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Keynote lectures
Tuesday September 19
K-01 : Dental Biofilms – Something to Get Your Teeth Stuck Into!
Phil D. Marsh
Department of Oral Biology, School of Dentistry, University of Leeds, UK.
The mouth harbours a diverse and natural microbiota that persists on oral surfaces as
structurally- and functionally-organised multi-species biofilms. The oral microbiota delivers
important health benefits [pathogen exclusion, immune modulation, entero-salivary nitrate
reduction cycle]. Oral health is more than the absence of disease, and involves a dynamic
balance between the host, the environment and the microbiota.
Changes to the oral environment can drive deleterious shifts in the composition and
metabolism of dental biofilms leading to disease (dysbiosis). The frequent intake of
fermentable dietary sugars and/or reductions in saliva flow result in extended periods of
low pH in the biofilm which selects for acidogenic/acid-tolerating species at the expense of
beneficial oral bacteria, and increases the risk of dental caries. In contrast, the excessive
accumulation of biofilm around the gingival margin leads to an inflammatory response.
Host proteins can be exploited as nutrients by proteolytic and obligately anaerobic
consortia, which further subvert the inflammatory response, leading to periodontal tissue
destruction.
Prevention depends not only on biofilm control but also on eliminating the drivers of
dysbiosis.
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Wednesday September 20
K-02 : Biofilm Tolerance to Antibiotics
Kim Lewis
Antimicrobial Discovery Center, Northeastern University, Boston (USA)
Biofilms are notoriously difficult to eradicate, since they are protected from the immune
system by exopolymers, and harbor drug tolerant persister cells. Toxin-antitoxin modules
have been implicated in the formation of dormant persisters in E. coli and Salmonella. Our
recent findings show that apart from these specialized mechanisms, a drop in ATP is a
general mechanism of persister formation in bacteria. In S. aureus and E. coli, stochastic
changes in expression of Krebs cycle enzymes produce rare dormant cells. At low ATP levels,
activity of antibiotic targets is diminished, which accounts for tolerance of persisters. In P.
aeruginosa, low ATP levels account for the formation of persisters as well, but the
mechanism appears to be different. In all species we examined, antimicrobial therapy
selects for high persister mutants, and this heritable drug tolerance exacerbates the
recalcitrance of chronic infections. Antimicrobials that do not rely on ATP-dependent targets
provide a promising path towards developing anti-persister therapies.
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Thursday September 21
K-03 : Engineering Multi-Species Biofilms and Controlling Them in Infections
Thomas K. Wood
Penn State College of Engineering, University Park, United States of America
Most natural biofilms are polyclonal as seen in the environment (e.g., methane oxidation in
ocean sediments, deterioration of reverse osmosis membranes) and in the clinic (e.g.,
wound infections). In both scenarios, common principles govern the control of these
biofilms. As illustrations, in regard to the environment, results will be presented on
engineering archaeal biofilms to reverse methanogenesis (Microb. Cell Fact. 15:11, 2016) in
order to produce enantiopure L-lactate (Biotechnol. Bioengr. 114:852, 2017) and to produce
electricity in microbial fuel cells via a defined consortium of Methanosarcina acetivorans,
Geobacter sulfurreducens, and Paracoccus denitrificans (Nature Commun. on-line, 2017). In
regard to the clinic, results will be presented on eradicating biofilm persister cells, those
cells that survive antibiotic treatment without undergoing a genetic change, by repurposing
compounds approved by the U.S. Food and Drug Administration for cancer treatment as
DNA cross-linking agents: mitomycin C (Environ. Microbiol.17:4406, 2015) and cisplatin
(Biotechnol. Bioengr. 113:1984, 2016). Hence, one can be sanguine about the future of
controlling multi-species biofilms for engineering and medicine by understanding the
genetic basis of biofilm formation.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

-5-

Session 1 : Oral biofilms in health and disease
This session is sponsored by ACEA Biosciences, Inc.

S-01 : Oral Biofilm in an Ecological Perspective
Egija Zaura
Department of Preventive Dentistry, Academic Centre for Dentistry Amsterdam , University
of Amsterdam and VU University Amsterdam
Biofilm in the oral cavity – dental plaque – is exposed to numerous daily perturbations such
as toothbrushing, antimicrobial substances in foods, saliva and oral care products,
fluctuations in temperature, oxygen or pH. Nevertheless it is extremely stable and resilient
to such stressors. At health, this biofilm is in balance and in beneficial symbiosis with the
host. If the balance is lost, a dysbiotic microbial community evolves, which enters an
antagonistic symbiosis with the host. This may lead to oral diseases such as caries or
periodontitis or can even affect the general health of the host. So far most efforts have been
made to battle the diseases, while relatively little is known about how to maintain good oral
health. What do we actually understand with oral health? If the oral microbiome is so stressresilient and stable, can we still modulate it? Can we reboot it and steer towards a healthy
ecosystem once the balance is lost?
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Session 1 : Oral biofilms in health and disease
S-02 : In vitro Dysbiotic Oral Biofilms Deregulate the Host Immune Response
Esteban Rodriguez Herrero* 1, Sara Fernandes2, Tim Verspecht1, Nico Boon3, Kristel
Bernaerts4, Wim Teughels1
1
Department of Oral Health Sciences, KU Leuven, Leuven, Belgium, 2Department of Biological
Engineering, University of Minho, Braga, Portugal, 3Center for Microbial Ecology and
Technology (CMET), Ghent University, Ghent, 4Department of Chemical Engineering, KU
Leuven, Leuven, Belgium
An imbalance in the periodontal microbiota and dysbiosis deregulate the host immune
response, leading to chronic inflammation. Since little is known about the initiation of
dysbiosis, it can be hypothesized that some commensal bacteria can suppress the
outgrowth of pathobionts by H2O2 production. However, serum and blood components
released during inflammation can neutralize this suppressive effect, leading to the initiation
of dysbiosis. The aim of this study is to determine if the neutralizing effect of serum,
hemoglobin and hemin on the inhibitory effect of the commensal bacteria on pathobiont
growth is translated in a more pronounced immune response. Bacterial quantitative PCR,
expression analysis of bacterial virulence and cellular inflammatory genes and cytokine
quantification by ELISA were performed to quantify the pathobiont outgrowth and to detect
possible differences in inflammatory response after exposure of cell cultures to homeostatic
or dysbiotic biofilms. Peroxidases, serum and blood components neutralized the inhibitory
effect of H2O2 by exogenous peroxidase activity, increasing the pathobiont outgrowth.
Moreover, the addition of serum, peroxidase and blood compounds upregulated the main
virulence genes of P. gingivalis and P. intermedia in multi-species biofilms. Exposure of
epithelial and fibroblast cultures to these dysbiotic biofilms increased the expression of IL6,
IL1β, TNFα and MMP8, but especially of IL8. Moreover, higher amounts of IL8 were
produced after the challenge with dysbiotic biofilms. Conversely, homeostatic and
commensal biofilms had a minor inflammatory response at expression and protein level.
Overall, serum, peroxidases or blood compounds allowed the outgrowth of pathobionts and
increased their virulence. Dysbiotic biofilms enriched in pathobionts and virulence factors
significantly increased the inflammatory response compared to homeostatic and commensal
biofilms.
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Session 1 : Oral biofilms in health and disease
S-03 : Control of Oral Biofilms Using Natural Microbial Enzymes
Nadia Rostami* 1, Nicholas Jakubovics1
1
Dental School - Oral Biology, Newcastle University, Newcastle upon Tyne, United Kingdom
Dental plaque is a rich, highly complex and multispecies biofilm formed on the surface of
teeth. Uncontrolled plaque growth is a cause of a wide range of oral disease such as dental
caries and periodontal disease. Extracellular DNA (eDNA) is a key component of all biofilm
matrices. In oral biofilms eDNA serves a number of functions including biofilm attachment
and stability and conferring resistance to antimicrobials. Many oral bacteria have been
identified to produce and secrete DNases to hydrolyse eDNA. DNases from oral bacteria
have been implicated in processes such as utilising eDNA as a metabolite or escaping from
host immune responses.
The work presented here is focused on the role of DNases in oral microbial biofilms and the
potential employment of DNase enzymes in the control of oral biofilms. In particular,
subgingival dental plaque which is protected from removal by routine oral hygiene practices
and thus is the leading cause of periodontal disease.
Here, a surface associated DNase enzyme, SsnA, produced by Streptococcus gordonii, was
characterised. DNase activity exhibited by wild-type S. gordonii was absent in
an ssnA mutant that was reversed in ssnA complemented strain. Using purified recombinant
enzyme it was shown that SsnA is a pH sensitive enzyme. SsnA is likely to be involved in
removal of a competitor species, Streptococcus mutans, an organism linked to development
of dental caries.
In light of these findings, the potential of naturally produced secreted DNase enzymes in
plaque control was tested using a DNase enzyme; NucB. NucB was isolated from the marine
bacterium Bacillus licheniformis. In a static plaque model NucB exhibited inhibitory effects
on plaque development as well as dispersing pre-formed oral biofilms. This inhibition of
plaque development was in a species specific manner, targeting a number of periodontal
pathogens. In conclusion DNase enzymes are promising candidates in dental plaque control.
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Session 1 : Oral biofilms in health and disease
S-04 : Biofilm Formation of Oral Bacteria by Membrane Vesicles from S. mutans
Hidenobu Senpuku*, Ryo Nagasawa1, Itaru Suzuki1, Ryoma Nakao1
1
Department of Bacteriology I, National Institute of Infectious Diseases, Shinjuku, Japan
Objective: Streptococcus mutans forms glucan and extracellular DNA-dependent biofilm and
communicates with other oral bacteria as an etiological agent of human dental caries. S.
mutans naturally and actively produces membrane vesicles (MVs) during growth as well as
extracellular DNA. However, roles of MVs are not clear for the biofilm formation in S.
mutans. To observe the effects of membrane vesicles on the biofilm formation, we
performed biofilm formation assays with oral bacteria including S. mutans.
Methods: MVs were extracted by ultra-centrifugation at 150,000 x g from culture
supernatant of S. mutans UA159, which was cultivated in Brain Heart Infusion broth
overnight. Biofilm formations of S. mutans UA159 and UA159.gtfB-C- (absence of
glucosyltransferase for synthesis of insoluble glucan in the condition including sucrose),
Streptococcus sanguinis ATCC10556, Actinomyces naeslundii x600 and Staphylococcus
aureus Cowan I were observed with MVs after 16 h in 96-well microtiter plates containing
Tryptic soy broth without dextrose (TSB) with 0.25% sucrose supplemented with and
without various concentrations of MVs. Roles of MVs in biofilm formation, with glucans,
were also examined by addition of Alexa Fluor 647 and observed by confocal microscope.
Results: S. mutans UA159.gtfB-C- formed significant biofilms in the presence (protein
concentration, 0.75 micro g/ ml) of MVs after 16 h culture, which showed lower production
of glucans than S. mutans UA159, as compared with condition in the absence of MVs.
Moreover, A. naeslundii and S. sanguinis formed significant biofilms in the presence of MVs,
and, in biofilm formation, polysaccharide such as glucan was also observed. In contrast, S.
aureus slightly formed biofilm in the presence of MVs.
Conclusions: MVs had abilities to induce biofilm formation of S. mutans without insoluble
glucan and to induce biofilm formation with other bacteria. MVs may be key to form oral
biofilm formation by multiple bacterial species.
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Session 1 : Oral biofilms in health and disease
S-05 : Oral Biofilms as a Source of Probiotics
Tomaz Rijavec* 1, 2, Nastja Novak2, 3, Špela Zupančič3, Milan Petelin4, Petra Kocbek3, Julijana
Kristl3, Aleš Lapanje1, 2
1
Department of Environmental Sciences, Jozef Stefan Institute, 2Institute of Metagenomics
and Microbial Technologies, 3Faculty of Pharmacy, University of Ljubljana, 4Division of
Stomatology, University Medical Centre Ljubljana, Ljubljana, Slovenia
The aim of our study was to assess the potential of oral biofilms of healthy individuals as
sources of oral probiotics, which could be used to repopulate different oral microenvironments in disease states. Using 16S rRNA based DGGE profiling, we have
characterized the temporal development of oral biofilm communities in three healthy
individuals and five patients with periodontal disease, focusing particularly on the area of
the periodontal pockets. We further collected the biofilm biomass from healthy individuals
using oral swabs (from teeth, tongue, buccal area, saliva) and isolated several strains with
antimicrobial activity against Escherichia coli and Aggregatibacter actinomycetemcomitans.
Out of more than 100 strains collected using different types of culture media, about 40
strains showed antimicrobial activity against the two test strains. The isolates were
characterized by 16S rRNA gene sequencing primarily as Bacillus, as well as Staphylococcus
and Stenotrophomonas. We show that the entrapment of these cells or their spores within
polymer fibers using electrospinning offers an effective approach for the applicative delivery
of cells.
We conclude that the oral biofilms of healthy individuals are a rich source of probiotic
bacteria with anti-pathogen protective properties, which can be used to repopulate the oral
mucosa in disease states. Due to the strong individually of personal oral microflora, we
stress that the diversity of healthy individuals represents a large pool of potential probiotic
bacteria.
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Session 1 : Oral biofilms in health and disease
S-06 : Measuring Oral Biofilms Growth in Real Time: Insights and Applications
Alex Mira
Center for Advanced Research in Public Health, Valencia (Spain)
We have applied electric impedance measurements in xCELLigence microtiter plates to
quantify the growth of oral biofilms in real time. Bacterial cells grew attached to the wells
and disrupted the electrical current, producing S-shape biofilm growth curves that reached a
maximum after 20 hours for single-species biofilms and at 4-8 hours for complex, multispecies biofilms. Pure cultures of the oral pathogen Streptococcus mutans formed biofilms
only in the presence of sugar, and were affected by antibiotics only when these were added
to the culture medium from the beginning of the experiment, but not once the biofilm was
formed. Complex biofilms containing over 100 species were obtained when using saliva,
plaque or tongue samples as inocula. Bacterial composition in those biofilms was different
depending on the inoculum and resembled that of the original sample, as determined by
16S Illumina sequencing and Principal Component Analyses. The shape of tongue biofilms
displayed cyclic patterns, suggesting intercellular signals for biofilm growth and biofilm
dettachment. In subgingival samples, the composition of the biofilm varied according to the
disease condition of the donor, with higher frequency of periodontal pathogens in patients
with periodontal diseases. The in-vitro efficacy of antibiotics in these multi-species oral
samples varied in different individuals: In some cases, the antibiotic completely inhibited
biofilm formation. In other cases, however, the antibiotic stimulated biofilm growth,
suggesting the existence of responders and non-responders to a given antibiotic. We
propose the potential use of this impedance-based system to study oral biofilms and to
determine antibiotic treatment in dentistry.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 11 -

Session 2 : Biofilm based medical device related infections
S-07 : Diagnosis and Understanding of Implant Related Biofilm Infections
Trine Rolighed Thomsen
Aalborg University, Denmark

Recent evidence suggests that the microbial community, its spatial distribution and activity
play an important role in the prolongation of treatment and healing of chronic prosthetic
joint infection. The diagnosis and understanding of chronic biofilm infections are challenged
by lack of appropriate sampling strategies and by limitations in microbiological testing
methods, especially considering the biofilm issue.
The purpose of this study was to improve sampling, diagnostic methods and interpretation
of results in prosthetic joint infections.
The study was designed as a 2-year prospective study. The patients were grouped according
to a diagnostic algorithm and systematic and optimized sampling of various specimen types
was performed. Extended culture, improved DNA extraction, quantitative PCR, next
generation sequencing and subsequent various bioinformatics tools were applied on
different types of specimens for optimized diagnosis. Positive and negative controls were
applied in all steps. For further investigation of the microbial pathogenesis, in situ
transcriptomics and metabolomics were applied.
Data from 156 patient cases were evaluated. Polymicrobial infections were identified in 28%
of cases and a heterogeneous distribution of bacteria in various specimens from the same
patient was evident. The optimal specimen set for diagnosis was identified. Transcriptomic
and metabolomic analyses indicated the important virulence genes and nutrient acquisition
mechanisms of Staphylococcus aureus in situ.
In conclusion a combination of several diagnostic tools on multiple dedicated specimen
types are needed when confronted with negative results from standard culture methods in
the face of a strong clinical suspicion of infection.
Using a well-designed diagnostic algorithm has the potential for making personalized
diagnosis and treatment of biofilm related prosthetic joint infection possible.
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Session 2 : Biofilm based medical device related infections
Development of an ex vivo Joint Model to Study Biofilm Infections
Helen L. Brown* 1, Ana Springall De Pablo1, Rhidian Morgan-Jones2, Wayne Ayre1
1
School of Dentistry, Cardiff University, 2Cardiff & Vale Orthopaedic Centre, University
Hospital of Wales, Cardiff, United Kingdom
Microbes within biofilms display a different phenotype to their planktonic counterparts,
characterised by a slower metabolic rate, increased antimicrobial resistance and immune
system evasion. The National Institutes of Health estimate that up to 80% of bacterial
infections are related to a biofilm phenotype, and biofilm related infections are particularly
prevalent in joint arthroplasty infections. Recently there have been increased efforts to
produce implant surfaces which are both antimicrobial and antiadhesive. Although many of
these surfaces have shown promise during standard microbiological in vitro testing, this is
not always the case when surfaces are further tested in vivo. This disconnect is in part due
the lack of physiological relevance of many in vitro systems. In order to address this we
have developed and optimised an ex vivo model of joint arthroplasty infection. The aim of
this work was to develop and optimise this technique.
Femurs and tibias of 28 day of male Wistar rats were extracted and cultured using MEM
alpha and implants are mimicked by using titanium pins placed within the bone. Initial
optimisation of the model focused on analysing the structure of the long bones to
determine what alterations in bone structure took place following a prolonged (96 hour) in
vitro incubation. In parallel the effect of culture media on bacterial growth and biofilm was
assessed and the quantity of bacterial culture required to induce a biofilm infection
between the bone-implant interfaces was determined. Analysis was carried out using
standard biofilm staining techniques, histological analysis of the bone and microCT imaging
to detect bone structure alterations. The impact of clinically relevant S. aureus and S.
epidemidis implant biofilms within the bone is currently being investigated. In conclusion,
this model provides a promising alternative method to existing in vitro and in vivo methods
of investigating bone infections and prosthetic joint infection.
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Session 2 : Biofilm based medical device related infections
Microbial Communities Associated with Supposedly Non-Infected Implants
Tim H. Jakobsen* 1, Steffen Eickhardt 1, Anders Odgaard2, Alexandra Gabriella Gheorghe 3,
Charlotte Packroff Stenqvist 4, Majken Sønderholm 1, Marvin Whiteley5, Claus Moser 6, Jesper
Jørgen Hvolris7, Hans Petter Hougen3, Thomas Bjarnsholt 1
1
Department of Immunology and Microbiology, University of Copenhagen, Copenhagen,
2
Department of Clinical Medicine, Gentofte Hospital, Hellerup, 3Section of Forensic
Pathology, University of Copenhagen, Copenhagen, 4Department of Orthopedics, Gentofte
Hospital, Hellerup, Denmark, 5Molecular Biosciences department, University of Texas at
Austin, Austin, United States, 6Department of Clinical Microbiology, Rigshospitalet,
7
Department of Orthopedics, Bispebjerg Hospital, Copenhagen, Denmark
The number of people suffering from implant-related biofilm infections is substantial and is
expected to increase over the years. While much work is being done with respect to
treatment options, research and knowledge regarding factors underlying initial implantrelated microbial colonization potential leading to infection are less comprehensive.
This study examined 106 implants and samples from the surrounding tissue that has been
clinically determined as uninfected. The implants used were removed from five different
groups of patients; fracture healing, craniofacial, aseptic loosening, deceased and controls.
The prevalence of both bacteria and fungi was examined by in-depth microbiology detection
methods incl. PCR, sanger sequencing, microbial culturing and visualization using confocal
microscopy.
Of the studied implants a high number where colonised by bacteria (66%) and fungi (40%)
with a wide diversity of species including Candida albicans and several species of
Staphylococci, which can cause implant infections. Interestingly, however, none of the most
common aetiological agents of implant infections were found.
The findings are ground breaking as they suggest that implants may promote a niche for
new microbiomes and that we must expect to find bacteria and/or fungi in more than 50
percent of supposedly non-infected implants. The study not only provides important
methodological discussions on how we diagnose infections, but simultaneously calls for
more analytical discussions on the very definition of infections and the role of bacteria
present in human tissue around implants. Due to the absence of inflammatory cells our
study also propose that the insertion of foreign bodies initiates a new niche for a microbiota
to arise generating a potential implant microbiome.
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Session 2 : Biofilm based medical device related infections
S-10 : Integrative Ureteral Stent Biofilm Analysis: Towards a Biofilm Model
Matthias T. Buhmann* 1, Luzia Wiesli1, Dominik Abt2, Oliver Nolte3, Katharina ManiuraWeber1, Qun Ren1
1
Laboratory for Biointerfaces, Empa. Swiss Federal Institute for Materials Science and
Technology, 2Urology Department, Cantonal Hospital St. Gallen, 3Clinical Microbiology
Department, Center for Laboratory Medicine, St. Gallen, Switzerland
Catheter associated urinary tract infections (CAUTI) are among the most frequent hospitalacquired infections. The introduction of a medical device into the urinary tract provides a
surface substrate for bacteria to form biofilms, enabling them to withstand the
unfavourable growth conditions and endogenous defence mechanisms.
It is well accepted that bladder catheters, which are exposed to the external environment of
the body, allow bacteria to enter the urinary tract, form biofilms and cause bladder
infections. In contrast, it is largely unknown how ureteral stents, which ensure urine
drainage from the kidney to the bladder in case of blockage, contribute to CAUTI. After
being inserted for weeks to months, the ureteral stent surfaces are always covered by
deposits from urine, and in some cases with microbial biofilms. Until now, no cultivationindependent approaches have been used to characterize the bacterial load and species
composition of these biofilms.
In a clinical study, we analysed 85 patient-derived ureteral stent samples via cultivationdependent and –independent techniques. Facilitated by a novel abrasion-based method for
the extraction of biofilms from ureteral stents, we have performed qualitative and
quantitative analyses of the microbiome based on universal 16S quantitative real-time PCR
and Illumina sequencing. The results generated here enable the usage of more relevant
microbial strains in a laboratory in vitro biofilm model, and will foster the development of
novel antimicrobial biomaterials for ureteral stents.
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Session 2 : Biofilm based medical device related infections
S-11 : Embp Mediates S. epidermidis Adherence To Immobilized Fibronectin
Henning Büttner*, Martin Christner1, Holger Rohde1
1
Institut for Medical Microbiology, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany
Implant-associated, infections are frequently caused by biofilm forming Staphylococcus
epidermidis. Attachment of S. epidermidis to surface immobilized fibronectin (Fn) is of
crucial importance. The Extracellular Matrix Binding Protein (Embp) is known to be a Fn
binding protein. Embp-expression was essential for S. epidermidis 1585 for adherence to
immobilized Fn. Recombinant Embp fragments representing predicted protein modules
(FIVAR and FIVAR-GA, respectively) provided biochemical evidence for an interaction
between Embp and Fn. In trans expression of FIVAR in surrogate host S. carnosus TM300
proved these to be sufficient for bacterial adherence to surface immobilized Fn. Surprisingly,
Embp was not able to recruit soluble Fn to the bacterial cell surface, a key feature of Fnbinding protein A (FnBPA) of S. aureus, putting forward the hypothesis that Embp uses a Fninteraction mode different from FnBPA, itself binding to N-terminal Fn type I domains.
Immobilized overlapping Fn subdomains and as a ligand recombinant Embp was used in far
western blotting providing evidence for Embp interacting with Fn type III domain close to
the Hep-2-binding site in FN12-14. Embp expressing S. epidermidis 1585 and S. carnosus
TM300 bound to immobilized FN12-14, this interaction is clearly relevant for Embpmediated adherence of S. epidermidis to Fn. However, since Hep-2-domain specific mAB
FNH3-8 did not inhibit S. epidermidis adherence to Fn, the respective Embp and heparin
binding sites are obviously independent. To further confirm this interaction binding of
recombinant Embp fragment to a FN12-peptide library could be demonstrated. In summary,
Embp uses a novel mode of FN-interaction targeting the FN12 domain. Since this interaction
site is not accessible in the globular Fn folding state but becomes accessible during Fn
fibrillogenesis, our data suggest that the Fn conformation has profound influence on S.
epidermidis – Fn interactions.
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Session 2 : Biofilm based medical device related infections
S-12 : Novel Antibiofilm Approaches from BALI and IBIZA
S.A.J. Zaata* , M. Rioola, A. de Breijb, X. Zhanga, P.H.S. Kwakmana, L. de Boera, R.A.
Cordfunkec, N. Malanovicd, O. Cohene, N. Emanuele, T. Fintan Moriartyf, J.W. Drijfhoutc, K.
Lohnerd and P.H. Nibberingb
a
Dept. of Medical Microbiology, Amsterdam Infection & Immunology Institute, Academic
Medical Center (AMC), Amsterdam, The Netherlands. b Dept. of Infectious Diseases and c
dept. of Immunohematology and Blood Transfusion, Leiden University Medical Center,
Leiden, The Netherlands. d Institute of Molecular Biosciences, University of Graz, Graz,
Austria. e PolyPid Ltd., St. Petach-Tikva, Israel. fAO Research Institute Davos, AO Foundation,
Davos, Switzerland
Infection of inserted and implanted medical devices (biomaterials) is a major problem in
modern healthcare, with staphylococci as a major cause of these biomaterial-associated
infections (BAI). BAI involves biofilm formation by the pathogens on the implants, and in
applications in tissue also of colonization of this surrounding tissue and even persistence
inside the host cells. Persistence within host tissue is related to a local disturbance of the
host immune response due to the biomaterial. In the IBIZA project (Imaging of Biomaterialassociated Infection and immune responses using Zebrafish Analysis) we therefore
developed a zebrafish embryo model to quantify neutrophil and macrophage migration
around implanted microspheres. This model can be used to bridge the gap between
cytotoxicity tests and animal biocompatibility studies in development of novel biomaterials.
For prevention of BAI there is an urgent need for novel antimicrobials capable of eliminating
antibiotic-resistant strains of pathogenic bacteria, even when they form biofilms. Within
the European BALI (Biofilm Alliance) consortium we therefore developed novel synthetic
antimicrobial and anti-biofilm peptides (SAAPs) inspired by the primary sequences of the
human antimicrobial proteins Thrombocin-1 and LL-37. These novel SAAPs have potent
activity against a wide spectrum of Gram-positive and –negative (antibiotic-resistant)
bacteria, killing at low micromolar concentrations in PBS and 50% plasma and by rapid
membrane permeabilization. The SAAPs did not induce resistance, prevented biofilm
formation, eliminated established biofilms of Staphylococcus aureus and Acinetobacter
baumannii and were also able to kill S. aureus persister cells.
In order to prevent BAI, SAAPs were incorporated into tailored Polymer-Lipid Encapsulation
matriX (PLEX) coatings. In short term challenge experiments in a murine experimental BAI
model the coatings applied on titanium implants prevented multi-drug resistant S. aureus
colonization of the implants and their surrounding tissue. Moreover, in a rabbit humerus
intramedullary nail infection model, titanium nails with one of the PLEX coatings reduced
implant infection as assessed at 28 days.
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The SAAPs were also highly infective in skin biofilm infections. A single treatment with SAAPcontaining hypromellose ointment completely cleared acute murine experimental skin
infections caused by worst case pathogens MRSA and multidrug-resistant Acinetobacter
baumannii . Together, our results indicate a strong potential for the SAAPs as drug
candidates in the combat against multidrug-resistant biofilm pathogens.
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Session 3 : Treatment of biofilm infections and development of biofilm
resistance
S-13 : Drug Resistance in Biofilm and Possible Strategies to Overcome it
Claudia Vuotto & Gianfranco Donelli
Fondazione Santa Lucia IRCCS, Microbial Biofilm Laboratory, Rome, Italy
Biofilm-growing nosocomial pathogens represent a serious public health concern, given their
frequent role in making chronic infections. The poor efficacy of many antibiotics against biofilm is
mainly due to the exopolysaccharide matrix, which acts as a shield against drugs penetration.
Additional phenomena to be considered within biofilms are the reduced growth rate of microbial
cells and the significant increase in the level of horizontal gene transfer, which allows the passage of
multiple resistance gene cassettes among strains within the community. The relapsing nature of
biofilm-related infections makes increasingly pressing a tactical war, in which the discovery of new
antimicrobial agents affecting biofilm formation and maturation becomes the goal to be pursued.
The first part of this presentation will focus on the issue of biofilm resistance in aerobic and
anaerobic bacterial species, with particular reference to the response to antibiotics in terms of
change in matrix production and induction of a viable but non-culturable state. Possible strategies to
overcome biofilm resistance will be also discussed in the fields of refractory medical devices and notinducing resistance, anti-biofilm compounds.
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Session 3 : Treatment of biofilm infections and development of biofilm resistance
S-14 : Nitric Oxide: A Treatment for Biofilms Lacking C-Di-Gmp Pathways?
Raymond Allan* 1, Samuel Collins1, Michael Kelso2, Jane Lucas1, Martin Feelisch1, Jeremy
Webb1, Luanne Hall-Stoodley3, Saul Faust1
1
University of Southampton, Southampton, United Kingdom, 2University of Wollongong,
Wollongong, Australia, 3Ohio State University, Ohio, United States
Background
The ubiquitous signalling molecule nitric oxide (NO) plays a key role in the regulation of
bacterial biofilms, influencing both formation and dispersal in a variety of species through cdi-GMP pathways. Not all bacterial species, however, express proteins containing c-di-GMPrelated domains and could therefore remain unaffected by NO, or potentially respond
through uncharacterised pathways. To explore this, we investigated the role of NO in the
respiratory tract pathogens Streptococcus pneumoniae and non-typeable Haemophilus
influenzae (NTHi), both of which lack c-di-GMP pathways. Furthermore, to address
undesirable side effects elicited by gaseous NO or spontaneous NO-donors during patient
treatment we investigated a novel NO-donor compound (PYRRO-C3D) that targets NO
delivery directly to the site of infection.
Methods
Biofilm responses to NO treatment were investigated using clinical isolates and in vitro static
culture models. Assessment of adjunctive treatment with antibiotics was performed using
an ex vivo adenoid tissue model for pneumococcus, and an ex vivo primary respiratory
epithelial cell model for NTHi. Label-free LC/MS and iTRAQ proteomic approaches were
applied to elucidate the mechanisms of action.
Results
Low NO concentrations increased the efficacy of antibiotics in treating pneumococcal and
NTHi biofilms, both in vitro and ex vivo. NO failed to signal a dispersal response in either
species, however, proteomic analyses identified that increased antibiotic susceptibility could
be attributed to modulation of metabolic activity. PYRRO-C3D specifically released NO upon
contact with biofilms formed by both species, increasing NTHi antibiotic sensitivity and
eliciting direct β-lactam-mediated activity against pneumococcus.
Conclusions
NO modulates metabolic activity in biofilms lacking c-di-GMP pathways to increase
antibiotic susceptibility. PYRRO-C3D represents a promising adjuvant therapy for the
treatment of pneumococcal and NTHi biofilms.
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Session 3 : Treatment of biofilm infections and development of biofilm resistance
S-15 : Repurposing Auranofin and Ebselen: Increasing the Antifungal Arsenal
Gina Wall* 1, Ashok Chaturvedi1, Floyd Wormley 1, Jose Lopez-Ribot1
1
Biology, University of Texas at San Antonio, San Antonio, United States
Candida albicans is a normal commensal of humans; however it is also capable of causing
opportunistic infections in compromised patients. Candidiasis is the most common fungal
infection and now represents the third most frequent nosocomial infection. Candidiasis is
frequently associated with biofilm formation, which further complicates treatment. To
address the dire need for new treatments, drug repurposing, i.e. finding new uses for old
drugs, represents a potentially faster and more economical alternative for the identification
and accelerated development of drugs with antifungal activity, including those active
against fungal biofilms that are urgently needed. We have used high content screening
techniques of a collection of approximately 1,200 off-patent FDA-approved drugs in search
for compounds displaying activity against C. albicans biofilms or against planktonic
Cryptococcus neoformans. Results from these screenings identified the potent antifungal
activity of two organometallic drugs, Auranofin and Ebselen. Follow-up experiments
indicated that their antifungal activity extended to other Candida species, as well as several
other medically important fungi. The efficacy of these two leading compounds against C.
albicans was also confirmed when used in combination with conventional antifungals
(amphotericin B, fluconazole, and caspofungin). Importantly, besides fungal biofilms,
Auranofin displayed activity against mixed fungal/bacterial biofilms formed by C. albicans
and Staphylococcus aureus, which are highly resistant to treatment with conventional
antibiotics. We have also performed initial in vivo studies in murine models, and the results
indicated that these two drugs are effective for treatment of C. albicans infections. Overall
results indicate that both drugs represent promising candidates to be repurposed as
antifungals, while Auranofin represents a possible candidate for treatment of biofilmassociated candidiasis and polymicrobial infections.
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Session 3 : Treatment of biofilm infections and development of biofilm resistance
S-16 : O2 Affects The Activity of Amikacin on Mycobacterium abscessus Biofilm
Mette Kolpen* 1, Cecilie Ravnholt2, 3, Tavs Qvist1, Kasper Nørskov Kragh4, Blaine Fritz4,
Thomas Bjarnsholt4, Niels Høiby1, 4, Peter Østrup Jensen1, 4
1
Department of Infectious Diseases, Rigshospitalet, Copenhagen, 2Department of System
Biology, Technical University of Denmark, Lyngby, 3Department of Clinical Microbiology,
Rigshospitalet, 4Costerton Biofilm Center, Department of Immunology and Microbiology,
Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark
Nontuberculous mycobacteria, e.g. the multi-resistant Mycobacterium abscessus (MABSC),
are ubiquitous environmental organisms that frequently cause difficult-to-treat chronic lung
infections in cystic fibrosis patients (CF). MABSC infections in CF lungs are difficult to
successfully treat, due to their natural resistance towards most clinically available
antibiotics. MABSC biofilms have been observed in CF lung sputum where oxygen (O2)
consumption caused by polymorphonuclear leukocyte activity creates anaerobic conditions.
Accumulating evidence suggests that the efficacy of several bactericidal antibiotics, such as
aminoglycosides, is enhanced by stimulation of pathogens’ aerobic respiration and
decreased by lack of O2. Current experiments aim to elucidate the role of cell aggregation
(biofilms) and study the bactericidal killing of MABSC by amikacin during aerobic and
anaerobic conditions.
Inoculums from 5 day old cultures of MABSC isolates grown in Mueller Hinton broth with 5
% Tween 80 (MH) were added to aerobic and anaerobic MH media in glass vials to achieve
105 cells/ml. Samples were sealed with parafilm or an airtight lid and incubated at 37 oC, 150
rpm. Samples with various concentrations (%) of Tween 80 were evaluated by CLSM on a
Zeiss LSM 880 confocal microscope running Zen 2.1 together as well as by microrespirometry of O2.
The number of bacterial colony forming units (CFU) was determined after 1, 3 and 5 days of
incubation. Time-kill curves were generated for amikacin treatment in four-fold dilutions
from 2 to 512 mg L-1.
Bacterial disaggregation increased amikacin efficacy suggesting that aggregation contributes
to antibiotic tolerance in a fashion similar to other biofilm infections. Low O 2 consumption in
MABSC aggregates create slow-growing or dormant subpopulations, which are protected
against amikacin activity. The bactericidal activity of amikacin may be increased by restoring
aerobic conditions in sputum, e.g. through hyperbaric oxygen therapy.
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Session 3 : Treatment of biofilm infections and development of biofilm resistance
S-17 : Non-Thermal Plasma Exposure Increases Biofilm Antibiotic Sensitivity
Brendan Gilmore*, Padrig Flynn1, Nid'a Alshraiedeh2, Alessandro Busetti3
1
Pharmacy, Queen's University Belfast, Belfast, United Kingdom, 2Pharmaceutical
Technology, Jordan University of Science and Technology, Irbid, Jordan, 3Life Sciences,
University of Glasgow, Glasgow, United Kingdom
Atmospheric pressure non-thermal plasmas have proven to be effective in the eradication of
a range of pathogenic biofilms, including Pseudomonas aeruginosa and other members of
the ‘ESKAPE’ pathogen group. These observations make this a promising approach for
potentially controlling P. aeruginosa and other pathogens associated with chronic or device
associated infections in the clinical environment. We report here widespread variation in
response to plasma exposure across a range of clinical strains of Pseudomonas aeruginosa
and B. cenocepacia isolated from sputum of cystic fibrosis patients.
We have investigated the role of biofilm matrix components in mediating tolerance to
plasma-mediated bactericidal activity. Tolerance to plasma has previously been shown to
correlate with extent of biofilm matrix. Therefore, the ability of plasma exposure to
influence the interactions between biofilm components and antimicrobial agents was
studied. Pretreatment of 24 hr P. aeruginosa biofilms for one and two minutes respectively
reduced the minimum biofilm eradication concentrations from 10ug/ml to 5ug/ml and
2.5ug/ml, respectively.Furthermore, using isothermal titration calorimetry (ITC), we
investiagted the ability of short plasma exposures to modify the ability of alginate to bind
tobramycin. After plasma treatment, the equilibrium dissociation constant (KD) between
alginate and tobramycin increased significantly from control, indicating that plasma
exposures of 1 and 2 minutes was capable of significantly reducing the binding affinity of
tobracmycin and alginate. Finally, CLSM demonstrated that pre-treatment of mature P.
aeruginosa biofilms with short plasma exposures significantly increased tobramcyin ingress
and increased antimicrobial sensitivity.Manipulating the ability of non-thermal plasma
exposure to influence molecular interactions governing biofilm sensitivity to antibiotics and
biocides may prove useful in managing biofilm infections on indwelling medical devices.
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Session 3 : Treatment of biofilm infections and development of biofilm resistance
S-18 : New Anti-Biofilm Therapeutics from Understanding Biofilm Development
Jeremy Webb,
University of Southampton, United Kingdom
Understanding the mechanisms of biofilm formation and dispersal is providing new ways to
manage biofilms and overcome their antimicrobial tolerance including: (i) the manipulation
of the second-messenger c-di-GMP as a mechanism to regulate the transition from biofilm
to antibiotic-sensitive planktonic bacterial cells; (ii) disruption of the biofilm architecture
from an understanding of the biochemistry and formation of the extracellular matrix, and
(iii) targeting biofilm-specific metabolism for the development of novel therapeutic
strategies. While most of these areas are commonly studied in the context of single species
biofilms, an additional major outstanding challenge is to move these discoveries beyond
single-species communities into controls for multispecies communities characteristic of realworld settings or infections. In this presentation, I will review our research in biofilm control,
including our work towards the clinical translation of new antibiofilm therapeutics.
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Session 4 : Environmental biofilms, consequences for health and disease
Synergistic Interactions in Multispecies Biofilms in Nature, Households and Industry
Mette Burmølle
Section of Microbiology, University of Copenhagen, Denmark
Multispecies biofilms are predominant in most natural environments. Interactions across
species boundaries shape these complex communities by effecting production, activity and
tolerance.
I will present studies showing prevalence of synergistic interactions in biofilm formation
among bacterial isolates from different natural environments; the data strongly indicate
that synergy in biofilm formation is associated to long-term bacterial co-existence.
Multispecies biofilms in households and industry persist due to their enhanced tolerance
towards chemical and physical stress, including antibacterial agents and daily cleaning
procedures. This may facilitate incorporation and persistence of harmful pathoges in the
biofilm community. We have shown that biofilms of Kocuria varians, isolated from a food
processing environment, enhanced the cell numbers of Listeria monocytogenes and
protected it against antimicrobial agents. Moreover, very recent data show that bacterial
biofilms in household dishwashers facilitate the establishment of the opportunistic
pathogenic black yeast Exophiala dermatitidis.
In summary, interspecific interactions in multispecies biofilm found in nature, households
and industry may lead to enhanced biofilm formation and facilitation of pathogenic bacteria
and fungi with potential severe impacts on our health.
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Session 4 : Environmental biofilms, consequences for health and disease
S-20 : Novel Strategy for the Treatment of Microcystins From M. aeruginosa
Gisella R. Lamas Samanamud* 1, Tony Reeves2, Michael Tidwell2, Jonathan Bohmann2,
Kenneth Lange2, Heather Shipley1
1
Civil and Environmental Engineering, University of Texas at San Antonio, 2Department of
Pharmaceuticals & Bioengineering , Southwest Research Institute, San Antonio, United
States
Algal bloom, caused by Microcystis aeruginosa, in surface water is a constant environmental
concern. Microcystin is a cyanotoxin produced by M. aeruginosa PCC7806. It depletes
oxygen from water bodies and not only imposes a severe environmental concern, but also
an economic cost to remove it from water. This toxin causes damage to the liver and thus, it
poses a health hazard to humans. The bloom formation and toxin production can be
controlled and regulated through “quorum sensing”, which is cell-to-cell communication.
This communication is carried out by “autoinducers”, which are chemical compounds known
as Homoserine Lactones (HSL). To fully understand the biological mechanism of M.
aeruginosa PCC7806 and to identify the best method to reduce toxin production, a C3-HSL
with a phenyl and ether group (C13H15NO4) was synthesized and used (50mg/L) in algal
treatment at the early log phase. The analysis of results was based on physiological
response of M. aeruginosa PCC7806 cells to C13H15NO4, which consisted of the
measurement of buoyancy and microcystin, polysaccharides and protein content after the
cells reached the stationary stage. This HSL showed 28% reduction in buoyancy and 77%
reduction in microcystin. Polysaccharide and protein content were increased by 3% and 31%
respectively. On the other hand, use of acylase, a quenching agent, was not enough to
disrupt quorum sensing and microcystin level. Acylase increased buoyancy by 85% and
microcystin by 4%. Polysaccharide and protein decreased by 7% and 35%, respectively. This
shows that the addition of C13H15NO4 of short acyl chain can be used to regulate toxin
production or to control cyanobacteria and algal bloom.
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Session 4 : Environmental biofilms, consequences for health and disease
S-21 : Distribution of the Human Skin Microbiota
Lene Bay*, Hans Christian Ring1, Gregor Borut Ernst Jemec1, Magnus Sven Ågren2, Thomas
Bjarnsholt3
1
Department of Dermatology, University Hospital Zealand, University of Copenhagen,
Roskilde, 2Copenhagen Wound Healing Center and Digestive Disease Center, Bispebjerg
Hospital, University of Copenhagen, Bispebjerg, 3Department of Clinical Microbiology &
Department of Immunology and Microbiology, Rigshospitalet & University of Copenhagen,
Copenhagen, Denmark
OBJECTIVES: Mapping the healthy human skin microbiota is important to understand its role
in the pathogenesis of various skin diseases. Traditional culturing and PCR-based methods
have demonstrated a heterogeneously distributed cutaneous microbiota according to
specific topographic areas. This study supplements the current data by examining 3D
bacterial aggregates (aggr.) in moist and dry habitats using confocal laser scanning
microscopy (CLSM).
METHOD: 72 skin biopsies from healthy nates (n=24), axillae (n=24) and pre-clinical
hidradenitis suppurativa (HS) axillae (n=24) were fixed in paraformaldehyde and embedded
in paraffin. Tissue sections were stained with PNA-FISH 16S rRNA probes and 4',6-diamidino2-phenylindole and examined by CLSM. The presumptive activity of the cells i.e. the content
of rRNA was assessed according to the intensity of the probe-fluorescence. Aggr. exceeding
5 µm in diameter were classified as bacterial biofilm.
RESULTS: The majority of the human skin microbiota is distributed in aggr. present in
stratum corneum (SC) and in hair follicles (HF). Dry areas i.e. the extremities, have small (510 µm) aggr. with predominantly dormant cells; while moist areas e.g. axillae, have large
(>50 µm) active aggr. The aggr. are more active in aerobic areas such as SC and the
infundibulum of HF, than in more anoxic areas i.e. isthmus, suprabulbar, bulb of HF.
Dormant commensal bacteria appears to grow into large, active aggr. at the edges of acute
wounds; primarily associated with damaged SC and fibrin. In contrast, clinically unaffected
HS skin from predilection areas has significantly fewer aggr. compared to healthy controls.
CONCLUSION: The human skin microbiota is distributed in aggr. primarily in SC and HF.
Larger and more active aggr. are present in moist or newly injured skin, while small, less
active aggr. are found at dry skin sites. A dysbiotic microbiome may play a role in the
pathogenesis of chronic inflammatory skin diseases.
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Session 4 : Environmental biofilms, consequences for health and disease
S-22 : Hospital Surface Biofilms Promote Antibiotic Resistant Organisms
Karen Vickery* 1, Khalid Johani1, Dayane Costa1, Stephanie Dancer2, Dulcelene Melo3, Iain
Gosbell4, Slade Jensen4, Lillian Lopes1, Greg Whiteley5, Trevor Glasbey5, Anand Deva1, Liwcy
Lima6, Anaclara Tipple3, Honghua Hu1
1
Biomedical Sciences, Faculty of Medicine & Health Sciences, Macquarie University, Sydney,
Australia, 2NHS Lanarkshire, Glasgow, United Kingdom, 3Faculty of Nursing, Federal
University of Goias, Goiania, Brazil, 4Microbiology & Infectious Diseases, School of Medicine,,
Western Sydney University, 5Whiteley Cooperation, Sydney, Australia, 6Public Regional
Hospital of Araguaia,, Redencao,, Brazil
Residing in a biofilm makes bacteria more tolerant to desiccation and disinfectants and may
contribute to persistence of multidrug resistant organisms (MRO) in hospital environments.
We aimed to determine MRO presence in biofilms contaminating dry surfaces from
hospitals worldwide.
Samples (n=40, 44, 8 and 20) were obtained from Brazil, Australia, Scotland and Saudi
Arabia respectively, by aseptically cutting fragments from furnishings and equipment within
each hospital, and transported to Australia for biofilm analysis. Bacterial load/cm2 was
determined by quantitative PCR of the 16S rRNA gene using eubacteria universal primers.
MRO were recovered in tryptone soya broth followed by culture on specific MRO screening
agar plates. Biofilm presence was visually confirmed by live/dead BacLight staining
combined with confocal laser scanning microscopy or scanning electron microscopy.
Dry hospital surfaces were found contaminated with high numbers of bacteria with mean
load was 6x104 bacteria/cm2. Over half the surfaces were culture positive and MRO were
detected in up to half of culture positive samples. Biofilm was visually confirmed on 100% of
hospital surfaces in Brazil and Scotland, 93% in Australia and 70% in Saudi Arabia. All culture
negative surfaces contaminated with live bacteria was confirmed by live/dead staining.
Sustained storage of samples revealed that MRO located within dry surface biofilms have
unexpectedly long survival and recovery characteristics.
Bacteria including MRO are located inside biofilms on dry hospital surfaces in locations
around the world. These bacteria exhibit enhanced survival and transmission characteristics.
Standard approaches to disinfection and sterilisation may be compromised where biofilms
are present as bacteria within biofilms are tolerant to disinfection. This may be one
mechanism through which MRO persist in the hospital environment. A more aggressive
approach to cleaning and hygienic treatments is highly recommended.
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Session 4 : Environmental biofilms, consequences for health and disease
S-22 : Hospital and Urban Wastewater Biofilms Compared to River Biofilms Grown in situ
and in a Lab Model
Elena Buelow*, Claire Carrion, Margaux Gaschet, Marie-Cecile Ploy, Sandra Da Re,
Christophe Dagot

Objectives Biofilms as the preferred life-style of bacteria in natural ecosystems are highly
resistant to antibiotics, able to maintain high cell densities and have been shown to facilitate
gene transfer. Effluents from wastewater treatment plants (WWTPs) have been proposed to
act as point sources of antibiotic resistant bacteria (ARB) and antibiotic resistance genes
(ARGs) in the environment. To assess the impact of environmental biofilms on the
dissemination if ARB and ARGs, we propose a model allowing the study and manipulation of
environmental biofilms in the lab. Methods Natural biofilms from wastewaters (hospital,
urban) and river water were grown on polystyrene slides for 7 days, directly in situ and in
the lab by means of a continuous culturing system using water collected from the various
sites. Biofilms grown in the lab from each water type were compared to their lab replicate
treated with antibiotics and to their in situ counterparts by means of confocal microscopy.
Results Natural biofilms grown in situ are less homogenic than their lab counterparts but
comparable in their extracellular polymeric structure (EPS, i.e. lectin, lipid, protein and
external DNA (eDNA)). eDNA is most abundant in biofilms grown from hospital wastewaters
and almost absent from biofilms grown from river waters. Furthermore, EPS content differs
between antibiotic treated and non-treated lab replicates. Antibiotic treated biofilms grown
from hospital and urban wastewaters show a higher death/live ratio compared to their nonantibiotic treated lab replicates, whereas no impact of antibiotic treatment on the
death/live ratio can be seen for the river water biofilms. Conclusions Extracellular polymeric
substances are comparable between the in situ grown biofilms and the lab grown biofilms
from the same water type, suggesting that our model is suitable to study complex
environmental water biofilms directly in the lab and by confocal microscopy. To further
validate our proposed model we will also compare microbial communities, the diversity and
abundance of ARGs and transcriptional profiles of those biofilms. Finally, we aim to assess
the impact of waste and river water biofilms as hot-spots for the dissemination of ARB and
ARGs.
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S-24 : Impact of Biofilm Based Bioremediation Technologies on Public Health
Staci Capozzi, Sarah J. Edwards, Birthe Kjellerup*
University of Maryland, College Park, MD, USA
Background/Objectives
Removal of chlorinated compounds such as polychlorinated biphenyls (PCBs) from
contaminated sediments and chlorinated solvents tetrachloroethylene/trichloroethylene
(PCE/TCE) from groundwater are a priority because of their ability to enter the food chain
and due to their toxicity thus impacting public health. Commonly adopted remedies include
dredging and capping which are associated with challenges including disruption of existing
habitat and high cost. While in situ microbial degradation of PCBs represents an
improvement, previous attempts have failed because of PCB stability, low bioavailability,
low abundance and activity of indigenous PCB-degrading microorganisms. The high
efficiency of activated carbon (AC) and other sorptive substrates to quickly adsorb PCBs
from sediments has been demonstrated. Co-localizing PCB-degrading microbes onto
surfaces of sorptive particles as biofilms and utilization as a delivery system provides a novel
approach to address PCB contamination. In this study, several biofilm covered adsorbent
materials including AC were evaluated for enhancement of PCB dechlorination in sediment
and for .
Approach/Activities
Biofilms of anaerobic Dehalobium chlorocoercia, enrichment cultures from wastewater and
soil containing organohalide respiring bacteria were formed on sorptive materials. The
materials consisted both of activated carbons and biochars based on plant and animal waste
products such as coconut shell, pine wood, acai and bone. The formation of biofilm on the
sorptive materials was quantified using culture based methods, molecular (PCR, Q-PCR,
Illumina sequencing) and microscopic approaches (Confocal Laser Scanning Microscopy).
Mature biofilms were inoculated into contaminated mesocosms made from sediment and
saturated soil (groundwater), where the concentrations of chlorinated compounds and
individual congener concentrations were determined by GC-MS. The toxicity of the 12 dioxin
like PCB congeners was also investigated. Techniques included in this study were: DNA
extraction, q- PCR with specific 16S rDNA primers, identification by DHPLC and Illumina
sequencing and microscopic analyses with DAPI, PNA-FISH and CLSM.
Results/Lessons Learned
Biofilm formation of DF1, LB400 and enrichment cultures onto the array of tested sorptive
materials was observed via microscopic techniques and quantified via Q-PCR. Coal based
activated carbon as well as bone based biochar showed the fastest colonization (1 day) and
the highest number (10E9 cells per g) of bacteria after seven days. Anaerobic organohalide
respiring biofilms inoculated into sediment mesocosms showed a 2-fold increase and
enhanced PCB degradation (1.5 chlorines/biphenyl for biofilms (31%) vs. 0.3
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chlorines/biphenyl for planktonic inoculum (6%) over 200 days. The bacterial diversity, with
up to eight indigenous species of organohalide respiring bacteria, was not affected thus not
causing the difference in dechlorination. The application of biofilm-AC aggregates enhanced
the PCB degradation in the mesocosms significantly. This was likely due to PCB adsorption
onto AC ensuring direct contact between the PCB degrading biofilms and the adsorbed
PCBs. The factors involved in this mechanism are currently being further evaluated. This
two-phased approach will provide an efficient and cost-effective method for delivering
microorganisms for bioaugmentation of PCB contaminated sites thus enabling complete
onsite bioremediation and improving public health impacts in the surrounding areas.
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S-25 : Multi-omics Approach to Study Oral Biofilms
Bart Keijser
the Netherlands organisation for applied scientific research (TNO), Zeist, The Netherlands
The oral cavity is a unique ecosystem harboring dense microbial biofilms adhered to the
various surfaces. Metagenomic studies have revealed clear distinction in the microbial
composition of biofilms attached to hard dental and the soft mucosal surfaces. While the
oral microbiota is exposed to daily physical and chemical perturbations from the intake of
food and personal hygiene measures, it has a surprising temporal stability. Biological
properties that confer stability in the microbiome are important for the prevention of
dysbiosis—a microbial shift toward a disease, e.g., periodontitis or caries. Although
processes that underlie oral diseases have been studied extensively, processes involved in
maintaining of a normal, healthy microbiome are poorly understood. In a multidisciplinary
effort, we have studied dynamic adaptations of the oral ecosystem at a microbial,
biochemical and immunological level during a stress intervention. For this, we have
performed an experimental gingivitis study in 60 healthy volunteers, examining ecological
changes throughout the process of plaque accumulation. Using multivariate modeling
techniques, we were able to identify distinct ecological transitions during plaque
accumulation linked to changes in salivary the metabolome and host cytokine response.
Volunteers showed significant variation in clinical outcome following the experimental
gingivitis intervention. Importantly, we were able to predict the clinical outcome with regard
to bleeding index, and plaque accumulation based on individual differences in the oral
microbiome at the start of the intervention study. This multi omics data modeling approach
allowed identification of novel targets to support oral health.
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S-26 : Modelling Biofilm Mechanics
Cristian Picioreanu
Department of Biotechnology, Delft University of Technology, Delft, The Netherlands

While numerous models have addressed various questions of biofilm development, only few
studied the importance of mechanical factors and the effects of individual microbial
morphotypes. This presentation will show how mass-spring mechanical models can be
particularly useful computational tools to study pattern formation due to cell motility,
spreading of microbial colonies made of mixed cell morphotypes or interactions between
fluid flow and biofilms.
Examples will illustrate the effect of cell flexibility, motility engine, guided movement,
adhesion and drag forces, collision hardness, periodic movement reversal and cell
population density on the alignment, circular aggregation and formation of fruiting bodies
by myxobacteria. Another computational model explains how Diatoma chains form intricate
dome-shaped structures at the river bottom, while long, dreadlock-type colonies develop in
the fast flow. Finally, new individual-based models describe the effect of different cell
morphotypes (spheres, rods, filaments, branched hyphae and mixtures of them) on the
structure of microbial biofilms and aggregates. In particular, examples of modeling dental
plaque and caries formation will be presented.
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Session 6 : Biofilm Matrix
S-27 : Effect of Extracellular Polysaccharides Matrix on Bacterial Population
Antonio Pedro Ricomini Filho* 1, Bárbara Emanoele Costa Oliveira, Jaime Aparecido Cury
1
Physiological Science, Piracicaba Dental School, University of Campinas, Piracicaba, Brazil
In the presence of sucrose, bacterial enzymes synthesize extracellular polysaccharides (EPS),
which could favor higher population of microorganisms to metabolize sugars and produce
acids, increasing tooth demineralization. This study evaluated the bacterial population and
the biofilm matrix of a cariogenic biofilm formed in the presence of sucrose (S) or its
constituent monosaccharides, glucose and fructose (G+F). Streptococcus mutans UA159
biofilms were formed on bovine enamel slabs in low molecular weight medium (LMW; pH
7.0). Bacterial adhesion was performed on saliva-coated slabs in LMW strongly buffered for
8 h, 10% CO2, 37 ºC. During the growth, the biofilms (n=12) were exposed 8 times a day to a
solution of 5.25% glucose + 5.25% fructose or 10% sucrose. LMW was changed twice daily
and pH and calcium concentration were measured. After 96 h of development, the biofilms
were harvested to evaluate biofilm dry weight, viable cells and soluble (S-EPS) and insoluble
(I-EPS) EPS. The percentage of SH loss (%SHL) was calculated. CLSM images were used to
visualize the 3D biofilm organization and to calculate the biomass. Transmission electron
microscopy (TEM) were used to visualize EPS in the matrix. Data were analyzed by Student's
t-test (α=5%). Biofilm dry weight and biomass values were higher for S group (1.6 mg and
36.1 μm3/μm2) when compared to G+F (0.6 mg and 23.7 μm3/μm2) (p<0.05). The higher
weight and biomass were due to the presence of EPS, mainly I-EPS, and not to the bacterial
counts, which showed no difference between S and G+F groups (p>0.05). The values of
%SHL and calcium released were also higher for S group (34.7% and 33.2 µg) than G+F
(11.9% and 17.1 µg) (p<0.05). CLSM and MET images showed EPS among the cells only in S
group. It can be concluded that the bacterial population was not modified by the
carbohydrate source, however, the matrix of the biofilm exposed to sucrose was rich in EPS,
which contributed to higher enamel demineralization.
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Session 6 : Biofilm Matrix
S-28 : Development of an in vitro Biofilm Model Using Microfluidics
Hervé Straub* 1, Haijiang Zhang1, René Rossi1, Katharina Maniura1, Qun Ren1
1
Empa, St. Gallen, Switzerland
Preventing bacterial adhesion that can lead to biofilm-related infection on biomaterials is a
huge challenge. New antimicrobial coatings and materials are highly desired. To assess the
antimicrobial properties of these materials microfluidics technologies can be applied since
they permit dynamic real time analysis and more precise control of relevant parameters
compared to traditional static and flow chamber assays. In this project we aim at
establishing an in vitro microfluidic platform capable of mimicking the physiological
environment of the urinary tract in term of pH, temperature, flow shear stress, and medium
composition. This platform will be employed in the study of bacterial adhesion and early
biofilm development on urinary stents and catheters. The initially developed platform
allowed us to monitor in real time the adhesion of E.coli under flow in a microfluidic channel
under different environmental conditions, namely medium composition and hydrodynamic
shear stress. Bacterial adhesion was quantified with an automated image analysis workflow
we developed for the software ImageJ on pictures acquired with an inverted light
microscope. E.coli suspended in nutrient-poor medium M9 were observed to adhere more
on glass than those suspended in nutrient-rich medium TSB under the same flow rate. A
higher flow rate (i.e. higher hydrodynamic shear stress) led to a decreased adhesion for
both medium used. Further improvement of the microfluidic platform to allow direct
comparison of various settings and long term viability monitoring will be implemented.
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S-29 : Pseudomonas aeruginosa Lectins: Biological Roles and Binding Partners in Biofilms
Daniel Passos Da Silva* 1, Courtney Reichardt1, Daniel Wozniak2, Matthew Parsek1
1
Department of Microbiology, University of Washington, Seattle, 2Department of Microbial
Infection and Immunity, Ohio State University, Columbus, United States
Pseudomonas aeruginosa is known to produce two small soluble sugar-binding proteins,
designated as LecA and LecB. These lectins are known virulence determinants and their
relative sugar-binding affinities and interactions with target host cells were extensively
studied. Interestingly, the loss of LecA and LecB has been linked to abnormal biofilm
formation suggesting that they play a biofilm-specific role in addition to host cell binding.
However, the underlying mechanism for this biofilm phenotype is unclear. The biofilm
matrix exopolysaccharides (EPS) produced by P. aeruginosa are Pel and Psl and recent
studies determined the chemical structure of these two important components. Previous
sugar-binding studies of LecA and LecB revealed that they have binding affinities to
monosaccharides present in Pel and Psl, respectively. The aim of our study was to determine
if the binding of LecA and LecB to matrix EPS contributes to their function in P. aeruginosa
biofilms. First, we assessed the binding of LecA and LecB to these EPS via ELISA-based
assays. We observed that LecB bound to Psl, while LecA did not bind either Pel or Psl. These
results led us to determine if LecB could bind to molecules present in mature Pseudomonas
biofilms. Using exogenously supplied FITC labelled LecB, we observed by microscopy that
LecB was able to specifically bind to Psl. Next, we evaluated if the interaction between LecB
and Psl also occurred when both were being produced in vivo. We were able to coimmunopreciptate Psl with LecB only in the cellular fraction, suggesting that the LecB-Psl
interaction occurs prior to Psl release from the cell. As others previously observed in diverse
systems, we also detected a defective phenotype for the lecB mutant in flow cells under
specific nutritional conditions. These results support the hypothesis that LecB specifically
interacts with cell-associated Psl and this interaction is crucial for biofilm development.
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S-30 : Homogenous Biofilm Microclusters for Multiplex Array Analyses
Julia Bruchmann*, Ivana Pini, Pavel A. Levkin, Thomas Schwartz
Germany
Biofilms represent the predominant lifestyle of microbes. Therefore a lot of research is
performed to understand this phenomenon in environmental, technical and medical
habitats. Biofilm studies often suffer from low reproducibility due to the high heterogeneity
in the complex biofilm structures causing high variances in the gene expressions, stress
responses and behavior of the different subpopulations. To cope with these problems we
developed an array exhibiting a high number of homogenous biofilm microclusters in
parallel. Based on the formation of water-infused porous polymer areas with precise
geometries separated by “slippery” lubricant-infused porous surface (SLIPS) with biofilm
repellant property, bacteria attach in the hydrophilic spots and form multiple identical 3D
biofilm clusters.
Using this novel array biofilms of different P. aeruginosa strains were grown on different
geometries of hydrophilic areas. Thereby critical parameters like minimal size of adhesive
regions needed for biofilm formation and minimal distance to achieve separated biofilm
microclusters were determined. Strain dependent variance were observed regarding these
parameters. Using a multi-resistant strain we additionally observed a phenomenon of
biofilm bridging between two independent clusters overcoming even large distances of the
SLIPS barrier indicating a bacterial response to overcome adverse situations.
This array with its unique properties is a perfect tool for investigating influences of drugs,
immune host factors and exogenous stimuli on biofilm formation and biofilm virulence
indicated by biofilm spreading. The high statistical significance of the array by investigation
of multiple single biofilm microclusters in parallel promotes to draw high reproducible
conclusions. The versatility of the array in terms of cluster dimension and cluster distances
makes it suitable for a high variety of microbes. Therefore, this array will lead to a better
understanding of biofilm behavior.
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S-31 : The immune response to biofilms: opportunities for treatment, prevention, and
diagnosis
Janette Harro1, Devon Allison1, Kriste Brao1, and Mark E. Shirtliff1,2
1
Department of Microbial Pathogenesis and 2Department of Microbiology and Immunology,
University of Maryland, Baltimore.
The medical conquest of acute epidemic bacterial disease has been attained through
effective treatment and prevention strategies. The result has been the gradual replacement
of these diseases by chronic infections, ushering in the new era where biofilm paradigms
must be added to the original zeitgeist of microbial growth. These chronic biofilm diseases
have attained prominence through their ability to avoid elimination by antimicrobial
tolerance and circumvent clearance by the host immune response. While biofilm-associated
antimicrobial tolerance has been the focus of research for nearly three decades, the role of
the host immune response in not only failing but being complicit in the development of
chronic infections is a relatively new biofilm science.
The innate and adaptive host immune responses to acute infection are meant to promote
host survival by eliminating the pathogen. Although these responses are usually effective at
enabling host survival, they can also fail in a variety of host and/or microbe derived reasons
to eliminate pathogenic microbes. In these cases, the host will attempt to wall off the
infection and prevent systemic spread and a chronic infection ensues. It is apparent that the
ability to persist within the host and spread between hosts provides an evolutionary benefit
to pathogenic species.
In the past, the immunocompromised nature of the host or the Immunoavoidance
capabilities/virulence of the invading pathogens have largely been implicated as the source
for infection persistence. However, the ability of microbes to promote an ineffectual
immune response in a complicit host has more recently been recognized as an important
factor in the development of biofilm disease. The ways in which mono- and polymicrobial
biofilm infections exploit these host immunological response niches is unique depending
upon the species and host compartments. This seminar will provide an overview of the host
factors involved in the development of chronic infections using examples from monospecies
infections by Staphylococcus aureus and Pseudomonas aeruginosa, as well as those from
polymicrobial infections.
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S-32 : Recognition Of Persister Cells By The Host.
Elin Mina1, 2, Claudia N. H. Marques* 1, 2
1
Binghamton Biofilm Research Center, 2Biological Sciences, Binghamton University,
Binghamton, United States
Chronic infections result from the failure of an infected individual's immune system to
detect or respond to the presence of a small fraction of bacterial cells tolerant to
antimicrobials, called persister cells. Recent advances have been made towards
understanding the role of persister cells in infection chronicity: (1) persister cells have been
isolated from human patients with chronic infections, and (2) several experimental models
have been developed to study persister cells during host infections. However, research has
yet to establish the interaction between persister cells and the host's immune system.
Previously, we demonstrated that persister cells are scarcely engulfed by macrophages and
lead to low mortality of Caenorhabditis elegans. In this work, we focused on the host
recognition of persister cells. To achieve this, we quantified cytokine gene expression and
secretion in macrophages, as well as gene expression and activation of stress response in C.
elegans. No significant change of relative expression of stress and immune related genes
was detected in C. elegans upon infection with persister cells. Despite remaining constant at
1 persister cell per 10 macrophages, when compared to regular cells, engulfment of
persister cells was 10x lower and 100x lower at 90 min and 180 min post infection,
respectively. IL-6, IL-8 and IL-10 gene expression was initially down-regulated in the
presence of persister cells, followed by an upregulation at 90 min post infection, compared
to non-stimulation and infections with regular cells. No difference in IL-8 and IL-10 secretion
was observed in any of the conditions tested. In contrast, a significant increase of IL-6
secretion was detected in infections with persister cells. Consequently, persister cells may
be triggering an "all is well" immune system response in both models leading to the
observed significantly lower engulfment by macrophages and reduced C. elegans mortality.
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S-33 : Critical Parameters for Neutrophil Control of Nascent Biofilm
Niranjan Ghimire1, Kyler Pallister2, Jovanka Voyich2, Philip S. Stewart* 1
1
Center for Biofilm Engineering, 2Department of Microbiology and Immunology, Montana
State University, Bozeman, MT, United States
The ability of human neutrophils to clear newly attached S. aureus bacteria from a serumcoated glass surface was examined in vitro using time-lapse confocal scanning laser
microscopy. The objective of this work was to determine parameters important in the ability
of host defenses to eradicate contaminating microorganisms from a biomaterial surface and
thereby prevent establishment of a biofilm-based infection. Quantitative image analysis was
used to measure the temporal change in bacterial biomass, mean neutrophil speed, and
fraction of the surface area policed by neutrophils. In control experiments in which the
surface was inoculated with bacteria but no neutrophils were added, prolific bacterial
growth was observed (specific growth rate 0.67 ± 0.13 h-1). Neutrophils were able to control
bacterial growth but only consistently when the neutrophil:bacteria number ratio exceeded
approximately one. When pre-attached bacteria were given a head start and allowed to
grow for 2.5 h prior to neutrophil addition, neutrophils were unable to maintain control of
the nascent biofilm. In the head start experiments, aggregates of bacterial biofilm with
areas of 50 μm2 or larger formed and the growth of such aggregates continued even when
multiple neutrophils attacked a cluster. These results show that the ratio of the surface
concentrations of neutrophils and bacteria and also the time required to recruit neutrophils
to the surface are critical parameters affecting the potential of host defenses to prevent
biofilm-based infection. Other factors identified as important in this interaction include the
chemistry of the material surface and oxygen tension.
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S-34 : P. aeruginosa Variant Biofilms are Inflammatory and Persist in vivo
Matthew J. Pestrak* 1, Sarah Chaney1, Heather Eggleston1, 1, Shomita Mathew-Steiner2,
Kasturi Ganesh2, Sashwati Roy2, Matthew Parsek3, Chandan Sen2, Daniel Wozniak1
1
Department of Microbial Infection and Immunity, 2Department of Surgery, The Ohio State
University, Columbus, 3Department of Microbiology, University of Washington, Seattle,
United States
The opportunistic pathogen Pseudomonas aeruginosa is one of the most common causes of
lethal nosocomial infections. This bacterium is frequently isolated from burn wounds, acute
and chronic airway infections, and medical devices. Once established, P. aeruginosa
infections are incredibly difficult to treat due to the development of antibiotic resistant
biofilms. A hyper-biofilm forming variant of P. aeruginosa, known as a rugose small-colony
variant (RSCV), is frequently isolated from chronic lung infections. RSCV form aggregates
which exhibit many biofilm-associated phenotypes, such as increased antimicrobial
tolerance. The development of these mutants during infection indicates a selective
advantage for this phenotype, but it remains unclear how this phenotype promotes
persistence. While prior studies suggest RSCVs survive by evading the host immune
response, our study reveals infection with the RSCV, PAO1∆wspF, stimulated an extensive
inflammatory response that caused significant damage to the surrounding host tissue. Using
a chronic porcine burn wound model and an acute murine pulmonary infection model, we
observed an increase in bacterial burden, inflammation, and host tissue damage during
RSCV infection. Considering the predominant role of neutrophils in combating P.
aeruginosa, we investigated the impact of the RSCV phenotype on neutrophil function.
Compared to wild-type (WT) P. aeruginosa, RSCVs exhibit enhanced phagocytic evasion and
stimulate neutrophil production of reactive oxygen species (ROS). Additionally, RSCVs are
more tolerant than the WT to neutrophil-produced antimicrobials, including ROS and LL-37.
This study provides new insight on RSCV persistence mechanisms. We conclude that RSCVs
stimulate a robust but ineffective inflammatory response that likely contributes to host
tissue damage during chronic infection. Furthermore, we demonstrate RSCVs persist in the
wound, indicating a role may exist for these variants in a variety of host environments.
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S-35 : Polyvalent Biofilm-Directed Immunization Kills Staphylococcus aureus
Janette M. Harro* 1, Yvonne Achermann1, 2, Jeffrey Freiberg1, 3, Devon Allison1, 3, Salar
Sanjari1, Mark Shirtliff1, 3
1
Microbial Pathogenesis, University of Maryland, Baltimore School of Dentistry, Baltimore,
United States, 2Infectious Diseases and Hospital Hygiene, University and University Hospital
of Zurich, Zurich, Switzerland, 3Microbiology and Immunology, University of Maryland,
Baltimore School of Medicine, Baltimore, United States
Staphylococcus aureus causes over 340,000 hospitalizations and 50,000 deaths annually in
the United States. To date, a vaccine against staphylococcal infections is not available. We
designed a vaccine with antigens that are (1) expressed in vivo and in all stages of either
biofilm or planktonic growth (2) exposed to the immune system, (3) expressed in relevant S.
aureus strains, and (4) have >99% sequence conservation.
Using these criteria, we developed a pentavalent vaccine with 1 planktonic and 4 biofilm
antigens (addressing biofilm heterogeneity), and evaluated efficacy compared to planktonic
alone or combined biofilm antigens (quadrivalent vaccine). Antigens (0.0125 mg/each) were
given at 35 and 21 days prior to S. aureus challenge. BALB/c mice immunized with
pentavalent vaccine exhibited a reduction in mortality after challenge with 1 x 10 9 CFUs
compared to other immunized and non-immunized mice (36% vs 84%; p<0.05) over 21 days.
Bacteria were observed in peritoneal abscesses of mice immunized with the pentavalent
vaccine, so efficacy was evaluated against a lower inoculum (3 x 108 CFUs). Immunization
resulted in significant mortality reduction of BALB/c mice immunized with the pentavalent
vaccine versus non-immunized mice (17% vs 92%; p < 0.001) and produced sterilizing
immunity in 80% of the surviving, immunized mice.
We tested protective efficacy of antibodies raised against the antigens in the same model.
BALB/c mice were given IgG specific for antigens of the pentavalent vaccine, quadrivalent
vaccine, planktonic antigen, or albumin (2 mg total), then challenged with 5 x 10 8 CFUs.
Mice immunized with pooled IgG for pentavalent antigens exhibited reduced mortality postchallenge compared to biofilm-specific IgG and non-immunized mice (0% vs. 66% and 63%,
respectively; p=0.001), and sterilizing immunity was observed in 33% of those mice. Our
data indicate targeting biofilm growth is crucial in vaccine design and led to sterilizing
immunity.
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S-36 : Research on Biofilms and Oxidative Stress: Setting Standards!
Paul Cos
University of Antwerp, Antwerp, Belgium
The biofilm lifestyle gives many advantages to the microorganisms involved. The
extracellular matrix offers protection against host defense mechanisms and can shield the
sessile cells from certain antimicrobial compounds like oxidizing agents. It is therefore
pivotal to study the interaction between reactive oxygen species (ROS), for example
produced by macrophages and neutrophils, and sessile bacteria. In addition, an alternative
approach to treat biofilm infections is to locally increase the oxidative stress, like e.g. with a
cold plasma pen.
This presentation focuses on the challenges and pitfalls of measuring oxidative stress in
bacterial biofilms with the aim of setting standards. The most common methods used in free
radical research will be discussed with a specific focus on their advantages and
shortcomings. Besides the fingerprinting methods, free radicals can also be detected with
electron spin resonance (ESR). ESR studies on the measurement of free radical production in
macrophages and animals will be discussed. A SWOT analysis will be introduced for working
with macrophages and animals in bacterial biofilm infection models. For example, one
should keep in mind that macrophages can be classified into two types, the classically
activated macrophages (M1) and the alternatively activated macrophages (M2). For animal
experiments, the choice of the laboratory animal, the immunosuppression protocol and the
end parameters of infection play an important role. Finally, some rules of thumb for defining
oxidative stress involvement in bacterial biofilms will be introduced.
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S-37 : Collapse of Genetic Division of Labor and Evolution of Autonomy in Pellicle Biofilms
Anna Dragos1,2, Heiko Kiesewalter2, Carolina Falcon Garcia3, Oliver Lieleg3, Lara Kricks4,
Daniel Lopez4, Gergely Maróti5, Balázs Bálint6, Ákos T. Kovács1,2
1
Terrestrial Biofilms Group, Friedrich Schiller University Jena, Jena, Germany. 2Department of
Biotechnology and Bioengineering, Technical University of Denmark, Kgs Lyngby, Denmark.
3
Department of Mechanical Engineering, Technical University of München, Germany.
4
National Centre for Biotechnology, Spanish Research Council, Madrid, Spain. 5Institute of
Biochemistry, Hungarian Academy of Sciences, Hungary. 6 SEQomics Biotechnology Ltd,
Morahalom, Hungary
Closely related microbes often cooperate, but prevalence and stability of cooperation
between different genotypes remains debatable. Here, we explore the long term
evolutionary dynamics of biofilms formed through genetic division of labor.
Pellicle biofilms of Bacillus subtilis form at liquid-air interface where bacteria stick to each
other encased in an extracellular matrix (ECM) composed of exopolysaccharide EPS and
fiber protein TasA. Failure to synthesize EPS or TasA prevents pellicle formation however
∆eps and ∆tasA can complement each other and form robust pellicle. We compared the
evolution of these mutants under two alternative conditions: in mixed cultures with
constrained division of labor and in monocultures where both strains perform poorly at the
beginning due to the lack of either EPS or TasA.
After over 200 generations of experimental evolution, both monoculture mutants evolved
autonomous pellicles pursuing two distinct evolutionary trajectories. The molecular
adaptation of ∆tas took part through several alternative paths that all led to increased levels
of EPS secretion and development of slimy pellicles that were less stiff and more viscous as
compared to the wild type. On the contrary, two of six ∆eps populations evolved interface
colonization via distinct substitutions in TasA-encoding gene presumably altering the
biochemical properties of TasA. Interestingly, while the ECM of evolved ∆tasA could be
easily exploited by the non-evolved strain, the ECM of evolved ∆eps was highly privatized. In
co-cultures, the ∆tasA gradually outcompeted its partner in each parallel mixed population
leading to rapid biofilm collapse and dramatic productivity loss, however, after the exclusion
of ∆eps the ∆tasA pursued a similar adaptive path as in monocultures.
Despite the short-term success, genetic division of labor in biofilm formation collapsed and
slowed down the evolution of autonomy of the winning partner. The loss of ∆eps in the mix
and its lower chance for autonomy evolution may indicate evolutionary trade-offs linked to
privatization of public goods. Differences in dependency levels and availability of public
goods exchanged by the cooperating partners likely contributed to cooperation collapse
revealing a barrier against evolution of intraspecific cooperation in microbes.
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S-38 : Dynamic Biofilm Architecture Confers Collective Viral Protection
Lucia Vidakovic1, Praveen Singh1, Raimo Hartmann1, Carey Nadell* 1, 2, Knut Drescher1
1
Max Planck Institute for Terrestrial Microbiology, Marburg, Germany, 2Dartmouth College,
Hanover, United States
In medical settings, biofilms cause devastating damage during chronic and acute infections;
indeed, bacteria are often viewed as agents of human disease. However, bacteria
themselves suffer from diseases, most notably in the form of viral pathogens termed
bacteriophages, which are the most abundant replicating entities on Earth. Phage-biofilm
encounters are undoubtedly common in the environment, but the mechanisms that
determine the outcome of these encounters are unknown. Using Escherichia coli biofilms
and the lytic phage T7 as models, we discovered that an amyloid fiber network of CsgA (curli
polymer) protects biofilms against phage attack via two separate, novel mechanisms. First,
collective cell protection results from inhibition of phage transport into the biofilm, which
we demonstrate in vivo and in vitro. Second, CsgA fibers protect cells individually by coating
their surface and binding phage particles, thereby preventing their attachment to the cell
exterior. These insights into biofilm-phage interactions have broad-ranging implications for
the design of phage applications in biotechnology, phage therapy, and the evolutionary
dynamics of phages with their bacterial hosts.
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S-39 : Evolution of Antimicrobial Resistance in Polymicrobial Biofilms
Connor Frapwell* 1, Rob Howlin1, 2, Yanmin Hu3, 4, Anthony Coates3, 4, Jeremy Webb1, 2
1
Biological Sciences, Faculty of Natural and Environmental Sciences, University of
Southampton, 2Southampton NIHR Respiratory Biomedical Research Unit, University of
Southampton and University Hospital Southampton NHS Foundation Trust, Southampton,
3
Medical Microbiology, Institute of Infection and Immunity, St George's, University of
London, 4Helperby Therapeutics Group plc, London, United Kingdom
The incidence of antimicrobial resistance (AMR) among bacterial infections is increasing.
Most bacterial infections are associated with biofilm formation, which provides bacteria
with tolerance towards antimicrobials. Biofilm-mediated tolerance and heritable AMR are
linked and the unique biofilm physiology can promote bacterial evolution. Using a dual
species co-culture of P. aeruginosa and S. aureus, this study demonstrates how biofilm
growth, either within single species or dual species co-culture, affects the rate of bacterial
mutation, and how biofilm growth can contribute to bacterial variability and the emergence
of AMR mechanisms.
Mutation rates of P. aeruginosa PA21 and S. aureus UAMS-1 were measured using
fluctuation analysis following growth as planktonic and biofilm cultures, either alone or in
co-culture. Mutants were determined based on their ability to grow on agar plates
containing an inhibitory concentration of rifampicin. Mutation rates were calculated using
the Ma-Sandri-Sarkar Maximum Likelihood Estimator and 94% confidence intervals
compared for significance.
Mutation rates of P. aeruginosa and S. aureus increased 10-fold when grown as
monospecies biofilms compared to monospecies planktonic cultures (P<=0.01). A similar
increase was seen for both species in planktonic co-culture, and for P. aeruginosa when
grown as a co-culture biofilm. However, when in a co-culture biofilm, the mutation rate for
S. aureus increased over 100-fold compared to the rate observed following monospecies
planktonic culture. We are currently undertaking genetic analysis of colony variants from
biofilm co-culture to determine how mutation events relate to survival and adaptation
under co-culture.
This work shows that biofilms increase spontaneous mutation rates and promote genomic
variation in bacteria, which can accelerate the evolution of AMR. We also demonstrate that
inter-species interactions can have an important influence on bacterial mutation rates.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 46 -

Session 8 : Evolution and adaptation in biofilms
S-40 : Stabilisation of Interspecific Interactions by Biofilm Formation
Henriette L. Røder* 1, Wenzheng Liu1, Jakob Russel1, Jakob Herschend1, Michala Falk
Andersen1, Jonas Stenløkke Madsen1, Søren Johannes Sørensen1, Mette Burmølle1
1
Department of Biology, University of Copenhagen, Copenhagen, Denmark
Bacteria can increase their matrix production to position themselves favourably in the
exterior biofilm layers in order to compete for substrate. Here, we study how matrix
production influences the facultative mutualistic relationship between Xanthomonas
retroflexus and Paenibacillus amylolyticus. We have previously characterized a phenotypic
variant of X. retroflexus with a wrinkled colony morphology that emerged during prolonged
co-cultivation. Co-cultures of this variant and P. amylolyticus both reached higher cell
numbers than those containing wildtype X. retroflexus.
We examined the biofilm formation and spatial organisation of biofilms composed of P.
amylolyticus and the wrinkled or wild type X. retroflexus variants in distinct experimental
model systems, as we hypothesized that their interaction would change dependent on the
specific environment. The biofilm models used included the static Calgary biofilm device
assay and two flow systems; the microfludic BioFlux model (liquid bulk flow), and the drip
flow reactor (liquid-air interphase).
Biofilm formation of P. amylolyticus was found to be facilitated by wildtype X. retroflexus,
whose biomass was reduced, as P. amylolyticus occupied the outer layer of the biofilm. This
biomass reduction was negated by the wrinkled colony variant of X. retroflexus, as both
species co-occupied the exterior of the biofilm. The changed biofilm production of the
wrinkled variant ensured a competitive equilibrium between the two species. This shows
that changes in matrix production may serve to stabilise the interspecific relationship in a
dual species biofilm by establishing favourable spatial positioning of both species.
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S-41 : A Division Of Labor During Pseudomonas aeruginosa Surface Sensing
Catherine Armbruster* 1, Calvin Lee2, Jaime De Anda2, Jessica Parker-Gilham2, Fan Jin2, Julie
A. Cass3, Paul Wiggins3, Lucas R Hoffman1, 4, Caroline S Harwoord1, Gerard Wong2, Matthew
Parsek1
1
Department of Microbiology, University of Washington, Seattle, 2Department of
Bioengineering, University of California, Los Angeles, 3Department of Physics, 4Department
of Pediatrics, University of Washington, Seattle, United States
The second messenger signaling molecule cyclic diguanylate monophosphate (c-di-GMP)
drives the transition from planktonic to the biofilm mode of growth in many bacteria.
Pseudomonas aeruginosa biofilm cells have elevated c-di-GMP levels relative to their
planktonic counterparts, and mutations in genes involved in c-di-GMP synthesis generally
lead to defects in biofilm formation. P. aeruginosa has at least two chemosensory-like
systems that produce c-di-GMP in response to surface contact: the Wsp and Pil-Chp
systems. While factors contributing to the formation of mature biofilms have been wellcharacterized, early biofilm formation, when a bacterium first senses a surface and
transitions from a planktonic to a surface-attached state, remains poorly understood. We
examined the dynamics of c-di-GMP production at the single cell level during surface
sensing and early biofilm formation in lab strains PAO1 and PA14. We used a plasmid-based,
transcriptional reporter of intracellular c-di-GMP and microscopy to follow the downstream
fate of cells producing varying levels of c-di-GMP after surface attachment. We found that
heterogeneous levels of c-di-GMP emerge as cells sense a surface, leading to physiological
differences between cells. Surface attached cells with high c-di-GMP specialize as early
biofilm matrix producers whereas their low c-di-GMP counterparts specialize as early
surface-motile explorers. We demonstrated a role for the Wsp system in initiating early c-diGMP signaling, and observed that mutations in the Wsp system disrupt the specialization of
cells. Furthermore, we found that the dynamics of c-di-GMP production during surface
sensing differ between strains. These results suggest that a genetically homogeneous
population of P. aeruginosa cells engages in a division of labor between two energetically
costly behaviors in early biofilm formation: surface exploration and polysaccharide
production.
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S-42 : Spatial Organisation Affects Co-evolution in Small Microbial Communities
Sara Mitri
University of Lausanne, Switzerland
Microbial life often takes place in biofilms, which are composed of dense, surface-attached
communities containing multiple strains or species. In an effort to understand these
communities and how they evolve, we need to answer two key questions: (i) how genotypes
self-organize in space depending on environmental conditions, and (ii) to what extent
spatial organization affects selection for different genotypes.
To answer the first question, we mixed two bacterial strains that were identical except for
expressing either different fluorophores, and grew them in a colony on agar containing
varying nutrient concentrations. Through image analysis of these colonies, we show that
higher nutrient concentrations allow the two strains to remain mixed for longer. To address
the second question, we hypothesized that if one of the strains were producing a public
good that is beneficial to all cells, then mixing would select against this cooperative strain.
We ran new experiments using two strains: one that can resist an antibiotic by secreting
antibiotic-inhibiting enzymes (cooperator), and one that is sensitive and secretes no
enzymes.
In support of our hypothesis, the data show that mixing favors the sensitive strains, even if
growing on agar containing antibiotics. Finally, since these experiments involve a highly
simplified scenario involving only two strains of the same species, we look at how spatial
patterns emerge under different conditions in a four-species bacterial community.
Taken together, this work helps to understand the interplay between spatial organization
and co-evolution in bacterial biofilms containing multiple genotypes.
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S-43 : Unravelling Metabolic Circuitry Within Inter-kingdom Biofilm Interactions
Gordon Ramage
School of Medicine, Dentistry and Nursing, College of Medicine, Veterinary and Life Sciences,
University of Glasgow
Despite their clinical significance, polymicrobial biofilm infections continue to be a widely
understudied health problem. Advancement in biofilm research has highlighted that these
communities are rarely composed of a single-species consortia, but instead exist as
complex, diverse, and heterogeneous structures. By actively participating within these
environments different micro-organisms can interact through direct and indirect exchanges
of both a physical and chemical nature, which ultimately influence disease severity by
promoting intensified pathogenic phenotypes. Although belonging to distinct phylogenetic
kingdoms, the dimorphic fungus Candida albicans and bacterial pathogen Staphylococcus
aureus possess the ability to habitually co-exist as complex polymicrobial biofilms within the
human host. This presentation will explore how C. albicans interacts with and is induced
by S. aureus to form ‘mycofilms’. OMICs approaches have been used to demonstrate how
distinct metabolic pathways can define how C. albicans forms biofilms, and how S. aureus is
capable of influencing these pathways.
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S-44 : Impact of a Methylobacterium Species in Drinking Water Biofilms
Erifyli Tsagkari* 1, Ciara Keating1, Jillian Couto1, William Sloan1
1
School of Engineering, University of Glasgow, Glasgow, United Kingdom
The structure of biofilms in drinking water systems is influenced by subtle interplay between
biological and physical processes. It has been suggested that bacterial aggregates in the bulk
fluid may be important in seeding biofilm formation on surfaces. In simple pure and cocultures it has been shown that certain bacterial species, including Methylobacterium, are
implicated in the formation of aggregates. However, it is unclear whether they help to form
aggregates in complex mixed bacterial communities that are typical of drinking water
systems. Furthermore, one might expect that differences in the mixing and dispersal of
different flow regimes could affect the formation and destination of aggregates. In this
study real drinking water mixed microbial communities were inoculated with
Methylobacterium and their propensity to promote aggregation was monitored under
stagnant conditions and two distinct flow regimes. Polymerase Chain Reaction (PCR) was
used to determine whether the Methylobacterium species used is endemic to the Glasgow
tap water and Quantitative-PCR was used to measure the relative abundance at which it
resides. Under stagnant conditions, it was demonstrated that, even at a relative abundance
of 0.01, Methylobacterium significantly enhanced aggregation. Laminar and turbulent flows
were created in a rotating annular reactor. Methylobacterium promoted a higher degree of
aggregation in turbulent than laminar flow. Fluorescence in situ hybridization images
revealed that the aggregates had coherent spatial structures, which were most evident in
turbulent flow, with Methylobacterium forming a close-knit core, despite its low abundance,
that was surrounded by a mantle of other drinking water bacteria. The prevalence of
Methylobacterium in drinking water showed that it initiated the formation of aggregates in
the bulk water which subsequently attached to surfaces, and suggested that it is a keystone
species in biofilm formation.
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Session 9 : Mixed species (including bacterial-fungal) biofilms
S-45 : Synergism in Biofilms Of C. albicans Mutant Strains And Streptococci
Daniel Montelongo-Jauregui*, Anand Srinivasan1, Anand Ramasubramanian2, Stephen P.
Saville3, Jose L. Lopez-Ribot3
1
BioBrige Global, San Antonio, 2Biomedical, Chemical and Materials Engineering, San Jose
State University, San Jose, 3Biology, The University of Texas at San Antonio, San Antonio,
United States
Fungal and bacterial populations coexist in the oral cavity including oral tissues and
implants, where they commonly form biofilms resulting in elevated levels of antibiotic
resistance that further complicates treatment against these infections. Unfortunately, the
bidirectional interactions between these microbial populations are poorly understood. Using
our previously developed in vitro model for co-culture of fungal-bacterial biofilms of
Candida albicans and Streptococcus gordonii on 96-well microtiter plates, we attempt to
elucidate at the molecular level important factors responsible for the interaction between
these microorganisms in mixed biofilms. Here, we co-cultured C. albicans ∆efg1 and ∆brg1
mutants, which are highly defective in both filamentation and biofilm formation, as well as
adhesin-deficient mutants ∆als3 and ∆bcr1 alone and in combination with S. gordonii wildtype strain DL1.1. Biofilms were grown in either microbiological media or BMM synthetic
saliva. The 3D architecture of biofilms was analyzed using confocal microscopy. Results
revealed that growth in BMM or addition of mucin, as well as co-culture with the bacterium,
restored the biofilm forming ability of the C. albicans ∆als3 and ∆bcr1 mutants. Moreover
and somewhat surprisingly, results indicated a highly synergistic interaction between S.
gordonii and the C. albicans ∆efg1 and ∆brg1 mutants, even in the absence of filamentation,
which was particularly noticeable when the mixed biofilms were grown in synthetic saliva. In
all instances biofilm formation led to increased levels of antimicrobial resistance. Overall
these results unravel a high degree of complexity in the reciprocal interactions between C.
albicans and S. gordonii in mixed species biofilms.
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S-46 : Unravelling the Biofilm Core Microbiome in Cooling Tower Systems
Luciana Di Gregorio* 1, 2, Valter Tandoi1, Roberta Congestri2, Simona Rossetti1, Francesca Di
Pippo1, 3
1
CNR-IRSA, National Research Council, Water Research Institute, Via Salaria Km 29.300,
Monterotondo 00015, Rome, 2University of Rome Tor Vergata, Department of Biology, Via
Cracovia 1, 00133 Rome, 3CNR-IAMC, National Research Council, Institute for Coastal Marine
Environment, Località Sa Mardini, Torregrande, 09170 Oristano, Italy
Biofilms widely colonize cooling towers promoting biofouling with equipment damages and
economic impact. The conventional control practice in these industrial systems is
hypochlorite treatment of circulating water to which biofilms are often recalcitrant thanks
to the exopolymeric matrix. Although it is recognized the role of intrinsic biodiversity on the
whole biofilm development, few information is available on the composition and structure
of biofilms growing in cooling tower systems. This strongly limits the efficacy of the control
strategies adopted as well as the development of more effective and alternative
procedures. In this study, Next Generation Sequencing and Catalyzed Reporter Deposition
Fluorescence In situ Hybridization, combined with confocal microscopy, were used to
provide an insight into the biodiversity and structure of biofilms collected from four fullscale European cooling systems. Water samples (make-up and recirculating water) were also
analyzed to evaluate the impact of suspended microbes on biofilm formation. Non-metric
multidimensional scaling analyses conducted on NGS data showed a clear-cut separation
between biofilm and suspended communities. In any case, a common core microbiome,
constituted by Sphingomonadaceae, Comamonadaceae and Hyphomicrobiaceae families,
was found in all biofilm samples, though source communities had different origin (river and
groundwater), suggesting that a first selection was due to abiotic conditions, temperature
and biocides. A pioneer role was played by Sphingomonadaceae, with 5.6-18.6% relative
abundance, whose adhesion capacity was likely responsible of initial biofilm formation.
Subsequent biofilm development mainly responded to light availability in the towers, with
biofilms dominated by phototrophs occurring in the two studied open systems.
Phototrophs’ interaction with other biofilm microbes then shaped the structure of the
mature communities analyzed in this study.
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S-47 : Cf Multispecies Dynamics: Role of Oxygen Milieu and Antibiotic Therapy
Susana Patrícia Lopes*, Nuno Filipe Azevedo, Maria Olívia Pereira
Portugal
Cystic fibrosis (CF) airway harbours a complex microbiome, wherein atypical species and
common pathogens co-exist/interact, shifting disease progression and treatment routes.
Also evident is the myriad of factors challenging the CF community dynamics, thus
disturbing the sociomicrobiology in the infection site. This work aimed to assess how
chemical (antibiotic exposure) and environmental (variable oxygen conditions) stress could
disturb CF polymicrobial (dual/three-species) consortia of Pseudomonas aeruginosa and CFunusual species (Inquilinus limosus and Dolosigranulum pigrum).
Minor changes in biofilms occurred across environments of distinct oxygen availabilities,
with dual-species consortia exhibiting similar relative proportions and P. aeruginosa and/or
D. pigrum dominating three-species biofilms. When exposed to antibiotics, dual-species
biofilms showed enhanced resistance profiles, evolving to a high level of fluctuations in their
microbial compositions/distributions/interactions. Fluctuations convoluted for three-species
populations, being dependent on the antibiotic, on its dose, and on oxygen environment.
This work highlights environmental and antibiotic stress (particularly) as key factors driving
CF multispecies dynamics, through significant compositional/functional changes. Also, the
role of uncommon species in mediating social interactions with pathogens, affecting the
whole community and contributing for CF outcome is emphasised.
The authors acknowledge the Portuguese Foundation for Science and Technology (FCT),
under the scope of the strategic funding UID/BIO/04469/2013 and COMPETE 2020 (POCI-010145-FEDER-006684). This study was also supported by FCT and European Community fund
FEDER, through Program COMPETE, and BioTecNorte operation (NORTE-01-0145-FEDER000004) funded by European Regional Development Fund under the scope of Norte2020 Programa Operacional Regional do Norte. FTC is also acknowledged for S.Lopes Post-Doc
Grant (SFRH/BPD/95616/2013).
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S-48 : Interactions Between Candida albicans and Intestinal Bacteria: Foes or Brothers in
Arms?
Ilse D. Jacobsen1, 2
1
Research Group Microbial Immunology, Leibniz Institute for Natural Product Research and
Infection Biology, Hans-Knöll-Institute (HKI), Jena, Germany
2
Friedrich Schiller University, Jena, Germany
The human gut, as the organ harboring the highest density of microbes, is a relevant source
of life-threatening infections. Numerous opportunistic bacteria and fungi colonize the gut
and bacterial-fungal interactions are likely to influence both development and pathogenesis
of disseminated infections. I will summarize the current knowledge on interactions between
intestinal bacteria and Candida albicans, an opportunistic human pathogenic fungus that is
commonly found in the gastrointestinal tract.
Both antagonistic and synergistic relationships have been described, with lactobacilli and
Bacteroides spp. as the most prominent examples of bacteria that enhance colonisation
resistance against C. albicans. Pseudomonas aeruginosa and Enterococcus faecalis were
shown to reduce virulence of C. albicans. The later however might depend on the bacterial
strain, as data from our lab indicates that some E. faecalis isolates lead to synergistic
damage of enterocytes in coinfection models. We also observed synergistic damage in
coinfections of C. albicans and Proteus mirabilis, an emerging cause of bacterial blood
stream infections, which appears to be caused by enhanced production of bacterial
virulence factors in the presence of the fungus. Both C. albicans and the bacteria are
capable of forming biofilms and increasing evidence suggests that biofilm formation might
play a role in microbial communities in the gut. We observed close physical interactions
between C. albicans and bacteria during coinfections and are currently investigating to
which extend mixed-species biofilm formation affects host damage.
To conclude, cross-kingdom interactions with in the intestinal tract are likely to affect not
only microbiota composition but also development and progression of infections. Mixedspecies biofilms are likely to be involved in these interactions. However, these aspects have
so far been not addressed on a wider scale and warrant further research using a variety of
experimental approaches and interdisciplinary initiatives.
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S-49 : Effects of the Host response on the Microenvironment and Physiology of Infectious
Biofilm
Peter Østrup Jensen,
Rigshospitalet, Copenhagen, Denmark
The host response against biofilm is frequently dominated by polymorphonuclear
leukocytes (PMNs). The intense accumulation of PMNs next to the biofilm may result in local
densities approaching 109 PMNs pr ml. Since PMNs are activated by biofilm as well as by
tissue damage the consequence of the response by the abundant PMNs may include
depletion of oxygen (O2), lowering of pH due to release of lactate and protons as well as
increased supply of reactive oxygen species (ROS). Such features of the microenvironment
have been observed in endobronchial secretion from cystic fibrosis patients with chronic
lung infections. In particular, the O2 depletion may result in the anaerobic respiration and
the slow bacterial growth observed in endobronchial secretion from these patients.
Whether PMNs cause O2 depletion in chronic wounds infected with biofilm remains to be
firmly demonstrated, but the high local density of PMNs and ongoing production of ROS
indicate the possibility of the PMN response to restrict the availability of O2 in chronic
wounds.
A possible clinical relevance of the microenvironment may be associated with the influence
of aerobic respiration and growth rate on the susceptibility to several types of antibiotics.
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S-50 : Transcriptome Profiling Of Dispersed Cells From P. aeruginosa Biofilms
Rohit Ruhal* 1, Basil Britto Xavier1, An Hotterbeekx1, Christine Lammens1, Kenny Bielen2,
Herman Goossens1, Samir Kumar-Singh2, Surbhi Malhotra-Kumar1
1
Laboratory of Medical Microbiology, 2Laboratory of Molecular Pathology, Cell Biology and
Histology, University of Antwerpen, Antwerp, Belgium
Objective: During biofilm-associated infections, the role of dispersed cells in
disseminating infection to new body sites remains much debated. Here we studied changes
in gene expression between naturally dispersed cells of Pseudomonas aeruginosa PAO1
compared to biofilm.
Method: Dispersed cells were collected from 24 hrs static biofilms by switching to fresh
ABTGC media. RNA was extracted (RNeasy mini kit, Qiagen), sequenced (NextSeq500,
Illumina Inc.) and analyzed using the CLC Genomics workbench v9.5.1. in two biological
replicates.
Result: Dispersed cells showed increased expression of type 3 secretion system (T3SS)
genes compared to biofilms. ExsA, a master regulator of T3SS, was 10-fold upregulated in
dispersed cells. The type 6 secretion system (T6SS) genes, especially hcpC was 5-fold
upregulated in biofilms compared to dispersed cells. Genes related to cell-cell binding, lecA,
lecB and flp, were downregulated 11, 13 and 15-fold in dispersed cells compared to biofilms.
Genes involved in nitric oxide (NO) degradation, norB and norC were downregulated (9- to
15-fold). While napE, known to be involved in NO synthesis, was 5-fold upregulated in
biofilms compared to dispersed cells, and is a known inducer of natural dispersal from 24
hrs biofilms. Biofilms showed downregulation of many ribosomal proteins and upregulation
of genes involved in respiration and TCA cycle in keeping with the persistent nature of the
phenotype.
Conclusions: Upregulation of the T3SS injectisome in dispersed cells probably facilitates a
switch to a more virulent lifestyle of P. aeruginosa, and represents an important therapeutic
target against dissemination of biofilm-associated cells in the human host.
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S-51 : Biofilms In Lumbar Disk Herniation - A Prospective Proof Of Concept
Blaine Fritz* 1, Søren Ohrt-Nissen2, Jonas Walbom2, Kasper Kragh1, Thomas Bjarnsholt1, 3,
Benny Dahl2, Claus Manniche4
1
Department of Immunology and Microbiology, University of Copenhagen, 2Department of
Orthopedic Surgery, 3Department of Clinical Microbiology, Rigshospitalet, Copenhagen,
4
Spine Centre of Southern Denmark, University of Southern Denmark, Odense, Denmark
A relationship has been suggested between lumbar disc herniation (LDH) and chronic
bacterial infection, possibly due to formation of biofilm aggregates. The objective of this
study was to assess whether a disk infection involving bacterial biofilm formation is present
in patients with LDH. Surgical biopsies were collected from 51 lumbar disc herniations (LDH)
and 14 spinal fractures/deformities (as controls). Tissue samples were divided in two and
analysed by either 16S rDNA polymerase chain reaction (PCR) or confocal laser scanning
microscopy (CLSM) utilizing fluorescence in-situ hybridization. Bacterial 16S rDNA was
detected by PCR in 16/51 samples in the LDH group and 7/14 controls (p=0.215). CLSM
demonstrated tissue-embedded bacterial aggregates with host inflammatory cells in 7/44
LDH patients and 0/14 controls. Only 1 sample positive for bacterial aggregates by CLSM
was positive for bacterial 16S rDNA by PCR. These results provide a proof-of-concept that
bacterial aggregates can infect herniated disk tissue. Additionally, we demonstrate the
importance of microscopic observation to differentiate a true infection from contamination.
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S-52 : An Artificial Sebum Model To Explore Propionibacterium acnes Biofilm
Karl-Jan Spittaels* 1, Tom Coenye1
1
Laboratory of Pharmaceutical Microbiology, Ghent University, Ghent, Belgium
Colonization of the skin’s pilosebaceous units by Propionibacterium acnes is one of the
major contributing factors in the pathogenesis of acne and it has been shown that P. acnes
can form biofilms in these skin appendages. This biofilm formation could explain why acne is
a chronic disease and why long-term antimicrobial therapy is needed. Additionally, P. acnes
can also produce various virulence factors including host tissue degrading enzymes, such as
proteases and lipases, and the co-hemolytic CAMP factors.
In order to elucidate the role of P. acnes in acne, growth and biofilm formation were
investigated in a new in vitro model with artificial sebum, resembling the nutrient-poor
hydrophobic micro-environment that this bacterium colonizes. Using both the microtiter
plate model and the artificial sebum model, biofilm formation, virulence, and antibiotic
susceptibility of a collection of P. acnes strains were investigated.
Growth and biofilm formation by P. acnes in the artificial sebum model were evaluated
using conventional plating techniques, and subsequently confirmed using a resazurin-based
assay (Cell Titer Blue, CTB) and fluorescence microscopy after LIVE/DEAD staining.
Production of lipases and proteases was assessed using fluorescence based assays, while the
production of CAMP factors was verified using an adjusted form of the CAMP test. The
susceptibility of P. acnes biofilms grown in the different model systems towards compounds
used for anti-acne therapies (including clindamycin and erythromycin) was determined,
using conventional plating and CTB assays.
Our results demonstrate that the artificial sebum model supports growth and biofilm
formation of P. acnes. Moreover, the production of aforementioned virulence factors was
verified in both biofilm grown in a MTP and on artificial sebum. Finally, preliminary results
indicate that common anti-acne antimicrobials are not able to eradicate biofilm grown in a
MTP and on artificial sebum.
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S-53 : How Can In vitro Models Best Reflect in vivo Staphylococcus Biofilms?
Rikke L. Meyer*, Pernille Ommen1, Cindy Dreier1, Sandra Skovdal2, Nis Jørgensen2
1
iNANO, Aarhus University, Aarhus C, 2Department of Clincial Microbiology, Aarhus
University Hospital, Skejby, Denmark
In vitro biofilm models are the basis for most studies of biofilm biology because they enable
high-throughput analyses without the expenditure of animals. But how do we ensure that
what we learn from in vitro studies is relevant in vivo? Biofilms grown in standard laboratory
media do not interact with host factors and are thus profoundly different from in vivo
biofilms. We therefore need in vitro models that are as in vivo-like as possible.
We investigated how the addition of divalent cations and human plasma to brain heart
infusion broth affected biofilm formation by Staphylococcus aureus and Staphylococcus
epidermidis. We quantified the biofilm biomass and mechanical properties, imaged the 3D
structure, and quantified antibiotic penetration and susceptibility. We also determined how
the choice of plasma stabilizer affected biofilm growth and viability.
Human plasma stimulated biofilm formation > 100 fold in different S. aureus strains, and
increasing the calcium and magnesium concentration to physiological levels further doubled
biofilm formation for MRSA. When grown in plasma, S. aureus biofilms consisted of
fibrinogen-coated cell clusters interspersed in a matrix of fibrin fibers. This was in stark
contrast to the homogenous biofilms formed in the laboratory media. While vancomycin
susceptibility was similar for all biofilms, daptomycin more effectively eradicated biofilms
grown in plasma. S. epidermidis biofilms were also strongly affected by human plasma.
Strains that did not produce polysaccharides could not form biofilms in the absence of
plasma, while in the presence of plasma, the structure of polysaccharide-producers and
non-producers were indistinguishable. Extracellular polysaccharides may thus be of little
consequence to S. epidermidis biofilms in vivo.
Access to host factors is critical for the biofilm phenotype of both coagulase-positive and negative staphylococci, and we urge that biofilms are routinely studied under in vivo-like
conditions.
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S-54 : How Material Stiffness Affects E. coli Attachment: A Role of Motb
Fangchao Song1, Megan Brasch1, Hao Wang1, James Henderson1, Karin Sauer2, Dacheng
Ren*
1
Biomedical and Chemical Engineering, Syracuse University, Syracuse, 2Biological Science,
Binghamton University, Binghamton, United States
As an important environmental cue, material stiffness has been shown to have potent
effects on bacterial attachment and biofilm formation, as well as the physiology of attached
cells. However, the underlying mechanism is still unknown. In this study, the response of
Escherichia coli to material stiffness during attachment was investigated with both biofilm
assays and cell tracking using the Automated Contour-base Tracking for In vitro
Environments (ACTIVE) computational algorithm. By comparing the movement of E. coli
cells attached on poly(dimethylsiloxane) (PDMS) surfaces of different Young’s moduli (0.1
and 2.6 MPa, prepared by controlling the degree of crosslinking) using ACTIVE, attached
cells on stiff surfaces were found more motile during early stage biofilm formation than
those on soft surfaces. To investigate if motility is important to bacterial response to
material stiffness, E. coli RP437 and its isogenic mutants of flagellar motor (motB), and
synthesis of flagella (fliC), and type I fimbriae (fimA) were compared for attachment on 0.1
MPa and 2.6 MPa PDMS surfaces. The motB mutant exhibited defects in response to PDMS
stiffness (based on cell counting and tracking with ACTIVE), which was recovered by
complementing the motB gene. In comparison, mutation of fliC and fimA did not show the
same effects. Collectively, these findings suggest that E. coli cells can actively respond to
material stiffness during biofilm formation, and motB is involved in this response. These
results can help understand how microenvironment affects biofilm formation and guide the
design of better antifouling strategies.
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S-55 : Viscoelasticity of Microbial Biofilms
Prashant Sharma
Department of Biomedical Engineering, University Medical Center Groningen, The
Netherlands

The mechanical properties of biofilms were first investigated in tension, where the
biofilm was stretched using fluid shear. Later compression tests became more popular. Due
to the high water-content of the biofilms from the beginning everyone was in agreement
that the biofilms are viscoelastic in nature. Initially creep tests were performed but later
stress relaxation tests became popular. A generalized Maxwell model requiring 2 to 4
elements is enough to mathematically quantify the viscoelastic properties of biofilms, where
been related to the different biofilm constituents e.g. free water, bound water,
polysaccharides, eDNA etc. Of course, it is academically interesting to quantify the
viscoelasticity and link it to biofilm composition but can this knowledge be put to some use?
Knowledge of viscoelasticity can be related to either the resistance to biofilm destruction by
mechanical forces or finding out the right conditions under which the biofilm can be actually
destroyed. Studies on dental biofilms have shown a certain degree of swelling after being
brushed with vibrating tooth brush. Model root canal biofilms could also be destroyed using
a vibrating wire. Important lessons to learn here is to bring the relaxation times into the
frequency domain and to supply vibrational energy at these frequencies to the biofilm so
that it efficiently absorbs this energy and gets disintegrated.
The second important and emerging application of biofilm viscoelastic properties is
to link it to antimicrobial penetration and biofilms recalcitrance to antimicrobials.
Antimicrobial recalcitrance of biofilms depends on its biofilm architecture, composition and
phenotype. But quantitative relation of recalcitrance to phenotype differences, architectural
and compositional differences has been hitherto difficult. Viscoelasticity on the other hand
is easy to quantify and relates to biofilm architecture and composition so why not use the
viscoelastic parameters to predict recalcitrance? Some enthusiasts have even proposed
viscoelasticity to be an important virulence factor for biofilms.
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S-56 : Viscoelastisity Determines Biofilm Recalcitrance to Antimicrobials
Rene Rozenbaum* 1, Henny van der Mei, Willem Woudstra, Henk Busscher, Prashant Sharma
1
Biomedical Engineering, UMCG, Groningen, Netherlands
Biofilm provides protection to bacterial cells against mechanical and chemical challenge.
Biofilm composition, structure and phenotype all contribute to its recalcitrance to
antimicrobials, are these variables quantitative enough to predict recalcitrance? Or is
viscoelasticity a better parameter instead?
Biofilms of P. aeruginosa were grown in the constant depth film fermentor (CDFF) with
Luria-Bertani (LB), a standard laboratory growth medium or artificial sputum medium (ASM),
which mimics CF sputum. Viscoelastic properties were determined using stress relaxation
measurements on a low load compression tester. Biofilms were treated for 24 hours with
antimicrobials to investigate biofilm recalcitrance to antimicrobials.
Significant differences were found in the stress relaxation behavior of LB and ASM grown
biofilms. Fast stress relaxation in the relaxation time range of <0.75s, which is related to
unbound water in the biofilm, was stronger in LB grown. For ASM grown biofilms relaxation
in the time range of 0.75–3s, related to polysaccharide bound water, was more important.
90% of the stress relaxation in LB grown biofilms occurred in 1s, whereas for ASM grown
biofilms it took 9s. Antimicrobial treatment on ASM grown biofilms showed higher
recalcitrance to the antimicrobials than LB grown biofilms. DNA and polysaccharide
concentration in ASM grown biofilms was higher than in LB grown biofilms. CLSM showed
that ASM grown biofilm possessed a more heterogeneous structure with aggregated micro
colonies.
This is the first time that antimicrobial recalcitrance is directly shown to depend on
viscoelasticity. Presence of specific molecules in the growth medium influences the biofilm
composition and structure which in turn affected both the viscoelasticity and recalcitrance
to antimicrobials. Although we could perceive difference in biofilm composition and
structure but viscoelasticity gave us quantitative parameters to relate to recalcitrance.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 63 -

Session 11 : Mechanics and physics in and of biofilms
S-57 : P. aeruginosa Biofilms Adapt Their Rheological Properties to Infection
Erin Gloag* 1, Daniel Wozniak1, Paul Stoodley1
1
Departments of Microbial Infection and Immunity, Microbiology, The Ohio State University,
Columbus, United States
Pseudomonas aeruginosa evolves during Cystic Fibrosis (CF) pulmonary infections forming
mucoid and rugose small-colony variants (RSCVs). These variants overexpress different
polysaccharides in the biofilm extracellular polymeric substance (EPS). Changes to the
biophysical properties of variant biofilms and possible associated advantages in an infection
are not well understood. Here, we use mechanical indentation and flat spinning-disk
rheometry to analyze the biophysical properties of P. aeruginosa RSCV and mucoid colonybiofilms compared to their isogenic wildtype (WT) parent at 2, 4 and 6d.
The biophysical properties of WT biofilms undergo extensive temporal changes. Initially, WT
biofilms are stiff and transition to become more fluid-like on 4d before returning to a stiff
phenotype on 6d. The biophysical properties of RSCV and mucoid biofilms showed a gradual
progression to more elastic-solid behavior under our test conditions. The biophysical
properties of RSCV biofilms were similar to WT, showing behavior reflective of viscoelastic
semi-solids that changed to cross-linked polymer gels by 6d. Mucoid biofilms behaved as
viscoelastic liquids.
Theoretical mucociliary and cough clearance indices determined for sputum correlate
sputum viscoelasticity to clearance by either mechanism from the lung. The viscoelasticity of
bacterial biofilms has not been considered regarding their mechanical clearance from the
lung during infection. The biophysical properties of P. aeruginosa biofilms determined here
predict that mucoid biofilms may be more resistant to both clearance mechanisms, whereas
mature 6d WT and RSCV biofilms may show reduced clearance by cough.
Our results suggest that pathoadaptation to evolve phenotypes with different biophysical
properties may allow P. aeruginosa biofilms to insure against mucociliary and cough
clearance from the lung. We propose that biophysical properties of a biofilm be included in
the virulence factors that these communities possess.
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S-58 : Multiphoton Microscopy for Measuring Drug Delivery to Biofilms
Hanna C. Thomsen* 1, Marica Ericson1, Anne Farewell2, 3
1
Biomedical Photonics, Department of Chemistry and Molecular Biology, 2Chemistry &
Molecular Biology, 3Center for Antibiotic Resistance Research, University of Gothenburg,
Gothenburg, Sweden
Increased antimicrobial resistant of microbial biofilms is associated with a variety of factors,
including potentially inhibited penetration of drug compounds to the low-lying dormant
“persister” cells within the biofilm community. Penetration of external compounds through
the biofilm and associated exopolysaccharide matrix (EPS) is a highly complicated
interaction and is not yet fully understood. Advanced optical microscopy techniques have
the potential to enhance the understanding and analysis of particle penetration in biofilm
communities, towards non-invasive measurement of drug delivery to microbial biofilms in
vitro. In this study, multiphoton microscopy (MPM) is explored as a live imaging technique
for visualizing and quantifying penetration of fluorescently-labelled particles in mature
microbial biofilms to determine penetration depth, localization, and internalization of
varying drug formulations based on size, charge, and particle functionalization.
A biofilm model of Staphylococcus epidermidis was developed for in vitro studies directly on
the microscope stage. Subsequent fluorescent staining was performed and biofilms were
treated with fluorescently labelled polymer β-cyclodextrins (βCDs) functionalized with
anionic, cationic, or neutral moieties. The samples were imaged non-invasively using two
photon exctation (2PE) in the near infrared. MPM allowed for visualization and
quantification of particle penetration depth and inherent optical sectioning of the biofilms;
imaged in high resolution throughout up to 100 z-stacks. Treatment and subsequent optical
analysis, as described, of biofilms with varying βCDs revealed significantly higher
penetration and bio-distribution of cationic βCDs. While further studies are needed to
understand mechanistic background, this study demonstrates a novel approach to explore
drug delivery in microbial biofilms.
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S-59 : Impact of Material Stiffness on Bacterial Adhesion
Jules Valentin* 1, Claudio Bigger, Hervé Straub1, Dominik Abt, Katharina Maniura-Weber1,
Qun Ren1
1
Empa, St. Gallen, Switzerland
Bacterial adhesion is the first step of biofilm-associated infections and causes many health
problems. It is well known that such adhesion is influenced by the physio-chemical
properties of materials, for example surface topography, hydrophobicity and electrical
charges. Up to now, research on the influence of material stiffness on bacterial adhesion has
been relatively sparse. The limited reports disclosed discrepancies and contradictory
conclusions. In this work, we aim to improve our understanding of the stiffness influence by
first thorough characterization of the physio-chemical properties. Polydimethylsiloxane
(PDMS) was used as a model material. The Young’s moduli of the PDMS materials of
different stiffness were measured to be in the range of 21 kPa to 565 kPa. The XPS analysis
revealed that all PDMS surfaces have almost identical chemical composition. Contact angles
of all PDMS samples were found to be similar, in the range of 107 to 115°. The adhesion
assays were performed under static condition with Escherichia coli, Staphylococcus aureus
and Pseudomonas aeruginosa, and revealed that there are significantly less adhered
bacteria on the stiffer PDMS compared with the softer ones. To confirm that the observed
phenomenon is not caused by differences in surface chemistry, the PDMS surfaces of
different stiffness were coated with a film of human serum or human urine. Still,
significantly less adhered bacteria were observed on the stiffer PDMS than on the softer
ones. Thus, the observed different adhesion behavior on the tested surfaces was caused by
different material stiffness. We are currently performing further additional experiments to
elaborate the underlining mechanisms.
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S-60 : Biofilm Mechanics and Implications for Control in Orthopaedic Implant Infections
Paul Stoodley
Ohio State University, Columbus, United States of America
Biofilm formation has been identified as an important virulence factor in periprosthetic joint
infections (PJI). Water jet lavage is a tool that is used to mechanically irrigate in conjunction
with debridement to remove unhealthy tissue and infected bacteria from tissue and
retained orthopaedic components at the surgical site. Recently, we have shown that high
speed water jets can cause biofilms formed from the pathogens Staphylococcus epidermidis,
Pseudomonas aeruginosa and Streptococcus mutans to flow across surfaces in ripple and
wrinkle structures. While such flow complicates removal it also has potential to disrupt
biofilm gradients and render the bacteria more susceptible to antibiotics. In this in vitro
study we compare treatment of orthopaedic surfaces colonized with biofilms using pulsed
lavage and antibiotic elution from calcium sulfate beads alone and in combination.
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S-61 : Ménage a Trois (and more) : Bacterial Biofilm Formation on Soil Fungal Hyphae and
Tree Roots
Aurélie Deveau (France)
Although bacterial biofilms are ubiquitous in nature, little is known about their occurrence
and their involvement in bacterial/fungal/plant interactions in soil. In order to contribute to
fill this gap, we combined confocal and electronic microscopy to describe the structure,
dynamic and specificity of in vitro biofilm formation by soil bacteria on fungal hyphae. We
show that the ability to form biofilms on fungal hyphae is widely shared among soil bacteria.
In contrast, some fungi, mainly belonging to the Ascomycete class, did not allow the
formation of bacterial biofilms on their surfaces. The formation of biofilms was also strongly
modulated by the presence of tree roots and by the development of the ectomycorrhizal
symbiosis, suggesting that biofilm formation does not occur randomly in soil but that it is
regulated by several biotic factors. All the biofilms formed on fungal hyphae were structured
by dense networks of DNA containing filaments. Those filaments were essential for the
formation and the structural maintenance of the biofilms and were produced by both gram
positive and negative bacteria. Our data coupled to those produced by other groups
strongly suggest that DNA is widely used by prokaryotes and eukaryotes as a structural
molecule.
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S-62 : C. albicans Alters The Bacterial Microbiome Of In vitro Oral Biofims
Marleen Janus, Catherine Volgenant, Monique van der Veen, Bernd Brandt, Wim Crielaard,
Bastiaan Krom*
Academisch Centrum voor Tandheelkunde Amsterdam, The Netherlands
The fungus Candida albicans is an oral commensal microorganism, occurring in the oral
cavity of 50-70% of healthy individuals. Its effect on oral ecology has mostly been studied
using dual-species models, which disregards the complex nature of oral biofilms. The aim of
this study was to culture C. albicans in a complex model to study its effect on oral biofilms.
Biofilms, inoculated using pooled stimulated saliva with or without addition of C. albicans,
were grown under anaerobic, aerobic or aerobic + 5% CO2 conditions. C. albicans was only
able to proliferate in biofilms grown under aerobic conditions. After 48h, C. albicans did not
induce differences in total biofilm formation, lactic acid accumulation (cariogenic
phenotype) or protease activity (periodontitis phenotype). It was previously shown that red
autofluorescence in vivo is related to older biofilms. Red autofluorescence was quantified
using a spectrophotometer and visualized in fluorescence photographs. In vitro,
anaerobically grown biofilms developed red autofluorescence, irrespective of inoculum.
However, under aerobic conditions, only C. albicans-containing biofilms developed red
autofluorescence. The microbiome of 5h biofilms was determined using 16S rDNA
sequencing. Facultative or strict anaerobic Veillonella, Prevotella, Leptotrichia and
Fusobacterium species were significantly more abundant in biofilms with C. albicans.
Biofilms without C. albicans contained more of the aerobic and facultative anaerobic species
of Neisseria, Rothia and Streptococcus.
In conclusion, the presence of C. albicans alters the bacterial microbiome in early in vitro
oral biofilms resulting in presence of strictly anaerobic bacteria under oxygen rich
conditions. Our in vitro study illustrates that C. albicans should not be disregarded in healthy
oral ecosystems as it has the potential to significantly influence bacteria.
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S-63 : Porphyromonas gingivalis Uses Citrullination in Mixed Species Biofilms
Justyna Karkowska-Kuleta* 1, Dominika Ostrowska1, Gabriela Zielinska1, Anna Kieronska1,
Izabela Glowczyk2, Marcin Zawrotniak1, Oliwia Bochenska3, Joanna Koziel2, Maria RapalaKozik1
1
Department of Comparative Biochemistry and Bioanalytics, 2Department of Microbiology,
3
Department of Analytical Biochemistry, Faculty of Biochemistry, Biophysics and
Biotechnology, Jagiellonian University in Krakow, Krakow, Poland
Objectives
Porphyromonas gingivalis is an anaerobic bacterium associated with the development of
periodontitis. The colonization success of this pathogen results from the presence of
numerous virulence factors, including peptidylarginine deiminase (PPAD), an enzyme that
converts arginine to citrulline in proteins and peptides. The aim of our studies was to verify
if such modification concerning surface proteins of fungal opportunistic pathogen, Candida
albicans, can influence formation of biofilm by both pathogens often identified at
subgingival sites.
Methods
The microbial interactions during mixed species biofilm formation, concerning adhesion and
cell viability, were analyzed under hypoxia and normoxia with fluorescent staining of
interacting cells. The role of PPAD was considered using bacterial mutant strain defective in
PPAD presence. Modifications of secreted and surface-exposed fungal proteins were
analyzed with mass spectrometry.
Results
In the anoxic conditions the adhesion of PPAD mutant cells to fungal surface was
significantly lower in comparison to wild strain, indicating PPAD importance for this process.
Similarly, adhesion of fungal cells was also lowered suggesting that citrullination at C.
albicans surface might influence the adhesion processes. In normoxia the co-adhesion of
bacterial mutant strain increased, probably as a result of dynamic changes in C. albicans cell
wall composition in preferable conditions. The changes in adhesion of C. albicans
corresponded also with increasing viability of both microorganisms. The observed results
correlated with citrullination of selected C. albicans proteins, the process accompanied
probably with processing of fungal proteins by P. gingivalis proteases.
Conclusions
The fungal surface proteins could be modified during biofilm formation in gingival pocket
influencing adhesion and survival of P. gingivalis.
This work was supported by the National Science Centre of Poland (grant no.
2015/17/B/NZ6/02078 to M.R-K.).
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S-64 : Competition Between Cells and Aggregates in Bacterial Biofilms
Pahala Gedara Jayathilake*, Saikat Jana1, Jinju Chen1
1
School of Mechanical & Systems Engineering, Newcastle University, Newcastle upon Tyne,
United Kingdom
Bacterial biofilms are microbial communities of single or multiple species that are attached
to surfaces and encased in a self-produced extracellular polymeric substance (EPS), which
offers protection against environmental stresses such as shear forces. However, EPS
production is costly for bacteria and the bacterial strains that produce EPS (EPS+) grow in
the same environment as non-producers (EPS-) leading to a competition between these two
strains for nutrients and space. The outcome of this competition is likely to be dependent on
various factors such as initial attachment, EPS production rate, ambient nutrient levels and
quorum sensing. We study the competition between EPS+ and EPS- by varying the nature of
initial colonizers which can be either in form of single cells or multicellular aggregates. We
use an agent-based model for this study. It is assumed that microbial growth is limited by
only a single nutrient and the nutrient balance is described by the diffusion-reaction
equation. The microbes with EPS+ characteristics have the maximum competitive advantage
if they initially colonize the surface as individual cells and then compete with aggregates of
EPS-. Moreover, the results show that quorum sensing regulated EPS production might play
a significant role in deciding the fate of EPS+ in this competition.
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S-65 : Interaction Between P. aeruginosa and S. epidermidis Clinical Isolates
An Hotterbeekx*, Alan Sonoda, Kenny Bielen, Christine Lammens, Philippe Jorens, Samir
Kumar-singh, Herman goossens, Surbhi malhotra
Objective: Pseudomonas aeruginosa (PA) and Staphylococcus epidermidis (SE) are important
in biofilm-related infections. Here, we studied the effect of the biofilm supernatant of
clinical isolates of both on the biofilm formation and growth of the other.
Methods: PA and SE were isolated from endotracheal tubes. Biofilm supernatants of 3
clinical isolates and 1 reference strain of each were filter sterilized and coated on a surface
or diluted 1:1 in double concentrated Trypticase Soy Broth (TSB2x). The effect on the growth
(24h; 37°C) and biofilm formation (6h or 24h, 37°C) of the other species (16SE; 24PA) was
determined by the final OD600nm and crystal violet, respectively. TSB2x with ultrapure
water (1:1) was the control. Pyocyanin, pyoverdin and biosurfactant production were
measured in PA. 8PA and 5SE were mixed 1:1 for a colony count (24h, 37°C). Student t-test:
p<0.05 was considered significant.
Results: First we investigated the effect of the supernatant of 4PA on growth and biofilm of
16SE. The supernatant of 2PA inhibited (-45-70%) and of 2PA stimulated (+23-41%) the
growth of most SE. After 6h, the biofilm of SE was reduced by 2PA by 81-93% and by 31-47%
by the other 2. After 24h, SE biofilm was reduced by 41-74% by 3PA and increased by 4674% by 1PA. Coating with PA supernatant reduced the biofilm of SE by 20-85% after 6h and
24h. During dual species culture PA outcompeted SE. The PA with a positive effect on SE
produced low pyocyanin, pyoverdin and biosurfactant. SE supernatant increased the
production of at least one virulence factor in most PA and biofilm formation was increased
by 14-43% after 6h and by 50-168% after 24h. Coating with SE supernatant had no effect on
most PA and increased the biofilm of some.
Conclusion: PA reduced the biofilm formation of SE whereas SE biofilm supernatant
enhanced the production of virulence factors and biofilm. This is problematic during mixed
species infection and more research including in vivo models is needed.
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S-66 : Dental Plaque : Social Networking on a Microbial Scale
Nick S. Jakubovics, Newcastle University, United Kingdom

Dental plaque is the microbial biofilm on tooth surfaces that is responsible for two of the
most prevalent diseases of humans: dental caries and periodontitis. Intermicrobial
interactions are thought to be critical for driving the accumulation of dental plaque and for
the transition from a health-associated microbiota to a dysbiotic and potentially pathogenic
community. In contrast to modern human social networks that operate remotely through
phone, text or internet, microbial interactions are highly influenced by the distance between
cells. The specific cell-cell adhesion between different microbial taxa (‘coaggregation’)
brings cells into close proximity where they can potentially communicate efficiently either
directly or through diffusible signalling molecules. Our work has focussed on understanding
the consequences of coaggregation on gene regulation in common pioneer colonisers of
dental plaque. We have shown that Streptococcus gordonii responds to coaggregation with
Actinomyces oris by regulating genes for arginine biosynthesis and biofilm formation. These
genes were not regulated when S. gordonii and A. oris were cocultured without inducing
coaggregation. An extracellular serine protease of S. gordonii termed Challisin was shown to
be essential for coaggregation-mediated gene regulation. We hypothesize that S. gordonii
Challis in scavenges amino acids from the A. oris cell surface, which then induces responses
in S. gordonii. We are now using RNASeq approaches to investigate interactions between S.
gordonii and other dental plaque bacteria such as Veillonella parvula. Ultimately,
understanding these interactions may lead to new approaches to interfere with interactions
and control the formation of dental plaque.
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biofilm research
S-67 : Measuring Antimicrobial Efficacy Against Biofilms
Philip S. Stewart,
Center for Biofilm Engineering, Montana State University, Bozeman, MT, USA.
An analysis of published data relating to antimicrobial activity against Pseudomonas
aeruginosa and Staphylococcus aureus biofilms was performed based on the premise of a
dose-response relationship. Kill data, quantified as a log reduction, from biofilms treated
with a wide variety of antimicrobials such as chorine, essential oils, peracetic acid,
quaternary ammonium compounds, and antibiotics were included. In general, dose
response relationships were only apparent within the data set of a single investigation,
suggesting that the specific test method used is a critical determinant of the outcome.
Factors of particular importance were the surface area to volume ratio and the initial viable
cell density. These recommendations are offered for those working in research and
development related to biofilm control: 1) in addition to lab-specific methods, use a
standard biofilm method, 2) include benchmark agents as comparators, 3) report key test
method parameters, and 4) measure a dose response. This analysis demonstrated the
challenges in evaluating claims of antimicrobial efficacy against biofilms. These challenges
have real-world impact because they currently limit investment in innovative chemistries
and confound selection of optimal agents from the existing stable of antimicrobials.
Quantitative characterization of biofilm test methods is needed to address these difficulties.
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research
S-68 : “That Which We Call a Rose, by any Other Name Would Smell as Sweet” – but is a
Lack of Standardization and Uniform Terminology Hampering Progress in Biofilm
Research?
Tom Coenye
Abstract:
Significant and continued progress in any field of science is only possible with appropriate
levels of standardization and the use of uniform terminology. This is not only important in
order to be able to compare results obtained in different studies, but is essential if we want
to raise awareness about the concept of biofilms in clinical microbiology. Indeed, despite
the tremendous scientific progress that has been made in our field over the last decades,
the biofilm aspect of many infections is still often neglected. In this presentation I will give
an overview of the problems we face in this regard and will point to possible solutions.
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Social interactions in mixed species biofilms
001 Marine Bacteria Co-Culture: Production Of Antibiofilm Compounds
Session A
Anelise Baptista Da Silva* 1, Alexandre José Macedo1
1
Center of Biotechnology, Federal University of Rio Grande do Sul, Porto Alegre, Brazil
The marine environment exerts high selective pressure on bacteria, leading to new
adaptation strategies and synthesis of new metabolites. Since bacteria can develop different
competition strategies to colonize surfaces, co-cultivation can induce or maximize
production of compounds with potential application against clinical biofilms. Therefore, we
are investigating the chemical diversity of metabolites produced by marine bacteria - under
interespecific interactions - and evaluating their activity as antibiotic or antibiofilm
molecules. Strong biofilm formers of a bacterial collection isolated from marine sponges in
the Natural Reserve of Arvoredo's Island (SC - Brazil), were subjected to antagonistic activity
assays, to assist in the choice of bacterial pairs for culture in a specific bioreactor. We tested
the culture filtrates and biofilm extract of eight pairs of marine sponge bacteria, evaluating
their activity against biofilm formation of four pathogenic ATCC bacteria. All the tested
filtrates presented some activity (antibiofilm and/or antibiotic) against at least one of the
pathogenic bacteria targets. Since higher activity was observed for S. aureus isolates, the
filtrates with increased activity were tested against S. aureus MRSA clinical isolates. From
the results, the pair composed by two strains of Bacillus velezensis and B. pumilus was
selected. The prominent pathogenic biofilm reduction using these bacteria (above 50%
reduction) is due to the interaction between both marine bacteria, since in experiments
conducted with each single bacteria the same biofilm reduction levels were not observed,
suggesting that bacterial competition may be a strategy to maximize the production of
molecules of interest. According to preliminary results the activity of filtrate inhibiting S.
aureus biofilms formation is possibly assigned to a protein. Chromatography analyses are
being conducted for isolation and further identification of bioactive molecule.
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002 : Metagenome of Polymicrobial Biofilms Harbouring Listeria monocytogenes
Session B
Marta Cabo* 1, Angel S. Comesaña2, Pedro Rodríguez-López1, Sonia Rodríguez-Carrera1,
Teresa Blanco-Martín1, Marta Bernárdez1, Alberto Gallego1, Juan J. Rodríguez Herrera1
1
Marine Research Institute, CSIC, 2Genomic Unit. CACTI. University of Vigo, University of
Vigo, Vigo, Spain
Listeria monocytogenes is recognized by safety agencies as a foodborne pathogen of serious
concern. In Europe, the EFSA has reported an increasing trend in the number of cases of
listeriosis from 2008 to 2015. L. monocytogenes is commonly associated with other
microorganisms forming polymicrobial biofilms. Deepening in the knowledge of microbial
ecosystems is a way to find effective solutions for pathogen control.
Potential sources of contamination with L. monocytogenes were detected through a survey
in a number of meat, seafood and dairy environments. Metagenomic characterization of
bacterial consortia forming polymicrobial biofilms present in most significant sources was
carried out by NGS. Briefly, 16S DNA was amplified with 16S Ion Metagenomic Kit. Libraries
thus obtained were sequenced on an Ion Personal Genome Machine (PGM) using the Ion HiQ Sequencing view Kit (400 bp) and 316 V2 BC chips. Data was analyzed with the Ion
Reporter Software using its 16S rRNA reference databases.
Results obtained showed that L. monocytogenes-harbouring polymicrobial biofilms at
different sources were characterized by a specific species composition, which was
correlated with the microbial composition expected for each sector.
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003 : L. crispatus Protects HeLa Cells Against G. vaginalis Cytotoxicity
Session C
Paula Martins1, Joana Castro1, 2, Aliona Rosca1, Elisa Rodrigues1, Nuno Cerca* 1
1
CEB, Universidade do Minho, Braga, 2ICBAS, Universidade do Porto, Porto, Portugal
Bacterial vaginosis (BV) is the most common lower genital tract disorder among women of
reproductive age and is characterized by a shift in the vaginal flora from the dominant
Lactobacillus to a polymicrobial flora, being Gardnerella vaginalis the predominant species
of the biofilm mass. However, G. vaginalis vaginal colonization does not always result in BV.
Accurate in vitro model systems mimicking in vivo conditions are required to better
understand the complex host-microbe and microbe-microbe interactions. In effort to
analyse the adaptation and interaction of the commensal vaginal microbiota and pathogens
in the vaginal environment, we used a genital tract simulant medium (mGTS) to evaluate the
growth of resident vaginal Lactobacillus crispatus and G. vaginalis in the adopted growth
medium. Also, to understand the differences between G. vaginalis strains isolated from
women with and without BV, we performed in vitro assays to compare the virulence
properties of G. vaginalis strains. In this sense, G. vaginalis strains were characterised for
their cytotoxicity activity after adhesion on a monolayer of epithelial cells pre-adhered with
L. crispatus, mimicking the healthy vagina environment. Furthermore, transcript levels of
vaginolysin and sialidase genes were also evaluated. These assays revealed that a BV isolate
of G. vaginalis was significantly more cytotoxic than a non-BV isolate after 3 hours in the
contact with a monolayer of HeLa cells. However, when L. crispatus was pre-adhered on a
monolayer of HeLa cells, the cytotoxicity effect of both strains observed was drastically
reduced. Significant differences in the transcript levels of both genes were also observed in
the presence of L. crispatus. Thus, this work highlights not only the discrepant virulence
potential of two distinct variants of G. vaginalis but also the beneficial role of vaginal
lactobacilli in protecting the vaginal epithelium from G. vaginalis infection.
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004 : S. aureus Modulates P. aeruginosa Small-Colony Variants Formation
Session D
Andreia Patrícia Magalhães, Ana Margarida Sousa, Susana Patrícia Lopes*, Maria Olívia
Pereira
Some studies reported that, in polymicrobial consortia, some P. aeruginosa exoproducts
suppresses the growth of S. aureus and provokes the emergence of SCV, associated with
antimicrobial resistance, altered metabolism and reduced immunogenicity. However, the
role of S.aureus in P.aerugionsa behavior has still not been deciphered.
This work aimed to deeply investigate the phenotypic changes undergone by P. aeruginosa
and S. aureus in a co-infection scenario. The cells recovered from 24-h-old single and dualspecies biofilms were inspected regarding their colony morphology differentiation,
antibiotic susceptibility profiles and expression of virulence factors.
The population analysis profiles showed the existence of two P.aeruginosa SCV resulting
only from the dual-species biofilms. These SCV exhibited impressive ability to form biofilm,
impaired swimming, twitching and swarming abilities, in comparison with the wild-type
morphotype. Their morphologies remained unchangeable over 10 passages onto solid
media, which may mean these phenotypic alterations were not adaptive. Yet, the two SCV
were susceptible to the action of several classes of antibiotics.
In conclusion, the presence of S.aureus in biofilms seemed to modulate some phenotypic
alterations in P.aeruginosa that may be clinically relevant as two SCV were detected. As the
role of S. aureus over P. aeruginosa stills not full clear, some tests are being run to more
comprehensively know how these P. aeruginosa SCV modulate the dual-species community
response to in-use antimicrobials.
Acknowledgements: Portuguese Foundation for Science and Technology (FCT), through the
strategic funding of UID/BIO/04469/2013 and COMPETE 2020 (POCI-01-0145-FEDER006684), and FCT and the European Community fund FEDER, through COMPETE and
BioTecNorte operation (NORTE-01-0145-FEDER-000004) funded by the European Regional
Development Fund under the scope of Norte2020. Grants of SPL (SFRH/BPD/95616/2013)
and APM (UMINHO/BD/25/2016).
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005 : Elucidating Priority Effects in Multispecies Biofilm Assembly
Session A
Nanna Mee Coops Olsen* 1, Henriette Lyng Røder1, Jakob Russel1, Ida Bruhn Hemmingsen1,
Søren Johannes Sørensen1, Mette Burmølle1
1
Department of Biology, University of Copenhagen, Copenhagen, Denmark
The arrival order of different species in a specific niche may strongly impact community
assembly and functionality. Timing of colonizing species influence how the different species
interact with each other and the environment, and to which degree they change the
environment. In this study, we used a model consortium composed of four soil isolates
(Stenotrophomonas rhizophila, Xanthomonas retroflexus, Microbacterium oxydans and
Paenibacillus amylolyticus) to determine if arrival order matters in the development of a
multispecies biofilm under different in vitro conditions. Our aim was to uncover the
mechanisms behind putative priority effects caused by the respective species. We screened
the four strains for exerting priority effects on later arriving strains. Each strain was grown
individually in a Calgary biofilm device for 6 hours before moving the peg lid to fresh culture
inoculated with all four strains, followed by incubation for additionally 18 hours. Biofilms
from the different combinations were quantified by crystal violet staining. All combinations
resulted in reduced biofilm formation compared to that of the control, where all 4 strains
had been co-inoculated. Results suggested a negative effect of P. amylolyticus on the later
arriving species, as the biofilm volumes were noticeably lower. Future experiments include
growing biofilms in flow-cells to evaluate the assembly over time with confocal laser
scanning microscopy and to examine the spatial structure.
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006 : Bacterial Rhamno-Polysaccharides Interact with Hydrophobic Compounds
Session B
Paola Cescutti* 1, Michelle Kuttel2, Marco Distefano1, Mustafa Fazli3, Tim Tolker-Nielsen3,
Roberto Rizzo1
1
Dept. Life Sciences, University of Trieste, Trieste, Italy, 2Dept. Computer Science, University
of Cape Town, Cape Town, South Africa, 3Dept. Immunology and Microbiology, University of
Copenhagen, Copenhagen, Denmark
Exopolysaccharides (Epols) are a major component of biofilms (BF) where they contribute to
form the typical aqueous gel-like matrix. In the context of infections, the elucidation of the
mechanisms involved in BF matrix stability and its role in BF biological functions is
particularly important. B. cenocepacia and B. multivorans belong to the Burkholderia
cepacia Complex and are opportunistic pathogens causing life-threatening infections in
immune compromised individuals and cystic fibrosis patients. One of their virulence factor is
the production of BF. The structure of the Epols extracted from BF of these two species was
clarified in our laboratory, and it revealed a high rhamnose content, sometimes together
with O-methyl substitution. This feature suggested the occurrence of amphiphilic sequences
on the Epol chain. To explore this hypothesis, the interactions of the B. multivorans C1576
Epol (EpolC1576) were investigated using two hydrophobic fluorescent probes by means of
fluorescence and NMR spectroscopy. In addition, molecular dynamics simulations and NMR
spectroscopy were applied to investigate the interaction of EpolC1576 with a Quorum
Sensing (QS) molecule of B. multivorans: cis-11-methyl-2-dodecenoic acid. NMR
spectroscopy showed that EpolC1576 doubled the solubility of the QS molecule in water.
Molecular modelling indicated two modes of interaction between EpolC1576 and the QS
molecule: short and not-persistent local interactions with the polymer, and longer
interactions with a hydrophobic pocket of the EpolC1576 chain. In this way, the signalling
molecule could acquire mobility in the BF aqueous environment by moving from one nonpolar domain on the Epol chain to another. This mechanism may allow the active species to
remain in the BF environment ready to interact with a specific binding site by travelling
along Epol chains interconnected in the BF matrix network.
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007 : Identifying Oxygen Responsive Biofilm Regulators in UPEC
Session C
Allison Eberly* 1, Kyle Floyd1, Spencer Colling1, Ellisa Zhang1, Maria Hadjifrangiskou1
1
Pathology, Microbiology, and Immunology, Vanderbilt University, Nashville, United States
Urinary tract infections (UTIs) account for the vast majority of antibiotic prescriptions in the
United States. The primary causative agent of UTIs is uropathogenic Escherichia coli (UPEC),
a Gram-negative facultative anaerobe that can form biofilms on catheter material, urinary
tract tissues, and within bladder epithelial cells. Adhesive pili assembled via the chaperone
usher pathway, such as type 1 pili (fim), mediate UPEC adherence to diverse niches including
the human urothelium. Previous studies indicated that fim-expressing UPEC subpopulations
localize to the most oxygenated regions, suggesting the presence of an oxygen-responsive
mechanism that regulates piliation and contributes to biofilm heterogeneity in UPEC. To
study this further, we investigated biofilm formation by UPEC in different oxygen
concentrations and observed that reduction in oxygen concentration from atmospheric
(21% O2) to anoxic (0% O2) conditions coincided with gradual reduction in Fim-dependent
biofilm formation. Under the conditions tested, addition of alternative terminal electron
acceptors typically used by E. coli was not sufficient in restoring fim production and biofilm
formation. To identify the oxygen-responsive regulator(s) of fim gene expression, we
created a saturated transposon library and screened for mutants that became insensitive to
changes in oxygen concentration. Identified mutants were validated using fim gene and
protein expression analyses. In parallel studies, we identified the fumarate/nitratereductase regulator (FNR) as a regulator of pili and flagellar expression under aerobic
conditions. We found that deletion of FNR restored fim gene transcription and Fim subunit
abundance under anoxic conditions, suggesting that FNR represses the fim locus. However,
similar defects were observed under aerobic conditions, suggesting that FNR exerts a
regulatory function in the presence of oxygen.
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008 : Adenoids, Friends Or Foes?
Session D
Joao Subtil1, Paula Lavado2, Joao Rodrigues2, Lucia Rodrigues2, Isabel Nogueira3, Aida
Duarte4, Maria Luisa Jordao* 5
1
Serviço de otorrinolaringologia, Hospital de Beatriz Angelo, Loures, 2Departamento de
Doenças Infeciosas, Instituto Nacional de Saude Dr Ricardo Jorge, 3Departamento de
Engenharia Química, Instituto Superior Técnico, 4Departamento de Microbiologia e
Imunologia, Faculdade de Farmacia da Universidade de Lisboa, 5Departamento de Saude
Ambiental, Instituto Nacional de Saude Dr Ricardo Jorge, Lisboa, Portugal
The main goal of this study is to evaluate the existence of a link between biofilm assembly
on adenoids and the incidence of recurrent infections within a paediatric population.
Thirty-three different bacterial genera were isolated from 186 samples (nasal/adenoid
scrubs and adenoid biopsies) being Haemophilus, Neisseria, Streptococcus and
Staphylococcus the most frequent. Biofilms were present in 27.4% of the adenoid samples
as assessed by SEM. Since the aim of the study is to assess the role of biofilms on adenoid
colonization/ invasion and onset of infection a group of samples harbouring clinically
relevant bacteria (H.influenzae, S. aureus, S. pyogenes, S. pneumococcus and Moraxella)
both on the adenoid surface and core were selected for further studies.
Based on biofilm assembly in vitro, assessed by crystal violet assay, bacteria were classified
as weak, moderate and strong biofilm assemblers. No direct relation between the ability to
assemble biofilms in vitro and the presence of biofilms on the adenoid (biofilm in vivo) was
found. A similar result was obtained for antibiotic susceptibility with the majority of bacteria
being antibiotic susceptible independently of its origin (sample with or without biofilms).
This result might be explained at least partially, by the nature of the sample since the
adenoidectomy can only be performed in individuals without infection.
H. influenzae, the most isolated bacterium, is an opportunistic pathogen, highly adapted to
colonize the upper respiratory tract and easily progresses to infection, especially in children.
For this reason, virulence factors such as the capsular type were investigated by PCR.
However, all strains were characterized as non-capsulated, which might explain adenoid
colonization and biofilm formation, as have been also described in the literature.
Further studies must be performed to validate the thesis that adenoids function as a
reservoir of etiologic agents of respiratory and ear infections.
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009 : New Method Enables Measuring Distance-to-Surface Antimicrobial Effect
Session A
Ales Lapanje* 1, Tomaz Rijavec1, Ekaterina Chudinova2, Maria Surmeneva2, Roman
Surmenev2
1
Depatment of Envrionmental Sciences, Jozef Stefan Institute, Ljubljana, Slovenia, 2Centre of
Technology, Tomsk Polytechnic University, Tomsk, Russian Federation
Since ideal surface that is preventing the microbial initiation of biofilm formation should be
long acting and preferentially should act only on surfaces, not contaminating above flowing
liquid with antimicrobial compounds. However, the large surface to volume ratio in anti
biofilm testing assays does not allow the large fraction of microbial cells to interact with
antimicrobial acting surfaces.
Our new method is based on simplified model of collision frequencies of gas molecules. The
nonmotile bacterial cells can be represented as particles of defined densities (ρ), mass (m)
and having interaction diameter (di) as well as speed (v). By definition in a such model only
particles that are in the distance of di will be affected by the surface. The v also correlate
with the interaction diameter and the ρ of cells is dependant on the number of cells within
the interaction diameter. In addition to this simple gas model cells have larger weight than
gas molecules and the thermal motion does not oppose the gravitational force, resulting in
slow sedimentation. Since bacteria in the media divide, the amount of cells is increasing and
contributes to the increase of number of sedimented bacteria. Therefore by comparing the
antimicrobial active sample with control sample, the amount of sedimented bacteria
represent the effect of surface on growth and survivability at some small distance from the
surface.
Based on that physical model we developed a simple setup using a small growth chamber
where we mounted the testing sample above the mesh type spacer with 400µm openings.
Bacteria, Staphylococcus aureus NCTC 6571 strain, were present in small volume of media
(up to 100µl) enabling growth and interacting with surfaces of testing samples. Bacteria
were growing and sedimenting on a glass bellow the spacer. Since we stained bacteria by
vital fluorescent we determined number of cells from images and the results can be
obtained in less than 4h.
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010 : Can Physical Strength of Biofilm Matrix Inhibit Bacterial Division?
Session B
Ales Lapanje* 1, Iaroslav Rybkin2, Tomaz Rijavec1, Dmitry Gorin2, Gleb Sukhorukov2
1
Depatment of Envrionmental Sciences, Jozef Stefan Institute, Ljubljana, Slovenia,
2
Nanotechnology Department, Saratov State University, Saratov, Russian Federation
The majority of bacteria in soil and bedrock live in pores of less than 6 µm size and during
biofilm formation they are constrained in the confined space of biofilm matrix. The
confinement of bacteria is a very peculiar condition where on the one hand confinement is
beneficial and on the other bacteria are exposed to nutrient shortage due to limited
diffusion rate. However, there is also another not yet tackled aspect of effects of
confinement, the mechanically opposing force of the confinement against cells that is
expected to interfere with their growth and division. We predict that if we limit the effects
of the reduced diffusion rates, the wall of the confinement "imprison" such growing cells
and eventually at some point prevent further gain of cellular mass.
To observe mechano-physical effects of such confinement we developed a method based on
a preparation of tailor made capsules made of up to 4 nm thin shells entrapping single
Escherichia coli cells. Cells were transformed by plasmid enabling GFP expression only
through the leakage from the promoter. The growth and division rate was observed by time
lapse confocal microscopy method within temperature controlled environment. The effects
on growth was observed as a function of the thickness of the shell, which was controlled by
the number of deposition of additional layers.
Our results showed that growth and division of such entrapped bacteria are inhibited and
can prolong the start of the initial binary fission for more than 1h. The inhibition of division
correlated by the number of layers. In the case of harder interaction with bacterial surfaces,
the level of GFP expression was upregulated for several times and formed enormously thick
and large E. coli cells.
This new approach also opens several other aspects since it enables manipulation of
bacterial surface charge, surface composition and can be used to build defined aggregates
as well as single or multiple layers of cells on surfaces.
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011 : Biofilm Formation by Cutibacterium acnes
Session C
Sophie Pecastaings*, Elise Lefebvre1, Christine Roques1
1
BioSym, Laboratoire de Génie Chimique, Toulouse, France
Acne vulgaris is a common skin problem that results from abnormal inflammation and
causes various lesions (hyperpigmentation, papules, comedos etc.). It mainly affects the
face, the torso and the upper back and arms. The proliferation of Cutibacterium (formerly
known as Propionibacterium) acnes is one of the factors involved in acne. C. acnes is a skin
commensal and a Gram positive bacillus that resides in pilo-sebaceous follicles.
Nevertheless, the presence of C. acnes does not solely account for acne and healthy and
acne prone persons can both exhibit the same level of colonization by C. acnes.
It is a well-known fact that the pathogenicity of C. acnes lies at least partly in its capacity to
form biofilms i.e. some virulence factors are overexpressed in biofilm state. Biofilm
formation by C. acnes also significantly reduces its susceptibility to antibiotics (vancomycin,
clindamycin, erythromycin, levofloxacin, ciprofloxacin). In order to better understand
biofilm formation by C. acnes, we optimized an in vitro biofilm model in 24-wells
microplates.
Results show that C. acnes is able to form biofilms of approximately 106 CFU/well after 72 h
in a medium with a reduced concentration of nutrients (BB), a density that is comparable to
biofilms obtained in rich media like BHI (Brain Heart Infusion) or RCM (Reinforced Clostridial
Medium). Interestingly, BB does not support planktonic growth, contrary to BHI or RCM.
Our goal now is to investigate the influence of artificial sebum on biofilm formation since
sebum also plays an important role in acne. The expression of virulence factors will also be
studied by RT-PCR.
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013 : Candida albicans And Propionibacterium acnes: Partners In Biofilms?
Session A
Clément Bernard*, Marion Girardot1, Joanne Bertaux1, Nathalie Quellard2, Christine Imbert1
1
UMR CNRS 7267, University of Poitiers, 2Unité de pathologie ultrastructurale et
expérimentale, Laboratoire d’Anatomie et Cytologie Pathologiques, CHU la Milétrie, Poitiers,
France
Candida albicans is a commensal yeast of digestive and genital mucosa, sometimes
encountered on skin. Propionibacterium acnes is a Gram-positive anaerobic aerotolerant
rod, commensal of skin and present on lung, digestive, genital and ocular mucosa. Colocalizations are possible for these two opportunistic pathogens. Importantly, they are both
involved in biofilm-related infections. Our work aimed to study their ability to interact and
grow together forming a polymicrobial biofilm.
The ability of C. albicans and P. acnes to form a biofilm has been studied in BHI medium at
37°C, in both aerobic and anaerobic conditions. Biofilm formation was monitored during 72h
and two substrates were considered: polystyrene and glass microplates. The influence of
fungi to bacteria ratio (1/100 vs 1/10) and colonization chronology (simultaneous vs
successive) were studied. The growth of each studied species in biofilms was quantified by
CFU counts, using selective culture media. Indirect interactions between both species were
also studied. In addition, SEM and Structural Illumination Microscopy (SIM) experiments
were performed in order to study the biofilm architecture and microorganisms' distribution.
Our results showed that C. albicans and P. acnes are able to form a polymicrobial biofilm
regardless of conditions: oxygen, fungi to bacteria ratio, substrate and colonization
chronology. SEM and SIM results demonstrated direct interactions between bacteria and
fungi which were homogeneously distributed inside biofilms. P. acnes adhered to both yeast
and hyphal forms of C. albicans, without obvious preference. Interestingly, in aerobic
conditions, the presence of C. albicans significantly accelerated P. acnes growth during the
first 24h of biofilm formation (p<0.0001): bacteria population increased in polymicrobial
biofilms compared to single species ones.
Co-localization and ability of C. albicans and P. acnes to interact and form polymicrobial
biofilms support further investigation.
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014 : Multispecies Dry Biofilm Model: Detergent Efficacy Testing Tool
Session B
Durdana Chowdhury*, Khalid Al johani, Helen Hu, Karen Vickery

Biofilm rarely exist as a single species of bacteria but rather incorporate a substantial range
of microorganisms as a complex multispecies biofilm.A multispecies biofilm thus has an
increased chance of persistence and may act as a complete source of hospital acquired
infections (HAI). At present there is no standard method for testing the level of efficacy of
different detergents to eradicate mixed biofilm formed on dry hospital surfaces. The aim of
this study was to develop a mixed species biofilm model analogous to the properties of
mixed species dry biofilms obtained from hospital surfaces to test detergent efficacy and
effect of mixed species biofilm on biofilm composition.
In this study, ATCC strain of four bacterial species, Staphylococcus aureus, Enterococci
feacium, Acinetobacter baumannii and Pseudomonas aeruginosa that commonly cause HAI,
were used. Biofilm was grown in to CDC bioreactor on polycarbonate coupons with periodic
nutrition interspersed with long periods of dehydration. The number of individual species
bacteria within the biofilm was determined by plate culture and the within and between
experimental coefficient of variation (CV%) calculated. Mixed species biofilm was formed
with significant variation of number of four species ranges from 50% to 2%. The within run
CV was 3% to 19% and between run was 4% to 12%. S. aureus was isolated in highest
percentage (50-52%) followed by Enterococci (40-42%), Acinetobacter (4-5%) and
Pseudomonas (2.59-2.63%)
Conclusion: The species percentage of bacteria in the mixed biofilm is similar to that found
in dry surface biofilms contaminating hospital surfaces. This combined with the low CV
determines that this model is appropriate for evaluating the efficacy of detergents and
disinfectants commonly used in hospital.
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015 : Seasonal Diversity of Phototrophic Biofilms in Cooling Towers.
Session C
Luciana Di Gregorio1, 2, Valter Tandoi1, Roberta Congestri2, Simona Rossetti1, Francesca Di
Pippo* 1, 3
1
IRSA-CNR, 2Biology, University of Rome Tor Vergata, Rome, 3IAMC-CNR, Oristano, Italy
Cooling towers can be affected by the development of substantial amounts of microbial
biomass, including phototrophic biofilms, which regular removal is necessary to avoid
equipment damages. Despite this, the present knowledge on biofilm composition, structure
and formation in cooling towers is still limited.
In this study, biofilm samples were seasonally collected from a full scale cooling tower with
the aim to evaluate the biofilm seasonal diversity and structure over one year. Next
generation sequencing together with CARD-FISH combined with confocal microscopy were
applied to analyze biofilm composition and structural complexity.
Marked seasonal variations were observed in the phototrophic biofilm fractions. Summer
samples showed the highest species richness and spatial heterogeneity and were dominated
by filamentous cyanobacteria belonging to Leptolyngbya spp., Microcoleus sp., Oscillatoria
spp. and Calothrix sp. These microorganisms formed entangled filamentous aggregates
building a scaffold for coccal cyanobacterial and bacterial growth. Filamentous and/or
ramified green algae as Cladophora sp. and Stigeoclonium sp. were also found along with
few unicellular and colonial raphid diatom species. Conversely, the lowest specie richness
and stratification were recorded in winter biofilms. Assemblages were dominated by
diatoms, mainly Navicula, Nitzschia and Surirella species.
Autumn and spring samples had similar composition and structure, showing a prevalence of
green algae as the filamentous Stigeoclonium and Cladophora forms, along with few, large
desmids. The cyanobacterial fraction was mostly represented by coccal morphotypes as
Chroococcus and Synechocystis spp.
Despite the seasonal signal recorded, next generation sequencing data of the whole
bacterial biofilm component showed that a core microbiome was always present and
constituted by members of Sphingomonadaceae, Comamonadaceae and
Hyphomicrobiaceae families.
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016 : Candida albicans Protects Anaerobial Bacteria In Mixed Species Biofilm
Session D
Dominika Ostrowska* 1, Gabriela Zielinska1, Justyna Karkowska-Kuleta1, Anna Kierońska1,
Izabela Glowczyk2, Adrianna Proba1, Marcin Zawrotniak1, Joanna Koziel2, Maria RapalaKozik1
1
Department of Comparative Biochemistry and Bioanalytics Faculty of Biochemistry,
Biophysics and Biotechnology, 2Department of Microbiology, Jagiellonian University, Krakow,
Poland
Objectives:
Candida albicans – the most common opportunistic fungal pathogen of oral mucosa is
frequently isolated from subgingival sites, but its role in periodontal disease has not been
established. In this study we evaluated possible co-existence of C. albicans with the late
colonizer–bacteria Porphyromonas gingivalis in normoxia and anoxia with special emphasis
on the role of bacterial proteases–gingipains in mixed-species biofilm formation.
Methods
To investigate the microbial interactions we analyzed their mutual adhesion properties
using fungal cell staining with Calcofluor White and bacterial cells labeled with fluorescein.
The comparison of microbial surface-exposed and secreted proteins was carried out by mass
spectrometry. The cell viability assays for both type of microorganisms were also
performed.
Results
The possible interactions of co-colonizers changed depending on growth conditions. In the
anoxic environment the colonization of C. albicans with P. gingivalis mutant cells deprived
of gingipains is less efficient when compare to wild strain, suggesting possible involvement
of gingipains in this process. Moreover, C. albicans in both conditions prefer mutants for cocolonization but its viability upon contact with mutant strain in anoxia is significantly higher
in comparison to normoxia. The dynamic changes in the exposition of particular C. albicans
cell surface proteins, as well as in production of enzymes responsible for fungal cell wall
composition were also observed. That might affect recognition of the fungi not only by
bacteria but also by human host.
Conclusions
Observations during fungal-bacterial coexistence upon biofilm formation showed that
microorganisms are able to cooperate for common survival. The changes in their usual
behavior could have a direct impact on the development of more efficient strategies in
periodontitis treatment.
This work was supported by the National Science Centre of Poland (grant no.
2015/17/B/NZ6/02078 to M.R-K.).
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017 : Mixed Species in an Alginate Bead Model
Session A
Majken Sønderholm*
Introduction: Bacteria associated with chronic infections of cystic fibrosis (CF) lungs and
chronic wounds are organised in aggregates also known as biofilms. It is a well-known fact
that biofilm formation protects bacteria from antibiotic treatment and the host immune
defence, and is a major contributor to persistent inflammation in chronic infections.
Although multiple species have been observed in chronic infections, evidence points
towards the organisation of the bacteria as being mono-species biofilm within multispecies
infections.
Methods: We employed an in vivo-like alginate bead biofilm model, in which encapsulated
bacteria forms small aggregates similar to those observed in chronic wounds and lungs of
chronically infected CF patients. Co-cultures of Pseudomonas aeruginosa, Staphylococcus
aureus and Candida albicans were visualized with confocal laser scanning microscopy
(CLSM). Studies of clonal growth were performed with the yellow fluorescent (YFP) strain
and cyan fluorescent (CFP) strains of P. aeruginosa.
Results: Growth of P. aeruginosa and S. aureus in alginate beads enabled co-culture.
Furthermore, co-culture of C. albicans and S. aureus revealed that the presence of S. aureus
had a visible effect on the spatial structure of C. albicans: Monocultures of C. albicans
displayed a homogeneous distribution throughout the entire alginate bead, but in co-culture
with S. aureus the growth of C. albicans was concentrated in the periphery of the alginate
beads. Growth of YFP and CFP-tagged P. aeruginosa revealed no mixed colonies, indicating
clonal growth.
Conclusion: As it is very difficult to grow different microbes together in vitro, only little is
known about the interaction between e.g. P. aeruginosa and S. aureus in chronic infections.
To improve the understanding of implications associated with species interactions in chronic
infections we used an alginate bead model to study the spatial organisation of known
pathogens from chronic infections by CLSM.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 91 -

Mixed species (including bacterial-fungal) biofilms
018 : Controlling Negative Flora in Dairy Industry with Positive Biofilms?
Session B
Gwenaelle Jard1, Sophie Pecastaings* 2, Ibrahima Drame, Mickaël Castelain3, Philippe
Schmitz3, Helene Tormo1, Christine Roques2
1
Ecole d'Ingénieurs de Purpan, 2BioSym, Laboratoire de Génie Chimique, 3Equipe TransfertInterface-Mélange, Laboratoire d’Ingénierie des Systèmes Biologiques et Procédés, UMR
INSA/CNRS 5504, UMR INSA/INRA 792, Toulouse, France
Biofilms forming in dairy installations can dramatically affect the quality of dairy products
and cause technologic and health issues. Installing Lactic Acid Bacteria (LAB) in milking
machines (MM), like Lactococci, to form positive biofilms and compete with negative flora
would be an interesting solution. In a previous work, 37 strains of Lactococcus lactis ssp
lactis (L. lactis) were isolated from raw goat milk. These strains exhibited a wide genetic
variety and various physicochemical surface properties. Among them, 7 strains were tested
in a shear-stress flow chamber to evaluate their adhesion to stainless steel (the main
component of MM). EIP20F and EIP08G (hydrophobic and low electronegative charge), the
most adherent strains on stainless steel, were selected for this study.
The aim of this work was to study capacity of EIP20F and EIP08G to form biofilms and to test
their capacity to control Pseudomonas sp. (CIP6913T, negative flora).
After optimizing the culture medium to obtain reproducible single species biofilms, mixed
species biofilms were generated. When L. lactis and Pseudomonas were inoculated
simultaneously, no difference in bacterial density was observed compared to single species
biofilms, no matter what the substratum material was (polystyrene or stainless steel). When
L. lactis was inoculated before Pseudomonas (24 to 48 h), the same bacterial density was
obtained after 24 h to 72 h of incubation. These results were confirmed with environmental
isolates of Pseudomonas (P. fluorescens and P. korensiis). Finally, confocal microscopy
revealed that both species coexisted together, one forming a thin layer on the surface (L.
lactis) and the other one forming bulky aggregates on top of this layer (Pseudomonas).
This study demonstrates that EIP20F and EIP08G are not good candidates to control
Pseudomonas in MM in spite of their biofilm forming capacities. Other L. lactis with
different surface properties should be tested to address this issue.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 92 -

Mixed species (including bacterial-fungal) biofilms
019 : Modelling Chronic Wound Infection in vitro and Immunological Response
Session C
Craig Williams* 1, Eleanor Townsend1, Gordon Mackay1, John Butcher1, Gordon Ramage2
1
University of the West of Scotland, Paisley, 2University of Glasgow, Glasgow, United
Kingdom
Chronic wounds, including diabetic foot ulcers, are an increasing heath burden. Infection is
important in the recurrence and chronicity of such wounds, although this is not well
characterised. Fungal infections in chronic wounds are largely ignored, despite increasing
evidence that fungi are prevalent.
We aimed to develop a representative microbiological model of a chronic wound that can
be used for testing of treatments used in the clinic setting and characterisation of the host
response to infection.
Candida albicans alongside 10 faculatative and obligate anaerobic bacteria were chosen for
inclusion in the model. Biofilms were prepared on a novel hydrogel – cellulose matrix
substrate. Antimicrobials and antiseptics (flucloxacillin, ciprofloxacin, fluconazole,
chlorhexidine and povidone-iodine) were added directly to the cellulose matrix of young
and old biofilms, both alone and in combinations. Efficacy of treatments was assessed using
live/dead qPCR. A supernatant from the biofilms was collected over a time course of 72
hours, which was used to stimulate THP-1 monocytes. Immunological outputs were
measured using ELISA and gene expression analysis.
Treatments influenced the composition of the biofilm and the overall viable cell number,
with povidone-iodine being the most effective treatment, causing decrease of up to 2xlog10.
SEM showed structural changes in the biofilm after antibiotic treatment, with the relative
abundances of each organism appearing to change post-treatment. Exposure to the biofilm
supernatant caused a pro-inflammatory response from the THP-1 monocytes, which
decreased over time as biofilms matured, and was influenced by treatment.
The complex interkingdom in vitro biofilm model supports the use of combination
treatments in the clinic to reduce bioburden within a wound. The work also strongly
supports the addition of an antifungal into a treatment regimen, alongside antibiotics, to
disrupt any synergistic and protective interkingdom interactions.
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021 : Introducing Mycobacterium chimaera Biofilms: A First Glimpse Into The World Of M.
chimaera Biofilms On Medical Device Surfaces
Session B
Jayaleka Amarasinghe* 1, Matthew D. Silverman1, Patrick M. Regan1
1
Winchester Engineering and Analytical Center, U.S. Food and Drug Administration,
Winchester, Massachusetts, United States
Mycobacterium chimaera is a slow-growing nontuberculous mycobacterial (NTM) species
that has been recognized as the causative agent of the recent global outbreak of NTM
infections associated with heater-cooler devices during cardiothoracic surgery. Many NTMs
are known to be notoriously hard to eradicate by commonly used antimicrobials due to their
ability to form robust biofilms. Therefore, we hypothesize that M. chimaera also forms
biofilms on medical device surfaces with resistance to conventionally used antimicrobials.
Objective: The aim of this study was to characterize M. chimaera growth and biofilm
formation on different medical device surfaces and provide the first glimpse into the
underexplored world of M. chimaera biofilms. Methods: Standardized cultures of M.
chimaera DSM 44623 , M. chelonae ATCC 35752 and Pseudomonas aeruginosa ATCC 9027
were grown on 7H10 agar or in 7H9 broth supplemented with ADC , placed into MBEC™
Biofilm Inoculators (Innovotech) coated with or without titanium oxide (TiO2) and grown for
21 days at 37℃ without shaking. Growth was determined by measuring optical density and
CFU counts. Biofilm formation was quantified using crystal violet staining protocol with a
modified washing step every 3 days throughout the study. Additionally, titanium (Ti)
coupons were inoculated as described above and imaged using 3D Laser Scanning Confocal
Microscope at 0, 10 and 21 day time points. Results: M. chimaera formed opaque, slightly
raised, yellow colonies with wrinkly undulated margins on 7H10 agar while it grew as a
flocculent aggregate in bottom of 7H9 broth containing tubes that could easily be dispersed
by shaking. TiO2-coated pegs had more M. chimaera biofilms as compared to pegs without
the coating. M. chimaera grown on Ti coupons for 10-days showed floating bacterial clumps
that were sometimes weakly anchored to the surface with raised structures (~180µm in
height). At day 21, more wide-spread weakly attached cell clumps were visible. Conclusion:
These biofilm studies provided one of the very first look at the early stages of biofilm
formation by M. chimaera. Further assays are underway in our laboratory to characterize M.
chimaera biofilms in a dynamic continuous flow biofilm model in the presence or absence of
antimicrobials and in combination with other anti- biofilm technologies.
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022 : Antibiofilm Activities of Marine Streptomyces Against Staphylococci
Session C
Srikkanth Balasubramanian* 1, Wilma Ziebuhr1, Knut Ohlsen1, Ute Hentschel2, Usama
Ramadan Abdelmohsen3, Tobias Oelschlaeger1
1
Institute for Molecular Infection Biology, University of Würzburg, Würzburg, 2GEOMAR
Helmholtz Centre for Ocean Research, Christian-Albrechts University of Kiel, Kiel, Germany,
3
Department of Pharmacogonosy, Minia University, Minia, Egypt
The opportunistic pathogens Staphylococcus epidermidis and S. aureus cause a wide range
of indwelling medical device-related infections. Biofilm-based lifestyle is a hallmark of the
sub-acute and chronic recalcitrant staphylococcal infections. The highly persistent and
detrimental nature of biofilms, and current inexistence of effective antibiofilm based
therapeutics has pressurized the need for development of new antibiofilm strategies.
Therefore, we aimed to investigate the antibiofilm potential of marine sponge-associated
Actinomycetes against Staphylococci. Results from in vitro assays, scanning and confocal
microscopy revealed the specific antibiofilm effects of organic extracts derived from liquid
and solid fermentation of Streptomyces sp. SBT343 and Streptomyces sp. SBT348. Both the
strains were previously cultivated from the Mediterranean sponge Petrosia ficiformis. Their
antibiofilm effects were observed on polystyrene, glass, contact lens, titan metal and
silicone transvenous lead surfaces. Cytotoxicity profiles of the extracts in vitro on mouse
fibroblast, macrophage and human corneal epithelial cell lines, and in vivo on the greater
wax moth Galleria melonella larvae demonstrated their non-toxic nature. High Resolution
Fourier Transform Mass Spectrometry (HRMS) unmasked the chemical richness and
complexity of extracts. Preliminary physico-chemical characterization data suggested the
heat stable and non-proteniaceous nature of active component(s). The fermentation
processes were further upscaled and bioassay guided fractionation is currently being done
to isolate and identify the active component(s). Absence of cytotoxicity and effectiveness
against several staphylococcal strains, highlight the biofilm-preventive potential of the
active component(s) in these extracts on medically relevant surfaces. Future
characterization of lead compound(s) could potentially prevent the hard-to-treat
staphylococcal infections.
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023 : The Influence of Human Plasma on Staphylococcus epidermidis Virulence
Session D
Sofia Oliveira1, Ângela França* 1, Nuno Cerca1
1
Center of Biological Engineering, University of Minho, Braga, Portugal
S. epidermidis is one of the most common causes of medical device-related infections, being
associated with increased patients’ morbidity but also with massive additional financial
burden. Hence, several efforts have been made to identify S. epidermidis virulence
determinants, including the mechanisms behind biofilm formation and antibiotics tolerance.
However, the great majority of these studies were performed using artificial media, which
composition does not reflect in vivo conditions, and in the absence of host factors reducing
the clinical relevance of those findings. Thus, the aim of this work was to evaluate the
influence of host factors present in human plasma on S. epidermidis growth rate, biofilm
formation capacity and tolerance to antibiotics. The presence of human plasma (5 to 20%) in
the culture medium (Tryptic Soy Broth) significantly decreased both growth rate and biofilm
formation ability. The greater the plasma concentration (20%), the greater the inhibitory
effect observed (2 log10 reduction in growth and 3-fold less biofilm biomass). Interestingly,
different results were obtained when the brand of the medium was changed. Thus, due to
the inherent variability of complex media, chemically defined medium (CDM) was used
instead. Respecting the bacterium growth rate, once more, the greater the plasma
concentration, the greater the inhibition observed although with CDM the impact was less
pronounced (1 log10 reduction in the presence of 20% of plasma). However, different from
what was observed with TSB, no differences were found on biofilm formation capacity. In
addition, our data showed that human plasma decreased the effect of vancomycin as 1.3
log10 reduction was observed in the absence of plasma and only 0.5 in the presence of 20%
of plasma. Overall, our results highlight the importance of introducing host factors in in vitro
assays in order to better mimic in vivo conditions consequently increasing the clinical
significance of the results obtained.
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024 : Effect of GO on Biofilm-Growing E. coli and K. pneumoniae Strains
Session A
Claudia Vuotto* 1, Gianfranco Donelli1, Antonella Piozzi2, Iolanda Francolini
1
Microbial Biofilm Laboratory, IRCCS Fondazione Santa Lucia, 2Chemistry, Sapienza
University of Rome, Rome, Italy

Graphene-based materials are nanomaterials constituted by single layers of carbon atoms
that have recently attracted great attention because of their unique mechanical properties,
large surface area, chemical stability, and superior electric conductivity.
Their potential exploitation have lately expanded from chemical sensors and catalysis, to
the field of medical devices. Among these materials, graphene oxide (GO) is the most
promising one for biomedical applications because of its propensity to give aqueous
suspensions through various oxygen-containing functionalities. Currently, GO is under
investigation for imaging, drug delivery and infection control.
The aim of this study was to investigate the ability of GO, at concentrations up to 1
mg/ml, to prevent biofilm development or counteract mature biofilms formed by a
reference strain of Escherichia coli and a clinical isolate of Klebsiella pneumoniae. To
this purpose, the adhesiveness properties and the biofilm ultrastructure of these bacterial
strains were analyzed by field emission scanning electron microscopy.
The adhesiveness of the E. coli strain onto glass coverslips, determined after 2 h
incubation, resulted to be significantly reduced in presence of 1 mg/ml GO, this reduction
appearing related to the observed decrease in the presence of pili on
the bacterial surface. Promising results were also obtained by exposing for 2h a mature E.
coli biofilm (20-h old) to GO suspensions. In fact, after treatment with 1 mg/ml
GO, E. coli cells seemed discretely less in number, partially damaged and definitely not
aggregate one to the other, unlike the control, all these features suggesting an antimicrobial
action of GO. A reduction of the adhesion was also observed for K. pneumoniae after 2
h incubation with 0.01-1 mg/ml GO suspensions. However, a variation of
the morphology of a 20 h-old K. pneumoniae biofilm was not observed after
biofilm exposition to GO for 2h.
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025: Biofilm and Breast Implant Associated Anaplastic Large Cell Lymphoma
Session B
Karen Vickery* 1, Maria Mempin1, Honghua Hu1, Phoebe Jones2, Anand Deva2
1
Biomedical Sciences, Faculty of Medicine & Health Sciences, 2Clinical Sciences, Faculty of
Medicine & Health Sciences, Macquarie University, Sydney, Australia
Anaplastic large cell lymphoma (BIA-ALCL) is a rare T-cell derived lymphoma in tissue around
breast implants, with all cases occurred in patients with textured or polyurethane implants.
We showed textured implants support up to 72x more bacteria than smooth implants and
found a linear relationship between biofilm load and lymphocyte activation in both pig
model and human specimens.
As the microbiome of BIA-ALCL samples contained significantly more Gram-negative
bacteria than the microbiome of non BIA-ALCL implant capsules, we hypothesised that BIAALCL development is stimulated by chronic bacterial, particularly Gram negative, antigen
stimulation, resulting in sustained T-cell proliferation that potentiates malignant
transformation. We aimed to measure lymphocyte proliferation of BIA-ALCL tumour cells in
response to plant and bacterial mitogens, phytohemagglutinin (PHA) and lipopolysaccharide
(LPS) respectively.
Tumour cells isolated from 6 patients with BIA-ALCL; MT-4 cells (immortal T-cell line); and IL2 stimulated-peripheral blood mononuclear cells (PBMCs) from 3 healthy primary breast
augmentation patients were seeded at a concentration of 105, 105.5 and 106 cells per well,
and stimulated to proliferate non-specifically with PHA and LPS at concentrations of 5 or 10
mg/ml over 72 hours. Mitogen-induced proliferation of lymphocytes was measured using a
tetrazolium (MTT) colourimetric assay.
BIA-ALCL tumour cells respond significantly more to LPS than PHA (p < 0.05). In contrast,
MT-4 cells had higher stimulation index values with the T-cell mitogen PHA. Similarly, IL-2
stimulated-PBMCs responded strongest to stimulation with PHA, with low proliferative
responses to LPS (p < 0.01).
These findings suggest a role for Gram-negative bacteria cell wall, of which LPS is a major
component, providing further support to our hypothesis that a predominantly Gramnegative microbiome is the inflammatory trigger that leads to T-cell activation and sustained
clonal proliferation.
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026 : Antibiotic-Loaded Beads to Prevent Biofilm in Prosthetic Infection
Session C
Rob Howlin1, Chris Winnard1, Connor Frapwell1, Jeremy Webb1, Sean Aiken2, John Cooper2,
Paul Stoodley* 3
1
University of Southampton, Southampton, 2Biocomposites Ltd, Keele, United Kingdom, 3The
Ohio State University, Columbus, United States
Periprosthetic infection (PI) causes significant morbidity and mortality in fixation and joint
arthroplasty and has been extensively linked to the formation of bacterial biofilms.
Establishment of the biofilm phenotype confers the bacteria with significant tolerance to
systemic antibiotics and the host immune system meaning the twin strategy of thorough
joint debridement and prosthesis removal often remain the only possible course of
therapeutic intervention. Protection of the prosthesis and dead space management may be
achieved through the use of antibiotic loaded cements and beads which aim to release high
localised concentrations of antibiotics to the surgical site. However, the antibacterial and
antibiofilm efficacy of these materials is poorly understood.
Acrylic cement and various non-acrylic beads loaded with antibiotics were evaluated for
their antibiofilm efficacy against important gram negative and gram positive pathogens
involved in PIs (individually or co-culture), using agar diffusion assays, viable cell counts and
confocal and scanning electron microscopy. Modelling antibiotic release from the beads
permitted an understanding of antibiotic elution kinetics and the bacterial response.
Agar diffusion assays demonstrated antibacterial concentrations of eluting antibiotics lasting
for up to 111 days, dependent on the cement type, antibiotic and bacterial strain. Antibioticloaded beads attenuated early bacterial colonisation and reduced biofilm formation for
multiple days post inoculation. Established biofilms were harder to clear. With beads of a
pharmaceutical grade calcium sulfate (CS), antibiotic release data suggests rapid and
sustained diffusion with distinct physiological reactions of the bacteria depending on
distance from the bead.
Synthetic antibiotic-loaded CS beads have potential to reduce or eliminate biofilm formation
on implant material by providing locally high concentrations over sufficient time periods to
aid in the management of PIs.
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027 : Biofilm Matrix-Degrading Enzymes Detach Staphylococci from Pig Skin
Session D
Jeffrey B. Kaplan* 1, 1, Kevin Mlynek2, Hashani Hettiarachchi3, Yonas Alamneh4, Daniel
Zurawski4, Chad Black4, Charles Bane4, Robert Kim4, Mark Granick5
1
Biology, American University, 2Biology, Georgetown University, Washington DC, 3Sanaria,
Rockville MD, 4Walter Reed Army Institute of Research, Silver Spring MD, 5Surgery, Rutgers
New Jersey Medical School, Newark NJ, United States
Biofilm-associated infections of surgical wounds and medical devices are often seeded by
staphylococci that reside on the skin. In this study we measured the effect of two biofilm
matrix-degrading enzymes - dispersin B and DNase - on colonization of pig skin by S.
epidermidis and S. aureus. Dispersin B (a glycoside hydrolase) inhibited S. epidermidis skin
colonization and detached pre-attached S. epidermidis cells from the skin. A cocktail of
dispersin B and DNase detached pre-attached S. aureus cells and increased their
susceptibility to killing by the topical antiseptic povidone iodine. Our findings suggest that
biofilm matrix polymers mediate staphylococcal skin colonization, and that biofilm matrixdegrading enzymes may be a useful adjunct to pre-surgical skin antisepsis to potentially
reduce the incidence of surgical wound and medical device infections.
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028 : Biofilm Formation on Various Surfaces of Cochlear Implants
Session A
Lisa Kirchhoff* 1, Benedikt Höing2, Judith Arnolds2, Diana Arweiler-Harbeck2, Joerg
Steinmann1
1
Institute of Medical Microbiology, University Hospital Essen, 2Department of
Otorhinolaryngology, University Hospital Essen, Essen, Germany
Bacterial biofilms on indwelling medical devices, such as implants, can lead to chronic and
therapy-refractory infections. One of those devices is the cochlear implant (CI), which
electronically stimulates the auditory nerves in the inner ear, thereby helping patients with
hearing loss to receive sound. Infections after cochlear implantation require immediate
treatment, resulting in surgical removal when antibiotic therapy fails. In this study, the
ability of four bacterial species to form biofilm on the surface of three commercially
available CI’s was investigated.
Pseudomonas aeruginosa (ATCC 9027), Staphylococcus aureus (ATCC 6538), Staphylococcus
epidermidis (ATCC 12228) and Streptococcus pyogenes (ATCC 19615) biofilms were formed
over 24 h in tryptic soy broth at 36°C. 2 ml of a cell suspension with an inoculum between 5
x 105 and 5 x 106 cells were spread on implant surfaces, contained in 6-well, flat-bottomed
polystyrene microtiter plates. As a control, biofilm was formed on the polystyrene surface of
one well in the microtiter plate. Biofilm formation was detected by staining with crystal
violet followed by destaining with acetic acid and measurement of the solution’s optical
density at 620 nm.
P. aeruginosa and S. pyogenes biofilm formation rate were higher compared to both
Staphylococcus species. Highest biofilm formation was detected when formed on platinum
foil, followed by two different silicone surfaces. S. aureus formed significantly different
amount of biomass in biofilm on the CI’s surfaces of the different manufacturers. In
contrast, a general prevalence for biofilm formation on a particular surface material was not
detected.
The tested bacteria displayed biofilm formation on the CI surfaces in a species-dependent
manner. Every strain synthesized biofilm at a higher rate on at least one material from each
supplier, when compared to biofilm formation from controls. Biofilm formation is thus not
limited to specific material or bacterial strains.
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029 : Bone Environment Influences Staphylococcus aureus Biofilm Formation
Session B
Fany Reffuveille*, Jérome Josse1, Quentin Vallé2, Maxime Cesca2, Hadrien Meunier2, Céline
Mongaret2, Sophie C. Gangloff2
1
International Centre for Infectiology Research; INSERM U1111 - CNRS UMR5308 - ENS Lyon , Lyon 1 University, Lyon, 2Biomatériaux et Inflammation en site Osseux, University of Reims
Champagne Ardenne, UFR de pharmacie, Reims, France
Any surgical procedure, even close to technical perfection is threatened by the development
of infections. Moreover, bacteria are able to form multicellular structure named “biofilm”
which possess the capacity to resist to very high concentration of antibiotics. Biofilmassociated infections represent 65 to 80% of nosocomial infections and the leading species
implicated is Staphylococcus aureus. Bacteria can detect any stress (like presence of
antibiotics) in order to survive and biofilm could be one of those “resistance” strategies.
However, the stress signals that could induce irreversible adhesion are still unknown. In
consequence, there is a real challenge to better understand this phenomenon.
In this study, regarding more specifically at the context of bone infections, collected
supernatants of osteoblast-like cells (Saos-2) were applied on S. aureus culture. Bacterial
adhesion was evaluated to apprehend any signal from osteoblasts cell culture that could
induce or influence biofilm first step formation. This adhesion parameter was studied after
24h of contact using two complementary models: the Crystal Violet and the counting
methods.
Osteoblast cell culture supernatants increased adhesion capacity by 2-fold (P<0.05)
compared to medium control in our two models. In preliminary results, supernatant
collected from osteoblast cells stimulated by TNF-α lead to even more adhered bacteria by
4-fold (P<0.05).
Secondarily, we tested different conditions similar to bone environment. Among others,
high concentration of magnesium increased the biofilm formation by 3-fold compared to
normal conditions. We confirmed that starvation (lack of amino acids or glucose) increased
biofilm formation (by 5-fold, P<0.05)). Surprisingly, a lack of iron did not significantly
promote bacteria adhesion.
In conclusion, there is an impact of osteoblast cell products and bone environment on
biofilm formation, suggesting an inter-domain communication between host bone cells and
bacteria.
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030 : Pathology Of Candida’s Biofilms Related to Catheters
Session C
Seddiki Sidi Mohammed Lahbib*, Zahia Boucherit-Otmani, Ikrame Tefiani, Dennis Kunkel
Life in biofilm form was defined in 1978 by Costerton et al. as the state of growth on
surface. Later, in 1981, a link between the status of growth on a surface, microbial
pathogenesis and human infection was revealed by these same authors. Indeed, biofilm
constitutes a protective niche of microorganisms as well as a potential source of their
diffusion. Candida infections due to catheter-related yeasts of Candida spp. are often
associated with the formation of biofilms which play an important role in human pathology
and can cause serious systemic mycoses. Trained on medical equipment, biofilms serve as a
reservoir and may be the source of a future candidemia. Cells that detach from biofilms may
enter the bloodstream and induce a new infection. The contamination of catheters has little
clinical significance. In addition, doses of antifungal used for treatments are not very
effective against biofilms. For this purpose, our research aims to establish a simple,
reproducible and rapid technique to distinguish simple contamination from colonization
and/or serious infection of the catheter. Also, to evaluate in advance the minimum
concentrations able to inhibit the sessile cells of Candida sp. (SMICs). For this purpose, we
used the CLSI M27 A3 method toward assess the resistance of biofilms to various antifungal
agents. The results shows that our technic to assess catheters' infectivities is very promising,
20 minutes is enough to diagnose and give a report to the clinician. However, antifungal
doses need to be increased 128 times the MIC to combat Candida sp. biofilms that were
formed on catheter surfaces.
Keywords: Candidemia, catheter, biofilms, antifungal
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031 : The Effect of Organic Conditioning Films on Medical Devices.
Session D
Kathryn A. Whitehead*, Joels Wilson-Nieuwenhuis1, David Wickens, Nina Dempsey-Hibbert1
1
Manchester Metropolitan University, Manchester, United Kingdom
Implanted medical devices are at risk of developing an infection at the surgical site. Once a
medical implant is inserted, it initially becomes coated by a conditioning film, followed by
bacterial retention. In the present study, medical grade stainless steel substrata were
coated with titanium nitride (TiN) or titanium nitride/silver (TiN/14.94at.%Ag or
TiN/19.04at.%Ag). Surface analysis determined that with increased silver concentration,
silver nanoparticles were heterogeneously distributed throughout the coatings. There was
no significant difference in the Ra values for the surfaces with the exception of the TiN. The
titanium nitride and titanium nitride silver surfaces were more wettable than the fine
polished stainless steel surface. The effect of bovine serum albumin or whole blood
conditioning films on the antimicrobial activity and microbial retention were determined
using Staphylococcus aureus or Staphylococcus epidermidis. The presence of the
conditioning films resulted in a difference on the antimicrobial effect of the surfaces. When
the cells and conditioning films were applied together, different levels of retention were
observed compared with when the components where added to the surfaces individually.
These results suggest that the impact of conditioning films should be considered since
conditioning films may affect bacterial retention and the antimicrobial properties of surface
coatings.
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032 : Modify and Characterise Platelet Bags to Prevent Biofilm Growth
Session A
Joels Wilson-Nieuwenhuis*, Kathryn Whitehead1, Chris Liauw1, Nina Dempsey-Hibbert1
1
Healthcare Science, Manchester Metropolitan University, Manchester, United Kingdom
Bacterial contamination of blood products poses a major risk in transfusion medicine,
especially transfusions involving platelet products, with approximately one in 2000 units
being contaminated. Although bacterial testing systems exist for routine screening of
platelet units, the formation of bacterial biofilms in such units may decrease the likelihood
that the bacteria will be detected. Further, it would be advantageous to reduce bacteria
adhering to the platelet bag surfaces, and hence biofilm formation, since it leads to
increased bacterial virulence and resistance. This work determined the surface properties of
plasticized poly(vinyl) chloride (p-PVC) platelet concentrate bags and how these
characteristics influenced biofilm formation. Staphylococcus epidermidis and Serratia
marcescens, species commonly implicated in platelet contamination, were used to study
biofilm growth on the p-PVC surfaces. The platelet concentrate bags were physically
flattened to determine if reducing the surface roughness reduced biofilm formation. The
results demonstrated that the flattening of the platelet bags significantly reduced the
surface topography (3.55 / 1.02 µm (Rough/Smooth) down to 0.11 µm (Flat)). Flattening of
the surfaces resulted in a reduction in biofilm formation with 5 days’ incubation. However,
this trend was not evident following 7 days’ incubation for S. epidermidis and was less
apparent for S. marcescens. The results suggest that flattening the p-PVC surfaces may limit
the potential for initial biofilm formation. It is hoped that this work will enhance the
understanding of how surface properties influence the development of microbial biofilms in
platelet concentrate bags to devise a solution to discourage biofilm formation.
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033 : Bacterial eDNA Production and Outcome of Prosthetic Joint Infections
Session B
Beata Zatorska*, Nicolas Haffner1, Elisabeth Presterl2
1
Orthopedics and Traumatology, Hanusch Hospital, 2Hospital Hygiene and Infection Control,
Medical University of Vienna, Vienna, Austria
Prosthetic joint infections (PJI) caused by S. aureus and S. epidermidis biofilms remain a
challenge in orthopedic surgery. Extracellular DNA (eDNA) is produced during formation in
staphylococcal biofilms and influences biofilm stability. Therefore, we conducted a
retrospective study to investigate a potential association of eDNA production of S. aureus
and S. epidermidis isolates, which we obtained from patients with PJI and their clinical
outcome. We identified 60 patients with PJI of hips (n=29) and knees (n=31). Patients’
demographics, laboratory parameters, implant and infection characteristics and the clinical
outcome (cured/not cured/dead) after 3 and 12 were collected. The eDNA production was
determined using confocal laser scanning microscopy and TOTO-1 staining. Statistical
analysis was performed, using log rank test, the spearman’s rank correlations test and t-test.
Extracellular DNA production of S. epidermidis in 24 hour biofilms correlated with the
patients’ outcome “not cured” after 12 months (r=0.391, p=0.044). For S. aureus in general
no such correlation was demonstrable. Subgroup analysis of PJI of the hip, however, showed
a correlation between eDNA production in biofilms after 24 hours and the patients outcome
“not cured” after 12 months (r= 0.605, p= 0.004) irrespective of the isolate (S. aureus and S.
epidermidis).
This retrospective study shows an association of eDNA production of S. epidermidis with the
clinical outcome of PJI after 12 months. Thus, eDNA seems to be a staphylococcal virulence
factor that might be a useful prognostic parameter for prosthetic joint infections.
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034 : Modeling and Disruption of Peri-Implantitis Microcosm Biofilms
Session C
Vanessa Sousa* 1, Dave Spratt2, Nikos Mardas3, Nikolaos Donos1
1
Centre for Oral Clinical Research, Queen Mary, University of London, 2Microbial Diseases,
University College London, 3Centre for Adult Oral Health, Queen Mary, University of London,
London, United Kingdom
Peri-implantitis remains one of the main complications following implant placement. This
disease leads to bone loss, impaired function, and subsequent implant failure may result if
left untreated. Microcosm biofilms contaminating the implant surface are considered the
main aetiological factor. At present time, no single decontamination intervention has been
found to be superior. Therefore, it is essential to explore the microbial ecology behind periimplantitis and to develop novel implant surface decontamination methods. The focus of
the present investigation was: to develop an in vitro model of peri-implant
microenvironments in an artificial mouth system, and to evaluate a number of in vitro
decontamination protocols (i.e. TiB, CHX, NaClO, PDT, and UV-C) coupled with the
investigation of the physico-chemical composition of Ti surfaces before and after
decontamination, biocompatibility dynamics, and in vivo histomorphometrical analyses.
Overall, the data presented in this investigation suggest that no treatment modality
hindered the Ti surface biocompatibility. It was demonstrated that bacterial taxa, mainly
composed by Gram-negative spp., would prevail after chemo-mechanical therapy. Finally, it
was demonstrated that cell proliferation was enhanced by UV-C irradiation, time, type of
treatment and surface roughness. Collectively, these results suggest that a successful
treatment for peri-implantitis should include the elimination of bacterial virulence factors.
The findings herein presented could help clinicians to choose an evidence based suitable
technique for the treatment of peri-implantitis.
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036 : Methods for Amyloid Detection in Staphylococcus aureus Biofilms
Session A
Mara Baldry*, Brian Stougaard Vad1, Rikke Luoise Meyer1, Daniel Otzen1, Hanne Ingmer2
1
iNANO, Aarhus University, Aarhus, 2Department of Veterinary and Animal Sciences Faculty
of Health and Medical Science, University of Copenhagen, Frederiksberg C, Denmark
Amyloid fibrils are well known for their role in degenerative diseases such as Alzheimer’s
and Parkinson’s in mammals, however their presence has also been described in
microorganisms where in contrast to mammalian amyloids they serve a functional as
opposed to a pathogenic role. One of the most predominant functionalities attributed to
microbial amyloid fibrils is their association with biofilms. In Staphylococcus aureus a few
proteins (e.g. the Phenol Soluble Modulins and the Bap protein) have been described as
capable of forming amyloid fibrils and as contributing to the S. aureus biofilm matrix. Due to
the infancy of S. aureus amyloid research, it is unknown how many S. aureus proteins are
able to form amyloids and how this class of proteins in general contribute to biofilm
formation or even to other biological properties of this pathogen. The overall objective of
this study was to identify new amyloid proteins in S. aureus and assess their biological roles.
The amyloid-specific Congo Red (CR) dye has been widely used for the detection of
mammalian amyloids and has also been applied in the detection of microbial amyloids such
as the biofilm-related curli protein of E. coli. To identify novel amyloid proteins in S. aureus
we established a transposon library in S. aureus strains JE2 and 8325-4 and screened for
cells displaying altered morphology on modified CR agar plates. We identified three
potentially related proteins (IlvE, CodY and ClpY) whose absence restored amyloidassociated morphology. Attempts to verify these results using quantitative CR-based assays
on biofilm samples, as opposed to pure synthetic fibrils, proved difficult believed due to
unspecific binding to polysaccharide structures present in the biofilm matrix leading to
misleading result interpretation. We conclude that while CR is a good qualitative indicator of
amyloid presence, for bacterial amyloid quantification alternative methods (e.g.
antibody/peptide-tagging) are needed.
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037 : Progesterone Modulates Candida albicans Biofilm Formation / Expression
Session B
Bruna F. Gonçalves* 1, Ruben Bernardo2, Can Wang3, Geraldine Butler3, Joana Azeredo1,
Mariana Henriques1, Nuno Mira2, Sónia Silva1
1
Center of Biological Engeneering, University of Minho, Braga, 2Institute for Bioengineering
and Biosciences, Instituto Superior Técnico, Department of Bioengineering, University of
Lisbon, Lisbon, Portugal, 3School of Biomolecular and Biomedical Sciences, Conway Institute,
University College of Dublin, Dublin, Ireland
Vulvovaginal candidiasis (VVC) caused by Candida albicans is a common disease worldwide.
The most important C. albicans virulence factor is its ability to form biofilms, which, in the
vaginal environment, may be formed on the epithelium and on intrauterine devices. Despite
it has been shown that VVC has a hormonal dependency, the effects of progesterone on
biofilm formation by C. albicans are still poorly understood. Thus, this work aimed to
deepen the knowledge in that field by studying the effect of progesterone on C. albicans
biofilm formation. C. albicans biofilms were formed in the presence and absence of
progesterone and evaluated in terms of cell cultivability, total biomass, metabolic activity,
structure, matrix composition and also genomic expression using species-specific
microarrays. The results showed that progesterone reduced the ability of C. albicans to form
biofilms, decreasing their cell cultivability, biomass, structural cohesion, matrix production
and matrix carbohydrate content. Accordingly, biofilms formed in the presence of
progesterone presented lower expression of several genes involved in C. albicans adhesion
and biofilm formation (e.g. TEC1, BRG1, PBR1, AHR1 and HSP104) than biofilms formed in
hormone-free medium. Genes involved in metabolism of carbohydrates were also found to
have a reduced expression in biofilms formed with progesterone. On the other hand,
progesterone presence led to an over-expression of genes involved in external stimulus
response, such as those encoding drug-transporters (e.g. CDR1 and CDR2), and also in lipid
metabolism (PXP2, POT1, FAT1, ANT1, MLS1, ICL1 and CIT1). Overall, the results of this study
show that progesterone has a role in the modulation of C. albicans biofilm formation, which
may have implications on C. albicans pathogenicity in the vaginal environment.
The authors acknowledge funding and support from the Portuguese Foundation for Science
and Technology (FCT), COMPETE 2020 and BioTecNort operation.
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038 : Validation of Chronic Lung Infection by Pa for Novel Mvfr Inhibitors
Session C
Vanesa Garrido* 1, Gabriella Bergamini1, Livia Ferrari1, Claudio Sorio2, Antonio Felici1
1
Microbiology Department, Aptuit (Verona) Srl, 2Department of Medicine, General Pathology
Division, Cystic Fibrosis Translational Research Laboratory, Verona University, Verona, Italy
The presence of quorum-sensing molecules in Cystic Fibrosis (CF) sputum, used by
Pseudomonas aeruginosa (PA) for cell to cell communication in vitro, has been cited as
evidence that PA in the CF lungs form biofilms.In an effort to identify novel inhibitors of the
multivirulence factor regulator (MvfR) of PA, 30 PA clinically isolated from sputum of CF
chronic patients have been characterized by measuring basal levels of QS molecules and
biofilm formation.Among these strains, ACC00901 was identified as a biofilm hyperproducer
strain and selected to set-up a chronic lung infection model in rat by loading bacteria into
agar beads.In parallel,Xen41, the bioluminescent isogenic strain of PAO1, was used in order
to have a qualitative in situ measure of biofilm development.Evaluation of Log CFU/g in
lungs, trachea and blood were performed.Macroscopic examination, ex-vivo
bioluminescence (BLS) and histopathology have been done.
Based on the in vitro data the 50% of the strains were high biofilm producer compared to
PAO1.Additionally, of this 50%, 69% of strains showed greater levels of QS molecules with
respect to PA01.The in vivo model set up with ACC00901 showed a localized chronic
infection up to 15 days. On average, 5.6 Log CFU/g of tissue were present in lungs at day
15.Mortality, observed within the first 2 days, was around 30% with Xen41 whereas no
mortality was recorded with ACC00901.Macroscopic examination and ex-vivo BLS of the
tissues confirmed the presence of an acute infection at day 2 that evolved into chronic up to
day 15. Tobramycin administration allowed a reduction of bacterial burden in the lung of
more than 1 Log CFU.
All the PA CF isolate strains showed biofilm formation in vitro as well as production of QS
molecules.ACC00901 produced a higher content of biofilm than PA01, which correlate with
a high level of QS molecules.The in vivo model set up and validated with ACC00901 will be
used for characterising novel inhibitors of MvfR (INTEGRATE-MSCA-H2020)
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039 : Exopolysaccharides Produced by Burkholderia cenocepacia in Biofilms
Session D
Paola Cescutti* 1, Mustafa Fazli2, Tim Tolker-Nielsen2, Roberto Rizzo1
1
Dept. Life Sciences, University of Trieste, Trieste, Italy, 2Dept. Immunology and
Microbiology, University of Copenhagen, Copenhagen, Denmark
Burkholderia cenocepacia belongs to the Burkholderia Cepacia Complex, a group of at least
17 closely related species that can cause life-threatening infections in patients with cystic
fibrosis. B. cenocepacia accounts for the majority of the clinical isolates, comprising the
most virulent and transmissible strains, often associated with poor or lethal clinical
outcome. Exopolysaccharides (EPOLs) are a major component of the bioﬁlm matrix, and are
involved in the mechanical stability of bioﬁlms. Regarding B. cenocepacia H111, a BerA/c-diGMP-regulated exopolysaccharide, encoded by a 12-gene cluster (bepA-L) and essential for
biofilm formation, has been identified. Its products appeared to be involved in the
biosynthesis of an EPOL that provides structural stability to the biofilms formed by B.
cenocepacia. Production of this EPOL is regulated by c-di-GMP through the transcriptional
regulator BerA. In order to determine the structure of the EPOLs in the biofilm of B.
cenocepacia H111, a strain overexpressing BerA and lacking cellulose production was used
to form pellicles. The water-soluble EPOLs were purified directly from the pellicles, and their
complete structure was determined resorting to GLC-MS, ESI-MS and NMR spectroscopy.
Two different EPOLs were identified, having the following repeating units:
EPOL 1: [2)-α-L-Rha-(1→3)-α-D-Man-(1→3)-α-L-Rha-(1→2)-α-L-Rha-(1→]n
EPOL 2: [2)-α-L-Rha-(1→3)-α-L-Rha-(1→3)-α-L-Rha-(1→2)-α-L-Rha-(1→]n
The structure of the EPOLs is very similar, differing for a 3-Man in place of a 3-Rha. EPOL 2
has the same structure of O-polysaccharides produced by other species, while EPOL1 is a
novel structure. Regarding EPOL 1, the bioinformatics analysis of the bepA-L gene cluster
revealed, among others, a Mannose-1-phosphate guanylyltransferase, but no genes related
to Rha biosynthesis, suggesting that they may be located elsewhere in the genome, and
potentially they could be the same ones that are involved in the production of EPOL 2.
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040 : Antimicrobial and Antibiofilm Properties of New Isatin Derivatives
Session A
Emilie Portier1, Boris Letribot1, Jean-René Chérouvrier1, Lisianne Domon1, Valérie Thiéry1,
Isabelle Lanneluc*, Sophie Sablé1
1
LIENSs, Université de La Rochelle, La Rochelle, France
Bacteria living in biofilm induce persistent chronic infections. This lifestyle, compared with
the planktonic one, protects against antimicrobial treatments. It is therefore necessary to
find new treatments inhibiting the growth of pathogenic bacteria or the formation of
biofilms, and even destroying already formed biofilms. Indole derived small molecules are
known to affect bacterial behavior. Activity is dependent upon degree of oxidation. It had
been shown that isatin increased biofilm formation by P. aeruginosa by 20% at 500 µM.
However, as part of our ongoing research against antibiotic resistance and search for new
therapeutics, we report in this poster the antimicrobial, antibiofilm forming activities and
promising capacity for destructuring mature biofilm of a series of synthetic C3 functionalised
isatin derivatives.
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041 : Role of Substratum Surface Energy & Treatments on Microbial Adherence
Session B
Jonathan R. Palmer*
Biofilms, microbial sessile communities, are a significant problem for many industries
including medical, oil and gas, consumer product manufacturing and water distribution. The
classic Baier relationship from 1970s which correlates substratum surface energy to bioadhesion has recently been extended to include microbe attachment by many authors. In
this study additional evidence of this correlation between substrate surface energy
relationship and microbe attachment is provided, relative to the growth of Pseudomonas
aeruginosa biofilms on a range of common manufacturing substrates (316 stainless steel)
and plastics, with different topologies (Ra 0-2µm) under static and turbulent flow regimes.
Using a novel confocal microscopic technique, the extent of initial Pseudomonas aeruginosa
attachment was quantified relative to these materials. In addition this paper will
demonstrate how a new easy to coat proprietary thin-film coating greatly reduces initial
microbial attachment to 316 stainless steel, minimising biofilm accumulation. This work
reaffirms the importance of the surface energy as a metric regarding early establishment
of sessile community and the accumulation of biofilms.
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042 : Pa2440 and Pa2441 Affect Biofilm Formation by Pseudomonas aeruginosa
Session C
Morten Rybtke* 1, Tim Tolker-Nielsen1
1
Costerton Biofilm Center, Department of Immunology and Microbiology, Faculty of Health
and Medical Sciences, University of Copenhagen, Copenhagen, Denmark
Biofilm formation by pathogenic bacteria is a cause of severe chronic, disabling and lifethreatening infections. Gaining knowledge on the regulation of biofilm formation and
modification of its properties is important for devising new anti-biofilm treatment
strategies. The objective of this study is to characterize the involvement of the hypothetical
proteins encoded by PA2440 and PA2441 in biofilm formation by P. aeruginosa; an
opportunistic pathogen associated with several biofilm-based infections and a model
organism for biofilm research. PA2440 and PA2441 are predicted to encode a putative
polysaccharide deacetylase and a protein of unknown function, respectively, and their
expression is positively regulated by the biofilm-promoting second messenger cyclic di-GMP.
Here we present preliminary data showing that in contrast to being under positive
transcriptional control by a pro-biofilm signal molecule further overexpression of the genes
unexpectedly results in biofilm-negative phenotypes. Using mutants lacking specific biofilm
matrix components and random transposon mutagenesis combined with phenotypic assays
we have sought to identify the molecular target of PA2440 and PA2441 to shed light on their
function but the target remains elusive. Interestingly, however, the results suggest that the
ratio between the cellular level of cyclic di-GMP and the expression levels of PA2440 and
PA2441 determines the impact of the genes on biofilm formation by P. aeruginosa. In
conclusion, the involvement of PA2440 and PA2441 in biofilm formation by P. aeruginosa
appears to be dependent on the cellular levels of cyclic di-GMP and hence the level of
matrix production. This stoichiometric relationship between protein levels and activity,
matrix levels, and phenotypic output is intriguing and warrants further elucidation.
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043 : Evaluation of Biofilms Fungal Cells Viability Using Iron Seeds
Session D
Seddiki Sidi Mohammed Lahbib*
The medical impact of the biofilms of Candida spp, in particular Candida albicans, is
reflected in its severity and resistance to antifungal agents. Treatment of these
complications involves first evaluating the minimum inhibitory concentrations of sessile cells
(SMICs) which are strongly attached to their support and highly resistance. Moreover, they
are sessile cells still at vital and active states which confer this increased resistance. The
objective of this study focused at the same time on the estimation of active sessile cells of C.
albicans within a biofilm and the determination of SMICs. For this, the microdilution method
in 96-well microplates was used. In order to detach the biofilms formed at the bottoms of
the wells, a quantity of sterile iron seeds was put in the wells and a magnetic magnet was
placed under the microplate to control their movement. The viable cells exposed to
antifungal agents as well as the SMICs were evaluated by transferring the supernatant from
wells to another sterile microplate. The reliability of this new method was verified by that of
tetrazolium microtitration (XTT).
Keywords: Candida's biofilms, Cells viability, SMIC, Iron
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044 : ITRAQ - Based Quantitative Proteomics of Strong And Weak Biofilm Formers of
Enterococcus Faecalis Reveals Novel Regulators of Biofilm Formation
Session A
Tanujaa Suriyanarayanan* 1, Lin Qingsong1, Lim Teck Kwang2, Lee Yew Mun2, Chaminda
Jayampath Seneviratne1
1
Oral Sciences, Faculty of Dentistry, 2Department of Biological Sciences, Faculty of Science, ,
National University of Singapore, Singapore, Singapore
Enterococcus faecalis is a bacterial pathogen associated with both endodontic and systemic
infections. The biofilm formation ability of E. faecalis plays a key role in its virulence and
drug resistance attributes. The formation of E. faecalis biofilms on implanted medical
devices often result in treatment failure. In the present study, we report protein markers
associated with the biofilm formation ability of E. faecalis using iTRAQ-based quantitative
proteomics approach. In order to elucidate the biofilm associated protein markers, we
investigated the proteome of strong and weak biofilm forming E. faecalis clinical isolates in
comparison with standard ATCC control strains. Eighteen clinical isolates of E. faecalis
derived from root canal and saliva samples of patients with failed root canal treatments
were screened for their biofilm formation abilities. All the isolates retained biofilm
formation ability and were classified as strong, weak and ATCC-like biofilm formers.
Comparison of E. faecalis strong and weak biofilm forming clinical isolates with ATCC control
strains showed that proteins associated with shikimate kinase pathway and sulfate
transport were upregulated in the strong biofilm former, while proteins associated with
secondary metabolites, cofactor biosynthesis and tetrahydrofolate biosynthesis were
downregulated. In the weak biofilm former, proteins associated with nucleoside and
nucleotide biosynthesis were upregulated, whereas proteins associated with sulfate and
sugar transport were downregulated. Further pathway and gene ontology analysis revealed
that the major differences in biofim formation arise from differences in metabolic activity
levels of the strong and weak biofilm formers, with higher levels of metabolic activity
observed in the weak biofilm former. The differences in metabolic activity could therefore
be a major determinant of the biofilm ability of E. faecalis. The new markers identified from
this study can be further characterized in order to understand their exact role in E. faecalis
biofilm formation ability. This, in turn, can lead to numerous therapeutic benefits in the
treatment of this oral and systemic pathogen.
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045 : Accredited Biofilm Test Methods: What it Means for Wound Care
Session B
Hannah Thomas* 1, S Westgate1, L Davies1, L Sellars1
1
Perfectus Biomed Limited, Daresbury, United Kingdom
Wound care products have become increasingly targeted towards anti-biofilm claims. The
absence of accredited biofilm test methods makes it difficult to support anti-biofilm claims.
The addition of UKAS accredited biofilm test methods for MBEC, CDC and Drip Flow Reactor
(DFR) models using S. aureus and P. aeruginosa is a step towards standardising testing for
anti-biofilm technologies and benchmarking of new and existing technologies. Biofilm
reactor methods were adapted and validated by Perfectus Biomed Ltd to achieve UKAS
accreditation for MBEC, CDC and DFR test methods under ISO 17025 using S. aureus and P.
aeruginosa 24 and 72-hour biofilms. Treatments were applied for either 5 minutes at room
temperature or 24 hours at 37C to reflect the use of a wound care solution and a wound
dressing respectively. A series of biofilm wash steps were carried out prior to treatment to
remove planktonic organisms and mimic the wound irrigation process. All assays were
designed such that appropriate industry negative and positive controls are included with
each assay and colony forming units per ml were reported. Each assay resulted in control
biofilms that contain between 5 log and 7 log viable S. aureus or P. aeruginosa biofilms. A
range of common wound care products demonstrated variable abilities to disrupt the
established biofilms, ranging from no effect to no recovery of viable organisms. The
demonstrable ability of test reproducibility and effective product differentiation, under
defined conditions, rendered the biofilm methods suitable for product efficacy testing and
UKAS accreditation. Independent accreditation of biofilm methods ensures that; (i) product
testing is reproducible and performed to an excellent standard; (ii) study measurements are
only performed with instruments that have been serviced and calibrated to traceable
international standards, and (iii) the study report includes a quality seal that is recognised
internationally.
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046 : Essential Oils Against Staphylococcus Spp. And P. aeruginosa Biofilm
Session C
Rosanna Papa*, Gianluca Vrenna1, Mijat Bozovic2, Rino Ragno2, Laura Selan1, Marco Artini1
1
Public Health and Infectious Diseases, 2Drug Chemistry and Technology, SAPIENZA
UNIVERSITY, ROME, Italy
Several drugs for treating a variety of diseases have been discovered via screening of natural
compounds obtained from animals, microorganisms, marine organisms, and plants. These
drugs can be natural products per se or semi-synthetic analogues.
Although there are a large number of plant species, only approximately 10% produce
mixtures of odorous and volatile compounds, collectively called essential or volatile oils
(EOs). Some EOs play an important role in protecting plants against insects, fungi, bacteria
and viruses.
Within the same variety, the essential oil composition can vary according to geographical
region and seasonality. EOs from a variety of plants are also endowed with antibacterial
activities as well as anti-inflammatory and antioxidant properties.
In this work we investigate the antibacterial and antibiofilm effect of EOs from Calamintha
nepeta, Foeniculum vulgare and Ridolfia segetum against S. aureus, S. epidermidis and P.
aeruginosa.
EOs were obtained from plants harvested in different seasons and conditions so as to obtain
a total of about 100 different samples. The chemical composition of each EO was
determined. MIC for each EO on the bacterial strains was carried out. The action on biofilm
formation was assessed by crystal violet and the IC50 of biofilm inhibition (BIC50) was
calculated.
Reported results demonstrate that EOs with different antimicrobial and antibiofilm features
were selected. Some of them inhibit bacterial growth at high concentration and possess
good antibiofilm activity at sub-MIC concentration showing a very low BIC50 (ng). Other EOs
were able to destabilize biofilm structure without killing cells.
Our data suggest that some of the studied EOs could be proposed as antibacterial drugs
against Staphylococcus spp. and P. aeruginosa. Their action on sessile phenotype renders
them particularly interesting for possible applications in biofilm infections and disinfection
procedures.
Keywords: essential oil, antibacterial, antibiofilm
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047 : Hydrophobin Coated Surfaces Prevent S. epidermidis Biofilm Formation
Session D
Gianluca Vrenna* 1, Rosanna Papa, Marco Artini1, Paola Giardina2, Paola Cicatiello2, Annarita
Ricciardelli2, Maria Luisa Tutino2, Ermenegilda Parrilli2, Laura Selan1
1
Public Health and Infectious Diseases, SAPIENZA UNIVERSITY, ROME, 2Chemical Sciences,
Federico II University, Naples, Italy
Staphylococcus epidermidis normally colonizes the human skin and mucous membranes but
in predisposed hosts, it has become a significant nosocomial pathogen. The major virulence
factor associated with this organism is the ability to cause infections is dependent on
adherence to medical devices and formation of a biofilm.
Microbial adhesion to surfaces has been shown to be a complex process, involving
physicochemical, protein and polysaccharide factors. Protein-functionalized surfaces are a
hot topic in life sciences and are becoming more and more popular also in the medical field
such as protein-mediated tissue engineering.
In this work, the impact of hydrophobin (HFB) coated surfaces on S. epidermidis biofilm
formation was studied. HFBs are small proteins produced by fungi, able to self-assemble
into amphipathic membranes at hydrophobic-hydrophilic interfaces. Beyond their natural
functions, HFBs show very peculiar properties, which are of interest for biotechnological
applications.
HFBs were extracted from Pleurotus ostreatus and Acremonium sclerotigenum.
The inhibition of S. epidermidis biofilm formation on surfaces coated by two HFBs was
analysed. Both proteins were able to reduce the biofilm formed in polystyrene multiwell
plates, as measured by crystal violet assay. Then, the reduction of the biofilm thickness and
the preservation of cell vitality, in presence of HFBs, were demonstrated through CLSM
analysis. This reduction was related to the increase of the protein concentrations used to
coat the wells. Different surfaces (glass, steel, titanium and PTFE) were coated by HFB and
characterized by WCA analysis, showing a change of surface wettability. Finally, the antibiofilm efficiency of HFB coated supports was evaluated.
This study reports the capability of HFB coated surfaces to prevent S. epidermidis biofilm
formation.
Keywords: protein self-assembly, initial attachment, fungi, biofilm inhibition, confocal laser
microscopy, CDC biofilm reactor
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048 : Dry Hospital Surfaces: The Difficulty in Killing Pathogens in Biofilms
Session B
Karen Vickery* 1, Ahmad Almatroudi1, Durdana Chowdhury1, Shamaila Tahir1, Anand Deva1,
Iain Gosbell2, Slade Jensen2, Greg Whiteley3, Honghua Hu1
1
Biomedical Sciences, Faculty of Medicine & Health Sciences, Macquarie University,
2
Microbiology & Infectious Diseases, School of Medicine,, Western Sydney University,
3
Whiteley Cooperation, Sydney, Australia
Highly pathogenic bacteria are incorporated into biofilm contaminating dry hospital
surfaces. The ability of cleaning/disinfection protocols to remove these biofilms is unknown.
Here we measure chlorine and thermal treatment efficacy against planktonic and biofilm
Staphylococcus aureus.
Hydrated biofilms or dry biofilms (subjected to periodic dehydration) were grown on
coupons. Bacteria (107) as planktonic cultures, and biofilm-covered coupons were
disinfected with 1000 to 20000ppm sodium hypochlorite chlorine for 10 minutes and
thermal treatment between 100 and 134oC for up to 60 minutes, under dry (hot air oven) or
wet (water bath or autoclave) conditions. Bacterial viability was determined by plate
culture. Viable but non-culturable bacteria were determined by live/dead staining and
confocal laser scanning microscopy. Ability to recover from treatment was determined by
prolonged incubation in tryptone soya broth. Ability of chlorine treated biofilm to
contaminate hands was tested by touching agar plates.
Planktonic cultures were completely inactivated by both treatments. Hydrated biofilms
were culture negative for all treatments but 20% of samples treated at 100 oC recovered
with prolonged incubation. Dry biofilms recovered following all chlorine treatments and
autoclaving at 121oC but not at 134oC. Live bacteria were present on all treated dry biofilms
even if they failed to recover and release planktonic bacteria. Dry biofilm could be
transmitted by hand and whilst 1000ppm chlorine failed to kill dry biofilm, it reduced the
number of bacteria transmitted.
Biofilm bacteria subjected to periodic dehydration are significantly more tolerant to chlorine
and heat treatment than planktonic organisms or hydrated biofilm. Infection control
implications: dry biofilms are unlikely to be killed by short chlorine contact times or portable
steam vapour systems. This suggests that other methods of biofilm removal need to be
investigated for decontaminating hospital surfaces.
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049 : Biofilms in Ornamental Waters: A Risk Assessement Study
Session C
Patricia Morgado1, Lucia Reis2, Rui Matias2, Jose Grossinho1, Helena Rebelo, Joao
Rodrigues2, Luisa Jordao* 1
1
Departamento de Saude Ambiental, 2Departamento de Doenças Infeciosas, Instituto
Nacional de Saude Dr Ricardo Jorge, Lisboa, Portugal
Ornamental waters of easy access and populated with animals are quite attractive and can
hide threats to human health. Here we evaluated, during one year, the microbiota of
ornamental waters in a Lisbon park in order to assess the risk for human health.
A total of 26 different bacterial species were identified during the study. Among these are
potential human pathogens such as Aeromonas, E. coli, K. pneumoniae, Pseudomonas and
Raoutella. Aeromonas sobria is a resident bacteria whereas other species such as A.
hydrophila and A. veronii were aporadicaly identified. A possible explanation for this result is
the presence of a fish population. The presence of E. coli indicates water contamination
with fecal materials. We first isolate this bacterium in June when the water temperature
increased and thenafter it was a resident despite the natural temperature drop in the Fall.
This might be explainned by the replace of the fish population by ducks in October which
lead to an increase in water tubirdity and total carbon content. Pseudomonas fluorescens,
P. putida and P. oryzihabitans have been considered low-virulence bacteria but recently
have been identified as ethiological agents of healthcare assotiated infections (HAI) mostly
in immunosupressed individuals. Another recognized HAI agent present is K. pneumoniae.
The same bacteria species were isolated from biofilm and water suggesting the exhistence
of an equilibrium between planktonic and biofilm organized bacteria. The role played by
biofilm assembly on the emergence of antibiotic resistence is still ongoing for the isolated
bacteria, as well as the possible interaction between water chemical composition and
bacteria isolates. Potential pathogens (biofilm or planktonic) represent a significant cause of
acute bacterial infections mainly in spcefic populations (pediatric and geriatric). These
results support a periodic control of ornamental water microbiota as simple preventive
measure to avoid potential health issues.
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050 : Methanogenic Archaea- The Impact on Material, Environment and Health
Session D
Andrea Koerdt* 1, Özlem Özcan2
1
Biodeterioration and Reference Organisms, 2Interfacial Processes and Corrosion, Federal
Institute for Material Research and Testing, Berlin, Germany
Corrosion is a serious problem for industry and environment. In addition to the physical
factors, microorganisms also play a critical role in the degradation of polymeric substances,
glass, ceramic or metals, like pipelines, tanks or medically relevant materials (titanium
implants). It is assumed that approximately 20 percent of all costs related to corrosion are
due to microbial influenced corrosion (MIC). Different environmental samples reveal that
methanogenic Archaea are part of a multi-species biofilm on corroding metallic structures.
Studies on MIC focus mainly on sulfate reducing Bacteria (SRB), leading to the assumption
that they are exclusively responsible for metal corrosion. In fact, methanogenic Archaea are
known to be involved in metal corrosion as well (e.g. Methanococcus maripaludis DSM
2067). In some cases SRB and methanogenic Archaea have comparable high corrosion rates.
However, the underlying mechanisms causing corrosion are still unknown. The goal of this
study is to analyse two environmental isolates (M. maripaludis DSM 2067, M. maripaludis
KA1) and two human-related isolates (Methanobrevibacter oralis and Methanobrevibacter
smithii) for their ability to deteriorate metals, which are relevant for technical and clinical
applications. Moreover, the studies will provide essential information on the interaction
mechanisms of human-related Archaea, which are frequently found in periodontitis and
peri-implantitis, with dental material such as implants, crowns and bridges leading to their
degradation.
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051 : Borrelia Ssp. are Able to Create Biofilm-Like Aggregates in vitro
Session A
Kasper N. Kragh* 1, Sven Bergström2, Ram Benny Dessau3, 4, Thomas Bjarnsholt1, 5
1
Department of Immunology and Microbiology, University of Copenhagen, Copenhagen N,
Denmark, 2Department of Molecular Biology , Umeå University, Umeå, Sweden,
3
Department of Clinical Microbiology, Slagelse Sygehus, 4Institute for Regional Health
Research, University of Southern , Slagelse, 5Department of Clinical Microbiology,
Rigshospitalet, Copenhagen Ø, Denmark
The spirochaetal bacterium of the Borrelia burgdorferi sensu lato complex is tick-borne and
is known to cause Lyme borreliosis. This tick born disease may develop into arthritis,
endocarditis and neuritis if untreated. Rarely more prolonged disease develops, but if
untreated, infected patients may develop a chronic skin lesion called acrodermartitis
chronica atrophicans or long lasting symptoms from the central nervous system with
symptoms spanning months and even years after the initial infection.The question is, how
can the symptoms of borreliosis persist over time in spite of the patient’s own immune
response? Several features ascribed to CLD have the characteristic found in many chronic
biofilm infections, yet there is lack of observations of biofilm formation for the three most
common borreliosis causing pathogens; Borrelia burgdorferi, B. afzelii and B. garinii. Herein,
we present the first indications that these three species all have the ability to form dense
non-attached aggregates when grown in vitro under conditions mimicking an in vivo
environment. These aggregates closely resemble those non-attached biofilm aggregates
found for such well-known biofilm-model organism as Pseudomonas aeruginosa and
Escherichia coli. These Borrelia ssp. aggregates exhibits several of the characteristics
described for other species non-attached biofilm aggregates indicating that Borrelia spp. are
entirely capable of forming a biofilm. The current evidence supports that, mechanisms such
as immune evasion by complement inhibition, hiding in protected niches and variations in
surface proteins allowing the Borrelia bacterium at least to persist for some time. In theory
biofilm formation could explain several aspects of the persistent Lyme disease.
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052 : The Antibiofilm Power of Marine Bacteria
Session B
Ibtissem Doghri1, Sophie Sablé1, Alexis Bazire2, Alain Dufour2, Isabelle Lanneluc*
1
Université de La Rochelle, La Rochelle, 2Université de Bretagne-Sud, Lorient, France
In marine environments, submerged surfaces are exposed to rapid bacterial colonization.
Following adhesion, the microorganisms secrete extracellular polymeric substances and
organize themselves into biofilms. Biofilms are multi-cellular systems in which many
complex interactions, cooperation but also competition, occur. Understanding these
interactions could help to fight against biofilms. Moreover, marine biofilms are a potential
source of new molecules able to inhibit biofilm formation and/or to destroy established
biofilms. We then isolated 160 marine bacteria from biofilms formed in an intertidal mudflat
or on metallic structures in a harbor of the French Atlantic coast. We selected one of the
mudflat bacteria, of the Flavobacterium genus, and one of the harbour bacteria, of the
Roseovarius genus, which were able to form stable biofilms on different surfaces. We used
these strains as models. We tested the effect of the culture supernatants of the other
strains from the same location on the biofilm formation of the Flavobacterium and of the
Roseovarius strains. Several supernatants were shown to have activities against these
strains. In particular, a supernatant of a Pseudomonas bacterium culture was shown to
contain molecules that strongly inhibit the capacity of the Flavobacterium strain to adhere.
Another supernatant, obtained from a culture of a Pseudoalteromonas bacterium, was
shown to decrease the adhesion and to destroy the Roseovarius biofilm. These two
supernatants were tested against biofilms of human pathogenic bacteria and were shown to
have inhibiting activities. Then, medical applications of these bacterial supernatant
compounds could be envisaged.
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053 : Sponge Inspired two Derivatives to Prevent and to Disrupt Biofilms
Session C
Tiffany Le Norcy* 1, Hendrick Niemann2, Peter Proksch2, Isabelle Linossier1, Karine Rehel1,
Claire Hellio3, Fabienne Fay1
1
Laboratoire de Biotechnologie et Chimie Marines, Lorient, France, 2Institute of
pharmaceutical biology and biotechnology, Dusseldorf, Germany, 3Laboratoire des sciences
de l'envrionnement marin, Brest, France
First bastadins isolated from the marine sponge Ianthella basta have attracted wide
attentions due to their biological activities. Bastadins are known for their antifouling,
antimicrobial and anti-inflammatory properties. From these naturals compounds, chemists
from the university of Düsseldorf have developed many bastadins or hemibastadins analogs.
Two analogs were evaluated in this study.
Firstly, the minimal inhibitory concentration on growth and adhesion on four bacteria (three
marine bacteria: Paracoccus sp. 4M6, Pseudoalteromonas sp. 5M6 and Vibrio sp. D66 and a
terrestrial bacterium: Pseudomonas aeruginosa PAO1) was identified. Then, the antiadhesion and antibiofilm activity of these two molecules were evaluated in dynamic
conditions (flowcell). Bacterial adhesion and biofilm were observed in confocal laser
scanning microscopy. The activity of these compounds were evaluated on four bacteria, the
terrestrial bacterium Pseudomonas aeruginosa PAO1 and three marine bacteria of different
Gram (Paracoccus sp. 4M6, Pseudoalteromonas sp. 5M6 and Bacillus sp. 4J6).
To evaluate the activity of molecules on bacterial adhesion, two conditions were tested. On
one hand, the molecule is added in the bacterial suspension which is added in the flowcell.
On the other hand, molecules were used to prepare the surface of adhesion.
To study the activity on bacterial biofilm, molecules were added in the growth medium flow
which is activated during 24 or 48 hours. To observe an impact on biofilm detachment,
compounds were injected on a biofilm already formed.
Experiments showed that molecules induced only an inhibition of the biofilm formation or
detachment without impact on adhesion.
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054 : Biofilm Lifestyle of Coral-Associated Bacteria from Andaman Sea
Session D
Rinchen T. Lepcha* 1, Subrata K. Das1
1
Molecular Microbiology Lab, Institute of Life Sciences, Bhubaneswar, India
In the marine environment, surfaces are quickly colonized by bacteria with the help of
biofilm. This accelerates to biofouling of both natural and man-made surfaces, leading to
major economic problems. Despite this, the study of marine bacterial biofilm is in its early
stages as compared to its medical counterparts. Only a few studies have been performed on
the bacterial communities and their interactions within a marine biofilm. In this study,
bacterial strains were isolated from corals of the Andaman Sea and screened for biofilm
forming abilities. Out of isolated strains, 4 were able to build good biofilm under static
conditions in both polystyrene and glass surfaces. 16S rRNA gene sequence analysis showed
that the biofilm forming bacteria mostly belonged to Gammaproteobacteria with a small
percentage of Alphaproteobacteria. Confocal image analysis using PHLIP software revealed
differences in biovolume and thickness. Orthogonal view of biofilm created using ImageJ
also suggested variation in biofilm structure among strains.
Looking into the biofilm interactions within a dual species biofilm; strain S1-18 had an
inhibitory effect on biofilm formation of S1-19. Further studies showed strain S1-18 exerted
cell contact-dependent biofilm inhibition of strain S1-19. 16S rRNA gene analysis showed
that strain S1-18 belonged to genus Vibrio while S1-19 belonged to genus
Pseudoalteromonas. Scanning Electron Microscopy results also revealed that strain S1-19
formed much denser biofilms than the biofilms that were developed by cocultures with
Vibrio sp. strain S1-18.
In summary, this is one of the first studies on biofilm formation by coral-associated bacteria
isolated from the Andaman Sea. Moreover, we isolated bacterium Vibrio sp. S1-18, that
could inhibit the biofilm formation of strain S1-19 via direct cell-to-cell contact. Further
genetic analysis underlying this phenomenon will be carried out in future.
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055 : Antifouling Properties of Novel Electrospun Nanofibre Membranes
Session A
Premysl Mikula* 1, Eva Travnickova1, Michal Bittner1, Jakub Oprsal2, Katerina Zetkova2,
Lubomir Kubac3, Dusan Kimmer4
1
Research Centre for Toxic Compounds in the Environment, Masaryk University, Faculty of
Science, Brno, 2SYNPO a.s., Pardubice, 3Centre for Organic Chemistry Ltd., Rybitvi, 4SPUR a.s.,
Zlin, Czechia
According to the World Health Organization (WHO) report at least 1.8 billion people
worldwide use a drinking-water source contaminated with faeces. Such contamination can
pose a serious health risk, since drinking of water contaminated by pathogenic
microorganisms may cause a number of fatal infections. Therefore, there is an extensive
effort to find suitable water treatment technologies that would not only be effective and
non-expensive, but also environmentally friendly. Filtration technologies (micro-, ultra- or
nanofiltration) can be considered as one of possible options as they effectively remove
various groups of microorganisms. On the other hand, adhesion of microorganisms and
organic matter to membrane surfaces triggers the development of biofilms that can
decrease transmembrane flux and affect filtration efficacy. Hence, a biofouling control in
membrane-filtration technologies is challenging.
In our study, we monitored dynamics of biofilm development on electrospun polyvinylidene
fluoride (PVDF) and polyurethane (PU) nanofibre membranes, either pristine or
functionalized by antibacterial agent (zinc oxide nanoparticles). Escherichia coli (CCM 3954)
and Pseudomonas aeruginosa (CCM 3955) biofilms were investigated. Antimicrobial (or
rather antifouling) effect was evaluated by flow cytometric measurement of total cell counts
(after staining of biofilm bacteria by SYBR Green) and cell membrane integrity (double
staining by SYBR Green and propidium iodide) as well as by cultivation of biofilm-forming
bacteria on agar media (using spread plate method with Endo and/or cetrimide agar).
Results of study and advantages/drawbacks of both techniques for analysis of
environmental biofilms will be discussed in our poster.
Acknowledgements
The research was supported by the project of the Ministry of Education, Youth and Sports of
the Czech Republic (LO1214) and the project of the Ministry of Industry and Trade of the
Czech Republic (FV10323).
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056 : Modelling Mono-Species Biofilms for Environmental Efficacy Testing
Session B
Fergus Watson*
A pilot study was devised to investigate a novel approach to efficacy testing of antimicrobial
cleaning agents; focusing primarily of vaporised hydrogen peroxide (HPV). Contaminated
surfaces are recognised modes of pathogen transmission within healthcare facilities (HC);
and increase risk of pathogen acquisition in newly admitted patients - particularly if the
prior room occupant was a known harbourer. Studies have shown these pathogens can
survive on surfaces for an extended period of time despite routine cleaning (e.g. >5months
for Acinetobactor sp.). This resilience is characteristic of biofilms – a resistant community of
microbes. Recent publications have revealed biofilms are present in clinical settings, such as
intensive care units. In contrary to this, the efficacy of many cleaning agents is tested using
planktonic (less resistant) organisms deposited on a surface. Our study used a drip flow
reactor (DFR) to contrive a biofilm model that is more representative of the challenge faced
in a HC arena. The DFR’s unique liquid-air interface and shear forces – experiences relatable
to those in a hospital – generated mono-species biofilms with a population exceeding that
of a hospital microbiome. Additionally, epifluorescence (EF) microscopy using Live/Dead
staining revealed an abundance of micro colonies in a heterogeneous matrix of extracellular
substances. Micrographs highlighted varying structural arrangements indicative of the
attachment and dispersal stage of a biofilm life cycle. Upon exposure to HPV (≈10gm -3)
complete inactivation was achieved in as little as 80 minutes accompanied by mass
disruption of the colony formations and the protective extracellular substances. These
pathogenic reservoirs previously demonstrated through environmental samples could be
linked to the difficulties seen by clinicians tackling infection rates. Moreover, why these
orthodox cleaning agents proven against planktonic organisms fail to achieve the desired
results.
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057 : dgcH is a House-Keeping Dgc in Pseudomonas aeruginosa
Session C
Qing Wei* 1, Sebastien Leclercq1, Luyan Ma1
1
State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of
Sciences, Beijing, China
Cyclic diguanosine monophosphate (C-di-GMP) is an important second messenger in
bacteria and involved in the switch from motile to sessile lifestyles. In the human
opportunistic pathogen Pseudomonas aeruginosa, at least 40 genes are encoded for the
making and breaking of this signal molecule. Among those genes, several have been well
studied and assigned specific roles in biofilm formation, antibiotic resistance and virulence.
However, there is still paucity of information concerning the systemic expression pattern of
those genes and the function of other uncharacterized genes. In this study, we analyzed the
phylogeny of the diguanylate cyclase (DGC) genes from P. aeruginosa and found that one of
them named dgcH, showed a highly conserved distribution across the entire Pseudomonads
species. When we systematically analyzed the expression data from more than 160
conditions, we found that the expression of dgcH was highly invariable and probably
functions as a house-keeping gene, as confirmed by gene expression analyses, which
maintained the basal level of c-di-GMP. The analysis of its biological functions indicated that
DgcH had conserved DGC activities and was involved in switching between sessile and
motile status. Finally, we showed that dgcH was also implicated in virulence during plant
infection.
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058 : In vitro Water Biofilm Growth in Presence of Disinfection Agents
Session D
Charifa Zemouri* 1, Hans de Soet1, Wim Crielaard1, Alexa Laheij1
1
Preventive Dentistry, ACTA, Amsterdam, Netherlands
Aim The aim of the study was to compare the capacity of different chemical disinfectants to
remove biofilm in an in vitro static water biofilm model to mimic the dental unit waterlines.
Methods The AAA-model was used to grow biofilms in 24-wells plates with PUR-discs as
attaching surface. Two growth conditions were used during the experiment: R2A broth at
30⁰C and a salt-mixture recommended by ISO-NEN 16954:2015 at room temperature.
Twenty liters of tap water was filtered. The microorganisms on the filter were used to
(re)inoculate the model. Four week old biofilm was treated with a shock dose of Dentosept,
Anoxyl, Alprojet, Oxygenal, Green and Clean, Citrisil Orange and Bilpron. After the shock
treatment half of the remaining biofilms was treated with sterile medium to test possible
regrowth. The other half were treated with low dose disinfectant agents according to
manufacturer’s instruction together with the originally collected microorganisms. The
medium was refreshed weekly. Each week discs were sonicated, and the biofilm was plated
on R2A-agar incubated at 37⁰C for 7 days. The criterion for successful biofilm removal was a
remaining bacterial concentration of < Log 2.0 CFU/mL (the national standard in the
Netherlands for clean dental unit water).
Results The baseline mean log CFU/mL biofilm grown in 4 weeks for NEN-medium was 5.77
(+1.19) and 7.48 (+0.18) for R2A medium. When water biofilms were grown in the NEN
medium, only Citrisil failed to remove the biofilm of discs under the norm. When water
biofilms were grown in R2A, only Alprojet and Bilpron succeeded in total biofilm removal.
When the discs, after shock dose treatment, were cultured in sterile NEN medium, biofilm
regrowth occurred on every disc except the discs immersed in Dentosept and Green and
Clean. However, when the shock dose was followed up by a low dose disinfectants, water
biofilms in all but Citrisil in NEN medium and Alpron and Bilpron in R2A medium successfully
remained under the norm.
Conclusion: Alpron and Bilpron were consistently capable of removing water biofilm from
PUR discs. Citrisil was the only agent that did not remove nor suppress the biofilm when
using both R2A and NEN medium. The effect of other agents were determined by the
growth conditions and medium used.
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060 : Halitosis Biofilm: A Study Combining Culture And Cloning Technique
Session A
Sara Bernardi1, Maria Continenza2, Lamprini Karygianni3, Andreas Filippi4, Annette
Anderson5, Andrea Zürcher4, Elmar Hellwig5, Kirstin Vach 6, Ali Al-Ahmad*
1
Dept. Of Life, Health and Environmental Sciences, University of L'Aquila, L’Aquila, 2Dept. of
Life, Health & Environmental Sciences, University of L'Aquila, L'Aquila, Italy, 3Clinic for
Preventive Dentistry, Periodontology and Cariology, University of Zurich, Zurich,
4
Department of Oral Surgery, Oral Radiology and Oral Medicine and Centre of Dental
Traumatology, University of Basel, Basel, Switzerland, 5Operative Dentistry and
Periodontology, University of Freiburg, Faculty of Medicine, 6Institute for Medical Biometry
and Statistics, University of Freiburg, Freiburg, Germany
Oral malodor is a very discomforting condition deriving from the presence of volatile
Sulphur compounds in the expired air. In halitosis of intra-oral etiology, the volatile Sulphur
compounds are metabolic products of the oral microorganisms within the biofilm coating
the tongue dorsum. The aim of this clinical study was to characterize and compare the
microbial biofilm in halitosis and healthy volunteers by means of both the culture method
and culture-independent 16S-rDNA cloning technique. The study was approved by the ethics
committee of the University of Freiburg (Nr. 74/15). The data were statistically assessed by
the Wilcoxon Rank-Sum and the Fishers’ exact test. A high bacterial variety (more than 80
different species) resulted from the combination of the two methods. The culture method
allowed to identify 47 species in the halitosis group samples among them Veillonella
rogosae, never isolated from the tongue surface biofilm so far. High concentrations of
Actinomyces graevenitzii were revealed only in the tongue biofilm samples from halitosis
patients. The culture-independent cloning method detected more than 50 species and a
statistically significant association was found between the presence of Streptococcus mitis,
Streptococcus oralis and Streptococcus pseudopneumeniae and the halitosis condition. In
conclusion, the combination of the culture-dependent and culture-independent methods
provided new insights into the tongue biofilm in halitosis patients highlighting the
associations of the aforementioned bacteria with halitosis tongue biofilm. These etiological
agents should be considered for further pharmacological research and halitosis therapy
strategies.
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061 : Investigating Oral Bacterial Species Metabolites as Toxins in Disease
Session B
Niall A. Hickey* 1, Kathryn Whitehead1, Rebecca Taylor1
1
Science and Engineering, Manchester Metropolitan University, Manchester, United
Kingdom
Oral diseases such as chronic periodontitis are common within the general population and
are comorbid within various patient groups such as those with heart disease or chronic
kidney disease. Periodontitis has been identified as a source of systemic inflammation,
potentially allowing systemic entry of microorganisms, secondary metabolites and bacterial
antigens into the host via the circulatory system. It is hypothesised that the movement of
such products into the host may induce inflammatory responses.
The objective of the study was to identify metabolites produced by specific oral
microorganisms that have the potential to damage the human host both locally and
systemically.
The chosen microorganisms, Streptococcus constellatus, Streptococcus mutans and
Streptococcus sanguinis were initially screened. Bacteria were grown on a variety of
different agar and broth compositions and the conditioned supernatants were collected and
analysed for metabolite production utilising liquid chromatography mass spectroscopy.
The findings indicated that certain metabolites are highly upregulated in different growth
mediums compared to controls and that metabolite production varied depending on the
nutrient source. Further analysis of selected compounds shows that some have been
reported to be cytotoxic and/or inflammatory mediating. This may suggest a novel source of
inflammation which can affect multiple health conditions.
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062 : Extracellular DNA Production in Streptococcus gordonii Biofilms
Session C
Catherine Lawler* 1, Angela Nobbs1, Mark Jepson2
1
Oral and Dental Science, 2Biochemsitry, University of Bristol, Bristol, United Kingdom
Oral bacterium Streptococcus gordonii is a primary coloniser of the clean tooth surface and
through interactions with other oral microbes and host substrata can modulate accretion of
the dental plaque biofilm. Extracellular DNA (eDNA) is a component of the biofilm
extracellular matrix and has been observed to form semi-organised “strands”. However, the
mechanism(s) by which eDNA is produced and its precise role in biofilm development
remains to be fully defined. In this project, a novel mass image acquisition and automated
analysis technique for the quantification of eDNA strands within biofilms has been
developed. This has been used to assess the process of eDNA production in S. gordonii
monospecies biofilms formed in vitro on human salivary pellicle. Levels of eDNA stranding
were found to occur in a time-dependent manner, and disruption of eDNA production with
DNase I impaired biofilm development. Two predicted surface proteins were identified in S.
gordonii with putative DNA-interactive domains, designated SedA and SndA. Deletion of
SedA or SndA resulted in a significant reduction in eDNA stranding, while loss of other
surface adhesins had no significant effects on eDNA levels. The presence of competence
stimulating peptide (CSP) was also shown to be a specific and significant modulator of eDNA
production. These data indicate the potential utility of a novel image analysis technique to
investigate the role of eDNA production in biofilm formation. A possible mechanistic role for
two S. gordonii surface proteins and the competence (comCDE) system is implied.
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063 : An Oral Biofilm Model on Dentine Cones to Test Disinfection Strategies
Session D
Merete Markvart*, Klaus Qvortrup, Paul Michael Petersen, Thomas Bjansholt, Lars Bjørndal,
Maria Alhede

Objective
The study aimed at establishment of a new oral biofilm model using dentine cones, to
evaluate efficacy of different disinfection strategies on endodontic related biofilms. The
cones reflect the sophisticated microstructure in root canals with numerous dentinal
tubules, having the potential of harbouring the biofilm. It enhances a realistic evaluation of
disinfection strategies on in vitro established mono- or multispecies biofilms. Pseudomonas
aeruginosa (PA) is a supreme biofilm former, and a laboratory strain was used to evaluate
the growth on human dentine cones for testing the model.
Methodology
Dentine cones were formed from extracted intact premolars, and stored in 0.9 % NaCl.
Smear layer was removed with 17 % EDTA and the cones were disinfected in 2.5 % NaOCl.
ON cultures of PA was diluted to an OD600nm of 0.1 in LB and 1 ml was added to each well of
a 24 well microtiter dish. One dentine cone was added per well. The dentine cones were
placed at 37 degrees and shaking at 80 rpm for 24h. For CFU the dentine cones were placed
in 1 ml 0.9% NaCl, degassed for 5 min and sonicated for 5 min, followed by dilution and
plating on LB plates. For confocal laser scanning microscopy (CLSM) Syto9 was added to
stain all bacteria and PI for staining dead bacteria. For scanning electron microscopy (SEM)
the dentine cones were standardly processed.
Results
Biofilm of PA was formed on the dentine cones and by plating on LB plates, CFU was
evaluated to 5*10^6 CFU/ml. CLSM inspection revealed mostly live bacteria and welldefined formations of microcolonies on the surface of the cones, and in the dentinal
tubules. SEM observations revealed that the 24h biofilm was already covering about 2/3 of
the specimen, and details of the extracellular matrix were observed.
Conclusion
The model reflects an endodontic scenario with intratubular biofilm growth, making future
evaluation of disinfection strategies clinical relevant.
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064 : Effect Sgc on Gene Regulation in S. gordonii Following Coaggregation
Session A
Waleed K. Mohammed*, Natalio Krasnogor1, Nicholas Jakubovicsa
1
Oral biology , Newcastle university , Newcastle, United Kingdom
Introduction: Coaggregation is the specific cell-cell binding between taxonomically distinct
microorganisms that is mediated by proteins or carbohydrates on the partner cell surfaces.
In previous studies it was found that coaggregation between Streptococcus gordonii and
Actinomyces oris results in gene regulation in S. gordonii that is very similar to gene
regulation upon changes in external arginine concentration. We hypothesized that the
previously characterized S. gordonii extracellular protease ‘challisin’ may be responsible for
recovering arginine, or arginine-containing peptides, following coaggregation with A. oris.
Materials and Methods: Interactions between S. gordonii DL1 or a challisin mutant, S.
gordonii ∆sgc, and A. oris MG1 (coaggregation assays) in human saliva were monitored
using confocal laser scanning microscopy (CSLM) and transmission electron microscopy
(TEM). Gene regulation in each S. gordonii strain was assessed using qRT-PCR.
Results: The gene expression data shown that the arginine biosynthesis genes argC and
argG were regulated differently in coaggregates compared with monoculture in the wildtype S. gordonii. However, these differences were not apparent in the challisin mutant
(∆sgc).
Discussion: The observed coaggregation between S.gordonii and A.oris was consistent with
other studies and is likely driven by the interaction between a cell wall protein, SspB, of S.
gordonii and a carbohydrate moiety on the surface of A. oris. Challisin appeared to be
essential for the coaggregation-mediated gene regulation in S. gordonii, indicating that this
protease is involved in cell-cell sensing and responses. We propose a model whereby S.
gordonii sense A. oris through the uptake of arginine-containing peptides that are released
from A. oris by the activity of challisin enzyme. This cell-cell sensing is likely a key driver
from oral biofilm formation, and thus represents a potential target for strategies to control
the accumulation of dental plaque.
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065 : Raffinose Stimulates Biofilm Formation of Streptococcus mutans.
Session B
Ryo Nagasawa* 1, 2, Tsutomu Sato1, Hidenobu Senpuku2
1
Graduate School of Science and Engineering, Hosei University, 2Department of Bacteriology
I, National Institute of Infectious Diseases, Tokyo, Japan
Objectives: Streptococcus mutans is the primary etiological agent of dental caries and
causes tooth decay by forming a biofilm on tooth surfaces. Biofilm formation is induced by
the presence of sucrose, which is a substrate for the synthesis of extracellular
polysaccharides, but not in the presence of oligosaccharides. Nonetheless, in this study, we
found that raffinose, which is an oligosaccharide, induced biofilm formation by S. mutans in
a mixed culture with low concentrations of sucrose. We analyzed the possible mechanism
behind the small requirement for sucrose for biofilm formation in the presence of raffinose.
Methods: Biofilm formed by S. mutans UA159 in TSB with 0.25% (w/v) raffinose (TSBr) in the
human saliva-coated 96 well plate was compared to those formed in TSB with sucrose or
glucose, and in semi-defined medium supplemented with 0.25% (w/v) raffinose. Biofilms
were quantified by safranin stain. Cell surface hydrophobicity was measured by a
hexadecane assay. We performed quantitative analysis of polysaccharide with phenolsulfuric acid method and extracellular DNA (eDNA) with absorptiometry. Contribution of the
eDNA to the biofilm formation was evaluated by the addition of DNase I. Biofilm cells
stained with the Live/Dead Viability Kit were observed by CLSM. Results: Low
concentrations of sucrose contributed to an increase in cell surface hydrophobicity and
biofilm formation. We showed that the presence of raffinose induced fructan synthesis and
aggregated eDNA into the biofilm. eDNA seemed to be important for biofilm formation,
because the degradation of eDNA by DNase I resulted in a significant reduction in biofilm
volume. We also found that fructan enhanced eDNA-dependent cell aggregation.
Conclusions: Our results show that raffinose and sucrose have cooperative effects and that
this induction of biofilm formation depends on supportive elements that mainly consist of
eDNA and fructan.
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066 : Mechanisms of Antimicrobial Tolerance in Streptococcus mutans Biofilms
Session C
Martin Nilsson1, Michael Givskov1,3, Svante Twetman2 and Tim Tolker-Nielsen1
1

Costerton Biofilm Center. Department of Immunology and Microbiology. Faculty of Health
and Medical Sciences. University of Copenhagen. Copenhagen, Denmark.
2
Department of Odontology, Faculty of Health and Medical Sciences. University of
Copenhagen. Copenhagen, Denmark.
3
Singapore Centre on Environmental Life Sciences Engineering, Nanyang Technological
University, Singapore.

Besides Streptococcus mutans ability to promote dental caries, it can also cause extra-oral
biofilm infections such as infective endocarditis. Knowledge about the molecular
mechanisms underlying biofilm-associated antimicrobial tolerance will aid the development
of anti-biofilm drugs. In the present study, we screened a S. mutans mariner transposon
library and found two mutants, dltA and spxA1, that displayed lower biofilm-associated
tolerance towards gentamicin than the wild type. On the contrary, in planktonic culture the
wild type and mutants displayed roughly the same sensitivity to gentamicin. The mutants
formed approximately the same amount of biofilm as the wild type, indicating that the
reduced antimicrobial tolerance of these mutants is not due to diminished biofilm
formation. Experiments with knock-out mutants and complemented strains confirmed the
results obtained with the transposon mutants.
The dlt genes have been shown to be expressed preferentially in biofilms, and the gene
products were shown to mediate alanylation of teichoic acids. Accordingly, dltA mutant cells
from biofilms were found to be more negatively charged on the cell surface than wild type
biofilm cells. Alanylation of the teichoic acids of wild type biofilm cells likely block
interaction with positively charged gentamicin leading to increased tolerance.
SpxA1 is a regulator of genes involved in oxidative stress. Bactericidal antibiotics have been
shown to mediate production of oxygen species, which leads to hydroxyl radical
accumulation that eventually mediates cell death. Our findings indicate that oxidative stress
defense is particularly important to biofilm-associated antimicrobial tolerance. Accordingly,
we show that presence of antioxidants can lower the effect of gentamicin on S. mutans
spxA1 biofilms.
Altogether, our findings emphasize that biofilm-associated antimicrobial tolerance is
multifaceted, and include cell surface modifying systems as well as oxidative stress defense
systems.
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068 : Volatiles Produced by Candida Spp on Denture Materials
Session A
James Redfern* 1, Joanna Verran1
1
School of Healthcare Science, Manchester Metropolitan University, Manchester, United
Kingdom
Candida albicans is a fungus capable of causing denture stomatitis, which is the most
common form of oral candidiasis. Like most other fungi, C. albicans is capable of producing
microbial volatile organic compounds (MVOCs), with over 150 described in the literature.
Gas-chromatography mass-spectrometry was used to analyse headspace above C. albicans,
C. dublinensis and C. auris biofilms grown in different growth media (SAB, TSB, artificial
saliva and minimal media) and on different substrata relating to dentures and the oral cavity
(denture acrylic, acrylic-based soft liner and silicone-based soft liner). From these data,
profiles of MVOCs were constructed to discriminate between Candida species, the
environment they were growing in, the time since which the biofilm had been established
and the surface material they were grown on. Identifiying the volatiles associated with
growth and colonisation of denture materials will be used to develop novel sensor
technology, where specific MVOCs would change the sensor surface properties allowing
amount of the compound to be identified and early amount of the compund to be identified
and early diagnosis to occur.
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069 : Evaluating Chlorhexidine Efficacy in Multi-Species Oral Biofilm Models
Session B
Tracy Shaw*, Gordon Ramage1
1
MVLS Oral Science group, University of Glasgow, Glasgow, United Kingdom
Microbial biofilms can be found within the oral cavity in the form of plaque on the tooth
surface. Periodontal disease can occur when the composition of this biofilm changes and a
host immune response is triggered. It is therefore critical to determine the efficiency of
commonly used oral hygiene products in biofilms where compositional changes form the
basis of disease.The aim of this study was therefore to test the antimicrobial efficacy of the
antiseptic mouthwash chlorhexidine (CHX) in three in vitro multi-species biofilm models.
Models contained (A) S. mitis, S. intermedius and S. oralis (3 species), (B) 3 species model +
F. nucleatum, F. nucleatum ssp. vincentii, A. naeslundii and V. dispar (7 species) and (C) 7
species model + P. gingivalis, P. intermedia and A. actinomycetemcomitans (10 species).
Biofilms were treated 0.2% (v/v) chlorhexidine for 30 min and the relative composition
quantified by qPCR and architecture analysed by scanning electron microscopy. CHX
treatment was shown to reduce biofilm viability and total number of bacteria compared to
untreated controls. Biofilm architecture was differentially altered, with 3 and 7 species
biofilms showing biomass reduction while the top most layer of 10 species biofilms
appeared to fuse following treatment. This work highlights the differences in efficacy of CHX
against oral biofilms of varying complexity representing disease state. This then facilitates
future model development of in vitro multi-species biofilms used to test antiseptic
mouthwashes and cleansers used in the tackling of periodontal disease.
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070 : SCFAs -Stimulated Attachment and Biofilm Formation of Actinomyces oris
Session C
Itaru Suzuki* 1, 2, Takehiko Shimizu2, Hidenobu Senpuku1
1
Department of Bacteriology I, National Institute of Infectious Diseases, Tokyo, 2Department
of Pediatric dentistry, Nihon University School of Dentistry at Matsudo, Chiba, Japan
Objective: Actinomyces oris, which is an another genotype to Actinomyces naeslundii, is
known as one of early colonizers on the tooth surface. A. oris has two types of fimbriae.
Type 1 fimbriae (FimP and FimQ) mediates attachment to tooth surface and type 2 fimbriae
(FimA) mediates oral biofilm formation. Butyric acid, one of short-chain fatty acids (SCFAs),
which are produced by periodontal disease bacteria, promotes oral biofilm and initial
attachment of A. naeslundii. However, effects of SCFAs on the oral biofilm formation of A.
oris are poorly understood. In this study, we investigated the effects of SCFAs to fimbriae of
A. oris on initial attachment and biofilm formation.
Methods: Initial attachment assay; Cell suspensions of A. oris wild-type, ΔfimP and ΔfimQ
were pre-incubated for 3 h in 6 well culture plates and TSB with 0.25% sucrose (TSBs). TSBs
with 6.25 or 60 mM SCFAs (acetic, butyric, formic, lactic, propionic, valeric acids) was
replaced and incubation was continued for up to 1 h. Flow cell biofilm formation assay; A.
oris wild-type and ΔfimA were pre-incubated for 3 h without flow in chamber, pre-attached
cells were cultivated in TSBs with 6.25 or 60 mM butyric acid for 48 h in a constant flow rate
of 3 ml/h. After washing with sterile PBS, biofilm cells were stained with Live/Dead staining
kit and observed by confocal laser scanning microscope.
Results: In initial attachment assay, initial attachments of A. oris wild-type, ΔfimP and ΔfimQ
were up-regulated by 60 mM SCFAs but not 6.25 mM SCFAs. Attachment levels of ΔfimP and
ΔfimQ were lower than that of wild-type in all conditions with and without SCFAs. In flow
cell biofilm formation assay, A. oris wild-type and ΔfimA were not affected by both 6.25 and
60 mM butyric acid.
Conclusion: SCFAs stimulate initial attachment of A. oris in type 1 fimbriae-independent
manner but butyric acid, one of SCFAs did not stimulate type 2 fimbriae-dependent and
independent biofilm formation of A. oris.
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071 : Biofilm Model Systems for Root Canal Disinfection: A Literature Review
Session D
Rosalie C. Swimberghe*
Aim
To present an overview of in vitro root canal biofilm model systems described in the
literature,and to discuss their advantages and drawbacks.
Methodology
The databases MEDLINE,WoS,and EMBASE were searched up to and including August
2016,using the following MeSH terms in various combinations:biofilm,root canal,in
vitro,sessile or attached bacteria. The following data were extracted from the identified
studies:bacterial composition,substrate,growth conditions,validation and quantification of
the biofilm.
Results
A total of 80 studies met the inclusion criteria.A biofilm was grown on human dentine as
substratum in 89% of the studies.Six studies utilized bovine teeth and in 3 reports the model
consisted of a synthetic material.In the majority (86%) of the studies,a mono-species biofilm
was cultured.Enterococcus faecalis was the most frequent test species(n=63),others
included Candida albicans (n=2),Pseudomonas aeruginosa(n=2),Actinobacillus
actinomycetemcomitans(n=1),Streptococcus intermedius(n=1) or anginosus(n=1).In 2 studies
a dual-species biofilm was grown:E. faecalis combined with Streptococcus mutans or
Fusobacterium nucleatum.Others (n=8) cultivated a multispecies biofilm,containing at least
3 species.In 4 studies the inoculum was derived directly from the oral cavity.Incubation
times differed considerably,ranging from 1 to 70 days.Following treatment, root canal
samples were taken using paper points (62%),by collecting dentine shavings (38%) or rinsing
fluid (11%).The most common quantification method (in 82% of the studies) was bacterial
culturing.Microscopy techniques,such as SEM and CLSM,were rather used to confirm the
presence of a biofilm.
Conclusions
The variation in in vitro root canal biofilm model systems is notable.Because of substantial
variation in experimental parameters including species,incubation time,quantification
method,it is difficult to compare results between studies.More so,a consensus on a
standardized endodontic biofilm model is advisable.
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Session A
Stephanie Crone* 1, Lasse Kvich1, Thomas Bjarnsholt1, 2
1
Department of Immunology and Microbiology, University of Copenhagen, 2Department of
Clinical Microbiology, Copenhagen University Hospital, Rigshospitalet, Copenhagen,
Denmark
Objectives: Pseudomonas aeruginosa is frequently found in the hospital environment and is
a leading cause of nosocomial infections. P. aeruginosa causes severe chronic respiratory
infections in individuals with cystic fibrosis (CF) and contributes to progression of lung
disease in these individuals. A high degree of phenotypic diversity exists in P. aeruginosa
populations from airways of CF patients and in vitro biofilms, while diversity patterns of
environmental P. aeruginosa populations remain unknown. Thus, it is not known whether
diversification of P. aeruginosa is CF-specific or a general phenomenon. To elucidate this we
screened phenotypic diversity within P. aeruginosa populations from water traps,
representing environmental sources.
Methods: Populations from water traps were collected without including a P. aeruginosaenrichment step to be able to collect as many P. aeruginosa types as possible. >30 isolates
from each water trap were randomly collected and their colony morphology, swimming
ability, pyocyanin production and protease activity was determined.
Results: Remarkably little diversity was seen within P. aeruginosa populations from water
traps, while the populations were clearly distinct. This is in contrast to the high withinpopulation diversity seen in lungs of CF patients.
Conclusion: These results indicate that P. aeruginosa diversification is not a general
phenomenon occurring in all environments. We hypothesize that selection pressure is
important for the development of P. aeruginosa population diversity, and will investigate
the diversity of populations from a broad variety of sources to further test this hypothesis.
Population diversity may have implications for treatment of chronic P. aeruginosa infections
and a better understanding of the mechanisms behind diversification could contribute to
improving treatment of these infections.
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073 : Evolution of rpoE During S. pneumoniae Biofilm Development
Session B
Robert Hull*, Nicholas Churton1, David Cleary2, Saul Faust2, Stuart Clarke2, Jeremy Webb1
1
Biological Sciences, 2Medicine, University of Southampton, Southampton, United Kingdom
While typically carried asymptomatically, Streptococcus pneumoniae is responsible for close
to a million deaths per year globally. S. pneumoniae biofilms are associated with a range of
pathologies including otitis media and pneumonia. Colony variants of S. pneumoniae are
associated with both carriage and disease states, and so understanding the evolutionary
processes that produce these variants within biofilms may be key to reducing the morbidity,
and mortality of this organism. Biofilms of the S. pneumoniae clinical isolate 22F ST433
rapidly exhibit parallel evolution of mutations within the C-terminal domain of the RNA
polymerase subunit ∂ gene rpoE, resulting in small colony variants (SCV). We observe that
22F ST433 SCVs display large phenotypic changes including alterations to the metabolism of
numerous carbon sources, reduced virulence, and increased hydrogen peroxide, and biofilm
formation. Furthermore, we show that the increases in biofilm formation, and hydrogen
peroxide production observed strongly correlate to the length of the C-terminal domain of
RpoE in each SCV resulting in a phenotypic gradient of biofilm formation, and virulence
factors dependant on the size of the truncated protein isoform. This work highlights the
need for phenotypic quantification to accompany genomics analysis in determining the
impact of mutations.
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Session C
Marivic C. Martin* 1, 2, Anna Dragoš1, Ákos Kovács2
1
Terrestrial Biofilms Group, Friedrich Schiller University Jena , Jena, Germany, 2Department
of Biotechnology and Biomedicine, Technical University of Denmark, Lyngby, Denmark
The pellicle biofilm matrix in Bacillus subtilis is predominantly composed of
exopolysaccharide (EPS) and amyloid fiber (TasA). These components are synthesized by
enzymes or composed of proteins coded in the epsA-O or tapA-sipW-tasA operons,
respectively. In response to various signals, these operons are described to be
heterogeneously expressed, yielding only a subpopulation of cells in the wild type strain
expressing the eps and tasA genes. It is unknown whether the population in the OFF state
(cells deficient in eps and tasA expression) is able to contribute to the initial stage of pellicle
development or the ON population is able to exclusively occupy the interface between the
liquid medium and the air. Our recent study shows that cells lacking both eps and tasA are
not able to stick to the pellicle formed by the wild type cells and are outnumbered by the
producer population, indicative that cells start switching off their matrix expression at some
point during pellicle development. Contrary, single mutant strains (eps and tasA) are able to
mix with wild type B. subtilis and increase their relative frequency in the pellicles. However,
it is uncertain how the presence of partial matrix producers will alter the bi-stability of
matrix gene expression in producer strains and how such a mixed population behaves after
subsequent re-inoculation. In this study, pellicles formed by the co-culture of wild type B.
subtilis and eps mutants were repetitively re-inoculated every two days to follow alterations
in biofilm gene expression heterogeneity and population ratio dynamics. Our results
revealed certain populations of the co-culture showed increased number of cells expressing
the matrix gene (hyper ON) while control populations of wild-type evolved alone
demonstrated high number of cells with matrix expression switched OFF (hyper OFF). This
study points towards the alteration of phenotypic heterogeneity when partial producers
invade the biofilms of B. subtilis.
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Session D
Benjamin McDonagh* 1, 2, Ginny Moore2, Katy-Anne Thompson2, Jimmy Walker2, Jeremy
Webb1
1
School of Biological Sciences, University of Southampton, Southampton, 2Biosafety, Air and
Water Microbiology Group, NIS, Public Health England, Porton Down, United Kingdom
P. aeruginosa is an opportunistic nosocomial pathogen whose presence in healthcare water
systems represents a potential source of infection. Genetic mutations that occur during
biofilm growth may increase the risk to patients associated with water delivered from
colonised systems.
a) Objectives: to characterise the genetic mutations observed during biofilm development in
a model water system over 1 year, to determine if these changes confer phenotypic
differences that could facilitate the survival, biofilm formation and/or transmission of P.
aeruginosa to patients.
b) Methods: A novel model system for the generation of replicate tap water biofilms was
constructed using lengths of EPDM (ethylene propylene diene monomer) tubing (n=8) which
were inoculated with either a P. aeruginosa type strain (PAO1-UW, n=4) or a water
associated isolate recovered from a UK hospital (n=4). Following inoculation (April 2016),
the system was automatically flushed (1 minute) with 42±2°C water (recommended
temperature for healthcare hand-wash basins) 5 times/day for 12 months. Conventional
culture-based methods were used to recover P. aeruginosa from both the EPDM tubing and
from water delivered through the tubing on a monthly and fortnightly basis respectively.
Biofilm colonisation of the EPDM tubing was visualised using fluorescence microscopy.
c) Results: To date, 41 representative colonies from water and biofilm samples have been
sequenced and the data processed using the breseq package. Results have identified SNPs in
genes encoding proteins involved in oxidative respiration through the electron transport
chain (ccoN1 & ccoN2) and aminoglycoside resistance (amgS).
d) Conclusions: The occurrence of mutations in the P. aeruginosa genome during biofilm
development across multiple samples from the same time points indicates a selection
process that may be conferring a survival advantage for these isolates. Further work to
investigate the phenotypic impact of these mutations is ongoing.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 145 -

Evolution and adaptation in biofilms
076 : Surface Communities are Altered by an Artificial Biofilm
Session A
Tomaz Rijavec* 1, 2, Aleš Lapanje1, 2
1
Department of Environmental Sciences, Jozef Stefan Institute, 2Institute of Metagenomics
and Microbial Technologies, Ljubljana, Slovenia
Microbial induced corrosion (MIC) of steel surfaces begins after MIC-promoting bacterial
communities have been established on the surface. By applying an artificially constructed
biofilm consisting of 2 types of Bacillus strains with antimicrobial activity, we wanted to alter
the succession and consequently the final composition of surface bacterial communities,
steering the succession process away from the establishment of a MIC-promoting
community.
By cell encapsulation and electrostatic modification of the metal surface using
polyelectrolites, we constructed a multilayered structure incorporating viable and nonviable cells producing different anti-microbial compounds. We monitored the composition
of the developing surface communities using DGGE and 16S rRNA gene sequencing.
The multilayered artificial biofilm was tested in the environment and the results showed, it
significantly affected the composition and diversity of the developed surface community.
The use of oppositely charged polyelectrolytes allowed us to change the cell surface layerby-layer as well as apply the encapsulated cells to the oppositely charged surface in the
same manner. Due to the anti-microbial potential of the bacteria used, the composition of
the surface communities, that developed after the metal was exposed to the sea water in
the environment, was altered. Their diversity was the highest on the raw metal surface,
while the applied artificial biofilm selected out a subset of only a few bacterial taxa,
excluding those previously associated with MIC.
Our approach allows a controlled delivery of bacterial cells to the surface using electrostatic
interactions, resulting in the construction of an artificial biofilm that can alter the succession
of the surface bacterial communities. This ecological and evolutionary (ECO-EVO) approach
does not actively prevent the growth of unwanted target bacteria, but rather steers the
development of a community towards the desired final composition.
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077 : P. aeruginosa in vivo Biofilm Contains Host Components
Session B
Maria Alhede* 1, Morten Alhede, Klaus Qvortrup2, Peter Østrup Jensen1, Thomas Bjarnsholt1
1
ISIM, Costerton Biofilm Center, 2Department of Biomedical Sciences, University of
Copenhagen, Copenhagen, Denmark
The common feature of chronic bacterial infections is a chronic inflammation dominated by
polymorphonuclear leukocytes (PMNs). Aggregating bacteria (biofilm) are surrounded by
PMNs incapable of eliminating the aggregates. Instead, they contribute to a destruction of
tissue at the inflammation site. The lack of effectiveness followed by the detrimental tissue
destruction by the PMNs in chronic bacterial infections have still not been fully elucidated,
although one important factor has been linked to this situation; the biofilm mode of growth.
Biofilms of Pseudomonas aeruginosa observed in indwelling medical devices have been
shown to contribute to the tolerance against antibiotics and the host’s immune response.
To gain knowledge of the interaction between biofilms and PMNs in vivo we used an
implant mouse model to study how specific host DNA molecules are utilized by the
pathogen to build and enhance its biofilm.
A biofilm was allowed to form on a silicone tube in the peritoneal cavity of BALBc/j mice.
24h post-insertion the implants were embedded in paraffin according to standard
procedures. Antibodies against histone 3 (H3), citrullinated histone 3 (citH3) and neutrophil
elastase (NE) were used to identify components originating from the PMNs. The paraffin
sections were counter-stained with Syto9 and visualized using Zeiss LSM880.
24h post-insertion we observed areas with biofilm and PMNs. Bacteria could be visualized
inside the PMNs delineating the biofilm. Co-localization of specific antibodies and biofilm
indicated that NE and H3 are incorporated in the biofilm. However, citH3 was not part of the
biofilm.
The presented data indicates presence of components originating from PMNs in the in vivo
biofilm. H3 is part of the chromatin structure and compact DNA. Presence of H3 indicates
that DNA from the PMNs is part of the biofilm. NE is used in the fight against bacteria, but in
this model the bacteria appeared to be tolerant to NE and may use it in the biofilm matrix.
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078 : Biofilm-Producing Staphylococcus aureus in Severe Atopic Dermatitis
Session C
Enea Gino Di Domenico* 1, Ilaria Cavallo1, Luigi Toma2, Grazia Prignano1, Maria Teresa
Gallo1, Valentina Bordignon1, Fulvia Pimpinelli1, Bruno Capitanio3, Fabrizio Ensoli1
1
Clinical Pathology and Microbiology, San Gallicano Institute, 2Infectious Disease Consultant,
Regina Elena National Cancer Institute, 3Department of Dermatology, San Gallicano
Institute, Rome, Italy
Background: Atopic dermatitis (AD) is an inflammatory disease affecting the skin and
characterized by impaired epidermal barrier function, cutaneous inflammation and more
susceptible to Staphylococcus aureus colonization.
Objectives. To investigate the impact of biofilm-producing S. aureus on AD severity. To
assess whether the inflammatory cytokine mileau present in AD might provide a selective
advantage to biofilm-producing S. aureus.
Methods. Samples from 81 pediatric patients with AD were collected using sterile swabs.
The severity of AD was measured by the scoring atopic dermatitis index (SCORAD) and the
clinical expression of disease was classified as low, medium or high. Biofilm production by S.
aureus isolates was measured by the clinical BioFilm Ring Test. In vitro studies were
performed to evaluate the response of S. aureus strains to different concentrations of
interleukin (IL)-β, interferon γ (IFN- γ), and interleukin (IL)-6.
Results. Of the patients analyzed, 25 were classified as low, 30 moderate and 26 as high
SCORAD. The presence of S. aureus correlated with the severity of the skin lesion. In fact,
only 28% of the patients with low SCORAD were colonized whereas, the percentage
increased to 56.6% in patients with moderate SCORAD and raised to 76.9% in patients with
high SCORAD. S. aureus biofilm production was significantly higher (P<0.01) in patients with
a more severe form of the disease as compared to those individuals with a low SCORAD
index. Furthermore, the growth of both biofilm and planktonic S. aureus isolates was
enhanced in the presence of IL1-β and IFN- γ but not with IL-6 in a concentration-dependent
manner.
Conclusions. Biofilm production by AD-associated S. aureus may play major roles in
promoting chronicity and disease severity. In addition, the growth enhancement of S.
aureus isolates induced by IL1-β and IFN-γ, provides evidence for a novel pathogenetic
circuitry responsible for bacterial persistence and disease exacerbation.
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079 : A Possible Role For Paraoxonase In Urinary Tract Infection
Session D
John E. Lafleur*
Paraoxonases (PON) in humans constitute a family of 3 promiscuous enzymes with
evolutionary origins in bacterial lactonases that degrade acylated homoserine lactones
(AHLs)—the quorum sensing signals of the auto inducer-1 quorum sensing (QS) system
employed by many gram negative bacteria. PON has been reported to play a role in
protecting mammalian airways, and human skin cells from infection with, and biofilm
formation by, Pseudomonas aeruginosa. It is thought that this effect is related to PONmediated inhibition of P. aeruginosa QS via the breakdown of AHLs. We set out to explore
the role of PON in urinary tract infection (UTI).
Urine samples were collected from 67 subject with UTI, and 9 control subjects without UTI.
Demographic information and relevant clinical information about the UTI patients were
collected including urine culture results. Western blots were used to assess the presence of
PON1.
PON was found in 37% of UTI samples; no PON was found among control subjects. Presence
of PON in urine was predictive of urine culture growing out a urinary pathogen by a factor of
2.6 (Chai square statistic 5.3; P value =0.02), and increased the likelihood of positive culture
with one or more urinary pathogen by 77% (95% CI=58-89%). 15 of 25 (60%) of PON positive
samples grew out E. coli alone, by contrast, only 14 of 42 (33%) of PON negative urines with
positive cultures grew out E. coli as the sole uropathogen (Chai square statistic 4.5;
P=0.03).
Taken together these results suggest that the presence of PON in human urine is associated
with uncomplicated E. coli UTI. PON is associated in other human mucosal surfaces with
protection from biofilm formation by P. aeruginosa, a difficult to treat environmental
opportunist. One possible hypothesis is that PON serves a similar role in UTI. Possible
mechanisms for this effect remain to be elucidated.
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080 : K. pneumoniae Polysaccharides: Interaction with Antimicrobial Peptides
Session A
Barbara Bellich1, Giulia Pellis1, Cristina Lagatolla1, Alessandro Tossi1, Paola Cescutti1,
Roberto Rizzo* 1
1
Dept. Life Sciences, University of Trieste, Trieste, Italy
Biofilm matrix confers increased resistance of bacteria towards antimicrobial agents.
Exopolysaccharides (Epol) are known to be the major constituents of biofilm matrices where
they contribute to its architecture by interacting within themselves and with other
macromolecules. The specific characteristics of matrices depend on the chemistry of Epols
which in turn depends on the bacterial strain and environmental conditions.
We investigated the biofilms produced by strains of K. pneumoniae related to dangerous
nosocomial infections. The clinical strains KpTs113, KpTs101, and KpMn7 have been
considered, the latter is a carbapenamase producing strain. The chemical structure of the
Epols, defined by means of chemical analysis, NMR spectroscopy and mass spectrometry,
revealed different compositions and sequences.
In order to evaluate the Epol protection role against antimicrobial peptides, their interaction
with BMAP27 and Bac7(1-35), two cathelicidins of bovine origin, was investigated. In fact,
interactions between polysaccharides and peptides might explain resistance and can be
detected by spectroscopy sensible to peptides conformation.
The interaction of biofilm polysaccharides with BMAP27 was investigated by circular
dichroism due to the ability of this peptide to undergo a conformational transition, forming
alfa-helices, upon interaction with bacterial membranes. Similar experiments were also
carried out with Bac7(1-35) which on the contrary exhibits a permanent beta-folded
structure.
Circular dichroism and microcalorimetry experiments showed that the three biofilm Epols
can interact both with BMAP27 and Bac7(1-35) but the extent of interaction depends on the
specific chemistry of each polysaccharide. The appropriate interaction of antimicrobial
peptides with bacterial membranes is impaired by the presence of the polysaccharides,
which diminish their biological effect.
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081 : Role Of C-Type Lectins In Pseudomonas aeruginosa Biofilm Recognition
Session B
Mohammad Alshahrani1, 2, Sonali Singh* 1, Tamanna Rahman1, Yasir Almuhanna1, 3, Yasuhiko
Irie4, Paul Williams1, Miguel Cámara1, Luisa Martínez-Pomares1
1
School of Life Sciences, University of Nottingham, Nottingham, United Kingdom, 2College of
Applied Medical Sciences, King Khalid University, Abha, 3College of Applied Medical Sciences,
Shaqra University, Shaqra, Saudi Arabia, 4Department of Biology, University of Dayton,
Dayton, United States
Background: Chronic Pseudomonas aeruginosa (PA) respiratory infection is the leading
cause of morbidity and mortality in cystic fibrosis (CF) patients. PA persists in the CF lung by
forming biofilms embedded within the exopolysaccharide (EPS) matrix, which increases their
resistance to antibiotics and the immune system. The two major EPS from PA are psl and
pel. However, the immune receptors involved in PA biofilm recognition are still unknown.
We hypothesised that C-type lectin receptors (CLRs, sugar-binding receptors) such as the
mannose receptor (MR, CD206) and DC-SIGN (CD209) may play a role in immune
recognition of PA EPS and biofilms.
Significance: Understanding CLR-EPS interactions may yield new therapeutic
targets/strategies for biofilm eradication and management of chronic PA infections in CF.
Aims: 1) To determine the capability of CLRs to interact with PA biofilms and identify CLR
ligands in these. 2) To investigate how EPS components affect myeloid cell-PA interaction. 3)
To determine the biological consequences of EPS recognition by CLRs.
Results: Our results show (i) MR binds PA biofilms through its CTLD4-7 domain and this
binding is psl-dependent. (ii) DC-SIGN binds to PA biofilms significantly better than MR. (iii)
DC-SIGN ligands in PA biofilms include psl and a non-EPS ligand present in planktonic PA.
Conclusions: The CLRs MR and DC-SIGN are involved in the recognition of PA biofilms by
immune cells. Current work is aimed at identifying the additional ligands recognised by DCSIGN, particularly in planktonic PA. Additionally, work is ongoing on aims 2 and 3 to
determine how EPS modulates the recognition of PA biofilms by human myeloid cells
expressing DC-SIGN and/or MR.
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082 : Identification of the Mechanical Properties using Microbeads
Session A
Héloïse Boudarel* 1, Jean-Denis Mathias2, Benoît Blaysat1, Michel Grédiac1
1
Institut Pascal, Université Clermont Auvergne, Clermont Ferrand, 2UR LISC Laboratoire
d'ingénierie des systèmes complexes, IRSTEA, Aubière, France
Biofilms constitute the privileged lifestyle of bacteria. The matrix provides a strong cohesion
within the biofilm and therefore increases its resistance against chemical or mechanical
stress in comparison to their planktonic counterparts. Hence, the health state of a biofilm
seems to be highly correlated to its mechanical properties. As a consequence, studying of
the mechanical behavior of biofilms is of particular interest for the antimicrobial screening,
for the control of the biofilm presence or for the development of “omics” approaches. In
this context, one of the objectives of the microbiologists’ community is to achieve a reliable
identification of mechanical parameters that can be used as markers of the biofilm health
state. In this work, we take advantages of the random motion of particle within bacterial
colonies through the effect of thermal fluctuations, to probe the mechanical behavior of the
medium surrounding the beads, namely the biofilm. Biofilms are known to be viscoelastic
materials, thus a calibration of the method is first carried out by tracking the passive motion
of microbeads embedded in a viscous liquid known a priori. This is achieved with a camera
mounted on an optical microscope. Nevertheless, our observations show that the beads
motion does not only correspond to a passive motion, especially for highly viscous medium.
Other undesirable phenomena skew the measurements and the method is still in
development. The goal is to overcome the difficulties and to improve the reliability of the
identification in an inert and highly viscous medium. The method relies on optical
microscope observation coupled with digital image correlation to track the motion of the
beads. The calibration of the method on homogeneous materials allows the study of P.
aeruginosa biofilms, known as heterogeneous. The perspective of ongoing developments of
the device and of the identification technique is to allow the probing of the mechanical
properties of biofilms.
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083 : Real-Time Changes of Cell Surface Nanotopography in Biofilm Genesis
Session B
Rym Boudjemaa* 1, Christian Marlière1, Romain Briandet2, Marie-Pierre Fontaine-Aupart1,
Karine Steenkeste1
1
Institut des Sciences Moléculaires d’Orsay (ISMO), CNRS, Université Paris-Sud, Université
Paris-Saclay, Orsay, 2Micalis Institute, INRA, AgroParisTech, Université Paris-Saclay, Jouy-enJosas, France
Atomic Force Microscopy (AFM) is more and more widely used to probe at the nanoscale
the topography and mechanical properties of bacteria in their native liquid environment and
their behavior upon antimicrobial agents exposure. One drawback is bacterial
immobilization on the surface, either physically by trapping them in membrane pores or
chemically by trapping them in kind of glues or rendering the surface positive with coating
or applying an electrical field. These stressful conditions can alter bacterial cell physiology
and bias the observations. Therefore, we took benefit of the physicochemical properties of
bacterial cell and substratum surface as well as the approach-retract AFM mode to visualize
in time spontaneously immobilized Staphylococcus aureus (S. aureus) cells. In these
conditions, despite the AFM scanning, bacteria remain alive throughout the experiments
even allowing observation of bacterial division.
We were thus able to decipher the kinetics of S. aureus bacteria surface nanotopography
during its physiological progress from the exponential state of growth to the very first step
of biofilm formation. Herring-bone patterned bacterial envelope decorations highlighted in
exponential phase were gradually withdrawn from the bacteria surface during the transition
to stationary phase, leading to footprint traces on their surface and further accumulation in
the form of globular deposits between bacteria. Ultimately the bacterial surface appeared
smooth and soft extracellular secretions were detected, the premise of biofilm matrix. The
effect of daptomycin antibiotic was also investigated: if no change of S. aureus surface
topography appeared in stationary phase, both surface roughness and stiffness were
strongly altered in the exponential stage of growth. This was consistent with daptomycin
biological activity, stressing real-time AFM as a powerful complementary tool to visualize
and quantify antimicrobial activity non-invasively at subcellular scale.
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084 : Cell Wall Weakening by Antibiotics in Adhering Bacteria
Session C
Vera Carniello* 1, Brandon W. Peterson1, Henk J. Busscher 1, Henny C. van der Mei1
1
BioMedical Engineering, University Medical Center Groningen, Groningen, Netherlands
Biofilm formation begins with bacterial adhesion on a surface and with subsequent cell wall
deformation due to adhesion forces between bacteria and the surface. The cell wall plays a
crucial role in bacterial survival and hence it is targeted by several antibiotics that weaken
its structure. In this project, antibiotics, both active and not active on cell walls, are
employed to demonstrate the influence of weakened cell wall integrity on deformation in
adhering bacteria.
Deformation of Staphylococcus aureus cell wall during antibiotic treatment was monitored
in real-time with surface enhanced fluorescence (SEF). SEF is an increase in fluorescence
that occurs when a fluorophore is close to a reflective metal surface. The behavior of
a fluorescent S. aureusGFP strain on a reflective gold surface was compared with its Δpbp4GFP
mutant having a more deformable cell wall. Additionally, atomic force microscopy allowed
to measure cell wall stiffness and adhesion forces between the bacterium and the surface.
Both with and without antibiotic treatment, fluorescence enhancement was higher for the
Δpbp4GFP mutant than for the parent strain, indicating higher cell wall deformation and
confirming the more deformable nature of the mutant cell wall. Throughout the first 2 h of
treatment, all antibiotics provoked a continuous and ongoing increase in cell wall
deformation and a decrease in cell wall stiffness on both strains. Adhesion forces between
single bacteria and the surface decreased with increasing cell wall deformation, suggesting
that bacterial deformation is the result of the interplay between adhesion forces and cell
wall stiffness.
In conclusion, SEF allows real-time monitoring of the natural deformation of bacterial cell
wall due to adhesion on a surface and to antibiotics. During antibiotic treatment, a
weakened cell wall integrity induces an increase in cell wall deformation as well as a
reduction in bacterial cell stiffness and in adhesion forces.
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086 : Integration of Metabolomics and Transcriptomics in Biofilm Research
Session A
Christopher Delaney*, Gordon Ramage, Chris Nile, Karl Burgess
Biofilm formation by Candida species plays a significant role in disease pathogenesis.
Previously, we have shown that biofilm formation by Candida albicans is highly variable and
associated with a poor clinical outcome. The mechanisms regulating this biofilm
heterogeneity remain unclear. The aim of this study is to develop a pipeline to integrate
transcriptomics and metabolomics from different biofilm forming isolates. Ultimately, we
aim to find biomarkers or molecular signatures associated with biofilm related diseases.
Transcripts and metaboloties from high (HBF) and low (LBF) biofilm forming isolates grown
for 24h and 4h in RPMI and serum were analysed by RNA-seq and Liquid Chromotagaphy
Mass Spectrometry (LC-MS). MS data analysis was performed using the PiMP tool. RNA-seq
reads were mapped to the C. albicans genome and DESeq2 was used for differential
expression. Comparisons were performed between media and time points. Differentially
expressed genes and metabolites were included in correlative and network integrative
analysis.
Metabolic comparisons of LBF in RPMI vs serum show a significant change in 42 identified
(mass/retention time) compounds and 156 annotated (mass only) compounds. Comparison
of LBF at 4h vs 24h gave 43 and 109 respectively. Between medias, metabolites changed
predominantly in amino acid metabolism whereas over time changes were less specific
being involved in 10 or more pathways. Metabolites were shown to be present when
mapped to a network built from the gene expression data.
Although already substantial analytical tools, we envisaged that metabolomics and
transcriptomics integrative analysis would provide a powerful methodology for
understanding the mechanics of biofilm formation. By integrating transcriptomics and
metabolomics we can create a metabolic profile of biofilm models. We demonstrate using
correlative and network analysis of C. albicans that it is possible to infer key pathways
involved in the formation of biofilm phenotype.
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087 : Host Proteins Determine MRSA Biofilm Structure and Integrity
Session B
Cindy Dreier* 1, Astrid Nielsen1, Nis Pedersen Jørgensen1, 2, Tue Wenzel Kragstrup3, Rikke
Louise Meyer1, 4
1
Interdisciplinary Nanoscience Center (iNANO), Aarhus University, 2Department of Infectious
Diseases, 3Department of Rheumatology, Aarhus University Hospital, 4Department of
Bioscience, Aarhus University, Aarhus, Denmark
Human extracellular matrix (hECM) proteins aids the initial attachment and initiation of an
infection, by specific binding to bacterial cell surface proteins. However, the importance of
hECM proteins in structure, integrity and antibiotic resilience of a biofilm is unknown. This
study aims to determine how specific hECM proteins affect S. aureus USA300 JE2 biofilms.
Biofilms were grown in the presence of synovial fluid from rheumatoid arteritis patients to
mimic in vivo conditions, where bacteria incorporate hECM proteins into the biofilm matrix.
Difference in biofilm structure, with and without addition of hECM to growth media, was
visualized by confocal laser scanning microscopy. Two enzymatic degradation experiments
were used to study biofilm matrix composition and importance of hECM proteins: enzymatic
removal of specific hECM proteins from growth media, before biofilm formation, and
enzymatic treatment of 24-hour-old biofilms.
hECM addition changed the overall biofilm structure, with larger dispersion of cells within
the biofilm matrix. Fibrin, elastin, and collagen were important in forming and maintaining
the biofilm structure. Their absence, from growth media, reduced biofilm formation 5-fold,
indicating that they are important for biofilm initiation. Their enzymatic degradation, in an
established biofilm, caused dispersal, showing that these proteins are critical for structural
integrity. A combination of antibiotics with hECM degrading enzymes did not improve the
treatment outcome.
We conclude that while hECM proteins are an integral part of the biofilm matrix, we find no
evidence that these matrix components are directly responsible for the biofilm’s unique
antibiotic resilience. The hECM proteins are however highly important in determining
biofilm structure and initiation. When utilizing in vitro biofilm models, we therefore
recommend addition of hECM proteins to standard growth media, in order to mimic biofilm
properties and structure seen in vivo.
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088 : Surface Topology Affects Wetting Behavior of B. Subtilis Biofilms
Session C
Carolina Falcón García*, Moritz Werb, Nina Bach, Stefan Grumbein, Stephan Sieber,
Madeleine Opitz, Oliver Lieleg
The colonization of surfaces by bacterial biofilms constitutes a huge problem in healthcare
and industry. When attempting biofilm inactivation or removal, it is crucial to sufficiently
wet the biofilm surface with antibacterial agents; however, certain biofilms efficiently resist
wetting, and the origin of this behavior remains to date unclear. Here, we show that
biofilms generated by the bacterium Bacillus subtilis NCIB 3610 can exhibit three different
modes of wetting. Depending on both the growth medium used for biofilm generation and
the location on the biofilm colony, we find a hydrophilic and two hydrophobic biofilm
variants, i.e., water repellent surfaces with either strong or weak water droplet adhesion.
Using a combination of scanning electron microscopy and light profilometry, we correlate
those different wetting behaviors with structural differences of the biofilm surfaces, which
we quantify with metrological parameters. By adding confocal fluorescence microscopy to
the previous imaging techniques, we are able to demonstrate that the two hydrophobic
biofilm variants can be described by different physical wetting regimes which are related to
the lotus and rose petal effect. Furthermore, a mass spectrometry analysis reveals that the
distinct wetting properties of the biofilms are accompanied by alterations in the biofilm
matrix composition. Forming biofilms with different wetting properties may help bacteria to
survive in both arid and humid conditions. Converting the surface polarity of a biofilm could
facilitate their removal from surfaces by increasing their wettability. Therefore, finding a
method to convert the wetting resistance of biofilms from lotus-like to rose petal-like could
be an important stepping stone in fighting biofilms.
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089 : Role of Biofilm Mechanics on Internal and Global Biofilm Architecture
Session D
Raimo Hartmann* 1, Praveen K. Singh1, Knut Drescher1, 2
1
Max Planck Institute for Terrestrial Microbiology, 2Physics, Philipps-Universität Marburg,
Marburg, Germany
Bacterial biofilms undergo several developmental and architectural transitions from the
initial attachment of individual cells to maturity and eventual dispersal.1,2 The ability to look
inside a living intact biofilm at the single cell level opens up new questions regarding
growth, internal structure and cell-cell interactions. To follow individual cells during biofilm
maturation, we developed novel single cell segmentation algorithms to generate highly
resolved three-dimensional models of complete biofilms.
Based on these data, multiple new measurable quantities become accessible for each cell. In
contrast to flow cytometry, where these measurable quantities are limited to fluorescencebased properties (such as gene expression reporters), we can now also assess morphometric
and architectural properties of each individual cell inside a biofilm. Morphometric features
include cell size and shape, whereas spatial or architectural features are quantities that
include the spatial position inside the biofilm, the local alignment between cells, the cell
density, or characteristic length scales.
These new sets of parameters allow for probing structural changes after altering mechanical
properties of the biofilm. For the human pathogen Vibrio cholerae we found that changing
the mechanical interactions between cells, which was achieved by varying the matrix
composition, resulted in profound differences in internal biofilm architecture. Changing the
external fluid shear regimes also led to dramatic differences in internal biofilm structure
that resulted in modified external biofilm morphologies.
1.
Drescher, K. et al. Architectural transitions in Vibrio cholerae biofilms at single-cell
resolution. Proceedings of the National Academy of Sciences 113, E2066–E2072 (2016).
2.
Flemming, H.-C. et al. Biofilms: an emergent form of bacterial life. Nature Reviews
Microbiology 14, 563–575 (2016).
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090 : The Effects of the Substrate’s Surface Topography on Biofilm Formation
Session A
Shun Miyazaki*, Tatsunori Kiyokawa, Nozomu Obana, Shigeyuki Betsuyaku, Andrew S.
Utada, Nobuhiko Nomura
Biofilms that can be found in many industrial, environmental, and medical sites possess
complex structures. To control biofilm formation, surface properties, such as hydrophilicity,
hydrophobicity, or charge, of the material have been the targets to be modified. However,
the effectiveness of these applications is often transient due to environmental degradation.
To overcome these problems, we focused on the surface topography of the substrata. To
investigate the effect of the surface topography on biofilm formation, we utilized the
polydimethylsiloxane (PDMS)-based substrata with spatially organized microtopographic
patterns fabricated by soft lithography for biofilm formation assay using E. coli K-12 as a
model bacterium. First, we designed the microtopographic patterns consisting of multiple
holes on the surface. Biofilm formation assay in a shaking condition revealed that the holes
affect dramatically the growth of the bacteria, in aspects of the cell density as well as the
biofilms’ thickness. These data implied the presence of a suitable topography for the
bacterial biofilm formation, although we need to further consider a lot of variables: the size
and volume of hole topographies, flow rate and so on. In this session, we will report our
latest progress of the effect of the physical conditions on biofilm development.
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091 : Novel Visualisation Method Shows Biofilm Structure Dictates Disruption
Session B
Fernanda Busanello1, Xenos Petridis* 2, Marcus So1, Prashant Sharma3, Rene Dijkstra3, Luc
van der Sluis2
1
Department of Restorative Dentistry, Rio Grande do Sul Federal University, Porto Allegre,
Brazil, 2Conservative Dentistry/Endodontics, 3Department of Biomedical Engineering, W.J.
Kolff Institute, University Medical Center Groningen, , Groningen, Netherlands
Mostly, when the effect of an antimicrobial is tested on a biofilm, the structure of the
biofilm is not taken into consideration. This in vitro study investigated whether the structure
of the biofilm influences the antibiofilm effect of three endodontic irrigants: sodium
hypochlorite 2%, chlorhexidine 2% and EDTA 17%. Low Load Compression Testing, enabling
a viscoelastic analysis of the biofilm, Optical Coherence Tomography, visualising the
structure of the biofilm and Confocal Laser Scanning Microscopy were used to evaluate the
biofilm before and after contact with the antimicrobials. S. oralis J22 and A. naeslundii T14VJ1 were grown together under three different growth conditions resulting in one ten days
grown biofilm and two four days grown biofilms of which one was had a cell rich and the
other a water rich structure. The three different biofilms were evaluated after application
of antimicrobials using the above mentioned methodologies. The results showed that the
structure of the biofilm indeed has an influence on the effect of different antimicrobials.
Sodium hypochlorite was in chemical removal the most effective antimicrobial tested and
very effective on water rich biofilms. Chlorhexidine contracted biofilms of which the cell rich
biofilms the most. More matrix material (extracellular polymeric substance) was visible on
the confocal laser scanning microscopy images after application of chlorhexidine. EDTA did
only result in significant chemical dissolution of a cell rich biofilm and caused little structural
effect on the biofilm. The antimicrobials can have an effect on the remaining biofilm. Optical
Coherence Tomography seems to be an interesting non-invasive ‘real time’ method to
evaluate the structure of biofilms before and after application of antimicrobials.
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092 : Relating Composition, Structure and Strength of Artificial Biofilms
Session C
Natascha-Monique Pfaff* 1, 2, Mark van Loosdrecht1, Mieke Kleijn3
1
Department of Biotechnology, TU Delft, Delft, 2Wetsus, European Centre of Excellence for
Sustainable Water Technology, Leeuwarden, 3Physical Chemistry and Soft Matter,
Wageningen University, Wageningen, Netherlands
Membrane fouling caused by microorganisms is an issue in many water production
installations. The undesired biofilms clog the membranes and also show often high
resistance against cleaning.
In this research biofilm strength is approached on a molecular basis, taking into account the
different components and how they influence the physical properties (i.e. strength and
elasticity) of the films. These properties are further related to the structure of the films and
their impact on the filtration. The insights shall lead to the development of tailored cleaning
or fouling prevention strategies.
Artificial films are produced in dead-end ultrafiltration from solutions containing bacterial
“alginate like exopolymers” (ALE) and different ratios of sodium chloride (KCl) and calcium
chloride (CaCl2), keeping the ionic strength consistent[AK1] . During formation [AK2] the
pressure drop is monitored. The films’ behavior under axial stress (on micro- and
macroscale) and shear stress are investigated with indentation experiments and rheometry.
For structural analysis optical coherence tomography (OCT) is used.
Between the lowest (0 mM) and highest (15 mM) Ca-concentration the filtration resistance
increased by 30%, while the elastic modulus on a macroscale rose by 550% and the strength
against shear stress even by 700%. Between the elastic moduli measured on microscale
(100-500 Pa) and macroscale (20-120 kPa) a difference of several orders of magnitude was
observed. As soon as calcium was involved structural fiber-like elements appeared in the
OCT pictures.
The salt composition has a large impact on all investigated properties, so it has been
concluded that ions are one [AK3] of the key players in the architecture of biofilms. The low
elasticity at microscale points to a weak polymer network with physical (i.e. reversible)
crosslinks and entanglements, while the much higher values at macroscale are in
accordance with the structural elements observed with OCT.
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093 : A Front Propagation Model for Phototropic Microbial Biofilms Dynamics
Session D
Andrea Trucchia* 1, 2, Luigi Frunzo3, Gianni Pagnini1, 4
1
BCAM - Basque Center for Applied Mathematics, Bilbao, 2Dept. of Mathematics, UPV-EHU
Universidad del País Vasco / Euskal Herriko Unibertsitatea, Leioa, Spain, 3Dept. of
Mathematics and Applications, University of Naples Federico II, Naples, Italy, 4Ikerbasque–
Basque Foundation for Science, Bilbao, Spain
This work introduces a new model (supported by numerical simulations) to study the
dynamics of microbial biofilm growth on clean surface.
Microbial biofilms can be defined as an aggregate of bacterial cells encased in a selfproduced polysaccharide matrix and attached to an inert or living surface.
These fascinating biological systems play a key role in the development of life in the biome
and are indeed of high biological, engineering or medical interest.
In the case of phototrophic biofilms, due to the limitation of light and nutrients, the
microbial cells of the biofilm structure are organized as a single layer. The resulting biofilm
system is thus characterized by a planar geometry.
The growth of such biofilm on a clean surface is characterized by two main phenomena: the
biomass expansion due to the growth of primary colonies already present on the surface,
and the formation of new colonies due to the attachment of dispersed cells released by the
primary ones (seeding dispersal), that would under favorable conditions colonize another
part of the clean surface.
The first phenomenon is here modeled by using the Level Set Method, which is a full
established technique to describe the expansion and merging of fronts; on the other hand,
the random seeding dispersal is simulated by taking into consideration the stochastic
processes that governs the bacteria seeding behavior, with respect to the related Probability
Density Function. The spatial distribution of the bioavailability has been modeled as well, in
order to have a realistic spreading of the biofilm.
The work done so far shed some light on the possibility of linking a sharp interface model for
biofilm spots growth and a statistical treatment of biofilm seeding. That should help model
and understand dynamics that are of paramount importance in a various spectra of
applications, given that any new stochastic characterization of bacterial migration could be
easily implemented in this framework.
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094 : Light Spatio-Temporal Control of Curli in Multifunctional Biofilms
Session A
Marco Valentim Becker*
Additive manufacturing is currently used for an incredibly wide range of applications, such
as the production of hybrid materials with biologic and non-biologic interfaces, or even the
construction of artificial tissue and organs. Synthetic biology, which consists in the alteration
of biological systems to perform novel functions and logical computations, has been
expanding its potential in creating living functional materials, capable of evolving, selfregulating, as well as developing organisms that produce such materials in an autonomous
and sustainable way. Therefore, the possibilities that come with the cooperation of both
fields makes their integration inevitable. The present project aims to create genetically
modified Escherichia coli strains capable of forming multifunctional biofilm structures in
response to multichromatic and dynamic light signals. As a prospective optic biologically
mediated additive manufacturing technology for the construction of living materials, this
system utilizes the light sensor module CcaS/CcaR, which is activated by green light and
deactivated by red light. Such a system, combined and not combined with a genetic
inverter, will promote the expression of different fusions of CsgA with functional peptides,
or promote the expression of CsgB in different strains. Both proteins are necessary for the
formation of the curli amyloid fibers, which themselves are fundamental structures in
bacteria biofilm formation. The system will be synthesized with the use of multiple DNA
editing tools ad alteration of plasmids used in the synthetic detection of light. A light
emitting programmable device will be built and used for the optogenetic control of biofilm
in different cultures. Crystal violet assays will be performed for the quantification of biofilm
biomass, while fluorescence analyses will allow quantification of the expression levels of the
synthetically regulated genes, and also to demonstrate spatial and temporal control of the
system.
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095 : Shear-Induced Transmission of Lubricious Staphylococcal Biofilms
Session B
Henny C. van der Mei*, Niar Gusnaniar1, Jelmer Sjollema1, Ed de Jong1, Willem Woudstra1,
Joop de Vries1, Titik Nuryastuti2, Henk Busscher1
1
Biomedical Engineering, University Medical Center Groningen, Groningen, Netherlands,
2
Microbiology, University of Gadjah Mada, Yogyakarta, Indonesia
In the environment often bacteria are transmitted from biofilms growing on a donor surface
to a receiver surface. Transmission of bacteria is more complex than bacterial adhesion,
because it involves bacterial detachment from the donor surface and adhesion to the
receiver surface. We have investigated the shear induced transmission of bacteria from a
stainless steel pipe to a silicone rubber tube and used exopolymeric substances producing
(EPS) and non-EPS producing staphylococcal strains. Transmission was studied for a high and
low velocity at which donor and receiver surfaces were sheared against each other. The
lubricity of the EPS and non-EPS producing biofilms was measured with colloidal probe
atomic force microscopy. The biofilm was not transmitted completely from the donor to the
receiver surface, which is indicative of cohesive failure in the biofilm rather than of adhesive
failure at the donor-biofilm interface. The non-EPS producing strains showed for the high
velocity a non-linear decrease in the number of bacteria transmitted over de second half of
the silicone rubber tube. In contrast, the EPS-producing strains did not show a difference in
the number of bacteria transmitted between the high and low velocity. This study shows
that shearing velocity and lubricity of a biofilm has an influence on the linearity of
transmission of bacteria from the donor surface with a biofilm to the receiver surface

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 164 -

Mechanics and physics in and of biofilms
096 : Biofilms on Membrane Filters: Improvements Towards Axenic Conditions
Session C
Rik D. Vries*, Paula van den Brink, Alfons Stams, Caroline Plugge
Membrane filtration is used to produce clean drinking water but the occurrence of fouling is
a major disadvantage. Biofouling, caused by microorganisms growing in biofilms, is the most
frequently observed fouling type. The required costs, time and tools to critically evaluate
anti-fouling strategies in full-scale water treatment installations have hampered progress in
development of innovative anti-fouling strategies. With the development of the membrane
fouling simulator (MFS) a tool became available to monitor biofouling in miniaturized
setups. The MFS is a monitor that can be operated to mimic spiral wound membranes with
respect to membrane design, flow velocity and hydrodynamic behaviour. We operated four
MFS monitors in parallel. The objective of this study was to adapt the MFS to investigate
membrane biofouling using pure cultures of representative biofouling bacteria. 21
Sphingomonadaceae strains were isolated from fouled membranes used in full-scale
operation, and physiologically characterised. Sphingomonadaceae are initial membrane
colonizers that remain dominant throughout the biofilm maturing steps. Two of the strains,
either competent in initial attachment or production of extra-cellular polymeric substances
were selected as inoculant for the axenic MFS experiments. The operational parameters
that were measured to determine the degree of fouling indicated that the degree of
biofouling caused by the strains in the MFS was compatible with their physiological
behaviour. The MFS experiments are reproducible and strain behaviour was predicted by
static biofilm experiments. To conclude, the MFS provides the opportunity to investigate
membrane biofouling under controlled axenic conditions.
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097 : Modelling Nanoindentation of Biofilms Grown on the Microbead
Session D
Yuqing Xia*, Jinju Chen1
1
Newcastle University, Newcastle upon Tyne, United Kingdom
In order to characterise the in-situ biofilm mechanical properties, it has been proposed to
grow the biofilms on the microbead attached to an AFM cantilever. In this case, the bead
serves as the substrate for biofilm growth as well as the nanoindentation probe. Such a
novel technique enables measuring the biofilm mechanical properties in its native
conditions with well-defined morphology and thickness. However, the results interpretation
remains challenging as it violated the boundary conditions defined in the existing contact
models. To resolve this issue, finite element analysis has been employed and empirical
mathematical models have been developed. The models presented in this work enable us to
reliably extract the viscoelastic properties of biofilms during nanoindentation tests.
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098 : Prediction of Biofilm Streamer Formation with Ibm
Session A
Yuqing Xia*, Jinju Chen1, Jayathilake Pahala Gedara
1
Newcastle University, Newcastle upon Tyne, United Kingdom
Streamer formation in low Reynolds (Re) number is very interesting because it is highly
relevant to a wide range of critical biomedical situations and industrial applications including
clogging of catheters, heart stents, and water filtration systems. Biofilm streamer formation
can take place at different time scales (from minutes to hours). Experimental work has also
shown that the flow induced biofilm deformation can also lead to streamer formation which
can even take place at timescale below a second. It remains elusive why biofilm streamer
formation can happen at distinct time scales even at low Re conditions. To address this, we
have developed a mechanistic individual based model to study streamer formation of a preformed biofilm floc.
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099 : Activity of a Nitric Oxide Generating Dressing Against Wound Biofilms.
Session A
Robert Allaker* 1, Richard Waite1, Joanne Stewart2
1
Institute of Dentistry, Queen Mary University of London, 2Edixomed Ltd, London, United
Kingdom
Wound bioburden plays an important role in impaired healing of both acute and chronic
wounds and the development of infection-related complications. EDX110 is an innovative
two-layer dressing system, which in addition to supporting normal wound healing by
protection, cushioning, absorption of exudate, provides antimicrobial activity via nitric oxide
generation. The objectives of the study were to determine the efficacy of EDX110 for the
prevention and treatment of biofilms formed by pathogens associated with wound
infection, and activity against key virulence factors produced by Pseudomonas aeruginosa.
Single and mixed species biofilms were grown for 24h on nitrocellulose filters placed on
agar. Filters were covered with either the active dressing system or placebo (non nitric oxide
generating) dressing system, before and after biofilm formation. Populations of bacteria
were determined using viable counts. Pyocyanin and elastase production from P. aeruginosa
were determined in supernatants derived from suspended biofilms. Efficacy of EDX110 was
demonstrated against Staphylococcus aureus, P. aeruginosa, Acinetobacter baumannii and
Escherichia coli. Population reductions between 2 and 7 log-fold with developing and preformed biofilms were observed with all 10 strains tested. Populations of MRSA were
reduced to below detectable levels within 6 hours for both developing and pre-formed
biofilms. Pyocyanin and elastase activities from P. aeruginosa were reduced 3 and 2-fold
respectively. In conclusion, this study demonstrated activity of EDX110 against formation
and treatment of single and mixed species biofilms, including multi-drug resistant strains.
EDX110 represents a new generation of antimicrobial wound dressing with potent, broadspectrum activity, for which, as yet, there is no evidence of the development of resistance.
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100 : A New Vegetal-Nanotechnological Strategy on Candida albicans Biofilms
Session B
Tais Maria Bauab* 1, Patrícia Bento da Silva1, Luciani Gaspar de Toledo1, Fernando Bombarda
Oda2, André Gonzaga dos Santos2, Lourdes Campaner dos Santos3, Margarete Teresa
Gottardo de Almeida4, Marlus Chorilli5, Matheus Aparecido dos Santos Ramos1
1
Biological Sciences, 2Natural Products and Toxicology, School of Pharmaceutical Sciences,
São Paulo State University – UNESP, 3Organic Chemistry, Chemistry Institute, São Paulo State
University – UNESP, Araraquara, 4Infectious Deseases, Medicine School of São José do Rio
Preto – FAMERP, São José do Rio Preto, 5Drugs and Medicines, School of Pharmaceutical
Sciences, São Paulo State University – UNESP, Araraquara, Brazil
The chronic diseases caused by fungal biofilms still are a problem all over the world, in this
sense, the discovery of new applicable compounds in the therapy of infectious diseases is
one of the major goals of microbiology research field. The biodiversity is a promising source
of new compounds with anti-biofilm potential, in special, the research of herbal medicines
with antifungal properties can be a good strategy to the discovery of new medicines. In this
study was investigate the in vitro activity of a fraction rich in flavonoid (Fr3) from
Syngonanthus nitens (Bong.) Ruhland extract on C. albicans biofilms and their performance
after the incorporation into a nanostructured lipid system (NLS) composed by cholesterol
(oil phase), polyoxyethylene 20 cetyl ether (surfactant) and a polymeric dispersion of
chitosan (5%) in phosphate buffer solution. The biofilms (clinical and standard strains) were
formed on microplate wells surface from a yeast suspension (108 cells/mL). After 48 hours of
the formation with culture medium (with replacement - 24h) the biofilms were washed with
sterile buffer to remove non-adhered cells and the treatment (unloaded and loaded) was
added in different concentrations (from 2.500 to 19.5 µg/mL) and maintained in contact for
24 hours. After treatment period the biofilms were washed and the cellular viability of the
biofilms was evaluated by spectrophotometric analyses from XTT assay reduction. The
results showed that Fr3 unloaded and loaded were able to promote the biofilm inhibition in
the concentrations ranging from 2500 μg/mL to 625 μg/mL, however, the performance of
Fr3 loaded into NLS was superior. In conclusion, these results showed a promising
antifungal activity exerted by a vegetal extract to promote the biofilms inhibition and the
use of a new nanotechnological tool to improve this action, such as a new strategy to
development of a new kind of vegetal drug administration applicable to the treatment of
fungal biofilms.
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101 : Treatment of Pseudomonas aeruginosa Biofilm in Human Mucus Environment
Session C
Laura Boge1, 2, 3, Xabier Murgia4, Marius Hittinger5, Lorenz Siebenbürger5, Carsten Boerger5,
Henrik Gross5, Katherina Sewald1, 2, 3, Susanne Häußler6, 7, Konrad Schwarzkopf8, Armin
Braun1, 2, 3, Claus-Michael Lehr4, 5, 9, Sabine Wronski* 1, 2, 3
1
Fraunhofer Institute for Toxicology and Experimental Medicine, 2Member of the Cluster of
Excellence Regenerative Biology to Reconstructive Therapy (REBIRTH), 3Member of the
German Center for Lung Research (DZL), Biomedical Research in Endstage and Obstructive
Lung Disease (BREATH), Hannover, 4Helmholtz Institute for Pharmaceutical Research,
Helmholtz Center for Infection Research, 5Pharmbiotec GmbH, Saarbrücken, 6Helmholtz
Center for Infection Research, Braunschweig, 7Medical School Hannover, Hannover,
8
Department of Anesthesia and Intensive Care, Klinikum Saarbrücken, 9Department of
Pharmaceutical Technology, Saarland University, Saarbrücken, Germany
Background:
Cystic fibrosis is a genetic disorder characterized by thickened airway mucus resulting in
impaired lung clearance. This condition is thought to promote persistence of pathogens
such as Pseudomonas aeruginosa and biofilm formation, which is known to decrease
antibiotic susceptibility. We hypothesize that Pseudomonas aeruginosa benefits from the
mucous environment leading to a higher tolerance towards therapeutic intervention.
Objectives:
The aim of the study was to investigate biofilm formation of Pseudomonas aeruginosa in
human tracheal mucus and to evaluate its role in the development of antibiotic
susceptibility towards different antibiotics.
Methods:
Human tracheal mucus was collected from patients undergoing surgeries. Biofilms (strain
PAO1) were grown in presence or absence (PBS) of mucus for 24 h at 37 °C and treated with
tobramycin or with colistin at doses of 0.1, 0.3 and 0.9 mg/ml. Additionally, a combined
treatment of 532 units of the mucolytic agent dornase alfa (human rDNase) and 0.3 mg/ml
of tobramycin was administered. The biofilm susceptibility towards treatment was
evaluated by dilution plating and counting of CFUs. To measure diffusion of antibiotics
through human mucus and biofilms, transport studies were performed using a transwell®
system and HPLC measurement for quantitative analysis. Biofilm structure was visualized by
confocal microscopy using a GFP-tagged strain.
Results:
Pseudomonas aeruginosa showed comparable biofilm formation in the presence of human
mucus or PBS. However, the susceptibility towards tobramycin treatment was significantly
decreased in presence of mucus, but not towards colistin. Combination of dornase alfa and
ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 170 -

tobramycin did not lead to increased bacterial killing. Transport studies and confocal
imaging are currently performed. This novel in vitro system reveals the prominent role of
mucus and is a relevant model to assess efficacy of test compounds to treat chronic lung
infections in CF patients.
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102 : Astronium Urundeuva Plant and its Effect on Candida Biofilms
Session D
Bruna Bonifacio*, Taissa Vieira Machado Vila1, Flávio Carvalho2, Leonardo Perez de Souza3,
Wagner Vilegas3, Andre Gonzaga dos Santos2, Jose Luis Lopez-Ribot1, Tais Maria Bauab4
1
Department of Biology and South Texas Center for Emerging Infectious Diseases, The
University of Texas at San Antonio, San Antonio, United States, 2Department of Natural
Active Principles and Toxicology, School of Pharmaceutical Sciences, São Paulo State
University - UNESP, Araraquara, 3Coastal Campus of São Vicente, São Vicente, 4Department
of Biological Sciences, School of Pharmaceutical Sciences, São Paulo State University UNESP, Araraquara, Brazil
Most microorganisms are able to grow as biofilms and the resistance against antifungals has
stimulated the search for new antimicrobials, such as plant extracts. Astronium urundeuva
Engl. (Anacardiaceae) (Au) has antimicrobial property and was tested against C. albicans and
C. glabrata biofilms under 2 different modalities (preformed and inhibition of biofilm
formation). Previous studies showed ethyl gallate was one of the compounds of Au
responsible for the activity against C. glabrata. The activity of the crude extract and ethyl
gallate was evaluated using a 96-well microtiter plate model of biofilm formation. For the
activity against preformed biofilms, yeast cells were added to each well (1x10 6 cells/mL) in a
flat-bottom microplate, incubated for 24h (37ºC). Preformed biofilms were then washed
with PBS, samples already diluted (1000-1.95µg/mL) were added and the plates were
incubated for an additional 24h. For the inhibition assay, samples were added and serially
diluted (500-0.97µg/mL) in the wells of microtiter plates, the yeast suspension (1x106) was
seeded and plates were incubated for 24h (37ºC). Biofilms from both assays were washed
with PBS and the XTT reduction assay was used to measure the metabolic activity. Plates
were read by spectrophotometry (490nm). Interestingly the extract inhibited C. albicans
biofilm formation at the same concentration (MIC90 125µg/mL) that it inhibits planktonic
cells. However, preformed C. albicans biofilms display high levels of resistance to the free
extract (MIC50 1000µg/mL). For C. glabrata, the extract was more active in the prevention of
biofilm formation as compared to its activity against preformed biofilms. Ethyl gallate
showed much less reduced activity against biofilms compared to its activity against
planktonic cells of C. glabrata. Au extract displays promising antifungal activity and should
be further investigated as an alternative therapy to treat biofilm-associated infections
caused by Candida species.
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103 : Recovery of Bacterial Biofilms with Susceptible Cells and Persisters
Session A
Gabriel Carvalho*
Bacteria in an isogenic population can adopt different phenotypes despite being in an
identical environment. One of the aspects of this heterogeneity is the formation of
persisters, slow growing cells tolerant to various stresses such as antibiotic treatments. This
results in chronic infections and the facilitation of resistance emergence. The phenotypic
switches between susceptible and persister cells are stochastic or influenced by
environmental conditions such as nutrient deprivation or antibiotic presence. Since the
persister state is a reversible and temporary phenotype, persister formation in bacterial
biofilms is difficult to study. Computational models are useful to compensate the difficulties
of experimental studies. We implemented three switching strategies in an individual-based
biofilm model: 1) stochastic, 2) substrate-dependent and 3) antibiotic-dependent switches.
For each strategy, we tested nine parameter sets and identified distinct patterns of survival
and recovery of biofilms faced with antibiotic shocks. Population dynamics and persisters
distribution in the simulated biofilms depended widely on the strategy and the parameter
set used. Our results give new insights to identify mechanisms of persister formation into
biofilms and to adapt the timing of antibiotic treatments.
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104 : Natural Honey to Fight Candida Infections
Session B
Maria Elisa Costa Rodrigues*, Liliana Fernandes1, Célia Fortuna Rodrigues1, Ana Oliveira1,
Mariana Henriques1
1
Center of Biological Engineering, University of Minho, Braga, Portugal
The incidence of Candida infections has increased in the last years, being attributed to the
rise in the elderly population, the increasing number of immunocompromised patients, and
the widespread use of indwelling medical devices. Candida albicans remains as the most
prevalent species of these infections, but a clear rise in the proportion of non-Candida
albicans Candida has been noted. A major virulence factor is the ability to adhere and to
form biofilms in medical devices and host tissues, because of a higher tolerance to
antifungal therapy. Consequently, there is an urgent need to develop strategies to fight
these infections. Natural compounds, as honey, are attracting increased interest. Honey has
long been used in traditional and complementary medicine because of its antibacterial,
antifungal, antiviral, antioxidant and anti-inflammatory activities.
We aimed to evaluate honey as a novel strategy to fight infections. Honey was tested alone
and in combination with antifungal agents (chlorhexidine, nystatin) against Candida (C.
albicans, C. tropicalis, C. papapsilosis, C. glabrata) single and mixed (with Pseudomonas
aeruginosa) biofilms. A first screening of the treatment indicated higher efficiency of honey
against C. tropicalis. For biofilms of this species, honey is capable of 2-log reductions after
24h of treatment. The combination of honey with nystatin and chlorhexidine reduces the
antifungal dosage typically required in clinical settings by 50%, with a total biofilm reduction
of 3-log with nystatin and 5-logs with chlorhexidine. In mixed biofilms of C. tropicalis and P.
aeruginosa, honey at 50% or above reduces yeast and bacterial biofilm by 2-log and 4-log,
respectively.
Altogether, our results highlight the great potential of honey as an alternative or
complimentary strategy for the control of Candida infections.
The authors acknowledge funding and support from the Portuguese Foundation for Science
and Technology, COMPETE 2020 and BioTecNort operation.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 174 -

Treatment of biofilm infections and development of biofilm resistance
105 : Biogenic Selenium Nanoparticles as an Alternative to Treat Biofilms
Session C
Eleonora Cremonini*, Emanuele Zonaro, Marzia Boaretti, Maria Lleo
Background: Tailored metal nanoparticles have been proposed as a new line in the battle
against antibiotic-resistant microorganisms. The antimicrobial and antibiofilm activity of
biogenic selenium nanoparticles (Sm-SeNPs) generated by an environmental bacterial
isolate were tested and compared with chemically synthesized SeNPs (Ch-SeNPs). To
hypothesize a possible mechanism of action, the biomolecular cap on the surface of the
biogenic NPs and the evaluation of ROS production were investigated.
Material/Methods: Sm-SeNPs were obtained from the environmental isolate S. maltophilia
SeITE02, Ch-SeNPs as described by Lin (2005). The antibacterial activity of NPs was tested
against clinical isolates of both gram- and gram+ strains. MICs were determined according to
the CLSI broth microdilution method, the antibiofilm activity was evaluated by CV staining
(biofilm biomass) and conventional plating (cell viability). To understand the putative role of
the biomolecular cap, we tested the antimicrobial effect of the Sm-SeNPs after different
denaturing treatments.
Results: Biogenic SeNPs showed a higher antibacterial and antibiofilm activity if compared
to the chemical ones; this is probably due to the presence of a biomolecular cap. Sm-SeNPs
demonstrated antibacterial activity with low MIC values (8-16 µg/ml) against some of the
tested strains and proved capable of inhibiting the synthesis of biofilm and disaggregating
the polysaccharide matrix at low concentrations (50-150µg/ml). Applying progressively
more aggressive detergent treatments to the biogenic SeNPs, we obtained the progressive
loss of superficial proteins and carbohydrates and an increase in MIC values. Moreover, the
Sm-SeNPs cause an increase in ROS production compared to the untreated control.
Conclusion: Our results indicate that biogenic SeNPs, could be considered as good
antibiofilm agents. Moreover, our data contribute to a better understanding of the
mechanisms responsible for SeNPs antimicrobial activity.
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106 : Selenium Nanoparticles and Antibiotics Synergy against Biofilms
Session D
Eleonora Cremonini*, Giulio Coccoli, Emanuele Zonaro, Marzia Boaretti, Maria Lleo
Background: An important characteristic of chronic biofilm-related infection is the extreme
resistance to antibiotics. For these reason there is an urgent need for developing novel
antibiofilm strategies that can replace or potentiate conventional antimicrobial agents.
Nanomaterials as a complementary agents to antibiotics are currently suggested: the
combined therapy might fill the gap where common chemotherapy fails.
Methods: Biogenic nanoparticles (SeNPs) were produced by the S. maltophilia SeITE02
strain. Two strains of P. aeruginosa (PAO1, reference strain, and INT, MDR) and two strains
of S. aureus (Mu50, MDR, reference strain, and UR1, clinical isolate) were used in the study.
MICs of Clarithromycin, Levofloxacin, Trimethoprim/Sulfametoxazole, Vancomycin and NPs
were first estimated according to the CLSI broth microdilution method. The fractional
inhibitory concentration (FIC) index of antibiotics combined to SeNPs was determined by the
checkerboard assay. Eradicating biofilm activity was determined by CV staining (biofilm
biomass) and conventional plating (cell viability).
Results: SeNPs demonstrated antibacterial activity with low MIC values (8-16 µg/ml) against
the tested strains. Moreover, NPs are able to potentiate the effect of antibiotics: the
antibiofilm activity of antimicrobial agents is more pronounced if combined with NPs
resulting in a significant additional reduction in biomass and in the number of culturable
cells. Very relevant are the results regarding the MDR strains S. aureus Mu50 and P.
aeruginosa INT, with a clear increase in the antibiofilm activity of antibiotics combined with
SeNPs if compared to the antibiotic alone (no reduction compared to the untreated control).
Conclusions: The results obtained provide interesting inputs to consider SeNPs as a novel
and alternative antimicrobial strategy to treat challenging microbial infections such as
biofilm-associated infections and those caused by multidrug-resistant bacteria.
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107 : Activity of Antibiotics against P. aeruginosa and S. aureus Biofilms
Session A
Yvan Diaz Iglesias* 1, Paul M. Tulkens1, Françoise Van Bambeke1
1
Louvain Drug Research Institute, Université catholique de Louvain, Brussels, Belgium
Objectives: to study the activity of antibiotics in vitro against Staphylococcus aureus (S.a.)
and Pseudomonas aeruginosa (P.a.) biofilms, which play a role in chronic pulmonary
infections in Cystic Fibrosis patients.
Methods: S.a. ATCC25923 and P.a. PAO1 were used. Biofilms were grown in 96-well plates
in TGN (TSB + 1% Glucose + 2% NaCl). Mature biofilms were exposed during 24h to
tobramycin [TOB], meropenem [MEM]), linezolid [LZD, S.a. only], or ciprofloxacin [CIP; P.a.
only]), using a broad range of conc. (0.001-1000 mg/L to obtain full conc.-response curves).
Biomass was evaluated by crystal violet staining and bacterial viability, using the resazurin
(S.a.) or the fluorescein diacetate (P.a.) assays. Pharmacodynamic parameters (Emax;
maximal efficacy [reduction in viability/biomass for an infinitely large antibiotic conc.];
C25/50; conc. causing 25/50% reduction in viability/biomass) were calculated based on the
Hill equation of the regression fitted to the data.
Results: Against S.a., MICs (mg/L) were 2 (LZD), 0.06 (MEM), 0.25 (TOB). Emax ranged from
86% (MEM & LZD) to 76% (TOB) for viability and from 27% (LZD) to 44% (TOB & MEM) for
biomass; C50 were close to the MIC for LZD and MEM but 100-fold higher for TOB towards
viability. C25 were close to the MIC for MEM, 10-fold and 1800-fold higher for LZD and TOB
towards biomass (C50 not achieved). Against P.a., MICs (mg/L) were 0.06 (CIP), 1 (MEM),
0.25 (TOB). Emax reached 27% (MEM), 37% (TOB), and 45% (CIP) reduction in viability; no
effect was observed on biomass. Only C25 values could be calculated towards viability (C50
not achieved); they were close to MIC for CIP and TOB and 55-fold higher for MEM.
Conclusions: In this model, antibiotics were more effective (higher Emax) against S.a. than
against P.a. and show a modest (S.a.) or no (P.a.) effect on the matrix. Relative potency
(C50/25) varies among drugs and models, suggesting differences in bioavailability and/or
expression of activity.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 177 -

Treatment of biofilm infections and development of biofilm resistance
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Session B
Parastoo Ehsani* 1, Seyed Mohammad Atyabi, Foad Fahmideh2
1
Department of Bacteriology, 2Department of Bacteriology, Pasteur Institute of Iran, Tehran,
Islamic Republic of Iran
Staphylococcus aureus is one of human pathogens that causes a wide range of infections
and is a major source of nosocomial and community-acquired infections. A persistent
chronic infection occurs following attachment of bacteria to host tissue and on medical
implants that later establishes a mature biofilm that is 1,000 to 1,500 times resistant to
antibiotics than planktonic forms. To eradicate the biofilm different biological material and
physical techniques have been investigated.
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Mª Desamparados Ferrer García*, Juan Carlos Rodriguez1, Cynthia Collantes2, Inmaculada
Vidal1, Alex Mira2
1
HOSPITAL GENERAL UNIVERSITARIO DE ALICANTE, Alicante, 2Center for Advanced Research
in Public Health (FISABIO), Valencia, Spain
BACKGROUNDS: Several methods are available to study biofilms in vitro, but their
applications are in many occasions limited by a low sensitivity, high labor intensity and/or
long time lags to obtain a result. In addition, a generalized weakness is the fact that results
are observed only at a certain time (“end-point” methods), with the consequent loss of
information.
OBJECTIVES: The aim of this study is to present a reliable, labeling-free and rapid assay for
quantifying bacterial and fungal biofilm formation in real time. As a direct application of this
method, the effect of antibiotics on the biofilm formation of gram-positive bacteria
(Staphylococcus aureus, and S. epidermidis), gram-negative (Pseudomonas aeruginosa) and
fungal (Candida albicans) strains isolated from patients has been studied and compared
with traditional Epsilon test methods (E-test).
METHODS: We performed impedance-based technology measurements in microtiter plates
with gold electrodes using RTCA xCELLigence system (ACEA Biosciences).
CONCLUSIONS: Biofilm growth curves showed an S-shape as cells grew attached to the wells
disrupting the electrical current. The impedance measurements appear to combine both
cellular growth and matrix production, representing a measurement of total biofilm mass.
Biofilms were enhanced by adding sugars to the culture medium, and were heavily reduced
in biofilm mutants or by protease treatment in species with protein-based biofilm matrix.
Antibiotic resistance patterns in biofilms were very different to those obtained by traditional
E-test methods on agar plates. In summary, RTCA is able to quantify bacterial and fungal
biofilms in real time. We propose the use of real-time measurements for shedding light on
the biology of biofilm formation, including clinical applications like the selection of efficient
antibiotic and antifungal therapy in biofilm-forming pathogens.
Key words: biofilm, real-time measurements, antibiotic resistance.

ABSTRACT BOOK

EUROBIOFILMS 2017
Amsterdam, The Netherlands

- 179 -

Treatment of biofilm infections and development of biofilm resistance
110 : Biodegradable and Antibacterial Materials to Prevent Biofilm Formation
Session D
Claudia Fessele*, Katharina Maniura-Weber1, Qun Ren1
1
Biointerfaces, Empa - Materials Science & Technology, St. Gallen, Switzerland
To reduce bacterial infections and biofilm formation in wounds, it is highly desired to have a
controlled drug delivery system to allow slow but sustainable release of antimicrobial
agents. In this work, poly(4-hydroxybutyrate) (P4HB) produced by bacteria was utilized and
functionalized with copper, zinc or gallium to obtain antibacterial properties. P4HB was
selected because it possesses excellent biocompatibility and its biodegradation takes place
via surface erosion rather than burst degradation known for other often used biopolymers.
The combination of P4HB and antimicrobial agents was achieved by chemical synthesis and
forms of beads, fibers and films were obtained. The short and long-term antibacterial
profiles are currently under investigation. It is expected that the functionalized P4HB will
provide a slow but long term release of antimicrobials for applications in for example wound
management.
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Derek Fleming* 1, Kendra Rumbaugh1
1
Surgery, Texas Tech University Health Sciences Center, Lubbock, Texas, United States
The persistent nature of chronic wounds leaves them highly susceptible to invasion by a
variety of pathogens that have the ability to construct an Extracellular Polymeric Substance
(EPS). This EPS makes the bacterial population, or biofilm, up to one-thousand percent more
antibiotic tolerant than planktonic cells, and makes wound healing extremely difficult. Thus,
chemicals which have the ability to degrade the EPS of mono- and poly-species biofilms are
highly sought-after for clinical applications. In this study, we examined the efficacy of two
glycoside hydrolases (GHs), α-amylase and cellulase, which break down polysaccharides by
hydrolyzing straight-chain glycosidic linkages, to eradicate Staphylococcus aureus (SA),
Pseudomonas aeruginosa (PA), and SA+PA co-culture biofilms in clinically relevant in vitro
and in vivo models. We hypothesized that GH therapy will significantly reduce EPS biomass,
converting bacteria to their planktonic state and leaving them more susceptible to
antibiotics. Treatment of SA, PA, and SA+PA in vitro, and ex vivo biofilms with solutions of
both α-amylase and cellulase, and with α-amylase and cellulase together, resulted in
significant reductions in biomass, particularly when a combination of both enzymes was
utilized. Additionally, treatment of biofilms grown in wound-like media and in a mouse
chronic wound model, with both enzymes separately, and together, resulted in the
dissolution of the biofilm and an increase in the effectiveness of subsequent antibiotic
treatments. Lastly, in vivo treatment of mouse chronic wound SA+PA biofilms with the dualenzyme GH solution resulted in dispersal of the biofilm-associated bacteria and potentiation
of concurrent antibiotic treatment. Current studies are focused on optimizing the
application of GH therapy in vivo, examining the therapeutic efficacy against clinical strains
and polymicrobial biofilms involving additional species, and evaluating the host response to
GH-treated biofilms.
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Padrig B. Flynn*, Brendan Gilmore1
1
Pharmacy, Queen's University Belfast, Belfast, United Kingdom
Acinetobacter baumannii, is an intrinsic multi-drug resistant microorganism that can survive
for relatively long periods of time on dry inanimate surfaces. A. baumannii causes serious
infections in extremely vulnerable patients, particulalrly in intensive care units. Outbreaks of
A. baumannii infections are associated with the biofilm phenotype. The aim of this study
was to investigate the susceptibility of Acinetobacter baumannii biofilms to cold plasma and
determine how biofilm growth time and biomass influence biofilm susceptibility to cold
plasma treatment. Biofilms grown for 24, 48 and 72 hours on pegs of a Calgary biofilm
device were exposed to an atmospheric pressure non-thermal helium plasma with a 0.5%
oxygen admixture. Assessment of biofilm inactivation was made using standard plate
counts. D-values were calculated from biphasic survival curves. Evaluation of biofilm
biomass for each growth period was made using crystal violet staining. Scanning electron
microscopy (SEM) of biofilms was used to assess morphological changes induced by plasma
treatment. D-values calculated for biofilms grown for 24, 48 and 72 hours following plasma
treatment were 19.3, 29.2 and 24.7 seconds respectively. Biofilms grown for 48 hours were
the most tolerant to plasma exposure with a 2.69 CFU/peg log reduction achieved following
9 minutes exposure. Plasma exposure of 24-hour biofilms resulted in a 4.69 log reduction
and a 3.14 log reduction for 72-hour biofilms following 9 minutes plasma exposure. Biomass
measurements of biofilms grown for each period indicated that 48-hour biofilms had the
largest biomass, with 24-hour biofilms having the lowest stained biomass. Regardless of
growth time all biofilms had comparable CFU/peg. These results suggest that biofilms
biomass and in particular the biofilm matrix may confer added protection to A. baumannii
cells with cold plasma exposure.
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Clément Bernard* 1, Marine Vitry1, Camille Juin1, Christine Imbert1, Marion Girardot1
1
Laboratoire Ecologie et Biologie des Interactions,UMR CNRS 7267, Université de Poitiers,
POITIERS, France
Candida albicans is a commensal yeast able to become an opportunistic pathogen for
humans. Growing in biofilm structures, it becomes poorly susceptible to conventional
antifungal drugs. In this context, the aim of this study was to find new anti-Candida biofilm
natural substances from raspberry woods, young shoots and leaves. Indeed, these 3 parts
contain polyphenols, natural compounds known to have antibacterial, antifungal or antibiofilm activities.
An extraction with a polarity gradient was performed on acetone extracts from the 3 parts.
The effects against C. albicans biofilms of all obtained extracts were investigated using the
XTT method, considering the anti-maturation activity (contact for 24h of the cells with the
tested samples).The hexane extract obtained from woods was the most active with antimaturation activities on C. albicans at low concentrations (IC50=250 µg/mL). The hexane and
EtOAc extracts from young shoots and leaves were active at IC50=500 µg/mL. The bioassayguided fractionation by chromatographic methods (column chromatography: Sephadex ® LH
20 gel) of hexane extracts obtained from woods and leaves led to 4 fractions enriched in
active compounds. These fractions were more active than the extracts (IC50=100 or 50
µg/mL). Their ESI-MS analyse suggested the presence of polyphenols, of flavonoid and
tannin types. The isolation of these compounds is under study (by preparative HPLC) in
order to evaluate their implication in the anti-maturation activity.
In conclusion, this work demonstrated the anti-maturation potency of raspberry woods,
young shoots and leaves compounds against C. albicans biofilms.
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Fernanda Gomes*, Maria Elisa Rodrigues, Natália Martins, Isabel Ferreira, Mariana
Henriques
Bovine mastitis (BM) is the most expensive pathology for dairy industry and Staphylococcus
aureus is amongst the most prevalent causative agents of this disease. Nowadays, it is
known that S. aureus contaminated milk can enter the dairy production chain and be the
origin of food contamination. Due to the poor efficacy of antibiotics and to the ability to
form biofilms evidenced by this pathogen, BM has become increasingly difficult to control
and to eradicate. Phenolic plant extracts are nowadays being evaluated since they are a rich
source of bioactive molecules. Thus, in this work the antimicrobial activity of E. globulus and
J. regia alone and in combination against S. aureus BM isolates was evaluated and compared
with penicillin G (Pen G), an antibiotic commonly used in the treatment of this pathology.
The evaluation of the cytotoxic potential of both extracts was also performed.
E. globulus evidenced a bacteriostatic and a significant inhibitory effect against S. aureus
planktonic cells and biofilms, respectively. J. regia only had inhibitory activity against
biofilms. No synergy was observed when combining plant extracts, but on biofilms a slightly
more effective activity was obtained, than when testing extracts individually. As expected,
Pen G at MIC presented an inhibitory effect only against planktonic cells of some strains and
at 16´MIC a slight antimicrobial activity against biofilms. Although E. globulus and J. regia
were cytotoxic to animal cells at MIC concentration, non-toxic concentrations of E. globulus
presented inhibitory effect on planktonic cells. On the other hand, higher concentrations
can be used aiming their application as disinfectants in dairy industries.
In conclusion, as therapeutic strategy, plant extracts demonstrated to have effects higher
than or similar to Pen G for penicillin resistant strains. As preventive approach such as
equipment and surface disinfection, plant extracts seem to have promissory antibacterial
potential.
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Lucia Grassi* 1, Mariagrazia Di Luca2, Giuseppantonio Maisetta1, Semih Esin1, Andrea
Rinaldi3, Giuseppe Maccari4, Andrej Trampuz5, Giovanna Batoni1
1
Department of Translational Research on New Technologies in Medicine and Surgery,
University of Pisa, Pisa, Italy, 2Berlin-Brandenburg Center for Regenerative Therapies,
Universitätsmedizin Charité, Berlin, Germany, 3Department of Biomedical Sciences,
University of Cagliari, Cagliari, 4Center for Nanotechnology Innovation @NEST, Italian
Institute of Technology , Pisa, Italy, 5Center for Septic Surgery, Universitätsmedizin Charité,
Berlin, Germany
Persister cells are a small subpopulation of non-growing, metabolically dormant bacteria
with high tolerance to antibiotics. They play a key role in the recalcitrance of biofilms to
antibiotic treatments and in the chronicization of many types of infections, thus
representing a great challenge for therapy. Antimicrobial peptides (AMPs) are promising
candidates for the development of novel anti-persister drugs due to their bacterial
membrane-perturbing activity. Aim of the present study was to generate bacterial
populations with high levels of persister cells by treatment with the uncoupling agent
carbonyl cyanide m-chlorophenylhydrazone (CCCP) and to test their susceptibility to
membrane-active AMPs. In particular, three structurally different AMPs were selected for
the study: an α-helical analog of temporin 1Tb (TB_L1FK), a β-sheet chimeric derivative of βdefensins (C5) and a semi-synthetic dendrimeric peptide (den-SB056). Treatment of
stationary-phase cultures of Staphylococcus aureus ATCC 33591 and Pseudomonas
aeruginosa ATCC 27853 with optimized concentrations of CCCP significantly increased their
tolerance to different classes of antibiotics. Furthermore, CCCP-treated bacteria displayed a
global reduction in metabolic activity and reverted to a normal-growing, antibiotic-sensitive
phenotype after CCCP removal confirming the successful induction of the persister status.
When assayed for their anti-persister activity, all tested AMPs were able to kill CCCPinduced persister cells of both bacterial species at the same level of CCCP-untreated
bacteria. Overall, CCCP treatment resulted to be a suitable method to induce persistence at
high efficiency in S. aureus and P. aeruginosa and a useful tool to test novel anti-persister
molecules. Unlike most conventional antibiotics, AMPs exhibited a bactericidal activity
against persister cells highlighting the potential use of peptide-based antimicrobials in the
treatment of biofilm-associated infections.
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Shuaiqi Guo* 1, Corey A. Stevens†, Tyler D. Vance†, Luuk L. Olijve, David N. Langelaan†,
Steven P. Smith†, John S. Allingham†, Ilja K. Voets, Peter L. Davies†
1
Protein Function Discovery Group and the Department of Biomedical and Molecular
Sciences, Queen’s University, Kingston, Canada
Bacterial adhesins are modular cell-surface proteins that mediate adherence to other cells,
surfaces and ligands. The Antarctic bacterium Marinomonas primoryensis uses a 1.5-MDa
adhesin comprising over 130 domains to position it on ice at the top of the water column for
better access to oxygen and nutrients. We have reconstructed this 0.6 m-long adhesin using
a ‘dissect and build’ structural biology approach and have established complementary roles
for its five distinct Regions. Domains in Region I (RI) tether the adhesin to the Type I
secretion machinery in the periplasm of the bacterium and pass it through the outer
membrane. RII comprises ~120 identical Ig-like β-sandwich domains that rigidify on binding
Ca2+ to project the adhesion regions RIII and RIV into the medium. RIII contains ligandbinding domains that join diatoms and bacteria together in a mixed species community on
the underside of sea ice where incident light is maximal. RIV is the ice-binding domain; and
the terminal RV domain contains several ‘Repeats-in-Toxin’ motifs and a non-cleavable
signal sequence that target proteins for export via the Type I secretion system. Similar
structural architecture is present in the adhesins of many pathogenic bacteria and provides
a guide to finding and blocking binding domains to weaken infectivity.
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Karen Vickery* 1, Khalid Johani1, Matthew Malone2, 3, 4, Slade Jensen4, 5, Hugh Dickson6, Iain
Gosbell4, 7, Schultz Gregory8, Honghua Hu1
1
Biomedical Sciences, Faculty of Medicine & Health Sciences, Macquarie University, 2High
Risk Foot Service, Liverpool Hospital, South West Sydney LHD, 3Liverpool Diabetes
Collaborative Research Unit , Ingham Institute of Applied Medical Research, 4Medical
Sciences Research Group, Microbiology & Infectious Diseases, School of Medicine, Western
Sydney University, 5Antimicrobial Resistance and Mobile Elements Group, Ingham Institute of
Applied Medical Research, 6Ambulatory Care Department (PIXI), Liverpool Hospital, South
West Sydney LHD, 7Department of Microbiology and Infectious Diseases, Sydney South West
Pathology Service, New South Wales Health Pathology, Sydney, Australia, 8Department of
Obstetrics and Gynaecology, Institute for Wound Research, University of Florida,, Gainesville,
Florida, United States
Chronic wounds decrease patient quality of life, increase morbidity, mortality and
healthcare costs. Biofilms are a major contributing factor preventing chronic wound healing.
Increased awareness of biofilms has led to a dramatic rise in the use of topical antimicrobial
solutions as part of wound care therapeutics. However, the evidence based for topical
antimicrobials use against wound biofilm, have utilized in vitro methodologies that lack
standardization and clinical relevance. We aim to evaluate topical antimicrobial wound
solutions at clinically relevant exposure times against microbial biofilms from in vitro to in
vivo. Topical antimicrobial wound solutions were tested at short duration exposure times (i)
in vitro for 15-minutes exposure against 3-day mature biofilms of Staphylococcus aureus and
Pseudomonas aeruginosa (ii) in a porcine skin explant model with 12 cycles of superoxidised
solution (SOS) 10-minute exposure, over 24 hours, against 3-day mature P. aeruginosa
biofilms and (iii) in vivo for 15-minutes exposure daily using a surfactant based antiseptic
solution with 4 % w/v Melaleuca oil (SBMO) for seven days in 10 patients with chronic nonhealing diabetic foot ulcers (DFUs) complicated by biofilm. In vitro assessment
demonstrated variable efficacy in reducing biofilms ranging between 0.5log10 reductions to
full eradication of bacterial cells. None of the washes killed both S. aureus and P. aeruginosa
with a 15 min contact. Despite SOS killing biofilm with a 24 hr exposure, repeated instillation
in a porcine model achieved less than log10 reduction. While SBMO treatment killed P.
aeruginosa in vitro, it had no effect in vivo.
This study demonstrates that short duration of exposure of topical antimicrobial wound
solutions commonly utilized by clinicians are ineffective against microbial biofilms. Wound
solutions should not be used as a sole therapy and clinicians should consider multi-faceted
strategies that include sharp debridement as gold standard.
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Craig Banks1
1
Manchester Metropolitan University, 2The Manchester University, Manchester, 3University
of Leeds, Leeds, United Kingdom
Antimicrobial resistance within a wide range of infectious organisms is a growing public
health threat of concern to many countries. The loss of effective antibiotics will undermine
our ability to fight infectious diseases and manage its complications. The development of
novel and more efficient antibacterial agents is urgently needed in healthcare settings to
treat life threatening infections.
This study aims to assess the antibacterial efficacy of several metal ions and graphene
derivatives, individually or in combination, against a number of susceptible and resistant
bacterial strains.
Eighteen metals, graphene and graphene oxide (GO) were screened against four pathogens
including Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Klebsiella
pneumoniae. Minimal Inhibitory Concentration, Minimum Bactericidal Concentration and
Crystal Violet Biofilm Assay assessed the antimicrobial effect of the metals in the planktonic
and biofilm states, respectively. Synergy between several metals or metals with graphene or
GO was tested using Fractional Inhibitory Concentration.
Gold and Tin exhibited the greatest antimicrobial activity (31.25 and 15.6 mg/L respectively)
against the four isolates. GO demonstrated no antimicrobial effect (>500 mg/L), compared
to graphene that showed an antimicrobial effect against E. coli (62.5 mg/L). Silver produced
a synergistic effect, when combined with graphene (7.81 mg/L and 15.61 mg/L) or GO (3.9
mg/L and 31.25 mg/L) against S. aureus and E. coli & P. aeruginosa, respectively, in both
planktonic and biofilm states.
The bactericidal effect of tin and gold, and the synergistic effect of silver shown in
combination with graphene derivatives against medically relevant pathogens may result in
the production of novel antimicrobials.
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Ryan Kean* 1, Leighann Sherry1, Chris Delaney1, Gordon Ramage1
1
Department of Oral Sciences, University of Glasgow, Glasgow, United Kingdom
After its first report in 2009, the emerging pathogen Candida auris has attracted
considerable attention due to its high recalcitrance to antifungals. It has recently been
associated with an outbreak in the UK, where 20% of patients developed candidaemia. C.
auris isolates have recently been described to exist as two distinct phenotypes of
aggregating (Agg) and non-aggregating (N-Agg) cells. This study aimed to compare the
pathogenicity of these two phenotypes in the context of biofilm formation, susceptibility to
antimicrobials and virulence in vivo.
Two Agg and Two N-Agg C. auris clinical isolates were used throughout this study with C.
albicans SC5314 used as a comparator. Minimum inhibitory concentration testing using 6
antifungals and 4 clinical disinfectants was carried out following CLSI guidelines. Isolates
were screened for biofilm formation and susceptibility testing, with in vivo pathogenicity
assessed using the G. mellonella infection model. Additionally, transcriptional analysis was
performed to differentiate the two phenotypes.
Both phenotypes consisted as budding yeast with C. auris N-Agg isolates able to form
significantly greater biofilms than Agg isolates (p<0.01). All isolates biofilms displayed
decreased susceptibility to antifungals and disinfectants than their planktonic counterparts,
with >16mg/mL required to kill biofilms. C. auris had comparable kill kinetics to C. albicans
in vivo, however at lower inoculum dose C. auris exhibited significantly increased killing
(p<0.05).
C. auris isolates are able to form heterogeneous biofilms that are resistant to antifungal and
disinfectant concentrations that are readily active against planktonic cells. The results from
the in vivo model highlight C. auris as a highly virulent species, comparable to that of C.
albicans. Collectively this study highlights that biofilms contribute to the innate resistance of
C. auris to antimicrobial agents, which make it an emerging pathogen.
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Theerthankar Das A. AshishKumar* 1, Martin Simone2, Amaye Ibugo3, Paul Witting2, Mike
Manefield3, Jim Manos1
1
Infectious Diseases and Immunology, 2Discipline of Pathology, University of Sydney, 3School
of Biotechnology and Biomolecular Sciences , University of New South Wales, Sydney,
Australia
Background: Approximately 80% of adult Cystic Fibrosis (CF) patients are infected with P.
aeruginosa. P. aeruginosa infected lungs/sputum of CF patients contains up to 27 µg/ml
pyocyanin. Pyocyanin is a potent virulence factor causing lung epithelial cell death and
promoting chronic lung infection, thus increasing mortality. Previously we showed that
pyocyanin influences P. aeruginosa biofilm formation by facilitating extracellular DNA
(eDNA) production, and that it intercalates with eDNA. In this study, we demonstrate the
novel role of the antioxidant glutathione (GSH) in inhibiting pyocyanin activity, disrupting P.
aeruginosa biofilms and restoring lung epithelial cell confluence and viability.
Objectives: To develop a novel therapeutic strategy using GSH to disrupt P. aeruginosa
biofilm formation and facilitate lung epithelial cell growth.
Methods: The interaction of GSH with pyocyanin and its inhibition of pyocyanin-eDNA
binding were investigated using NMR and spectrometry. GSH-mediated P. aeruginosa
biofilm disruption was imaged and analysed using confocal microscopy. The role of GSH in
facilitating lung epithelial cell A549 growth, confluence and viability were assessed using
various biochemical assay, cell redox assay and real time microscopy imaging techniques.
Conclusions: We demonstrated that GSH directly binds to pyocyanin and modulates
pyocyanin function thus inhibiting pyocyanin-eDNA intercalation and consequently
hampered P. aeruginosa biofilm development. GSH in combination with DNase I and a
strain–susceptible antibiotic, disrupted/reduced P. aeruginosa biofilm biomass by up to 92%
in comparison to control (untreated) and antibiotic-alone treated biofilms. We also
demonstrated that GSH restored intracellular GSH levels in pyocyanin-affected A549
epithelial cells and reduced oxidative stress by scavenging ROS and free radicals and thus
restored A549 cell confluence and growth in pyocyanin-affected cells.
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Victoria Lee* 1, Alex O'Neill1
1
University of Leeds, Leeds, United Kingdom
Anti-biofilm (AB) agents for topical application are urgently required to improve the
treatment of chronic wounds and diabetic foot ulcers. To this end, we have been exploring
the possibility of repurposing compounds that already have a history of safe, topical use in
humans. Here we report on the AB properties of the related nitro-halo compounds,
Bronidox (BX) and Bronopol (BP), agents that are presently used as preservatives in personal
care products.
AB activity of BX/BP was evaluated using the Calgary Biofilm Device (CBD). Mixed species
biofilms of the common wound pathogens, Staphylococcus aureus and Pseudomonas
aeruginosa, were grown on 25 mm nitrocellulose disks and exposed to BX/BP incorporated
into a low adherence wound dressing. Fractional Biofilm Eradication Concentration (FBEC)
indices were determined for BX/BP in combination with other antibacterial agents.
Eradication of individual S. aureus and P. aeruginosa biofilms was observed at
concentrations between 64-256 µg/ml in the CBD. Large-scale, mixed species biofilm
cultures grown on nitrocellulose disks could be eradicated following exposure to dressings
impregnated with the maximum authorised concentration (MAC) for the safe use of BX/BP
in personal care products (0.1% w/v). The potential for further enhancing the AB activity of
BX/BP by combining them with established wound agents was explored by determining
FBEC indices for single species biofilms; synergy was detected with chlorhexidine, cetrimide
and silver nitrate, against both S. aureus and P. aeruginosa biofilms (FBEC index range 0.150.5).
BX/BP eradicate single and mixed species biofilms formed by significant Gram-positive and
Gram-negative wound pathogens. The ability to eradicate biofilms at a concentration
regarded as safe on the skin highlights the scope to repurpose these compounds as topical
AB agents, either alone or as part of synergistic combinations with established antibacterial
wound agents.
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1
Abo Akademi University, Turku, 2University of Helsinki, Helsinki, Finland
The aim of this study was to identify naturally inspired compounds that interfere with the
population density dependent cell-to-cell communication process, quorum sensing (QS) in
Gram-negative bacteria. Since QS plays an essential role in biofilm formation, antimicrobial
tolerance and bacterial virulence without affecting the growth, it offers an attractive target
for biofilm control with an advantage of being less prone to resistance development than
conventional antimicrobial strategies. Initially, a library of 3040 natural product derivatives
was screened for the ability to inhibit QS-mediated violacein production in
Chromobacterium violaceum (ATCC 31532 and CV026) utilizing a microtiter well plate-based
assay. In parallel, resazurin staining assay was conducted to exclude bactericidal
compounds. Next, effects of the selected leads on biofilm maturation were quantified in
Escherichia coli (K-12) and Pseudomonas aeruginosa (ATCC 9027, ATCC 15442 and PAO1)
using crystal violet staining. Finally, impact of the leads on swimming and swarming motility
of P. aeruginosa (PAO1) was investigated. Based upon the primary screening, nine highly
active compounds (causing ≥90% inhibition of violacein production in both strains) of
distinct compound classes were identified. Two flavonoid derivatives were further identified
and characterized as the leads. These compounds were able to affect all the studied QSrelated features in varying extent in a concentration dependent manner at micromolar
concentration range without bactericidal activity. Thus, the leads can serve as starting
points for further optimization and development of more potent quorum sensing inhibitors
(QSIs).
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Maritxu LABADIE1, Frédéric MARCHAL2, Elisabeth GIRBAL-NEUHAUSER1, Cathy FONTAGNEFAUCHER1, Claire-Emmanuelle Marcato-Romain*
1
UPS-LBAE, 32000 AUCH, 2UPS-LAPLACE, 31062 TOULOUSE, France
Over innovative physical treatments for biofilm eradication, cold atmospheric-pressure
plasma (CAP) have been described in several recent studies to have promising applications
in industrial, food and health domains.
The aim of the present work was then to study the effect of a CAP device on two model
bacterial biofilms, a Gram-positive and a Gram-negative bacteria, which present different
extracellular polymeric matrix.
The studied bacterial strains were Pseudomonas aeruginosa ATCC 15442 and Leuconostoc
citreum NRRL B-1299; this latter presents the distinctive feature to produce high level of
extracellular glucans only when grown on sucrose-containing media, allowing to supplement
the biofilm matrix in a controlled way. The biofilms were formed on porous membrane
coupons fit on solid agar media, with controlled level of bacterial cells; the matrix
composition was evaluated by infrared spectroscopy (FTIR). The corona discharge plasma
device used in this study generates a low-temperature air plasma jet at ambient pressure
and temperature, and mainly produces oxygen and nitrogen reactive species. Both surfacespread bacteria and 24-hour biofilms were exposed to different times of CAP treatment; the
bacterial inactivation was evaluated by conventional cell count.
Cells in 24-hour biofilms were less sensitive to plasma than surface-spread bacteria. Indeed,
we could observed a 2.5 log10 reduction of surface-spread cells from 10 minutes of plasma
treatment for both P. aeruginosa and L. citreum. In contrast, P. aeruginosa cell reduction
was less than 0.2 log10 even after 20 minutes when cells were in biofilm form, with a
protein-rich matrix. Otherwise, L. citreum biofilms formed without sucrose showed a cell
reduction of only 1.5 log10 at the same time, but less than 0.5 log10 when extracellular
glucans were present in the matrix.
These results suggest that the extracellular matrix in which biofilm cells are embedded is
likely to affect plasma sensitivity.
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124 : A Fluorescent Microplate Assay for Burkholderia cenocepacia Virulence
Session B
Ilkka Miettinen* 1, Malena Skogman1, Adyary Fallarero1
1
Division of Pharmaceutical Biosciences, University of Helsinki, Helsinki, Finland
Bacterial biofilms give rise to persistent infections that are notoriously difficult to treat.
Biofilms are heavily associated with the progression and prognosis of cystic fibrosis (CF), a
genetic ion channel defect characterized by reduced pulmonary clearance and abnormally
viscous airway secretions. Burkholderia cepacia complex, a group of closely-related species,
is a common colonizer present in the more advanced disease. It is linked to pneumonia to
which CF patients often eventually succumb. Therefore, novel therapies targeting the
chronic biofilm infection are imperative.
We have currently focused our work on B. cenocepacia, a species closely associated with
worse CF outcomes. However, the peculiar growth patterns of the species, including a
tendency to form viable but non-culturable cells, make it a challenging subject for
experimentation. Indeed, new assay designs were needed to proceed with our antimicrobial
testing.
The production of a melanin-type pigment, pyomelanin, is a characteristic of the species. As
a virulence factor that helps the bacteria to acquire iron in the host environment and
tolerate oxidative stress e.g. from macrophages it is a putative antimicrobial target.
Additionally, having been linked with stationary phase growth, the pigment development
provides a marker for the growth of the more mature cultures relevant for biofilm studies.
We have established a spectrophotometric method for its assessment to be used for
screening.
Our results suggest that the active production of pyomelanin precursor can be readily
detected as increased UV-fluorescence at 7 hours of culture. By 18 hours it seems to reach a
plateau, and the following reduction of precursor synthesis can additionally be detected
despite the continuing pigmentation. This gives insight over the condition of the bacteria:
the lack of pigment development where anticipated can be expected to signal either the
reduction of viability or the inhibition of virulence within the population.
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125 : Hyperbaric O2 Aids Tobramycin Effect on Pseudomonas aeruginosa Biofilm
Session C
Signe Agnete Møller* 1, 2, Oana Ciofu2, Niels Høiby1, 2, Peter Østrup Jensen1, 2, Mette Kolpen1
1
Department of Clinical Microbiology, Rigshospitalet, 2Department of Immunology and
Microbiology, Faculty of Health Sciences University of Copenhagen, Copenhagen, Denmark
The main cause of mortality in patients with cystic fibrosis is chronic biofilm infection with
Pseudomonas aeruginosa. P. aeruginosa biofilm causes a state of chronic infection and
inflammation in the lower respiratory tract.
It has been shown that oxidative stress is one of the mechanisms contributing to the
bactericidal effect of antibiotics. Specifically, it has been proposed that the bactericidal
antibiotics perturb metabolism and respiration in bacteria which will lead to increased
formation of lethal hydroxyl radicals. Therefore, the tolerance of biofilms to antibiotics is
accentuated in the zones of oxygen depletion that have been measured in the conductive
zone of the respiratory tract.
In this study we investigated the combined effect of hyperbaric oxygen treatment (HBOT)
and tobramycin on agarose-embedded P. aeruginosa PAO1 biofilms. The minimum
inhibitory concentration of tobramycin on planktonic PAO1 cells was measured to 1.0 mg/L
as determined by Etest. However, in mature 3-day old aerobic PAO1 biofilm, the minimum
biofilm inhibitory concentration needed to reduce the biofilm by 90 % (MBIC 90) ranged from
8-32 mg/L and the biofilm eradication concentration (MBEC) was determined to be 512
mg/L. The anaerobic MBIC90 ranged from 16 to >32 mg/L. By combining tobramycin
treatment with HBOT (100 % O2, 2.8 bar for 1.5 hours) in mature 3-day old anaerobic PAO1
biofilms, we demonstrated that MBIC90 was reduced to 4-8 mg/L. In conclusion, reoxygenation by HBOT sensitizes P. aeruginosa biofilms to tobramycin. However, the exact
mechanisms improving the bactericidal activity of tobramycin when combined with HBOT
have yet to be established.
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126 : Antibiofilm Effect of 1,10-Phenanthrolinium Bromide against C. albicans
Session D
Titik Nuryastuti* 1, Setiawati Setiawati2, Ngatidjan Ngatidjan3, Mustofa Mustofa3, Jumina
Jumina4, Dhina Fitriastuti5, Muhammad Idham Darussalam4
1
Microbiology Department, Faculty of Medicine Universitas Gadjah Mada, Yogyakarta,
2
Pharmacology Laboratory, Faculty of Medicine, Jenderal Soedirman University, Purwokerto,
3
Pharmacology and Therapeutic Department, Faculty of Medicine Universitas Gadjah Mada,
4
Chemistry Department, Faculty of Mathematics and Natural Sciences, Universitas Gadjah
Mada, 5Chemistry Department, Faculty of Mathematics and Natural Sciences,Indonesian
Islamic University, Yogyakarta, Indonesia
Background.The therapy of invasive candidiasis related to biofilms infection remains a
difficult medical problem. To overcome this problem,efforts have been made to search for
novel antibiofilm agents from various sources.
Aim.This study aimed to explore the antifungal activity of (1)-N-2-methoxybenzyl-1,10phenanthrolinium bromide (FEN),one of metal-based drug,both on planktonic and biofilm C.
albicans.
Methods.The minimum inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) of FEN against 22 clinical isolates and ATCC 10231 of C.albicans were
determined using broth microdilution method. Cell membrane integrity was determined
with the propidium iodide (PI) assay using a flow cytometer and visualized using scanning
electron microscopy (SEM). Accordingly, the minimum biofilm inhibitory concentration
(MBIC) and minimum biofilm reduction concentration (MBRC) were determined using MTT
assay. Candida biofilms on coverslips glass were visualized using SEM.
Results.Planktonic C. albicans were inhibited by FEN, with an MIC of 0.39-1.56 µg/mL and
MFC ranged from 3.125-100 µg/mL. By exposing to FEN,the uptake of PI increased and cell
surfaces changed, indicated that membrane disruption is the probable mode of action.The
MBIC50 and MBIC80 values of FEN were 1.56 µg/mL and 3.125 µg/mL, respectively, whereas
the MBRC50 values was 6.25 µg/mL.Reduction of the preformed biofilm by 80% was not
observed yet up the highest concentration tested (200 µg/mL). Interestingly,SEM images
revealed that pre-treated with 1-2xMIC resulted in less pronounced,or even completely
absent of adhered hyphenating candida;the control biofilm appeared to be covered in
EPS,but this was not visible in treated biofilms.
Conclusion.This study revealed initial research on antifungal effect of FEN on cell membrane
integrity of C.albicans. FEN has the potential to be developed as a new antibiofilm agent
with regard to the inhibitory effect of biofilm production and biofilm matrix disturbance.
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127 : A Targeting Agent for Drug Delivery to Staphylococcus aureus Biofilms
Session A
Pernille Ommen* 1, Line Hansen1, Hieu Quang1, Jørgen Kjems1, Rikke Meyer1
1
Interdisciplinary Nanoscience Center (iNANO), Aarhus University, Aarhus, Denmark
Targeted drug delivery is a promising new strategy to combat biofilm infections because it
ensures delivery of antibiotics in close proximity to the bacterial cells and thereby
maximizes exposure. However, a key challenge to this strategy is to find a suitable targeting
agent that provides specific interaction with bacteria in biofilms. Nucleic acid aptamers are
uniquely suited as targeting agents for drug delivery due to the ease of their synthesis, and
their high target affinity and specificity. In this study, we investigate the use of DNA
aptamers as a targeting agent to deliver encapsulated antibiotics to Staphylococcus aureus
biofilms. We first compared the ability of different S. aureus specific aptamers to target S.
aureus biofilms, and then investigated if the aptamer could be used to target and
accumulate drug-loaded liposomes in S. aureus biofilms. The S. aureus specific aptamer or a
non-specific scrambled version of the aptamer was conjugated to fluorescent liposomes by
click chemistry. To mimic in vivo conditions, S. aureus biofilms were grown in brain heart
infusion broth with 5% human plasma in microwell plates preconditioned with 50% human
plasma. The functionalized liposomes interacted with 24-hour-old biofilms for one hour.
Upon removal of unbound material, fluorescent signal from the retained liposomes
confirmed that liposomes accumulated in the biofilm if they were functionalized with S.
aureus specific aptamers, while the non-specific aptamers did not promote binding.
Confocal laser scanning microscopy showed that liposomes functionalized with the S. aureus
specific aptamers penetrated the entire depth of the biofilm and bound to the surface of
bacterial cells. In conclusion, the aptamer candidate investigated is a suitable targeting
agent for drug delivery to S. aureus biofilms.
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128 : Anti-Biofilm Activity of Pentadecanal and its Synthetic Derivatives
Session B
Annarita Ricciardelli1, Angela Casillo1, Marcello Ziaco1, Concetta Lauro1, Rosanna Papa2,
Daria Maria Monti1, Paola Imbimbo1, Marco Artini2, Laura Selan2, Maria Michela Corsaro1,
Maria Luisa Tutino1, Ermenegilda Parrilli* 1
1
Department of Chemical Sciences, università federico II di napoli, napoli, 2Department Of
Public Health And Infectious Diseases, Sapienza University, Rome, Italy
Staphylococcus spp, including Staphylococcus epidermidis, are the prevalent species
involved in orthopaedic device-related infections. S. epidermidis, a harmless human skin
colonizer, causes approximately 20% of prosthetic joint infection and has thus emerged as
an important pathogen. An key factor contributing to the virulence of bacterial strains
involved in human infections is their ability to form biofilms. In this field, the interest in the
development of new approaches for the prevention and treatment of bacterial adhesion
and biofilm formation has increased. Our research has been aimed at discovering antibiofilm molecules from natural sources, such as Antarctic marine microbiota, since we are
convinced that this approach will lead to the discovery of novel and unforeseen compounds.
Indeed, in a recent paper we reported the purification and the identification of
pentadecanal, produced by the Antarctic bacterium Pseudoalteromonas haloplanktis
TAC125, able to impair S. epidermidis biofilm formation. Interestingly, this is the first piece
of evidence that a long-chain fatty aldehyde is endowed with anti-biofilm molecule.
Furthermore, we demonstrated that the aldehyde works as a signalling molecule in the AI-2
QS system. Here we report the chemical synthesis of pentadecanal analogues and their
testing as anti-biofilm molecules on S. epidermidis, moreover their action in combination
with antibiotics on S. epidermidis cells was evaluated. Furthermore to explore the clinical
applications of these new anti-biofilm molecules, their toxicity on eukaryotic cells was
investigated. This work endorses the potential of cold-adapted marine bacteria as source of
bioactive compounds and contributes to the development of innovative approaches for the
prevention and treatment of S.epidermidis biofilm-associated infections.
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129 : Biofilms in a Wound Environment Respond Better To Topical Gentamicin.
Session C
Bianca L. Price*, Krishanu Baruah, Curtis Dobson
We aimed to assess the efficacy of systemic concentrations of gentamicin compared to
gentamicin released from calcium sulfate (Stimulan, Biocomposites Ltd) beads on an
established biofilm in a wound like environment.
S. aureus and P. aeruginosa biofilms were established over 72 hours in a simulated wound
environment comprising a collagen matrix, 10% serum in tissue culture media, hyaluronic
acid, extracellular matrix proteins, and additionally human primary fibroblasts and
keratinocytes. The biofilm was characterised using histology as well as SEM. Models were
then incubated with gentamicin at its Cmax concentration corresponding with oral
administration (20µg/ml) or with 170mg of calcium sulfate beads loaded with gentamicin.
Following incubation, the collagen matrix was enzymatically degraded to enable
measurement of viable counts of bacteria from within the matrix and the corresponding
concentration of gentamicin in the models after 72 hours.
Biofilms produced by both organisms were robust with production of EPS and evidence
visible of interactions of biofilm with the matrix. Log reductions in viable counts of S. aureus
and P. aeruginosa with the Cmax concentration of gentamicin were 3.4 and -1.2 respectively,
compared to 7.7 and 3.2 after release of gentamicin from topically applied calcium sulfate
beads. The gentamicin concentration in the model matrices was 0.6µg/ml after incubation
with liquid gentamicin and 22µg/ml after incubation with loaded calcium sulfate beads.
These data demonstrate that even the highest likely levels of systemic antibiotics have little
or no effect on biofilms in a wound like environment but that the much higher
concentrations of topically-released antibiotics can eradicate an S. aureus biofilm and inhibit
P. aeruginosa biofilm. These data support the assertion that systemic antibiotics may not be
the most appropriate way to treat every infection.
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130 : Core-Shell Silver Nanoparticles Enable Long-Term Antimicrobial Effects
Session D
Elif Ertem1, Beatrice Gutt2, Flavia Zuber2, Sergio Allegri1, Benjamin Le Ouay3, Selma Mefti4,
Kitty Formentin4, Katharina Maniura-Weber2, Francesco Stellacci1, Qun Ren* 2
1
Institute of Materials, EPFL, Lausanne, 2Laboratory for Biointerfaces, Empa, St Gallen,
Switzerland, 3Department of Synthetic Chemistry and Biological Chemistry, Kyoto University,
Kyoto, Japan, 4Denstply Maillefer, Ballaigues, Switzerland
To achieve effective long-term disinfection of the root canals, we synthesized core-shell
silver nanoparticles (AgNPs@SiO2) and used them to develop two disinfecting irrigation
solutions containing sodium phytate and ethylene glycol-bis(β-aminoethyl ether)-N,N,N',N'tetraacetic acid, respectively. Ex vivo studies with the instrumented root canals revealed
that the irrigation solutions can effectively remove the smear layer from the dentinal
surfaces. Further in vitro experiments with single and multi-species biofilms demonstrated
that AgNPs@SiO2 in the irrigation solutions are necessary for the long-term antimicrobial
functionality. Both solutions showed lower cytotoxicity towards human gingival fibroblasts
compared to the conventionally used solution (3% NaOCl and 17% EDTA). In contrast to the
current treatment method where NaOCl and EDTA are used sequentially, the developed
solutions allows one-step handling by simple mixing of NaOCl and the pre-irrigation
solutions right before the treatment, hence decreasing the treatment time and beneficial to
both patients and dentists. This proof of concept study for the first time demonstrates the
long-term antimicrobial potential of the nanoparticle-based approach for endodontic
infection treatment.
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131 : Polar Marine Bacteria as Novel Source of Anti-Biofilm Agents
Session A
Annarita Ricciardelli*, Concetta Lauro1, Angela Casillo1, Marcello Ziaco1, Rosanna Papa2,
Marco Tilotta2, Laura Selan2, Maria Michela Corsaro1, Maria Luisa Tutino1, Marco Artini2,
Ermenegilda Parrilli1
1
Chemical Sciences, University of Naples "Federico II", Naples, 2Department Of Public Health
And Infectious Diseases, Sapienza University, Rome, Italy
Biofilm-related nosocomial infections represent a significant burden on healthcare systems.
In humans, Staphylococcus aureus and the coagulase-negative Staphylococcus epidermidis
are among the most leading causes of nosocomial infections. The increased morbidity and
risk of mortality among hospitalized patients, in combination with the resistance to many
drug treatments of the pathogens, is driving an urgent need for improved anti-infective
strategies to prevent and treat these infections.
Cold-adapted marine bacteria represent an untapped reservoir of chemical-diversity able to
synthesize a wide range of bioactive compounds often involved in quorum sensing
modulation and biofilm inhibition.
The present research project aims to explore extreme marine environments and to exploit
cold-adapted microorganisms as a sustainable source of novel anti-biofilm compounds
active against staphylococci.
In this work, a selection of Polar marine bacteria, belonging to Flavobacterium,
Pseudoalteromonas, Pseudomonas, Psychrobacter and Psychromonas genera, were grown in
planktonic conditions in GG medium, a synthetic medium based on gluconate and
glutamate. At the achievement of stationary phase, whole bacterial cultures, including both
supernatant and bacterial cells, were subjected to liquid-liquid extraction. Obtained total
organic extracts were analyzed for their anti-biofilm activity against different strains of
Staphylococcus aureus and Staphylococcus epidermidis species. The most promising sample
was chosen for further analysis and a preliminary purification protocol was set-up.
The screening results highlight that several extracts show anti-biofilm activity against
staphylococci biofilm. Further analysis are still ongoing aimed to purify and identify the
compounds responsible for the anti-biofilm activity.
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132 : Silver Nanoparticles as Topical Antibiofilm Approach
Session B
Katharina Richter* 1, Nicky Thomas2, 3, Clive A Prestidge2, 4, Tom Coenye5, Peter-John
Wormald1, Sarah Vreugde1
1
Otolaryngology Head and Neck Surgery, University of Adelaide, 2School of Pharmacy and
Medical Sciences, 3Adelaide Biofilm Test Facility, University of South Australia, 4ARC Centre
of Excellence in Convergent Bio-Nano Science and Technology, Adelaide, Australia,
5
Laboratory of Pharmaceutical Microbiology, Ghent University, Gent, Belgium
Background: In light of the increasing threat by multidrug-resistant bacteria and their
lifestyle in protective biofilms, alternative strategies not based on traditional antibiotics are
emerging. The present study evaluated the activity of colloidal silver nanoparticles (AgNPs)
of different shapes against biofilms formed by Staphylococcus aureus (SA), methicillinresistant SA (MRSA) and Pseudomonas aeruginosa (PA).
Methods: Colloidal AgNP spheres, cubes and stars were synthesised and their cytotoxicity
on macrophages (THP-1) and bronchial epithelial cells (Nuli-1) was analysed by the lactate
dehydrogenase assay. The antibiofilm activity was assessed in vitro by the resazurin assay
and in an in vivo infection model in Caenorhabditis elegans.
Results: AgNP cubes and stars induced cytotoxicity, while AgNP spheres were not toxic.
Spherical AgNPs showed substantial antibiofilm activity in vitro with 99%, 93% and 99%
biofilm killing of SA, MRSA and PA, respectively, while significantly reducing mortality of
infected nematodes. The in vivo antibiofilm activity was linked to the accumulation of AgNPs
in the intestinal tract of C. elegans as observed by 3D X-ray tomography. AgNP spheres were
physically stable in suspension for over 6 months with no observed loss in antibiofilm
activity.
Conclusions: While toxicity and stability limited the utilisation of cubic and star-shaped
AgNPs, spheres could be synthesised in a short time, were stable and non-toxic, and showed
substantial in vitro and in vivo activity against clinically relevant biofilms. AgNP spheres hold
potential as pharmacotherapy, e.g. as topical treatment for biofilm-related infections.
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133 : Mnn2 Gene Affects Drug Resistance in Candida glabrata’s Biofilms
Session C
Celia F. Rodrigues*, Maria Elisa Rodrigues1, Lauren Ames, Ken Haynes, Mariana Henriques1
1
Biological Engineering, University of Minho, Braga, Portugal
Infections caused by Candida species have increased worldwide substantially over the latest
decades, and are a significant cause of morbidity and mortality, mostly among critically ill
patients. Candida glabrata is the second most common Candida responsible for these
infections in the USA and the third in Europe, and is characterized by a high antifungal
resistance. In this work, a study on biofilms was performed with four C. glabrata strains
including the wild-type (ATCC2001), a vaginal isolate (534784), a mutant (Δmnn2) and its
parent (HT6). Susceptibility to antifungal agents (fluconazole-Flu, amphotericin B-AmB,
caspofungin-Csf and micafungin-Mcf), confocal microscopy, quantification of biomass
(Crystal Violet assay), mannans (Quantitative Alcian Blue Binding Assay), protein (BCA® Kit),
polysaccharides (Dubois method) and β-1,3 glucans (Glucatell® Kit) were evaluated on 48hour-biofilms. Interestingly, the results have shown that both the mutant and the parent
strain were more resistant than the wild-type and the isolate strains to all antifungals.
Mannans were detected in all biofilms, except those of Δmnn2. Comparing to the control,
polysaccharides increased in the biofilm matrices of all strains in the presence of Flu and
AmB, but not Csf and Mcf. Proteins were not detected in any biofilm matrix. The biomass
decreased in all strains when in the presence of antifungals, but the percentage of reduction
was dependent on the strain and drug. Previously, it was indicated that C. glabrata Mnn2
mannosyltransferases affect the structure of the fungal N-linked mannan with repercussions
for cell wall integrity and, consequently, planktonic cells’ virulence. Thus, and contrasting to
Candida albicans, the increased resistance of C. glabrata Δmnn2 biofilms may be related to
changes both on biofilm cell membrane and biofilm matrix composition.
This study was supported by Fundação para a Ciência e a Tecnologia, COMPETE 2020 and
BioTecNorte operation.
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134 : Portrait of Gene Expression in C. glabrata with Stress Induced by Drugs
Session D
Celia F. Rodrigues*, Maria Elisa Rodrigues1, Mariana Henriques1
1
Biological Engineering, University of Minho, Braga, Portugal
Candidiasis have globally increased over the last years, being a major cause of morbidity and
mortality, especially in immunosuppressed and hospitalized patients. Candida albicans
remains to be the most common species responsible in candidiasis, but Candida glabrata
has appeared as second most common Candida in the USA and the third in Europe, and is
described to have a substantial resistance to several antifungal drugs. With the purpose of
evaluating how C. glabrata cells try to adjust their biofilm composition in response to an
antifungal drug treatment, a series of nine genes - BGL2, FKS1, FKS2, GAS2, KHN1, MNN2,
RAM2, UPG1, and XOG1 – known to be related to the production of β-1,3, β-1,6-glucans
and mannans, were selected. The genes expression was evaluated by Real Time-qPCR in
three strains of C. glabrata (reference, urinary isolate and vaginal isolate), after fluconazole
(Flu), amphotericin B (AmB), caspofungin (Csf) or micafungin (Mcf) exposure. The
antifungal’s concentrations were fixed through the determination of the Minimum Biofilm
Eradication Concentration, according to the EUCAST guidelines. Accordingly, the biofilms
were grown during 24h and then the drugs were applied for more 24h before performing
the Real Time-qPCR.
Generally, the results indicated that, comparing to the control group, the expressions were
considerably and statistically significantly higher after a drug stress induction, especially for
BGL2, FKS1, FKS2, GAS2, MNN2 and XOG1 and when using Mcf. Moreover, the fallouts
revealed that these expression profiles were dependent on the strain, gene and drug.
This work demonstrates the plasticity of biofilm cells and the high capacity of C. glabrata
cells to adapt and respond properly to any antifungal drug aggression, which can explain, to
some degree, the particular high virulence associated to this species.
This study was supported by Fundação para a Ciência e a Tecnologia (FCT), COMPETE 2020
and BioTecNorte operation.
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135 ; A Novel Biaryl Amide Inhibitor of Candida albicans Biofilm Formation
Session A
Jesus A. Romo* 1, Christopher Pierce1, Marisol Esqueda1, Ashok Chaturvedi1, Anna Lazzell1,
Chiung Yu Hung1, Stephen Saville1, Jose Lopez-Ribot1
1
Biology, University of Texas at San Antonio, San Antonio, United States
Candida albicans is the most common fungal pathogen and candidiasis represents the third
most frequent nosocomial infection in the U.S. The yeast-to-hyphae transition and biofilm
formation, two virulence factors vital to C. albicans pathogenicity, have not yet been
exploited as potential drug targets. A total of 30,000 small molecule compounds from the
DIVERSetTM chemical library were evaluated for their inhibitory activity against filamentation
and biofilm formation. A battery of in vitro and in vivo tests was used to further characterize
the leading compounds identified. Results from the screenings identified compounds with
inhibitory activity against filamentation, biofilm formation, or both. Of these, a series of
compounds with a common biaryl amide core demonstrated potent inhibitory activity
against both filamentation and biofilm formation at low micromolar concentrations. The
leading compound of this series, N-[3-(allyloxy)-phenyl]-4-methoxybenzamide, was able to
prevent filamentation under all media conditions tested, suggesting that it impacts a
common, core component of the cellular machinery mediating hypha formation under
different environmental conditions. It demonstrated in vivo activity in three different
clinically-relevant murine models of invasive and oral candidiasis, as well as catheter-related
candidemia. Furthermore, it showed a safe profile based on CEREP Safety Panel and CC50
(toxicity) studies, underscoring its excellent “drug-like” characteristics. RNA-Sequencing data
revealed differential expression of key filamentation genes. Current efforts are aimed at
identifying its target at the molecular level. We have embarked in a medicinal chemistry
campaign to identify analogues with improved pharmacodynamic and pharmacokinetic
properties. Based on its in vitro and in vivo activities, this leading compound represents a
promising candidate for the development of novel anti-virulence strategies against C.
albicans infections.
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136 : The Beat-Amr Consortium: Biofilm-Associated Antimicrobial Resistance
Session B
Frank Schreiber* 1, Hans-Jörg Kunte1, Qun Ren Zulian2, Matthias Buhmann2, Henny van der
Mei3, Henk Busscher3, Raymond Allan4, Jeremy Webb4, Saul Faust5
1
BAM, 12205 Berlin, Germany, 2EMPA, St. Gallen, Switzerland, 3University Medical Center
Groningen, Groningen, Netherlands, 4University of Southampton, Southampton, United
Kingdom, 5NIHR Wellcome Trust Clinical Research Facility, University of Southampton,
Southampton, United Kingdom
Here, we introduce the BEAT-AMR consortium, which is funded within the 3rd call of the
Joint Programming Initiative on Antimicrobial Resistance (JPIAMR).
The aim of the consortium is to investigate fundamental mechanisms that shape
antimicrobial resistance in biofilms in relation to the surface and then translate those
findings into clinical practice. We thereby aim to generate clinical recommendations on the
combinatorial use of biomaterials coated with antimicrobials and antibiotics that avoid the
occurrence and transmission of nosocomial biofilm infections with bacteria insusceptible to
antibiotics. We established a Europe-wide network of experts in biofilm research,
antimicrobial resistance, material sciences, and translational medicine that allows us to
investigate those aspects in a coherent framework.
Biofilms are structured communities of bacteria found on surfaces that become embedded
within a self-produced extracellular polymeric matrix. Bacteria living in biofilms can tolerate
much higher antibiotic concentrations compared to planktonic bacteria and survive long
enough to evolve antimicrobial resistance (AMR). They form persistent, hard-to-treat
infections and exhibit an intrinsic biology that promotes the development and transmission
of AMR. The goal of our consortium is to determine how bacteria adapt to antimicrobials
during biofilm formation on surfaces coated with antimicrobials, how AMR mutations are
acquired and evolve within mature biofilms, and how population dynamics within biofilms
affect the transmission of AMR. Our team provides facilities and clinical research
governance for experimental and translational medicine. Our synergy of laboratory, clinical
and translational research across Europe will ensure the development of novel and
successful interventions and therapeutic outcomes.
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137 : Anti-Biofilm Assays Platform Suited for Natural Products Libraries
Session C
Malena Skogman*, Pia Vuorela1, Adyary Fallarero1
1
Division of Pharmaceutical Biosciences, University of Helsinki, Helsinki, Finland
Combatting bacterial biofilms is a world health issue. The difficulties have many aspects.
First of all, there are very few acknowledged methods to study biofilms in laboratory
environments that would be good enough to describe the different aspects of an in vivo
biofilm infection that are cost effective enough. Methods can be combined into assay
platforms where several different features can be measured.
We have established such a platform where we can test compounds for effect on viability,
biomass and matrix, both quantitatively and visually using microscopy in a time and cost
effective manner.
Biofilms are stained with resazurin and crystal violet for viability and biomass quantification,
where the same samples are used. Parallel samples are then stained with wheat germ
agglutinin for matrix quantification and visualization. Further on the effect on viability can
be assessed also visually by using LIVE/DEAD staining and visualized using fluorescence
microscopy. A green to red ratio can be used to quantify the signal and estimate the
proportion of killed and living bacteria in the sample. By using all of these methods we have
an effective platform for studying the effect compounds have on biofilms in a screening
compatible manner.
Nature is still the largest source for new drugs. For antimicrobials natural products are
especially promising to use due to the structural and chemical similarities between these
groups. We have used naturally based libraries to validate our platform and found some
interesting compounds with anti-biofilm activity. The most active compound found during
the validatory screening campaigns has an IC50 of 9.4 μM and 27.9 μM for activity on
preventing biofilm formation and killing pre-formed biofilms, respectively. These active hits
proved the platform to be efficient in identification of novel anti-biofilm compounds of
natural origin.
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138 : Biofilm and Antibiotic Resistance In beta-Haemolytic Streptococci
Session D
Dag Harald Skutlaberg* 1, 2, Haima Mylvaganam2, Harald Wiker1, 2, Anna Norrby-Teglund3,
Steinar Skrede1, 4
1
Department of Clinical Science, University of Bergen, 2Department of Microbiology,
Haukeland Unversity Hospital, Bergen, Norway, 3Center for Infectious Medicine, Karolinska
Institutet, Karolinska University Hospital, Stockholm, Sweden, 4Department of Medicine,
Haukeland Unversity Hospital, Bergen, Norway
Objective: Bacteria within biofilms are less susceptible to antibiotics, compared to when in
planktonic state. Biofilm formation in necrotizing soft tissue infections (NSTI) caused by
beta-haemolytic streptococci (BHS) has been described, and this may contribute to
treatment failure. In this project we aim to develop a model to study the biofilm’s
contribution to antimicrobial resistance in BHS.
Bacterial isolates: 15 strains of Streptococcus pyogenes and 4 strains of S. dysgalactiae
subsp. equisimilis isolated from per operative samples from patients with NSTI.
Methods: Total biomass was quantified by absorbance measurement of crystal violet
stained biofilms formed in microtiter wells. Minimum Inhibitory Concentration (MIC) and
Minimum Biofilm Eradicating Concentration (MBEC) were determined for penicillin G,
vancomycin, ciprofloxacin, erythromycin, clindamycin and rifampicin. The biofilm’s
contribution to resistance was estimated by the MBEC/ MIC ratio.
Results: Based on absorbance values, ranging from 0.06 to 3.17, strains could be divided
into three distinct categories; isolates producing either small (n = 4), intermediate (n = 13)
or large (n = 2) quantities of biomass in the biofilm. All 19 isolates had wild-type MIC values
for the tested antibiotics. MBEC values, available for 10 of the isolates, were several fold
higher than the corresponding MIC values. The MBEC/ MIC ratio varied considerably
between isolates and antibiotics (range: 8 to 2000). Interestingly one of the isolates with
small biomass production had the highest MBEC/ MIC ratios for all antibiotics tested,
whereas the ratios for the two isolates with large biomass production were low for most
antibiotics.
Conclusions: A model to explore the impact of biofilm on antibiotic susceptibility in BHS has
been established. No firm conclusions can be drawn from this small pilot study. The model
will be implemented on a larger collection of BHS from patients with NSTI.
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139 : Nitric Oxide Donor Pro-Drugs against Pseudomonas aeruginosa Biofilms
Session A
Odel Soren*, Robert Howlin1, Michael Kelso2, Ardeshir Rineh2, Gary Connett3, Saul Faust3,
Jeremy Webb1
1
University of Southampton, Southampton, United Kingdom, 2University of Wollongong,
Wollongong, Australia, 3University Hospital Southampton NHS Trust, Southampton, United
Kingdom
For cystic fibrosis (CF) patients, Pseudomonas aeruginosa poses an immense therapeutic
burden. Lung inflammation, bronchiectasis and respiratory function decline are associated
with chronic pulmonary infections caused by this opportunistic pathogen. Unfortunately,
conventional antibiotics are seldom able to eradicate the infection as it is heavily associated
with the biofilm mode of growth. Previous research by our group has shown low dose nitric
oxide (NO) can disperse P. aeruginosa biofilms and opens the door to novel therapeutic
regimes. In this study, a novel treatment strategy against clinical P. aeruginosa isolate
biofilms is investigate: NO-releasing prodrug compounds. Cleavage of the compounds is
dependent on bacterial specific enzyme β-lactamase, hence NO is only released at the site
of infection. The release of NO from the compounds was analysed using a
chemiluminescence system, with results confirming the presence of NO following addition
of penicillinase. Biofilms formed by PAO1 demonstrated a dose-dependent reduction in
total biomass following treatment with lead compound DEA-CP (DEA-NONOate
cephalosporin prodrug), as quantified by crystal violet staining. Evidence of biofilm dispersal
is also demonstrated using confocal laser scanning microscopy. Interestingly, assays with
clinical isolates of P. aeruginosa from CF patients show a variable response to DEA-CP.
Further investigation is underway to examine additional clinical isolates and identify any
correlation between response to DEA-CP and isolate genotype/phenotype. However, data
suggests these novel NO-releasing prodrugs offer a potential new adjunctive treatment
for P. aeruginosa infection in CF, able to subvert tolerance mechanisms associated with the
biofilm phenotype and render cells more susceptible to conventional antibiotics to aid in the
management of infection.
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140 : Membrane Fatty Acid Composition Runs S. aureus Tolerance to Daptomycin
Session B
Rym Boudjemaa1, Florence Dubois-Brissonnet2, Alexandra Gruss2, Romain Briandet2, MariePierre Fontaine-Aupart1, Karine Steenkeste* 1
1
Institut des Sciences Moléculaires d'Orsay, CNRS, Université Paris-Sud, Université ParisSaclay, Orsay, 2MICALIS Institute , INRA, AgroParisTech, Université Paris-Saclay, Jouy-enJosas, France
Membrane targeting antibiotics as daptomycin are approved for the treatment of serious
drug-resistant Staphylococcus aureus infections such as bacteremia and implant-related
infections. Although these antibiotics are renowned to be effective regardless of the
bacterial physiology, clinical practice as well as a large number of in vitro and animal studies
point out treatment failure, especially against biofilm-associated infections. Using a set of
advanced fluorescence imaging tools with microscopic (time-lapse imaging and
Fluorescence Recovery After Photobleaching) and nanoscopic (Single Molecule Localization
Microscopy) resolutions, we highlight that biofilm persistence when exposed to daptomycin
is not due to a lack of diffusion, bioavailability and specific interaction with its bacterial
target, the cell membrane. Furthermore, regarding the antibiotic action mechanism
(insertion into the Gram-positive cytoplasmic membranes where it forms oligomeric pores,
causing potassium ion leakage and subsequent membrane depolarization leading to cell
death), we have ascertained by fluorescence imaging the absence of cell membrane pore
formation when daptomycin was ineffective, strongly suggesting its impossibility to
oligomerize. In view of these results, we hypothesize that tolerance toward daptomycin may
be related to the cell membrane fluidity/rigidity. On-going work seeks to explore by gas
phase chromatography the fatty acid composition of bacterial membranes in terms of
Saturated Fatty Acids (SFA), iso Branched-Chain Fatty Acids (BFA) and anteiso BFA. The
results well correlate with daptomycin inactivity on Staphylococcus aureus biofilm with
enrichment in SFA and iso BFA, reflecting an increased membrane rigidity. To go further,
experiments were conducted to reprogram the membrane fluidity with exogenous added
unsaturated fatty acids. This membrane reprogramming drastically enhanced the activity of
daptomycin, opening a promising route to new therapeutic strategies.
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141 : Extreme Halophilic Microorganisms as a Source of Antibiotic Diversity
Session C
Thomas P. Thompson*, Brendan Gilmore
With the advent of the post-antibiotic era, the disturbingly low number of novel antibiotics
classes, and high prevalence of multidrug-resistant pathogens is almost apocalyptic. New
approaches are necessary to improve the efficiency of the discovery process. The objective
of this study is to establish the potential of ancient, extremely halophilic microorganisms,
isolated from Triassic halite evaporites, as sources of novel therapeutically relevant antibiofilm and antimicrobial compounds. Different isolation techniques involving pretreatments, selective media, the addition of inhibitory agents, and variation of salinity and
incubation temperatures were employed. Following 2 weeks of incubation, the organic
extracts of isolates were screened for their antimicrobial, and quorum sensing inhibitory
properties. The activities of extracts were further quantified with MIC (Minimum Inhibitory
Concentration) and MBC (Minimum Biocidal Concentration) determinations against
susceptible pathogens. The anti-biofilm potential was investigated using the Minimum
Biofilm Eradication Concentration (MBEC) assay. 16S rRNA sequencing revealed that many
of the isolates were Halorubrum sp. While no isolates demonstrated antifungal activity,
many isolates demonstrated antibacterial activity. The organic extract of Haloferax sp was
further investigated, with the crude extract having MICs and MBCs of 8mg/ml
against Staphylococcus aureus, MRSA and Klebsiella pneumoniae. Initial characterisation of
the extract suggests the active compound is heat tolerant, proteinaceous, and potentially a
halocin. Screening demonstrates that halophilic microorganisms are good producers of
antimicrobials. Whilst high purity of these compounds has yet to be achieved, they remain a
promising reservoir possessing broad antimicrobial bioactivities.
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142 : Antimicrobial Efficacy of Metals against Pathogenic Bacteria.
Session D
Misha Vaidya* 1, Andrew McBain2, Craig Banks1, Kathryn Whitehead*1
1
HealthCare Science, Manchester Metropolitan University, 2Biology, Medicine and Health,
The University of Manchester, Manchester, United Kingdom
Antimicrobial resistant pathogens are currently considered one of the greatest challenges in
the healthcare field. The use of new antimicrobial compounds that can combat pathogenic
infections can be an alternative solution. This study focuses on investigation of antimicrobial
efficacy for silver (Ag), copper (Cu), platinum (Pt), gold (Au) and palladium (Pd) ion solutions
against Klebsiella pneumoniae, Acinetobacter baumannii and Enterococcus faecium.
Five metal ion solutions were tested using zone of inhibition assays (ZoI), minimum
inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs). The
antimicrobial efficacy for metal ion solution combinations were tested using the fractional
inhibitory concentration (FIC) test. The metal ion antimicrobial efficacy against biofilms was
investigated using crystal violet biofilm assay (CVBA) (500 mg L-1).
Platinum, Au and Pd showed the best antimicrobial efficacy in the ZoI tests (up to ≤ 12 mm
at 1000 mg L-1). MIC and MBC studies demonstrated the best antimicrobial efficacies for Pt,
Pd and Au metal ion solutions against all three pathogens (3.9 mg L-1 to 11.71 mg L-1).
However, the FICs demonstrated that only the silver/platinum combination (0.37) against E.
faecium, and silver/copper combination (0.46) against A. baumannii demonstrated synergy.
Following CVBA assays for single metal ion solutions, Pt, Pd and Au and their combinations
inhibited biofilm growth at 500 mg L-1.
Thus overall, platinum, palladium and gold metal ion solutions in individual use or in
combination demonstrated the greatest antimicrobial efficacies against planktonic or
biofilm bacteria.
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143 : Antiseptic-Resistant Oral Pathogens are Cross-Resistant To Antibiotics
Session A
Tim Verspecht* 1, Esteban Rodriguez Herrero1, Nico Boon2, Kristel Bernaerts3, Wim Teughels1
1
Department of Oral Health Sciences, KU Leuven, Leuven, 2Center for Microbial Ecology and
Technology (CMET), Ghent University, Ghent, 3Department of Chemical Engineering, KU
Leuven, Leuven, Belgium
Daily maintenance of oral health and standard periodontal therapies focus on the
mechanical removal of oral biofilms, often in combination with the use of antiseptics like
chlorhexidine (CHX) and cetylpyridinium chloride (CPC). It has been shown in other fields of
healthcare that regular use of such agents can result in bacterial resistance development
towards these antiseptics, which in turn resulted in cross-resistance to collistin, a last resort
antibiotic. It was described that oral Enterococcus faecalis and Porphyromonas gingivalis can
become more resistant to CHX after repeated exposure. However, nothing is known about
this phenomenon for other oral bacterial species and about the possible development of
cross-resistance to antibiotics in oral biofilms. The aim of this study was to determine the
increase in antiseptic resistance of six oral pathogens in vitro after daily exposure to CHX or
CPC and to examine if cross-resistance to 4 antibiotics (amoxicillin, azithromycin,
metronidazole, and tetracycline) commonly used in oral healthcare could occur.
Additionally, clinical isolates from a healthy individual treated with a commercial mouth
rinse containing CPC were also tested for the occurrence of (cross-)resistance. Progressive
resistance to CHX and CPC as well as its reversibility was monitored during 10 days and MICs
were determined in 96-well plates by serial dilutions according to EUCAST guidelines. Crossresistance to antibiotics was examined by means of the ETEST®. All oral pathogens tested
showed an increase in tolerance towards CHX and CPC after a 10-day exposure. For each of
these resistant pathogens, cross-resistance to 1 up to 3 antibiotic(s) could be observed. In
conclusion, it was shown that repeated exposure of six oral pathogens to CHX and CPC can
result in cross-resistance to 4 commonly used antibiotics, thereby expanding the
phenomenon of antiseptic resistance development and antibiotic cross-resistance to oral
biofilms.
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144 : Antibiofilm Activity of Antarctic Bacterial Metabolites
Session B
Sharon V. D. Reis* 1, Alexandre Macedo1
1
Biotechnology Centre, Federal University of Rio Grande do Sul, Porto Alegre, Brazil
Biofilms are a common cause of persistent infections and are refractory to antimicrobial
agents. Considering the difficulty of treating biofilms and the increasing antibiotic
resistance, the search for new strategies to prevent or treat biofilm infections is necessary.
The aim of this study is to search for novel compounds able to inhibit biofilm formation or to
disrupt preformed biofilms without impairing bacterial growth, thus applying less selective
pressure for the development of resistance. We performed a screening for anti-biofilm
compounds produced by 20 bacteria isolated from Antarctic samples of soil, snow and
water. The Antarctic bacterial culture filtrates were evaluated for their ability to inhibit or to
disperse biofilms of Pseudomonas aeruginosa, Staphylococcus aureus and Staphylococcus
epidermidis. Eleven out of the 20 tested filtrates presented activity against some of the
biofilm-forming bacteria. The culture filtrate of the Antarctic isolate Arthrobacter
psychrochitiniphilus S12T2 was selected for further bioassay-guided fractionation.
Preliminary studies using a centrifugal ultrafiltration-based method demonstrated that its
antibiofilm activity was due to a small molecule (molecular weight lower than 3 kDa). The
partial purification followed two steps. First, the filtrate was extracted with ethyl acetate.
Next, the compounds of the organic phase were applied to a reversed-phase C18 solid
phase extraction (SPE) cartridge. Elution was performed with increasing concentrations of
methanol. The antibiofilm assay showed that the SPE fraction eluted with 75:25 (v/v)
methanol:water was able to decrease biofilm formation of S. aureus and S. epidermidis.
These results indicate that the active compound is a small polar molecule. Further
fractionation steps are ongoing aiming at isolating and identifying the bioactive molecule.
Our study demonstrate that Antarctic bacteria can be a promising source of active
compounds with potential antibiofilm activity.
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146 : A New Indole Compound with Unique Activity against Candida Biofilms
Session A
Taissa Vila* 1, 2, Marisol Esqueda1, 2, Chiung-Yu Hung1, 2, Jose L. Lopez-Ribot1, 2
1
Biology, 2South Texas Center for Emerging Infectious Diseases, The University of Texas at
San Antonio, San Antonio, United States
Biofilm formation is a major risk factor for invasive candidiasis and once formed these
biofilms become resistant to most clinically used antifungal agents. Recently, we screened
the Pathogen Box® library and identified a novel indole compound (MMV688768) which,
somewhat intriguingly, displays much more potent activity against Candida albicans
preformed biofilms as compared to planktonic populations. In C. albicans filamentation is
intrinsically linked with biofilm formation, and these two biological processes represent key
virulence factors during infection. Thus, here we have further evaluated the antifungal
activity of compound MMV688768 against C. albicans grown under different hyphaeinducing growth conditions, as well as against non-filamentous C. albicans mutants (tetNRG1 and ∆efg1 strains) and a series of non-albicans Candida species (NACS). Results
demonstrated the potent activity of this novel compound against pre-formed biofilms and
against hyphal forms of C. albicans grown under different filament-inducing conditions. In
stark contrast, the non-filamentous C. albicans mutant strains demonstrated decreased
susceptibility against this novel compound, under both biofilm and planktonic conditions.
Likewise, the compound was mostly ineffective against non-filamentous NACS, also under
both biofilm and planktonic growing conditions. Flow cytometry analysis revealed that
treatment with MMV688768 does not inhibit filamentation per se, but alters the cell wall
structure and membrane permeability of C. albicans planktonic cells. These results extend
our previous observations on the activity of compound MMV688768. Here we demonstrate
its higher affinity for hyphae and preformed biofilms and confirmed its C. albicans
specificity. Elucidating its biofilm- and filamentation-specific mechanism(-s) of action may
unravel a key vulnerability associated with virulent forms of this opportunistic fungus that
could be exploited for the treatment of C. albicans infections.
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147 : Biofilm Formation in Bacteria that Cause Urinary Tract Infection
Session B
Arkadii Vodianyk* 1, Yevgenii Grechukha1, Anna Gniloskurenko1, Oksana Lavrenchuk2, Vadym
Ponyatovskii1, Maxim Druzenko1, Yelisaveta Korniiko1, Inga Mitiuriaeva-Kornijko1, Vitalii
Maidannyk1
1
Bogomolets National Medical University, 2SI Institute of Nephrology, National Academy of
Medical Sciences of Ukraine, Kyiv, Ukraine
Urinary tract infections (UTI) rank second among pediatric infections. Lower urinary tract
infections (LUTI) are relatively easy to treat with antibacterial agents, as opposed to acute
pyelonephritis (AP) and chronic pyelonephritis recurrences (CPR), treatment of which
sometimes requires the use of several drugs, and still does not lead to complete elimination
of the pathogen.
The aim of this research was to determine the level of adhesive and biofilm formation
abilities of the bacteria isolated from children with LUTI, AP and CPR.
We isolated 44 clinical strains of bacteria from children with UTI (29 strains were isolated
from patients with LUTI, 14 –with AP, 13 –with CPR). We studied biofilm formation by the
method of microtiter plates with crystal violet coloring. Adhesive ability of the bacteria was
tested by the method of adhesion to formalinized erythrocytes.
48% of the pathogens isolated from LUTI group, 13% of the AP group and 15% of the CPR
group did not form biofilm. 7% of the LUTI group, 25% of the AP group and 23% of the CPR
group demonstrated strong biofilm formation ability.
Bacteria of the LUTI group formed biofilm at the level 0.40 ± 0.06 OD, which is significantly
less than the level of biofilm formed by the AP group – 0.45 ± 0.05 OD and the CPR group–
0.48 ±0.07 OD (p<0.05).
36%of the LUTI group did not possess adhesive ability, in the AP and CPR groups this index
equaled 0% and 25% respectfully.Conversely,the bacteria isolated from patients with LUTI
did not demonstrate strong adhesive ability, with AP - 25%, with CPR– 37.5%.
We established a direct correlation between biofilm formation and adhesion abilities of
bacteria (r = 0.529 (p<0.01)).
We found that biofilm formation and adhesion abilities of bacteria differ depending on the
type of UTI from which they were isolated. High level of biofilm formation and adhesion
ability of the isolated bacteria can be considered an adverse predictive factor in the course
of UTI.
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148 : Mechanism of TRQ Injection in Disrupting Biofilm Staphylococcus aureus
Session C
Yi Wang*, Weifeng Yang1, Jueling Liu1, Yanan sun1, Yajun Xing
1
The Experimental Research Center, CHINA ACADEMY OF CHINESE MEDICAL SCIENCE,
Beijing, China
Our previous study has illustrated that TanReQing (TRQ) , a Traditional Chinese Medicine
used to treat biofilm related upper respiratory infections, possesses an antibiotic activity
against Staphylococcus aureus(S.a) biofilm, which works in a different way from penicillin,
but there is still much to be known about the anti-biofilm mechanism. In this study, The
BioFlux 200 system was used to observe the effect of TRQ on mature S.a biofilm in a
dynamic environment. The disrupting impact of TRQ on biofilm was evaluated by sandwich
test. Scanning electron microscope (SEM) and Transmission electron microscope (TEM)
were used to detect the antimicrobial activity at ultrastructural level. The secretion of
autolysin were analyst by colorimetric method. The result of “sandwich test” showed that
the structure of S.a biofilm could be disrupted by TRQ but Penicillin could not. Moreover,
TRQ treatment causes impaired cell separation and increased cell size, a shutdown of cell
separation leading to the formation of multicellular clusters observed by both SEM and
TEM. Moreover, the secretion of autolysin was decreased by TRQ significantly compared
with control group. This study shows that TRQ could not only disrupt biofilm architecture
but also inhibit cell division, could be used as a potential new target for anti-biofilm agents
from clinic.
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149 : Antibiotic Tolerance of Dispersed P. aeruginosa Cells
Session D
Jasper Wille* 1, Anne-Laure De Cuyper1, Tom Coenye2
1
Laboratory of Pharmaceutical Microbiology, 21Laboratory of Pharmaceutical Microbiology,
Ghent University, Gent, Belgium
During biofilm dispersion, sessile cells leave the biofilm and return to a planktonic lifestyle
via the so called dispersed state. In this state they show properties that are different from
these of planktonic cultures and biofilms. It is known that dispersed cells are more virulent
than planktonic cells. Therefor it is necessary to know the vulnerability of these cells to
antibiotics. In the present study we investigated the susceptibility of Pseudomonas
aeruginosa cells dispersed from biofilms by exposure to glutamate. The antibiotics used are
tobramycin and meropenem.
P. aeruginosa PAO1 biofilms were cultivated in flow cells with minimal medium containing
1.8 mM glutamate as the sole carbon source. To induce dispersion, a ten-fold higher
glutamate concentration was used in the same medium. Spontaneous and glutamate
dispersed cells were collected and treated with 10 µg/ml tobramycin or 10 µg/ml
meropenem for 1 to 5 hours; every hour the number of surviving cells was determined using
plate counts. Planktonic cultures that were exposed to the same treatment served as
controls. The remaining biofilms were treated with antibiotics for 24h. Fluorescence
microscopy was used to visualize biofilms and flow cytometry was used to assess cell
viability.
The dispersed cells and planktonic cultures showed a 5 log reduction after 5 hours
treatment with tobramycin except the glutamate dispersed cells which showed only a 3.5
log reduction. The difference between glutamate dispersed cells and planktonic cultures
was already significant after 1 hour treatment. Tobramycin had the same effect on
spontaneously dispersed cells and on planktonic cells. In contrast, the dispersed cells and
planktonic cultures showed a 2 log decrease during meropenem treatment without
significant difference between each other.
To conclude, induced dispersed cells show an enhanced antibiotic tolerance against
tobramycin (but not against meropenem) while the spontaneously dispersed cells did not.
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150 : The Design, Synthesis and Evaluation of Prodrugs to Control Biofilms
Session A
Danica Walsh* 1, Thomas Livinghouse1, Phil Stewart2
1
Chemistry and Biochemistry, 2Chemical and Biological Engineering, Montana State
University, Bozeman, United States
This project involves the development of a new class of antimicrobials to target biofilms, to
answer the question; can the efficacy of antimicrobial compounds toward biofilms be
enhanced through prodrug design? An array of phenolic reagents are being studied as
template structures for this class of prodrugs, the majority of which are essential oils known
to have antiseptic properties. Derivatization of compounds are being undertaken to
promote four key characteristics; antimicrobial activity, permeability towards the biofilm
EPS matrix, permeability through the cell wall, and cellular retention. The first step in our
research has been to increase antimicrobial activity by employing halogens or an allyl group.
All functional groups promoted toxicity against Staphylococcus epidermidis. Results have
also shown that allyl groups consistently increase antimicrobial activity of representative
phenols, typically by at least an order of magnitude. For example, both thymol and carvacrol
exhibited an MIC of 2.5mM, which was lowered to 0.12mM by the addition of an ortho allyl
group. Template compounds have also been functionalized with O-(methyl)-pivalate,
acetate and diethyl iminodiacetate groups which strongly resemble the ester groups that
are present in the Calcein class of fluorescent dyes to promote permeability and cellular
retention. In our preliminary studies, results have shown that the bulky ester functional
group, O-(methyl)-pivalate, decreases antimicrobial activity of the corresponding phenolic
compounds; for example increasing the MIC of the eugenol derivative from 15mM to
62.5mM. Compounds have been evaluated for antimicrobial activity against S. Epidermidis
using microtiter 96-well plate assays and will be evaluated with respect to antibiofilm
activity using MBEC assays. These results have been successful in promoting antimicrobial
activity of selected phenols and shaping a synthetic strategy to target biofilm by enhancing
cellular retention and permeability.
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