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Lectures 
 

 
 

Protein adsorption  
From aqueous solution onto solid surfaces 

principles, mechanism, implications and applications 
 

Prof. Willem Norde 

Physical Chemistry and Soft Matter, Wageningen University and Research, 
Stippeneng 4, 6708 WE, Wageningen, the Netherlands. 
 

Under most conditions proteins show a strong tendency to adsorb at interfaces. This surface-
active behavior is utilized in various (bio)technological, biomedical and environmental 
applications. On the other hand, protein adsorption is considered to play an adverse role in the 
biofouling of medical and processing devices.  

Protein adsorption from aqueous solution is the net result of several types of interaction 
simultaneously occurring between the different components that are present in the 
system. The most important ones are (a) dehydration of hydrophobic parts of the 
sorbent surface and the protein molecule, (b) electrostatic and (c) dispersion 
interactions between the protein and the sorbent, (d) conformational changes in the 
adsorbing protein molecule. 
Understanding the principles governing the protein adsorption mechanism, we may be 
able to tune the protein-sorbent interactions to optimize a particular application. Such 
tuning often involves modification of the sorbent surface. Examples will be presented 
in which surfaces  
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The physico-chemistry of bacterial adhesion as an important step to biofilm 
formation. 

 
Dr. Jelmer Sjollema  

University of Groningen and University Medical Center Groningen, Department of 
Biomedical Engineering, Antonius Deusinglaan 1, 9713 AV, Groningen, The 
Netherlands. 

 
Bacterial approach and deposition is the first step in biofilm formation, and is often 
characterized and explained by macroscopic thermodynamic theories based on the 
extended DLVO-theory, that describes adhesion in similar terms as in colloidal stability 
and flocculation. The second stage of bacterial adhesion comprises the maturation of 
the bond, that is characterized by increasing numbers of attached molecules. Based 
on experimental results using Brownian motion of sessile bacteria and AFM force-
distance measurements we could establish that this second stage of bacterial 
adhesion can be considered as an irreversible adhesion to surfaces through multiple, 
reversibly-binding tethers as described by polymer adsorption theories. These tethers 
detach and successively re-attach, but not collectively detach to cause detachment of 
an entire bacterium. The establishment of tether binding may lead to compression of 
the EPS layer and deformation of the cell membrane as we observed by using Surface 
Enhanced Fluorescence imaging. Extensive deformation has impact on the exchange 
of ions between the bacterial cell and the environment and may trigger biofilm 
formation or (if adhesion forces are too large) eventually lead to a lethal state.  
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Polymer brush coatings:  

how do they work and how can we make them 
 

Dr. Renko de Vries 

Physical Chemistry and Soft Matter, Wageningen University and Research, 
Stippeneng 4, 6708 WE, Wageningen, the Netherlands. 
 
Continuing the lecture of Willem Norde on protein adsorption, in this lecture we delve 
more into the details of the why and how of polymer brushes, arguably the most 
effective type of coating for preventing protein adsorption and biofouling in general. 
After discussing the basic theory of polymer brushes, we consider in somewhat more 
detail what makes polymer brushes so effective, and how we can optimize their 
antifouling performance. Next we present an overview of how polymer brushes can be 
applied to surfaces, discussing both attachment through strong covalent bonds and 
attachment through multiple weak physical bonds. Finally, I will discuss a specific class 
of antifouling coatings that are the subject of my own research, viz. de-novo designed 
proteins that coat a variety of solid surfaces with strongly attached and highly 
antifouling hydrophilic polypeptide brushes, which can serve as scaffolds for a variety 
of antifouling but bioactive surfaces.   
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The use of Quartz Crystal Microbalance with Dissipation (QCM-D) and 

Viscoelastic testing in infection research. 
 

Dr. Prashant Sharma 

University of Groningen and University Medical Center Groningen, Department of 
Biomedical Engineering, Antonius Deusinglaan 1, 9713 AV, Groningen, The 
Netherlands. 
 
This talk will start with the details of the technique QCM-D and how this powerful 
acoustic sensing technique can be used to monitor molecular adsorption and 
conditioning film formation on biomaterial surfaces. The versatility of this technique will 
be further demonstrated by learning its application to understand the bond between a 
surface and a colloidal particle. The concept of positive frequency shifts due to coupled 
resonance will be discussed. 
In the second part of the talk the method for quantifying the viscoelastic properties of 
biofilms and hydrogels will be explained. The low load compression tester (LLCT) and 
the µLLCT will be explained in detail. The protocol to perform the stress relaxation test 
in compression will be detailed. The properties like stiffness, % relaxation will be 
explained. Lastly, the generalized Maxwell model to understand the stress relaxation 
behaviour will be understood. 
Examples from own research will be given to illustrate how the two techniques can 
help enhance the understanding of infection research. 
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In vitro methods for the evaluation of 
antimicrobial surface designs 

 
Dr. J. Sjollema 

University of Groningen and University Medical Center Groningen, Department of 
Biomedical Engineering, Antonius Deusinglaan 1, 9713 AV, Groningen, The 
Netherlands. 
 
 
To fight bacterial adhesion and subsequent biofilm formation there is an urgent need 
for antimicrobial materials and coatings. The term ‘‘antimicrobial” can encompass 
different mechanisms of action, such as antimicrobial-releasing, contact-killing or non-
adhesivity. Materials equipped with antimicrobial surface designs based on different 
mechanisms of action require different in vitro evaluation methods. Available industrial 
standard evaluation tests do not address the specific mechanisms of different 
antimicrobial surface designs and have therefore been modified over the past years, 
adding to the myriad of methods available in the literature to evaluate antimicrobial 
surface designs. This presentation aims to categorize a number of presently available 
methods including industrial standard tests for the in vitro evaluation of antimicrobial 
surface designs according to their suitability with respect to their antimicrobial 
mechanism of action. There is no single method or industrial test that allows to 
distinguish antimicrobial designs according to all three mechanisms identified here. 
However, critical consideration of each method clearly relates the different methods to 
a specific mechanism of antimicrobial action.  
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ESR oral presentations 
 

Four-species clinical uropathogen biofilm model to study catheter associated 
urinary tract infection 

 
Jiapeng Hou1, Heiko Kiesewalter1, Cristina Hierro1, Mads Hansen1, Henriette Røder1, 

Martin Alm2, Peter Thomsen2, Mette Burmølle1 

 

1. University of Copenhagen, Department of Biology, Section of Microbiology, 
Universitetsparken 15, 2100 Copenhagen, Denmark 
2. Biomodics ApS, Fjeldhammervej 15, 2610 Rødovre, Denmark 

 

Catheter associated urinary tract infections (CAUTI) are a common clinical concern as 
they can lead to severe, persistent infections or bacteremia. CAUTI are difficult to 
eradicate, as most CAUTI cases are caused by multi-species biofilms that are tolerant 
to various antibiotics. Many new strategies to tackle CAUTI have been proposed in the 
past decade, including antibiotic combination treatments, surface modification and 
probiotic usage. However, those strategies were mainly assessed on mono- or dual-
species biofilm that could hardly represent the clinical CAUTI cases where 2-4 or even 
more species are normally involved.  
We have developed a four-species in vitro biofilm model on catheter material involving 
clinical strains of Escherichia coli, Pseudomonas aeruginosa, Klebsiella oxytoca and 
Proteus mirabilis acquired from indwelled catheters. Inter-species cooperation, 
competition as well as their response to antibiotics and probiotics were quantitatively 
assessed by CFU enumeration and qPCR. The four species were chromosomally 
tagged with genes expressing different fluorophores, enabling visualization of the 
spatial organization and attachment to the catheter material at the individual species 
level, using confocal microscopy and image analysis. Both synergetic and antagonistic 
interactions were found among members in our model biofilm and those interactions 
affected the strains’ fate upon exposure to antibiotics and probiotics as mono-, dual- 
or multi-species biofilms.  
Our study emphasizes the species complexity of the model biofilm on assessment of 
CAUTI control strategies and highlights the necessity of evaluating treatment and 
control regimes in a multispecies setting. The multi-species biofilm model and 
evaluation methods could potentially be applied to various CAUTI control studies. 
Results of antibiotic and probiotic responses from our multi-species biofilm are 
instructive to clinical usage of antibiotics and probiotics.   
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Proteomic analysis of marine cyanobacterial biofilms developed at different 
surfaces 

 
M.J. Romeu a*, D. Domínguez-Pérez b, D. Almeida b, J. Morais b, M.J. Araújo b, H. 

Osório c,d,e, A. Campos b, V. Vasconcelos b,f, F.J. Mergulhão a 

 
a LEPABE, Laboratory for Process Engineering, Environment, Biotechnology and 
Energy, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465 
Porto, Portugal 
b CIIMAR, Interdisciplinary Centre of Marine and Environmental Research, University 
of Porto, Terminal de Cruzeiros do Porto de Leix˜oes, Av. General Norton de Matos 
s/n, 4450-208, Matosinhos, Portugal 
c i3S –Instituto de Investigação e Inovação em Saúde, Universidade do Porto, 4200-
135, Porto, Portugal 
d Institute of Molecular Pathology and Immunology of the University of Porto, 
IPATIMUP, Rua Júlio Amaral de Carvalho 45, 4200-135, Porto, Portugal 
e Faculty of Medicine, University of Porto, Al. Prof. Hernâni Monteiro, 4200-319, Porto, 
Portugal 
f Department of Biology, Faculty of Sciences, University of Porto, Rua do Campo 
Alegre, 4169-007, Porto, Portugal 

* mariaromeu@fe.up.pt 
 
 
Marine biofouling causes several ecological problems and severe economic impacts 
on aquatic environments and marine industries. Cyanobacteria and diatoms are 
responsible for the initiation of biofilm formation by the production of large amounts of 
extracellular polymeric substances, and they also represent the major components of 
marine biofilms. Additionally, these microfouler organisms can promote the adhesion 
of macrofouler organisms such as invertebrate larvae, mussels, seaweeds and 
barnacles. Molecular biology can identify pathways that affect the adhesion and 
settlement of biofouling organisms and, consequently, obtain novel antifouling 
strategies for marine applications. Moreover, proteomic analyses can provide an 
essential understanding of how cyanobacteria adapt to different environmental 
settings. Considering the limited knowledge about protein expression in cyanobacteria 
in different growing conditions, qualitative and quantitative proteomic analysis by LC-
MS/MS of biofilm cells from filamentous cyanobacterial strains were performed. 
Biofilms were formed on glass and perspex at relevant hydrodynamic conditions for 
marine environments. Cyanobacterial biofilms were also analysed through standard 
methodologies for following cyanobacterial biofilm development, such as chlorophyll a 
quantification, biofilm wet weight determination and biofilm thickness. Results suggest 
that biofilm development at different surfaces may be related to the expression of 
several proteins like a beta-propeller domain-containing protein, chaperone DnaK, 
SLH domain-containing proteins, an OMF family outer membrane protein, and/or 
additional uncharacterized proteins. Studies that combine distinct approaches are 
essential for finding new targets for antibiofilm agents. The characterisation performed 
in this work provides new insights into how surface affect cyanobacterial biofilm 
development and how cyanobacteria adapt to these different environmental settings 
from a macroscopic standpoint to a proteomics context. 
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The influence of surface and media composition on the expression of Green 
Fluorescent Protein (GFP) in Escherichia coli biofilms 

 
Ana Azevedo1, Fábio Carvalho1, Luciana C. Gomes1, Gabriel A. Monteiro2, Filipe J. 

Mergulhão1 

 

1. LEPABE - Laboratory for Process Engineering, Environment, Biotechnology and 
Energy, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465 
Porto, Portugal;  
2. iBB - Institute for Bioengineering and Biosciences, Department of Bioengineering, 
Instituto Superior Técnico, Universidade de Lisboa, 1049-001 Lisboa, Portugal.  
 

Escherichia coli biofilms have been studied as a possible platform for the production of 

recombinant proteins. Previous studies conducted by our research group have shown that high 

specific concentrations of enhanced Green Fluorescent Protein (eGFP) could be obtained in 

E. coli biofilms, even before any optimization of the cultivation conditions [1].  

This work intends to assess the effect of surface materials and culture media in E. coli biofilm 

formation and eGFP production to find the optimal combination of these parameters originating 

the maximum eGFP yield. E. coli JM109(DE3) cells transformed with the pFM23 plasmid 

carrying the eGFP gene were used and the influence of three surface materials with distinct 

physicochemical properties – stainless steel (SST), polyvinyl chloride (PVC), and silicone 

rubber (SIL) – were assessed combined with three culture media with different sources of 

carbon and nitrogen – Lysogeny broth (LB), Terrific broth (TB), and M9ZB broth. The 

physicochemical properties of the surfaces were assessed by Atomic Force Microscopy 

(AFM), Scanning Electron Microscopy (SEM), and contact angle determination. The 

optimization assays were performed using 12-well plates with the different surface materials 

placed on the bottom of the wells and incubated at 30 ºC under controlled hydrodynamic 

conditions for 9 days. Biofilm development was evaluated by Colony Forming Units (CFU) for 

culturability assessment and Optical Coherence Tomography (OCT) for biofilm thickness 

measurements, while the eGFP expression was monitored by epifluorescence microscopy [2]. 

Results showed that biofilm formation was more effective on the PVC surface, with an 

increased biofilm thickness over the days, reaching the highest biofilm amount with TB medium 

on day 9. Regarding the eGFP expression, higher expression was determined on the biofilms 

developed on the PVC surface within TB medium, with the highest recombinant protein level 

at day 1 (85.72 (±28.28) AFU cell-1). Hence, using PVC and TB medium seems to be the most 

advantageous conditions to obtain the highest specific eGFP production in biofilms.  

These optimization tests on high-throughput platforms as microplates are essential to establish 

the best operational conditions to be used in further experiments to produce recombinant 

proteins and other high-added value compounds on larger-scale biofilm platforms. 

 
Keywords: recombinant protein expression, Green Fluorescent Protein, biofilm, Escherichia coli.   
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Relaxometry for Detecting Free Radical Generation During Bacteria’s 
Response to Antibiotics 

 
Neda Norouzi, Anggrek Citra Nusantara, Yori Ong, Thamir Hamoh, Linyan Nie, Aryan 

Morita, Yue Zhang, Aldona Mzyk, Romana Schirhagl* 
 
University of Groningen and University Medical Center Groningen, Department of 
Biomedical Engineering, Antonius Deusinglaan 1, 9713 AV, Groningen, The 
Netherlands. 
 
 
Free radical generation plays a key role in the killing of bacteria by antibiotics. 
However, radicals are short-lived and reactive, and thus difficult to detect for state of 
the art. Here we use a technique which allows optical nanoscale MRI to detect radical 
generation on single bacteria. We demonstrate that the radical generation in 
Staphylococcus aureus increases in the presence of UV irradiation as well as 
vancomycin and is dependent on the antibiotic’s dose. With a method based on 
ensembles of NV centers in diamond, we were able to follow the radical formation for 
individual bacteria over the whole duration of the experiment to reveal the dynamics of 
radical generation. Using this approach, we observed free radical concentrations on a 
nanometer scale and determined its exact timing depending on the antibiotic dose, but 
the mechanism is unclear. 
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Antibacterial Properties of Poly(Lactic Acid) Films Coated with Chitosan of 
Different Molecular Weight for Food Packaging 

 
Luciana C. Gomes1 *, Sara I. Faria1, Jesus Valcarcel2, José A. Vázquez2, Miguel A. 

Cerqueira3, Lorenzo Pastrana3, Ana I. Bourbon3 and Filipe J. Mergulhão1 

 

* luciana.gomes@fe.up.pt 
 
1 LEPABE - Laboratory for Process Engineering, Environment, Biotechnology and Energy, 
Faculty of Engineering, University of Porto, Rua Dr.Roberto Frias, 4200-465 Porto, Portugal; 
2 Grupo de Reciclado y Valorización de Materiales Residuales (REVAL), Instituto de 
Investigaciones Marinas (IIM-CSIC), C/Eduardo Cabello, 6, CP36208, Vigo, Galicia, Spain; 
3 International Iberian Nanotechnology Laboratory, Department of Life Sciences, Av. Mestre 
José Veiga s/n 4715-330 Braga, Portugal. 

 
 

One of the major growth segments in the food industry is ready‐to‐eat meals 
and food products. As a result, there has been an increasing interest in developing 
environmentally friendly food packages incorporating bioactive compounds able to 
improve food safety, extend shelf life and reduce the use of chemical preservatives, 
while adding value to these compounds. Chitosan (Ch) is a biopolymer that can be 
obtained from chitin (found abundantly in discards from the fishery industry) through 
deacetylation reactions and has shown interesting properties such as biodegradability, 
biocompatibility, non-toxicity, antimicrobial activity, and easy film-forming ability. 

This work was undertaken to (1) produce β-chitosan and β-
chitooligosaccharides from the Loligo opalescens pen, (2) develop and characterize 
poly(lactic acid) (PLA) surfaces coated with β-chitosan and its derivatives of different 
molecular weight (Mw), and (3) evaluate the antibacterial activity of PLA/Ch films 
against Escherichia coli and Pseudomonas putida, which are bacterial strains present 
in food processing environments. The PLA films with β-chitosan and its derivatives 
were functionalized through plasma oxygen treatment followed by dip-coating, and 
their physicochemical properties were assessed by Fourier-Transform Infrared 
Spectroscopy (FTIR), X-Ray Diffraction (XRD), water contact angle, and Scanning 
Electron Microscopy (SEM). Regarding the antimicrobial performance, Ch-based 
surfaces reduced the number of biofilm viable, viable but nonculturable (VBNC) and 
culturable cells up to 73%, 74%, and 87%, respectively, compared to PLA. Biofilm 
growth inhibition was corroborated by Confocal Laser Scanning Microscopy (CLSM). 
The results also indicated that chitosan films of higher Mw had higher antibiofilm activity 
under the food storage conditions mimicked in this work, contributing simultaneously 
to the reuse of marine waste. 
 
 
Reference: Gomes, L.C., Faria, S.I., et al. Mar. Drugs, 2021. 19: p. 384; 
https://doi.org/10.3390/md19070384. 
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Antibiofilm activity of CNT/PDMS composites against single- and dual-species 
biofilms of etiologic agents of urinary tract infections 

 
Marisa Gomes1, Luciana C. Gomes1, Rita Teixeira-Santos1, Manuel F.R. Pereira2, 

Olívia S.G.P. Soares2 and Filipe J. Mergulhão1 

 
1LEPABE – Laboratory for Process Engineering, Environment, Biotechnology and 
Energy, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465 
Porto, Portugal 
2Associate Laboratory LSRE-LCM, Department of Chemical Engineering, Faculty of 
Engineering, University of Porto, Rua Dr. Roberto Frias s/n 4200-465 Porto, Portugal 
 

The rising incidence of urinary tract infections has motivated the establishment 
of effective strategies to prevent microbial adhesion and biofilm formation on urinary 
tract devices. Carbon nanotubes (CNTs) have been broadly used to produce 
antimicrobial and antifouling coatings for biomedical applications, particularly in the 
production of medical devices and implants1.  

The present work aims to investigate the role of CNT loading (1, 2 and 3 wt%) 
on the antibiofilm performance of CNT/poly(dimethylsiloxane) composite materials 
against single- and dual-species biofilms of Escherichia coli and Enterococcus 
faecalis. Biofilms were formed in a parallel plate flow chamber for 24 h under the 
hydrodynamic conditions prevailing in urinary catheters. Biofilm analysis was 
performed by determining the number of total, viable and culturable cells, and by 
confocal laser scanning microscopy. The results showed that the 3 wt% CNT/PDMS 
composite was the most prominent surface, exhibiting the highest efficacy against E. 
coli and E. faecalis biofilms. When compared with bare PDMS, it significantly reduced 
the number of total, viable and culturable cells of E. faecalis biofilms by 63, 74, and 
77%, respectively, clearly showing an antifouling and antimicrobial activity of CNT 
composites. These surfaces also displayed an effective antibiofilm activity against E. 
coli, causing significant reductions of 50 and 64% in the number of viable and 
culturable cells compared with bare PDMS. Even though the dual-species biofilms 
presented less susceptibility to CNT/PDMS composites, a reduction of 32% in the 
number of culturable cells was achieved. Altogether, the results suggest that 
CNT/PDMS composites are promising materials to reduce biofilm formation on urinary 
tract devices. 
 
 
Reference: 

1. Teixeira-Santos, R.; Gomes, M.; Gomes, L.C.; Mergulhão, F.J. Antimicrobial and anti-adhesive 

properties of carbon nanotube-based surfaces for medical applications: a systematic review. 

iScience 2021, 24, 102001-102024, doi:10.1016/j.isci.2020.102001. 
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Development of Chitosan-based Surfaces to Prevent Biofilm Formation on 
Implantable Medical Devices 

 
Marta Lima1,*, Rita Teixeira-Santos1, Luciana C. Gomes1, Sara I. Faria1, Jesus 

Valcarcel2, José Antonio Vázquez2, Miguel A. Cerqueira3, Lorenzo Pastrana3, Ana I. 
Bourbon3 and Filipe J. Mergulhão1 

 
*martal@fe.up.pt 

 
1 LEPABE — Laboratory for Process Engineering, Environment, Biotechnology and 
Energy, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465 
Porto, Portugal; 
2 Grupo de Reciclado y Valorización de Materiales Residuales (REVAL), Instituto de 
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Spain; 
3 International Iberian Nanotechnology Laboratory, Department of Life Sciences, Av. 
Mestre José Veiga s/n 4715-330 Braga, Portugal. 
 
 
Implantable medical devices (IMDs) are commonly used in clinical practice. However, 
their use is associated with several clinical complications, including the occurrence of 
implant-associated infections (IAIs), which can result from bacterial adhesion and 
biofilm formation on the surface of IMDs. The increasing resistance of established 
biofilms to conventional therapies poses serious clinical challenges and has led to the 
development of new strategies to prevent IAIs, such as the development of alternative 
surfaces. Chitosan (CS) is an abundant biopolymer that has been widely used in the 
biomedical field due to its high biocompatibility, biodegradability, and proven 
antimicrobial activity. This study aimed to produce and characterize CS-based 
surfaces with different molecular weights (Mw) for application in IMDs. For this 
purpose, polylactic acid (PLA) films were coated with CS of different Mw by a dip-
coating method and the produced surfaces were physicochemically characterized by 
contact angle measurements, Fourier Transform Infrared Spectroscopy (FTIR), and 
Scanning Electron Microscopy (SEM). The surfaces’ antimicrobial activity was 
assessed against single- and dual-species biofilms of Staphylococcus aureus and 
Pseudomonas aeruginosa. Results demonstrated that CS-based surfaces exerted a 
high antibiofilm activity against both single- and dual-species biofilms by reducing the 
number of total, viable, culturable, and viable but nonculturable (VBNC) cells up to 
79%, 90%, 81%, and 96%, respectively, being their activity dependent on CS Mw. The 
antibiofilm effect of the functionalized surfaces was corroborated by biofilm structure 
analysis using Confocal Laser Scanning Microscopy (CLSM). Overall, these results 
suggest that CS can be a promising approach for the coating of IMDs to reduce biofilm 
formation and, consequently, the occurrence of IAIs, encouraging further research on 
this topic. 
 
 
Reference: Lima, M., et al. Development of Chitosan-Based Surfaces to Prevent Single- and Dual-
Species Biofilms of Staphylococcus aureus and Pseudomonas aeruginosa. Molecules 2021, 26, 4378. 
https://doi.org/10.3390/molecules26144378 
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Molybdenum Disulphide Surfaces Reduce Planktonic and Biofilm 
Pseudomonas aeruginosa 

 
Mohsin Amin and Kathryn A. Whitehead 

 

Microbiology at Interfaces Group, Manchester Metropolitan University, Manchester, 
UK  
 

 

The reduction of Pseudomonas aeruginosa is of importance, particularly when aiming 
to reduce biofilm formation. The production and characterisation of novel surfaces to 
tackle bacterial retention and biofilm formation is one way to control P. aeruginosa. 
Surfaces were produced using MoS2 with particle sizes of 90 nm, 2 µm and 6 µm at 
concentrations of 5%, 10%, 15% and 20%. Characterisation of the surfaces was 
carried out using Fourier-transformed infra-red spectroscopy, scanning electron 
microscopy, optical profilometry and water contact angles. The surfaces were tested 
to determine their ability to disrupt bacterial retention, biofilm formation and to 
investigate their cytotoxicity towards human cells. Multifractal analysis was used to 
determine the bacterial retention, distribution, density, dispersion, and clustering on 
the MoS2 surfaces. The topography of the surfaces corresponded to the size of the 
particulates used in their production, with 6 µm MoS2 demonstrating the largest 
topographical features. Increases in surface MoS2 concentration within their 
respective particle sizes only increased surface wettability. The surfaces demonstrated 
that increasing the MoS2 concentration resulted in decreased P. aeruginosa retention 
and biofilm formation. Cytotoxicity testing of the MoS2 surfaces towards renal HK-2 
cells determined that they were nontoxic. By optimising MoS2 properties, this work 
demonstrated that individual surface parameters (topographical shape and roughness, 
particulate size, and concentration) were able to decrease bacterial retention on the 
surfaces, thus decreasing biofilm formation. 
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ESR abstracts 

 
 

Displacement of uropathogenic biofilms by lactobacilli 
 

Fábio M. Carvalho, Filipe J. M. Mergulhão and Luciana C. Gomes 
 
LEPABE - Laboratory for Process Engineering, Environment, Biotechnology and 
Energy, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465 
Porto, Portugal 
 
 

Urinary tract infections (UTIs) are a rising problem in the medical field, resulting 
in increased economic burden and safety issues on patients and healthcare systems. 
About 97% of nosocomial UTIs are associated with the use of invasive urological 
devices (catheters and stents) which are very susceptible to bacterial colonisation and 
consequent development of biofilms on their surfaces. The formation of biofilm is a 
major persistence mechanism of bacteria against antibiotics and host immune 
responses in the urinary system bladder, giving rise to persistent infections. Although 
several alternatives are being investigated to tackle this issue, the development of 
biofilms on urological devices remains an ongoing problem that warrants further 
investigation. Recent evidence suggests probiotics as a promising approach for 
inhibiting bacterial adhesion to catheter materials. 

The aim of this work was to evaluate the ability of two probiotic strains 
(Lactobacillus plantarum and Lactobacillus rhamnosus) to displace pre-established 
biofilms of bacteria commonly found in biofilms developed in urinary tract devices 
(Escherichia coli and Staphylococcus aureus). Single-species biofilms of E. coli and S. 
aureus were formed for 24 h on medical-grade silicone coupons placed inside 12-well 
plates containing synthetic urine under shaking conditions that generate shear 
stresses similar to those found inside urinary catheters. Afterwards, pathogenic 
biofilms were exposed to each probiotic suspension for 6 and 24 h, and the reductions 
in biofilm cell culturability and total biomass were monitored by counting colony-forming 
units and crystal violet assay, respectively. Both probiotics significantly reduced the 
culturability of E. coli and S. aureus biofilms, mainly after 24 h of exposure, with 
reduction percentages of 70% and 77% for L. plantarum and 76% and 63% for L. 
rhamnosus, respectively. Additionally, the amount of E. coli biofilm was significantly 
reduced up to 67% after 24 h. For S. aureus, only L. rhamnosus exerted a significant 
effect on biofilm amount after 6 h of treatment. These promising results demonstrate 
the potential of Lactobacillus strains to be used as biocontrol agents against 
pathogenic biofilms developed on polymeric surfaces. 
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Bacteria respond to adhesion forces arising from a surface to which they adhere 
through adaptation of gene expression. In our previous publications, we found that 
emergent EPS-production in S. mutans biofilms was controlled through adhesion-force 
sensing and maintained in multi-species biofilms on salivary-conditioning film coated 
surfaces through the action of initial colonizers, most notably S. oralis. Adhesion force 
induced gene-expression were limited to the first 20-30 μm above a substratum 
surface. To further advance our understanding of the influence of surface 
heterogeneity on adhesion-force sensing and development of phenotypically 
heterogeneous micro-environments in biofilms, S. mutans biofilms were grown at the 
border between hydrophobic silicone rubber and hydrophilic glass. To this end, after 
various other trials, clamping together of both substratum materials turned out to be 
the most suitable method to create such a border. Horizontal ranges of adhesion force 
induced gene expression in biofilm samples taken at different spots at increasing 
distances from each sides of the border were determined using RT-qPCR. 
Preliminary results of four pilot experiments were irreproducible, but suggest that gene 
expression in adhering bacteria around a border of hydrophilic and hydrophobic 
surfaces may be a stochastic process due to stochasticity in adhesion, growth and 
quorum-sensing processes. If this is the case, reproducible experiments are inherently 
impossible. However, this conclusion needs to be confirmed using more accurate 
experimental protocols, including e.g. better spot-size confined collection of biofilm. 
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The need for recovering water and valuable compounds from side streams has 
increased the use of Reverse Osmosis (RO) membrane filtration in almost every 
industry. RO membranes, however, are highly susceptible to biofilm formation, which 
decreases performance and increase industrial costs. Biofilms are microbiological 
structures attached to the RO membrane surface and encase in a hydrated polymeric 
matrix, containing polysaccharides, proteins, and nucleic acids, named extracellular 
polymeric substances (EPS). The EPS matrix enables microorganisms to stick 
together and offers protection from various stresses and harsh environmental 
conditions. Due to the more compact nature of the biofilm with EPS, conventional 
chemical and physical cleaning techniques are not completely effective at preventing 
RO membrane biofouling, and a new strategy and complementary route to remove 
biofoulants is needed. This research aims to gain insight into the origins and 
compositions of the biofilms in a feasible manner using an experimental RO setup 
mimicking authentic reverse osmosis (RO) system and examine the effect of exposing 
biofilms on RO membranes to enzymatic treatments. The enzymatic cleaning 
mechanism is hypothesized to be the hydrolysis of exopolymers surrounding the 
bacteria embedded in the biofilm matrix and altering the diversity of the microbial 
community. Bacteria are free and accessible to disinfectants and other treatments by 
in-depth action of enzymatic cleaning. In order to identify real biofilm microbial 
composition, different microscopy and characterization analyses are applied. With this 
knowledge, we hope to provide novel strategies to reduce or maybe even prevent RO 
membrane biofouling, based on enzymatic treatment. 
 
 
 
 


