rho GTPase signaling and inflammatory
response by virulent Y. enterocolitica.
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Introduction

Sepsis causes an activation of the human contact system, an
inflammatory response mechanism against foreign surfaces,
proteins and pathogens. The serine proteases of the contact
system, factor Xl and plasma Kkallikrein, are decreased in
plasma of septic patients, which was previously associated
with an unfavorable outcome. However, the precise
mechanisms and roles of contact system factors in bacterial
sepsis are poorly understood.

Objectives

We studied the physiological relevance of factor Xl and
plasma kallikrein in streptococcal infections.

Material & Methods

In this study, we used a subcutaneous infection model with
S. pyogenes with and without pretreatment of ASOs through
intraperitoneal injections. We  analyzed bacterial
dissemination, factor Xl and prekallikrein gene (klkb1)
expression, plasma kallikrein concentration in septic mice
plasma and we did in vitro studies to the relevance of PK
during fibrinolysis.

Results and Conclusion

Decreased plasma kallikrein concentration in septic mice is a
result of reduced RNA expression of klkbl gene, indicating
that plasma kallikrein belongs to negative acute phase
proteins. Investigations regarding the pathophysiologic
function of contact system proteases during sepsis revealed
different roles for factor XlIl and plasma kallikrein. In vitro,



factor Xl decelerated bacteria induced fibrinolysis, whereas
plasma Kkallikrein supported it. Depletion of plasma kallikrein
— but not factor XIl — by treatment with ASOs, dampens
bacterial dissemination and growth in multiple organs in the
mouse sepsis model. These findings identify plasma
kallikrein as a novel host pathogenicity factor in
Streptococcus pyogenes sepsis.
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Introduction: Hyper-IgE syndromes (HIES) are a group of
primary immunodeficiencies caused by monogenic defects
such as in the gene STAT3 (STAT3-HIES). Similar to
patients with atopic eczema (AE), patients suffering from
HIES show frequent Staphylococcus aureus (S. aureus)
colonization. A recent study reported that American STAT3-
HIES patients are often carriers of Panton-Valentine
leukocidin (PVL) expressing, methicillin resistant S. aureus
(MRSA) strains. So far, the epidemiology of S. aureus in
German STAT3-HIES patient has not been studied yet.

Objectives: To characterize S. aureus strains isolated from
STAT3-HIES and AE patients in Germany by whole genome
sequencing (WGS) and to determine virulence gene
repertoire.

Materials and methods: 11 S. aureus strains from STAT3-
HIES patients (n=4) and 6 S. aureus strains isolated from AE
patients (n=4) were analyzed by whole genome sequencing
(WGS) and protein A (spa) typing.

Results: S. aureus strains isolated from our cohort of
STATS3-HIES patients did not express PVL or enterotoxins
and only one isolate was identified as MRSA. Spa types of
collected isolates matched the molecular epidemiology of S.
aureus in Germany (t015, t091, t084). Immune evasion
cluster (IEC) genes, such as the chemotaxis inhibitory
protein (chp) gene, were frequently detected in S.
aureus isolates from both STAT3-HIES- and AE patients.
One out of the four STAT3-HIES patients developed a lymph
node abscess during the time of our study. Here WGS of S.
aureus isolates illustrated that infection (lymph node
abscess) and colonization occurred with different S. aureus
strains instead of one single strain.

Conclusion: S. aureus strains isolated from our cohort of
STAT3-HIES patients do not resemble S. aureus strains
described by previous studies in regard to toxin expression,
methicillin resistance and classified spa type. This study
demonstrates how WGS can be used to characterize
pathogens in the context of primary immunodeficiencies and
improve our understanding of S. aureus infections in this
patient group.
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Inflammation and infection can trigger local tissue Na*-
accumulation. This Na*-rich environment boosts pro-
inflammatory activation of monocyte/macrophage-like cells
and their antimicrobial activity. Enhanced Na*-driven
macrophage function requires nuclear factor of activated T
cells 5 (NFAT5)-dependent signaling, which augments NO
production and contributes to increased autophagy.
However, the mechanism of Na*-sensing in macrophages
remained unclear. High extracellular Na* levels (HS) trigger a
substantial Na*-influx with concomitant low Ca?* levels. We
show here that the Na*/ Ca?*-exchanger 1 (NCX1) plays a
critical role in HS-triggered Na*-influx, concomitant Ca?* loss
and subsequent HS-amplified antimicrobial macrophage
activation. Interfering  with NCX1-activity  impairs
osmoprotective inflammatory  signaling, autolysosome
formation and subsequent antibacterial activity of
macrophages. Taken together, this demonstrates that NCX1-
dependent sensing of the ionic environment is required for
amplifying antimicrobial macrophage responses upon HS.
Manipulating NCX1 offers a new strategy to manipulate
macrophage function.
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Many pathogens have pro-apoptotic potential but apoptosis
often occurs only in some conditions and on a small scale. It
has recently become clear that the apoptotic signaling
pathway can experimentally also be engaged at a low level,
in the absence of cell death. We have found that such sub-
lethal engagement of mitochondrial apoptosis-signaling
occurs during infection of human epithelial cells by all tested
viruses (HSV, Influenza A, MVA), bacteria (Salmonella
Typhimurium, Chlamydia trachomatis) and one protozoon
(Toxoplasma gondii). All of these infectious agents activated
the mitochondrial apoptosis pathway without causing actual
cell death, and all caused genomic DNA damage through
this pathway. We have further found that low-level activation
of the mitochondrial apoptosis apparatus is sufficient to
induce cytokine secretion from epithelial cells, which was
controlled by the Bcl-2-protein family (Bax, Bak, Bcl-XL).
Different infectious agents induced the secretion of different
cytokines. In all cases, mitochondrial apoptosis-signaling,
triggered by the infection, significantly contributed to this
cytokine secretion. When this signaling was experimentally
blocked by the deletion of the essential apoptosis regulators
Bax and Bak or by overexpression of Bcl-XL, intracellular
growth of Salmonella and of Chlamydia was enhanced,
suggesting that sub-lethal apoptosis signaling contributes to
the cell-autonomous defence. The mitochondrial apoptosis
apparatus thus has an independent, sub-lethal role in the
host response to infection.
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Introduction

Enterohemorrhagic Escherichia coli (EHEC) are the main
cause of the life-threatening hemolytic-uremic syndrome.
The cardinal virulence factor is the Shiga toxin (Stx). Though
kidney glomerular endothelial cells are the major target of
Stx during pathogenesis, recent studies indicate that renal
epithelial cells are susceptible to the cytotoxic action of Stx.

Objectives

To analyze the Stx receptor, globotriaosylceramide
(Gb3Cer), of a toxin-sensitive, ACHN, and a toxin-resistant,
Caki-2, human kidney epithelial cell line, to explore the
differences in transcriptomic responses to Stx2a and to
characterize the results by RNA interference (RNAI).

Methods

The cellular Gbh3Cer profile was analyzed by mass
spectrometry. RNAseq was applied to cells exposed to
Stx2a. RNAIi was employed targeting host factors involved in

Stx-related  retrograde trafficking.  Cytotoxicity = was
determined using the crystal violet assay.

Results

ACHN and Caki-2 cells exhibited an opposite sensitivity
towards Stx2a, even though they displayed a virtually
identical Gb3Cer profile. Using comparative transcriptomics,
we determined that ACHN and Caki-2 gene expression
differed upon Stx2a exposure. The most differentially
expressed genes are i.a. involved in the secretion of pro-
inflammatory cytokines and retrograde trafficking of Stx.
Targeting a selected panel of host factors mostly involved in
the latter in ACHN cells by RNAI, we detected that silencing
of distinct targets followed by Stx exposure yielded a
substantial decrease in toxin-mediated cytotoxicity. These
included the well-established YKT6, showing the validity of
our approach, but also in Stx pathobiology totally
unprecedented RABSA and TRAPPC6EB. Moreover,
combining the knockdowns of these targets nearly
completely abolished the Stx-mediated cytotoxicity.

Conclusions

New host factors involved in the retrorouting of Stx, thus
representing potential targets for the inhibition of Stx-caused
cellular injury, were identified by a combined approach of
comparative transcriptomics and RNAI. Our study therefore
may support the search for novel targets as therapeutic
options to combat devastating EHEC infections.
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Question

Shiga toxins (Stx) phages can lysogenize susceptible
bacteria and thereby either transform commensal strains into
pathogens, or increase the virulence of already pathogenic
bacterial hosts. Moreover, there is evidence that Stx phage-
encoded factors modulate bacterial host gene expression.
We recently showed that Stx2 phage carriage has a
profound impact on the transcriptome and phenotype of the
commensal E. coli K-12 MG1655. Here, we investigate the
Stx2 phage-dependent effects on the transcriptome of the
highly virulent E. coli O104:H4 outbreak strain.

Methods

RNA-seq was performed with total RNA from wild type and
Stx2 phage cured E. coli 0104:H4. Directional cDNA libraries
were sequenced on lllumina platform. Raw data were
processed using READemption and differences in gene
expression were determined by DESeq2. Protein levels were
analysed with semi-quantitative Western blot. The swimming
motility was monitored on LB plates with 0.3 % agar.

Results



On average 11 million reads were sequenced per library and
at least 96% of them could be mapped to the reference
genome of E. coli O104:H4. DESeq2 analysis revealed 466
upregulated and 356 downregulated genes in the wild type
strain in comparison to its Stx2 phage-cured derivative. The
most populated group of upregulated genes in the wild type
E. coli 0104:H4 were genes involved in motility. FliC western
blot analysis and motility assays confirmed that these
changes in the gene expression resulted in stable phenotypic
changes. In addition, the Stx2 phage carriage led to the
upregulation of both chromosomal and pAA plasmid-
encoded known virulence-associated genes, e.g. genes
encoding the serine proteases Pic, SigA and SepA, as well
as genes mediating the aggregative adherence of the
outbreak strain (aggR, aggD-A).

Conclusions

Our study reveals a profound impact of the Stx2 phage
carriage on E. coli O104:H4 gene expression. We confirm
the enhanced expression of flagella, which may stimulate the
inflammatory response in the human host. In addition, we
detect an extensive crosstalk between the Stx2 phage
carriage and the expression of chromosome and pAA-
encoded virulence genes.
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Introduction. The Shiga toxin genes of enterohemorrhagic
Escherichia coli (EHEC) are located in distinct positions
close to the antiterminator Q in the late transcribed region of
prophages. Further non-Stx-encoding lambdoid prophages
are present in varying numbers in the chromosome of EHEC
strains. In a number of EHEC strains, the recently described
nanS-p genes occur in multiple copies per strain in 3"-
direction close to the stx genes and in non-Stx-phages. The
nanS-p genes are homologous to the chromosomal nanS
gene, the latter of which is present in most E. coli strains.
NanS is an esterase, which is able to cleave an acetyl
residue from 5-N-acetyl-9-O-acetyl neuraminic acid
(Neu5,9Ac2), a sialic acid derivative occurring in intestinal
mucus. The resulting Neu5Ac can be used as a carbon
source.

Objectives. In the current study, the role of multiple nanS-p
genes and their gene products for substrate utilization and
adherence to epithelial cells was investigated.

Materials & Methods. Deletion mutants were constructed by
homologous recombination. NanS-p enzymes were
recombinantly  expressed as His-tagged proteins.
Degradation of bovine submaxillary gland mucin (BSM) was
analyzed by nanoESI MS. Cell culture experiments were
carried out with LS180 and HT-29-cells.

Results. Recombinant NanS-p proteins were shown to
function as O-acetyl esterases. E. coli O157:H7 strain
EDL933 grew well on Neu5,9Ac2 as a carbon source, but
mutants with deletion of all seven nanS-p alleles did not. E.
coli0104:H4 strain C227-11¢@cu harbors four nanS-p genes
and we could show that it can outcompete commensal E.
coli, when Neu5,9Ac2 was used as carbon source.

Moreover, analysis of BSM degradation by recombinant
NanS-p enzymes using nanoESI MS demonstrated cleavage
of up to three acetyl residues from sialic acids. In addition,
we could show that NanS-p also influences the adherence of
EDL933 and C227-11¢cu to epithelial cells.

Conclusions. The results of our study let us hypothesize
that multiple prophage-located nanS-p genes represent a
mobile gene pool of EHEC, improving substrate utilization in
the intestinal mucus as well as cell adherence and
colonization in the large intestine.
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Introduction: Shiga toxin-producing Escherichia coli (STEC)
are a major cause of foodborne outbreaks worldwide. The
best described virulence factors so far, are the Shiga toxins
and the locus of enterocyte effacement (LEE), which is
needed for the adhesion to host cells. In recent years, LEE-
negative STEC have been associated with human diseases.
Those STEC strains harbour different virulence factors, for
example the subtilase cytotoxin (SubAB). Despite the
knowledge of mode of action of this toxin, the regulation of
the gene expression is still unknown.

Objective: The aim of this study was to address this issue
focusing on the impact of the global regulatory proteins Hfq
and H-NS on virulence gene regulation, especially on subAB
expression. Studies were conducted with the foodborne
STEC 0113:H21 strain TS18/08 and the overall impact of
regulatory proteins on pathogenicity of this strain was
investigated.

Material and Methods: Isogenic deletion mutants
TS18/08 Ahfq and TS18/08 Ahns were generated by
homologous recombination. The deletion mutants were
analysed according to impact on gene expression of
virulence factors (quantitative real-time PCR) and on effect
during adhesion and infection (cell culture experiments).

Results: Upregulation of stx, subAB, and of the cytolethal
distending toxin V gene (cdt-V) were observed in deletion
mutants TS18/08 Ahfq and TS18/08 Ahns. Moreover,
deletion of genes hfg and hns led to an altered pathogenicity
during adhesion assays.

Conclusions: These data reveal that toxins and factors for
adhesion and pathogenicity of those STEC strains are
integrated in the regulatory circuit of Hfg and H-NS.
Moreover, regulation of virulence factors might be integrated
in the bacterial growth cycle and therefore pathogenicity of
LEE-negative STEC strains should be investigated in more
detail.
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Intoduction:

Campylobacter is the major bacterial agent of human
gastroenteritis worldwide and represents a crucial global
public health burden. Species differentiation of C. jejuni and
C. coli and phylogenetic analysis is challenged by inter-
species horizontal gene transfer.

Objectives:

To characterize Campylobacter isolates with ambiguous
species differentiation results obtained by real-time PCR, we
performed whole genome sequencing and further
characterized the isolates.

Method:

Routine real-time PCR was performed on more than 4000
isolates obtained from the Federal state laboratories. The
isolates with ambiguous PCR results were examined by
whole-genome sequencing and data were analysed using
Ridom Seqsphere+ software, web-based analysis and in-
house k-mer analysis pipeline.

Results:

Isolates with ambiguous PCR results for species
differentiation were, in particular, identified from the isolation
source eggs. K-mer analysis of whole genome sequencing
data indicated the presence of C. coli hybrid strains with
huge amounts of C. jejuni introgression. Recombination
events were distributed over the whole chromosome. MLST
was not suitable, since C. jejuni sequences were also found
in six of the seven housekeeping genes. cgMLST suggested
that the strains were phylogenetically unrelated. Intriguingly,
the strains shared a stress response set of C. jejuni variant
genes, with proposed roles in oxidative, osmotic and general
stress defence, chromosome maintenance and repair,
membrane transport, cell wall and capsular biosynthesis and
chemotaxis.

Conclusion:

Natural transformation can lead to immense interspecies
gene transfer in C. coli. The results have practical impact on
routine typing and on the understanding of the functional
adaption to harsh environments, enabling successful
spreading and persistence of thermophilic Campylobacter.
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The prevalence of human infections with the zoonotic
pathogen Campylobacter jejuni is rising worldwide.
Therefore, the identification of compounds with potent anti-
pathogenic and anti-inflammatory properties for future
therapeutic and/or preventive application to combat
campylobacteriosis is of importance for global health.
Results of recent studies suggested carvacrol (4-isopropyl-2-

methylphenol) as potential candidate molecule for the
treatment of campylobacteriosis in humans and for the
prevention of Campylobacter colonization in farm animals.

To address this in a clinical murine infection model of acute
campylobacteriosis, secondary abiotic IL-10-/- mice were
subjected to synthetic carvacrol via the drinking water
starting four days before peroral C. jejuni challenge.
Whereas at day 6 post-infection placebo treated mice
suffered from acute enterocolitis, mice from the carvacrol
cohort not only harbored two log orders of magnitude lower
pathogen loads in their intestines, but also displayed
significantly reduced disease symptoms. Alleviated
campylobacteriosis following carvacrol application was
accompanied by less distinct intestinal apoptosis and pro-
inflammatory immune responses as well as by higher
numbers of proliferating colonic epithelial cells. Remarkably,
the inflammation-ameliorating effects of carvacrol treatment
were not restricted to the intestinal tract, but could also be
observed in extra-intestinal organs such as liver, kidneys and
lungs and, strikingly, systemically as indicated by lower IFN-
Yy, TNF, MCP-1 and IL-6 serum concentrations in carvacrol
versus placebo treated mice. Furthermore, carvacrol
treatment was associated with less frequent translocation of
viable C. jejuni originating from the intestines to extra-
intestinal compartments.

The lowered C. jejuni loads and alleviated symptoms
observed in the here applied clinical murine model for human
campylobacteriosis highlight the application of carvacrol as a
promising novel option for both, the treatment of
campylobacteriosis and hence, for prevention of post-
infectious sequelae in humans, and for the reduction of C.
jejuni colonization in the intestines of vertebrate lifestock
animals.
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Brucellosis is a widespread zoonotic disease primarily
transmitted by the consumption of unpasteurized dairy
products contaminated with Brucella abortus or Brucella
melitensis. Both Brucella species are viable in milk for
weeks, but our knowledge about the impact of milk on the
metabolic activity and propagation of Brucella is limited. We
therefore examined, to what extend both Brucella species
are able to use milk as growth substrate.

Culture experiments demonstrated that B. abortus and B.
melitensis proliferate efficiently in commercial cow"s milk
reaching high numbers with a 105fold increase after
incubating 10° bacteria for 3 days. To examine the role of
milk peptides for the observed growth, we cultivated both
Brucella species in medium with tryptic-digested casein or
casein hydrolysate as sole energy sources. These
experiments revealed that casein peptides efficiently
facilitated Brucella growth. Comparative genome analyses of
both Brucella species identified several proteases,
peptidases and peptide transporters that could support the
utilization of milk proteins. In addition, Micronaut™ analyses
including various chromogenic peptidase substrates
identified pronounced aminopeptidase activities that differ
significantly between Brucella species. To characterize the
substrate specificity of the Brucella peptidases we performed
a comprehensive screening with over 250 dipeptides using



the BIOLOG™ phenotypic microarray assay. Several
dipeptides are utilized by B. abortus and B. melitensis, but
we also identified striking differences in the dipeptide
utilization pattern of the two Brucella species. These results
suggest distinct peptide catabolism patterns in Brucella
species that might reflect adaptations to their different hosts
or nutritional niches. Ongoing comparative analyses aim to
identify the genomic variabilities that shape these altered
phenotypes.

The ability of Brucella to grow in milk suggests a higher risk
of exposure when refrigeration infrastructures for raw milk
are insufficient, subsequently increasing the threat of
Brucella spp. as select agents in case of deliberate releases
of low numbers of bacteria during dairy production.

189-Z0OV

Functional analysis of ica-like genes in livestock-associated
Staphylococcus sciuri isolates

G. Marincola?, G. Jaschkowitz?, A. K. Kieninger?, A. FeRler?, S.
Schwarz?, *W. Ziebuhr*

tUniversity of Wuerzburg, Molecular Infection Biology, Wiirzburg,
Germany

2Freie Universitat Berlin, Institut fir Mikrobiologie und Tierseuchen,
Berlin, Germany

Biofilm formation is a common feature of staphylococci
conferring protection against unfavorable environmental
conditions, and contributing (in pathogenic species) to
treatment recalcitrance and chronic infections. Biofilms are
surface-attached bacterial communities surrounded by a self-
produced extracellular matrix consisting of polysaccharides
and/or proteins. In staphylococci, the main polysaccharide
biofilm component is Polysaccharide Intercellular Adhesin
(PIA). PIA is produced by the gene products of the icaADBC
operon which are controlled by the adjacent repressor IcaR.
We have previously characterized a multiresistance plasmid
isolated from livestock-associated methicillin-resistant
Staphylococcus aureus strain Rd11. Unexpectedly, this
plasmid (pAFS11) harboured, in addition to resistance
genes, a novel ica-like gene cluster. Bioinformatic analysis
demonstrated that the pAFS11 ica genes originated from the
animal-associated species Staphylococcus sciuri and had
been acquired by S.aureus Rd1l via horizontal gene
transfer. We have tested livestock-associated S. sciuri
isolates for ica gene presence and function and found that 75
% of 158 S. sciuri isolates carried the ica gene cluster.
However, none of the isolates formed a PlA-mediated
biofiim. No PIA biofiim was detected in S. aureus Rd11,
carrying the S.sciuri ica genes on plasmid pAFS11.
Interestingly, like all S. aureus strains, Rd11 harbours its own
chromosomally encoded ica gene cluster, and transformation
of pAFS11 into a PIA-producing S. aureus strain resulted in
reduced PIA production. Our experiments suggest a
regulatory crosstalk between plasmid-encoded S. sciuri IcaR
with the chromosomal S. aureus icaADBC operon. The data
highlight ongoing genetic exchange across staphylococcal
species borders which, in addition to resistance genes, may
also comprise transfer of virulence traits. We hypothesize
that co-selection of virulence factors by antibiotics and their
integration into the regulatory circuits of the host bacterium
might play an important, but still poorly understood role in the
emergence of bacteria with novel resistance and virulence
traits.
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Introduction: Globally, about 300,000 pneumococcal
deaths occurred among HIV uninfected children less than
five years in 2015 with the majority occurring in Africa and
Asia. Studying pneumococcal carriage in the nasopharynx is
one of the methods used to assess the impact of
pneumococcal conjugate vaccines and monitor circulating
serotypes. We investigated virulence factors, serotype
distribution and antibiotic susceptibility patterns of
pneumococcal carriage strains isolated from vaccinated
children less than five years of age in Ghana.

Method: In 2018, nasopharyngeal swabs were collected
from 513 fully vaccinated children attending immunization
clinics and kindergartens in Cape Coast, Ghana. Standard
microbiology techniques were used to identify and confirm
pneumococcal isolates. Core genome virulence factors and
flexible genomic regions were identified by PCR.
Pneumococcal serotypes were determined by multiplexPCR
and Quellung reaction. Antibiotic susceptibility was tested by
the disc diffusion method.

Results: Our surveillance showed a pneumococcal carriage
prevalence of 29.4% (151/513). Out of the twenty-six
different serotypes identified, serotypes 23B, 6B, 23F and
19F (14.4%, 9.2%, 8.5% and 7.2%) were most prevalent.
The proportion of serotypes present in PCV-13 was 39,1%
(59/151). Major non PCV-13 serotypes were 23B and 13
(14.4% and 7.2%). All pneumococcal strains were positive
for IytA, cps2A and pavB genes. In addition psrP, pcpA, pilus
PI-1 and PI-2 were present in 62.7%, 87.5%, 11.8%, and
6,5%, oft he strains respectively. The isolates were highly
susceptible to levofloxacin, ceftriaxone, vancomycin and
erythromycin. However, we observed increased non-
susceptibility to penicillin, cotrimoxazole, and tetracycline.
About 52% (79/151) of the isolates were oxacillin non-
susceptible; 54 of them showed intermediate resistance to
penicillin and one strain was fully resistant.

Conclusion: Pneumococcal carriage prevalence was 29.4%.
However, there is an increase in non-PCV 13 serotypes. with
serotype 23B being the most dominant, with associated high
penicillin resistance. Effective regulation on appropriate use
of antibiotics is therefore of essence in Ghana.
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Question

Major technological advances and the dramatic decrease in
costs of bacterial whole genome sequencing is having an
unprecedented effect in microbial epidemiology. These
developments require the establishment of effective, efficient



and scalable bioinformatics software tools for raw processing
and analysis of the high-throughput data before scientific
interpretation can take place.

Methods

In order to solve core bioinformatics tasks such as quality
trimming, assembly and annotation, ASA3P takes advantage
of published and well performing third party tools and
combines them with comprehensive databases. It is a
modular and extensible software pipeline implemented in
Java and Groovy. For massive scalability our pipeline takes
advantage of SGE compatible compute clusters.

Results

Here, we introduce ASA3P, a fully automatic and scalable
assembly, annotation and higher-level analysis pipeline for
bacterial genomes. The pipeline conducts all of the
necessary data processing steps, i.e. quality clipping and
assembly of sequencing reads, scaffolding subsequent
contigs and annotation of genome sequences. Furthermore,
ASA3P performs comprehensive genome characterizations
and analyses, e.g. for taxonomic classification, and detection
of both AMR genes and virulence factors. Results are
presented via an HTML5 based user interface providing
aggregated information, interactive visualizations and access
to intermediate results in standard bioinformatic file formats.
ASA3P is available in two versions: a local Docker container
for small-scale projects and an OpenStack cloud version
able to automatically create and manage its own self-scaling
compute cluster.

Conclusions

ASA3P is a software tool enabling the automatic processing,
assembly, annotation and higher level analysis of bacterial
NGS whole genome data in a comfortable but high-
throughput manner. The burden of technical complexity is
overcome by simple setup routines and the use of Docker
and OpenStack images. Thus, automatic and standardized
analysis of hundreds of bacterial genomes is now feasible on
a daily basis with a single command on local computers as
well as cloud infrastructures.
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Introduction During the last two decades the zoonotic
pathogen Campylobacter jejuni has become the main cause
for food-borne infections in high-income countries.

Colonization and adaptation of multiple host reservoirs leads
to a tremendous risk of contamination in food products. Most
commonly Campylobacter are transmitted through the
consumption of undercooked poultry meat or raw milk
products. While host restriction of C. jejuni lineages is
known, the survival mechanisms of them to adapt to gut
environments of different hosts have not been completely
understood.

Objectives This study was designed to support outbreak
investigations against the thread of increasing numbers of C.
jejuni infections in humans. Its main aim is to gain additional
insights into the C. jejuni population structure in Germany
and to identify host specific determinants by using novel
computational methods based on genomic data.

Material & methods Therefore, 330 C. jejuni strains from
different hosts (100 each from human, chicken, cattle and 30
from pig) across Germany were randomly selected, and
whole genome sequencing (WGS) was performed. To
extend the dataset and compare it with international
samples, 166 additional isolates from a Canadian study were
included. Host-specificity was investigated by a stratified
random sampling approach on top of a k-mer based
genome-wide association study to increase the accuracy of
the identification of host specific determinates.

Results In our study, we discovered that a strong host
association can be observed in the core genome as well as
in the accessory genome. The identified genetic elements
code for proteins, which play important roles in mobility,
energy metabolism and genetic information processing.
Although, we could discover a strong recombination barrier
between C. jejuni lineages within the same host, identical
allelic gene variants could be found among those genes.

Conclusion Host-adaptation in a wide range of cellular
functions in the whole pan-genome of C. jejuni indicates that
the adaptation towards a specific host niche is most likely a
long evolutionary and multifactorial process rather than a
spontaneous evolution or selection pressure.
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S. Agona is one of the Salmonella enterica subsp. enterica
serovars consistently responsible for foodborne outbreaks
via various food types all over the world. In 2017, an
outbreak with nearly 40 patients based on infant milk
products of a French supplier occurred in several European
countries. At the same time, S. Agona was detected in
animal feed samples in Bavaria and a connection of both
events was at question.

The aim of this study was to evaluate different data analyses
approaches and necessary analysis depth for Next
Generation Sequencing (NGS)-based S. Agona surveillance
and outbreak detection by public health authorities.
Therefore, 51 Bavarian isolates from 1994 to 2018 from food,
feed and human patients, including known former outbreak
isolates and the Bavarian feed isolates of 2017 were used as
evaluation sample set together with a public NGS dataset of
a representative isolate of the 2017 French infant milk
outbreak.



NGS analysis was performed on the lllumina MiSeq. Three
data analysis approaches for public health purposes were
compared: core genome Multi Locus Sequence Typing
(cgMLST) with two different target schemes or Single
Nucleotide Polymorphism (SNP) phylogeny.

With the NGS analysis we could prove clonality of the
Bavarian feed isolates and exclude any connection to the
simultaneous French outbreak. The molecular approach
furthermore revealed and confirmed former Bavarian clusters
with known epidemiological links. The necessary genetic
resolution regarding analysed genomic content and
consequential cluster demarcation was evaluated by
comparison of a publicly available species-specific cgMLST
scheme, an in-house serovar Agona-specific cgMLST
scheme and SNP phylogeny.

In conclusion, even for the genetically monomorphic serovar
S. Agona, species level cgMLST can usually serve as fast
and easy applicable analysis technique with reasonable
resolution, being standardisable for a wide field of
applications for public health laboratories. Nevertheless, in
special cases of single samples or homogeneous sample
sets higher resolution by serovar-specific cgMLST or SNP
genotyping can facilitate the assignment to or delineation
from an outbreak.
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Question: In Staphylococcus aureus resistance to (-
lactamase stable B-lactam antibiotics, like methicillin, is
commonly mediated by the mecA-encoded penicillin binding
protein 2a (PBP2a) or the mecC-encoded PBP2c. These cell
wall-associated proteins exhibit low affinity to most B-lactam
antibiotics. The number of isolates showing methicillin
resistance while lacking known mec genes (MRLM) sent to
the German National Reference Center for Staphylococci
and Enterococci increased over the past years. Therefore
the present study aims to investigate the resistance
mechanisms of these isolates using a combination of
bioinformatics and molecular approaches. Methods: Minimal
inhibitory concentrations to oxacillin and cefoxitin of clinical
S. aureus isolates were determined by applying broth
microdilution. The presence of mecA and mecC was tested
via PCR. Hyperproduction of B-lactamase leading to
borderline resistance phenotype (BORSA) was excluded. A
strain collection of MRLM isolates for the implementation of
genome-wide association studies (GWAS) was established.
MRLM isolates and methicillin susceptible controls (MSSA)
were  whole-genome  sequenced and subsequently
characterized by spa typing, MLST and core genome MLST
(cgMLST) analysis. Results: In total 141 isolates were
determined as resistant to oxacillin and cefoxitin, while
lacking mecA and mecC genes. The sequenced MRLM
isolates were assigned to 29 sequence types (ST) and 73
spa types. Overall the established MRLM strain collection,
including 142 MSSA controls, covers a wide range of clonal
complexes, with cases and controls evenly distributed.
Conclusions: GWAS will be performed to determine genetic
variants associated to B-lactam resistance. Furthermore, the
impact of putative resistance associated polymorphisms has

to be confirmed by construction and validation of
corresponding mutants.
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The microbial spectrum of infection outbreaks in neonatal
intensive care units (NICU) shows a high prevalence of
enterobacteria, especially of Serratia (S.) marcescens that
accounts for 12% of all outbreaks. To date, it is unknown
why S. marcescens is so successful in colonization and
infection of newborns.

Here, we report a colonization outbreak with S. marcescens
in a university hospital NICU. Following detection of S.
marcescens in clinical samples of three patients, prevalence
screening by nasopharyngeal and anorectal swabs identified
additional 11 carriers. The outbreak management team
devised a bundle of measures (incl. cohort isolation of
colonized/contact patients; admission and interval screening
of patients; training of staff and parents by hygiene
specialists; screening of environmental samples and
personnel). Cumulatively, a total of 30 children were found to
be colonized until the end of the outbreak 6 weeks later.

All S. marcescens isolates were analyzed for clonality by
PCR-based DiversiLab-typing and by Pulsed Field Gel
Electrophoresis (PFGE), revealing that 24/30 patients carried
the outbreak isolate, whereas the others harbored unrelated
strains. While isolates from personnel were unrelated, the
outbreak isolate was found in two environmental samples
from baby bottle warmers. Whole Genome Sequencing
(WGS) via lllumina MiSeq confirmed the PFGE-typing results
and revealed identical sequences for the outbreak isolates
from patients and vaporizer.

Recently, a S. marcescens type 6 secretion system (T6SS)
for injection of effector proteins was identified as effective
nano-weapon for interbacterial competition. Indeed, the
outbreak isolates analyzed by MiSeq harbored a complete
T6SS locus, whereas several sporadic S. marcescens
isolates lacked specific effector genes. Bacterial competition
assays revealed efficient killing of E. coli by the outbreak
isolates, whereas S. marcescens lacking different effector
genes displayed reduced Kkilling capacity. These results
indicate that the complete T6SS nano-machinery may
provide the outbreak strain with a competitive advantage for
colonization of neonates.
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Clostridioides difficile is the primary infectious cause of
antibiotic-associated diarrhea. Local transmissions and
international outbreaks of this pathogen have been
previously  elucidated by bacterial whole-genome
sequencing, but comparative genomic analyses at the global
scale were hampered by the lack of specific bioinformatic
tools. We have implemented a publicly accessible database
within EnteroBase (http:/enterobase.warwick.ac.uk) that
automatically retrieves and assembles C. difficile short-reads
from the public domain, and calls alleles for core-genome
multilocus sequence typing (cgMLST). EnteroBase currently
contains 13,515 quality-controlled C. difficile genomes which
have been assigned to hierarchical sets of single-linkage
clusters by cgMLST distances. This hierarchical clustering is
used to identify and name populations of C. difficile at all
epidemiological levels, from recent transmission chains
through to pandemic and endemic strains. Moreover, it puts
newly collected isolates into phylogenetic and
epidemiological context by identifying related strains among
all previously published genome data. For example, HC2
clusters (i.e. chains of genomes with pairwise distances of up
to two cgMLST alleles) were statistically associated with
specific hospitals (p<10-4) or single wards (p=0.01) within
hospitals, indicating they represented local transmission
clusters. In contrast, clustering at level HC150 was largely
compatible with PCR ribotyping, thus enabling comparisons
to earlier surveillance data. EnteroBase enables contextual
interpretation of a growing collection of assembled, quality-
controlled C. difficle genome sequences and their
associated metadata. Hierarchical clustering rapidly identifies
database entries that are related at multiple levels of genetic
distance, facilitating communication among researchers,
clinicians and public-health officials who are combatting
disease caused by C. difficile.
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Introduction

Vancomycin-resistant enterococci (VRE) are increasingly
important causal agents of nosocomial infections. Thus,
reliable epidemiological data are needed to understand their
spread dynamics and to describe the magnitude of the
problem. The incorporation of typing data allows to define the

temporal and geographical distribution of VRE, which is
essential to implement effective infection control strategies.

Objectives

The aim of this ongoing study is to describe the temporal and
geographical distribution of invasive VRE infections in North
Rhine-Westphalia (NRW) by employing molecular typing
methods.

Materials and Methods

Bacterial isolates of all patients with invasive VRE infections
(blood cultures or cerebrospinal fluid [CSF]) were collected
between 2016 and 2019. Inclusion criteria were place of
residence and/or hospitalisation in NRW. For genotypic
characterisation, multilocus sequence typing (MLST) and
vancomycin resistance determinants were analysed.

Results

Preliminary results of 717 VRE isolates detected in blood
cultures or CSF show a steady increase of annual infections:
93, 156 and 244 isolates in 2016, 2017, and 2018,
respectively, as well as 224 as of October 2019. Incidence
was highest among men (61%), and patients aged 70-79
(30.8%). Overall, the most prevalent MLST sequence types
(ST) were ST117 (68.6%), ST80 (15.5%) and ST203 (5.3%),
observing a sustained increase of ST117 and the emergence
of other STs (ST1273, ST1325, ST787) over the study
period. In 2016, most isolates (64.5%) displayed the vanA
genotype, however, this shifted to vanB in 2017 (68.59%), a
distribution that continued over the following years (2018:
83.2% and 2019: 75.3%).

Conclusion

As also reported in other countries, invasive VRE infections
are on the rise in NRW. Molecular typing data indicate a
growing genetic diversity among VRE isolates. However,
ST117 accounts for the overall increase in the number of
cases over time. vanB has overtaken vanA, historically the
most prevalent resistance determinant in Germany and
Europe. Our results underline the importance of infection
prevention and control policies in order to reduce the
regional spread of VRE.
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Drylands account for the largest terrestrial biome on earth
and cover about 35% of the lands surface. Low water
availability is one of the major factors that limit the growth of
vascular plants in these ecosystems. Therefore, drylands are
mainly inhabited by diverse and highly adapted microbial
surface communities, forming so-called biological soil crusts
(BSCs). Besides limited water availability these communities
face the challenges of high UV irradiation, temperature and
osmotic stress. To survive long phases of drought
microorganisms enter a state of low metabolic activity, but
are able to resuscitate fast to use short periods when water
and nutrients become available. We investigated the
response of BSC microbial communities from the Negev



Desert (Israel) to a simulated rain event covering a complete
wetting/desiccation cycle. Incubations with heavy water
(D20) and subsequent high-resolution secondary ion mass
spectrometry (NanoSIMS) measurements revealed a fast
resuscitation of single cells in the first hours.
Correspondingly, the majority of microbial populations
dramatically changed their transcription profiles already
within first 3 hours, based on metatranscriptome data
spanning time points between 15 min and 55 hours after
wetting. We observed e.g. regulation patterns for stress
tolerance against reactive oxygen species, organic substrate
uptake and usage of atmospheric gases as energy sources.
Population-resolved analysis further revealed different
expression patterns for the same metabolic pathways, e.g.
chlorophyll synthesis, amongst different populations, thus
highlighting microbial niche differentiation. Together with the
information about the metabolic potential of the different
community members, these transcriptome profiles elucidate
different strategies to persist unfavorable conditions during
drought and to quickly respond to water availability.
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Due to the absence of sunlight, microbial food webs in
subsurface environments cannot be driven by photosynthetic
primary production. Instead, hotspots of nitrogen- and sulfur-
driven chemolithoautotrophy are present in pristine
groundwater!. This primary production might fuel the entire
groundwater microbiome, but the microbes benefiting from
the organic carbon produced are unknown. Therefore, we
used 3CO2 and D20 metabolic labeling of groundwater
microcosms to track the carbon flow through the food web.
Chemolithoautotrophs were stimulated with reduced sulfur
compounds, and the microbial activity was monitored over 10
weeks. After 3, 6 and 10 weeks, microbial biomass was
collected for DNA-based community profiing and
metaproteomics  analysis. Raman  microspectroscopy
detected deuterium incorporation in microbial cells from 12
days onwards, indicating activity of the groundwater
organisms. Thiosulfate and oxygen consumption occurred
within the first 3 weeks, and increased two to three-fold after
5 weeks, suggesting sulfur-driven primary production.
Putative autotrophs able to oxidize sulfur compounds, like
Thiobacillus, Rhodoferax and Hydrogenophaga, composed
up to 25 of the microbial community. Interestingly, the 3C
incorporation in peptides of most of these organisms ranged
from 10 to 90%, indicating assimilation of unlabeled organic
carbon present in the groundwater in addition to 3CO2, and
thus a mixotrophic lifestyle. Only Thiobacillus assimilated
13CO; exclusively, resulting in a 13C incorporation of > 95%.
The majority of the community consisted of heterotrophs
typical for groundwater, including various Proteobacteria,
Sediminibacterium and Flavobacterium, as well as Cand.
Patescibacteria. The 13C incorporation in their peptides
demonstrated assimilation of organic carbon produced by
sulfur-dependent primary production. Hence, in the
oligotrophic groundwater, such chemolithoautotrophic activity

might form the basis for a self-sufficient community
constituting more than 50% of the groundwater microbiome.

This work was financially supported by the Deutsche
Forschungsgemeinschaft via the CRC 1076 AquaDiva.

IWegner et al. 2019, AEM, 85(5), e02346-18
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Introduction & Objective: The human axillary microbiome,
although being shaped by our daily hygiene routines, is far
from being functionally understood. Knowing "the good, the
bad, and the smelly" bacteria in the axillae is crucial for
fighting malodor formation. Moreover, detailed investigations
enable the targeted development of new deodorant actives
without broad antimicrobial efficacy avoiding resistance
development.

Methods: We established an ex-vivo human sweat model
that is based on real human sweat samples and mirrors the
natural microbiome development. The model allows
determining microbiome functions based on chemical and
sensory analyses as well as cell count (aerobic and
anaerobic CFU) and microbiome composition. It was
validated in vitro and in vivo.

Results: We were able to show the representative
conversion of non-odorous precursors towards odorous
products, production of malodourous volatiles from amino or
fatty acid degradation, and a general increase of odor
intensity based on a shift in microbiome composition and
abundance. Key species for these relevant functions were
identified including known malodor associated genera as well
as new ones. Further, the model was used to investigate
selected deodorant actives with different modes of action.
One well known antimicrobial substance led to the
enrichment of a resistant Pseudomonas strain.

Conclusion: The developed model represents the human
axillary microbiome regarding its species composition and
malodor formation. It can be used to study the microbial
ecology of the axillary microbiome. Our results highlight the
relevance of pre-testing new cosmetic ingredients for
potential microbiome effects.
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Chemosynthetic bacteria living in a symbiotic relationship
with invertebrate hosts like mussels or snails are widespread
at hydrothermal vent habitats. These endosymbionts oxidize
inorganic compounds such as hydrogen or hydrogen sulfide,
emanating with the hydrothermal fluids, to gain energy. This
energy can be used to fuel autotrophic CO2 fixation.



Here we report on the complete genome of a newly cultured
Chromatiaceae bacterium, namely CTDO079. Its closest
known relative is the endosymbiont of a scaly snail, which
colonizes hydrothermal vents along the Central Indian Ridge.
We enriched CTD079 from seawater of the open ocean
using hydrogen and thiosulfate as sole electron donors.

Based on the close relationship between CTD079 and the
endosymbiont the aim of this study was to compare their
genomes in order to identify gene segments that mediate
adaptation to a new habitat.

The complete genome of the newly cultivated bacterium was
sequenced using lllumina MiSeq and Oxford Nanopore
MIinlION Sequencing. Additionally, we performed in vivo
hydrogen consumption experiments to figure out whether
hydrogen could play a role for energy generation in the water
column. CTDO079 consumed hydrogen (0.6 fmol* cell-1 *h-1
within the first 192 hours) under autotrophic growth
conditions, which suggests hydrogen as one potential energy
source. Genome comparisons identified five major
differences: these included gene segments that encode
enzymes for the use of alternative energy sources or specific
systems for the defense against viruses. These represent
important attributes for a life without a host.
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The expression of secondary metabolic gene clusters in
Streptomycetes is highly connected to environmental
conditions. The presence or absence of nutrients can either
suppress or enhance secondary metabolite production. [
Primary metabolites like amino acids, sugars, or fatty acids
play an important role as building blocks for the more
complex secondary metabolites. In this study we analyzed
the influence of precursors on the production of the polyether
ionophore calcimycin and derivatives by Streptomyces
chartreusis. In a previous study encompassing three culture
media, it was shown that their synthesis depends on the
growth conditions. @ To analyze the impact of particular
precursors, we cultivated S. chartreusis in minimal medium
supplemented with the respective precursors. Metabolites
were extracted from the mycelia and culture supernatants,
and analyzed by liquid chromatography—coupled tandem
mass spectrometry. Calcimycin and known derivatives were
identified based on their fragmentation patterns. Unknown
derivatives with similar fragmentation patterns could be
identified by molecular networking. B! The production of
calcimycin and derivatives was compared across growth
conditions, revealing that indeed the ratio between
calcimycin and the known derivatives changes depending on
the presence of precursors in the medium. Based on the
results of the present study, we hypothesize that
S. chartreusis synthesizes a specific cocktail of derivatives
depending on the ion and nutrient availability to promote the
most efficient uptake of ions. In future studies, the novel
derivatives will be purified and analyzed with regard to their
structure and ion transportation capabilities to shed light on
their function.

[1] A. Romero-Rodriguez et al. , Antonie van Leeuwenhoek
2018, 111, 761.

[2] C. H. R. Senges et al., PNAS 2018, 115, 2490.

[3] M. Wang et al., Nat. Biotechnol. 2016, 34, 828.
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Microbes produce several volatile organic compounds
(mVOCs) which are compiled in a continuously updated
database called "mVOC" [1]. These low molecular-weight
compounds have roles in above- and below-ground
interactions [2]. For many years, most focus was on above-
ground roles of these VOCs. In the last two decades, there
have been more studies on mVOC activities in the soils,
moreso the rhizosphere since Serratia spp. is a rich source
of mVOCs [3]. Serratia plymuthica 4Rx13 is a producer of
more than 100 volatile compounds, including the unusual
VOC sodorifen [4]. In the last decade, the chemical structure
of sodorifen was elucidated, and its biosynthesis and genetic
regulation determined [5]. Nevertheless, the biological and
ecological function(s) of this compound remains unknown.

Sodorifen in S. plymuthica PRI-2C increased when the
bacteria were exposed to volatiles of Fusarium culmorum [6].
Biotic factors affect sodorifen levels ranging from inhibition to
high induction levels. This correlates with the os-dependent
transcription of sodorifen cluster genes. Analysis of the
unique gene cluster shows that fungal VOCs led to
expression of methyltransferase and terpene synthase,
enzymes for sodorifen synthesis (Magnus unpublished
results). C-cultures of S. plymuthica 4Rx13 and Bacillus
subtilis 2Bg led to altered sodorifen emission (low in
exponential phase, and high in the late stationary phase) as
compared to controls. Altogether, these results indicate that
sodorifen plays distinct roles in nature [7].

We aim to determine the biological/ecological function(s) of
sodorifen. The effects of sodorifen on bacteria (receiver and
emitter) and fungi through genotype, proteome, and
metabolome analysis will be performed. Sodorifen activity in
growth and fitness of microbes can shed new light on the
role of mVOCs.

Keywords: sodorifen, Serratia plymuthica, mVOCs
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Introduction: The mycosphere is the microhabitat
surrounding and affected by fungal hyphae. It forms an
important ecological niche and is considered to be a hotspot
of microbial activity. Little however is known, to what degree
and at which scales hyphae shape this microbial habitat.

Objectives: We here present a novel, spatially and
temporally resolved analysis of the influence of hyphae on
the pH of mycosphere habitats at the microscale in vivo.

Materials & methods: The pH-sensitive fluorescent strain
Synechocystis sp. PCC6803_peripHIu was homogeneously
embedded in an agar surface (pH: 6.9, size: 800 pm x 400
pm). The agar was then allowed to be overgrown by hyphae
of the fungus C. cinerea. The pH change of individual
bioreporter cells was quantified microscopically by optical
ratiometric sensing and geostatistical approaches were
applied for microscale mapping of the pH.

Results: Our data show that C. cinerea started to change
the pH of a new habitat already at a distance of > 1.5 mm
from the hyphal tip. Ongoing habitat colonization then
changed the average pH of the agar from 6.9 to 5.8 within 18
h. Strikingly, spatial analysis of the agar, however, revealed
the existence and permanence of a clearly distinct and
patchy pH distribution and the presence of steep microscale
pH gradients in the mycosphere between pH 4.4 and pH 5.5,
respectively.

Conclusion: To our knowledge this is the first spatial explicit
in vivo analysis of the mycosphere pH at the microscale.
Such microscale pH mapping allows us to locate and
quantitatively describe hyphal influences on the pH of their
microhabitats. The presence of stable and steep pH
gradients in the mycosphere is supposed to be a driver of
fungal enzymatic activity and fungal bacterial interactions in
the mycosphere.
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Bacterial communication mostly relies on N-acyl homoserine
lactones (AHLs), quorum sensing molecules that can trigger
gene regulation in response to the density of a bacterial
population. In contrast, unknown bacterial species of the
human microbiome employ other N-acylated amino acids for
cross-kingdom  interaction  with  their host.  During
characterization of the bacterial isolate Mal157 belonging to
the novel genus Stieleria in the phylum Planctomycetes, we
were able to identify a novel class of N-acylated derivatives
of the amino acid L-tyrosine. We named these compounds
stieleriacines and showed similar quorum sensing effects as
described for AHLs. During further elucidating the
biosynthesis pathway for stieleriacines we found a potential

link to exopolysaccharide synthesis and analyzed the effects
of stieleriacines on biofilm formation of Mall15T and faster-
growing microorganisms competing with Mal15T for nutrient-
rich biotic surfaces in marine environments. Based on the
obtained results we postulate that stieleriacines can alter
biofilm species composition in marine habitats, providing a
growth advantage for the producer. Stieleriacines contribute
to expand our knowledge on bacterial small molecule-
mediated communication. While slow-growing
Planctomycetes are known to dominate biofilms on marine
biotic surfaces, stieleriacines might be used as biofilm
scaping compounds, altering the bacterial species
composition in such ecological niches. If stieleriacines serve
for cross-kingdom communication, such as recently
observed in the human gut, remains elusive.
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Introduction

Whipple's disease (WD) is a rare infection with Tropheryma
whipplei that is fatal if untreated. Diagnosis is challenging,
and it is based mainly on invasive sampling. We previously
reported on a kidney biopsy, where we observed
morphologically intact bacteria within the glomerular capsular
space and tubular lumen. This lead to evaluation of
polymerase chain reaction (PCR) testing of urine as a
diagnostic test for WD.

Objectives

Here we give insights into WD using fluorescence in situ
hybridization (FISH) and report on the performance of urine
testing for the diagnosis of WD.

Materials & methods

In selected cases, we used FISH to localize T. whipplei
directly within the patients" tissue. We prospectively
investigated urine samples of 25 newly diagnosed and
treated WD patients by PCR. As controls, we investigated
samples from 110 healthy volunteers and patients with
excluded WD or acute gastroenteritis.

Results

Out of 25 urine samples from independent, therapy-naive
WD patients, 19 were positive for T. whipplei PCR. In three
patients, FISH visualized T. whipplei in urine. All control
samples were negative, including those of 11 healthy carriers
with T. whipplei-positive stool samples. In our study, the
detection of T. whipplei in the urine of untreated patients
correlated in all cases with WD.

Conclusion

We show that T. whipplei is detectable by PCR in the urine of
the majority of therapy-naive WD patients. With a low



prevalence but far-reaching consequences upon diagnosis,
invasive sampling for WD remains mandatory, but must rely
on a strong suspicion. Recent results from the Consiliary
Laboratory strengthen the approach of urine testing as a
novel, easy-to-obtain specimen for guiding the initial
diagnosis of WD, in particular in patients with extra-intestinal
WD. FISH sheds light on the invasiveness and biofilm
potency of T. whipplei and confirmed a superinfection of a
heart valve with Cardiobacterium hominis.
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Introduction

Francisella tularensis is a highly virulent, Gram-negative
bacterial pathogen and the causative agent of the zoonotic
disease tularemia. Next-generation sequencing has arrived
as a standard method generating short- or long-read raw
sequences that are assembled to longer sequences for
further analyses. Therefore, sequencing and assembly tools
we evaluated theses method before routine use.

Objectives

Three objectives were assessed: (i) Analysis of the
sequencing quality from five different sequencing
approaches, (i) optimal hybrid assembly techniques for long
and short sequences were assessed to compare two
approaches: long-read-first (with short read correction)
(CANU/pilon, Flye) or short-read-first (with scaffolding on
long reads) (Unicyler/ SPAdes). The third objective (iii) was
to evaluate eight short-read assemblers.

Materials & methods

We sequenced five diagnostically relevant Francisella
tularensis strains isolated in Germany. using the short-read
sequencers lon Torrent’s lon S5, lllumina MiSeq, lllumina
Hiseq and the long-read sequencers Pacific Biosciences RS
(PacBio) and Oxford Nanopore Technologies Minion (ONT).
Hybrid assembly was assessed to compare between the
long-read-first (with short read correction) and short-read-first
approach (with scaffolding on long reads) (CANU/pilon, Flye,
Unicyler, SPAdes). The performance of short-read
assembler (Abyss, IDBA, Masurca, Metaspades V3.9,
Spades v3.11, Spades v3.9, Tadpole, Velvet) was
compared.

Results

Our quality assessment was based on sequencing data,
sequencing error, coverage evenness, and GC-bias. All five
sequencing platforms provided good sequencing results.
Canu/pilon was most appropriate for PacBio-based hybrid
assemblies with HiSeq data. The optimal short-read
assembler was SPAdes 3.11.

Conclusion

All sequencing platforms result in appropriate sequencing
results to be used in epidemiological studies. For hybrid
assembly, the method to use the long-read-first and correct
then with short read had the best results for circularization
and contiguity. Our results may help to better plan future
sequencing projects of epidemiological studies.
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Question

While the number of invasive meningococcal disease (IMD)
cases decreased in Germany and Europe over the last
years, a rising incidence of IMD of serogroup W
meningococci (MenW) caused by a unique hypervirulent
clone of clonal complex (cc) 11 has been reported in several
European countries (Krone, M., et al., Increase of invasive
meningococcal serogroup W disease in Europe, 2013 to
2017. Euro Surveill, 2019. 24(14)). The UK Strain 2013 was
responsible for the change in European epidemiology
(Lucidarme, J., et al, An international invasive
meningococcal disease outbreak due to a novel and rapidly
expanding serogroup W strain, Scotland and Sweden, July to
August 2015. Euro Surveill, 2016. 21(45)). The aim of the
study is to describe MenW epidemiology in Germany from
2002 — 2018. To analyse be whole genome sequencing
(WGS) the population structure of German MenW strains.

Methods

Laboratory surveillance data collected by the National
Reference Laboratory for Meningococci and Haemophilus
influenzae (NRZMHi) and statutory data of the Robert Koch
institute from were analysed. WGS was done at the core unit
systems biology of the University of Wiirzburg on an lllumina
NextSeq 500 sequencer using the Nextera XT library
preparation. SeqSphere+ software (Ridom) was used for de
novo assembly (Velvet) and allele calling for cgMLST
assignment. BIGSdb and SeqSphere were used for
phylogenetic analyses.

Results

While the share of MenW on all IMD cases in Germany had
ranged from 1 to 4 % before 2016, an increase in MenW IMD
incidence and proportion on all IMD was observed since
2016 reaching 13 % of all IMD and 0.04 cases per 100,000
populationin 2018. While MenW cases between 2012 and
2015 were mainly caused by cc22 and cc23, an expansion of
ccll could be observed since 2016 of which the majority of
the cases in 2017 (10/14) and 2018 (14/19) were caused by
the "UK 2013" strain.

Conclusions

The increase of MenW cases mainly caused by the "UK
2013" strain in Germany follows developments in other
European countries. However, in contrast to the UK and the
Netherlands, this increase is very moderate and an
epidemiologically relevant expansion cannot be confirmed
yet.
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Background: Enterococci are considered the second to third
most common cause of nosocomial infections. Especially
vancomycin-resistant Enterococcus spp. (VRE) pose a
serious threat to health care institutions as limited treatment
options exist for those pathogens. Vancomycin resistance is
most prominent in E. faecium of which hospital-adapted
lineages have emerged. Multi-locus sequence typing (MLST)
has identified lineage ST117 amongst the E.faecium
population that is highly prevalent in German hospitals
nowadays. In order to disclose population dynamics and
distribution of the resistance genotype over time, we
analysed a comprehensive strain collection of E. faecium
ST117 received by the NRC from 1998 until 2018.

Methods: In total, 415 E. faecium ST117 of various clinical
materials and including outbreak isolates were subjected to
whole-genome sequencing (WGS). Phylogenetic relatedness
was assessed by core genome MLST (cgMLST) using the
SeqSphere® software. The pan-genome was analysed using
Roary and Scoary.

Results: WGS and cgMLST analyses allowed sub-
differentiation of the ST117 population into 81 distinct
complex types (CT). A plethora of novel CTs were identified;
however, a few CTs such as CT71 dominate the E. faecium
ST117 population and were causative for outbreaks. Most
interestingly, specific CT dynamics were observed over the
study period of 20 years, indicating the rise and fall of distinct
sub-lineages in German hospitals. Further bioinformatics
investigations demonstrate a clear association of either vanA
or vanB with selected CT-lineages and the emergence of
vanB in E. faecium ST117 in recent years. Gene distribution
cluster analysis revealed a partially lineage-specific gene
repertoire.

Conclusions: Our analyses suggest that the emergence,
dissemination and the decline of hospital-adapted E. faecium
ST117 clinical isolates is highly dynamic but simultaneously
dominated by selected clonal lineages. Detailed molecular
investigations are currently in progress to obtain insights into
the genetic basis that might facilitate certain strain types to
emerge as successful pathogens in clinical settings.
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Introduction: Listeria monocytogenes causes foodborne
infections with high mortality. The majority of cases are either
sporadic or occur in small disease clusters. However, large
outbreaks may occasionally arise, leading to a significant
burden of disease.

Objectives: L. monocytogenes isolates from approximately
two-thirds of all mandatorily notified German listeriosis cases
are sent to the bi-national Consiliary Laboratory for Listeria at
the Robert Koch Institute and the Austrian Agency for Health,
which run a subtyping program for identification of listeriosis
outbreak clusters.

Materials & Methods: Whole genome sequencing (WGS)
and core genome multi locus sequence typing (cgMLST)
were used for subtyping of more than 1,700 human L.
monocytogenes isolates collected in Germany between 2015
and 2019. Presumable food vehicles for listeriosis infections
were identified through matching of cgMLST subtyping
results from human isolates and food isolates collected by
the National Reference Laboratory at the German Federal
Institute for Risk Assessment. For selected cgMLST clusters,
patients were interviewed on their food consumption habits
to add epidemiological evidence.

Results: Two thirds of all human isolates grouped into more
than 160 different cgMLST clusters. Among them were
several large clusters including one with 112 cases, which
has been among the largest European listeriosis outbreaks
for more than 25 years. For some clusters, case-control
studies and WGS-typing of isolates from suspected food
sources provided the key for identification of the source of
infection.

Conclusions: Our work illustrates the importance and
suitability of a comprehensive WGS-based national
surveillance system comprising human and food isolates in
order to stop and to prevent listeriosis outbreaks.
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High heterogeneity of plasmid-mediated quinolone
resistance in Escherichia coli isolates recovered from
livestock and food in Germany
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Introduction:  Resistance to quinolones can be
chromosomally encoded or plasmid-mediated (PMQR). One
PMQR mechanism is mediated by Qnr proteins. The
horizontal gene transfer of this plasmid-mediated quinolone
resistance increases the threat of fallible treatment with
quinolones.

Objectives: To better understand the distribution of PMQR,
in particular gnr genes, Escherichia (E.) coli isolates
recovered in 2017 from livestock and food were
phenotypically and genotypically characterized.

Materials & Methods: 3,409 E. coli isolates from the
German National Reference Laboratory for Antimicrobial
Resistance were investigated. The isolates were received in
the German national monitoring program for antimicrobial
resistance. Antimicrobial resistance was determined by broth
microdilution according to CLSI guidelines. MIC values for
ciprofloxacin and nalidixic acid were evaluated using
EUCAST epidemiological cut-off values (MICNAL =16 mgl/L,
MICCIP 20.06 mg/L). E. coli resistant to quinolones were



subjected to qnr-PCR, Xbal-PFGE, S1-PFGE, WGS and
bioinformatic analysis. Six different qnr-PCRs were
conducted to identify the respective gnr-variants.

Results: Overall, 504 isolates were classified as quinolone-
resistant. Of those, 107 were found to harbor a gnr gene.
The most abundant gnr-variant was gnrS. PFGE profiling for
the 107 gnr positive isolates demonstrated a high
heterogeneity, indicating that they are not associated to a
predominant E. coli clone spreading via vertical transmission.
S1-PFGE plasmid profiing showed a variety of
extrachromosomal elements of various sizes. 43 Isolates,
selected according their Xbal- and S1-PFGE pattern were
further screened for their genetic setting through short read
whole genome sequencing (WGS). Sequencing confirmed
the high genetic diversity of the quinolone-resistant E. coli
strains.

Conclusion: Quinolone-resistance could not be attributed to
a specific lineage of E. coli. Further analysis is needed for a
better understanding of the plasmid diversity within qnr-
harboring E. coli and the prerequisites of their spread.
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The National Reference Centre for invasive fungal infections
(NRZMyk) receives fungal isolates and native clinical
materials from hospitals and registered doctors across
Germany. All isolates are identified molecularly by the use of
makers that are discriminative for the respective taxa.
Antifungal susceptibility testing is performed in vitro, by
microdilution testing according to the EUCAST protocol for
most isolates. Additionally, molecular testing is performed for
echinocandin resistance of Candida spp. and azole
resistance of Aspergillus fumigatus. In Aspergillus, molecular
identification revealed that clinical isolates morphologically
identified as Aspergillus niger or Aspergillus nidulans in most
cases represent different species with deviant antifungal
susceptibility profiles. Species morphologically similar to
Aspergillus fumigatus but with intrinsic antifungal resistances
such as A. lentulus or A. udagawae are rarely observed by
the NRZMyk. In Aspergillus fumigatus, azole resistance is
seen in two thirds of the strains and is caused by mutations
of the 14-a-sterol demethylase gene (CYP51A). The most
frequent mutation is TR34/L98H. In the last five years, the
isolates of A. fumigatus received by the NRZMyk did not
show a significant increase in the azole resistance.
Importantly, the NRZMyk did not detect any increases in rare
Candida spp. such as Candida auris. Echinocandine
resistance in C. albicans and C. glabrata is often caused by
mutations of the target genes, the 1,3-B-D-glucan synthase
genes and can be acquired within short periods of treatment.
Molecular species identification in combination with
antifungal susceptibility testing contributes to an improved
management of fungal infections.
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Tick-borne encephalitis (TBE) is the most important tick-
transmitted viral infection in Europe and Asia. In Germany
very high numbers of registered human cases were reported
in Germany, with 486 cases in 2017 and 585 human cases in
2018. In 2018, the highest number of ticks within the last 10
years was sampled in a representative TBE natural focus
areas in Germany. The geographical distribution of TBE
cases in Germany showed that the high numbers of human
TBE cases are due to increases in the known endemic
areas. Newly emerging TBE endemic areas contribute only
to a small proportion to the increase of human cases seen
during the last two years. Therefore, an association between
tick numbers and human TBE cases was assumed. To test
this hypothesis ticks were sampled in 2019 monthly in a
control TBE natural focus area and human cases reported to
the Robert Koch-Institute were associated. A total of 1,638
ticks (104 males, 75 females, 1,459 nymphs) were sampled.
In comparison with the year 2018 (1,875 ticks, 131 males,
104 females, 1,640 nymphs) the number of ticks was only
about 10% higher than in 2019. However, the number of
human TBE cases has decreased about 30% from 2018 to
2019 (estimated 400 human cases). In 2018 the minimal
infection rate (MIR) in the tick population was 0.16% (3/1,875
ticks). In 2019 the MIR was calculated as 0.24% (4/1,638).
The data show that the absolute number of ticks and the MIR
in ticks do not correlate with the number of human TBE
cases. These results imply that mainly anthropogenic
activities determine the number of human cases. Most cases
still occur in well-known TBE risk districts while human TBE
cases from emergin risk areas are responsible for a small
proportion of cases.
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Question

Bacterial signalling substances induce colonisation and
metamorphosis in larvae of marine invertebrates such as
sponges, cnidarians, mollusca and annelids [1]. We have
chosen the marine polyp Hydractinia echinata as a model
system to study the initiation of metamorphosis and the
chemical communication between the eukaryotic host and
the associated microbiome [2]. The life cycle of the hydroid
polyp H. echinata includes the bacterial induced transition of
the mobile larvae into the sessile reproduction phase (polyp).
The larva develops into a primary polyp only in response to a
chemical cue/specific molecule provided by associated
environmental bacteria.

Methods

We used a culture-dependent and independent approach to
identify associated microbes. The isolated strains were
investigated for their potential to induce metamorphosis of H.
echinata larvae using a stable monospecies induction assay.
Strains that reliably induced metamorphosis were prioritized
and different purification methods were applied to isolate the
involved substances by bioassay guided fractionation.



Results

Several results indicated that more than one signaling
substance is involved in the morphogenesis process. Further
chemical analysis of active fractions caused the identification
of chemically distinct types of morphogenic metabolites
including certain bacterial membrane components, such as
different phospholipids. Fluorescence measurement showed
that synthetic phospholipid derivatives are incorporated into
the cell membrane of the larvae. Likewise, a polymeric
sugar, containing rhamnose-mannose units, induced full
metamorphosis [3].

Conclusions

Overall, our results suggest that the metamorphic transition
of the motile larva to the sessile polyp needs to be
considered as an orchestrated, multi-factorial or even
synergistic event, which requires most likely different
bacterial-produced signaling cues.
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Background: The increase of antibiotic resistance making
infectious diseases a major cause for death worldwide,
provokes an urgent need for the development of novel
therapeutic strategies (e.g. preventive probiotics). For
decades, two-dimensional cell culture provided the best way
to study bacterial-host interactions in vitro. Since the 1990s,
there has been a shift from the "flat biology" to advanced 3D
cell culture methods of intestinal epithelia, closely mimicking
the microenvironment for host-microbe crosstalk, offering "in
vivtro" tools for the analysis of cellular response (e.g. barrier
function, protective mucin production) to infection.

Objectives: Advanced cell culture models are necessary to
fast-track in vitro based research to complex in vivo models
for infectious diseases.

Material & Methods: Employing the colonic cell lines HT29,
HT29-MTX and LS174T we compared cellular responses to
co-incubation with the probiotic E. coli Nissle 1917 and
flagella variants. Corresponding gene expression profiles of
cell lines were compiled (RT2 Profiler Arrays (Qiagen)).
Epithelial cells on Transwell® Inserts do polarize but do not
mimic a complex mucosal surface. This made us to use the
rotating wall vessel (RWV) bioreactor, engineered to study
cellular and molecular responses of host and microbes. It
offers dynamic culture conditions for epithelial cells like low

fluid shear stress influencing gene regulation and cellular
differentiation of cells growing on Cytodex-3 beads.

Results: Our studies of bacterial-host interaction revealed
obvious differences between varying cell culture models
concerning: a) bacterial induced fine tuning of host
responses by miRNA regulation, e.g. TNF, MyD88 (immune
response) by miR-181a or miR-200c, JamA (barrier function)
by miR-320a, b) the impact of a protective apical mucin layer
and c) rotating infection conditions (bacterial adhesion).

Conclusions: These differences shed light on mechanisms
governing host-microbe (probiotic) interactions, delivering
more physiologically relevant results about intestinal disease
development and pave the way for the translation "from
bench to bedside" (application of probiotics).
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Question:

Microbial diversity positively correlates with ecosystem
stability. This relationship also applies to host-associated
microbiomes. Therefore, factors contributing to microbial
diversity are of great interest, especially as certain diseases
are linked to microbiome dysbiosis. A so far understudied
group of candidates for microbiome restoration are predatory
bacteria belonging to the Bdellovibrio-and like organisms
(BALOs). These bacteria can be considered as probiotic
(they reduce dominant species, thereby promoting less
abundant species) as well as antibiotic (they kill other
bacteria). A previous meta-analysis of microbiomes from
distinct hosts revealed that BALO presence associates with a
higher microbiome alpha-diversity. BALOs might therefore
prevent microbiome dysbiosis by actively preying on
dominant species, thus increasing host health.

Methods:

In order to elucidate if BALOs are drivers of microbiome
diversity we performed controlled laboratory experiments in
culture as well as in vivo using the nematode Caenorhabditis
elegans as model host. We assembled microbiome
communities of different complexity and tracked the
community dynamics in the presence or absence of a newly
isolated BALO over two weeks via 16S rRNA gene
sequencing. Host brood size and population growth were
measured as proxies for host health and fitness.

Results:

We found a general decrease in community richness over
time, but this decrease was significantly delayed in the
presence of the predatory bacterium. Additionally, specific
microbiome members became significantly more abundant in
cultures containing the BALO and showed different co-
occurrence pattern than in BALO-free cultures. Finally, we
found a positive association between BALO presence and C.
elegans health and fitness.

Conclusions:

Our results demonstrate that BALOs have a positive effect
on microbial diversity and potentially host health and



therefore represent promising candidates for the restoration
of disturbed microbiomes.
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Interest in host-symbiont interactions is continuously
increasing, not only due to the recognized importance of
microbiomes. Started with the detection and description of
novel symbionts, attention moves to the molecular
consequences and innovations of symbioses. Molecular
analysis requires genomic data that is difficult to obtain from
obligate intracellular and uncultivated bacteria. How do we
obtain the genome and transcriptome of the obligate
endosymbiont Caedibacter taeniospiralis, a member of the
little studied group Fastidiosibacteriaceae? This symbiont
confers its unicellular host Paramecium tetraurelia with the
ability to kill other cells, and with immunity against this effect.
Based on the genomic data, which new insights are gained
into the establishment and consequences of this complex
modified killer phenotype?

Paramecia were cultivated with hypersensitive E. coli
allowing to remove food bacteria from the culture before
DNA and RNA extraction without the risk of eliminating the
symbiont. We obtained the C. taeniospiralis genome and
transcriptome by dual-Seq of DNA and RNA from infected
paramecia.

Comparison of codon usage and expression level indicates
that genes necessary for a specific trait of this symbiosis, i.e.
the delivery of an unknown toxin, result from horizontal gene
transfer hinting to the relevance of DNA transfer for acquiring
new characters. Prediction of secreted proteins of
Caedibacter as major agents of contact with the host implies,
next to several toxin candidates, a rather un-characterized
secretome that appears to be highly adapted to this
symbiosis.

Our data provides new insight into the molecular
establishment and evolution of this obligate symbiosis and
for the pathway characterization of toxicity and immunity.
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Eukaryotes, including plants, are hosts to microbes. These
microbes can be recruited from the environment as well as
transferred between the generations horizontally or vertically.
We hypothesize, that in wheat, due to priority effects,
vertically transferred microbiota has priority advantage over
bacteria recruited from the environment.

Isolation efforts on Triticum aestivum seeds and seedlings
have yielded few cultivable bacterial strains present both on

and in the seed and seedling. Pantoea agglomerans was the
species found in most of the samples, independent of the
geographical origin (Germany, Turkey).

Here we show that GFP-tagged strain of Pantoea
agglomerans, originally isolated from wheat, maintains its
ability to colonize germ-free wheat roots and to proliferate
within the root. Independently of the inoculum size used, log-
phase-like population growth within the root was observed.
Afterward, while population growth was still ongoing, any
further increase in population size was tied to the growth of
the root habitat. Once population count was standardized
based on root fresh weight, the plateau was observed within
8 days post-inoculation, showing that the carrying capacity of
the host is limited.

In planta competitions between GFP and mCherry tagged
Pantoea strains were performed to check for numerical
priority effects and adaptive priority effects. Competing
strains were introduced with a time lag between them or one
of the strains was pre-cultivated in a plant, while the second
was cultivated in liquid media.

Our results show a strong impact of the priority effect. The
numerical advantage of primary colonizer led to its high
relative abundance. No adaptive advantage was observed.
Compared to our single colonizer experiments, total carrying
capacity of the host was unchanged.

This data provides the fundament for future experiments on
mechanistic aspects of wheat colonization by Pantoea
agglomerans, which can be performed by analysis of the
bacterial genome and preparation of knock-outs. The
established gnotobiotic system enables further competition
and exclusion experiments.

219-MSMV

Deciphering the lifestyle of Pseudomonads and related
species using a novel high resolution 13C metabolic flux
approach

*M. Kohlstedt?, C. Wittmann*

!Saarland University, Institute of Systems Biotechnology,
Saarbriicken, Germany

Introduction

Pseudomonads exhibit a complex metabolic architecture and
are known to assimilate glucose via three convergent
peripheral pathways [1]. After uptake into periplasm, glucose
can be either phosphorylated directly into glucose 6-
phosphate or it can be oxidized into gluconate, which is then
taken up in the cytoplasm and phosphorylated. In addition,
gluconate can be further converted into 2-ketogluconate,
which is transported into the cytoplasm, subsequently
phosphorylated and finally reduced via the 2-ketogluconate
loop. All three catabolic steps converge at the level of 6-
phosphogluconate, which is next cleaved into glyceraldehyde
3-phosphate and pyruvate via the Entner-Doudoroff pathway.
These trioses can then be recycled back into hexose
phosphates or further channeled into lower carbon
metabolism.

Objectives

We present a simple, robust and solely GC-MS-based
approach to resolve the complex metabolic architecture of
Pseudomonads as demonstrated for P. putida KT2440 and
P. aeruginosa PAOL.



Materials & Methods

For high resolution *3C metabolic flux analysis, we combined
parallel labeling experiments on different 13C tracers with
GC-MS measurements of labeling data obtained from
proteinogenic amino acids, cell glycogen and peptidoglycan

[2].
Results

Additional information for glucose 6-phosphate and fructose
6-phosphate from cell glycogen and glucosamine resulted in
an extensive data set with sufficient power to resolve all
relevant fluxome features in the investigated bacteria.
Excellent fits between experimental and simulated data were
obtained. Both strains reveal a high metabolic flexibility
towards different carbon sources and stressors.

Conclusion

Our novel approach allows studying the metabolism of
Pseudomonads to great detail (including more than 250
members of biotechnological [3] and clinical relevance [4]).
Also other microbes, exhibiting a similar pathway
architecture, now become accessible on the flux level.
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Microbial communities are ubiquitous in nature and impact
human well-being in many ways. Due to their complexity with
respect to their spatio-temporal dynamics and the intricate
interaction networks driving these dynamics, they are
notoriously difficult to understand. Modeling has been
applied as a valid tool to untangle ecological interactions in
these systems but usually not resolving intracellular
metabolic fluxes. These are explicitty considered in
constraint-based methods which are a standard tool for
monocultures, typically relying on genome-scale metabolic
networks of sequenced microbial species.

To characterize microbiome dynamics both on the species
abundance and down to the enzyme-level, we here introduce
pbialSim (pronounced "microbialSim"), a novel numerical
simulator that implements the dynamic Flux-Balance-
Analysis approach and expands it to communities. By
employing a novel numerical integration scheme, our
simulator can consider communities at their natural diversity,
going beyond current simulator capabilities which are
restricted to few species or low abundance communities.

As an example, we apply pbialSim to the entirety of a model
collection of 773 species of the human gut microbiome. We
demonstrate how the predicted pattern of compound
exchange and its dynamics can be analyzed as the
community feeds on a western-diet substrate pulse.

While quantitative predictions have to be interpreted in the
light of the simulator"s current limitations — being restricted to
metabolic interactions only — we envision pbialSim as a
starting point for an extensive in silico characterization of
community dynamics at an unprecedented level of detail. It
can be used as a tool for experimental design and the design
of communities for novel biotechnological applications.
Combined with OMICS data on enzyme activity it will be an
invaluable tool to decipher activity in experimental
microbiomes and helping in elucidating general principles in
microbial ecology.
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Introduction: Fluorescent proteins are indispensable for
several applications in molecular biology. Commonly, the
green fluorescent protein and its derivates are used, but their
usage is limited to aerobic bacteria, since chromophore
maturation requires oxygen. The fluorescence-activating and
absorption-shifting tag (FAST) is a fluorescence-activating
protein and only shows fluorescence when bound to a
fluorogenic ligand. Its fluorescence is independent of oxygen
and therefore perfectly suited as a molecular biological tool
in anaerobic bacteria such as Eubacterium limosum.
E. limosum is an acetogen, which is genetically accessible
and a promising biocatalyst for the sustainable production of
chemicals from C1 carbon sources. The establishment of
molecular tools using the FAST protein is of great interest.

Objectives: In this study, the functionality of FAST as a
reporter was evaluated in E. limosum by expression using
different promoters and by fusion to the protein 4-
hydroxybutyryl-CoA dehydratase (AbfD).

Materials and Methods: FAST was cloned under the control
of the different constitutive and inducible promoters PtnSUP,
Pptaack, Ptet, and PogaL. In addition, the plasmid pMTL83251_
Poga._C-FAST-abfD was constructed, which encodes the
FAST-tagged abfD gene. E.limosum was electroporated
using the resulting plasmids, and recombinant strains were
analysed by measuring FAST dependent fluorescence
during growth.

Results: E. limosum [pMTL83251_Pbga. FAST] showed
intense fluorescence when gene expression was induced. In
the absence of lactose, however, no fluorescence was
measured. The inducible promoter system bgaR-Pnga. S€EMS
to be tightly regulated in E. limosum and causes strong gene
expression when induced, making it perfectly suitable for the
construction of production plasmids. During growth of
E. limosum [pMTL83251_Pugar_ C-FAST-abfD], fluorescence
increased after induction of gene expression. This indicates
that the fusion protein and therefore AbfD was produced.

Conclusion: FAST is a promising molecular biological tool in
anaerobic bacteria. It is suitable as reporter for promoter
studies and as a fluorescent tag for fusion protein
construction.
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Modelling phototrophic growth: from single cells to
microbial communities
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Introduction: Microbial life is ubiquitous in all environments
on Earth, and understanding the life and growth of microbes
has outstanding relevance for biotechnology,
biogeochemistry, and human health. The construction of
computational models is highly useful tool to understand the
organization and functioning of microbial metabolism.

Objectives: The purpose of this contribution is to outline
recent advances in modelling microbial growth from the
perspective of cellular resource allocation, with a focus on
cyanobacterial phototrophic growth.

Results: Over the past years, we developed a mathematical
framework that describes cyanobacterial growth based on
coarse-grained models of cellular proteome allocation. Of
particular interest are the resulting microbial 'growth laws',
i.e., the correlations between the growth rate and the
proteome distribution observed during balanced growth. The
models predict a characteristic kink for the growth laws of the
light harvesting components induced by photoinhibition, the
predicted growth laws are in good agreement with
guantitative mass spectrometry-based proteomics data of the
cyanobacterium Synechocystis sp. PCC 6803.

Conclusion: Coarse-grained microbial growth models are
physiologically meaningful while remaining computationally
tractable. Such models allows us to represent the
physiological acclimation of cyanobacteria to different
environments, co-limitation of growth by several nutrients, as
well as emergent metabolic switches between alternative
nutrient sources. Our next step is therefore to understand the
interactions and dynamics within microbial communities and
to construct predictive models of microbial growth for
ecosystems simulations.
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Optimized microbial production processes often require
precise control over targeted metabolic pathways and
underlying regulatory networks. In recent years, optogenetic
tools such as light-responsive switches have been
implemented which enable a non-invasive control over
cellular functions with high spatiotemporal resolution. Here,

we report on the development and evaluation of different
optogenetic on and off switches that allow for light-mediated
control of gene expression or protein activity and
demonstrate the applicability of these switches for
programming bacterial production processes with light.

Optogenetic on switches: Broadly applicable light-responsive
expression systems were developed by employing
photocaged inducer molecules like caged IPTG and
arabinose!?. Light-induced cleavage of the photosensitive
protection group results in an intracellular release of inducer
molecules and an immediate target gene expression. The
biotechnological applicability of these phototriggers could be
demonstrated by optimizing the synthesis of secondary
metabolites such as violacein in E. coli?. Furthermore, the
toolbox of photocaged compounds provides inducer
molecules with differing chemical properties like e.g. water
solubility and enables the expression in different host strains.

Optogenetic off switches: Genetically encoded
photosensitizers (PS) are proteins that produce reactive
oxygen species upon illumination®4. Due to this feature, PS
constitute suitable optogenetic tools for chromophore-
assisted light inactivation (CALI) of target enzymes in living
bacteria. By using the bifurcated biosynthetic pathway of the
antibiotic tripyrrole prodigiosin, we could demonstrate
gradual PS-mediated inhibition of the final condensing
enzyme PigC.

Because of their unique properties, these newly established
optogenetic switches can be applied in the near future as
versatile plug-and-play tools suitable for regulating and
optimizing complex production processes by light in a broad
range of different bacteria.

1Binder et al.Integr.Biol.,6(6):755—765.
2Binder et al.ChemBioChem,17(4):296—299.
SEndres et al.Sci.Rep.,8(1):15021.

“Hilgers et al.Int.J.Mol.Sci.,20(18):4608.
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Marburg Collection: A highly flexible cloning toolbox for the
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Vibrio natriegens is known as the world"s fastest growing
organism with a doubling time of less than 10 minutes. This
incredible growth speed proposes V. natriegens as a chassis
for synthetic and molecular biology and for replacing E.
coliin many applications. So far, many foundational genetic
tools, e.g. inducible promoters, plasmid replication origins or
reporter genes, are not yet established or not characterized
in V. natriegens and therefore the widespread use of this
promising chassis is prevented. To overcome this limitation,
we created the Marburg Collection, a highly flexible Golden
Gate-based cloning toolbox optimized for the emerging
chassis organism V. natriegens.



The Marburg Collection overcomes the paradigm of plasmid
construction — integrating inserts into a backbone — by
enabling the de novo assembly of plasmids from basic
genetic parts. This allows users to select the plasmid
replication origin and resistance part independently, which is
highly advantageous when working with limited knowledge
about the behavior of those parts in the target organism.
Additional design highlights of the Marburg Collection are
novel connector parts which facilitate modular circuit
assembly and, optionally, the inversion of individual
transcription units to reduce crosstalk in multigene
constructs.

To quantitatively characterize the genetic parts contained in
the Marburg Collection in V. natriegens, we developed a
reliable plate reader measurement workflow for reporter
experiments and overcame organism-specific challenges,
including rapid growth and a high susceptibility towards
metabolic burden. By applying this workflow, we generated a
comprehensive data set about the quantitative behavior of
genetic building blocks in V. natriegens. We think that the
Marburg Collection as well as the acquired data of the
genetic parts will provide valuable resources for the growing
V. natriegens community.
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Background

High-value compounds such as the bacterial tripyrrolic
compound prodigiosin can readily be produced by
recombinant  biosynthesis in the amenable host
Pseudomonas putidal. As prodiginine variants differ in
bioactive properties, it is desirable to make a variety of
related structures accessible.

Methods

We have established the yTREX “"gene cluster
transplantation tool" which is based on ligase independent
cloning to assemble a vector construct carrying a
biosynthetic gene cluster of interest and genetic elements
that enable the robust conjugational transfer to a bacterial
host, and the subsequent insertion in the bacterial
chromosome?. The yTREX expression tool was re-designed
to obtain a modular architecture allowing for flexible cloning
and effective expression of natural or customized gene
clusters in different modi.

Results

We combined prodiginine biosynthetic genes from Serratia
marcescens and Pseudoalteromonas rubra for the
biosynthesis of different natural prodiginines in P. putida
KT2440. Here, random genomic integration enabled the
identification of naturally highly transcribed chromosomal
rDNA operons as suitable regions for gene cluster insertion
and expression?. Based on this finding, we have generated
strains allowing to directly integrate genes into these specific

loci. Furthermore, we assembled distinct pathway parts and
achieved the production of precursor molecules like the
bipyrrole  MBC, which enables creating new-to-nature
prodiginine compounds via mutasynthesis®. In the course of
our studies, we have also demonstrated that the concomitant
expression of reporter genes encoding enzymes like
B-galactosidase or polyester hydrolase as well as fluorescent
proteins proved highly useful to indicate gene cluster
transcription levels in different P. putida clones.

Conclusion

Our methodology enables the rapid generation of P. putida
production strains for the synthesis of valuable compounds
such as prodiginines.

1Domrose et al. 2017, doi:10.1016/j.synbio.2017.11.001
2Domrose et al. 2019, doi:10.1038/s41598-019-43405-1

3Klein et al. 2018, doi:10.1002/cbic.201800154
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The marine bacterium Vibrio natriegens was recently
demonstrated to be a promising new host for molecular
biology and next generation bioprocesses[l, 2]. V.
natriegens is a Gram-negative, non-pathogenic slight-
halophilic bacterium, with a high nutrient versatility and a
reported doubling time of under 10 minutes[2]. However, V.
natriegens is not an established model organism yet, and
work on different aspects is required to foster it into a
microbial workhorse. In this work, improvements at the
process site and at the microbial site were investigated.

In a first set of experiments, defined growth media were
optimized for use in high throughput microtiter plate
cultivations and evolutionary experiments. Furthermore, two
biosensors, Lrp and LysG, were adapted for expression in V.
natriegens, to facilitate the detection of positively charged
amino acids, L-methionine and branched-chain amino acids.
Transcription factor-based biosensors are powerful tools for
various applications in biotechnology, examples are to
screen and select for cells with increased product formation.

Further experiments focused on the construction of a robust
chassis strain. Genome sequencing and gPCR analysis
revealed that the first chromosome of V. natriegens ATCC
14048 contains two prophage regions (VNP1 and VNP2),
which are both still inducible by the DNA-damaging agent
mitomycin C and which exhibit spontaneous activation under
standard cultivation conditions[3]. A prophage free strain was
created, which featured an improved tolerance to DNA-
damaging conditions and hypo-osmotic conditions. In a
competitive growth experiment, the prophage-free strain
outcompeted the wild type. Consequently, this strain is a
promising platform for future metabolic engineering
strategies.

[1] M. T. Weinstock, E. D. Hesek, C. M. Wilson, D. G.
Gibson, Nat. Methods, 2016, 13, 849.



[2] E. Hoffart, S. Grenz, J. Lange, R. Nitschel, F. Muller, A.
Schwentner, A. Feith, M. Lenfers-Licker, R. Takors, B.
Blombach, Appl. Environ. Microbiol., 2017, 83, e01614.

[3] E. Pfeifer, S. Michniewski, C. Gatgens, E. Munch, F.
Muller, T. Polen, A. Millard, B. Blombach, J. Frunzke, Appl.
Environ. Microbiol., 2019, 85, e00853.
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Sensing and responding to stimuli drive the regulation of
many essential cellular mechanisms. Speed and efficiency of
sensing and response systems are the cornerstone of
bacterial survival and adaptability. In order to respond to
signals, bacteria adopted different strategies, from synthesis
of messengers to post-translational modification (PTM).
Phosphorylation is the most studied PTM and is the pivotal
strategy used to translate different signals into physiological
responses. In eukaryotes, Ser/Thr/Tyr kinase have a major
role in this signal transduction due to the wide number and
types of proteins targeted; although widespread in bacteria,
this type of PTM is still relatively underexplored. Recently,
we identified the YjjJ protein as a novel target of the
persistence-related Ser/Thr kinase HipA7. Sequence
analysis indicate that YjjJ is a putative kinase belonging to
the HipA-like family, with conserved residues for
phosphorylation activity. Here we aimed to characterize the
kinase activity of YjjJ, identify its targets and assess its effect
on E.coli physiology. We first tested the impact of YjjJ on
bacterial growth and its potential role in antibiotic tolerance.
Using liquid chromatography coupled with mass-
spectrometry, we performed shotgun phosphoproteomics
and analyzed the impact of YjjJ overexpression on the
proteome and  phosphoproteome. We  confirmed
phosphorpoteomic  results viain vitro kinase and
complementation assay. Our phosphoproteomic results
revealed significant changes in phosphorylation levels on
several proteins and pointed to GItX as the main YijjJ target.
We then confirmed YijjJ substrates via in vitro assays
coupled with complementation tests. We demonstrated that
YjjJ activity is toxic for the cell and at high levels leads to cell
death. Here we show for the first time that YjjJ is a Ser/Thr
kinase that phosphorylates GItX (also a HipA target) and is
toxic for the cell. Despite its high similarities with HipA, YjjJ
does not seem to be involved in persistence, leaving the role
of this kinase still unknown.
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Transcription of the PCE regulon in organohalide-respiring
Sulfurospirillum species is controlled by a two-component
system.
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The genetic inventory required for the tetrachloroethene
(PCE) respiration performed by Sulfurospirillum
halorespirans or Sulfurospirilum multivorans  (phylum:
Campylobacterota) is combined in a single genetic locus
comprising eight transcriptional units. The eight operons
encode for the norcobamide-containing PCE reductive
dehalogenase, for the norcobamide cofactor biosynthetic
machinery, for components of the PCE respiratory chain, and
for a pair of two-component systems (TCSs). Gene

transcription is readily inducible by PCE within one
generation, but ceases in the absence of PCE in a long-term
downregulation (>100 generations). In previous genomic,
proteomic, and transcriptomic analyses evidence was found
that one out of the two TCSs is involved in PCE sensing and
transcription initiation.

Here, we raised the question for the presence of an operator
sequence recognized by the regulator and common to all
promoters of the organohalide respiration gene region. In
order to analyze the interaction between the response
regulator protein (RR2) and the promoter sequences, purified
RR2 was tested for binding different intergenic regions in
electrophoretic mobility shift assays (EMSA). For the
identification of the binding sites, libraries of DNA fragments
covering short sections of the intergenic regions were
screened. By using this approach, the interaction of RR2 with
all eight promoter sequences of the PCE regulon was
observed. In addition, a direct repeat (consensus CTATW
separated by 17 bp) was identified as the regulator protein's
binding site either located close to the -35 box or further
upstream. Finally, based on the evaluation of the transcript
levels in combination with the results of the EMSA a model
for the PCE-sensing regulatory network in dehalogenating
Sulfurospirillum species was derived in which RR2 acts as
class | and class Il transcriptional activator.
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The NreABC two-component system induces expression of
the nitrate reductase (narGHJI genes) of Staphylococci in the
presence of nitrate and anaerobic conditions®. NreB
represents the oxygen sensor while NreC acts as the
response regulator?. Under anaerobic conditions the sensor
kinase NreB is autophosphorylated and phosphorylates the
response regulator NreC. NreA represents a nitrate sensor®
which controls NreB phosphorylation in response to nitrate
availability!, resulting in a nitrate/oxygen co-sensing unit.

NreB contains a DxxxQ phosphatase motive of HisKA_3 type
histidine kinases, suggesting location of the phosphatase site
of the NreB-NreC system in NreB. NreC exhibited no
capacity for auto-dephosphorylation. NreB was able to
dephosphorylate NreC-phosphate, but required the joint
presence of NreA for dephosphorylation. The NreA regulated
phosphatase activity of NreB was lost in the presence of
nitrate. NreB mutants of the DxxxQ motive were not able to
dephosphorylate  NreC-phosphate.  Therefore, NreB
represents a bifunctional sensor histidine kinase which
regulates the phosphorylation state of NreC. The switch in
NreB function is controlled by NreA by inhibiting NreB
autophosphorylation and stimulating the phosphatase in the
free state (apoNreA) or by stimulating NreB
autophosphorylation and inhibiting the phosphatase in the
nitrate bound form (NreA-nitrate complex).

[1] Nilkens et al. (2014); Molecular microbiology 91 (2): 381-
393



[2] Millner et al. (2008); Biochemistry 47 (52): 13921-13932

[3] Niemann et al. (2014); Journal of Molecular Biology 426
(7): 1539-1553
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The opportunistic pathogen Pseudomonas aeruginosa
encodes a red and far-red light sensing bacteriophytochrome
(PaBphP). Phytochromes are photoreceptors found in plants,
algae, fungi and bacteria that regulate a variety of vital
processes in response to environmental light conditions and
have also been linked to virulence in plant pathogens. These
photochromic biliproteins form dimers with each monomer
possessing a covalently linked chromophore, biliverdin IXa,
and there are two spectrally distinct forms: a red light-
absorbing Pr and a far-red light-absorbing Pfr form. In plants,
it has been shown that the phototransformation between the
two forms induces a signaling network, which includes
interaction with a wide array of signaling partners and
transcriptional regulation of various photoresponsive genes.
However, the role of the bacteriophytochrome in P.
aeruginosa is still unknown and the biochemical mechanisms
of phytochrome function have not been fully elucidated.

In previous studies we established that the genes encoding
the two necessary bacteriophytochrome components of P.
aeruginosa BphO, a chromophore-producing heme
oxygenase, and BphP, the apo-phytochrome, are co-
transcribed in a bicistronic operon. Transcription was shown
to be induced in the stationary phase in a cell-density-
dependent manner and to be dependent on the alternative
sigma factor RpoS. We furthermore demonstrated
autophosphorylation of PaBphP, confirming its role as a
sensor kinase and a postulated sensor of a two-component
regulatory system, but the corresponding response regulator
is still unknown.

In order to elucidate the biological function of PaBphP we
constructed a number of Pseudomonas mutant strains of
bphP, which we employed for phenotypical characterizations
in red and far-red illumination. By applying homologously
overexpressed bphP for cross-linking experiments and
proteomics we hope to gain insight into the downstream
signaling pathway of PaBphP and advance our
understanding of the role of a light sensor in P. aeruginosa.
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Many prokaryotes show complex behaviors that require the
intricate spatial and temporal organization of cellular protein
machineries, leading to asymmetrical protein distribution and
cell polarity. One such behavior is the Type 4 pili (TFP)-
mediated phototactic motility of cyanobacteria which relies
on the dynamic localization of the motility motors in response
to light[].] Although we showed that individual Synechocystis
cells directly sense the direction of incoming light, we do not

understand how the light signal leads to the polar activity of
the motility apparatus[2]. However, experimental and genetic
evidence suggest that photoreceptors, chemosensory
systems and PatA-type response regulators with a PATAN-
REC domain architecture are key players in establishing
light-induced cell polarity during phototactic movement. We
want to unravel how these signaling complexes
communicate with the TFP to control localized pilus
assembly.

Employing fluorescence imaging and interaction studies we
found that PatA-type regulators can directly interact with
components of the motility apparatus (PilB/PilC) at the
cytoplasmic membrane[3]. Intriguingly, the PATAN-domain is
sufficient for binding to the pilus machinery while the role of
the REC domain is probably limited to a regulatory function.
PATAN-domain proteins, which so far have not been
functionally characterized, are commonly found in
environmental bacteria like Myxococcus or Geobacter
species that show complex spatial organization and it seems
likely that this domain is involved in the regulation of
spatiotemporal dynamics of different cellular processes.

1. Schuergers, N., Nirnberg, D. J., Wallner, T.,
Mullineaux, C. W. & Wilde, A. PilB localization
correlates with the direction of twitching motility in
the cyanobacterium Synechocystis sp. PCC 6803.
Microbiology 161, 960-966 (2015).

2. Schuergers, N. et al. Cyanobacteria use micro-
optics to sense light direction. Elife 5, e12620
(2016).

3. Jakob, A. et al. The (PATAN)-CheY-like Response
Regulator PixE interacts with the Motor ATPase
PiB1 to control Negative Phototaxis in the
Cyanobacterium Synechocystis sp. PCC
6803. Plant and Cell Physiology, pcz194.
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Bacterial small regulatory RNAs (sRNAs) modulate gene
expression via limited base-pairing with target mMRNAs. RNA-
binding proteins are often required to stabilize the sSRNAs
and to facilitate base-pairing of the SRNAs with their targets.
In many cases, this base-pairing interaction is mediated by
the RNA chaperone, Hfg. However, many sRNAs are not
recognized by Hfq, and not all bacteria encode Hfq
homologues. This raises the possibility of other RNA
chaperones facilitating the interaction between regulatory
sRNAs and their targets. ProQ is an RNA-binding protein
that has recently been discovered in Salmonella enterica.
ProQ has been shown to bind over 400 cellular transcripts,
however, little i