
 

 
This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under 
grant agreement No 952471. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Training School 1 – “Evaluation of 
surface performance” 
 

W W W .  S U R F S A F E P R O J E C T . E U  

16th to 18th March 2022 (face-to-face) 

Department of Chemical Engineering, Faculty of 
Engineering of University of Porto, Portugal 



 

 
This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under 
grant agreement No 952471. 

  

 

Abstract Booklet 



 

 
This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under 
grant agreement No 952471. 

ESR presentations 
 
 
The role of the mechanisms of action of two biocides (Benzalkonium Chloride 
and Dibromonitrilopropionamide) in Pseudomonas fluorescens’ viability and 

death 
 

Ana C. Barros, Ana Pereira and Luís F. Melo 
 

LEPABE – Laboratory for Process Engineering, Environment, Biotechnology and Energy, Department 
of Chemical Engineering, Faculty of Engineering of the University of Porto, Rua Dr. Roberto Frias, s/n, 
4200-465 Porto, Portugal; ALiCE - Associate Laboratory in Chemical Engineering, Faculty of 
Engineering, University of Porto, Porto, Portugal 

 

 
The widespread use of biocides in water treatment processes for microbiological 
control has led to the increase of antimicrobial tolerance. The immobilization of 
biocides on a particle bed reactor arises as feasible strategy to mitigate biocide 
dispersal into the environment and microbial tolerance. 
The knowledge of the mechanism of action of a biocide can have a profound impact 
on biocide dosage concentration and contact time selection towards microbial 
eradication. Thus, this work studies two biocides [benzalkonium chloride (BAC) and 
Dibromonitrilopropionamide (DBNPA)] widely used in industry for water treatment. 
These two biocides will be further immobilized on the surface of particles to be used 
in a fixed bed reactor for water disinfection. However, it is primordial to study the 
mechanisms of action of the free biocides and then the immobilized ones.  
BAC’s mechanism of action is well described in the literature. Although the mechanism 
of action of DBNPA has been described theoretically in a large number of papers, there 
is a lack of studies proving it. So, in this work Pseudomonas fluorescens’ cells were 
exposed to different biocide concentrations and several parameters evaluated, namely: 
culturability, membrane integrity, cellular energy, metabolic activity, cell’s structure 
and morphology. The global analysis provided insights into the mechanisms of action 
of both biocides and proved that BAC is a lytic biocide and DBNPA a moderate 
electrophilic one. Furthermore, this study also raised some interesting questions 
regarding bacterial viability and death, such as: “how far are injured cells from its dead 
state?” and “which parameters indicate cell death?”.  
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Thermal disinfection (or heat sanitization) approaches are widely applied to control 
microorganisms’ growth. From the operational point-of-view of hot water networks 
systems, it is important to assess what happens to the bacterial cells upon a 
temperature shock, but also to understand what happens to the biofilm architecture. 
Changes in the biofilm structure (porosity, density, etc.) will ultimately affect the 
detachment rates. 
In this study, a heat shock (70 ˚C for 15 minutes) was performed in a pre-established 
P. fluorescens biofilm (8-days old) formed in a CDC biofilm reactor. Special emphasis 
was given to the evaluation of the biofilm’s architecture (at the mesoscale). Biofilm 
mesoscale architecture was assessed through 2D - Optical Coherence Tomography 
(OCT) imaging. Yet, a proper microbiological assessment was also performed. Cell 
culturability and cell viability were evaluated by plate counts and by ATP 
bioluminescence measurements, respectively. The regrowth potential after the shock 
(1, 24 and 48 hours) was evaluated under two turbulent flow rates (125 and 225 RPM).  
Preliminary results revealed that 1 hour after heat shock exposure, biofilm’s thickness 
and roughness coefficient significantly decreased for biofilms grown under the lower 
hydrodynamic condition, while no significant differences were found for the higher flow 
rate (225 RPM). Biofilm culturability and viability also decreased 1 hour after the heat 
shock. Moreover, thermally shocked biofilms seemed to be recovered 24 hours after 
heat shock, which might explain the ineffectiveness of many thermal disinfection 
procedures. This fundamental study can provide important contributions to better 
design and implement thermal procedures. 
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The functional role of the biofilm matrix in a multispecies model community  
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Multispecies biofilms are black boxes. The interactions between different bacterial 
species result in the emergence of community intrinsic properties. Such properties are 
observed solely when bacteria co-exist in communities. While past studies have 
analyzed bacterial interactions in multispecies biofilms and determined their overall 
effects, there is a knowledge gap in the mechanistic drivers which develop these 
community intrinsic properties. One component of the biofilm that could elucidate the 
cause of these phenomena is the matrix. Some studies have looked at the biofilm 
matrix in a single species community; however, there is a lack of research analyzing 
the effects of the matrix on the multispecies biofilm. Examining the matrix composition 
and properties of the multispecies biofilm will provide insight into its effect on the 
biofilm-specific community intrinsic properties. Four strains that have been shown to 
possess synergistic biofilm formation capabilities in vitro are Stenotrophomonas 
rhizophila, Xanthomonas retroflexus, Microbacterium oxydans and Paenibacillus 
amylolyticus. Such a model community is a useful way to cultivate a low complexity 
environment in vitro. Using this model community, microscale analysis of a 
multispecies biofilm will identify genes encoding for matrix components, assess 
enzymatic activity, characterize the matrix, and overall analyze the differences 
between a multispecies biofilm matrix and a monospecies biofilm matrix. The findings 
from the in vitro community will be verified in a higher complexity environment, more 
accurately mimicking biofilms found in nature. Deepening the understanding about the 
effect of the multispecies biofilm matrix on the emergence of community intrinsic 
properties will have a significant impact on future biofilm research.  
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The development of antimicrobial resistance (AMR) by bacteria is putting an end to 
the “golden-era” of antibiotics and is already responsible for thousands of annual 
deaths worldwide. This increasing threat to public health requires the development of 
novel therapeutic solutions. 
Nucleic Acid Mimics (NAMs) are nucleic acids with modifications in their chemistry that 
are responsible for favourable features such as improved thermodynamic properties, 
higher nuclease resistance and enhanced affinity and selectivity for their targets. NAMs 
are able to hybridize with intracellular bacterial RNA and thus have huge potential to 
be applied as antimicrobials or as detection probes, using Fluorescent In Situ 
Hybridization (FISH).  
However, NAMs are charged macromolecules and thus are commonly poorly 
internalized by bacteria, with the cellular envelope representing a major hurdle. As 
most of the permeabilization techniques are not applicable in vivo, there is the need 
to use delivery vectors such as Cell Penetrating Peptides (CPPs) or liposomes. There is 
currently very little knowledge concerning the mechanism that allows those vectors to 
facilitate NAMs internalization. The study of the envelope-vector interactions is of 
utmost importance to tune the selection of vectors for specific applications. 
In this study, a method based on Fluorescence Cross-Correlation Spectroscopy (FCCS) 
was tested with the aim of determining the interaction between fusogenic cationic 
liposomes including NAMs and E. coli, using different fluorescent probes to label the 
two different particles. The first results obtained with this method indicated that there 
is a high percentage of association between bacterial cells and the NAM constructs. 
Other methods were applied to further investigate the effect of this type of liposomes 
in the different components of the bacterial envelope, with the major conclusion being 
that a disruption of the Outer Membrane (OM) of E. coli is caused by this delivery 
vector. The results of this work will provide useful insight for the development of 
different therapeutics, including the focus point of the author’s PhD work, which aims 
to develop solutions to reduce the burden of salmonellosis in the poultry industry.  
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Reverse osmosis membranes have been shown to consistently produce very high-
quality water independent of source water quality and can be used for a wide range 
of applications, such as recovering valuable compounds and water from side streams 
in the food industry. However, membrane biofouling remains one of the major 
operating challenges. Biofouling is defined as the adhesion, growth, and multiplication 
of bacteria present in the inlet stream on the RO membrane surface, and was shown 
to have a negative impact on membrane performance. Multispecies biofilms are 
predominant in RO biofouling and often thicker and more resistant than biofilms 
consisting of one genus. A better understanding of the prevalence, physiology, and 
complexity of multispecies biofilm formation and their interactions with membranes 
will help to design cleaning in place (CIP) treatments procedures for efficient food 
process water treatment for reuse. This research aims to investigate the interspecific 
interactions between seven bacterial isolates obtained from the dairy industry filtration 
system. Here, we screened the biofilm formation by bacteria when cultivated as mono- 
and multispecies biofilms, based on the Nunc-TSP lid system and crystal violet staining 
and characterized biofilm growth on RO membrane conducted in a 24-well plate. The 
CV-staining assay showed that the combinations containing Raoultella ornithinolytica, 
Bacillus sp., Pseudomonas brenneri sp., Stenotrophomonas maltophila sp. and Rothia 
nasimurium consistently resulted in enhanced biofilm production during two days of 
cultivations. As well as, staining of specific matrix components by Syto9 (labels nucleic 
acids), Con A (labels carbohydrate matrix) and SYPRO Ruby (labels most classes of 
proteins) on RO membranes and visualizing using CLSM, depicted three and four-
species biofilm of the abovementioned species was stretched directly over the 
membrane surface and covered most of the total area. This is an important assessment 
of how susceptible a membrane is to early biofilm growth and thus biofouling. With 
this knowledge, we provide strategies to reduce or maybe even prevent RO membrane 
biofouling, based on enzymatic treatment. 
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Antimicrobial resistance is an escalating public health issue, with estimates indicating it will 
cause around 10 million annual deaths by 2050 [1]. Nucleic acid mimics (NAMs) can become 
an alternative to traditional antibiotics, providing specific antibacterial therapy while protecting 
the beneficial microbiome. NAM sequences can be designed to target genes essential for the 
survival of specific bacteria and, when in the cytosol, they can, through hybridization, inhibit 
the expression of the target mRNA, leading to bacterial death. However, the bacterial envelope 
is not permeable to nucleic acids [2]. While the potential of dendrimers for intracellular delivery 
of nucleic acids has been extensively reported, these studies have been essentially limited to 
mammalian cells [3]. Herein, we assess the potential of a self-assembling dendrimer [3] as a 
delivery system of NAMs into bacteria via turbidity reduction assay (TRA). For this study, all 
NAMs were designed to target the essential acpP gene in Escherichia coli (E. coli).  
Initially, NAMs composed of locked nucleic acid (LNA)/2’OMe RNA were complexed with the 
dendrimer, at different N/P ratios, to form dendriplexes and tested against E. coli ATCC 25922. 
Afterwards, a 2-step therapy strategy was considered, isolating the effect of the dendrimer 
and the antisense NAMs. E. coli was first treated with the dendrimer (4 h incubation), followed 
by dendrimer removal and E. coli incubation with NAMs (up to 20 h). As NAMs, the previously 
used LNA/2’OMe sequence was tested, as well as an equivalent sequence composed of peptide 
nucleic acid (PNA). As a positive control, the conjugate of this PNA with the cell-penetrating 
peptide (KKF)3K was used, as it is already proven to permeate and inhibit E. coli growth [4]. 
For the dendriplexes: although a considerable growth inhibitory effect was obtained, this was 
mainly an effect of the dendrimers and not the NAMs, as the dendrimers by themselves often 
presented a higher effect than the resulting dendriplexes. 
Regarding 2-step therapy, this approach relies on the dendrimer to permeabilize the bacterial 
envelope and benefits from the specificity provided by NAMs. This strategy showed a 
substantial inhibitory effect for the treatments including a PNA-based NAM. 
A promising combination (dendrimer followed by PNA-based NAM) was identified, which 
highlights the dendrimer’s permeabilization potential. 
Future studies will focus on validating these results via time-kill assays, as well as re-evaluating 
the dendriplex strategy, considering the association with the PNA-based NAM. 
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The human stomach is colonized by many different bacteria, with Helicobacter pylori being 
one of the main pathogens. Approximately half of the world’s human population is infected 
with this bacterium. Recent studies propose that the absence of non-H. pylori bacteria in the 
stomach might delay the onset of H. pylori induced gastric cancer; while the presence of 
artificial microbiota seemed to promote the development of gastric cancer. However, the role 
of gastric microbiota (GM) in gastric diseases, particularly in H. pylori-related infections, still 
needs to be clarified. Most studies use microbial identification methods based on DNA isolation 
and sequencing, which causes disruption of the spatial structure of the GM. Hence, there is a 
need for a technical advancement to provide a structural analysis of the microbiota 
organization within the stomach.  
Recent advances in fluorescence in situ hybridization (FISH)-based techniques in combination 
with confocal laser scanning microscopy allowed to study the spatial organization and the 
species interactions within bacterial communities in situ. This technique has been applied in 
the stomach but was only capable of detecting H. pylori. In fact, FISH suffers from limitations 
related with the low multiplex capabilities (detection of multiple targets simultaneously); it 
generally can only discriminate up to 3 microorganisms due to the use of bandpass filters in 
fluorescence image acquisition which limits the number of fluorophores that can be 
simultaneously differentiated. To overcome this issue, a new technology, called Combinatorial 
Labelling and Spectral Imaging-FISH (CLASI-FISH), is emerging. With this approach, eight 
fluorochromes can be used to generate 28 colour combinations, each one specific for a target 
organism. However, this technique uses DNA/RNA probes, which have relatively low affinity to 
the target and present a limited design flexibility.  
In recent studies, locked nucleic acid (LNA) and 2’-O-methyl-RNA (2’OMe) probes showed 
themselves as good candidates to develop a successful FISH method for the detection of 
multiple targets. Compared with DNA probes, nucleic acid mimics (NAMs) display a higher 
thermodynamic stability when hybridized with complementary DNA/RNA, which implies that 
shorter sequences can be used, enhancing specificity of hybridization. In addition, when LNA 
is intercalated with 2’OMe, a thorough control of the thermodynamics parameters of the probes 
is possible. Hence, LNA/2’OMe probes are good candidates to develop a more robust FISH 
method. 
Thus, the main aim of this work is to allow a multiplex and robust spatial location assessment 
of gastric microorganism, combining the LNA/2’OMe-FISH and CLASI in a new colour-coded 
FISH methodology technique, named NAM-CLASI-FISH. The establishment of this technique 
will not only allow a better knowledge of GM composition and organization, but also provide 
indications on new strategies to manage H. pylori-associated gastric diseases. 
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