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VISUALIZATION AND QUAITIFICATION OF THENITIAL COLONIZATIONAND BIOFILM
FORMATION ON METAL SLFIDES BY LEACHINBACTERIA

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

Aquatic Biotechnology, Biofilm Centre, University of Duiskgsgn, Duisburg, Germany
1*corresponding author:

mailing address: Univsity Duisburgessen, 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 pwrigk chalcopyrite, by bacterial for
winning of metals such as gold, coppeor zinc. In all cases, leaching bacteria form a biofilm on the
mineral surface, which is their substrate and their substratu@onsequently, the attachment to
metal sulfides is ciital for bioleachingperformance The aim of the study was tuantify and to
visualizecolonization of metal sulfides by pure and mixed cultures. Various strains of the genera
Acidithiobacillus, Leptospirillum, Sulfobacilarsd Acidiphiliumwere tested.Sessile and planktonic
cells were imaged by fluorescence microscopy using DAPI staining, LivddDaa&H, and lectin
staining. Alditionally @omic force microscopy was used for the investigatiohsel morphology,
bacterial distribution on metal sutfesand mineral surface topography. It could be shathat the
bacterial physiologyand morphology ofsessilecells were totally different as compared with
planktonicones 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 abatementaid mire/rock drainge may be developed.

[041]

STUDY ON THEMICROBIAL ADHESION AD BIOFILM GROWTH UBIG ELECTROCHEMICAL
IMPEDANCEMETRY

M.MARTINOYA. DARCHED. HADJIEV

T102NFG2ANB RQOf SOUNROKAYASE 902tS bliA2yl S { dzLISNR S
35700 Rennes, France

’Laboratoire de Biotechnologie et Chimie Marine, Université de Bretagne Sud, Centre de Recherche, rue Saint
Maudé, 56132 Lorient, France,

Keywords:electrochemical impedance, microbial adhesion, biofilm thickness.

Biofouling and mdeterioration due to biofilm formation cause greanvironmental 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 consigenaddify the local chemistry

of any protective layers. This process is referred to as biocorrasiamicrobial influenced corrosion
(MIC). Further, many studies have shown the ability of a biofilm to regenerate plankton populations
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and facilitate microlal pollution. In factmany 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 phenomenonvaridus techniges
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 measureméBN), electric ceBubstrae impedance sensing (ECIS) and
electrochemical impedance spectroscopy (EIS) are good tools to evaluate, monitor, and understand
the biocorrosion process.

The applicability of electric cedubstrate impedance sensing (ECIS) based orelgwtrontransfer
resistancefor studying the attachment angbroliferation of cells on a various surfaces has been
demonstrated for the case d?seudomonas aeruginosa PA&1d Bacillus subtilidbacterialstrains.
Quantitative information about cell growth has been obtaingsing this method. The resultseve
compared to SEM and CSLM pictures. The electrochemical results roughly agree with the microscope
image observationsThe gramnegativePs. aeruginosatrain which is an EPS producer shows good
and uniform biofilm formabn. This is not the case for the grgositive Bacillussubtilis strain.
Bacterialadhesion to solid surfaces is evaluatedyusiG,g °", the total free energy of interactions
between bacterial cells (1) and the substrate (2) immersed in wated€®®rmined as the sum of
Lifshitzt 'y RSNJ 2 I I £ & AGLH"I dldis@éichase intedagtiBrisFeae energyGs, ™,
and dectrostatic interaction free energnG,s;--and a method for controlling this parameter is
proposed.The ECIS technique used in this study can be used for continuodsneahonitoring of
initial biofilm formation and biofilm growth. It provides a siraphndinexpensiveelectrochemical
technique for in vitro assessment of biofilm presencevarioussurfaces.

[0102]

INVIVOLABELING OMDE NOVGSYNTHESIZED BACTERIARNAZ A NOVEL METHOD FOR
NATURALBIOFILM RESEARCH

N. Stankiewicz, S. Berensmeier, Sthwartz

Gene expression and taxonomical analysis of unknown bacterial populations in natural habitats is an
important challenge of modern microbiolog¥specially in environmentdiiofilm samples gene
expression analysis could offer the opportunity for arendetailed 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 knowledgd a target sequence for a specific amplification or
separation.Thusmost hybridization based methods for amplifying RNA imply es@tuof unknown
species by defining target sequencés contrast to eukaryotes prokaryotic cells do not synthesize
MRNA with a stable t&minal polyadenylation what makes its purification and a subsequent
amplification of unspecifically reverse transciabeDNA 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 functioality and taxonomyof unknown bacterial populationgven in natural
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biofilms. In this regard a non radaativein situlabelingand separatiorof de novosynthesized RNA
was developed.

In the novelin situRNAlabeling method feeding of modified nucleotidé3igoxigenidl1-UTP) leads

to their assembly into thede novosynthesized RNA viva The method is warking with intact,
physiologically active bacteria that assemble the label molecule without any special treatment. Thus
the label molecule marks in high abundarae novosynthesized RNA and gives a pictusdich

genes are expressed. In addition the lhlseused as a target for the specific separation of this newly
synthesized RNAhis labeled total RNA could be used for general expression analysis. A subsequent
partitioning of the total RNALSing a capture hybridization approach, separates the rRdiA the
MmRNA. The fraction dhbeled rRNA could be used for the taxonomic analysis of physiologically
active bacteria in the biofilm since ordg¢ novasynthesized rRNA was labelled.

The results demonstrate an efficient uptake and RNA incorporation ofIDIGTP 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 altereihe RNA assembly efficiency of biofilm bactéam
drinking or river wateis even elevated compared to reference bacteria. Furthermbeerhethod is
applicable to adhesive biofilm bacteria without removing the cells from their growing suifaee.
sepaation is achieved by maantibody mediatedbinding of the labeled RNA tetreptavidin
functionalizedmagnetic beadsThe rRNA partitioning is proceeded by capture hybridization onto
magnetic beadThe usability otll isolatedRNAfractionsfor molecular lological analysis is shown
exemplarily in gel electrophoresis and r¢iahe 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.

[0145]

ONLINE MONITORING OBIOFILM GROWTH AND [ETACHMENT VIA MAGNEIC RESONANCE
MICROSCOPY

B.ManZ, M. Wagne¥, F. Volké, Th. R. Netand H. Hor#

! Fraunhofetinstitute for Biomedical Engineering, Ensheimer Str6@8886 St. Ingbert, Germany
2Department of Rer EcologyHelmholtz Centre for Environmental Reseayth-Z 39114 Magdeburg
Germany

3Institute of Water Quality Control, Technische Universitat Minchen, Am Coulombwall, 85748 Garching
Germany

Biofilms consist ofmicroorganisms and theiextracellula polymeric substanceassociated with
interfaces in environmental, technical and medical habitats. The function of biofilms in all of these
systems is strongly related to their structusghilstthe biofilm structure in turn is again determined

by nutriert availability as well as hydrodynamic conditiofecent 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 maggime soecalled T, 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 herea heterotrophic biofilm was grown for a duration of 10 days inside a MR
scaner. The surface structure was characterised using tlieeensional images, which had been
recorded at regular intervals. In a second experiment, dataaft of a heterotrophic biofilmwhich

was grown in a tube reactpwas investigatedThe biofilms wee cultivated in a test segment at a
constant Reynolds number andveell-defined substrate load. For the MRI experiments, the test
segments with the biofilmwere placed inside the NMR magnatd connected to the flow loop.
Spatially resolved thredimensianal maps of Ibw velocity andT, were recordedat laminar flow
conditions.After each set of experiments, the flow rate was increafmdtwo minutes (Reynolds
number Re: 1000, 2000, 3000, 4000, 50@0prder to force biofilm detachment from the reactor
The resulting images show the increasing detachment of biomass from the biofilm surface with
increasing shear forceStructural analysis shows a correlation between cultivation conditions and
flow conditions where detachment occurs.

1. B.Manz, FVolke,D. Goll, HHorn, Biotechnol. Bioeng4 (2003 424-432
2. J.D. Seymour, S. L. Codd, E. L. GjersiBgStewart]. Magn. Resori67 (2004) 322-327.
3. U. Metzger, U. Lankes, E. H. HardyG BGordalla, F. H. FrimmBlotechnol. Lett28 (2006) 13051311
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[0132]

BIOFILM INDUCES MODIFCATIONS OF THE PRCHOME OF PLANKTONI®. AERUGINOSA
CELLS

Yohan NIGAUD, Pascal COSETTE and Thierry JOUENNE
FRE CNRS 3101, University of Rotg821 MontSaintAignan, cedexXzrance,

Quorum sensingdS) 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 densiyependent manner. When autoinducer concentrationsack a
threshold level, QS cells respond, allowing them to modulate behaviors whose efficacy and fithess
benefits depend upon the presence, dosence, of other celldt has been shown that the biofilm
formation is under the control of QS.

While recent stdies on QS focused on its role in the telcell 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 originaldarapartment bioreactor

and used a proteomic approach to study the alterations induneB. aeruginoséiofilm cells on the
protein expression ofplanktonic counterparts. The impact of the biofilm on éeell motilities
(swimming, swarming and twitching) and onettability of the bacterium to adhere was also
investigated. The concentration of signal molecules (acyl homoserin lactones) was measured by
using thin layer chromatography.

Resultsshowedthat the presence ofhe biofilm did not modify the motilitieof free cellsand the
ability of thesebacteriato adhere on PVC. Proteomic analyses revealed the existence of 32 proteins
whose amount varied in planktonic cells grown in the presendbedlbiofilm. Among these proteins,

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

is unknown. No £HSL rhIRrhll-dependent QS) was detected in the culture medium while an
increase of 3x0-C-HSL lasRlas-dependent QS) was highlighted. Interestingly, between proteins
that were accumulated by planktonic cells grown in the presence of a biofilm, was-dleagy
[acytcarrierprotein] reductase, a protein involved in the production e6d80-C-HSLThese results
demonstrate that planktonic organisms are able to detect thespnce of a biofilm in their close
environment and to modify their gene expression in consequence.

[043]

THE INCREASE OF METABLIC ACTIVITY IN BIGILMS CAUSED BY URANM
Evelyn KrawczyRarsch, Sina Broakann, Thuro Arnold Axel Wobu§ Susann Diessrfer

! Forschungszentrum Dresd®ossendorf e.V., Institute of Radiochemistry, P.O. Box 510119,
D-01314Dresden Germany
% Dresden University of Technology, Institute of Microbiology1@62 Dresden, Germany

Multispecies biofilms were cultured in air atmogk 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. UQ(CIQ), was added to the culture media in the biofilm reactamsecological relevant
concenrations, i.e.a total U concentration of 210° mol/l and 5x10° M, respectively Such
concentrations arecomparable with uranium concentrations typically found in seepage waters of
uranium tailings, e.g. irsaxonyermany After a period of three week$6S 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 shotliat the addition of
uranium induced no significant charg¢o 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 ddeled uranium(Vivas studied by
oxygenmicrosensors 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 um. The measured mwatien 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
zonesIn the uranium containing biofilms, thexygen consumption, calculated from the steaslgite
microprofiles, showed high consumption rates of up torB8ol cni’s* in the top layer (0- 70 pm)

and much lower consumption rates in the lower zone of the biofilms. Staining methods stioh as
fluorogenic redox indicator £yance2,3-ditolyl tetrazolium chloride (CTC) and theNAbinding
fluochrome 4,6diamidino2-phenylindole (DAPI) weresed in combination withconfocal laser
scanning microscopy (CLSNhe visualized ratio of C¥F@mazan to DAPI iensity, as an indication

of the specific respiratory activity within the biofilms, revealed th#ie tincreased oxygen
consumption rate in the upper layers (<70 pm) of the biofilms is due to the predominance of
respiratory active cells in the upper lay@he metabolic activity increased in the upper layers of the
biofilms by the addition of the uranium shown by faster oxygen consumptibns.results reveal

that the addition of uraniumin ecologically relevant concentrations stable multispecies biofilms

has a strong effect on the oxygen concentration and consumption rates in biofiims due to a
stimulation of the metabolism of the microbes and, consequently, on their respiratory activity and
oxygen consumption.

Berg et al. (1998) Limnol. Oceano$.(7), 1500-1510.

[084]

OLIGONUCLEOTIDE NANORRUCTURED SURFACEESFFECT ONESCHERICHIA COCURLI
EXPRESSION

Nicolas Cottenye? Francisco Teixeira?JrArnaud Ponche Ginter Reiter, Karine Anselnte
Wolfgang Meiet, Corinne VeberNardirf, Lydie Plouk

! Institut de Chimie des Surfaces et Interfaces (CNRS UPR 9069), 15 rue Jean Starcky, BP 2488, 68057 Mulhouse
Cedex, France
2Departments of Chemistry, University of Basel, Klingelbergstrasse 8056HBasel, Switzerland

It is usually accepted that the rougéss 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 #om th
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 etate and modify the features of the biofilm.

Within this framework, we developed surfaces of highly controlled chemical composition that allow
the preparation of modesubstrates either smooth or structured at the nanometer length scale. We
used amphipHic oligonucleotidebased diblock copolymers composed of a hydrophobic
poly(butadiene) block covalently bond to a nucleotide sequence, whichass#imble 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
oligonucleotidefunctionalized surfaces enables the preparation of structured model surfaces, while
reference surfaces with the same chemistry but a smooth topolgyaare indeed obtained by simply
grafting the same oligonucleotide than that composing the nudepolymers on the ground
surface. This approach allows the investigation of the effect of the size and surface concentration of
the oligomersomes onto the loterial 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, modesurfaces 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 modatfaces wre comprehensively validated for
subsequent biological investigations. The impact of bacterial organelles of adhesion (curli) on the
substratebacteria interactions was studied using three different mutant straink.obli Adherent
bacteria were quantiéd 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
adheent 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-suibrometer £ngth scale which does not
affect E.coliresponse 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, enhaad curli expression without increasing number of adherent
bacteria.
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[018
PREVENTION OF INITIALBACTERIAL ADHESION B ELECTRIC CURRENTPRLICATION
Soojin Shirh Seok Hoon HorRgHee Jin ParkChoon Soo KilmJoorHee Led Jeyong Yodn

Seoul National biversity,”TexasA&M UniversityPusan National University
Keywaords: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 bacterialadhesion 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(Honget al., 2008 &van der Borderet al, 2005). This study is to aim for finding out
an effective method in order to preventing initial bacterial adhesion, as utilizing electrical current.

Thecontinuousflow systemwith the electrochemical ceWhich composeal two ITO electrodesvas
usedunder the neutrabuffer condition (phosphate buéfr of 20 mM) A fluorescent microscope was
used to observe the inhitary effect of initialbacterial adhesiofior 90 minaccording tahe types of
electric currens (cathodiccurrent, anodiccurrentand block currenjt

The cathodicurrent underl00 pAwas found to be the most effective to prevent bacteahesion

and aly 7%of microorganismgemainedon surface The number of bacterisemainedon surface

was invers® proportional to the intensity of cathodic current. The electrical repulsive forces
generated by application of cathodic current areerpreted for explaininghe effective detachment

of microorganisms on the surfack.is noted that 40% othe bacteriapopulationon surface were
detached as a narrow span of current application starfiogn 50 pAto 60 A currentwas applied.

This means that the electrical force generated from this range of electrical currents starts exceeding
the criticalbinding force betweerbacteriaand surface of electrode.

Anodicor block current, on the other hat) haveachieved no effectivénhibitory effect of initial
bacterial adhesionAnodic current showedhe lowest in terms of efficiency (20~30%However,
activebacterial bouncing motiomas observed, indicating the weakening characteristics of bacterial
adhesion on the surfaceBlock current whichs an alternative application method of cathodic and
anodic current Bowed about 70% inhibitio. Thisstudy shows that the electrical current application
could be one oéffective tool for preventing the initiddacterial 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. varder 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,
67316735.
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EFFECT @& ELECTRICALPOLARIZATION QN BIOFILM DEVELOPMERN AND BIOFILM
STRUCTURE

A. Rumpf?, C. Weidlic?, K-M. Mangold® and G. Schauf@

(1) IWW Water Centre/ Mulheim (Ruhr)
a.rumpf@iwwonline.de

(2) KarkWinnackerlnstitut DECHEMA/ Frankfurt (Main)
weidlich@dechema.de

Keywords Bacterial adhesioriofilm growth, biofilm structureglectrical polarizationextracellular
polymeric substances EPS.

The influence of lectrostatic interactions on biofilm development was investigated using polarized
surfaces such as Indiutim-oxide (ITO), glassy carbon (GC) and polypyrrole (Ppy). In particular, the
effect of changes in polarization was to be further elucidated in teohgrimary adhesion of
microbial cells and evolution of biofilm structure.

A pulsed polarization (e.g. -804 mA/cm?) or a constant currenrt0(04 mA/cm?) for approximately
5 h increased the adhesion 8tmaltophiliaas well as of drinking water bactarHowever, neither
pulsed potential(+/-800mV)nor constant potentiabn ITO influencebtacterial adhesion.

Interestingly, whernpulsedpolarization(+/- 800 mV)was applied, biofilm growth was significantly
inhibited compared to the non polarized controVer a period of one week. Whereas the control
reached a thickness of approximately 100 um, the polarized biofilm remained as a monolayer with
evenly distributed bacteria

The biofilm formation experiments showed that the adhesive behavior of pure babtettures as
well as of mixed populatianfrom drinking watechanged depending on the applied polarization of
the substratum.

Additionally, an effect of electrical polarization on biofilm morphology during priradhesion was
observed.S. maltophiliaas well as the mucoidB. aeruginos&&G8ladhered on not polarized I'FO
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 singléthamit
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 electpokarization 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 adsien.
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[045]

TIME AND SPATIAL DYNMICS OF ANTIMICROBIA ACTION IN BIOFILMS

Ekaterina TishchenkoVincent Thoma$, Florence DuboiBrissonnet , Arnaud Bridiet and
Romain Briandet

YINRA, AgroParistech, UMR 763 « Bioadhésion et Hygiéne des Matér2h, avenue de la république, 91300
Massy , France
2STERIS SA 18, route du Panorama, 92265 Fordemdgoses, France

In the framework of the biofilm control strategy, the /Staphylococcus aureus/ and /Pseudomonas
aeruginosa/ local/ /biofilms viabilityvere measured using nedestructive methodg 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: neaxidizing ¢ O-phthaldialdehyde, cationic surfactantC14
benzalkonium chloride, and oxidizingPeracetic Acid were measured by recording of napecific
esterase activity with V6 fluorescent substrate and penetration of the SREDXfluorophore
DNAintercalator. The fluorescent intensity of esterase substrate reflects the metabolic activity of
cells, while the SYTERED fluorescence shows the change of the cell membrane permeability. The
dynamics of the antimicrobial action shows a gradual loss of faoenat 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=0.1um/min for the peracetic acid. Comparative analysis of the time
dynamics of these chewdlly different biocides as well as the profound understanding of the 3D
structure of biofilms is essential to develop efficient biofilms killing tools.

[086]

EFFECT OF PIPELINE RBPERTIES AND RAW WAER INCHARACTERISATION OBIOFILMS IN
APOTABLE WATER DSTRIBUTION SYSTEM

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

CIIA, Departamento de Ingenieria Civil y Ambiental, Universidad de los Andes,
Carrera la Este No. 198, Bogot4, Colombia
manuetr@uniandes.du.co

The presence of biofilm ipotable pipelines is common and it has beebserved2 y . 2320 Q&
distribution system. The biofilms have lot of microorganisms that can modify the water quality acting
like a biofilter, but also constituting a potential gidbhealth risk becoming a reservoir for pathogens

and releasing unknown microbiablublecompounds to it. This study was the first approach to the
0A2FAL Y potablepipeln?.intofeér to understand the heterogeneity of the biofiimthis

study a hydraulic modelvas generatedo obtain the variation on the water velocityn potable
pipeline. With GIS (geographical information system) applications three zones associated to different
potable water treatments of the city were identified; three fdifent pipeline materials were
established in the potable system of Bogotd and the age of pipelines was also associated. Dead
points were also identified. Witkhis informationspecific zones were selectad take the biofilm
samples for molecular divergifprofiles analysis (TRFLPs and DGGE) that help us evaluate the effect
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of thesefive variables on the diversity composition of the biofilBamples were taken scrapping the
pipeline internal surface and also taken liquid in different points of the cit@. @&ints 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 P¥@) 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
theseorganic compounds.

[033]

NATURAL BIOFILMS IN IRINKING WATER SYSTEB USEDARK REPAIR MECHANIESTO
RESTORE DNA INJURIESFTER UV DISINFECTIN

C. Jungfer, T. Schwark, GrinewaldJ. Obst.

The repair mechanisms in bacteria could be responsible for tigeneration or regrowth 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 bidis were studied with a specific concern mtA-dependent dark
repair activities during UV disinfection. TheA gene is highly conserved among bacteria, and its
expression is regulated within the SOS systems. UV irradiation and oxidative reactioDdss
strands alterations, which are responsible for an inductiorecf 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 aiith increased turbidity (0,3 NTU) and UV
oxidation (185 nm). The expressionretA genes in these natural communities was analysed via
RNA extraction, reverse transcription and subsequent PCR quantification. Additionally, the biofilms
were analysed fortotal cell counts, metabolic activities and bacterial composition. Here, the
molecular biology fingerprint technique like PORBGE was applied for the detection of population
shifts in concern of selective colonization of different pipe materials.

The resilts demonstrated an inducetecA-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 tiremt 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 pottial 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 wittahatur
grown biofilms confirmed the results from previous studies about dark repair mechanisms in
selected reference bacteria and labaled UV reactors (Jungfer et al.; Water Research 2007).
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ACINETOBACTER CALCCAUCUSPLAYS A BRIDGING FUBITION IN DRINKING WATER
BIOFILM FORMATION

Ldcia Chaves Simdes, Manuel Simdes and Maria Joao Vieira

IBBInstitute for Biotechnology and Bioengineering, CenfrBiological Engineering, Universidade do Minho,
Campus de Gualtar 474057 Braga, Portugal

Biofilm formationin 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 gretgr@st as it can
contribute to their understanding and control. The development of microbial biofilm communities
results from a series of processes, including initial surss®ciation and adherence, subsequent
multiplication of the constituent organismsadherence of other species; and production of
extracellular polymeric substances. Many of these events are well described. Bacterial surface
properties, coaggregation and coadhesion along with hsgecies relationships are processes that
are believed ¢ 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 commusiill remain unclear. The
purpose of the present study was to investigate the intergeneric coaggregation of six heterotrophic
bacteria Acinetobacter calcoaceticuBurkholderia cepacia, Methylobacterium sp., Mycobacterium
mucogenicum, Sphingomonas calaéa and Staphylococcus 9p.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. Thesurfaceassociated molecules involved in coaggregation process were also investigated
by heat and protease treatment, and by sugar reversal tests. The role of the isélatattoaceticus
strain as bridging organism in drinking water biofilms was assebgedhultispecies biofilms
experiments, through a strain exclusion process, using a microtiter plate technique by means of CV
staining to assess biofilm mass.

A. calcoaceticysvas found not only to autoaggregate, but also to coaggregate with four ofuhe fi
other isolates the exception beingMethylobacteriumsp) 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 riaga higher degree of interaction for all

the aggregates than did the visual assay. Heat and protease reversed autoaggregation and
coaggregation, suggesting that interactions were lestiacharide mediatedlhe bridging function

of A. calcoaceticusas eridenced by multispecies biofilm studies, through a strain exclusion process.

The overall results demonstrated th&t calcoaceticuplays a bridging function in drinking water
biofilm formation. This bacterium coaggregates with almost all other testedebacand 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 operation. The presence and absencefofcalcoaceticus

in multispecies biofilms can, therefore, enhance or decrease, respectively, biofilm formation by
drinking water bacteria.
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A HYDROPHOBIC EPS FINERPRINT INVESIGATION OF BIOFILMDIVERSITY
Monique Ras*, Nicolas Derlon**, Etienne Paul**, Dominique Lefebvre*, Elisabeth Gleb&lauser*

F [F02NXGi2ANS RS . A28 ¥3y8IANBX Sidz6§St RIVIANBREYSYSyid o]
Sabatier, 24

w dzS miBaques, 32000 Auch Cedex, France. dominique.lefebvréi@iBifr

**|aboratory of Biosystems and Process Engineering, UMR5504 CNRS/INSA & UMR792 INRA/INSA, 135 av. de
Rangueil, 31077 Toulouse Cedex 4, France. etienne.paul@insase.fr

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 mmjctiobial 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 wastvater treatment processes can be restricted due to particular structural
growths. Biofilm thickness, for instance can reduce substrate diffusion and also cause biofilm
detachment (Couforet al., 2007). Polymeric proteins and polysaccharides have beentifjed as

major EPS compounds in wastewater biofilms (Jethad., 1992). Typical proteiprotein interactions

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

This study will attempt to relate biochemicalgperties 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 Cod&ftlor Reactors (CRTS).

In order to develop different microbiglopulations, 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 attadhed in t
CRTs. The top and residual basal layers were collected for EPS extraction, quantification and
characterisation.

EPS were extracted according to a high yield extraction protocolefRds 2008 in press). Proteins

and polysaccharides were quantified 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 OM. 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 rnida 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 tdal 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 hy@dphobic 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 relagoonshi
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 difieence 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. Hotlvevgobal
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 braligriging
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 characteriselecular diversity of these hydrophobic EPS
and assess their implication in cohesive forces.

Coufort C., Derlon N., Och&@haves J., Liné A. and Paul E. (2@DdNesion and detachment in biofilm systems
for different electron acceptor and donors. Watelie&e & Technologyol 55 No & pp 421428

Jahn A. and Nielsen P. H. (19983l biomass and exopolymer composition in sewer biofilms. Water Science
and Technologyol 37 No 1 pp 124

Ras M., GirbaNeuhauser E., Paul E., Lefebvre D. (2008).high yiéd extraction protocol for protein
guantification in activated sludge. Bioresource Technology, in press.
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THE ROLE OF EXTRACEULAR DNA IN MAINTENAICE OF BIOFILMS FORED BY E COLI, H.
INFLUENZAEK. PNEUMONIAE P. AERUGINOSAS. AUREUS S. PYOGENE®ND A
BAUMANNII

George V. Tetz & Victor V. Tetz

Dept. of Microbiology, Virology and Immunology;
SaintPetersburg State Pavlov Medical University, Russia Ewtelitv@yahoo.com

The role of extracellular DNA in menance 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
about30 kb was evaluated to be a universal component of matrix of all tested bacterial biofilms. Our
study showed that DNase (Bovine pancreatic deoxyribonuclease | (Sigma Chemical Co., St. Louis,
Mo.) with specific activity of 2200 Kunitz units/mg) producedniversal concentratiomiependent

effect on forming and established biofilms of different A@lated microorganisms inhibiting biofilm
biomass. This effect observed on forming andhddir-old biofilms and resulted in reduction of
community biomass (by 272670.2%). 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 th
presence of DNase | 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 matrixCombined effects oDNase 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 spegid§Hi0*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 hootd biofilms when used alone) decreased number of
CFU 215 fold more compared tantibiotics alone. Combination of antibiotics with DNase | resulted

in significant decrease of established biofilm biomass compared to the reduction of biomass
achieved when antibiotics or DNase | were used alone. Our data indicate that destruction of
extracellular DNA by DNase | 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 PROTECTIOBRY EXTRACELLULAR POIMERIC SUBSTANCES
A.U. Kuklinski M. Grootes, A. Heyer, W. Sand

Aquatic Biotechnology, Biofilm Centre, University of Duisksggn, Duisburg, Germany
1*corresponding author:

mailing address: University DuisbtiEgsen, Geibelstr. 41, 47057 Duisburg

phone number: +49 203 3791591

fax number: +49 203791941

e-mail: andrzej.kuklinski@urdue.de

Microbial influenced corrosion (MIC) of ferrous metals is a serious economical expense factor.
Biofilms of sulfataeducing bacteria (SRB) suchDesulfovibricspp. 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, environrfeéenhdly concepts.The
corrosionmitigating effect of biofins 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 odginvell as commercially available EPS, such

as Xanthanare used to coat alloyed and unalloyed steel. Their protective capabilities against MIC
are assessed using a combination of scanning probe and epifluorescence microscopizKKFM

FISH and weigHbss determination of the samples. To elucidate the protective mechanisms,
comparative analyses of the chemical composition of the applied EPS are perfagkfddimages

show the formation of dense layers of EB@npletely covering the surface structures ofatal
coupons. Under sterile conditions, the mdsss of unalloyed steel was reduced :%% up to 74%
depending on the applied EPS. In a Mi@ulation withDesulfovibrio vulgaris» Postgate nedium C

the coatings led to a significant reduction of the rasion rates. Additionally, SRB’S partially
prevented the primary adhesion @. vulgarison alloyed steelHowever, the stability of the EPS
coatings in aqueous media has to be improved.

[031]

ELECTRON MICROSCOPRETECTION AND ACTIVIY OF GLUCOSYLTRAWERASE BC, AND D
IN THEIN SITUFORMED PELLICLE

Hannig C, Ruggeri A;idhayer B, Schmitz P, Spitzmiiller B, Deimling D, Huber kHidottg W,
Bowen WH, Hannig M

Objective: The pellicle is the initial proteinaceous layer formed almost immediatelalodental
surfacesin the oral cavity. Glucolyansferases (GTF) represent an importaiulence factor of
mutans streptococdh the pathogenesis of dental cariekhe aim of the preserih situstudy was to
investigate the distribution of differt GTHsoforms in the pellicle layer.
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Methods: Bovine enamellabs 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 microepy (TEM) and field emission-lens scanning electron microscop
(FEISEM). Golkimmunolabelling was used for detection of GTF isoforms B, C and D. Furthermore,
glucosyltransferase activity of,330- and 120min pellicles was tested via determinationfafictose
release.

Results:All isoforms of the enzyme were found to be randomly distributed within all layers of the
pellicle. In crossections (TEM), GTF D was the most abundant isofaitm 13.2 + 10.6 labelled
molecules/ 100um (GTF B: 4.5 + 2.6, GTB.&+ 3.0, MW = SDMore 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-BEFME$howed no correlatiomith
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 showe@TFactivity (MW £ SD: 0.14 £ 0.17 mU/cm3).

ConclusionThe study shows for the firime the presence of the Giifoforms B, C and D within all
layers of thein situformed pellicle. This emphasises the impact of streptococcal products on the
composition of the pellicle and illustrates a mechanism used by bacteria to colonize derdaksurf
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INFLUENCE OF HYDRODWWIC CONDITIONS ANSPECIESOMPOSITION ON MECHWCAL
PROPERTIES OF ORALIBFILMS

E. Paramonovd). J. Kalmykowd].C. van der Mei, H.J. BusscheiK. Sharma

Department of Biomedical Engineering, University MdadCenter Groningen, University of Groningen, A.
Deusinglaan 1, 9713 AV Groningen, The Netherlands, enpkamonova@med.umcg.nl

In this study we show how changes in hydrodynamic conditions and specigsosition of oral
biofilms affect their mechanical properties. We use single species and multiple species biofilms of
Streptococcus oralisStreptococcus sanguand Actinomyces naeslundiand full dental plague as
model systems. Biofilms are grown in @il 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
estallish 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 plague are more viscous compared to single and melspkcies 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 me looselybound with addition ofActinomyces naeslundiLoosely

bound biofilms are more elastic during compression compared to deipsalged biofilms

[047]

CONTROL OF MIXED BIOEMS WITH BENZALKONIUM CHLORIE: EFFECT OF DIFFERENT
APPLICATION STRATEMS

Idalina MachadoAna Rodrigueand Maria Olivia Pereita

IBBInstitute for Biotechnology and Bioengineering, Centre for Biological Engineering, Universidade do Minho,
Braga, Portugal
* Corresponding author. Tel + 3353604402 Hnail: mopereira@deb.umirthpt

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 traalilal sanitation procedureslin mixed
biofilms, bacteria may present symbiotic relationships and/or distributithreg confer thembest
conditions tosurvive.Moreover, h multi-species biofilms, cetlell events and the production of
different polymers mg 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. Sdhe investigation and characterization of radk culturesin
planktonic and sessile state, as well as their responses to antimicrobial produafsjncreasing
importance for basic research as well as for ecological, medical and biotechnological applications
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The main goal ofhis study was toevalwate the behaviour of mixed biofilms when facing
antimicrobial stress and comparewith the responses obtained with the respective single biofilms.
For that purpose different antimicrobial application strategies were implemented.

In this scenaripgngle and mixed biofilms were developaging Gram<{Staphylococcus aureuand

Gram (Pseudomonas aerugings@acteria from collection. Both types of biofilms were formed in
microtiter plates for 24 h in the presence of several concentrations of benzalkonilemdeh BZK(a
cationic surfactantwith 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 maderder to establish the minimum inhibitory
concentration (MICHefined as the minimum concentration where no suspended microbial growth
was detected

In planktonic growth,S. aureuswas the strain that presented higher susceptibility to BZK,
emphasisd by the low MIC value, possibly due to gsam+ character However when this
bacterium grew together withiP.aeruginosathe MIC of BZK increasédfold. This evidencesuggests

that, when developed togetherS. aureusplanktonic growthis favoured by thepresence of
P.aeruginosaThe 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, BXffcacy is more notorious in the reduction of biofilm
activity that in the reduction of the biomass accumulated. Comparing single and mixed biofilms,
binary biofiims seemed to be less susceptible to the action of BZK since biomass and activity
reductionwere only verified when high concentration of the antimicrobial were uddtese results

seem to point out that when developed together within a biofilm, bacteria establish favourable
microbial relations thagives them additional resistance to the aggmessaction of antimicrobials.

This can represent a drawback since the favoured physiology of binary biofilms could augment its
resistance to sanitationThis study highlights for the need of developing suitatilgfilm control
strategiesbasedon multispedes biofilmsapproachesand gives emphasis to the question of the
complexity in this type of micraiche.

[074]

EVALUATION OF SENSIMITY TO HYDROLYTIC EZYMES AND LIPID COROSITION OF
STAPHYLOCOCCUBORMED BIOFILMS

V.P. Korobov, L.M. Lemkina, T.V. Polad®A. Pagrova
Institute of Ecology and Genetics of Microorganisms, UB RAS, Perm, Rosslakdtobov@iegm.ru

High level of diseases conditioned by bacteria of gebtagphylococcusetermines the increasing

interest of investigators in examination of physicakemical 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 essemtiahaking a search for ways tie treatment of

I ydzYoSNJ 2F ALISOAFAO RA&SIHaSa (KBRE2DNBIOBRYANYSE
and also in development of efficient measures for preventing pathological staphylococcal
colonization of human andrémal 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
oF OGSNARALFE OStfaqQNBfSIrasS GKFid 2dzidaARS GKdicsTAL YA
and other antibiotic factors.

This work presents the results of process sensitivity evaluation in formation and persistence of
S.epidermidis33 bacterial biofilms to different exogenous hydrolytic enzymes under biofilm
formation in microplates witHiquid LB, and also data on lipid composition of bacterial lawrs. of
aureus209P grown on a L&gar medium that could be considered as one of widespread forms of
biofilms.

Data obtained evidence for that the dynamics of bacterial mass during the stmologal biofilm
development resembles the growth curve for planktonic culture. Bacterial humber therein is
continuously increasing within 9820 h cultivation followed by shoterm stabilization, and then

the decrease up to 309%0% of maximal level is sbrved. 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(«BerlinChemeAG», Germany) that contained amylase, lipase, and protease complex, and
protease preparation Chemopsine («<SamsorMed», Russia) that contained trypsin and
chemotrypsin. These enzymatic preparations appeared to be efficient also under their action on
ready films. Introduction of RNAse «SamsorMed», 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 DMAe | (Sigma) effect wagjuite opposite.

Examination of lawn lipid components &. aureus209P showed that relative phospholipid
composition in a matrix sharply differed from that being detected in cells. Thus, the phosphatidyl
glycerol portion decreased more than byfdd, lysophosphatidyl glycerol portiog by 8fold, and all

of lysoforms- more than by 1€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: lawrforming cell community seems to protect its internal space from
environmental effects by the creation of rather rigid membrdike 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 NeO4®6070r_ural_a.
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THE COMBINATION OF AMPLICLIN AND TETRACYCLINEENCOURAGES BIOFILMGRMATION
IN THE ESCHERICHIA COWITH PBR322 PLASMID

Thithiwat May*, Akinobu Ito and Satoshi Okabe

Graduate School of Engineering, Hokkaido University,18it&ishi8, KitaKu, Sapporo 068628JAPAN
*corresponding email: may@eng.hokudai.ac.jp

Escherichia colvith 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
horizontd acquisition ofb-lactamese resistance enzymddiis 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.coliby usig both standard biofilm
formation assay and flow cell in the medium with antibiotic. We found that the supplementation of
Ap from 5x10 to 5x10" ng/ml slightly inhibited the biofilm formation of plasmidee E.colistrains,

and the Ap from 5 to 50m/ml inhibited biofilm formation.However, the presence of Ap did not
affect the E.coliwith pBR322 for biofilm formation capacity. Interestingly, both plasfréé and
pBR32ZarryingE.colistrains decreased, but did not inhibited, the biofilm formation &pilvhen

the medium was supplemented with Tc at concentration from 5xtt05x10% ng/ml, while the Tc
from 5x10" to 50 ng/ml promoted the biofilm formation ability. Next, we applied the mixture of Ap
and Tc in the mediumThe results showed the rapidlydfilm increment by theE.coliwith pPBR322
especially at concentration from 5xi0o 50 ng/ml. These indicate that the presence of Tc
promoted E.colibiofilm formation, while Ap rather inhibitedThe combination of antibiotics could
reduce the acquisitiorof b-lactamese enzymes, gaining in better biofilm formation ability. In
addition, we determined the plasmid copy number of biofilms, and the results showecEtlati

with pBR322 biofilms could maintain the copy number of plasmid 442 per cell butdss in
planktonic cultures (218.9) when without any antibioticsBy adding of either Tc alone or
combination, the plasmid copy number of pBR322 reached tor@in biofilm conditionsThus,
antibiotic play an important role on copy number control durbigfilm 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 amtibietic
found the upregulated pattern of tet and downregulated ofbla operon (Tc and Ap resistance
genes, respectively) which could explain the mechanism-laictamese enzymes reductio@ur
study revealed the important impact of antibiotics on the bacterial biofilm which coulthpte 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 OFHELICOBACTER RORIIN BIOFILMS BY USINGREAL-TIME PCR
Linke, S., Gebel, Biittgen, S.Exner, M.

Institute for Hygiene and Public Health, University of Bonn

Introduction: Helicobacter pyloyia cause of the peptic ulcer disease, and agent of gastric cancer is
discussd as possible wateborne organism. The primary mode of transmission remains
undetermined though fecabral and oraloral transmissions are widely acceptétl. pylorienters the
viable but nonculturable state (vbnc) at unfavorable conditions and has therefnly rarely been
cultured from watersamples 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 ‘oaadth
facilities the control of watesupplies and the surveillance and treatment of plumbing systems
became a new challenge for the prevention of nosocomial infections.

H. pyloriforms biofilms and like many other (opportunistic) pathogens and biofilm asealiat
bacteria they cannot be detected by conventional drinkivater analysis methods like cultivation

on agar plates for several reasons. The main focus lies on coliform bacteria and althopglori

can be transmitted by fecalontaminated water there @sts no correlation between the presence of
coliform bacteria andH. pylori Due to the vbnetate H. pylori can not be cultivated on Rzagar
additionally. Therefore it is necessary to develop new strategies for the prevention and control of
pathogens irdrinking water.

Aim of the study The aim of this study was to establish an exact and reliable detectiod
guantification method for H. pylori by realtime PCR in biofilms. The method was established for
untreated water and freshwatesamples and adpted for the detection ofH. pyloriwithin biofilms.

Additionallythe influenceof the biofilm on the sensitivity of the redahe PCR and the resulting loss
of detectable cells was investigated.

The investigations should give evidence about a possibleveisdor H. pyloriin drinking water and
drinking waterbiofilms. The results should be a basis for an risk assessment concerning the possible
acquisition ofH. pyloriby drinking water.

Method and Results The biofilms were generated in a silicetube 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 badesabspecies
of Helicobacter sppwhich predisposed it for PCR and especially-tiez¢ PCR.

The investigations included experiments to examine fibienation of H. pyloriinto the viable but
nonculturable statusThe relationship between morphology andtcuability was examined by plate
counts. The relationship between morphology and viability was examined using an Live/Dead
Bad.ight assayAdditionally the morphology was examined by scanning electron microscamy.
results confirmed a possible existenaeH. pylori in drinkingvater biofilms.
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VISUALIZATION OF ANTMICROBIAL ACTION INSTAPHYLOCOQS(S EPIDERMIDIBIOFILMS
William M. Davison and Philip S. Stewart

Center for Biofilm Engineering
Montana State University
Bozeman, MT 59713980

The action of antimicrobial agents against bacterial biofiimsStaphylococcus epidermidigas
visualized by d@ime-lapse microscopy technique that allowed spatial and temporal patterns to be
discerned nornvasively. Biofilm was grown in a continuous flow glass capillary reactor for 24 h and
then prestained with Calcei\M. This fluorogenic esterase substrédads 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. Usimpnfocal 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 sp&imporal pattern of action in bidimn
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 limitguenetration of chlorine due to a reactien
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 flowof 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 patteilggests 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 causellular 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 suscepttl#. 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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NON-DESTRUCTIVE CHEMICACHARACTERIZATION OBIOFILM MATRIX BY RAVAN
MICROCOPY

NataliaP. Vlevad”, MichaelWagnef, HaraldHorn? ReinhardNiessnet, ChristophHaisch
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17, BD81377, Munich, Germany

*Technical Wiversity of Munich, Institute of Water Quality Control, Am Coulombw&54¥8 Garching,
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Biofilms present a universal way of microbial life in natural environmé&dsides cellular
constituerts, extracellular polymdc substances (EP®)ye the important fraction of the biofilm
matrix. Foranin situassessment of the biofilm structure, confocal laser scanning microscopy (CLSM)
has been proven to be a powerful technigtieat reveals a threalimensional structural image with
microscopic resolutior{1]. Nevertheless, this method is naufficiently specific to differentiate
between different polymers(polysaccharides, proteingjucleic acidsand lipids) in complex EPS
matrix. Raman microscopy (RMan be used aa highly sensitive tool fonon-destructivechemical
analysisof the biofilm matrix It providesfingerprint spectrafree from interferences from wateidn
combination with CLSMRM seems tbe a promisingool for future biofilm research.

We explore the potential of RM for theon-destructive chemical characterizatiar biofilm matrix.

The examination of a wide range of refererg@mples,including biofilm specific polysaccharides,
proteins microorganisms, and encapsulated bacteria, revealed characteristic frequency regions and
specific marker bands for different biofilm components. The study &réifit multispecies biofilms
showed that RM can providedetailed information about the chemad composition of acomplex
biofilm matrix [2]. The results othe RM analysis of biofilmare in good agreementith data
obtained by CLSM3]. Thus, RM can be an efficient tool for a lafsek analysis of biofiims.
Moreover, the combination of RM with CLSM analysis for the study of biofigravn under
different environmentalconditionscan provide new insights intthe 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 biofiBi®echnol. Bioeg., 2004. 88, 585%92.

2 Ivleva, N.P., Wagner, M., Horn, H., Niessner, R., and Haisch, C., Towardslestngtive chemical
characterization of biofilm matrix by Raman microscdpyviron. Sci. Techno2008, submitted.

3 Wagner, M., Ivleva, N.P., Helis C., Niessner, R., and Horn, H., Combined use of confocal laser scanning
microscopy and Raman microscopy: Investigations opnR@x. 2008, in preparation.
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MOLECULAR DIFFUSIONNSIDE MICROBIAL BIOREMS: A FCS AND FRAP APPRCH.
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Biological processes whichaur on the submicrometer scale such as diffusion, molecular complex
formation, molecular interaction can be analyzed by indirect approaches of fluorescence microscopy
like Fluorescence Correlation SpectroscopfC¥ [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, depenadn 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 powernd very low fluorophore concentrations needed for FCS
measurements minimize the perturbations of the sample but the method precludes slow diffusion
process studyBesides these experimental conditions, both FCS and FRAP require development of
analytical malels to access demanding quantitative data analysis.

FCS and FRAMethods have been comparedo study fluorescent nanoparticle(latex beads,
antimicrobial agentsjliffusion and the mappingf their local diffusion times at several horizontal
position andpenetration depths inside bacteriogels and dynamic biofilms, a process which occurs in
the 100us-1 ms time scale.

We have established thdtoth FCSand FRAP allowon invasivein vivo studies of antimicrobial
molecule diffusion through biofilm structuréindeed, no significant increase of the bacterial death
was observed after photobleaching of the diffusing molecufeprecise analysis of FRAP (using a
two-dimensional diffusion model) and FCS (using agpecies 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-auglied to such molecular diffusion
studies: the choice of one of them will be guided by the diffagime and the probe concentration.

[1] K. Bacia, S. Kim, P. Schwifduorescence cros82 NNBf | G A2y & LISOMNIRMeiRAA}, Ay (A 0Q
83-89 (2006).

[2] R. Briandet, P. Lacrexueu, M. Renault, S. Lecart, T. Meylheuc, E. Bidnenko,atk8ste, M-N. Bellon
Fontaine, M:P. FontaineAupart.d Cf dz2 NSa OSy O0OS / 2NNBf I GA2y {LISOGNRao2L
2F ol OO0 SN 2 LIKI Apph Envindra Mictdbiol b4 2 FLIGR1¥3H(2DES).

[3] J. D.Bryers, F. ammond. d_ocal macromolecule diffusion coefficients in structurally fo@iform
bacterial biofilms using fluorescence recovery after photobleaching (ER&EMtechnology and
Bioengineering, 60462 (1998).
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AND FLUORESCENCE MROSCOPY
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Sohngaardsholmsvej 4BKk9000 Aalborg, Denmark
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Atomic face microscopy (AFM) is a higksolution surface imaging techniquavhich provides
topographical images of surfaces with nanometer resolution and allows quantification of the
interaction forces between structures on a surface and molecules immobilisétieoFM tip.Most
applications of AFMn biology have studiednodel systems of wetlescribed cell cultures or
biomolecules. The biggest obstacle for applying AFM in more complex system like natural microbial
biofilms is the challenge of identifying the sdyved cells and structure$he 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 siogllelevelwith sub-cellular
resoluton.

In this studywe combined AFM imaging with optical microscopto investigate the structure,

orientation and distribution of extracellular biomolecules used for bacterial attachment and biofilm
development. A LINR 2 F 2 F 02y OS LI wresondh khoyih ddBesirs RandLibdaNSE O dzt
applied the techniques on biofilms developing on glass coverslips submerged in drinking Aeltér.

imaging was combinedith fluorescencdn situ hybridisation (FISHpr bacterialidentification and

stains for proteineDNA, polysaccharides and amyloid fibrils.

We found that nicrocolonies, but not single cells, were surrounded by an amorphous matrix
composed of polysaccharides, protein and DNA. While this matrix psgsent only in direct
association with cells, eDNA ddibe seenacross the coverslip and formed a netwdile structure.
Thisnetwork 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
biomadecules and further our understanding of the structure and function of adhesins, and their
involvement in bacterial attachment and biofilm development in pure cultiassvell asnatural
environments.
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DO DIFFERENT INITIALMICROBIAL COMMUNITES CONVERGE IN IDENCALLY OPERATED
ANAMMOX BIOFILM REACORS?

Akihiko Terada, Susanne Lackner, Barth F. Smets

Department of Environmental Engineering (EHw/ironment), Technical University of Denmbtitjoevej,
Building 113, D800 Kgs. Lyngby, Denrkar
Corresponding authoBarth F. Smetdel: +45 45 25 16 00, Fax: +45 45 93 28 HfaiE bfs@ewv.dtu.dk

Biofilm systems are especially beneficial for autotrophic nitrogen remdvadir very largesolid
retention times allow for the retention of slowgrowing bacteria,e.g, nitrifying bacteria and
anaerobic ammoniunoxidizing (anammox) bacteria. Recently, anamibaged processeshave
been proposed as an alternative nitrogen removal process over conventiomérification/
denitrification pathwayswhich require less aeration and electron donor. Surprisingly, it has been
reported that heterotrophic bacteriaan be present in autotrophic biofilsyi.e., even in the absence
of organic carbon, by utilizing either metabolitderived from autotrophic bacteria or their decay
products (Kindaichét al., 2004; 200Y. Seemingly, a biofilm allows bacteria, which do not directly
play an important role for contaminant removal, to retain the system.An interestingand
ecologically important question isthen how and how fast theinitial microbial community
composition ofa biofilm systemis retained or alteredafter longterm operationunder a certain
condition

In order to tackle this questioywo anaerobic fixeebed upflow reactes with a volume of 0.8 L were
continuously operated at identical operational conditions. Two different anammox inocfiitam a
biofilm system) and B(suspended biomass syst® were appliedin eachof the two reactors. The
temperature was controlled at@C. Each column reactor had nramven fabric sheet made of
polyester as a bacterial support. Influent ammonium and nitrite concentrations were 7Q/mépr
each and increased up to 250 L for each in accordance with effluent concentraticeachinga
final nitrogen loading of approximately 1-kim?day.

Clone libraries based on 2I#92r from these two inocula have revealdifferent diversities Many
clones belonging t&Chloroflexiwere found in inoculum A bubnly few in inoculum B. Regarding
Plan¢omycetales no clones belonging to thef anammox generaBfocadia, Kuenenia, Scalindua,
and Anammoxoglobus were retrieved from inoculum A and the retrieved clones are not
phylogenetically close to the known anammox bacteria; on the contrarBrecadiagerus clones
were retrieved from inoculum B. Clones belonging Betaproteobacteria Uncultured TM6,
CytophagaFlavobacteriurrBacterioidesand UnculturedOP11 were retrieved from both inocula.

Long term reactor operations have revealed that all the reectbad almost the same trends:
anammox reaction emerged around day 300 and its stoichiometry was quite close to the one as
previouslyreported by Strougt al.(1996).

Fluorescencén situ hybridization (FISH) has revealedth Brocadiaand Kueneniasignds in all the
reactors, indicating that dominant anammox genera were, at least, enriemgldlconverged even
though the abundance was different. Quantification with FISehgoingto monitor the change in
microbial compositionsince initialinoculdion. Fuure work will address theesults of denaturing
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gradient gel electrophoresis aralclone library afterthe longterm operation to elucidatevhether
the diversity ofthe initial inoculahas beerpreserved othas converged.

KindaichiT., Ito T. and Okabe @004)Appl.Environ. Microbiol701641-1650.

Kindaichi T., Tsushima Ogasawara Y., Shimokawa M., Ozaki N., Sastoh KlaieS.(2007) Appl. Environ.
Microbiol. 73 49314939

Strous M, Heijnen JJ, Kuenen JG, Jetten MSM (1998)Mippibiol. Bioteehnol.50589-596.
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GRANULAR ACTIVATED SUDGE AS A SPECIAL SE OF BIOFILM FORMAIDN Z MULTISCALE
FLUID DYNAMIC STUDIB

. 2 3 dzY A O KuliSiewicZsAnt6ihio Delgado

Institute of Fluid Mechanics, Technical Faculty, Friedsiekander University, 91058 Erlangen, Germany

Sequencing Bach Reactor (SBR) is becoming a worldwide interesting technoleggtémwater
treatment. Conglerable advantages of biogranules in wastewater treatment bjo®d settling
ability, compact, strong structure, no need of carrier material (Etterer \Afilderer, 2001, Liu and

Tay, 2002) make Granular Activated Sludge (GAS) an objéaten§ive reseath activities and
attract interest of industry. Many factors influence granufesmation and destruction. Hitherto,
several researchers focus on the biochemical anidrobiological aspects. However, only few
information concerning hydrodynamic effectsaigailable. Thus, the current work concerns the fluid
mechanical investigations of multiphaflew (water, air, granules) in a Sequencing Batch Reactor
(SBR) with help of optical ig situ techniques which allow describing the spatial distribution of
momentum transport includindocal velocity, stress and patrticle collision for the first time (Zima et
al., 2007, ZimaKulisiewicz et al., 2008). Thereby, Particle Image Velocimetry (P1V), Particle Tracking
Velocimetry (PTV) as well as Laser Doppler Anemon{e®y) are implemented tdescribe the
influence of fluid dynamical effects on the granulation process in macro ddaleever, it should

not be forgotten that biogranulation is a multiscale phenomenon. Thwgstigations in micro scale
should be also tadn into account. Protozoa (ciliates) living surface of granules contribute greatly

to the GAS development. Cilia beats of the ciliggasviding continuous nutrient flux toward biofilm
improve colonization process of bacteria i Peritrichia stalkdn order to analyse flow induced by
Opercularia asymmetricaluring F SSRAY 3 Y20SYSyid YAONZ t-IPNiAOf S |
experiments are carried out.

Fluid dynamical investigations in micro and macro scale show that granulation takesoplsce
under appropriate flow conditions. Thereby, characteristic flow pattern in bioreactobserved. On

the bottom of the laboratory scale SBR a large vortex exists, in the uppesmalter eddies appear.
PIV data reveal that fluid velocity as well as normral ahear strain isigher in the upper part of
SBR. Furthermore, those parameters decrease close to SBRHmakver, PTV results show that
velocity of granules becomes lower with increasing verticadrdinates. LDA experiments confirm
increasing tendengc of fluid velocity with increasingertical coordinate, wall distance and aeration
flow rate. Additionally, the performed PoweBpectra Density (PSD) analysis of the LDA signal
indicates the existence of laminar floMoreover, buoyancy forces, drag foscas well as collisional
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forces (particleg wall, particle ¢particle collision) influence significanty38h A NI y dzf | G 52y LINB
PIV studies indicatenormous 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 lobserved. Comparisons of velocity distributions for one cilzatd 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
Technologyt3, 1926

Liu Y., Tay-H. (2002) The essential role of hydrodynamic shear force in the famaf biofilm and granular
sludge. Water Research 385531665

Zima B.E., Diez L., Kowalczyk W., Delgado A. (2007) Sequencing Batch Reactor (SBR) astbptinfiat m
production of GranularActivated Sludge (GAS)fluid dynamic investigations, Water Science and
Technology 55, 15158

ZimaKulisiewicz B.E., Diez L., Kowalczyk W., Hartmann C., Delgado A. (2008) Biofluid mechanical investigations
in Sequencingd&ch Reactor (SBR). Chemical Engineering Science 680899
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HETEROTROPHIC BACTHR IN BIOFILMS

Nicolas Derlon, Isabelle Queinnec, Etienne Paul
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Introduction Hybrid reactors containing boh suspended and fixed biomasse more and more
consideredfor the simultaneous removal of the organic carbon and of the nitrogmnurban
wastewater treatment The autotrophs and the heterotrophs are in competition both for space and
substrates (Q andNH,"). This microbial interaction directly impacts the population dynamics and the
overall process performances&mong thefactors that influena competition between these two
groups of bacteriabiofilm detachmentfeature and growth conditionsare the mos 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. Therefare workfocuses on

the impact of the SRT on the competitibrtween autotrophic and heterotrophic considering both
suspended and fixed biomass

Materials and MethodsExperiments were performed otwo Hybrid Reactors (HRYn in parallel
operated at different SRT. Biofilms were developetliring 230 dayson carriers madeof
polyethylene (P1 for HR1) or in recycled plastic (P2 for HiRt)ccessive SRT of 10 and 3 daye
two HR were fed withurban wastewaterat volumetric loads 0D.7-1.18 kgCOD.ihd™* and of 0.1
0.14 kgTKN.mMd™. Oxygen concentration was kept constaround2mg,J/L.

Biofilms were characterised in terms of accumulated mass and activity. To determine the
autotrophic and heterotrophic activities, the Oxygen Uptake Rate (Q\Bgtermination was
applied using a respirometer run at high substrate coricgions to prevent substrate limitation.
The active heterotrophic/autotrophic biomass concentrations were thus calculated from the
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OURmax valuesA 1-D mathematical model was developathder AQUASIM® describegrowth,
endogenous respiration, and inagdition of three microbialpopulations: heterotrophic bacteria
ammonia oxidizersand nitrite oxidizerdn addition to inertbiomass A continuous detachment
model function of the biofilm thickness and of the shear stress was implemented and calibralted wit
the experimental results.

ResultsIn terms of process performances, the COD removal efficiency was higher thant@bhs. S
and full nitrification wasobservedeven at SRT of 3d whidéh a great improving compared to the
capacity of a lassicactivated slidge systemDistribution of autotrophs and heterotrophs between

the liquid and the biofilm was analyzedX ** andX®' represent the fixed autotroph
concentrationand the total autotrophsoncentration respectively. X ¢ / X @' ratio higher than

0.9 was found. It increased at the lowest SRT value tested. Simitarlyg £ / X ' ratio of 0.73
at SRof 10d became 0.95 at SRT of.3bhese values are lower than those predicted by the model
(higher han 95%)About the autotrophic/heterotrophic ratio in the biofilm, thé ¢/ X ™ 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 X 2*¢/ X ¢ ratio may beexplained bydifferent mechanisms. Firstly, the influent was a

domestic wastewater since more than 60% of the COD is colloidal or particulate mMadieiCOD
fractioning favours heterotrophic growth in suspension since ehgmnic mattethas tobe colonized

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

fractions. The highX !/ X ™ ratio is also explained by the abrasion events occurring in the HR.

Indeed, the detachment favours the developnteof slowgrowing bacteria in the biofiim. 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 gudied 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 thathdginge of SRT can lead to

a switch of the dominant population in the biofilm.
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DYNAMICSOF SPATIAL DISTRIBUTON AND MICROBIAL ATIVITY OF NITRIFYING
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INVESTIGATIONS

Rongchang Wang', Barth F. SmetsAkihiko Tereda Mogens HenZeJianfu Zhad
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2. State Key Laboratory of Pollution Control arddRrce Reus&ey Laboratory of Yangtze Aquatic
EnvironmentCollege of Environmental Science and Engineering, Tongji University, 200092, Shanghai, China.

Rodoxstratified biofilms have been recently proposed for nitrogen removal from nitrogenous
wastewaers. Inthis redoxstratified 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 microenvironmentarcsimultaneouslyoccur am allow for the coexistence of
nitrifiers and denitrifiers, which makesne-step completely autotrophic nitrogen removal possible.

A comparative study on the nitrogen conversion performance and spatial distribution of nitrifying
bacterial populations in coand counterdiffusion biofilms was performed in two redetratified
biofilm reactors under oxygen limited condition. Nitrite accumulation and total nitrogen removal
could be observed in both reactors aftethree-month startup, but higher nitrite concgration was
measured in califfusion biofilm system than the counteliffusion system. The spatial distribution

of ammonum-oxidizing bacterigAOB), nitriteoxidizing bacteria (NOB) and heterotrophic bacteria
(HB) was investigated by fluorescence in digbridization (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 counterdiffusion biofilms. Meanwhilegxtant in situ respirometric assays were conducted to
investigate the changes afmmonia and nitrite oxidizing activitieturing the startup. In addition,

two one-dimensional multispecies biofilm models were establishedthe AQUASIM softwardo
simulate the performance and microbial population dynamics in these two systEnesresultsof

both experimental and modeling investigatiom®emonstrate that there are closecorrelations
between spatial distributions of AOB, NOB andiii@e biofilms andammonia and nitrite oxidizing
activities of redosstratified biofilms.
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RHEOLOGY OF BIOFILMBORMED AT THE SURFACOF NF MEMBRANES IN DRINKING
WATER PRODUCTION UNI

A. Houarl, F. Couquarg H. Habarotj K. Kecflj H., V. Hai® and P. Di Martinb
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We have previously observed that fouling mdnofiltration (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 ofthe biofouling material formed at the surface of NF membranes in the drinking water
plant of Mérysur-Oise, France. The NF unit consists in eight identical filtration trains composed of
three stages for a production capacity of 140,008/day. The globalecovery rate is 85%. Spiral
wound modules coming from each stage are autopsied. The biofiims are scrapped from the
membrane surface and analyzed in rotation and oscillation experiments with a RheoStress 150
rotating disk rheometerDuring rotation analysewiscosity 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 afjd=2378, 612 and 574 Pa. s fpe

0.3% s, 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. Elastibif§ahd viscosity[§ § are similar for stages

M FYR H o0DQ T wMuHyn tI IQDHOT HinlpZ t KT & IDDC Mm@EmSt ad o |
F2NJ adl3S o oDQltyn tI3X DQQIMHM tFO0Od 2A0GK &agSSL
the biofilms. Besides, fluidification is obtained with the same deformation for biofilms from stages 1
and2, 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 rheolagiproperties 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 structur€he ability of biofilms to deform in
response to meeanical stress may be a strategy of defence to survive on surfaces in different flow
conditions. In conclusion, the NF biofilms foara gellike structure suitable for the particular
microenvironment encountered at the membrane surface during filtratidie 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., Douméche B., Galas L., Vaudry H., Heim V., Habakssddsing chemical cleaning of
nanofiltration membranes in a drinking water production plant: a combination of chemical composition
analysis and fluorescence microscopater Science & Technology. 2007. 59)219225.
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MODELLING THE ROE OF SULFATEREDUCING BOFILMSIN BIOCORROSION
Cristian PicioreanlAlexandraAda BarzescWouter R.L. van der StaMarkC.M. van Loosdrecht

Corresponding author: Cristian Picioreanu, emgiicioreanu@tudé.nl, phone: +31 15 2781166, fax: +31 15
2782355, webhttp://www.biofilms.bt.tudelft.nl, address: Delft University of Technology, Department of
Biotechnology, Julianalaan 67, 2628 BC, Delft, The Nethsrland

The deterioration of ametal by processeghat occur, either directly or indirectly, as a result of
bacterial activity may be defined as microbial induced corrosion (Mi€) known as biological
corrosionor biocorrosion.Many industrial sectors suchsdhe oil, gas, nuclear power, shipping,
chemical and civil engineering suffer pollution problems, health and safety hazardgraad
financial losses as a result of corrosion induced by biofilm developmidmtcomprehensive
understanding of biocorrosioexists 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 extWady experimental approachesConsequently, a considerable
number of hypothetical biocorrosion mechanisms were proposed but never quantitatively
evaluated. Tis study integrates in a computational model the essential physical, chemical and
biologicalphenomenathat take place in biocorrosiorAs the suhate-reducing bacteria (SRBye
thought to bethe most common causative organism in microbial corrosibis mathematical model
was used to quantitativelpssess thie role in metal corrosionThs studycould also represent the
starting point for a series of experiments.

Twao or three-dimensionalmodel setupsconsist of a metal surface in an aqueous environmant
whichabiofilm of SRBs present. The modéhcludes several electrochemicaeactionson the metal
surface homogeneouschemicalreactionsin bulk liquid and biofilm precipitation reactionsand
microbial bioconversionsaccompanied by biofilm growthFluid flow, solutes transport by
convection, diffusion and electromigration together with a mmybiofilmmetal interface are also
accounted for in a timelependent manner.

Severalbiocorrosion mechanismsvere evaluated andparameters that are of importance for
biocorrosionwere identified

- Anodic depolarization by precipitation of the releaskurous ions as sulfide in the biofilm was
confirmed as the main mechanism that enhances the localizeer&&Bd corrosion.

- In an irorfree medium, even when the sulfateduction activity is very vigorous, the SRB biofilm
does not enhance corrosionebause 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.

- Hydrogenoxidation 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), sulfathicing 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 modeklsodescribeshow the sulfide ions act as electron carriers between SRB in deep biofilm
layers andaerobic bacteria

- Pitting (localized) corrosion cdre explained by patchy biofilm growtl@onversely, a reduction in
corrosion rate can occur when compact biofilm layers develop on the metal surface.

[08]

EFFICIENT CALCULATIOMND ANALYSIS OF STEY STATE SOLUTIONSOR A
MATHEMATICAL MODEL OF NITRIFNG BACTERIAIN A MOVING BED BIOEM REACTOR

Alma Masic, Niels Chr. Overgaard and Anders Heyden

Applied Mathematics Group, Malmé University, Sweden
Email: {alma.masic, nco, heyden}@mabh.se

We consider a mathematical model for the nitrification of municipal wasséer in a moving bed
biofilm reactor. The model consists of two interacting parts. The first part is an essentially one
dimensional mixedulture biofilm model, based on the classical differential equation paradigm
introduced by Wanner and Gujer (BiotedBioeng.28, 1986). This part models nutrient transport,
growth and internal composition of the bacterial film located on the inside of the individual
AnoxKaldnegarrier chips in the reactor.

The second part of the model describes the nutrient concerdret 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 athe biofilmwater 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 tmodel variables cease to change. We have used these computations to
answver 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 thetesady 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 proeetlspeeds 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 showhat 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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Simulatons 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. at@rtimes, in particular.

[0150]

MICROBIAL POPULATIONDYNAMICS ANDCOMMUNITY STRUCTUREN NITRIFYING
GRANULESRANALYSEDBY EXPERIMENTAL APPROAGAND TWO-DIMENSIONAL BIOFILM
MODEL

Shinya Matsumoth Daisuke IshikawaYoshiteru Adj Satoshi TsunedaCristian Picioreariyand
Mark C.M. van Loosdrecht

1Department of Life Science and MedicalBoiace, Waseda University, Wakamaisiio 22, Shinjukeku,
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Background Granulation without any carriers has been proposed for immobilizing nitrifying bacteria
in inorganic wastewater treatment processddowever, it has not been testifieddw 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 evaluatedThus, this study focesl onmicrobial population dynamics during granulation

and bacterialcommunity structure within nitrifying granules. Because development bécterial
community structure within nitrifying granules may be controlled by various physical, chemical and
biologcal factors, the combination of experimental and mobaked approach willhelp
understanding the development aficrobial populatios in nitrifying granules.

Methods: Nitrifying granules were produced in an aerobic reactor fed with ammonia as the sole
energy sourceSix independensamples during granule formation weperiodicallyobtained forl6S
rRNA and amoAtargeting cloning analysisand fluorescencein situ hybridization (FISHpsts. The
clonelibrary analysis andrFISHests combined with confocdlser scanning microscopy (CLSM) were
conducted to determine the community structure in the granules. Microprofiles of NQ', NQ,

and Q 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 orthe microenvironmentn the nitrifying granules.

Results:FISH tests and cloning analysis indicated Mibsomonas mobilkke bacterial aggregation

as ganule nuclei is a key step for nitrifying granule formation. In the mature granniggying
bacteriadominatedthe edge of the granuleyhile heterotrophic bacteria were present the core

of the granule. Microprofiles of N NQ, NQ, and Q coneentrations showed good agreement

with the spatial organizationof 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 suppds heterotrophic bacterial growthn the biofilm Furthermore,only when
heterotrophic bacteriawere included in thesimulation model, the main features of granule
structurewere well described
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ConclusionNitrosomonas mobilBke bacteria was indicatetb be key bacteria for nitrifying granule
formation. We have combined experimental analyses with molecular techniques ¢oloning
analysis and FISH) and microelectrode measuremeititisa 2D biofilm model of granule formation.
We believe thathe conbination of experimental and moddlased approach is powerful tool for
understanding of complex system such as biofilms.

[076]

PARAMETER ESTIMATIONPROCEDURES FOR ANINVIDUAL-BASED MODEL DESGRING
HORIZONTAL GENE TRASFER IN BIOFILMS

Jose SeoareLauent Lardor, Najoi El AzhdriJan U. Krett Barth F. Smets

!DTUER, Kgkyngby, Denmark
2 University of Birmingham, UK

In situ observations by confocal microscopy have shown that biofiims may be hotspots for
horizontal gene transfer (HGT). HGT codohce 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 iltknown. 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-B environment with cellular resolution. Then simulation outputs can be
compared to cellulascale observation like CLSM images.

The plasmid properties and processes considered are (1) the transfer between two neighbouring
cells (lorizontal 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 istedhie 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 paramets: 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 plastinigk versusplasmid harbouing 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) andn silicoexploration of different protomls 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 SITURESILIENCE OF RIVERERIPHYTON AFTER APSTICIDE CONTAMINATDON
Dorigo U', Bérard A, Volat B, Bouchez Aand Montuelle B.
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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 irddirvay. 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. Biofilmere& grown on atrtificial 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 (Pollutieinduced Communitfolerance) 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 tngplanted 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 photosyktem
inhibition and present in the Morcille river) and Copper was measured by photosynthesigesinort
inhibition assays in laboratory to obtain desesponse curves and to calculate EC50 values.
Heterotrophic processes (such as microbial respiration) vedése used as engoints for resilience
assessment. Finally, structural changes of prokaryotic and eukaryotic communities inhabiting
biofilms were examined by DGGE (Denaturing Gradient Gel Electrophoresis)-ampidied 16S

and 18S rRNA gene fragments.

This study showed a 1fold increase in tolerance (EC50 value) of the toxieamosed community
when compared to the pristine community before translocation and a rapid recovery after
translocation. DGGE analyses confirmed changes in the eukaryotic akdrymtic 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.

t S NA LIKasilieBcy Wa% not completed after 9 weeks of translocation both on a structural and a
functional point of view and the transplantgeeriphyton characteristics were intermediate between
reference and impacted biofilm#n situthe ecological recovery ofdfilm could then be slow.
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SPECIES SORTING DRINEBIOFILM COMMUNITYCOMPOSITION IN A HIB-ENERGY
ECOSYSTEM

Katharina BesemérGabriel Singer Iris Hodi, AnnKathrin Chlup Gerald Hochedling&rTom J.
Battin™?

Y Dept. of Freshwater Ecology, nof Vienna Vienna Austria
?'Wasser Cluster Lunz, Lunz am See, Austria

Though complex biofilms dominate microbial life in many aquatic ecosystems and control key
ecosystem processes (Battin et al. 2008), we lack mechanistic understanding of thes drfiver
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 envirental heterogeneity determine the influence of

e.g. species sorting and mass effects on community composition. lrehaglgy ecosystems, such as
streams and rivers, water chemistry and propagules can be assumed to be homogenous at small
(within meters) sale. 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 smalicale spatial dynamics of biofilm community compositionartificial
landscapes in stream mesocosms. We investigated microbial diversity and community composition
using a molecular fingerprint technique-RFLP), and monitored bacterial and algal biomass. Flow
landscapes were characterized using a Vectrinousiic 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 micobial 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 thektplaic 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 Lindstrém 2008).
We suggest that the position of stream biofd at the sedimentwater 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. KaplaS. Findlay, C.S. Hopkinson, E. Marti, A.l. Packman, J.D. Newbold, and F. Sabater. 2008.
Biophysical controls on organic carbon fluxes in fluvial networks. Nature GeoscilQ095

Crump B.C., H.E. Adams, J.E. Hobbie, and G.W. Kling. 2007. Biogeo§tagttgrioplankton in lakes and
streams of as arctic tundra catchment. Ecology 88, 1B558.

Holyoak, M., M.A. Leibold, and R.D. Holt. 2005. Metacommunities. University of Chicago Press, Chicago, USA.

Logue, J.B., and E.V. Lindstrom. 2008. Biogeogrdgdacterioplankton in inland waters. In press.
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Iron bactefa are lacteria thatprecipitateiron oxides on their cell wallThey 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 differerditer 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 Oderngediated 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
sysem for iron oxidising bacteria, relevant in microbial ecology and technical water systems will be
developed.The diversity andhylogery of iron bacteria is being examined combiningtication
techniques like bacterial isolation on new developed medid arolecular methods (PERGGE,
CAREFISH, 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 th&etaproteobacteria especiallyto the
Commamonadaceadultivation 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 dfepthotrix Sphaeroius, Commamonadaceand Actinobateria

New developed CARD FISH probes for iron oxidising bacteria link our molecular data directly to the
biofilm.

[057]

VORONOI TESSELATIONRVEALS NONRANDOM DISTRIBUTIONOFCELLSAND
INTERACTIONS BETWEENKELLS IN NASQO¥T BIOFILMS

Hoedl, l-A*, Singer, G.A, Besemer, K.and Battin, T.37

* Dept. Freshwater Ecologyniversity of Viennaustria
*Wassercluster, Lunz am See, Austria

Microbial biofilms can be regarded as supgructuresgiven that they are more thathe sum of
their single componentg an emergent property that requires and depends on multiple interactions.



Proceedings of Biofilms 1l Conference

To unravel the very early development of biofilms, we investigated the spatial distribution of cells
and their possible interactions as nucleatisites towards the formation of a supstructure.
Microbial cells adhered to sterile glass slides exposed to raw stream water under directed high
energy and nosdirected lowenergy flow in outdoor mesocosms. We used nucleic acid staining and
epifluorescere microscopy to differentiate between the spatial distribution of cells andivimg
particulates, and digitized distribution patterns during very early colonization (1 to 8 h). We applied
Voronoi tessellation as a powerful technigue to mathematicadlgadibe the spatial arrangement of
cells and nodiving particulates, and found cells to be roniform randomly distributed already
after 1 hour of colonization. We present and discuss a model based on various interactions (physical
attraction, chemical ignalling) in lowcelldensity communities that successfully simulates the
observed noruniform random cell distributions.

[023]

HYDRAULIC VERSUS TORIEFFECTS IN BIOFILMN EXPERIMENTAL STREMS
Bouchez A, Villeneuve A.andMontuelle B

INRA, UMR CARRT, 75 Avenue de CorzeéB 511, 74203 Thondes-Bains Cedex, France
CEMAGREF, UR Qualité des eaux, 3 bis quai Cha@P22069336 Lyon Cedex 09, France

Agricultural use of pesticides could yield to high concentrations of pollutants in water. Tdis is
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 contribatito the self depuration
capacities of the strearfDowninget al, 2004, Pescet al, 2006). However variations in hydrological
regime are also a major factor that affects communities (Badtiml, 2003). The objectives of this
study were to evaluate theespective effect of pesticide and current velocity and their potential
interaction.

Assessments of pesticide effects were performed using napeaphyticcommunities growing on
artificial substrate in outdoor artificial streams. Biofilms were subjedteé mixture of vineyard
herbicide and fungicide at environmental concentrations (1.5gand at different hydrological
regimes (laminar or turbulent).

Effects on bacterial and phytobenthic diversity were evaluated by microscopy for algae and by
Denaurating 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 cothriuh Sa Q Ay RA Ol
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 functiai 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 fiarget bacterial community (cell
number) was more degndent on the hydrological regime than on the presence of pesticide. Among






