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VISUALIZATION AND QUANTIFICATION OF THE INITIAL COLONIZATION AND BIOFILM 

FORMATION ON METAL SULFIDES BY LEACHING BACTERIA  

B.M. Florian1*, N. Noel, S. Bellenberg, T. Rohwerder, W. Sand 

Aquatic Biotechnology, Biofilm Centre, University of Duisburg-Essen, Duisburg, Germany 
1*corresponding author: 
mailing address: University Duisburg-Essen, Geibelstr. 41, 47057 Duisburg 
phone number: +49 203 3794493 
fax number: +49 203 3791941 
e-mail: biancaflorian@hotmail.com 

Bioleaching is the dissolution of metal sulfides, such as pyrite and chalcopyrite, by bacterial for 

winning of metals such as gold, copper, or zinc. In all cases, leaching bacteria form a biofilm on the 

mineral surface, which is their substrate and their substratum. Consequently, the attachment to 

metal sulfides is critical for bioleaching performance. The aim of the study was to quantify and to 

visualize colonization of metal sulfides by pure and mixed cultures. Various strains of the genera 

Acidithiobacillus, Leptospirillum, Sulfobacillus and Acidiphilium were tested. Sessile and planktonic 

cells were imaged by fluorescence microscopy using DAPI staining, Live/Dead-kit, FISH, and lectin 

staining. Additionally atomic force microscopy was used for the investigations of cell morphology, 

bacterial distribution on metal sulfides and mineral surface topography. It could be shown that the 

bacterial physiology and morphology of sessile cells were totally different as compared with 

planktonic ones. Interaction of different species resulted in increased production of extracellular 

polymeric substances (EPS) and, consequently biofilm formation. Based on these findings, bacterial 

attachment and, thus, metal extraction in industrial leaching processes may be optimized. 

Furthermore, strategies for the abatement of acid mine/rock drainage may be developed. 

 [o41] 

STUDY ON THE MICROBIAL ADHESION AND BIOFILM GROWTH USING ELECTROCHEMICAL 

IMPEDANCEMETRY 

M.MARTINOV2 A. DARCHEN1 D. HADJIEV2  

1
[ŀōƻǊŀǘƻƛǊŜ ŘΩ9ƭŜŎǘǊƻŎƘƛƳƛŜΣ 9ŎƻƭŜ bŀǘƛƻƴŀƭŜ {ǳǇŞǊƛŜǳǊŜ ŘŜ /ƘƛƳƛŜ ŘŜ wŜƴƴŜǎΣ ŀǾŜƴǳŜ Řǳ DŞƴŞǊŀƭ [ŜŎƭŜǊŎ, 

35700 Rennes, France    
2
Laboratoire de Biotechnologie et Chimie Marine, Université de Bretagne Sud, Centre de Recherche, rue Saint 

Maudé, 56132 Lorient, France, 
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Biofouling and biodeterioration due to biofilm formation cause great environmental and economical 

implications. Microbial activity within biofilms formed on surfaces of metallic materials can affect 

the kinetics of cathodic and/or anodic reactions and can also considerably modify the local chemistry 

of any protective layers. This process is referred to as biocorrosion or microbial influenced corrosion 

(MIC).  Further, many studies have shown the ability of a biofilm to regenerate plankton populations 
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and facilitate microbial pollution. In fact, many industrial sectors suffer potential pollution problems, 

health and safety hazards and financial losses, as a result of biofilm development. 

Different mechanisms have been proposed to explain this phenomenon and various techniques 

including spectrophotometry, fluorescent microscopy, and flow cytometry have been used 

extensively to monitor the cell viability and proliferation. Some electrochemical techniques, among 

these electrochemical noise measurement (EN), electric cell-substrate impedance sensing (ECIS) and 

electrochemical impedance spectroscopy (EIS) are good tools to evaluate, monitor, and understand 

the biocorrosion process.  

The applicability of electric cell-substrate impedance sensing (ECIS) based on the electron-transfer 

resistance for studying the attachment and proliferation of cells on a various surfaces has been 

demonstrated for the case of Pseudomonas aeruginosa PAO1 and Bacillus subtilis bacterial strains. 

Quantitative information about cell growth has been obtained using this method. The results were 

compared to SEM and CSLM pictures. The electrochemical results roughly agree with the microscope 

image observations. The gram-negative Ps. aeruginosa strain which is an EPS producer shows good 

and uniform biofilm formation. This is not the case for the gram-positive Bacillus subtilis strain. 

Bacterial adhesion to solid surfaces is evaluated usiƴƎ ɲG132
TOT, the total free energy of interactions 

between bacterial cells (1) and the substrate (2) immersed in water (3), determined as the sum of 

Lifshitz-±ŀƴ ŘŜǊ ²ŀŀƭǎ ƛƴǘŜǊŀŎǘƛƻƴ ŜƴŜǊƎȅ ɲG132
LW, Lewis acid -base interactions free energy ɲG132

AB, 

and electrostatic interaction free energy ɲG132
EL and a method for controlling this parameter is 

proposed. The ECIS technique used in this study can be used for continuous real-time monitoring of 

initial biofilm formation and biofilm growth. It provides a simple and inexpensive electrochemical 

technique for in vitro assessment of biofilm presence on various surfaces. 

 [o102] 

IN VIVO LABELING OF DE NOVO SYNTHESIZED BACTERIAL RNA ɀ A NOVEL METHOD FOR 

NATURAL BIOFILM RESEARCH. 

N. Stankiewicz, S. Berensmeier, Th. Schwartz 

Gene expression and taxonomical analysis of unknown bacterial populations in natural habitats is an 

important challenge of modern microbiology. Especially in environmental biofilm samples gene 

expression analysis could offer the opportunity for a more detailed understanding of the complex 

interaction of natural bacterial population and their capabilities. Nearly all expression analyses are 

applied for acquainted genes or bacterial species, but not for unknown prokaryotes and their 

functionalities. The main reason is that up to today the isolation and analysis of bacterial RNA from 

natural samples requires the knowledge of a target sequence for a specific amplification or 

separation. Thus most hybridization based methods for amplifying RNA imply exclusion of unknown 

species by defining target sequences. In contrast to eukaryotes prokaryotic cells do not synthesize 

mRNA with a stable оΩterminal polyadenylation what makes its purification and a subsequent 

amplification of unspecifically reverse transcribed cDNA much more complicated. 

The aim of this work was to provide a method that can be used as a basic tool for molecular biology 

examining the functionality and taxonomy of unknown bacterial populations even in natural 
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biofilms. In this regard a non radioactive in situ labeling and separation of de novo synthesized RNA 

was developed. 

In the novel in situ RNA-labeling method feeding of modified nucleotides (Digoxigenin-11-UTP) leads 

to their assembly into the de novo synthesized RNA in vivo. The method is working with intact, 

physiologically active bacteria that assemble the label molecule without any special treatment. Thus 

the label molecule marks in high abundance de novo synthesized RNA and gives a picture, which 

genes are expressed. In addition the label is used as a target for the specific separation of this newly 

synthesized RNA. This labeled total RNA could be used for general expression analysis. A subsequent 

partitioning of the total RNA, using a capture hybridization approach, separates the rRNA from the 

mRNA. The fraction of labeled rRNA could be used for the taxonomic analysis of physiologically 

active bacteria in the biofilm since only de novo synthesized rRNA was labelled. 

The results demonstrate an efficient uptake and RNA incorporation of DIG-11-UTP of both gram 

positive, gram negative reference bacteria as well as natural biofilm bacteria. The modified 

nucleotide is ingested by the bacteria without any special treatment so that the gene expression 

pattern of the bacteria should not be altered. The RNA assembly efficiency of biofilm bacteria from 

drinking or river water is even elevated compared to reference bacteria. Furthermore the method is 

applicable to adhesive biofilm bacteria without removing the cells from their growing surface. The 

separation is achieved by an antibody mediated binding of the labeled RNA to streptavidin 

functionalized magnetic beads. The rRNA partitioning is proceeded by capture hybridization onto 

magnetic bead. The usability of all isolated RNA fractions for molecular biological analysis is shown 

exemplarily in gel electrophoresis and real-time PCR. 

The presented method offers the possibility to marc and separate mRNA and rRNA from unknown 

bacteria in their natural habitat for functional and taxonomical analysis. 

[o145] 

ONLINE MONITORING OF BIOFILM GROWTH AND DETACHMENT VIA MAGNETIC RESONANCE 

MICROSCOPY 

B. Manz1, M. Wagner3, F. Volke1, Th. R. Neu2 and H. Horn3 

1
 Fraunhofer-Institute for Biomedical Engineering, Ensheimer Str. 48, 66386 St. Ingbert, Germany 

2
Department of River Ecology, Helmholtz Centre for Environmental Research ς UFZ, 39114 Magdeburg, 

Germany 
3
Institute of Water Quality Control, Technische Universität München, Am Coulombwall, 85748 Garching, 

Germany 

Biofilms consist of microorganisms and their extracellular polymeric substances associated with 

interfaces in environmental, technical and medical habitats. The function of biofilms in all of these 

systems is strongly related to their structure, whilst the biofilm structure in turn is again determined 

by nutrient availability as well as hydrodynamic conditions. Recent studies have shown that MR 

microscopy is a perfect tool to investigate structure and dynamics of biofilm systems in their natural 

habitats [1, 2, 3]. Structural information can be obtained by mapping the so-called T2 relaxation 
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times, and flow maps provide information about transport properties as well as the forces acting on 

the biofilm surface.  

In the study presented here, a heterotrophic biofilm was grown for a duration of 10 days inside a MR 

scanner. The surface structure was characterised using three-dimensional images, which had been 

recorded at regular intervals. In a second experiment, detachment of a heterotrophic biofilm, which 

was grown in a tube reactor, was investigated. The biofilms were cultivated in a test segment at a 

constant Reynolds number and a well-defined substrate load. For the MRI experiments, the test 

segments with the biofilms were placed inside the NMR magnet and connected to the flow loop. 

Spatially resolved three-dimensional maps of flow velocity and T2 were recorded at laminar flow 

conditions. After each set of experiments, the flow rate was increased for two minutes (Reynolds 

number Re: 1000, 2000, 3000, 4000, 5000) in order to force biofilm detachment from the reactor. 

The resulting images show the increasing detachment of biomass from the biofilm surface with 

increasing shear forces. Structural analysis shows a correlation between cultivation conditions and 

flow conditions where detachment occurs. 

1. B. Manz, F. Volke, D. Goll, H. Horn, Biotechnol. Bioeng. 84 (2003) 424-432. 
2. J. D. Seymour, S. L. Codd, E. L. Gjersing, P. S. Stewart, J. Magn. Reson. 167 (2004) 322-327. 
3. U. Metzger, U. Lankes, E. H. Hardy, B. C. Gordalla, F. H. Frimmel, Biotechnol. Lett. 28 (2006) 1305-1311. 
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[o132] 

BIOFILM INDUCES MODIFICATIONS OF THE PROTEOME OF PLANKTONIC P. AERUGINOSA 

CELLS 

Yohan NIGAUD, Pascal COSETTE and Thierry JOUENNE 

FRE CNRS 3101, University of Rouen, 76821 Mont-Saint-Aignan, cedex, France, 

Quorum sensing (QS) is a term used to name the ability if a bacterium to detect local cell density. 

This ability functions through the secretion and detection of autoinducer molecules, which 

accumulate in a cell density-dependent manner. When autoinducer concentrations reach a 

threshold level, QS cells respond, allowing them to modulate behaviors whose efficacy and fitness 

benefits depend upon the presence, or absence, of other cells. It has been shown that the biofilm 

formation is under the control of QS. 

While recent studies on QS focused on its role in the cell-to-cell communication in free or biofilm 

cultures, no work has been devoted to investigate the communication between sessile and 

planktonic bacteria, up to now. In this aim, we elaborated an original two-compartment bioreactor 

and used a proteomic approach to study the alterations induced by P. aeruginosa biofilm cells on the 

protein expression of planktonic counterparts. The impact of the biofilm on free-cell motilities 

(swimming, swarming and twitching) and on the ability of the bacterium to adhere was also 

investigated. The concentration of signal molecules (acyl homoserin lactones) was measured by 

using thin layer chromatography.  

Results showed that the presence of the biofilm did not modify the motilities of free cells and the 

ability of these bacteria to adhere on PVC. Proteomic analyses revealed the existence of 32 proteins 

whose amount varied in planktonic cells grown in the presence of the biofilm. Among these proteins, 

12 were identified by mass spectrometry. Five corresponded to hypothetic proteins whose function 

is unknown. No C4-HSL (rhlR-rhlI-dependent QS) was detected in the culture medium while an 

increase of 3-oxo-C12-HSL (lasR-las-dependent QS) was highlighted. Interestingly, between proteins 

that were accumulated by planktonic cells grown in the presence of a biofilm, was the 3-oxoacyl-

[acyl-carrier-protein] reductase, a protein involved in the production of 3-oxo-C12-HSL. These results 

demonstrate that planktonic organisms are able to detect the presence of a biofilm in their close 

environment and to modify their gene expression in consequence. 

[o43] 

THE INCREASE OF METABOLIC ACTIVITY IN BIOFILMS CAUSED BY URANIUM 

 Evelyn Krawczyk-Bärsch1, Sina Brockmann1, Thuro Arnold1, Axel Wobus2, Susann Diessner2
 

1
 Forschungszentrum Dresden-Rossendorf e.V., Institute of Radiochemistry, P.O. Box 510119, 

D-01314 Dresden, Germany 
2
 Dresden University of Technology, Institute of Microbiology, D-01062 Dresden, Germany 

Multispecies biofilms were cultured in air atmosphere on glass slides in biofilm reactors in a standard 

culture medium (Sifin; TN 1171) with a pH of approximately 7.2, at room temperature (20°C) for two 
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months. UO2(ClO4)2 was added to the culture media in the biofilm reactors in ecological relevant 

concentrations, i.e. a total U concentration of 1×10-5 mol/l and 5×10-6 M, respectively. Such 

concentrations are comparable with uranium concentrations typically found in seepage waters of 

uranium tailings, e.g. in Saxony/Germany. After a period of three weeks 16S rDNA analysis and 

fluorescence in situ hybridization (FISH) investigations were carried out on biofilm samples to study 

the effect of added uranium on the bacterial diversity. The results showed that the addition of 

uranium induced no significant changes to the bacterial diversity in the multispecies biofilms. 

However, the analyses clearly indicated that a stable multi species biofilm has developed.  

The resulting response of the microbial biofilm community to the added uranium(VI) was studied by 

oxygen microsensors in biofilms exposed to uranium and in biofilms free of uranium. Concentration 

profiles of oxygen versus biofilm depths were measured in each biofilm in flow cells by 

electrochemical microsensors with a tip diameter of 10 µm. The measured concentration profiles 

were biogeochemically interpretated by a numerical procedure (Berg et al., 1998) to calculate the 

oxygen consumption rates with a precise prediction of the location of the oxygen consumption 

zones. In the uranium containing biofilms, the oxygen consumption, calculated from the steady-state 

microprofiles, showed high consumption rates of up to 68 nmol cm-3s-1 in the top layer (0 - 70 µm) 

and much lower consumption rates in the lower zone of the biofilms. Staining methods such as the 

fluorogenic redox indicator 5-cyano-2,3-ditolyl tetrazolium chloride (CTC) and the DNA-binding 

fluochrome 4,6-diamidino-2-phenylindole (DAPI) were used in combination with confocal laser 

scanning microscopy (CLSM). The visualized ratio of CTC-formazan to DAPI intensity, as an indication 

of the specific respiratory activity within the biofilms, revealed that the increased oxygen 

consumption rate in the upper layers (<70 µm) of the biofilms is due to the predominance of 

respiratory active cells in the upper layer. The metabolic activity increased in the upper layers of the 

biofilms by the addition of the uranium shown by faster oxygen consumptions. The results reveal 

that the addition of uranium in ecologically relevant concentrations to stable multispecies biofilms 

has a strong effect on the oxygen concentration and consumption rates in biofilms due to a 

stimulation of the metabolism of the microbes and, consequently, on their respiratory activity and 

oxygen consumption. 

Berg et al. (1998) Limnol. Oceanogr. 43 (7), 1500-1510. 

[o84] 

OLIGONUCLEOTIDE NANOSTRUCTURED SURFACES: EFFECT ON ESCHERICHIA COLI CURLI 

EXPRESSION 

Nicolas Cottenye1, 2, Francisco Teixeira Jr.2, Arnaud Ponche1, Günter Reiter1, Karine Anselme1, 
Wolfgang Meier2, Corinne Vebert-Nardin2, Lydie Ploux1  

1
 Institut de Chimie des Surfaces et Interfaces (CNRS UPR 9069), 15 rue Jean Starcky, BP 2488, 68057 Mulhouse 

Cedex, France 
2 
Departments of Chemistry, University of Basel, Klingelbergstrasse 80, CH-4056 Basel, Switzerland 

It is usually accepted that the roughness of the surface promotes the development of biofilms. 

However, the impact of the topography has never been solved comprehensively, mainly because the 
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impact of this parameter is usually being studied in the frame of specific applications. Apart from the 

fact that chemistry and roughness of the material can not be decoupled, questions rise from the 

difficulty in precisely characterize the surface of these materials and in particular, concerns on how 

the surface topography and the chemical properties correlate and modify the features of the biofilm.  

Within this framework, we developed surfaces of highly controlled chemical composition that allow 

the preparation of model-substrates either smooth or structured at the nanometer length scale. We 

used amphiphilic oligonucleotide-based diblock copolymers composed of a hydrophobic 

poly(butadiene) block covalently bond to a nucleotide sequence, which self-assemble into 

oligomersomes of ca. 180 nm in diameter, the oligonucleotides pointing towards the inner aqueous 

pool and the surrounding of a vesicular structure. The deposition of the oligomersomes onto 

oligonucleotide-functionalized surfaces enables the preparation of structured model surfaces, while 

reference surfaces with the same chemistry but a smooth topography are indeed obtained by simply 

grafting the same oligonucleotide than that composing the nucleo-copolymers on the ground 

surface. This approach allows the investigation of the effect of the size and surface concentration of 

the oligomersomes onto the bacterial response. Besides, the versatility of the chemistry of 

oligonucleotides allows varying the composition with high precision and control, down to one 

nucleotide, to differentiate the influence of chemistry and topographical feature of the surface on 

the bacterial response. These surfaces thus offer in addition a large choice of strategies for coupling 

the various aspects of the fight against biofilm.  

In this study, model-surfaces designed by the covalent immobilization of oligonucleotides and 

immobilization of oligomersomes were realised and characterized prior to investigate the growth of 

the biofilm. Combining fluorescence microscopy, XPS, ellipsometry, AFM and wettability at each step 

of the process of oligonucleotide grafting, the model-surfaces were comprehensively validated for 

subsequent biological investigations. The impact of bacterial organelles of adhesion (curli) on the 

substrate-bacteria interactions was studied using three different mutant strains of E.coli. Adherent 

bacteria were quantified in a static biofilm growth mode onto these substrates.  

In a first result, silicon substrates modified by the covalent immobilization of oligonucleotides 

provide convincing evidence of an enhanced curli expression without increasing the number of 

adherent bacteria, compared to a glass control. In a second result, immobilized oligomersomes on 

oligonucleotide grafting surface, composed by the same sequence than that constituting the 

vesicular structures provide a topography feature at the sub-micrometer length scale which does not 

affect E.coli response compared to the flat oligonucleotide grafting surface. Both results leading to 

convincing evidence that oligonucleotides modified surface, independently of the topographical 

feature used in the study, enhanced curli expression without increasing number of adherent 

bacteria. 
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PREVENTION OF INITIAL BACTERIAL ADHESION BY ELECTRIC CURRENT APPLICATION 

Soojin Shim1, Seok Hoon Hong2, Hee-Jin Park, Choon Soo Kim1, Joon-Hee Lee3, Jeyong Yoon1 

1
Seoul National University, 

2
TexasA&M University, 

3
Pusan National University 

Keywords: electric current, inhibition, bacterial adhesion 

Once biofilm is established, the bacterial growth on the surface is hard to control. Then, it is 

important to inhibit initial bacterial adhesion. The choice of electrical means for controlling the 

bacterial growth becomes popular since it is easy to apply in an automated manner under diverse 

environments (Hong et al., 2008 & van der Borden et al., 2005). This study is to aim for finding out 

an effective method in order to preventing initial bacterial adhesion, as utilizing electrical current.  

The continuous-flow system with the electrochemical cell which composed two ITO electrodes was 

used under the neutral buffer condition (phosphate buffer of 20 mM). A fluorescent microscope was 

used to observe the inhibitory effect of initial bacterial adhesion for 90 min according to the types of 

electric currents (cathodic current, anodic current and block current). 

The cathodic current under 100 µA was found to be the most effective to prevent bacterial adhesion, 

and only 7% of microorganisms remained on surface. The number of bacteria remained on surface 

was inversely proportional to the intensity of cathodic current. The electrical repulsive forces 

generated by application of cathodic current are interpreted for explaining the effective detachment 

of microorganisms on the surface. It is noted that 40% of the bacteria population on surface were 

detached as a narrow span of current application starting from 50 µA to 60 µA current was applied. 

This means that the electrical force generated from this range of electrical currents starts exceeding 

the critical binding force between bacteria and surface of electrode.  

Anodic or block current, on the other hand, have achieved no effective inhibitory effect of initial 

bacterial adhesion. Anodic current showed the lowest in terms of efficiency (20~30%). However, 

active bacterial bouncing motion was observed, indicating the weakening characteristics of bacterial 

adhesion on the surface. Block current which is an alternative application method of cathodic and 

anodic current showed about 70% inhibition. This study shows that the electrical current application 

could be one of effective tool for preventing the initial bacterial adhesion. 

Seok Hoon Hong, Joonseon Jeong, Soojin Shim, Heekyong Kang, Sunhoon Kwon, Kyung Hyun Ahn, Jeyong 
Yoon. Effect of electric currents on bacterial detachment and inactivation. Biotechnology and 
Bioengineering, 2008, in press. 

Arnout J. van der Borden, Henny C. van der Mei, Henk J. Busscher, Electric block current induced detachment 
from surgical stainless steel and decreased viability of Staphylococcus epidermidis, Biomaterials, 2005, 26, 
6731-6735. 
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EFFECT OF ELECTRICAL POLARIZATION ON BIOFILM DEVELOPMENT AND BIOFILM 

STRUCTURE 
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a.rumpf@iww-online.de  
(2) Karl-Winnacker-Institut DECHEMA/ Frankfurt (Main) 
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Keywords: Bacterial adhesion, biofilm growth, biofilm structure, electrical polarization, extracellular 

polymeric substances EPS.  

The influence of electrostatic interactions on biofilm development was investigated using polarized 

surfaces such as Indium-tin-oxide (ITO), glassy carbon (GC) and polypyrrole (Ppy). In particular, the 

effect of changes in polarization was to be further elucidated in terms of primary adhesion of 

microbial cells and evolution of biofilm structure.  

A pulsed polarization (e.g. +/-0.04 mA/cm²) or a constant current (-0.04 mA/cm²) for approximately 

5 h increased the adhesion of S. maltophilia as well as of drinking water bacteria. However, neither 

pulsed potential (+/-800 mV) nor constant potential on ITO influenced bacterial adhesion. 

Interestingly, when pulsed polarization (+/- 800 mV) was applied, biofilm growth was significantly 

inhibited compared to the non polarized control over a period of one week. Whereas the control 

reached a thickness of approximately 100 µm, the polarized biofilm remained as a monolayer with 

evenly distributed bacteria. 

The biofilm formation experiments showed that the adhesive behavior of pure bacterial cultures as 

well as of mixed populations from drinking water changed depending on the applied polarization of 

the substratum.  

Additionally, an effect of electrical polarization on biofilm morphology during primary adhesion was 

observed. S. maltophilia as well as the mucoide P. aeruginosa SG81 adhered on not polarized ITO-

Coupons as microcolonies in which bacteria were embedded in a matrix of extracellular polymeric 

substances (EPS). On the polarized surface, however, they adhered as distinct single cells without 

intercellular contact. Furthermore, these bacteria were not surrounded by visible EPS. The results 

indicate an effect of electrical polarization on the amount of EPS.  

Further experiments are focusing on potential synergistic effects of electrical polarization and 

biocides and on more detailed EPS analysis. In summary, the results indicate that electrostatic forces 

have an impact on physiological processes of biofilm development but are not the dominant 

interaction forces in primary bacterial adhesion. 

mailto:a.rumpf@iww-online.de
mailto:weidlich@dechema.de
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TIME AND SPATIAL DYNAMICS OF ANTIMICROBIAL ACTION IN BIOFILMS 

Ekaterina Tishchenko 1, Vincent Thomas 2 , Florence Dubois-Brissonnet 1 , Arnaud Bridier 1 and 
Romain Briandet 1 

1
 INRA, AgroParistech, UMR 763 « Bioadhésion et Hygiène des Matériaux », 25, avenue de la république, 91300 

Massy , France 
2
 STERIS SA 18, route du Panorama, 92265 Fontenay-aux-Roses, France 

In the framework of the biofilm control strategy, the /Staphylococcus aureus/ and /Pseudomonas 

aeruginosa/ local/ /biofilms viability were measured using non-destructive method ς time-lapse 

confocal laser scanning microscopy. The method allows to study the time dependent processes and 

also the spatial structure and properties of the biofilms. 

Action of three different biocides: non-oxidizing ς O-phthaldialdehyde, cationic surfactant - C14-

benzalkonium chloride, and oxidizing - Peracetic Acid - were measured by recording of non-specific 

esterase activity with V6 fluorescent substrate and penetration of the SYTOX-RED fluorophore - 

DNA-intercalator. The fluorescent intensity of esterase substrate reflects the metabolic activity of 

cells, while the SYTOX-RED fluorescence shows the change of the cell membrane permeability. The 

dynamics of the antimicrobial action shows a gradual loss of fluorescent intensity of the esterase 

substrate starting from the periphery of the cell clusters. Image analysis yields the measurement of 

the penetration velocity, e.g. v=0.1µm/min for the peracetic acid. Comparative analysis of the time 

dynamics of these chemically different biocides as well as the profound understanding of the 3D 

structure of biofilms is essential to develop efficient biofilms killing tools. 

[o86] 

EFFECT OF PIPELINE PROPERTIES AND RAW WATER IN CHARACTERISATION OF BIOFILMS IN 

A POTABLE WATER DISTRIBUTION SYSTEM 

M. Caballero, D. Cruz, M. Zambrano y M. Rodríguez 

CIIA, Departamento de Ingeniería Civil y Ambiental, Universidad de los Andes,  
Carrera 1a Este No. 19A-40, Bogotá, Colombia 
manuel-r@uniandes.edu.co 

The presence of biofilm in potable pipelines is common and it has been observed ƻƴ .ƻƎƻǘŀΩǎ 

distribution system. The biofilms have lot of microorganisms that can modify the water quality acting 

like a biofilter, but also constituting a potential public health risk becoming a reservoir for pathogens 

and releasing unknown microbial soluble compounds to it. This study was the first approach to the 

ōƛƻŦƛƭƳ ƛƴ .ƻƎƻǘŀΩǎ potable pipeline. In order to understand the heterogeneity of the biofilm, in this 

study a hydraulic model was generated to obtain the variation on the water velocity in potable 

pipeline. With GIS (geographical information system) applications three zones associated to different 

potable water treatments of the city were identified; three different pipeline materials were 

established in the potable system of Bogotá and the age of pipelines was also associated. Dead 

points were also identified. With this information specific zones were selected to take the biofilm 

samples for molecular diversity profiles analysis (TRFLPs and DGGE) that help us evaluate the effect 

mailto:manuel-r@uniandes.edu.co
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of these five variables on the diversity composition of the biofilm. Samples were taken scrapping the 

pipeline internal surface and also taken liquid in different points of the city. 250 points of daily 

chemical water characterization were correlated with composition and quality of biofilms observed. 

Raw water and potable treatment system were found as an important effect on biofilm composition. 

The chemical nature (cement, iron and PVC) and the age of pipeline modified the biofilm structure 

and the ecology of the biological aggregate. Analysis of exopolymers (EPS) and soluble microbial 

products were also carried out to relate biofilm composition and structure with the generation of 

these organic compounds.  

[o33] 

NATURAL BIOFILMS IN DRINKING WATER SYSTEMS USE DARK REPAIR MECHANISMS TO 

RESTORE DNA INJURIES AFTER UV DISINFECTION 

C. Jungfer, T. Schwartz, E. Grünewald, U. Obst. 

The repair mechanisms in bacteria could be responsible for the regeneration or re-growth of 

bacteria in drinking water facilities after disinfection treatment. Within the framework of this work 

different disinfection techniques were integrated in a pilot system simulating drinking water 

distribution system. Natural biofilms were studied with a specific concern on recA-dependent dark 

repair activities during UV disinfection. The recA gene is highly conserved among bacteria, and its 

expression is regulated within the SOS systems. UV irradiation and oxidative reactions cause DNA 

strands alterations, which are responsible for an induction of recA expression in bacteria.  

The following disinfection measurements were applied to the pilot system: i.e. chlorine disinfection 

(0,1 and 0,3 mg/L), UV disinfection (254 nm) without and with increased turbidity (0,3 NTU) and UV 

oxidation (185 nm). The expression of recA genes in these natural communities was analysed via 

RNA extraction, reverse transcription and subsequent PCR quantification. Additionally, the biofilms 

were analysed for total cell counts, metabolic activities and bacterial composition. Here, the 

molecular biology fingerprint technique like PCR-DGGE was applied for the detection of population 

shifts in concern of selective colonization of different pipe materials.  

The results demonstrated an induced recA-specific dark repair when UV irradiation was used for 

drinking water disinfection indicating an increased regeneration of bacteria. In accordance to these 

results, biofilms from untreated systems and biofilms after UV treatment did not significantly 

changed their composition. In case of UV application with increased turbidity the above mentioned 

observations were enforced. In contrast, no or very weak recA specific activities and therefore no 

clear induced regeneration potential was detected during chemical disinfection. As a possible 

consequence, significant alterations in bacterial composition of the downstream grown biofilms 

were detected together with decreased metabolic activities. All these results generated with natural 

grown biofilms confirmed the results from previous studies about dark repair mechanisms in 

selected reference bacteria and lab-scaled UV reactors (Jungfer et al.; Water Research 2007).  
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ACINETOBACTER CALCOACETICUS PLAYS A BRIDGING FUNCTION IN DRINKING WATER 

BIOFILM FORMATION 

Lúcia Chaves Simões, Manuel Simões and Maria João Vieira 

IBB-Institute for Biotechnology and Bioengineering, Centre of Biological Engineering, Universidade do Minho, 
Campus de Gualtar 4710-057 Braga, Portugal  

Biofilm formation in drinking water distribution systems improves drinking water contamination by 

reducing the microbiological safety through the increased survival of pathogens. The knowledge of 

the main mechanisms promoting drinking water biofilm formation is of great interest as it can 

contribute to their understanding and control. The development of microbial biofilm communities 

results from a series of processes, including initial surface-association and adherence, subsequent 

multiplication of the constituent organisms, adherence of other species; and production of 

extracellular polymeric substances. Many of these events are well described. Bacterial surface 

properties, coaggregation and coadhesion along with inter-species relationships are processes that 

are believed to play a determinant role in the formation of multispecies biofilms in drinking water 

distribution systems. Nevertheless, the function of coaggregation in the initial development of 

drinking water biofilms and the role of each bacterium in biofilm community still remain unclear. The 

purpose of the present study was to investigate the intergeneric coaggregation of six heterotrophic 

bacteria (Acinetobacter calcoaceticus, Burkholderia cepacia, Methylobacterium sp., Mycobacterium 

mucogenicum, Sphingomonas capsulata and Staphylococcus sp.), identified by 16S rRNA gene 

sequencing and isolated from a laboratorial drinking water distribution system, by a visual 

coaggregation assay, scanning electron microscopy and epifluorescence microscopy using DAPI 

staining. The surface-associated molecules involved in coaggregation process were also investigated 

by heat and protease treatment, and by sugar reversal tests. The role of the isolated A. calcoaceticus 

strain as bridging organism in drinking water biofilms was assessed by multispecies biofilms 

experiments, through a strain exclusion process, using a microtiter plate technique by means of CV 

staining to assess biofilm mass. 

A. calcoaceticus, was found not only to autoaggregate, but also to coaggregate with four of the five 

other isolates (the exception being Methylobacterium sp.) to different degrees as assessed by the 

visual assay, highlighting a possible bridging function in a biofilm consortium. In its absence, no 

coaggregation was found. Microscopic observations revealed a higher degree of interaction for all 

the aggregates than did the visual assay. Heat and protease reversed autoaggregation and 

coaggregation, suggesting that interactions were lectin-saccharide mediated. The bridging function 

of A. calcoaceticus was evidenced by multispecies biofilm studies, through a strain exclusion process. 

The overall results demonstrated that A. calcoaceticus plays a bridging function in drinking water 

biofilm formation. This bacterium coaggregates with almost all other tested bacteria and their 

presence in a multispecies community represents a colonization advantage. Probably, this bacterium 

may facilitate the association of the other species which do not coaggregate directly each other, 

increasing the opportunity for metabolic cooperation. The presence and absence of A. calcoaceticus 

in multispecies biofilms can, therefore, enhance or decrease, respectively, biofilm formation by 

drinking water bacteria. 
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A HYDROPHOBIC EPS FINGERPRINT INVESTIGATION OF BIOFILM DIVERSITY 

Monique Ras*, Nicolas Derlon**, Etienne Paul**, Dominique Lefebvre*, Elisabeth Girbal-Neuhauser* 
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Keywords: Biofilm stratification, carbon / nitrogen ratio, proteins, hydrophobicity. 

Introduction 

Biofilms are described as a mucilaginous matrix of Extracellular Polymeric Substances (EPS) in which 

are embedded bacterial cells. EPS compounds are generally produced by the microbial community 

and/or brought by the surrounding environment. Cohesive forces such as ionic linkages and 

hydrophobic interactions within the bacterial aggregate can take part in maintaining the biofilm 

structure together.  

The use of biofilms in wastewater treatment processes can be restricted due to particular structural 

growths. Biofilm thickness, for instance can reduce substrate diffusion and also cause biofilm 

detachment (Coufort et al., 2007). Polymeric proteins and polysaccharides have been quantified as 

major EPS compounds in wastewater biofilms (Jahn et al., 1992). Typical protein-protein interactions 

such as hydrophobic links can therefore stand for an important factor in biofilm cohesiveness.  

This study will attempt to relate biochemical properties of EPS and in particular hydrophobicity to 

biofilm structures and microbial activity. 

Materials and methods 

Two biofilms were grown in parallel in two hydrodynamic controlled Couette-Taylor Reactors (CRTs). 

In order to develop different microbial populations, growth conditions diverged only in terms of feed 

(C/N ratio of 73 and 4). Both biofilms were eroded under the same hydrodynamic shear in order to 

detach low cohesive top layers of each biofilm. More cohesive basal layers remained attached in the 

CRTs. The top and residual basal layers were collected for EPS extraction, quantification and 

characterisation. 

EPS were extracted according to a high yield extraction protocol (Ras et al., 2008 in press). Proteins 

and polysaccharides were quantified by the bicinchoninic acid and anthrone methods respectively. 

Protein characterisation was carried out by Hydrophobic Interaction Chromatography (HIC) using an 

octyl Sepharose column. Elution was operated over a decreasing linear ammonium sulphate gradient 

from 3M to 0M. All runs were followed by UV detection for proteins (280nm). 

Results / Discussion 

Biofilm growth led to two different types of biofilms in terms of activity and structure: a porous and 

filamentous heterotrophic biofilm (C/N ratio 73) on one hand and a dense and granular 

multifunctional (heterotrophic/autotrophic) biofilm (C/N ratio 4) on the other hand. The erosion test 
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detached more low cohesive biomass from the heterotrophic biofilm (60%) compared to the 

multifunctional biofilm (40%).  

The total extracted EPS (g of proteins and polysaccharides/gVSS) content was 4 fold higher in the 

multifunctional biofilm than in the heterotrophic biofilm with a constant dominance of proteins over 

polysaccharides in both biofilms.  

Global quantification of hydrophobic EPS by HIC provided the same percentage of hydrophobic EPS 

(18%) in both biofilms. However, this hydrophobic fraction was higher in basal layers (20%) 

compared to the top layers (15%) for both biofilms, which might point out a possible relationship 

towards biofilm cohesiveness. 

In order to characterise hydrophobic profiles obtained from both biofilms, EPS were classified in 

clusters according to their hydrophobic strength. Weak hydrophobic EPS dominated the porous 

heterotrophic biofilm and no difference was observed between top and basal layers. On the other 

hand, strong hydrophobic EPS occurred in the dense multifunctional biofilm with a substantial 

difference in distribution between top and basal layers. This suggests that the distribution of 

hydrophobic EPS might be related to structural and functional differences between two different 

biofilms as well as within one same biofilm.  

Conclusion / Perspectives  

Global hydrophobic content of EPS in biofilms was invariable to biofilm diversity. However the global 

content changed through biofilm cohesive layers. This suggests that global hydrophobicity could be 

positioned as a mere indicator of biofilm stratification.  

On the other hand, distribution of EPS according to their hydrophobic strength brought diverging 

profiles which might be related to biofilm structure and functionality. Hence, fingerprint 

investigation requires further biochemical characterisation of hydrophobic EPS. Extended studies are 

to be pursued in the future in order to characterise molecular diversity of these hydrophobic EPS 

and assess their implication in cohesive forces. 

Coufort C., Derlon N., Ochoa-Chaves J., Liné A. and Paul E. (2007). Cohesion and detachment in biofilm systems 
for different electron acceptor and donors. Water Science & Technology Vol 55 No 8-9 pp 421ς428 

Jahn A. and Nielsen P. H. (1998). Cell biomass and exopolymer composition in sewer biofilms. Water Science 
and Technology Vol 37 No 1 pp 17ς24 

Ras M., Girbal-Neuhauser E., Paul E., Lefebvre D. (2008). 
 
A high yield extraction protocol for protein 

quantification in activated sludge. Bioresource Technology, in press. 
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THE ROLE OF EXTRACELLULAR DNA IN MAINTENANCE OF BIOFILMS FORMED BY E. COLI, H. 
INFLUENZAE, K. PNEUMONIAE, P. AERUGINOSA, S. AUREUS, S. PYOGENES AND A. 
BAUMANNII 

George V. Tetz & Victor V. Tetz 

Dept. of Microbiology, Virology and Immunology;  
Saint-Petersburg State Pavlov Medical University, Russia  Email:  vtetzv@yahoo.com 

The role of extracellular DNA in maintenance of biofilms formed by Escherichia coli, Hemophilus 

influenzae, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus 

pyogenes and Acinetobacter baumannii were studied. Extracellular DNA with molecular weight of 

about 30 kb was evaluated to be a universal component of matrix of all tested bacterial biofilms. Our 

study showed that DNase (Bovine pancreatic deoxyribonuclease I (Sigma Chemical Co., St. Louis, 

Mo.) with specific activity of 2200 Kunitz units/mg) produced a universal concentration-dependent 

effect on forming and established biofilms of different non-related microorganisms inhibiting biofilm 

biomass. This effect observed on forming and 24-hour-old biofilms and resulted in reduction of 

community biomass (by 27.6%-70.2%). Modification of biofilm characteristics in the presence of 

DNase were not restored during subsequent biofilm growth and is universal phenomenon for 

unrelated bacteria. The overall morphology of biofilms as revealed by microscopy is modified in the 

presence of DNase I though CFU remained unchanged.  

It is known that bacteria within biofilms are much less susceptible to antibiotics particularly because 

of poor antimicrobial penetration through surface film that covers microbial community and 

inactivating role of extracellular matrix. Combined effects of DNase and antibiotics on etablished 

biofilms of different unrelated bacteria were displayed. Addition of antibiotics at concentration 50 

times MIC decreased number of CFU in biofilms of some species by 101-104-fold though had not 

statistically notably effects on others. Antibiotics at 50 times MIC in combination with DNase 5.0 

mcg/ml (that had no effect on CFU of 24 hours-old biofilms when used alone) decreased number of 

CFU 2-15 fold more compared to antibiotics alone. Combination of antibiotics with DNase I resulted 

in significant decrease of established biofilm biomass compared to the reduction of biomass 

achieved when   antibiotics or DNase I were used alone. Our data indicate that destruction of 

extracellular DNA by DNase I leads to decrease of extracellular matrix and as a result antibacterial 

agents act more effectively to reduce biofilm biomass and CFU. 
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CORROSION PROTECTION BY EXTRACELLULAR POLYMERIC SUBSTANCES 

A.U. Kuklinski1, M. Grooters, A. Heyer, W. Sand 

Aquatic Biotechnology, Biofilm Centre, University of Duisburg-Essen, Duisburg, Germany 
1*corresponding author: 
mailing address: University Duisburg-Essen, Geibelstr. 41, 47057 Duisburg 
phone number: +49 203 3791591 
fax number: +49 203 3791941 
e-mail: andrzej.kuklinski@uni-due.de 

Microbial influenced corrosion (MIC) of ferrous metals is a serious economical expense factor. 

Biofilms of sulfate-reducing bacteria (SRB) such as Desulfovibrio spp. can be considered as one of the 

main causes for MIC. Current conventional measures against MIC are expensive, ineffective or 

environmentally harmful, thus there is a demand of new, environment-friendly concepts. The 

corrosion-mitigating effect of biofilms on metallic surfaces has been described recently. Their 

inhibiting effect is generally thought to be caused by oxygen depletion, the formation of passivating 

layers or the adhesion prevention of detrimental microorganisms. Since some of the protective 

effects are ascribed directly or indirectly to the EPS, their application represents a promising new 

approach. Extensive research is still required, before microbial EPS can be used for corrosion 

inhibition in larger scale. Bacterial EPS of different origin as well as commercially available EPS, such 

as Xanthan, are used to coat alloyed and unalloyed steel. Their protective capabilities against MIC 

are assessed using a combination of scanning probe and epifluorescence microscopy (AFM-EFM), 

FISH and weight-loss determination of the samples. To elucidate the protective mechanisms, 

comparative analyses of the chemical composition of the applied EPS are performed. AFM images 

show the formation of dense layers of EPS completely covering the surface structures of metal 

coupons. Under sterile conditions, the mass-loss of unalloyed steel was reduced by 3.5% up to 74% 

depending on the applied EPS. In a MIC-simulation with Desulfovibrio vulgaris in Postgate medium C 

the coatings led to a significant reduction of the corrosion rates. Additionally, SRB-EPS partially 

prevented the primary adhesion of D. vulgaris on alloyed steel. However, the stability of the EPS-

coatings in aqueous media has to be improved.  

[o31] 

ELECTRON MICROSCOPIC DETECTION AND ACTIVITY OF GLUCOSYLTRANSFERASE B, C, AND D 

IN THE IN SITU FORMED PELLICLE 

Hannig C, Ruggeri A, Al-Khayer B, Schmitz P, Spitzmüller B, Deimling D, Huber K, Hoth-Hannig W, 
Bowen WH, Hannig M 

Objective: The pellicle is the initial proteinaceous layer formed almost immediately on all dental 

surfaces in the oral cavity. Glucosyltransferases (GTF) represent an important virulence factor of 

mutans streptococci in the pathogenesis of dental caries. The aim of the present in situ study was to 

investigate the distribution of different GTF isoforms in the pellicle layer. 

mailto:biancaflorian@hotmail.com
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Methods: Bovine enamel slabs were fixed on buccal and palatal sites of individual splints worn by 5 

subjects for 30 and 120 min to allow pellicle formation. Pellicle specimens were processed for 

transmission electron microscopy (TEM) and field emission in-lens scanning electron microscopy 

(FEI-SEM). Gold-immunolabelling was used for detection of GTF isoforms B, C and D. Furthermore, 

glucosyltransferase activity of 3-, 30- and 120-min pellicles was tested via determination of fructose 

release.  

Results: All isoforms of the enzyme were found to be randomly distributed within all layers of the 

pellicle. In cross-sections (TEM), GTF D was the most abundant isoform with 13.2 ± 10.6 labelled 

molecules/ 100µm (GTF B: 4.5 ± 2.6, GTF C: 3.8 ± 3.0, MW ± SD). More labelled molecules were 

detected on buccal sites compared with palatal surfaces, the number of molecules detected 

increased with time.  

The amount of GTF B, C and D found on the pellicle surface by FEI-SEM showed no correlation with 

pellicle formation time or localisation in the oral cavity. Overall, GTF D was detected more frequently 

on the surface than GTF B and C.  

All pellicles tested showed GTF-activity (MW ± SD: 0.14 ± 0.17 mU/cm²). 

Conclusion: The study shows for the first time the presence of the GTF-isoforms B, C and D within all 

layers of the in situ formed pellicle. This emphasises the impact of streptococcal products on the 

composition of the pellicle and illustrates a mechanism used by bacteria to colonize dental surfaces. 
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INFLUENCE OF HYDRODYNAMIC CONDITIONS AND SPECIES COMPOSITION ON MECHANICAL 

PROPERTIES OF ORAL BIOFILMS  

E. Paramonova, O. J. Kalmykowa, H.C. van der Mei, H.J. Busscher, P.K. Sharma 

Department of Biomedical Engineering, University Medical Center Groningen, University of Groningen, A. 
Deusinglaan 1, 9713 AV Groningen, The Netherlands, email: e.paramonova@med.umcg.nl 

In this study we show how changes in hydrodynamic conditions and species composition of oral 

biofilms affect their mechanical properties. We use single species and multiple species biofilms of 

Streptococcus oralis, Streptococcus sanguis and Actinomyces naeslundii, and full dental plaque as 

model systems. Biofilms are grown in  parallel plate flow chamber at different flow rates. Mechanical 

properties of biofilms are derived from compression tests conducted in a low load compression 

tester (LLCT). Compression tests are combined with confocal laser scanning microscopy (CLSM) to 

establish a link between biofilms architecture and their mechanical properties. Single and multiple 

species biofilms grown at the same flow rates show similar viscoelastic behaviour. Biofilms of full 

dental plaque are more viscous compared to single and multiple species biofilms. When biofilms are 

grown at increased flow rates, their behaviour becomes more elastic. Based on CLSM analysis, 

species composition affects biofilm architecture: single species streptococci biofilms are densely-

packed, but they become more loosely-bound with addition of Actinomyces naeslundii. Loosely-

bound biofilms are more elastic during compression compared to densely-packed biofilms. 

[o47] 

CONTROL OF MIXED BIOFILMS WITH BENZALKONIUM CHLORIDE: EFFECT OF DIFFERENT 

APPLICATION STRATEGIES 

Idalina Machado, Ana Rodrigues and Maria Olívia Pereira*  

IBB-Institute for Biotechnology and Bioengineering, Centre for Biological Engineering, Universidade do Minho, 
Braga, Portugal 
*  Corresponding author. Tel + 351-253604402  E-mail: mopereira@deb.uminho.pt 

In real world, microorganisms are often associated in complex communities (usually comprising 

more than one microbial species) and exposed to stress factors that can lead to the development of 

bacterial resistance and thus to the failure of the traditional sanitation procedures. In mixed 

biofilms, bacteria may present symbiotic relationships and/or distributions that confer them best 

conditions to survive. Moreover, in multi-species biofilms, cell-cell events and the production of 

different polymers may play a significant role in the formation of more cohesive biofilms. The 

complexity of mixed biofilms may increase the antimicrobial resistance phenomena, raising thus the 

difficulty in eradicate biofilms. So, the investigation and characterization of mixed cultures in 

planktonic and sessile state, as well as their responses to antimicrobial products, is of increasing 

importance for basic research as well as for ecological, medical and biotechnological applications. 
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The main goal of this study was to evaluate the behaviour of mixed biofilms when facing 

antimicrobial stress and compare it with the responses obtained with the respective single biofilms. 

For that purpose different antimicrobial application strategies were implemented. 

In this scenario, single and mixed biofilms were developed using Gram+ (Staphylococcus aureus) and 

Gram- (Pseudomonas aeruginosa) bacteria from collection. Both types of biofilms were formed in 

microtiter plates for 24 h in the presence of several concentrations of benzalkonium chloride - BZK (a 

cationic surfactant with marked biocidal character) being then submitted to BZK attack. Biofilms 

were characterized in terms of accumulated mass and activity. Single and mixed suspended growth 

curves with several doses of BZK were also made, in order to establish the minimum inhibitory 

concentration (MIC) defined as the minimum concentration where no suspended microbial growth 

was detected.  

In planktonic growth, S. aureus was the strain that presented higher susceptibility to BZK, 

emphasised by the low MIC value, possibly due to its gram+ character. However when this 

bacterium grew together with P.aeruginosa, the MIC of BZK increased 5-fold. This evidence suggests 

that, when developed together, S. aureus planktonic growth is favoured by the presence of 

P.aeruginosa. The data obtained with the sessile studies showed that biofilms (single and mixed) 

were more affected by the presence of BZK during biofilm formation than when it was used to treat 

the established biofilms. In both situations, BZK efficacy is more notorious in the reduction of biofilm 

activity that in the reduction of the biomass accumulated. Comparing single and mixed biofilms, 

binary biofilms seemed to be less susceptible to the action of BZK since biomass and activity 

reduction were only verified when high concentration of the antimicrobial were used. These results 

seem to point out that when developed together within a biofilm, bacteria establish favourable 

microbial relations that gives them additional resistance to the aggressive action of antimicrobials. 

This can represent a drawback since the favoured physiology of binary biofilms could augment its 

resistance to sanitation. This study highlights for the need of developing suitable biofilm control 

strategies based on multispecies biofilms approaches and gives emphasis to the question of the 

complexity in this type of micro niche. 

[o74] 

EVALUATION OF SENSITIVITY TO HYDROLYTIC ENZYMES AND LIPID COMPOSITION OF 

STAPHYLOCOCCUS-FORMED BIOFILMS 

V.P. Korobov, L.M. Lemkina, T.V. Poludova, N.A. Pan¡kova 

Institute of Ecology and Genetics of Microorganisms, UB RAS, Perm, Russia, E-mail: korobov@iegm.ru  

High level of diseases conditioned by bacteria of genus Staphylococcus determines the increasing 

interest of investigators in examination of physical-chemical and biological properties of biofilms 

being formed by these bacteria. The study of staphylococcal biofilms presents both fundamental and 

medicinal significance. In particular, this is essential of making a search for ways of the treatment of 

ŀ ƴǳƳōŜǊ ƻŦ ǎǇŜŎƛŦƛŎ ŘƛǎŜŀǎŜǎ ǘƘŀǘ ŀǊŜ ŎƻƳōƛƴŜŘ ǳƴŘŜǊ ǘƘŜ ǘŜǊƳ άŎŀǘƘŜǘŜǊ-ŀǎǎƻŎƛŀǘŜŘ ƛƴŦŜŎǘƛƻƴǎέΣ 

and also in development of efficient measures for preventing pathological staphylococcal 

colonization of human and animal bodies. Of high importance appears to be the development of 
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methods for elimination of ready biofilms since their matrix component destruction results in 

ōŀŎǘŜǊƛŀƭ ŎŜƭƭǎΩǊŜƭŜŀǎŜ ǘƘŀǘ ƻǳǘǎƛŘŜ ǘƘŜ ŦƛƭƳǎ ŀǇǇŜŀǊ ǘƻ ōŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǎǳǇǇǊŜǎǎƛƻƴ ǿƛǘƘ ŀƴǘƛōiotics 

and other antibiotic factors. 

This work presents the results of process sensitivity evaluation in formation and persistence of  

S.epidermidis 33 bacterial biofilms to different exogenous hydrolytic enzymes under biofilm 

formation in microplates with liquid LB, and also data on lipid composition of bacterial lawns of S. 

aureus 209P grown on a LB-agar medium that could be considered as one of widespread forms of 

biofilms.  

Data obtained evidence for that the dynamics of bacterial mass during the staphylococcal biofilm 

development resembles the growth curve for planktonic culture. Bacterial number therein is 

continuously increasing within 96-120 h cultivation followed by short-term stabilization, and then 

the decrease up to 30%-40% of maximal level is observed. The concurrent introduction of proteolytic 

enzymes and inoculum into culture medium considerably suppressed the biofilm development. Most 

marked inhibiting action on the biofilm formation possessed pancreatic enzyme preparation 

Mezyme («Berlin-ChemieAG», Germany) that contained amylase, lipase, and protease complex, and 

protease preparation Chemopsine («Samson-Med», Russia) that contained trypsin and 

chemotrypsin. These enzymatic preparations appeared to be efficient also under their action on 

ready films. Introduction of RNA-ase («Samson-Med», Russia) combined with inoculum into a 

medium for biofilm formation significantly impeded the initial steps of biofilm formation, and did not 

affect their persistence whereas the DNA-ase I («Sigma») effect was quite opposite.  

Examination of lawn lipid components of S. aureus 209P showed that relative phospholipid 

composition in a matrix sharply differed from that being detected in cells. Thus, the phosphatidyl 

glycerol portion decreased more than by 2-fold, lysophosphatidyl glycerol portion ς by 8-fold, and all 

of lysoforms - more than by 10-fold. An essential peculiarity of biofilm matrix composition appears 

to be relatively high content of cardiolipin as compared to cells. Revealed differences in the ratio of 

phospholipid cell components and matrix of staphylococcal biofilm lawns allow stating typical 

pattern of biofilm formation: lawn-forming cell community seems to protect its internal space from 

environmental effects by the creation of rather rigid membrane-like film which stability elevation to 

external factor effect is provided by the increase in cardiolipin content that favors the augmentation 

in solidity of biological membranes. 

This work is supported by RFBR grant No. 07-04-96070-r_ural_a. 
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THE COMBINATION OF AMPLICILIN AND TETRACYCLINE ENCOURAGES BIOFILM FORMATION 

IN THE ESCHERICHIA COLI WITH PBR322  PLASMID 

Thithiwat May*, Akinobu Ito and Satoshi Okabe 

Graduate School of Engineering, Hokkaido University, Kita-13, Nishi-8, Kita-Ku, Sapporo 060-8628 JAPAN 
*corresponding e-mail: may@eng.hokudai.ac.jp 

Escherichia coli with pBR322 plasmid which harbours amplicilin (Ap) and tetracycline (Tc) resistance 

genes normally has a phenotypic cost by reducing their ability to form biofilm because of the 

horizontal acquisition of b-lactamese resistance enzymes. This outcome was obtained by the static 

biofilm experiments in the medium without any antibiotics. Therefore, we examined the biofilm 

formation ability and the antibiotic susceptibility of the E.coli by using both standard biofilm 

formation assay and flow cell in the medium with antibiotic. We found that the supplementation of 

Ap from 5x10-8 to 5x10-1 mg/ml slightly inhibited the biofilm formation of plasmid-free E.coli strains, 

and the Ap from 5 to 50 mg/ml inhibited biofilm formation. However, the presence of Ap did not 

affect the E.coli with pBR322 for biofilm formation capacity. Interestingly, both plasmid-free and 

pBR322-carrying E.coli strains decreased, but did not inhibited, the biofilm formation ability when 

the medium was supplemented with Tc at concentration from 5x10-8 to 5x10-2 mg/ml, while the Tc 

from 5x10-1 to 50 mg/ml promoted the biofilm formation ability. Next, we applied the mixture of Ap 

and Tc in the medium. The results showed the rapidly biofilm increment by the E.coli with pBR322 

especially at concentration from 5x10-4 to 50 mg/ml. These indicate that the presence of Tc 

promoted E.coli biofilm formation, while Ap rather inhibited. The combination of antibiotics could 

reduce the acquisition of b-lactamese enzymes, gaining in better biofilm formation ability. In 

addition, we determined the plasmid copy number of biofilms, and the results showed that E.coli 

with pBR322 biofilms could maintain the copy number of plasmid at 42°4.1 per cell but less in 

planktonic cultures (21°8.9) when without any antibiotics. By adding of either Tc alone or 

combination, the plasmid copy number of pBR322 reached to 60°7.6 in biofilm conditions. Thus, 

antibiotic play an important role on copy number control during biofilm development. This situation 

might lead to the resistance of antibiotic when the bacteria form biofilms. We used the microarray 

to classify the regulated genes caused by the presence of pBR322 and the mixture of antibiotics. We 

found the up-regulated pattern of tet and down-regulated of bla operon (Tc and Ap resistance 

genes, respectively) which could explain the mechanism of b-lactamese enzymes reduction. Our 

study revealed the important impact of antibiotics on the bacterial biofilm which could promote the 

biofilm formation and maintain the antibiotic marker in the bacterial cells. Therefore, the handle of 

antibiotics must be very careful, and the spread of antibiotics to the environment should be more 

concerned. 
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DETECTION OF HELICOBACTER PYLORI IN BIOFILMS BY USING REAL-TIME PCR 

Linke, S., Gebel, J., Büttgen, S., Exner, M. 

Institute for Hygiene and Public Health, University of Bonn 

Introduction: Helicobacter pylori, a cause of the peptic ulcer disease, and agent of gastric cancer is 

discussed as possible water-borne organism. The primary mode of transmission remains 

undetermined though fecal-oral and oral-oral transmissions are widely accepted. H. pylori enters the 

viable but nonculturable state (vbnc) at unfavorable conditions and has therefore only rarely been 

cultured from water-samples and biofilms. 

The hygienic aspects of biofilms are of increasing importance since it became widely accepted that 

they are natural habitats for the superior number of microorganisms. Especially in health-care 

facilities the control of water-supplies and the surveillance and treatment of plumbing systems 

became a new challenge for the prevention of nosocomial infections. 

H. pylori forms biofilms and like many other (opportunistic) pathogens and biofilm associated 

bacteria they cannot be detected by conventional drinking-water analysis methods like cultivation 

on agar plates for several reasons. The main focus lies on coliform bacteria and although H. pylori 

can be transmitted by fecal-contaminated water there exists no correlation between the presence of 

coliform bacteria and H. pylori. Due to the vbnc-state H. pylori can not  be cultivated on R2A-agar 

additionally. Therefore it is necessary to develop new strategies for the prevention and control of 

pathogens in drinking water. 

Aim of the study: The aim of this study was to establish an exact and reliable detection- and 

quantification- method for H. pylori by real-time PCR in biofilms. The method was established for 

untreated water and freshwater-samples and adjusted for the detection of H. pylori within biofilms. 

Additionally the influenceof the biofilm on the sensitivity of the real-time PCR and the resulting loss 

of detectable cells was investigated. 

The investigations should give evidence about a possible reservoir for H. pylori in drinking water and 

drinking water-biofilms. The results should be a basis for an risk assessment concerning the possible 

acquisition of H. pylori by drinking water. 

Method and Results: The biofilms were generated in a silicone-tube model at the Institute for 

Hygiene and Public Health, University of Bonn. 

The selected target gene for the urease subunit ureA is highly specific and conserved and it has 

previously been reported to show no crossreactivity to other closely related bacteria or subspecies 

of Helicobacter spp. which predisposed it for PCR and especially real-time PCR. 

The investigations included experiments to examine the formation of H. pylori into the viable but 

nonculturable status. The relationship between morphology and culturability was examined by plate 

counts. The relationship between morphology and viability was examined using an Live/Dead 

BacLight assay. Additionally the morphology was examined by scanning electron microscopy. Our 

results confirmed a possible existence of H. pylori in drinking-water biofilms. 
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VISUALIZATION OF ANTIMICROBIAL ACTION IN STAPHYLOCOCCUS EPIDERMIDIS BIOFILMS 

William M. Davison and Philip S. Stewart 

Center for Biofilm Engineering 
Montana State University 
Bozeman, MT  59717-3980 

The action of antimicrobial agents against bacterial biofilms of Staphylococcus epidermidis was 

visualized by a time-lapse microscopy technique that allowed spatial and temporal patterns to be 

discerned non-invasively.  Biofilm was grown in a continuous flow glass capillary reactor for 24 h and 

then pre-stained with Calcein-AM.  This fluorogenic esterase substrate loads cells with an unbound 

green fluorescent dye that remains trapped inside the cell as long as the cell membrane is intact.  If 

membrane integrity is compromised, for example by an antimicrobial agent, the dye leaks out and 

the cell becomes dark.  Using confocal scanning laser microscopy, the action of glutaraldehyde, 

chlorine, a quaternary ammonium biocide, and an antimicrobial peptide were observed under flow 

conditions.  Each antimicrobial exhibited a distinct spatio-temporal pattern of action in biofilm 

clusters.  During chlorine treatment, fluorescence loss occurred in a thin (~10 micron) layer at the 

periphery of the biofilm which progressed toward the center while the clusters were simultaneously 

eroded.  This pattern could be attributed to limited penetration of chlorine due to a reaction-

diffusion interaction.  Chlorine was the only antimicrobial that resulted in the removal of biomass.  

The reaction of chlorine appeared to liquefy the biofilm at edges of cell clusters resulting in 

downstream flow of biomass. Treatment with the quaternary ammonium compound resulted in 

biphasic loss of fluorescence in biofilm clusters.  A fraction of the cell population mostly located in 

the interior of the clusters remained bright for a longer time.  This pattern suggests two populations 

within the biofilm; one that is rapidly permeabilized by the agent and a second that is much less 

susceptible.  During glutaraldehyde treatment, biofilm clusters retained their fluorescence 

suggesting that this biocide does not cause cellular envelope permeabilization.  The antimicrobial 

peptide, nisin, caused rapid loss of fluorescence throughout the biofilm.  These results show that 

antimicrobial penetration into biofilm depends more on the reaction between the antimicrobial and 

the biofilm than it does on the size of the biocidal compound.  This technique enables measurement 

of biofilm removal, inference of the extent and time course of antimicrobial penetration, and 

detection of populations with distinct antimicrobial susceptibilities.  The combination of spatial and 

temporal information during antimicrobial treatment thus affords insight into the phenomena that 

govern antimicrobial action against biofilms. 
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Biofilms present a universal way of microbial life in natural environment. Besides cellular 

constituents, extracellular polymeric substances (EPS) are the important fraction of the biofilm 

matrix. For an in situ assessment of the biofilm structure, confocal laser scanning microscopy (CLSM) 

has been proven to be a powerful technique that reveals a three-dimensional structural image with 

microscopic resolution [1]. Nevertheless, this method is not sufficiently specific to differentiate 

between different polymers (polysaccharides, proteins, nucleic acids and lipids) in complex EPS 

matrix. Raman microscopy (RM) can be used as a highly sensitive tool for non-destructive chemical 

analysis of the biofilm matrix. It provides fingerprint spectra free from interferences from water. In 

combination with CLSM, RM seems to be a promising tool for future biofilm research. 

We explore the potential of RM for the non-destructive chemical characterization of biofilm matrix. 

The examination of a wide range of reference samples, including biofilm specific polysaccharides, 

proteins, microorganisms, and encapsulated bacteria, revealed characteristic frequency regions and 

specific marker bands for different biofilm components. The study of different multispecies biofilms 

showed that RM can provide detailed information about the chemical composition of a complex 

biofilm matrix [2]. The results of the RM analysis of biofilms are in good agreement with data 

obtained by CLSM [3]. Thus, RM can be an efficient tool for a label-free analysis of biofilms. 

Moreover, the combination of RM with CLSM analysis for the study of biofilms grown under 

different environmental conditions can provide new insights into the complex structure/function-

correlations in biofilms. 

1 Staudt, C., Horn, H., Hempel, D.C., and Neu, T.R., Volumetric measurements of bacterial cells and 
extracellular polymeric substance glycoconjugates in biofilms. Biotechnol. Bioeng., 2004. 88, 585-592. 

2 Ivleva, N.P., Wagner, M., Horn, H., Niessner, R., and Haisch, C., Towards a non-destructive chemical 
characterization of biofilm matrix by Raman microscopy. Environ. Sci. Technol., 2008, submitted. 

3 Wagner, M., Ivleva, N.P., Haisch, C., Niessner, R., and Horn, H., Combined use of confocal laser scanning 
microscopy and Raman microscopy: Investigations on EPS-matrix. 2008, in preparation. 
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Biological processes which occur on the submicrometer scale such as diffusion, molecular complex 

formation, molecular interaction can be analyzed by indirect approaches of fluorescence microscopy 

like Fluorescence Correlation Spectroscopy (FCS) [1-2] and Fluorescence Recovery After 

Photobleaching (FRAP) [3]. Both methods are closely related; they allow monitoring molecular 

dynamics (mobility, transport and diffusion) by the analysis of fluorescence changes in small open 

regions of both artificial and biological systems. However, depending on the properties of the 

system, FRAP or FCS can be more convenient to apply. Indeed, there is no limitation of fluorophore 

dye concentration and diffusion times using FRAP method but photodamages of the system are 

often unavoidable. Low laser powers and very low fluorophore concentrations needed for FCS 

measurements minimize the perturbations of the sample but the method precludes slow diffusion 

process study. Besides these experimental conditions, both FCS and FRAP require development of 

analytical models to access demanding quantitative data analysis.  

FCS and FRAP methods have been compared to study fluorescent nanoparticle (latex beads, 

antimicrobial agents) diffusion and the mapping of their local diffusion times at several horizontal 

position and penetration depths inside bacteriogels and dynamic biofilms, a process which occurs in 

the 100 µs-1 ms time scale. 

We have established that both FCS and FRAP allow non invasive in vivo studies of antimicrobial 

molecule diffusion through biofilm structure: indeed, no significant increase of the bacterial death 

was observed after photobleaching of the diffusing molecules. A precise analysis of FRAP (using a 

two-dimensional diffusion model) and FCS (using a two-species diffusion model) results has led to 

similar diffusion coefficients despite the great differences observed in the experimental conditions 

between both techniques. Consequently, both methods are well-suited to such molecular diffusion 

studies: the choice of one of them will be guided by the diffusion time and the probe concentration. 

[1] K. Bacia, S. Kim, P. Schwille. άFluorescence cross-ŎƻǊǊŜƭŀǘƛƻƴ ǎǇŜŎǘǊƻǎŎƻǇȅ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎΦέ Nat. Meth., 3(2), 
83-89 (2006). 

[2] R. Briandet, P. Lacroix-Gueu, M. Renault, S. Lecart, T. Meylheuc, E. Bidnenko, K. Steenkeste, M.-N. Bellon-
Fontaine, M.-P. Fontaine-Aupart. άCƭǳƻǊŜǎŎŜƴŎŜ /ƻǊǊŜƭŀǘƛƻƴ {ǇŜŎǘǊƻǎŎƻǇȅ ǘƻ ǎǘǳŘȅ ŘƛŦŦǳǎƛƻƴ ŀƴŘ ǊŜŀŎǘƛƻƴ 
ƻŦ ōŀŎǘŜǊƛƻǇƘŀƎŜǎ ƛƴǎƛŘŜ ōƛƻŦƛƭƳǎΦέ Appl. Environ. Microbiol., 74(7), 2135ς2143 (2008). 

[3] J. D. Bryers, F. Drummond. άLocal macromolecule diffusion coefficients in structurally non-uniform 
bacterial biofilms using fluorescence recovery after photobleaching (FRAP)Φέ Biotechnology and 
Bioengineering, 60, 462 (1998). 
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Atomic force microscopy (AFM) is a high-resolution surface imaging technique, which provides 

topographical images of surfaces with nanometer resolution and allows quantification of the 

interaction forces between structures on a surface and molecules immobilised on the AFM tip. Most 

applications of AFM in biology have studied model systems of well-described cell cultures or 

biomolecules. The biggest obstacle for applying AFM in more complex system like natural microbial 

biofilms is the challenge of identifying the observed cells and structures. The ability to combine AFM 

and optical microscopy now allows the use of fluorescence labelling, and opens up for studies of 

mixed microbial communities and uncultured organisms at the single-cell level with sub-cellular 

resolution. 

In this study we combined AFM imaging with optical microscopy to investigate the structure, 

orientation and distribution of extracellular biomolecules used for bacterial attachment and biofilm 

development. As a άǇǊƻƻŦ ƻŦ ŎƻƴŎŜǇǘέ ǿŜ ŀƴŀƭȅǎŜŘ ǇǳǊŜ Ŏǳƭǘures with known adhesins, and then 

applied the techniques on biofilms developing on glass coverslips submerged in drinking water.  AFM 

imaging was combined with fluorescence in situ hybridisation (FISH) for bacterial identification and 

stains for protein, eDNA, polysaccharides and amyloid fibrils. 

We found that microcolonies, but not single cells, were surrounded by an amorphous matrix 

composed of polysaccharides, protein and DNA. While this matrix was present only in direct 

association with cells, eDNA could be seen across the coverslip and formed a network-like structure. 

This network could only be seen by AFM and not optical imaging. Combined AFM and fluorescence 

imaging is a promising technique that provides detailed information about extracellular 

biomolecules and further our understanding of the structure and function of adhesins, and their 

involvement in bacterial attachment and biofilm development in pure cultures as well as natural 

environments. 



 
42 Proceedings of Biofilms III Conference 

REACTORS 
  



 
43 Proceedings of Biofilms III Conference 

[o4] 
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Biofilm systems are especially beneficial for autotrophic nitrogen removal. Their very large solid 

retention times allow for the retention of slow-growing bacteria, e.g., nitrifying bacteria and 

anaerobic ammonium-oxidizing (anammox) bacteria. Recently, anammox-based processes have 

been proposed as an alternative nitrogen removal process over conventional nitrification/  

denitrification pathways which require less aeration and electron donor. Surprisingly, it has been 

reported that heterotrophic bacteria can be present in autotrophic biofilms, i.e., even in the absence 

of organic carbon, by utilizing either metabolites derived from autotrophic bacteria or their decay 

products (Kindaichi et al., 2004; 2007). Seemingly, a biofilm allows bacteria, which do not directly 

play an important role for contaminant removal, to retain in the system. An interesting and 

ecologically important question is then how and how fast the initial microbial community 

composition of a biofilm system is retained or altered after long-term operation under a certain 

condition.  

In order to tackle this question, two anaerobic fixed-bed upflow reactors with a volume of 0.8 L were 

continuously operated at identical operational conditions. Two different anammox inocula A (from a 

biofilm system) and B (suspended biomass system) were applied in each of the two reactors. The 

temperature was controlled at 36 C̄. Each column reactor had non-woven fabric sheet made of 

polyester as a bacterial support. Influent ammonium and nitrite concentrations were 70 mg-N/L for 

each and increased up to 250 mg-N/L for each in accordance with effluent concentration, reaching a 

final nitrogen loading of approximately 1 kg-N/m3/day. 

Clone libraries based on 27f-1492r from these two inocula have revealed different diversities. Many 

clones belonging to Chloroflexi were found in inoculum A but only few in inoculum B. Regarding 

Planctomycetales, no clones belonging to the of anammox genera (Brocadia, Kuenenia, Scalindua, 

and Anammoxoglobus) were retrieved from inoculum A and the retrieved clones are not 

phylogenetically close to the known anammox bacteria; on the contrary, a  Brocadia genus clones 

were retrieved from inoculum B. Clones belonging to Betaproteobacteria, Uncultured TM6, 

Cytophaga-Flavobacterium-Bacterioides and Uncultured OP11 were retrieved from both inocula. 

Long term reactor operations have revealed that all the reactors had almost the same trends: 

anammox reaction emerged around day 300 and its stoichiometry was quite close to the one as 

previously reported by Strous et al. (1996).  

Fluorescence in situ hybridization (FISH) has revealed both Brocadia and Kuenenia signals in all the 

reactors, indicating that dominant anammox genera were, at least, enriched and converged even 

though the abundance was different. Quantification with FISH is ongoing to monitor the change in 

microbial composition since initial inoculation. Future work will address the results of denaturing 

mailto:bfs@env.dtu.dk
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gradient gel electrophoresis and a clone library after the long-term operation to elucidate whether 

the diversity of the initial inocula has been preserved or has converged. 

Kindaichi T., Ito T. and Okabe S. (2004) Appl. Environ. Microbiol. 70 1641-1650. 
Kindaichi T., Tsushima I., Ogasawara Y., Shimokawa M., Ozaki N., Sastoh H. and Okabe S. (2007) Appl. Environ. 

Microbiol. 73 4931-4939. 
Strous M, Heijnen JJ, Kuenen JG, Jetten MSM (1998) Appl. Microbiol. Biotechnol. 50 589-596. 
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.ƻƎǳƳƛƱŀ 9Φ ½ƛƳŀ-Kulisiewicz, Antonio Delgado 
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Sequencing Bach Reactor (SBR) is becoming a worldwide interesting technology in wastewater 

treatment. Considerable advantages of biogranules in wastewater treatment like good settling 

ability, compact, strong structure, no need of carrier material (Etterer and Wilderer, 2001, Liu and 

Tay, 2002) make Granular Activated Sludge (GAS) an object of intensive research activities and 

attract interest of industry. Many factors influence granules formation and destruction. Hitherto, 

several researchers focus on the biochemical and microbiological aspects. However, only few 

information concerning hydrodynamic effects is available. Thus, the current work concerns the fluid 

mechanical investigations of multiphase flow (water, air, granules) in a Sequencing Batch Reactor 

(SBR) with help of optical in ς situ techniques which allow describing the spatial distribution of 

momentum transport including local velocity, stress and particle collision for the first time (Zima et 

al., 2007, Zima- Kulisiewicz et al., 2008). Thereby, Particle Image Velocimetry (PIV), Particle Tracking 

Velocimetry (PTV) as well as Laser Doppler Anemometry (LDA) are implemented to describe the 

influence of fluid dynamical effects on the granulation process in macro scale. However, it should 

not be forgotten that biogranulation is a multiscale phenomenon. Thus, investigations in micro scale 

should be also taken into account. Protozoa (ciliates) living on surface of granules contribute greatly 

to the GAS development. Cilia beats of the ciliates providing continuous nutrient flux toward biofilm 

improve colonization process of bacteria on the Peritrichia stalks. In order to analyse flow induced by 

Opercularia asymmetrica during ŦŜŜŘƛƴƎ ƳƻǾŜƳŜƴǘ ƳƛŎǊƻ tŀǊǘƛŎƭŜ LƳŀƎŜ ±ŜƭƻŎƛƳŜǘǊȅ ό˃ - PIV) 

experiments are carried out.  

Fluid dynamical investigations in micro and macro scale show that granulation takes place only 

under appropriate flow conditions. Thereby, characteristic flow pattern in bioreactor is observed. On 

the bottom of the laboratory scale SBR a large vortex exists, in the upper part smaller eddies appear. 

PIV data reveal that fluid velocity as well as normal and shear strain is higher in the upper part of 

SBR. Furthermore, those parameters decrease close to SBR wall. However, PTV results show that 

velocity of granules becomes lower with increasing vertical coordinates. LDA experiments confirm 

increasing tendency of fluid velocity with increasing vertical coordinate, wall distance and aeration 

flow rate. Additionally, the performed Power Spectra Density (PSD) analysis of the LDA signal 

indicates the existence of laminar flow. Moreover, buoyancy forces, drag forces as well as collisional 



 
45 Proceedings of Biofilms III Conference 

forces (particle ς wall, particle ςparticle collision) influence significantly thŜ ƎǊŀƴǳƭŀǘƛƻƴ ǇǊƻŎŜǎǎΦ ˃ ς 

PIV studies indicate enormous role of protozoa (ciliates) living on the biogranules for granules 

formation. Analysing flow induced by ciliates, a characteristic micro flow pattern with two vortices 

generated by cilia beats can be observed. Comparisons of velocity distributions for one ciliate and a 

colony reveal efficient cooperative group work of more than one ciliate.  

Etterer T., Wilderer P.A. (2001) Generation and properties of aerobic granular sludge. Water Science 
Technology 43, 19-26 

Liu Y., Tay J.-H. (2002) The essential role of hydrodynamic shear force in the formation of biofilm and granular 
sludge. Water Research 36, 1653-1665 

Zima B.E., Díez L., Kowalczyk W., Delgado A. (2007) Sequencing Batch Reactor (SBR) as optimal method for 
production of Granular Activated Sludge (GAS) - fluid dynamic investigations, Water Science and 
Technology 55, 151-158 

Zima-Kulisiewicz B.E., Díez L., Kowalczyk W., Hartmann C., Delgado A. (2008) Biofluid mechanical investigations 
in Sequencing Batch Reactor (SBR). Chemical Engineering Science 63, 599-608 
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Introduction Hybrid reactors containing both suspended and fixed biomass are more and more 

considered for the simultaneous removal of the organic carbon and of the nitrogen for urban 

wastewater treatment. The autotrophs and the heterotrophs are in competition both for space and 

substrates (O2 and NH4
+). This microbial interaction directly impacts the population dynamics and the 

overall process performances. Among the factors that influence competition between these two 

groups of bacteria, biofilm detachment feature and growth conditions are the most determinant. In 

the case of hybrid reactors, both suspended and fixed biomass should be taken into account to 

understand the population distribution and process performances. Therefore, this work focuses on 

the impact of the SRT on the competition between autotrophic and heterotrophic considering both 

suspended and fixed biomass.  

Materials and Methods Experiments were performed on two Hybrid Reactors (HR) run in parallel 

operated at different SRT. Biofilms were developed during 230 days on carriers made of 

polyethylene (P1 for HR1) or in recycled plastic (P2 for HR2) at successive SRT of 10 and 3 days. The 

two HR were fed with urban wastewater at volumetric loads of 0.7-1.18 kgCOD.m-3.d-1 and of 0.1-

0.14 kgTKN.m-3.d-1. Oxygen concentration was kept constant around 2mgO2/L.  

Biofilms were characterised in terms of accumulated mass and activity. To determine the 

autotrophic and heterotrophic activities, the Oxygen Uptake Rate (OUR)max determination was 

applied using a respirometer run at high substrate concentrations to prevent substrate limitation. 

The active heterotrophic/autotrophic biomass concentrations were thus calculated from the 

mailto:nicolas.derlon@insa-toulouse.fr


 
46 Proceedings of Biofilms III Conference 

OURmax values. A 1-D mathematical model was developed under AQUASIM® to describe growth, 

endogenous respiration, and inactivation of three microbial populations: heterotrophic bacteria, 

ammonia oxidizers, and nitrite oxidizers in addition to inert biomass. A continuous detachment 

model function of the biofilm thickness and of the shear stress was implemented and calibrated with 

the experimental results. 

Results In terms of process performances, the COD removal efficiency was higher than 95%. Stable 

and full nitrification was observed even at SRT of 3d which is a great improving compared to the 

capacity of a classic activated sludge system. Distribution of autotrophs and heterotrophs between 

the liquid and the biofilm was analyzed. fixed

AX  and total

AX  represent the fixed autotrophs 

concentration and the total autotrophs concentration respectively. A total

A

fixed

A XX /  ratio higher than 

0.9 was found. It increased at the lowest SRT value tested. Similarly, the total

H

fixed

H XX / ratio of 0.73 

at SRT of 10d became 0.95 at SRT of 3d. These values are lower than those predicted by the model 

(higher than 95%). About the autotrophic/heterotrophic ratio in the biofilm, the fixed

HA

fixed

A XX +/  ratios 

were 0.3 and 0.36 for P1 and P2 respectively whereas the model predicted only ratio of 5%. This 

results is explained  

The high fixed

HA

fixed

A XX +/  ratio may be explained by different mechanisms. Firstly, the influent was a 

domestic wastewater since more than 60% of the COD is colloidal or particulate matter. The COD 

fractioning favours heterotrophic growth in suspension since this organic matter has to be colonized 

before biodegradation. The model was thus readjusted taking account of the different COD 

fractions. The high fixed

HA

fixed

A XX +/  ratio is also explained by the abrasion events occurring in the HR. 

Indeed, the detachment favours the development of slow-growing bacteria in the biofilm. A 

discontinuous detachment model acting on the whole thickness of the biofilm was consequently 

implemented.  

In conclusion, this work shows that microbial competition mechanisms occurring in a biofilm can not 

be studied without considering the suspended biomass growth and thus the SRT of the system. 

Indeed, the SRT determines the potential of suspended growth which in turns imposes the growth 

regime of the biofilm. This is assessed by simulations which show that the change of SRT can lead to 

a switch of the dominant population in the biofilm. 
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Rodox-stratified biofilms have been recently proposed for nitrogen removal from nitrogenous 

wastewaters. In this redox-stratified biofilm system, an air-permeable membrane is used as oxygen 

diffuser as well as the biofilm substratum. Within this stratified biofilm geometry, aerobic, anoxic, 

and even anaerobic microenvironments can simultaneously occur and allow for the coexistence of 

nitrifiers and denitrifiers, which makes one-step completely autotrophic nitrogen removal possible. 

A comparative study on the nitrogen conversion performance and spatial distribution of nitrifying 

bacterial populations in co- and counter-diffusion biofilms was performed in two redox-stratified 

biofilm reactors under oxygen limited condition. Nitrite accumulation and total nitrogen removal 

could be observed in both reactors after a three-month startup, but higher nitrite concentration was 

measured in co-diffusion biofilm system than the counter-diffusion system. The spatial distribution 

of ammonium-oxidizing bacteria (AOB), nitrite-oxidizing bacteria (NOB) and heterotrophic bacteria 

(HB) was investigated by fluorescence in situ hybridization (FISH) and confocal laser scanning 

microscopy (CLSM) and the biovolume fractions of AOB and NOB were calculated with software-

Daime. CLSM micrographs clearly manifested the difference of the stratified structure between co- 

and counter-diffusion biofilms. Meanwhile, extant in situ respirometric assays were conducted to 

investigate the changes of ammonia and nitrite oxidizing activities during the start-up. In addition, 

two one-dimensional multi-species biofilm models were established in the AQUASIM software to 

simulate the performance and microbial population dynamics in these two systems. The results of 

both experimental and modeling investigations demonstrate that there are close correlations 

between spatial distributions of AOB, NOB and HB in the biofilms and ammonia and nitrite oxidizing 

activities of redox-stratified biofilms.  
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We have previously observed that fouling of nanofiltration (NF) membranes used on a drinking 

water plant results mainly from the development of a biofilm at the membrane surface (Di Martino 

et al. 2007). The aim of this work is to characterize the mechanical stability and viscoelastic 
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properties of the biofouling material formed at the surface of NF membranes in the drinking water 

plant of Méry-sur-Oise, France. The NF unit consists in eight identical filtration trains composed of 

three stages for a production capacity of 140,000 m3/day. The global recovery rate is 85%. Spiral 

wound modules coming from each stage are autopsied. The biofilms are scrapped from the 

membrane surface and analyzed in rotation and oscillation experiments with a RheoStress 150 

rotating disk rheometer. During rotation analyses, viscosity decreases with speed of shearing, which 

is characteristic of rheofluidification. All the modules have the same behavior but biofilm from the 

third stage was less viscous than biofilms from stages 1 and 2 (ɖ = 378, 612 and 574 Pa. s for ý = 

0.335 s-1, respectively). In the oscillation analyses with a sweeping of frequency (0.1 to 100 Hz), a 

linear field is observed between 0.1 and 59 Hz. Elasticity (DΩ) and viscosity (Dέ) are similar for stages 

м ŀƴŘ н όDΩ Ґ мнул tŀΣ DΩΩҐнлф tŀΤ DΩҐмнмт tŀ ŀƴŘ DΩΩҐнлт tŀΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ DΩ ŀƴŘ DΩΩ ŀǊŜ ǿŜŀƪŜǊ 

ŦƻǊ ǎǘŀƎŜ о όDΩҐтуп tŀΣ DΩΩҐмнм tŀύΦ ²ƛǘƘ ǎǿŜŜǇƛƴƎ ƻŦ ŘŜŦƻǊƳŀǘƛƻƴΣ ŦƭǳƛŘƛŦƛŎŀǘƛƻƴ ƛǎ ƻōǎŜǊǾŜŘ ŦƻǊ ŀƭƭ 

the biofilms. Besides, fluidification is obtained with the same deformation for biofilms from stages 1 

and 2, but a higher deformation is required to obtain fluidification of biofilm from stage 3. Whatever 

frequencies were, values of storage modulus stay higher than values of loss modulus for the three 

stages, demonstrating that the biofilm matrix has rheological properties of a gel. The gel state is 

resistant enough and presents a micro porosity favorable for resistance to flow forces, microcolonies 

development and cell nutrition inside the biofilm structure. The ability of biofilms to deform in 

response to mechanical stress may be a strategy of defence to survive on surfaces in different flow 

conditions. In conclusion, the NF biofilms forms a gel-like structure suitable for the particular 

microenvironment encountered at the membrane surface during filtration. The quantitative 

differences observed between the filtration stages for viscosity and elasticity are discussed, in 

relation with the inorganic and organic contents of the foulant matter. 

Di Martino P., Doumèche B., Galas L., Vaudry H., Heim V.,  Habarou H. Assessing chemical cleaning of 
nanofiltration membranes in a drinking water production plant: a combination of chemical composition 
analysis and fluorescence microscopy. Water Science & Technology. 2007. 55 (8-9):219-225. 
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The deterioration of a metal by processes that occur, either directly or indirectly, as a result of 

bacterial activity may be defined as microbial induced corrosion (MIC), also known as biological 

corrosion or biocorrosion. Many industrial sectors such as the oil, gas, nuclear power, shipping, 

chemical and civil engineering suffer pollution problems, health and safety hazards and great 

financial losses as a result of corrosion induced by biofilm development. No comprehensive 

understanding of biocorrosion exists until now, in spite of a significant amount of experimental 

research. The main reason seems to be the increased complexity of the electrochemical system in 

which biofilm dynamics have to be taken into account. 

Biocorrosion studies used almost exclusively experimental approaches. Consequently, a considerable 

number of hypothetical biocorrosion mechanisms were proposed but never quantitatively 

evaluated. This study integrates in a computational model the essential physical, chemical and 

biological phenomena that take place in biocorrosion. As the sulfate-reducing bacteria (SRB) are 

thought to be the most common causative organism in microbial corrosion, this mathematical model 

was used to quantitatively assess their role in metal corrosion. This study could also represent the 

starting point for a series of experiments. 

Two- or three-dimensional model setups consist of a metal surface in an aqueous environment on 

which a biofilm of SRB is present. The model includes several electrochemical reactions on the metal 

surface, homogeneous chemical reactions in bulk liquid and biofilm, precipitation reactions and 

microbial bioconversions accompanied by biofilm growth. Fluid flow, solutes transport by 

convection, diffusion and electromigration together with a moving biofilm-metal interface are also 

accounted for in a time-dependent manner.  

Several biocorrosion mechanisms were evaluated and parameters that are of importance for 

biocorrosion were identified.  

- Anodic depolarization by precipitation of the released ferrous ions as sulfide in the biofilm was 

confirmed as the main mechanism that enhances the localized SRB-related corrosion.  

- In an iron-free medium, even when the sulfate-reduction activity is very vigorous, the SRB biofilm 

does not enhance corrosion because FeS cannot precipitate. In this case, because of stronger 

diffusion limitation in the biofilm than in the areas not covered by bacteria, the ferrous ion 

accumulates in the biofilm. This leads to smaller corrosion rates under the biofilm.  

- Hydrogen oxidation merely acts as an additional energy source for SRB but cannot significantly lead 

to cathodic depolarization, as suggested by the older theories.  

- When growing on organic acids (e.g., lactate), sulfate-reducing bacteria accelerate corrosion by 

acidifying the medium, which further stimulates the cathodic hydrogen evolution reaction.  

mailto:c.picioreanu@tudelft.nl
http://www.biofilms.bt.tudelft.nl/
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- The model also describes how the sulfide ions act as electron carriers between SRB in deep biofilm 

layers and aerobic bacteria. 

- Pitting (localized) corrosion can be explained by patchy biofilm growth. Conversely, a reduction in 

corrosion rate can occur when compact biofilm layers develop on the metal surface. 

[o8] 

EFFICIENT CALCULATION AND ANALYSIS OF STEADY STATE SOLUTIONS FOR A 

MATHEMATICAL MODEL OF NITRIFYING BACTERIA IN A MOVING BED BIOFILM REACTOR 

Alma Masic, Niels Chr. Overgaard and Anders Heyden 

Applied Mathematics Group, Malmö University, Sweden 
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We consider a mathematical model for the nitrification of municipal waste water in a moving bed 

biofilm reactor. The model consists of two interacting parts. The first part is an essentially one-

dimensional mixed-culture biofilm model, based on the classical differential equation paradigm 

introduced by Wanner and Gujer (Biotech. Bioeng. 28, 1986). This part models nutrient transport, 

growth and internal composition of the bacterial film located on the inside of the individual 

AnoxKaldnes-carrier chips in the reactor. 

The second part of the model describes the nutrient concentrations in the reactor tank. Here we use 

the standard differential equations for a completely mixed (continuously stirred) reactor. The 

interaction between the two parts of the system is comprised in the boundary conditions, i.e. the 

nutrient concentrations at the biofilm-water interface. 

We focus especially on the determination of steady state solutions of this model. Steady state 

solutions are obtained by relaxation, that is, by evolving the system in time until the transient states 

have passed away and the model variables cease to change. We have used these computations to 

answer the following questions about the system: 

1. What do the steady state solutions look like for different values of the flow rate of the 
influent waste water? 

2. What is the effect on the steady state solutions if the reactor tank volume is varied? 
3. What do the steady state solutions, in particular the internal biofilm composition, look like 

for different values of the biofilm thickness (obtained by varying the strength of the biofilm 
erosion)? 

The model equations predict that the reactor tank volume does not affect the steady state solutions 

for the biofilm composition and the nutrient concentrations in the effluent. This is confirmed by our 

numerical computations. Since the relaxation procedure speeds up significantly for large volumes, 

we can use an unrealistically large tank volume and thereby increase the speed of computation. This 

assumption, which is purely technical, is used throughout all of the other calculations. 

Our simulations show that the steady state solutions are quite sensitive to changes in the flow rate. 

A higher flow rate results in a higher load per time unit and higher ammonia concentration in the 

effluent. A lower flow rate leads to almost complete nitrification. 
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Simulations of the above type are important for the design of moving bed biofilm reactors for waste 

water treatment systems in general and for estimation of e.g. start-up times, in particular. 
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Background: Granulation without any carriers has been proposed for immobilizing nitrifying bacteria 

in inorganic wastewater treatment processes. However, it has not been testified how granulation 

starts and which factors are necessary for granule stability. In addition, changes in the abundance 

and spatial distribution of microbial populations in granules through the granulation process have 

not been evaluated. Thus, this study focused on microbial population dynamics during granulation 

and bacterial community structure within nitrifying granules. Because development of bacterial 

community structure within nitrifying granules may be controlled by various physical, chemical and 

biological factors, the combination of experimental and model-based approach will help 

understanding the development of microbial populations in nitrifying granules.  

Methods: Nitrifying granules were produced in an aerobic reactor fed with ammonia as the sole 

energy source. Six independent samples during granule formation were periodically obtained for 16S 

rRNA and amoA targeting cloning analysis and fluorescence in situ hybridization (FISH) tests. The 

clone library analysis and FISH tests combined with confocal laser scanning microscopy (CLSM) were 

conducted to determine the community structure in the granules. Microprofiles of NH4
+, NO2

-, NO3
-, 

and O2 were measured with microelectrodes, and the spatial distribution of activities in the granules 

was determined. A two-dimensional biofilm model was applied to evaluate the influence of 

heterotrophic bacteria on the microenvironment in the nitrifying granules.  

Results: FISH tests and cloning analysis indicated that Nitrosomonas mobils like bacterial aggregation 

as granule nuclei is a key step for nitrifying granule formation. In the mature granules, nitrifying 

bacteria dominated the edge of the granule, while heterotrophic bacteria were present in the core 

of the granule. Microprofiles of NH4
+, NO2

-, NO3
-, and O2 concentrations showed good agreement 

with the spatial organization of bacteria. Combined with the FISH data, simulation results indicated 

that nitrifying bacteria consume inorganic carbon to form cell mass and excrete organic carbon into 

a biofilm, which supports heterotrophic bacterial growth in the biofilm. Furthermore, only when 

heterotrophic bacteria were included in the simulation model, the main features of granule 

structure were well described.  
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Conclusion: Nitrosomonas mobils like bacteria was indicated to be key bacteria for nitrifying granule 

formation. We have combined experimental analyses with molecular techniques (i.e., coloning 

analysis and FISH) and microelectrode measurements with a 2-D biofilm model of granule formation. 

We believe that the combination of experimental and model-based approach is a powerful tool for 

understanding of complex system such as biofilms. 
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HORIZONTAL GENE TRANSFER IN BIOFILMS 
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In situ observations by confocal microscopy have shown that biofilms may be  hotspots for 

horizontal gene transfer (HGT). HGT could hence be used to bring new degradation activities to 

resident biofilms, but conditions enhancing invasion of a biofilm by a plasmid and its maintenance 

are still ill-known. Here, we present a novel mechanistic model that describes plasmid dynamics in 

biofilms and how the different parameters could be estimated. 

This model has been implemented using iDynoMiCs, a software platform dedicated to the individual-

based modelling of microbial communities: cell growth, cell divisions EPS production and plasmid 

transfer are simulated in a 3-D environment with cellular resolution. Then simulation outputs can be 

compared to cellular-scale observation like CLSM images. 

The plasmid properties and processes considered are (1) the transfer between two neighbouring 

cells (horizontal spreading of the plasmid) (2) the transfer and potential loss to daughter cells 

(vertical spreading). A transfer is modelled as a stochastic event between two compatible and 

proximate cells. If  conjugation occurs, one copy of the plasmid is sent to the recipient cell. Then, 

conjugation activity of the donor is inhibited during a recovery time and after a lag time, the 

transconjugant cell itself becomes a donor cell. We first present a sensitivity analysis of the different 

plasmid dynamic parameters: the maximal distance between two mating cells, the transfer 

proficiency, recovery and lag times, and the loss probability. We also explore how different growth-

rates affect plasmid transfer and the resultant ratio of plasmid-free versus plasmid harbouring cells. 

In addition, we have conducted a sensitivity analysis to find the most important parameters 

describing and/or affecting plasmid transfer and persistence (actually time lags and transfer 

proficiency) and in silico exploration  of different protocols to optimize the experimental estimation 

of these parameters. We show how different biofilms conditions initiated  with different donor and 

recipient conditions allow us to estimate transfer range, conjugation time lags and transfer 

proficiency. 
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In streams running through agricultural areas, mixtures of chemicals resulting from agricultural 

activity may affect biofilm community structure and function in a direct or indirect way. A 

translocation experiment was conducted in field within the Morcille river, a small French river 

draining a vineyard watershed (Beaujolais, 60km north of Lyon), to investigate the resilience of 

biofilms after a pesticides contamination. Biofilms were grown on artificial glass substrates glued on 

Plexiglas plates that were fixed to the riverbed both in a pristine (the reference) and in a pesticide 

impacted site of the river. Biofilms stemming from the latter one were transplanted to the pristine 

site after a five weeks colonization time. 

The PICT (Pollution-Induced Community-Tolerance) concept was used to investigate the effects of 

pesticides on community composition and function and to monitor the recovery of the toxicant 

exposed community, once transplanted to the pristine site. Biofilms were collected at t0 (at 

translocation time), and at 1, 3, 5 and 9 weeks after translocation, both from the reference and the 

transplanted Plexiglas plates. The tolerance to Diuron (a model herbicide for photosystem II 

inhibition and present in the Morcille river) and Copper was measured by photosynthesis short-term 

inhibition assays in laboratory to obtain dose-response curves and to calculate EC50 values. 

Heterotrophic processes (such as microbial respiration) were also used as end-points for resilience 

assessment. Finally, structural changes of prokaryotic and eukaryotic communities inhabiting 

biofilms were examined by DGGE (Denaturing Gradient Gel Electrophoresis) of PCR-amplified 16S 

and 18S rRNA gene fragments. 

This study showed a 10-fold increase in tolerance (EC50 value) of the toxicant-exposed community 

when compared to the pristine community before translocation and a rapid recovery after 

translocation. DGGE analyses confirmed changes in the eukaryotic and prokaryotic community 

composition rather than changes in the total number of species, when comparing biofilms before 

translocation, pointing towards moderate and discontinuous contamination level in the downstream 

section of the Morcille river. 

tŜǊƛǇƘȅǘƻƴΩǎ resilience was not completed after 9 weeks of translocation both on a structural and a 

functional point of view and the transplanted-periphyton characteristics were intermediate between 

reference and impacted biofilms. In situ the ecological recovery of biofilm could then be slow. 
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Though complex biofilms dominate microbial life in many aquatic ecosystems and control key 

ecosystem processes (Battin et al. 2008), we lack mechanistic understanding of the drivers of 

community composition dynamics. Biofilms exist as parts of a microbial network linked to other local 

communities by dispersal of multiple species, therefore meeting the definition for a metacommunity 

(Holyoak et al. 2005). Dispersal rates and environmental heterogeneity determine the influence of 

e.g. species sorting and mass effects on community composition. In high-energy ecosystems, such as 

streams and rivers, water chemistry and propagules can be assumed to be homogenous at small 

(within meters) scale. In contrast, flow velocity, the major physical forcing in stream ecosystems, is 

highly patchy as a result of streambed heterogeneity. We examined the effect of physical 

heterogeneity on the small-scale spatial dynamics of biofilm community composition in artificial 

landscapes in stream mesocosms. We investigated microbial diversity and community composition 

using a molecular fingerprint technique (T-RFLP), and monitored bacterial and algal biomass. Flow 

landscapes were characterized using a Vectrino Acoustic Doppler Velocimeter, rendering maps of 

physical conditions, including velocity, depth and turbulence parameters. Microbial diversity showed 

a significant correlation to environmental heterogeneity. Moreover, partial Mantel relation revealed 

that microbial community composition and biomass were controlled independently by hydrological 

factors. This indicates that species sorting, rather than mass effects, explained the biofilm 

composition. Recently it has been shown that mass effects determine the planktonic microbial 

community compositions in ecosystems with low water residence time, where connectivity between 

habitat patches is high due to advective transport (Crump et al. 2007, Logue and Lindström 2008). 

We suggest that the position of stream biofilms at the sediment-water interface and the fixed 

juxtaposition and close interaction of the microbes allow the biofilm community to adapt to local 

environmental conditions by effective species sorting though high cell import rates.  

Battin T.J., L.A. Kaplan, S. Findlay, C.S. Hopkinson, E. Marti, A.I. Packman, J.D. Newbold, and F. Sabater. 2008. 
Biophysical controls on organic carbon fluxes in fluvial networks. Nature Geosci. 1, 95-100. 

Crump B.C., H.E. Adams, J.E. Hobbie, and G.W. Kling. 2007. Biogeography of bacterioplankton in lakes and 
streams of as arctic tundra catchment. Ecology 88, 1365-1378. 

Holyoak, M., M.A. Leibold, and R.D. Holt. 2005. Metacommunities. University of Chicago Press, Chicago, USA. 
Logue, J.B., and E.V. Lindström. 2008. Biogeography of bacterioplankton in inland waters. In press. 
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Iron bacteria are bacteria that precipitate iron oxides on their cell wall. They occur in natural water 

systems, soils and water wells. The activity of iron bacteria becomes a very important economic 

concern due to the intense deposition of iron oxides in different water systems and resulting 

clogging effects. Bacteria responsible in these processes are still little examined.  

In the investigated site, anaerobic iron reduction in the floodplain sediments as well as iron 

oxidation and precipitation in the river Oder is mediated by different microorganisms. The diversity 

of bacteria responsible for these turnover processes is so far unclear since most observations and 

examinations are based on microscopic characterization. In this study a detection and quantification 

system for iron oxidising bacteria, relevant in microbial ecology and technical water systems will be 

developed. The diversity and phylogeny of iron bacteria is being examined combining cultivation 

techniques like bacterial isolation on new developed media and molecular methods (PCR-DGGE, 

CARD-FISH, 16S rDNA metagenomic libraries). 

16S rDNA clone libraries showed iron oxidising bacteria as a dominant group in floodplain biofilms. 

Most of these iron bacteria were affiliated to the Betaproteobacteria, especially to the 

Commamonadaceae. Cultivation of iron oxidising bacteria resulted in 200 new isolates belonging to 

20 different OUT´s determined by ARDRA. Phylogenetic analysis revealed some of these isolates 

closely affiliated to the groups of Lepthotrix, Sphaerotilus, Commamonadaceae and Actinobateria. 

New developed CARD FISH probes for iron oxidising bacteria link our molecular data directly to the 

biofilm.  
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Microbial biofilms can be regarded as super-structures given that they are more than the sum of 

their single components ς an emergent property that requires and depends on multiple interactions. 



 
58 Proceedings of Biofilms III Conference 

To unravel the very early development of biofilms, we investigated the spatial distribution of cells 

and their possible interactions as nucleation sites towards the formation of a super-structure. 

Microbial cells adhered to sterile glass slides exposed to raw stream water under directed high-

energy and non-directed low-energy flow in outdoor mesocosms. We used nucleic acid staining and 

epifluorescence microscopy to differentiate between the spatial distribution of cells and non-living 

particulates, and digitized distribution patterns during very early colonization (1 to 8 h). We applied 

Voronoi tessellation as a powerful technique to mathematically describe the spatial arrangement of 

cells and non-living particulates, and found cells to be non-uniform randomly distributed already 

after 1 hour of colonization. We present and discuss a model based on various interactions (physical 

attraction, chemical signalling) in low-cell-density communities that successfully simulates the 

observed non-uniform random cell distributions. 

[o23] 

HYDRAULIC VERSUS TOXIC EFFECTS IN BIOFILM IN EXPERIMENTAL STREAMS 

Bouchez A.1, Villeneuve A.1 and Montuelle B.2 

INRA, UMR CARRTEL, 75 Avenue de Corzent, BP 511, 74203 Thonon-les-Bains Cedex, France 
CEMAGREF, UR Qualité des eaux,  3 bis quai Chauveau, CP220, 69336 Lyon Cedex 09, France 

Agricultural use of pesticides could yield to high concentrations of pollutants in water. This is a 

common situation in streams running through vineyard watersheds and function and diversity of 

biofilm microbial communities that develop in such streams could be affected. Exposure to 

pesticides could alter both population stability and their contribution to the self depuration 

capacities of the stream (Downing et al, 2004, Pesce et al, 2006). However variations in hydrological 

regime are also a major factor that affects communities (Battin et al, 2003). The objectives of this 

study were to evaluate the respective effect of pesticide and current velocity and their potential 

interaction. 

Assessments of pesticide effects were performed using natural periphytic communities growing on 

artificial substrate in outdoor artificial streams. Biofilms were subjected to a mixture of vineyard 

herbicide and fungicide at environmental concentrations (1.5µg.l-1) and at different hydrological 

regimes (laminar or turbulent).  

Effects on bacterial and phytobenthic diversity were evaluated by microscopy for algae and by 

Denaturating Gradient Gel Electrophoresis (DGGE) on rRNA 16S and 18S coding genes for 

prokaryotic and eukaryotic communities respectively. Effects on periphyton functions were observed 

through growth dynamic (biomass, cell counting), and through specific communƛǘƛŜǎΩ ƛƴŘƛŎŀǘƻǊǎΥ 

primary production for algae and bacterial production for bacterial communities.  

This sampling design revealed different impacts of physical and chemical factors on stream biofilms. 

The pesticide exposure was shown to alter the functions of the herbicide target phytobenthic-

community. Its growth dynamic and its primary production were similarly affected by the pesticide 

input, whatever the hydrological regime. At the contrary, the non-target bacterial community (cell 

number) was more dependent on the hydrological regime than on the presence of pesticide. Among 




