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Toll-like receptor response to dual-species biofilms with Candida albicans and 
Enterococcus faecalis: a pilot in vitro study (Ilona Persoon, ACTA, Amsterdam, 
The Netherlands) 
 
Determination of hydrogen-ion concentration in microenvironments within biofilm by 
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* Staff presenter.  
All other presenters are PGR students. 
 
 
Keynote Lecture and PGR oral presentation prizes are sponsored by GSK. 
 
 
 
 
 
 
 
PGR poster prize is sponsored by Johnson & Johnson. 
 
 
 
   
 
 
 
 
OMIG wishes to thank our sponsors for their generous 
financial support and the oral presenters, poster 
presenters and delegates who have made this meeting 
possible. 
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KEYNOTE LECTURE 
 
 

Host-microbe interplay and the balance of power in the periodontium  
 
George Hajishengallis 
Department of Microbiology, Penn Dental Medicine, University of Pennsylvania, 
Philadelphia, PA, USA 
 
 
Recent advances from microbiome and host response mechanistic studies indicate 
that periodontitis is not a bacterial infection in the classical sense but rather results 
from a breakdown in host-microbe homeostasis.  Accordingly, periodontitis results 
not from a select few species, traditionally known as ‘periopathogens’, but rather from 
polymicrobial synergy and dysbiosis (‘PSD model’; Lamont & Hajishengallis, 2015, 
Trends Mol. Med. 21:172). Specifically, periodontitis is induced in susceptible hosts 
by a polymicrobial community, in which different members have distinct roles that 
converge synergistically to enhance colonization, nutrient procurement and 
persistence in an inflammatory environment. Keystone pathogens — the colonization 
of which is facilitated by accessory pathogens — initially subvert the host response 
leading to the emergence of a dysbiotic microbiota, in which pathobionts overactivate 
the inflammatory response and cause periodontal tissue destruction. Inflammation 
and dysbiosis positively reinforce each other because inflammatory tissue breakdown 
products are used as nutrients by the dysbiotic microbiota. These concepts have 
important implications for novel therapeutics, including strategies for microbial 
community manipulation and targeted modulation of the host response to limit 
destructive inflammation and reverse the microbial immune subversive tactics that 
fuel dysbiosis.  
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Periodontal disease and the subgingival microbiome in preclinical rheumatoid 
arthritis 
 
Zijian Cheng1, Thuy Do1, Josephine Meade1, Laura Hunt2, Kulveer Mankia2, Jackie 
Nam2, Aradhna Tugnait3, Alastair Speirs4, Val Clerehugh3, Paul Emery2, Deirdre 
Devine1 
1. Division of Oral Biology, University of Leeds, School of Dentistry, UK. 
2. Leeds Musculoskeletal Biomedical Research Unit, University of Leeds, School of 

Medicine, UK 
3. Division of Restorative Dentistry, University of Leeds, School of Dentistry, UK. 
4. Leeds Dental Institute, Leeds Teaching Hospitals Trust, UK 
  
 
Introduction: Periodontal disease (PD) and Rheumatoid arthritis (RA) are prevalent 
chronic inflammatory diseases that epidemiology studies suggest are associated. 
However, the mechanisms behind this association are not fully understood. Recent 
findings suggest dysbiosis within the oral microbiome may result in the generation of 
modified epitopes, inducing pathogenic autoimmune responses.   
 
The aim of this study is to investigate the potential link between PD and RA, 
specifically by elucidating the diversity and potential functions of the subgingival 
microbiome in the two diseases using a metagenomic approach. 
 
Methods: 12 established-RA patients, 31 pre-RA patients and 20 healthy subjects 
were enrolled in this study. Periodontal disease status, clinical activity and 
sociodemographic factors were determined. Biofilm samples from gingival sulcus 
(both healthy and deep pocket sites from each patient), gingival crevicular fluid, 
saliva and serum samples were collected. DNA were isolated from biofilm samples 
and an optimised protocol for library preparations was used on low yield DNA 
samples (NEBNext® Ultra™ II DNA Library Prep Kit) for paired-end sequencing on 
the Illumina HiSeq3000 platform and preliminary analyses performed. 
 
Results: DNA yields ranged from 0 to 76 ng, where 59% of samples had <5ng DNA. 
Preliminary analyses were carried out on 6 subgingival biofilm samples with DNA 
yields of 0.6 - 0.86 ng. Sequence reads obtained (between 36.1x106 and 293.5x106) 
were uploaded onto the CLC Genomics Workbench 8.5.1 (Qiagen) and de novo 
assembled. Initial ncbi BLAST results identified some of the largest contig fragments 
as being human or belonging to Porphyromonas gingivalis, Propionibacterium 
proprionicum, Neisseria elongata subsp. glycolytica, and Treponema sp. strains. 
 
Conclusion: Preliminary analyses of low yield DNA extracts confirm the feasibility of 
carrying out next generation sequencing on subgingival biofilms samples. Further 
analyses are on-going and will help elucidate the diversity and functional potential of 
the subgingival microbiome in both PD and RA. 
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Surface exposed loops of the OmpA2 outer membrane protein of P. gingivalis 
are key to host-pathogen interactions 
 
Kathryn Naylor1*, Craig Murdoch1, Ian Douglas1 and Graham P Stafford1+  
1The School of Clinical Dentistry, The University of Sheffield, England 
*mba08kn@sheffield.ac.uk 
+g.stafford@sheffield.ac.uk 
URL: http://stafford.group.shef.ac.uk/  
 
 
Introduction: As part of pathogenic features of the keystone periodontal pathogen, 
Porphyromonas gingivalis, the ability to invade epithelial cells and form biofilms is 
crucial. During the invasion process, surface associated proteins are central. We 
have identified the outer membrane protein encoding ompA genes as being 
potentially important in these processes.  The aim of this study was to investigate the 
role of ompA and its molecular determinants in invasion of oral epithelial cells and in 
biofilm formation.  
 
Methods: Strains lacking the entire ompA operon and individual ompA genes were 
created, alongside an ompH operon chaperone mutant. The effects on invasion and 
biofilm formation were investigated using antibiotic protection assays and Crystal 
Violet staining respectively. OmpA derived synthetic peptides were used to assess 
influence on invasion in antibiotic protection assays in directing fluorescent-agarose 
bead uptake into cells. Outer membrane vesicles (OMVs) were studied using TEM 
and qNANO analysis.  
 
Results: The ompA2 gene product was shown to direct interaction with epithelial 
cells and effect biofilm formation in vitro compared to wild-type. To investigate direct 
OmpA2-human cell interactions, the protein structure was modelled, and proposed 
surface-exposed OmpA2 peptides were synthesised and shown to reduce 
interactions with oral epithelial cells. Furthermore, OmpA2 peptides in isolation are 
able to direct interaction of inert agarose beads with host cells with residues 
QAFAGKMNFIGTKRGKADFPVM in loop 1 having the largest effect. 
 Deletion of the ompH operon, which encodes proteins involved in OmpA 
assembly displayed similar abrogation of adherence and invasion while also 
displaying altered outer membrane protein profile, increased OMV production OMV 
and secreted virulence factor expression. 
 
Conclusion: These results illustrate a role for surface loops of the OmpA protein in 
the adherence and invasion of host cells, and a role for OmpH in OMP assembly and 
vesicle formation.  
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Analysis of migration, phagocytosis and respiratory burst of periodontic and 
healthy systemic polymorphonuclear neutrophils. 
 
Fatima Nadat, Josephine Meade, Thuy Do, Val Clerehugh, Deirdre Devine 

School of Dentistry, University of Leeds 
 
 
Introduction: Polymorphonuclear neutrophils (PMNs), are an important contributing 
factor to the defence of the periodontium. The abundance and continuous movement 
of PMNs within in the gingival crevice allow for constant contact between the host’s 
immune system and oral bacterial communities. Changes in PMN functionality have 
been suggested to impact periodontitis progression, with both impairment and 
dysregulation leading to hyperactivity being linked to periodontal tissue destruction. 
The aim of this preliminary study was to determine the feasibility of testing 
functionality of PMNs from whole blood, in preparation for studies examining 
periodontitis-associated co-morbidities. 
 
Methods: Five healthy individuals and five with periodontitis were recruited in the 
Leeds Dental Translational and Clinical Research Unit (approval provided by the 
Leeds East Research Ethics Committee).  PMN migration, phagocytosis and 
respiratory burst were analysed quantitatively using flow cytometry and commercially 
available kits on whole blood samples. To complement this study, plaque, GCF and 
saliva were also collected from both healthy and periodontitis groups for analysis of 
cytokine expression and investigation of oral microbiome profiles. 
 
Results: In all assays PMNs responded to stimuli as expected.  For phagocytosis 
and respiratory burst analysis, there was limited variation between replicates of 
samples. For migration analysis, a larger variation occurred in replicates of samples 
when looking at the number of migrated PMNs, although there was less variability in 
migration-related assays of PMN surface area and percentage of activated PMNs (as 
indicated by a reduction in surface expression of L-selectin). 
 
Conclusions: Using the commercially available kits for PMN functionality analysis is 
feasible, but the migration assay requires additional optimisation. Further analysis is 
required using a larger cohort of individuals with and without periodontitis for analysis 
of any differences between the two groups.  
 
Acknowledgements: funding from the Leeds Teaching Hospitals Trustees and the 
Wellcome Trust. 
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Extracellular DNA in oral microbial biofilms 
 
Nadia Rostami, Robert C Shields, Sufian A Yassin, Nicholas Jakubovics 

School of Dental Sciences, Newcastle University, Newcastle upon Tyne, United 
Kingdom 
 
 
Introduction  
Dental plaque is a rich, highly complex and multispecies biofilm formed on the 
surface of teeth with as many as 700 ‘natural colonisers’. Uncontrolled plaque growth 
is underlying cause of a wide range of oral disease such as dental caries, tooth loss, 
implantitis and periodontal disease. Despite accumulating evidence weighing towards 
eDNA serving as a key component of dental plaque matrix, due to the complexity and 
diversity of the resident species, the presence and topological role of eDNA within 
the plaque structure is yet to be deduced.  
 
Methods  
A variety of visualisation techniques including fluorescent staining, 
immunofluorescent and immunogold labelling in combination with epifluorescent 
microscopy, confocal laser scanning microscopy and field emission scanning 
electron microscopy were used in order to develop a reliable technique for 
visualisation of eDNA within a biofilm matrix.  
Natural saliva donated by at least 5 individuals was used as a source of oral 
microorganisms for each given experiment. Extracted teeth and implants removed 
from periodontal patients were used as a source of naturally occurring plaque.   
 
Results  
In this work we demonstrate presence of eDNA within the three dimensional structure 
of intact model dental plaque grown in laboratory. Furthermore, we visualise eDNA in 
naturally occurring dental plaque from extracted teeth and removed implants from 
periodontal patients. 
We report that enzymatic degradation of eDNA by a deoxyribonuclease enzyme; 
NucB, proves effective in preventing plaque development by oral microorganisms 
isolated from saliva of different individuals. We show that treatment with NucB 
facilitates dispersal of the cariogenic species Streptococcus mutans from dental 
plaque. 
 
Conclusion  
Like many other biofilms the extracellular matrix of dental plaque contains eDNA that 
can be directly visualised using sensitive visualisation techniques. Targeting eDNA 
within the dental plaque using DNA degrading enzymes such as NucB exhibits 
potential as a plaque control measure.  
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Coaggregation between tracheoesophageal speech valve biofilm communities 
 
Syatirah Abdullah1,2, Mohamed EL-Badawey3, Grant Burgess4, Janet Quinn2, 
Nicholas Jakubovics1,2 
1Oral Biology, School of Dental Sciences, Newcastle University, 2Institute for Cell and 
Molecular Biosciences, Newcastle University, 3Department of Otalaryngology and 
Head and Neck Surgery, Freeman Hospital, Newcastle, 4School of Marine Science 
and Technology, Newcastle University 
 
 
Introduction: Coaggregation occurs when genetically distinct microorganisms attach 
to one another via specific adhesins and receptors. In oral microbial populations, 
coaggregation is believed to be important in biofilm formation. Mixed-species 
communities containing oral microorganisms are also commonly found on 
tracheoesophageal speech valves (TESVs), and frequently lead to valve failure. The 
aim of this work was to isolate microorganisms from different TESV biofilms and to 
assess their potential to coaggregate with one another.  
 
Methods: Discarded TESVs were obtained from the speech therapy clinic, Freeman 
Hospital. Microorganisms were isolated using range of selective media and identified 
using MALDI-TOF and PCR. Coaggregation was quantified by visual scoring or 
microscopically using dyes. 
   
Results: Clinical isolates included fungi such as Candida albicans and Candida 
glabrata, and bacteria; Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus oralis, Ochrobactrium antrophi and Lactobacillus fermentum. Both 
Candida spp. coaggregated with all bacterial strains tested but not with one another. 
All bacteria were able to coaggregate at least to one other strain. Addition of lactose 
and L-arginine reversed most of the coaggregation interactions while heat and 
proteinase K acted as coaggregation inhibitors to some of the bacterial strains.   
 
Conclusions: Many different coaggregation interactions have been identified, and that 
this information is now underpinning the development of new models to further 
investigate the intermicrobial interactions that stabilize biofilms on TESVs. 
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Computational modelling of co-aggregation between oral bacteria 
 
Waleed K. Mohammed, Nicholas S. Jakubovics a and Natalio Krasnogor b 
a School of Dental Sciences, Newcastle University, UK, b School of Computer 
Science, Newcastle University, UK 
 
 
Introduction: 
Polymicrobial communities, such as dental plaque, typically involve an extensive 
network of complex interactions between the resident microbial cells. Coaggregation 
is the specific cell-cell binding between taxonomically distinct microorganisms that is 
mediated by proteins or carbohydrates on the partner cell surfaces. Coaggregation 
has been particularly well studied in oral bacteria and several key adhesins and 
receptors have been identified. Here, we aimed to combine experimental 
measurements of coaggregation between the well-characterised oral bacteria 
Streptococcus gordonii and Actinomyces oris with computational modelling to build a 
better understanding of coaggregation interactions in the oral cavity. 
 
Methods:  
The computational tool (BioForm), a derivative from Cortex3D software, was fine-
tuned with experimental data. Interactions between S. gordonii DL1 and A. oris MG1 
were monitored spectrophotometrically and using confocal laser scanning 
microscopy (CSLM). An S. gordonii sspAB mutant, which does not coaggregate with 
A. oris, was included as a non-coaggregating control. 
 
Results:  
S. gordonii and A. oris were mixed at a 1:1 ratio and coaggregation was followed for 
up to 5 hours. Using CSLM and spectrophotometry, coaggregation between wild-type 
S. grodonii and A. oris progressed slowly over this time and coaggregates gradually 
increased in size. Coaggregation was not seen with the S. gordonii sspAB mutant. 
Computational modelling via BioForm was carried out and compared against CSLM 
images. The computational model was able to reproduce the experimental findings 
effectively. 
 
Discussion: 
A system has been established for following coaggregation between two different 
bacteria in planktonic cultures, and for using the data to inform a computational 
model. This will provide an initial basis for understanding the dynamics of 
coaggregation in natural systems. In future, it is hoped that models will ultimately be 
developed that can predict the dynamics of interactions between uncharacterised 
bacteria based on a few simple, easily measured parameters. 
 
 
 
 
 
 
 
 
 



	 16	

Use of atomic force microscopy to study early-colonisation of implant surfaces 
by Staphylococcus aureus at the nanoscale 

 
S Aguayo1, A Strange1, N Donos2, D Spratt3, N Gadegaard4, MJ Dalby5, L Bozec1  
1 Department of Biomaterials and Tissue Engineering, UCL Eastman Dental Institute, 
University College London, London, UK 
2 Periodontology Unit, UCL Eastman Dental Institute, University College London, 
London, UK  
3 Division of Microbial Diseases, UCL Eastman Dental Institute, University College 
London, London, UK 
4 Biomedical Engineering, School of Engineering, University of Glasgow, UK 
5 Centre for Cell Engineering; Institute of Molecular, Cell and Systems Biology, 
University of Glasgow, UK  
 
 
Introduction: Despite current progress, biofilm formation on implant surfaces 
continues to be a major problem in orthopaedics and dentistry. Amongst others, 
Staphylococcus aureus has shown an increased likelihood to colonise and infect 
artificial implants. Therefore, the aim of this research is to evaluate the early-
adhesion of S. aureus onto poly-carbonate (PC) and titanium (Ti) surfaces at the 
nanoscale by employing atomic force microscopy (AFM) single-cell force 
spectroscopy (SCFS).  
 
Methods: For this study, nanopatterned PC surfaces with planar (PL) and 
nanopatterned (SQ) topographies were employed, together with smooth Ti implant 
surfaces (Straumman, Basel). Previous to adhesion experiments, PC and Ti surface 
topography was characterised by SEM and AFM imaging. SCFS was carried out with 
a JPK Nanowizard system, by functionalising living S. aureus (8325-4) cells to the tip 
of custom colloidal cantilevers and probing in buffer at short and increased contact 
times.  
 
Results: Topographical characterisation demonstrated marked differences between 
both PC surfaces and the Ti substrate. SCFS experiments showed increased 
adhesion forces and detachment energy between S.aureus-SQ surfaces at both 
studied contact times, when compared to PL surfaces (p<0.05). Furthermore, 
adhesion forces between S.aureus-Ti were found to increase from 0 to 60s contact 
times, and involved the presence of multiple bacteria-surface interactions. Worm-like 
chain (WLC) modelling and Poisson analysis were used to further analyse the 
bacteria-surface interactions for all surfaces.  
 
Conclusion: SCFS has shown to be an effective technique to study the early-
attachment of S. aureus to both PC and Ti surfaces. S. aureus early-colonisation was 
found to be dependent on the surface chemistry and topography of the substrate. 
Overall, this work provides further insights on the mechanism of bacterial adhesion 
onto artificial implant surfaces at the nanoscale.  
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Ecological considerations in the progression to peri-implantitis: modelling microcosm 
biofilms associated with peri-implant health and disease 
 
Sousa V1, 2, 4, Spratt D4, Mardas N3, Donos N1, 2 
1 Periodontology Unit, Department of Clinical Research, UCL Eastman Dental Institute, 
London UK 
2 Centre for Oral Clinical Research, Institute of Dentistry, Barts & The London School of 
Medicine & Dentistry, QMUL, 
London, UK 
3 Centre for Adult Oral Health, Periodontology Unit, Institute of Dentistry, Barts & The London 
School of Medicine & Dentistry, 
QMUL, London, UK 
4 Department of Microbial Diseases, UCL Eastman Dental Institute, London, UK 
 
 
Objective 
The main aim of this investigation was to explore and to fully characterise the in vitro 
microbial communities and ecological shifts associated with peri-implant health and disease 
conditions of steady state and effluent microcosms biofilms modelled in a Constant Depth 
Film Fermentor (CDFF) and grown over different titanium (Ti) substrata (SLA and M). 
 
Methods 
Microcosm biofilms were grown in a range of environments mimicking peri-implant health, 
peri-implant mucositis and peri-implantitis on Ti discs using a CDFF. The modelling, 
characterisation and analysis of the microbial communities within steady-state biofilms and 
effluent microcosm of an in vitro 30 day CDFF model emulating conditions progressing 
towards peri-implantitis was performed by culture media, bacterial endotoxins testing, multi-
triplex qPCR, 16S rRNA sequencing, CLSM and SEM imaging. 
 
Results 
Differences in terms of bacterial proportions and diversity (α and β diversity), across the 
various conditions were observed. It appears that unique genera such as Filifactor, 
Solobacterium and Leptothrix, observed in peri-implant mucositis biofilms may play a key 
role in the progression to peri-implantitis. Although effluent microcosms (deriving from 
steady-state biofilms) seemed to have higher bacterial numbers and LPS concentration 
(EU/mL) in comparison to the steady-state biofilms, the bacterial composition resulted to be 
similar to their steady-state microcosms counterparts. Moreover, the CLSM results of the live 
cell density confirmed the culture media findings and the SEM analyses revealed the 
morphological bacterial progression associated with peri-implant disease. 
 
Conclusions 
By employing this model, it was possible to favour the growth of higher proportions of 
Klebsiella, Prevotella, Parvimonas, Porphyromonadaceae (family), Actinomyces, 
Fusobacterium, Enterobacteriaceae (family), Lachnoanaerobaculum, and Corynebacterium 
during in vitro peri-implantitis conditions, and thus it closely resembles the human peri-
implantitis community. It seems that the titanium substrata only plays a minor role in the 
development of mature biofilms. 
 
Keywords: Oral microbial ecology, peri-implantitis, microcosm biofilms, CDFF, 
metagenomics, imaging analyses, confocal laser scanning microscopy. 
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Red fluorescence from in-vivo and in-vitro oral biofilms - the effect of different 
donors 
 
C.M.C. Volgenant1, M.A. Hoogenkamp1, M.M. Janus1,2, J.M. ten Cate1, B.J.F. 
Keijser1,2,3, W. Crielaard1,2, B.P. Krom1, J.J. de Soet1, M.H. van der Veen1 
c.volgenant@acta.nl 
1 Department of Preventive Dentistry, Academic Centre for Dentistry Amsterdam 
(ACTA), University of Amsterdam and Vrije Universiteit, Amsterdam, the Netherlands 
2 Top Institute Food and Nutrition, Wageningen, the Netherlands 
3 Research Group Microbiology and Systems Biology, TNO Earth, Environmental and 
Life Sciences, Zeist, the Netherlands 
 
 
Introduction: Red fluorescent plaque (RFP) in the mouth is generally ascribed to 
matured plaque. The aim of this study was to clinically assess the dynamics of RFP 
during an experimental gingivitis protocol and to assess red fluorescence of oral 
biofilm in an in-vitro microfluidic model. 
 
Methods: Forty-one healthy participants were included. RFP (%) was recorded twice 
at baseline (24h-plaque; days -14 and 0), during 14 days plaque accumulation (days 
2,5,9,14) and after a 7 day recovering period (24h-plaque; day 21). RFP was 
assessed on photographs of the vestibular aspect of the anterior teeth. Clinical 
plaque and bleeding were assessed at days -14,0,14 and 21. Eight samples (from 
four low- and four high RFP-formers) were selected to inoculate the bioflux for one 
hour, 24h biofilms were grown anaerobically with continuous flow of artificial saliva. 
Three images were taken every 10 minutes (20x objective, brightfield; green 
fluorescence: λex=405±15nm, λem=520±20nm; red fluorescence: λex=405±15nm, 
λem=630±37.5nm). 
 
Results: RFP of 24h-plaque was similar (days -14, 0), increased during 14 days 
plaque accumulation and returned to baseline after 7 days recovery. Groups of low, 
moderate and high RFP formers differed statistically significant at baseline and all 
following time points. The individual RFP response during 14 days plaque 
accumulation correlated well with RFP of 24h-plaque (rs=0.70-0.88, p<0.01). RFP 
correlated moderate with clinical plaque scores (rs=0.43-0.71, p<0.01). RFP from day 
2 of the gingivitis challenge correlated with bleeding at day 14. Time-lapse movies of 
in-vitro biofilms will be presented from low and high RFP-formers and their 
relationship with RFP and in-vitro fluorescence will be discussed. 
 
Conclusion: RFP provided an objective measure of oral hygiene status. The amount 
of RFP after 24h plaque accumulation was indicatory for the inflammatory response 
during a prolonged period of no oral hygiene. Red fluorescence is also produced 
from bacteria in in-vitro biofilms. 
 
The clinical trial was registered at the public trial register of the Central Committee on 
Research Involving Human Subjects (CCMO) under number NL51111.029.14. This 
research is supported by the Dutch Technology Foundation STW (project number 
10948) and the Top Institute Food and Nutrition (TIFN). 
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Development of an in-vitro tissue model for biofilm infection 
 
Daniel James Morse1, Melanie Wilson1, David Bradshaw2, Michael Lewis1, Craig 
Murdoch3 Xiaoqing Wei1, David Williams1  
1Oral and Biomedical Sciences, School of Dentistry, Cardiff University, Cardiff, UK 
2GlaxoSmithKline Consumer Healthcare, Weybridge, UK 
3School of Clinical Dentistry, University of Sheffield, Sheffield, UK 
 
 
Denture-associated stomatitis presents as areas of inflammation on the palatal 
mucosa, and results from biofilms on the denture-fitting surface. Our previous 
research has shown that bacteria in Candida biofilms influence Candida virulence 
and pathogenicity, but associated effects on host cells and responses remain poorly 
understood. To facilitate research in this area, this study aimed to develop cost-
effective 3D tissue models representative of oral palatal mucosa, which would allow 
the effects of biofilm infections on host cell responses to be measured. 
 
Single cell-type models were cultured over 3-10 d. Co-culture models were 
established by preparing a collagen mixture containing fibroblasts, and adding to cell 
culture inserts. The mixture was allowed to solidify and contract over 2-3 d, after 
which keratinocytes were added. The tissues were incubated for 2 d before being 
lifted to air-liquid interface (ALI).  Subsequently, tissues were maintained at ALI with 
medium changes every 2-3 d, and then infected with acrylic biofilms to evaluate host 
cell responses. 
 
A number of cell seeding densities were investigated. Single culture fibroblast tissues 
were achieved by seeding 1x106 cells with collagen and incubating for 48-72 h. A 
well-established fibroblast layer was observed under these conditions, which was 
less developed when lower cell seeding densities (≤ 5x105 cells) were used. Single 
culture of keratinocytes (1x106 cells) over a five-day period was optimal for promoting 
tissue thickness, cell morphology and structural integrity. Co-culture was achieved 
with establishment of fibroblasts in collagen followed by addition of keratinocytes and 
lifting to the ALI for maturation. Host cell responses to biofilm infections included up-
regulation of known infection response genes, and increased production of pro-
inflammatory cytokines. 
 
Single and co-culture 3D tissue models were established which correspond with 
commercially available constructs. This allows for a more cost-effective and therefore 
wide ranging/comprehensive evaluation of host-cell responses to biofilm infection.  
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Introduction: 
 Oral microorganisms frequently grow as biofilms and are generally regarded 
as commensals. Oral infection can arise when biofilm communities undergo an 
ecological change. Furthermore, whilst oral biofilms normally resist colonisation by 
other species, this can take place when local environment changes. Studies have 
shown colonisation of oral surfaces can occur with bacterial species associated with 
respiratory infection. In these instances, the oral cavity provides a potential reservoir 
for infectious organisms and reducing this bioload may subsequently reduce risk of 
infection. The overall aim of this study is the assessment of novel treatments 
designed to inhibit biofilms containing respiratory pathogens on denture surfaces. 
This research describes the development and characterisation of a biofilm model that 
can subsequently be used in assessment of anti-biofilm treatments.  
 
Method: 
 Cold-cure acrylic discs were conditioned with an artificial saliva or water, prior 
to inoculation with commensal oral microbes (S. sanguinis, A. viscosus and C.  
albicans), and respiratory pathogens (P.  aeruginosa, S, aureus). Microbial 
adherence was measured immediately and after 90 min by quantitative culture, or 
fluorescent microscopy. Biofilm formation and quantity was also assessed at 3 days 
by culture and confocal laser scanning microscopy. 
 
Results: 
 Microbial adherence significantly increased when artificial saliva was included 
as a conditioning medium on acrylic surfaces. However, biofilm levels at 3 days were 
equivalent for conditioned and non-conditioned surfaces. A consistent biofilm was 
evident in all cases, with viable organisms from all inoculated species detectable 
after 3 days. Live/dead staining and CLSM enabled quantitative assessment of cell 
viability and biofilm levels (expressed as percentage microbial surface area 
colonisation). 
 
Conclusion: 
 This preliminary study has demonstrated the development and 
characterisation of an in vitro biofilm on acrylic surfaces. Co-existence of oral 
microorganisms was demonstrated as well as the importance of pre-conditioning with 
artificial saliva for initial adherence.   The ability to recover or directly quantity biofilm 
microorganisms will enable subsequent evaluation of anti-biofilm strategies.  
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Introduction: Antibiotic resistant bacteria, especially methicillin resistant 
Staphylococcus aureus (MRSA), bacteria with Extended spectrum beta lactamase 
(ESBL) and vancomycin resistant enterococci (VRE), are associated with a major 
health risk for vulnerable individuals. Transmission of these bacteria is associated 
with the healthcare and it has been suggested that transmission in dental clinics is 10 
times higher than in the normal population. This study was aimed at investigating the 
prevalence of MRSA, ESBL and VRE in dental students on 4 different institutes in 
Europe. 
 
Materials and methods: Samples were taken from 708 dental students and 182 
controls (non-dental students from the Netherlands) from one hand, the tongue and a 
nostril by using a cotton swab. The samples were incubated in trypticase soy broth 
(TSB) at 37oC for 16 h. Subsequently the samples were inoculated on mannitol-salt-
agar and red colonies, indicative for S. aureus were inoculated into TSB containing 4 
µg/ml oxacillin. Positive cultures were identified for S. aureus by DNA-agar or 
agglutination tests. The presence of MRSA was confirmed by specific PCR on the 
species and on the MecA and MecC gene. ESBL and VRE were isolated using 
specific CHROMAGAR and identification was confirmed by antibiotic sensitivity tests 
and 16S sequencing. 
 
Results: The prevalence of MRSA in dental students of 0%, 3.2%, 1.0% and 3.1% 
was found for Sweden, Italy, Greece and the Netherlands, respectively. For the 
Netherlands, this was 4 times higher than the control group (which was 0.8%). VRE 
prevalence was below 1% for all countries. ESBL prevalence was 2.0%, 14.0%, 8.9% 
and 9.7%, respectively. 
 
Conclusion: Prevalence for MRSA and ESBL in a group of dental student were only 
increased in the Netherlands when compared to a control group as well as to the 
national reference numbers.  
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Introduction 
Fluoride resistance occurs in oral bacteria after exposure to a high dosage of 
fluoride.   Many studies have been performed to uncover the mechanism of fluoride 
resistance due to wide application of fluoride. Recently, we proposed that a mutation 
(-44 A→C) in the promoter region (mutp) of genes encoding fluoride antiporters may 
be related to fluoride resistance. Here, the aim is to investigate the relationship 
between this single nucleotide mutation in mutp and fluoride resistance in 
Streptococcus mutans. 
 
Methods 
A clean mutant (UF35) of S. mutans UA159 with only a single mutation, in mutp (-44 
A→C), was constructed using site-directed mutagenesis. The presence of a single 
mutation in mutp was confirmed with Sanger nucleotide sequencing. Fluoride 
resistance of UF35 was examined during growth and lactic acid production. 
Expression of genes downstream of mutp was investigated using real time PCR. The 
wild type UA159 was used as a control in all experiments. 
 
Results 
UF35 was clearly more fluoride-resistant than the wild type UA159. It was able to 
grow on higher concentration of fluoride, both on solid agar and in liquid culture, than 
UA159; it also produced significantly more lactic acid in the presence of fluoride than 
UA159 at both pH 7.0 and pH 5.5. No difference in lactic acid production between 
UA159 and UF35 was observed when fluoride was not provided. Expression of 
genes downstream of mutp, two of which encode fluoride antiporters, was 
significantly up-regulated in UF35 as compared to UA159 throughout growth phases 
in the absence of fluoride. 
 
Conclusion 
A single nucleotide mutation in mutp leads to enhanced fluoride resistance in S. 
mutans through constitutively higher expression of downstream genes encoding 
fluoride antiporters. 
 
 
 
 
 
 
 



	 25	

Light activated antimicrobial ggents can inactivate oral malodour-causing 
bacteria 
 
Marika Rai1, David Spratt1, Paola R. Gomez-Pereira2, Jay Patel2 & Sean P. Nair 1  
1. UCL Eastman Dental Institute, London, UK 
2. Philips Research. Cambridge, UK 
 
 
Introduction 
Oral malodour is a common condition which affects a large number of the population, 
resulting in social, emotional and psychological stress. Certain oral bacteria form 
biofilm on the tongue dorsum and degrade organic compounds releasing volatile 
sulfur compounds that are malodourous. Current chemical treatments for oral 
malodour and mechanical removal of the tongue biofilm are not sufficiently effective 
at killing the bacterial load on the tongue. One potential alternative treatment is the 
use of light activated antimicrobial agents (LAAAs), which, when exposed to light of a 
specific wavelength, produce reactive oxygen species which induce damage to target 
cells in a process known as photodynamic inactivation.  
 
Methods 
Planktonic cultures of Porphyromonas gingivalis, Prevotella intermedia, 
Fusobacterium nucleatum, Peptostreptococcus anaerobius and Solobacterium 
moorei were grown to stationary phase, and subsequently exposed to 665 nm laser 
light in the presence or absence of methylene blue. Samples were then serially 
diluted for enumeration of viable colonies on fastidious anaerobe agar. 
 
Results 
Between 4.5 - 5 log10 reductions in the number of viable bacteria were achieved with 
20 µM methylene blue and 14.53 J/cm2 laser light for Porphyromonas gingivalis, 
Prevotella intermedia, Peptostreptococcus anaerobius and Solobacterium moorei. 
The number of viable cells fell below the limit of detection in the case of 
Fusobacterium nucleatum.  
 
Conclusion 
These findings demonstrate that methylene blue in combination with 665 nm laser 
light is effective at killing five bacterial species associated with oral malodour, 
suggesting photodynamic therapy could be a viable treatment option for oral 
malodour.  
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Candidalysin is a fungal peptide toxin critical for mucosal infection 
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Introduction:  The fungus Candida albicans is responsible for millions of mucosal 
infections each year in immunocompromised hosts, often with severe morbidity.  A 
defining feature of C. albicans pathogenesis is the transition from yeast to invasive 
hyphae.  Hyphae damage mucosal epithelia and induce activation of the transcription 
factor c-Fos (via p38-MAPK) and the MAPK phosphatase MKP1 (via ERK1/2-MAPK), 
which trigger pro-inflammatory cytokine responses.  These signalling events 
constitute a ‘danger response’ against hyphae, thus serving as a sensor of 
pathogenic C. albicans invasion.  However, it is unclear how C. albicans hyphae 
induce epithelial inflammatory responses and cell damage during mucosal infections. 
Here we identify and characterise Candidalysin, the first cytolytic peptide toxin 
isolated from any human fungal pathogen, as the hyphal factor critical for epithelial 
immune activation and C. albicans mucosal infection. 
 
Methods:  Activation of epithelial signalling was demonstrated by Western blotting 
and transcription factor binding assays. Induction of cell stress was assessed by 
quantifying intracellular calcium flux, ATP levels and reactive oxygen species.  
Immune induction was quantified by cytokine release.  Membrane intercalation, 
permeabilization and damage induction was determined by lactate dehydrogenase 
release, electrical conductance and patch clamping.  Murine and zebrafish models 
were used to assess mucosal pathogenicity. 
 
Results:  At low doses, Candidalysin induces epithelial MAPK/c-Fos signalling and 
cytokines involved in immune cell recruitment. At high doses, Candidalysin induces 
epithelial stress resulting in increased ROS production and ATP depletion. Toxin-
mediated membrane permeabilisation is enhanced by a positively charged C-
terminus and triggers an inward current concomitant with calcium influx.  C. albicans 
strains lacking this toxin do not activate MAPK/c-Fos signalling, epithelial immunity, 
cell stress or damage, and are avirulent in models of murine oropharyngeal 
candidiasis and zebrafish swimbladder candidiasis. 
 
Conclusion: Candidalysin is a newly identified peptide toxin critical for epithelial 
damage and host recognition of the clinically important fungus, C. albicans. 
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Mechanisms of biofilm formation by Streptococcus mutans 
 
Suhair Al-Osaighari, Paula Waterhouse, Nick Jakubovics 
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Objectives: Dental plaque forms on freshly cleaned tooth surfaces, initially with the 
attachment of pioneer colonisers such as streptococci, actinomyces and veillonellae. 
Subsequent biofilm growth, and the integration of later colonising acidogenic bacteria 
such as Streptococcus mutans, can ultimately lead to the development of carious 
lesions. Here, we describe the development of a new model system for assessing the 
incorporation of Streptococcus mutans into a pre-existing biofilm formed by three 
early colonisers.  
 
Methods: The Modified Robbins Device (MRD) was used to develop mixed species 
biofilms from the pioneer colonisers S.gordonii DL1, Actinomyces oris MG1, and 
Veillonella sp. PK1910 on saliva-coated surfaces. Quantitative PCR was used to 
quantify bacterial cells, and biofilms were imaged by scanning electron microscopy 
(SEM). These biofilms were challenged with S. mutans in the presence or absence of 
added sucrose. In addition to qPCR and SEM, S. mutans was visualised in the 
biofilms using fluorescence in situ hybridisation (FISH). 
 
Results: Early biofilms were dominated by Veillonella sp. and S. gordonii, but A. oris 
was clearly detectable, by qPCR and SEM. Addition of sucrose had no effect on the 
composition or structure of early biofilms. S. mutans became incorporated into 
biofilms and was detected by qPCR and FISH. Sucrose did not affect the numbers of 
S. mutans colonising, but resulted in changes in the matrix structure. 
 
Conclusions: A model of mixed-species oral biofilms has been established that will 
enable further studies on the mechanisms responsible for integration of S. mutans 
into pre-existing biofilms. This model will now be further characterised using 
fluorescent dyes to visualise polysaccharides and extracellular DNA in the matrices 
of biofilms. 
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Introduction: Periodontitis is a multi-factorial disease mediated by host inflammation 
and strongly associated with the “red complex” organisms Porphyromonas gingivalis, 
Tannerella forsythia and Treponema denticola, all of which express sialidase 
enzymes that cleave sialic acid from host glycoproteins.  In this work we set out to 
probe the importance of sialidases in biofilm formation, nutrient acquisition, epithelial 
cell interactions and innate immuno-modulation. 
 
Methods: Purified enzymes were investigated using tryptophan-quenching to study 
protein-ligand interactions. Sialidase involvement in pathogen nutrient scavenging 
was investigated in culture-based experiments using defined media containing 
sialoglycoconjugates as sole carbon and nitrogen sources. Biofilm formation studies 
of P. gingivalis and T. forsythia on sialoglycoconjugates were also performed. Finally, 
the role of bacterial sialidases in host immunomodulation was elucidated by 
stimulation of oral epithelial cells with pathogen components followed by 
measurement of the pro-inflammatory cytokine IL-8. 
 
Results: Pathogen sialidases possess high affinity for a range of sialloconjugate 
molecules and the drug zanamavir but not monomeric sialic acid, indicating a role in 
docking of the enzyme to host ligands.  Ligand binding studies showed that this was, 
in part, mediated by novel Carbohydrate Binding Domains (CBD) identified here. At 
the host-pathogen interface sialidases were shown to act on a range of sialic acid 
containing antigens present on cell surfaces in a process inhibitable by zanamivir.   
Furthermore, zanamivir reduced bacterial-human cell interactions while also 
influencing IL-8 cytokine production in response to infection.  Sialidases were also 
shown to synergistically act with a Sialate-o-acetylesterase (NanS) enzyme from T. 
forsythia to improve both release of sialic acid from glycoproteins, and potentially 
boost growth of companion species in culture, revealing a role in allowing to access 
protein substrates.  
 
Conclusion: Sialidases are involved in several aspects of periodontal pathogen 
virulence. Sialidase inhibitors may have potential for treatment of periodontal 
pathogens, as shown by their influence on biofilm formation, host-interaction, nutrient 
scavenging and immuno-modulation. 
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Introduction: Members of the Streptococcus anginosus group (SAG) and 
Enterococcus faecalis are frequently isolated from endodontic infection.  Probiotic 
micro-organisms and their biosurfactant products may antagonise the growth of 
pathogens, but few studies have investigated their effect on biofilm formation. The 
overall aim of this work is to determine the potential for probiotics or their products in 
the prevention of orofacial infections. The objectives of the current study were to 
determine appropriate conditions, firstly, for the screening of the inhibitory effects of 
probiotics against pathogens and, secondly, for the generation of robust biofilms to 
be used in further competition studies.  
 
Methods: Growth conditions were optimised for probiotic microorganisms 
(Lactococcus lactis and Streptococcus thermophilus) and pathogenic strains (S. 
intermedius, S. constellatus and S. anginosus and E faecalis).  Using variable 
bacterial inoculum concentrations, preincubation times and nutrient concentrations, 
probiotic organisms and pathogenic strains were cross streaked on solid media. 
Supernatant planktonic inhibition assays were also performed.  Adherence assays of 
probiotic and pathogenic strains were performed on polystyrene well plates.  
 
Results: Pathogenic strains and L lactis grew well on fastidious anaerobe agar whilst 
M17 agar was required to support the growth of S thermophilus. L. lactis showed 
significant inhibitory effects against S. constellatus at 5 days preincubation and 1:10 
dilution of standard inoculum.  No inhibitory effect was observed in planktonic 
assays.  An initial inoculum of 10 bacterial cells/ml resulted in biofilms of consistent 
cell number and depth. Overall, adherence of probiotic strains was less than that of 
pathogenic strains, with S. constellatus demonstrating the greatest adherence.  
 
Conclusion: This study has established the conditions required for the detection of 
inhibitory effects between probiotics and orofacial pathogens, Enterococcus faecalis 
and SAG.  Inhibitory effects have been demonstrated for L. lactis against S. 
constellatus.  Conditions for the further investigation of these effects in biofilm 
competition assays have been established.  
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Introduction: Periodontitis, a major cause of tooth loss, is a bacterially induced 
inflammatory disease that has been associated with certain bacterial species. Our 
aim is to identify the epithelial mechanisms activated by commensal species and 
periodontal pathogens to determine which signalling pathways, transcription factors, 
and pro-inflammatory cytokine responses are associated with periodontitis.  
 
Methods: The H400 gingival epithelial cell line was infected with the health-
associated Actinomyces naeslundii and periodontopathogens Fusobacterium 
nucleatum and Porphyromonas gingivalis for up to 2 h for signal pathway activation 
or 24 h for cell damage and cytokine release.  
 
Results: Differential pathway activation was observed between the three species. A. 
naeslundii induced phosphorylation of JNK and NF-κB, similarly to F. nucleatum 
which activated all MAP kinase pathways (including p38 and ERK1/2) and NF-κB. P. 
gingivalis induced minimal levels of p-JNK. Differential transcription factor activation 
was observed in response to the three bacteria. A. naeslundii and F. nucleatum 
induced activation of c-Fos and c-Jun, while P. gingivalis transiently activated binding 
of ATF-2. Notably, F. nucleatum was the most potent activator. Both A. naeslundii 
and F. nucleatum induced a pro-inflammatory response, together stimulating release 
of IL-1α, IL-1β, IL-6, GM-CSF and G-CSF. P. gingivalis was the least stimulatory 
bacterium, an observation supported by a lack of cytokine production, IL-8 down-
regulation and a reduction in lactate dehydrogenase release (measure of damage). 
To determine the functional role of these signalling pathways in inducing effector 
responses, we inhibited the MAP kinase and NF-κB pathways. Our results highlight 
the p38 MAP kinase pathway as the main regulator of c-Fos activation and indicate 
that cytokine release is mediated via both JNK and p38 MAP kinase pathways and 
the NF-κB pathway. 
 
Conclusion: Our data suggests that epithelial cells recognize and respond differently 
to commensal bacteria compared to periodontal pathogens. Elucidating the 
mechanisms by which this happens will form the basis of our future studies.  
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Introduction: Immunomodulation by resident commensals is proposed to promote 
host-microbe homeostasis and the maintenance of a healthy epithelium, while some 
suggest that immunosuppression by resident organisms may compromise the ability 
of cells to respond to pathogens.  The study of resident immunomodulatory isolates 
may uncover means to promote homeostasis, impacting health and oral disease 
development.  We have shown that up to c30% of streptococci from plaque and the 
tongue are able to suppress secretion of CXCL-8 (IL-8) by epithelial cells.  This study 
aimed to further characterise the immunomodulatory capacity of selected plaque 
derived resident streptococci. 
 
Methods:  Twenty immunosuppressive and non-suppressive streptococci were 
genome sequenced and four organisms selected for further study (three 
immunosuppressive).  Mid-logarithmic streptococci were co-cultured at an MOI of 50 
with 16HBE140- epithelial cells for 24 hours ±1µg/ml flagellin or 25µg/ml LL-37, and 
supernatants were harvested.  Cytotoxicity was measured by LDH release.  
Expression of six pro- or anti-inflammatory cytokines was examined using a 
multiplexed flow cytometry based bead array (CBA).  Secretion of selected cytokines 
was confirmed by ELISA.  NFκB activation was determined by luciferase detection 
following co-culture of streptococci ± TNFα with a A549/NFκB-luc cell line. 
 
Results: The non-suppressive isolate stimulated IL-6, IL-8 secretion and a low level 
of TNFα release, while the other isolates suppressed both baseline and flagellin/LL-
37 stimulated secretion of IL-8 and IL-6.  None was significantly cytotoxic.  
Immunosuppressive isolates completely inhibited baseline and TNFα-stimulated 
NFκB activation while the immunostimulatory isolate did not affect baseline secretion 
and partially inhibited TNFα-mediated activation. 
 
Conclusion: Some resident streptococci possess the ability to suppress 
proinflammatory responses at both the basal level and under stimulated conditions. 
Further studies are underway to determine the mechanisms underlying this 
immunomodulation. 
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Introduction: Candida albicans and Enterococcus faecalis are associated with dental 
root canal infections in previously treated roots, causing an inflammatory response at 
the root apex. We hypothesise that we can determine the relative ability of these root 
canal pathogens to stimulate the host response and the efficacy of root canal 
irrigants with an in vitro model system.  
 
Methods: Immune cells were stimulated with planktonic or mono- or dual-species 
biofilms, either untreated or treated with the irrigants sodium hypochlorite or 
chlorhexidine. Immune stimulation was assessed in an in vitro THP-1 monocyte 
model, where upon Toll-like receptor (TLR) stimulation and activation of nuclear 
factor kappa β and AP-1 pathways the enzyme secreted embryonic alkaline 
phosphatase (SEAP) is released. Monocyte activation was also determined by 
assessing TNF-α levels in culture fluids using an enzyme-linked immunosorbent 
assay. 
 
Results: Only untreated E. faecalis (planktonic p<0.001, biofilms p<0.001) and 
NaOCl-treated planktonic E. faecalis (p<0.001) elicited significant TLR stimulation. C. 
albicans failed to stimulate TLRs. Furthermore, E. faecalis biofilm effects on TLR 
activation were nullified when the bacteria were treated and when co-cultured with C. 
albicans. In all cases, SEAP levels were significantly correlated to TNF-α levels. 
 
Conclusion: Traditional root canal irrigants adequately reduced the effects of the 
infection on inflammatory cells in vitro. The interplay between the two 
microorganisms and the host resulted in a decreased TLR stimulation which might 
lead to an unexpected modification of the innate immune response. This might have 
ramifications for therapy and be a subject worthy of further investigation. 
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Dental caries remains the most prevalent disease affecting man despite the 
existence of preventative measures. Dental caries is driven by the formation of a 
microbial biofilm on the tooth surface. When exposed to fermentable carbohydrates, 
metabolism by dental plaque results in the production of strong organic acids. These 
acids lower the pH, promote mineral loss and stimulate the growth of aciduric, 
acidogenic microorganisms. An important feature of these biofilms is the formation of 
multi-dimensional physicochemical gradients. Little is known about the role of these 
gradients in disease development. Currently employed methods for the determination 
of pH in biofilms are not without drawbacks. For example, commonly utilised 
microelectrodes are often inserted into the biofilm, disrupting the structural integrity 
and effecting results. In recent years, a number of optical methods have been studied 
using pH-sensitive fluorescent dyes and nanosensors to allow the biofilm to be 
analysed in their natural state. However, excitation energy and probe concentration 
affect fluorescent intensity. The use of ratiometric dyes overcomes the need for 
knowledge of the dye concentration; however, many have a limited dynamic range. 
Novel methods are therefore required in order to visualise and measure these 
microgradients and determine their effect upon the microbial ecology. Here, we 
investigate the use of a multi-dimensional time-correlated single photon counting 
technique to perform two-photon excitation fluorescence lifetime imaging microscopy 
to measure pH of hydrated biofilms. The technique allows the visualisation of spatial 
and chemical information within a single image. In addition, two-photon excitation 
offers improved depth penetration and minimisation of cellular damage. The pH-
sensitive benzo[c]xanthene dye, seminaphthorhodafluor-4F 5-(and-6)-carboxylic acid 
(SNARF-4F), was selected due to its low pKa to allow measurements to be made in 
the ideal range. The dye was calibrated in buffers between pH 3.0 and 7.6. 
Calibration of SNARF-4F exhibited a linear calibration curve. Single and multi-
species biofilms were cultivated in a constant depth film fermenter. Biofilms, 
supplemented with SNARF-4F, were exposed to sucrose prior to imaging. Imaging of 
biofilms revealed multi-dimensional heterogeneity. The technique presented provides 
a number of advantages over current methods including increased dynamic range, 
improved depth penetration and the ability to investigate biofilms with minimal 
disruption in a naturally hydrated state. The technique shows promise in the 
determination of pH within dental biofilms. 
 
 
 
 
 
 
 
 
 


