
The wastewater treatment plant (laboratory scale) consisted of one aerated column with a plastic filling on 
which the biofilm was formed. The spatial diversity of the bacterial communities in the plant biofilms was 
analysed by taking samples of  the system when it was subjected at four different  salinity concentrations.
The bacterial diversity of the submerged filter was studied by a cultivation-independent approach based on 
PCR/TGGE (temperature-gradient gel electrophoresis) and Fluorescence in situ hybridizacion (FISH) was 
applied to follow the evolucion of de microbial composition of a submerged filter. In addition, the biological 
activities of microorganisms forming the biofilm were studied by performing enzymatic activities assays, e.i. 
glucosidase, phosphatases, proteases and esterases.
The TGGE profiles of PCR-amplified sequences of the 16 S rRNA gene (V3-hypervariable region) showed 
significant variations of the bacterial diversity, mainly depending on the concentration of salt in the system.  
Overall, the results obtained in our study suggest that in spite of changes induced by the different salinities, 
the fix-biofilm systems represent an important adaptation capability to these environmental changes referring 
to their depurative activity and their bacterial communities. This fact makes these systems specially useful for 
the treatment of waste-waters subjected to variable salt concentrations.
Combined high-resolution microscopic techniques to determine the capacity of cyanobacteria and a 
microalga DE2009 to remove heavy metals in natural ecosystems
Juan Maldonado, Isabelle Esteve, Antonio Solé, Cecilia Brambilla, Massimiliano Baratelli, Universtat Autònoma 
de Barcelona, Spain
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Significance and objectives
Little is known about the role of intracellular inclusions in microorganisms living in natural ecosystems and 
also if they can be used as bioindicators of pollution by heavy metals.
The aim of this work is to evaluate by high-resolution microscopic techniques, the capacity of different 
cyanobacteria and a microalga (DE2009) living in microbial mats, to bioadsorb and/or bioaccumulate heavy 
metals.
Methods and results
Microbial mat samples were grown in microcosms and then polluted with lead or copper. To demonstrate 
the capacity of different microorganisms to capture heavy metals, Scanning Electron Microscopy (SEM) 
and Transmission Electron Microscopy (TEM) coupled to Energy dispersive X-ray spectroscopy (EDX) were 
applied to all the samples. Similar experiments were performed in axenic cultures of cyanobacteria and in the 
microalga.
Among all the cyanobacteria tested (Microcoleus sp., Oscillatoria sp., Spirulina sp. and Chroococcus sp.), 
Microcoleus sp. was the most efficient for heavy metals adsorption. In polluted cultures and microcosms, this 
cyanobacterium showed peaks of lead and copper in cell envelopes and in polyphosphate inclusions. No peaks 
of metals were detected in unpolluted conditions. The microalga DE2009 also showed a great affinity for both 
heavy metals, but it was found in lower numbers than Microcoleus sp. (the most abundant) in microcosm 
samples and in Ebro delta microbial mats.
Conclusions
From these results, we conclude that Microcoleus sp., and in particular, analysis of its polyphosphate inclusions, 
could be considered as a good bioindicator to predict whether an ecosystem is polluted by heavy metals and 
also to indentify them.
In vitro adaptation of P. aeruginosa: colony morphology variants selection and virulence 
characterization
Maria Olivia Pereira, Idalina Machado,  João Loureiro, Ana Margarida Sousa  IBB-CEB, University of Minho
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One of the bacterial strategies to respond to environmental pressures is the switch of their phenotypic traits 
by a mechanism called phase variation. This reversible process provides the generation of varied bacterial 
phenotypes, leading to a mixed population and colony diversity.
In this work it was aimed to isolate and characterize the virulence of colony morphology variants selected 
by environmental pressures from planktonic and sessile P.aeruginosa, in order to understand the biological 
significance of phase variation in virulent-bacteria selection. 
Bacteria were in vitro stressed by continuous exposure to increased concentrations of benzalkonium chloride 
(BZK) and by heat and peroxide hydrogen shock. The stressed bacteria were suspended, serial diluted and 
plated onto TSA to inspect and collect colony morphology variants.
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It was observed, for planktonic and biofilm states, that adaptation and heat and chemical shocks selected 
different colony morphologies. These differences were in colony circumference and outer edge (smooth or 
irregular), surface texture and surface shape (craters). All the colony morphotypes were collected and used to 
evaluate their biofilm formation ability and its susceptibility to some antimicrobials. Data revealed that some 
morphotypes shown less ability to form biofilms but were more tolerant to BZK. Other morphotypes, with 
more ability to form biofilms, were resistant to Ciprofloxacin, and others were susceptible to Ciprofloxacin but 
resistant to Erytromicine.
It can be concluded that P.aeruginosa is capable to undertake phenotypic changes when facing stress 
pressure. These different morphology variants may play a significant role in P.aeruginosa antimicrobial 
resistance, contributing its increased pathogenicity.
Cyanobacterial activity and composition in modern conical photosynthetic biofilms
Tanja Bosak1, Biqing Liang2, Ting-Di Wu3, Stefanie Petra Templer1, Min Sub Sim1, Jean-Luc Guerquin-Kern3, 
Jeannie Mui,4, Hojatollah Vali4
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The shapes, dimensions and textures of modern biogenic conical stromatolites, cm-sized laminated and lithified 
structures formed by filamentous cyanobacteria, resemble conical stromatolites as old as ~ 2.8 billion years.  
Nevertheless, processes responsible for this morphological similarity remain poorly understood.  In particular, 
it has been unclear whether the various morphologies present in stromatolites (cones and surrounding mat 
structures) reflect different bacterial communities or different activities of similar communities.  It has also 
been unclear the characteristic conical shape of some modern small stromatolites is a product of phototaxis 
or perhaps other microbial behaviors.  By integrating morphological and molecular data with high-resolution 
mapping of labeled carbon taken up in cm-scale conical biofilms in the hot springs of Yellowstone National 
Park, here we relate the morphology of coniform mats to the spatial differences in the metabolic activity of 
thin filamentous cyanobacteria (Oscillatoria).  All analyzed samples show similar diversity patterns among 
morphologically different cones from different pools that contain a shared “background-community” of 
filamentous cyanobacteria and more diverse non-filamentous cyanobacteria.  Our findings do not support a 
significant role for microbial phototaxis in the formation of analyzed structures, but show that cyanobacteria 
that grow on the topographic highs incorporate more inorganic carbon than the morphologically and 
molecularly similar microbes in the topographic lows.  These topography-dependent differences in microbial 
activity are consistent with microbial growth in diffusive gradients, a mechanism that may have controlled the 
growth of coniform photosynthetic biofilms throughout geologic history.

Role of bacterial hypermutation in the development of a multi-species drinking water biofilm 
Kennedy Enyioha, William Keevil, Jeremy Webb, University of Southampton, UK
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The survival of bacteria in nature is greatly enhanced by their ability to grow within surface-associated 
communities called biofilms. Biofilms provide a protective stronghold for harmful pathogenic bacteria within 
the environment, for example biofilms in drinking water distribution pipelines can harbour bacteria such 
as the opportunistic pathogen Staphylococcus aureus and Pseudomonas aeruginosa. Much research has been 
carried out on P. aeruginosa single species biofilm formation and its role in human infections, but little is 
known about the interactions that can occur within complex and mixed-species bacterial communities within 
the environment. 
A recent finding is that strains of P. aeruginosa obtained from natural biofilms are often hypermutable due 
to defective DNA error repair systems. However, the role of mutation frequency in determining survival and 
fitness of P. aeruginosa within the environment has not been explored. This research is therefore investigating 
interactions between P. aeruginosa wild-type, mutator and environmental strains and natural mixed-species 
biofilm communities derived from drinking water and the mutability of P. aeruginosa within biofilm cultures 
generated by growth in a drinking water system, and the role of mutation frequency in their survival.
 Our results show Pseudomonas aeruginosa mutator strains are better able to integrate into drinking water 
biofilms compared to non-mutator strains and also can persist longer within these multi-species biofilms. 
Moreover, the mutation frequency of wild type of P. aeruginosa was found to increase by an average of 5-fold 
when integrated within mixed-species biofilms compared to pure-culture P. aeruginosa biofilms and planktonic 
cultures. Our data suggest that elevated mutation frequencies may contribute to enhanced pathogen survival 
within drinking water biofilms.
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