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order to investigate the dynamics of S. mutans biofilm formation, we 
constructed a gfp reporter gene fusion using the promoter region of 
the ldh gene of S. mutans. The ldh gene encodes the lactate dehydro-
genase, an essential enzyme in S. mutans. Our preliminary studies 
demonstrated constitutive expression of  the ldh gene in S. mutans.
After integrating into the chromosome of S. mutans UA140, the 
ldhp-gfp gene fusion expressed constitutively in planktonic as well as 
in biofilms cells.Using this strain, we have studied the architecture 
of S. mutans biofilms developed under different sucrose concentra-
tions and with different inoculums. Our results demonstrate that 
both sucrose concentration and inoculum size could affect the 
architecture of  the biofilm. Furthermore, since the ldhp-gfp reporter 
allows for direct imaging of  the cells without the need for staining, 
we are currently developing methods to monitor the dynamics of S.
mutans biofilm formation in real time by using time-lapse confocal 
microscopy. 
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BIOAUGMENTATION USING NATURAL 
TRANSFORMATION IN BIOFILMS 
S. Perum bakkam , R. L. Crawford; University of  Idaho, Moscow, ID. 

Natural transformation involves the uptake and expression of  naked 
DNA by bacteria.only certain bacterial species are known to 
perform this process. it may be possible to use natural transforma-
tion to introduce biodegradative genes into bacterial species within 
polluted environments to enhance bioremediation processes. we 
used acinetobacter sp. strain bd413 as a model to test this approach. a 
plasmid construct containing the genes for green fluorescent 
protein (gfp) and catechol oxidation (xyle), fused inframe, was used 
to evaluate gene uptake and expression. the plasmid containing the 
broad host range origin rsf  1010 will be introduced into a biofilm 
of acinetobacter transformation growing in a flow cell. preliminary 
data on tranformation using biofilms grown on glass slides showed 
transformants using both linear and circular dna. furthermore, 
numbers of  transformants depended on incubation times of 
acinetobacter sp. bd413 with dna. there were more transformants after 
day 1 as compared to day 2 and day 3. to obtain a better understand-
ing of  this process we are presently using confocal microscopy to 
observe expression of  gfp within transformed biofilms. 

77(B)
DEVELOPMENT OF AN IMAGE ANALYSIS 
TOOL FOR QUANTIFYING SPATIAL HET-
EROGENEITY IN MIXED POPULATION 
BIOFILMS
J. Gu, H. O’Connell, S. Belkasim, E. S. G ilbert; Georgia State 
University, Atlanta, GA. 

Mutualistic interactions among microorganisms in multispecies 
biofilms contribute to economically relevant processes, ranging from 
tooth decay to wastewater treatment. In some cases, mutualisms are 
based on the intercellular exchange of  metabolites, signaling 
molecules or extracellular enzymes, and could be affected by the 
spatial organization of  microbial populations within the biofilm. In 
order to address this topic, a computer program was developed to 

assist in quantifying the spatial heterogeneity of  microbial popula-
tions within biofilms. The program, called BISS (Biofilm Image 
Segmentation Software), measures the distance between clusters of 
homogeneous microbial populations within two-dimensional 
sections of  biofilms visualized by confocal laser scanning micros-
copy. The concept underlying BISS is that the intercluster distance 
will be larger for “patchy” biofilms and smaller for well-mixed 
populations. Running on a MATLAB platform, BISS initiates an 
analysis by segmenting images using a Fuzzy C-Means approach, 
followed by training a neural network to identify clusters. A user 
interface permits the scientist to interactively determine the number 
of clusters of  each kind of  microorganism within sections of  the 
biofilm, and subsequently BISS calculates the centroid distances 
between the identified clusters. In an initial study, BISS was used to 
evaluate the distribution of  microbial populations in the substratum 
layer of  a model two-member biofilm comprised of  an ampicillin 
resistant and an ampicillin sensitive strain of Escherichia coli, each 
with a distinct red or green fluorescent label. The analysis indicated 
the presence of  smaller clusters (centroid distance, 5 ± 1 microns) 
for biofilms cultivated in Luria-Bertani (LB) broth containing 51 
ppm ampicillin, and larger clusters (centroid distance, 21 ± 12 
microns) for biofilms grown in LB broth only. Current efforts are 
being directed towards improving cluster recognition and automat-
ing cluster enumeration. 

78(C)
EFFECT OF TEMPERATURE ON BACTE-
RIOPHAGE INFECTION OF PSEUDOMO-
NAS FLUORECENS CELLS VS. BIOFILMS 
S. Sillankorva1, I. Sutherland2, R. Oliveira1, J. Azeredo1; 1Universidade
do Minho, Braga, PORTUGAL, 2Edinburgh University, Edinburgh, 
UNITED KINGDOM. 

Bacteriophages can be seen as good alternative biofilm control 
agents due to their high specificity, efficacy against biocide resistant 
bacteria and because they are innocuous to the environment. This 
study was focused on bacteriophage control of Pseudomonas
fluorescens biofilms. These biofilms are difficult to eradicate by the 
current chemical treatments and contribute to the spoilage of  dairy 
industry products due to the proteolytic activity of  some Pseudomo-
nas fluorescens strains. The effect of  infection temperature, as well as 
the influence of  bacterial and biofilm growth temperature on 
bacteriophage infection, was investigated. Pseudomonas fluorescens 
biofilms and suspensions of  this microorganism were grown and 
infected at 4ºC, 26ºC and 37ºC. The rate of  cell lysis after bacte-
riophage infection was evaluated by ATP release. This method 
proved to be suitable when dealing with biofilm infection, because 
the determination of  CFU is difficult to perform. The results 
revealed that the optimum temperature of  infection of  planktonic 
cells and biofilms is 26ºC. At this temperature, bacteriophage ös1, at 
a multiplicity of  infection (MOI) of  0.5 infected both planktonic 
cells and biofilms grown at 26ºC causing a biomass reduction of 
about 85% (in both cases). The rate of  log cell reduction was about 
1.2 times greater for planktonic cells than for biofilms and the rate 
of  bacteriophage growth was greater for suspended cells. This 
indicates that bacterial cells in planktonic form are more sensible to 
bacteriophage infection than biofilm-like bacteria; nevertheless 
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biofilms were successfully eradicated in these conditions. When 
biofilms and planktonic cells were grown at 4ºC and 37ºC and 
infected at 26ºC (the optimal temperature of  phage infection) the 
rate of  cell lysis and bacteriophage growth was greatly reduced. In 
this case, the rate of  cell growth overcame the rate of  bacteriophage 
infection, thus after 60 min of  bacteriophage infection no biomass 
reduction was observed. When cells are grown at 4ºC and 37ºC, 
probably the specific receptors for bacteriophage binding are not 
expressed at the cell surface. This constitutes a drawback on 
bacteriophage biofilm control that requires further investigations 

79(A)
MONITORING THE STRUCTURE AND IN
SITU METABOLIC ACTIVITY OF METHICIL-
LIN-RESISTANT STAPHYLOCOCCUS
AUREUS BIOFILMS 
D . L. Caddy1, F. Earley2, C. W. Keevil1; 1University of  Southampton, 
Southampton, UNITED KINGDOM, 2Syngenta, Jealott’s Hill Research 
Station, Bracknell, UNITED KINGDOM. 

Many promising antimicrobial agents fail during clinical trials 
because they are selected for efficacy against planktonic cells. The 
aim of  this study was to develop a rapid screening protocol to test 
agents against the biofilm phenotype of  methicillin-resistant 
Staphylococcus aureus (MRSA), and study the influence of  quorum 
sensing on the biofilm structure and function. S. aureus is found in 
the normal nasal flora of  around 30% of  adults and causes many 
clinically important infections. The pathogen has been of  particular 
interest recently because of  its growing resistance to many com-
monly used antibiotics, including vancomycin. Over 20,000 patient 
deaths occurred due to nosocomial infections in British hospitals in 
2002, approximately 5,000 of which were due to MRSA. 
As a prelude to developing rapid screening of  antimicrobial agents, 
an assay for measuring biomass and viability of  biofilm formation 
was established in 96 well microtitre plate format. Optimal biofilm 
formation occurred in Brain Heart Infusion broth (BHI), particu-
larly when diluted four-fold. An evaluation of  different polystyrene 
plates showed that PolySorp microtitre plates were superior to 
MaxiSorp and NUNCLON. The optimized assay followed biofilm 
formation over 24 hours at 37oc, and the biomass determined using 
Safranin staining. The metabolic activity of  untreated and treated 
biofilms, for example following exposure to 10 and 100 mg l-1

chlorine or 20 mg l-1 vancomycin, was assessed by the reduction of 
the chromogens, INT or MTT at 0.01% or 0.04% (w/v) concentra-
tion. Pre-treatment of  cultures with chlorine or vancomycin 
significantly inhibited biofilm formation, whilst pre-formed biofilms 
were resistant to the concentrations of  the antimicrobials used. To 
asses the role of  quorum sensing in this resistance, experiments 
were repeated with the addition of  clarified supernatants from aged 
cultures. This stimulated biofilm formation and increased the 
metabolic rate of the biofilm population. Episcopic differential 
interference contrast microscopy revealed that the metabolism of 
the biofilm was heterogeneous and that this pattern was retained 
following the exposure to aged supernatants. Two potential 
autoinducing molecules have been identified as being produced by 

S. aureus, autoinducing peptide (AIP) and the autoinducer 2 (AI-2) 
product of  the LuxS system. Their role in structure, metabolism and 
antibiotic resistance of  MRSA biofilms are currently being investi-
gated. 

80(B)
CULTURE MEDIUM AND PHYSIOLOGICAL 
CONDITIONS EXERT SIGNIFICANT EFFECTS 
ON S. AUREUS BIOFILM DEPOSITION ON 
PLASTIC SURFACES MEASURED BY CRYS-
TAL VIOLET STAINING. 
P. Tu Q uoc, W. Kelley, J. Schrenzel;  Geneva University Hospital, Geneva, 
SWITZERLAND. 

Several environmental factors are known to influence biofilm 
formation in staphylococcus species. Our goal is to measure the 
influence of  culture media and environmental factors in different 
Staphylococcus aureus strains. Bacteria grew under distinct condi-
tions in microtiter plates. Conditions included presence or absence 
of  glucose, oxygen, ethanol, pH variation etc. Bacteria attached to 
the surface of  the microtiter wells were colored with crystal violet. 
We solubilized the crystal violet stain with DMSO and measured its 
optical density. We found that changing media or physiological 
conditions influenced biofilm formation significantly. We also 
observed that different strains may reach their maximal biofilm 
forming capacity under different conditions. We conclude that we 
have to be careful in developing conditions for genetic based 
screening assays. 

81(C)
INFLUENCE OF NACL CONCENTRATION 
ON VIBRIO CHOLERAE GROWTH AND 
SURFACE ASSOCIATION 
D . Kapfham m er, P. I. Watnick;  Tufts-New England Medical Center, 
Boston, MA. 

The marine bacterium Vibrio cholerae is the causative agent of  the 
epidemic diarrheal disease cholera, which is acquired by ingestion of 
contaminated drinking water. The disease shows a distinct seasonal 
outbreak pattern in endemic areas of  India and Bangladesh, which 
can be correlated amongst other factors with increases in water 
salinity. This may reflect the transport of  infectious V. cholerae from
marine environments into fresh water environments with high 
human contact. Alternatively, it may reflect the response of V.
cholerae living in fresh water environments to increases in salinity. 
Our experiments investigate the effect of  increases in salinity on V.
cholerae gene transcription and V. cholerae surface association. We 
hypothesize that increases in the salinity of  fresh water environ-
ments may enhance growth of V. cholerae and alter the distribution 
of V. cholerae on environmental surfaces. 
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