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Anti-biofilm activity of pseudoalteromonas
haloplanktis tacl25 against staphylococcus
epidermidis biofilm: Evidence of a signal
molecule involvement?
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A Cellini,2 M Artini,2 L Selan,2 MM Corsaro' and ML Tutino!

Abstract

Staphylococcus epidermidis is recognized as cause of biofilm-associated infections and interest in the development of new
approaches for S. epidermidis biofilm treatment has increased. In a previous paper we reported that the supernatant of
Antarctic bacterium Pseudoalteromonas haloplanktis TAC125 presents an anti-biofilm activity against S. epidermidis and
preliminary physico-chemical characterization of the supernatant suggested that this activity is due to a polysaccharide.
In this work we further investigated the chemical nature of the anti-biofilm P. haloplanktis TACI25 molecule. The
production of the molecule was evaluated in different conditions, and reported data demonstrated that it is produced in
all P. haloplanktis TAC125 biofilm growth stages, also in minimal medium and at different temperatures. By using a surface
coating assay, the surfactant nature of the anti-biofilm compound was excluded. Moreover, a purification procedure was
set up and the analysis of an enriched fraction demonstrated that the anti-biofilm activity is not due to a polysaccharide
molecule but that it is due to small hydrophobic molecules that likely work as signal. The enriched fraction was also used

to evaluate the effect on S. epidermidis biofilm formation in dynamic condition by BioFlux system.
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Staphylococcus epidermidis (S. epidermidis) is
now being recognized as an important opportunis-
tic pathogen that can cause significant problems
when breaching the epithelial barrier, especially
during biofilm-associated infection of indwelling
medical devices.!> Most diseases caused by S. epi-
dermidis are of a chronic character and occur as
device-related infections (such as intravascular
catheter or prosthetic joint infections) and/or their
complications.? The ability of this bacterium to
adhere on both eukaryotic cells and abiotic sur-
faces and to form biofilm is an essential virulence
factor. This capacity contributes to making S. epi-
dermidis infections chronic and particularly diffi-
cult to eradicate.

Biofilms are sticky, surface-attached agglomera-
tions of bacteria that are embedded in an extracellular

matrix and provide protection from antibiotics and
mechanisms of host defense.?> Considering the impact
of S. epidermidis bacterial biofilms on human health,
coagulase-negative staphylococci bloodstream infec-
tions originating from intravascular catheter infec-
tions are estimated to reach 250,000 cases per year in
the USA with a mortality rate of 1-25%.4 Interest in
the development of innovative approaches for the
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prevention and treatment of staphylococcal adhesion
and biofilm formation capabilities has increased. A
viable approach should target staphylococcal adhe-
sive properties without affecting bacterial vitality in
order to avoid the rapid appearance of escape mutants.

From another point of view, the biofilm could be
considered as a source of novel drugs. Indeed, the
specific environmental conditions prevailing
within biofilms may induce profound genetic and
metabolic rewiring of the biofilm-dwelling bacte-
ria and therefore can allow the production of
metabolites different from those obtained in plank-
tonic condition. Furthermore, many bacterial bio-
films secrete molecules such as quorum sensing
signals,® surfactants,® enzymes,” and polysaccha-
rides®? that act by regulating biofilm architecture
or mediating the release of cells from biofilms dur-
ing the dispersal stage of the biofilm life cycle.”
Also, the production of extracellular molecules
that degrade adhesive components in the biofilm
matrix is a basic mechanism used in the biological
competition between phylogenetically different
bacteria.!0-12

Marine bacteria belonging to the genus
Pseudoalteromonas produce compounds of bio-
technological interest, including anti-biofilm
molecules.!3 Marine bacteria from Antarctica rep-
resent an untapped reservoir of biodiversity;
indeed, Antarctic microorganisms can synthesize
a broad range of potentially valuable bioactive
compounds.!4-16

The present authors previously reported that P
haloplanktis TAC125 strain holds an anti-biofilm
activity;!> this bacterium had been isolated from
Antarctic sea water near Terre Adelie.!” The anti-
biofilm activity of cell-free supernatant of P. halo-
planktis grown in static and in planktonic condition
was tested on different staphylococci. The results
obtained demonstrated that only supernatant of P.
haloplanktis grown in static condition inhibits bio-
film of S. epidermidis but it was not effective on S.
aureus biofilm. This anti-biofilm activity impairs
biofilm development and disaggregates the mature
biofilm of S. epidermidis without affecting bacte-
rial viability, showing that its action is specifically
directed against biofilm. A preliminary chemical
characterization of the biofilm-inhibiting com-
pound suggests that the biologically active compo-
nent could be a polysaccharide.!> The aim of the
present work is to further investigate the chemical
nature of P. haloplanktis TACI125 anti-biofilm

molecules to understand the mode of action of
active molecules.

Materials and methods
Bacterial strains and culture conditions

The bacterial strains used in this work were: S. epi-
dermidis O-47 isolated from clinical septic arthritis
and kindly provided by Professor Gotz; P. halo-
planktis TAC125 (17) was collected in 1992 from
seawater near the French Antarctic Station Dumont
d’Urville (60°40°; 40°01’E). Bacteria were grown
in Brain Heart Infusion broth (BHI, Oxoid, UK)
and synthetic medium GG (10 g/L D-Gluconic
acid sodium, 10g/L glutammic acid, SCHATZ salt
mixture). Biofilm formation was assessed in static
condition while planktonic cultures were per-
formed under vigorous agitation (180 rpm). All
strains were maintained at —80°C in cryovials with
15% of glycerol.

Biofilm formation of P. haloplanktis TAC[25

Static biofilm assay. Quantification of in vitro bio-
film production was based on the method
described by Christensen with slight modifica-
tions.'® Briefly, the wells of a sterile 24-well flat-
bottomed polystyrene plate were filled with 1 mL
of BHI, and an suitable dilution of Antarctic bac-
terial culture in exponential growth phase (about
0.1 OD 600 nm) was added into each well. The
sterile 24-well flat-bottomed polystyrene plates
were incubated for different times (24 h, 48 h, 72
h, 96 h, and 120 h) at 4°C. After rinsing with PBS,
adhered cells were stained with 0.1% crystal vio-
let, rinsed twice with double-distilled water, and
thoroughly dried. The dye bound to adherent cells
was solubilized with 20% (v/v) acetone and 80%
(v/v) ethanol. The OD of each well was measured
at 590 nm. Each data point is composed of four
independent samples.

Preparation of P. haloplanktis TACI25
supernatants

SN is the supernatant of a liquid culture of P. halo-
planktis TAC125 grown without shaking in BHI at
different temperatures (4°C, 15°C, 20°C). The wells
of a sterile 24-well flat-bottomed polystyrene
plate were filled with 900 mL of appropriate
medium (BHI or GG) and 100 mL of overnight P,
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haloplanktis TAC125 bacterial culture was added
into each well. The plates were incubated at differ-
ent temperatures as already reported for different
times (24 h, 48 h, 72 h, 96 h, and 120 h). P. halo-
planktis TAC125 biofilm formation was monitored
each 24 h. Supernatants were recovered and sepa-
rated from cells by centrifugation at 13,000 rpm.
Then, they were sterilized by filtration through
membranes with a pore diameter of 0.22 pm, and
stored at 4°C until use.

Biofilm formation of staphylococci

Static biofilm assay. Quantification of in vitro bio-
film production was based on the method described
by Christensen with slight modifications.!® Briefly,
the wells of a sterile 48-well flat-bottomed polysty-
rene plate were filled with 400 pL of BHI medium;
1/100 dilution of overnight bacterial cultures was
added to each well. The first row contained the
untreated bacteria, while each of the remaining
rows contained serial dilutions of supernatant (SN)
starting from 1:2. The plates were incubated aero-
bically for 24 h at 37°C. After rinsing with PBS,
adhered cells were stained with 0.1% crystal violet,
rinsed twice with double distilled water, and thor-
oughly dried. The dye bound to adherent cells was
resolubilized with 20% (v/v) acetone and 80%
(v/v) ethanol. The OD of each well was measured
at 590 nm. Each data point was composed of four
independent samples.

Dynamic biofilm assay. To continuously monitor
biofilm development in dynamic condition, we uti-
lized a BioFlux 2000 microfluidic system (Fluxion
Biosciences Inc., San Francisco, CA, USA), which
allows the acquisition of microscopic images over
time using the experimental protocol reported by
Papa and co-workers.!” Each flow channel con-
nects to an input well (inlet) and an output well
(outlet) on the plate. To grow biofilm in the Bio-
Flux system, the channels were first primed. We
filled the outlet with 100 pL of sterile distilled
water with flow at a share setting of 1 dyne/cm? for
2 min. Coating with 100 pL of 10 pg/mL fibronec-
tin was carried out for 2 min at 1 dyne/ cm?. The
fibronectin binding was performed for 30 min
without flow. After priming, fibronectin was aspi-
rated from the output wells and replaced with 100
uL of fresh overnight cultures diluted to an OD 600
of 0.8. The channels were seeded by pumping from

the output wells to the input wells at 2.0 dyne/cm?
for 4 s. Bacterial adhesion was performed for 30
min at 37°C without flow. A total of 2.0 mL of BHI
was added to the input well and pumped at 1 dyne/
cm? for 12 h. We used two inlet wells; in the first
well we added F fraction at a concentration of 1
mg/mL. In the second well we added only BHI.
Bright-field images were taken at 40X magnifica-
tion at 1-min intervals for a total of 720 time points.

SN treatment with NalO4. For NalO4 treatment, it
was added at a final concentration of 20 mM to
sample for 12 h at 37°C. As control, the same treat-
ment was performed on BHI broth to exclude an
anti-biofilm effect due to the NalO4 itself. After
treatment, samples were sterilized by filtration
through membranes with a pore diameter of 0.22
pum, and stored at 4°C until use.

Surface coating assay. A volume of 25 mL of P
haloplanktis cell-free supernatant, or 25 mL of
saline and BHI as controls, were transferred to the
center of a well of a 24-well tissue-culture-treated
polystyrene microtiter plate. The plate was incu-
bated at room temperature to allow complete
evaporation of the liquid. The wells were then
filled with 1 mL of broth containing a 1/100 dilu-
tion of S. epidermidis overnight bacterial cultures
and incubated at 37°C in static condition. After 18 h,
the wells were rinsed with water and stained with
1 mL of 0.1% crystal violet. Stained biofilms were
rinsed with water and dried, and the wells were
photographed.

Anti-biofilm molecule purification. The first step was a
dialysis against MilliQ water of P. haloplanktis
TACI125 supernatant deriving sessile growth at
4°C. In this procedure a semipermeable membrane
with a cutoff of 3,500 Da was used. The dialysate
water was subjected to a gel-filtration liquid chro-
matography on a Biogel P-2 column (Bio-Rad,
molecular mass separation range 100-1800 Da, 60
X 0.75 cm, flow rate 15 mL/h, eluent water, frac-
tion volume 1 mL).

The fraction resulting as active was further frac-
tionated by high-performance liquid chromatogra-
phy on a C18 column (Kinetex, Phenomenex, 150
X 4.6 mm) eluting with the following program: 1%
of B for 10 min (A: H20, B: AcCN), 1 to 95% of B
in 10 min, 95% of B for 10 min, flow rate 1 mL/
min).



Parrilli et al.

107

—
Q
~

W24h
34 48 h
72h
mo6h
W120h

OD 590 nm
—_

y .
P. haloplanktis TAC 125 biofilm
ENT
(b)
SN 24h
H SN 48h
10 - SN 72h

SN 96h
SN 120h

0D 590 nm

S. epidermidis 0-47 biofilm

Figure . Kinetic biofilm development in P. haloplanktis TACI125
and production of anti-biofilm activity against S. epidermidis
O-47. (a) Evaluation of P. haloplanktis biofilm formation at
different times. (b) Biofilm formation of S. epidermidis strain O-47
treated with P. haloplanktis TAC125 supernatants deriving from
sessile cultures obtained at different times.

Results

Optimization of P. haloplanktis TACI25 anti-
biofilm molecule production conditions

Study of the effect of bacterial biofilm kinetics on P. halo-
planktis TACI25 anti-biofilm molecule produc-
tion. Previously reported results demonstrated that
the production of the P. haloplanktis TAC125 anti-
biofilm compounds was dependent on bacterial
growth modality,’> indeed the production of anti-
biofilm compounds only occurs if Antarctic cells
were grown in static condition. In order to assess
whether the anti-biofilm was produced in all phases
of biofilm development cycle, its formation over a
120-h period in BHI at 4°C was evaluated (Figure
la). As shown in Figure 1a, P. haloplanktis TAC125
biofilm kinetics is characterized by phases of bio-
film development (24 h, 72 h, 120 h) and phases of
cells detachment (at 48 h, 96 h). Supernatants (SN)
collected at different stages were tested to assess
their effect on S. epidermidis strain O-47 biofilm
formation (Figure 1B). In detail, supernatants of P.
haloplanktis TAC125 cultures grown in sessile

NT
57 = SN GG 1:2
I B SN GG 1:4

0D 590 nm

S. epidermidis O-47 biofilm

Figure 2. Biofilm formation of S. epidermidis O-47 in minimal
medium GG in the presence and in the absence of scalar
dilutions of P. haloplanktis supernatant. P. haloplanktis was grown
in GG minimal medium in sessile condition.

condition at the different times (SN 24 h, SN 48 h,
SN 72 h, SN 96 h, SN 120 h) were recovered and
their effects on S. epidermidis strain O-47 biofilm
were analyzed (Figure 1B). Reported data demon-
strated that the anti-biofilm molecule is produced
in all P haloplanktis TAC125 biofilm stages
although the best production is obtained at 96 h
(Figure 1b); in fact, the supernatant collected at 96
h is able to decrease the biofilm formation of S.
epidermidis strain O-47 about of 91%. Study of the
effect of different culture media on P. haloplanktis
TACI125 anti-biofilm compound production to
evaluate whether the culture medium composition
has influence on bioactive compound production,
P, haloplanktis TAC125 was grown in a synthetic
medium (based on gluconate and glutamate (GG))
in sessile condition at 4°C for a 96-h period. Then
the effect of the obtained supernatant (SN-GG) on
S. epidermidis strain O-47 biofilm was evaluated
(Figure 2). In this experiment, S. epidermidis strain
0-47 was grown in GG medium to avoid interfer-
ence from the medium composition. As shown in
Figure 2, the biofilm formation of S. epidermidis
strain O-47 in the GG medium was lower than the
BHI culture medium (Figure 1b), furthermore the
SN-GG inhibitory effect is evident and dose-
dependent. The treatment with SN-GG at a dilution
of 1:2 induced a decrease in biofilm formation of S.
epidermidis strain O-47 of approximately 85%.

Study of the effect of different growth temperatures on
P. haloplanktis TACI 25 anti-biofilm compound produc-
tion. In order to assess whether growth temperature
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Figure 3. Biofilm formation of S. epidermidis O-47 in the
presence and in the absence of P. haloplanktis supernatant
deriving from sessile cultures performed at different
temperatures. Data are reported as percentage of residual
biofilm after the treatment.

has influence on anti-biofilm compound produc-
tion, the Antarctic bacterium was grown in sessile
condition at different temperatures (4°C, 15°C,
20°C). Corresponding supernatants were recovered
for each condition after 96 h at 4°C, 96 h at 15°C,
and 48 h at 20°C, and their effect on S. epidermidis
strain O-47 biofilm was evaluated (Figure 3). As
shown in Figure 3 the anti-biofilm compound was
produced at all tested temperatures (4-20°C), dem-
onstrating that anti-biofilm production is not
temperature-dependent.

P. haloplanktis TACI25 anti-biofilm molecule
is not a polysaccharide

Previous reported results suggested that P. halo-
planktis TAC125 anti-biofilm activity could be
due to a polysaccharide molecule.!> Many anti-
biofilm polysaccharides act as a surfactant mol-
ecule that modifies the physical characteristics
of bacterial cells and abiotic surfaces. Therefore
it was tested whether P. haloplanktis TAC125
supernatant could modify the surface properties
of an abiotic substrate. To do this, evaporation
coating was used to deposit the supernatant onto
the surface of polystyrene wells, and then the
ability of the coated surfaces to impair biofilm
formation by S. epidermidis was tested. The
supernatant deriving from sessile growth of P.
haloplanktis at 4°C for 96 h was collected and
used. When SN was applied to the polystyrene
surfaces, the coated surfaces was not able to
repel S. epidermidis biofilm formation in the
area where the extract was deposited (data not

shown), indicating that SN did not act as a
surfactant.

To further investigate the anti-biofilm nature,
we started a preliminary purification of bioactive
molecules from 96-h culture supernatant. Usually,
a polysaccharide molecule can be separated from
culture medium using a dialysis membrane with a
3,500 Da cutoff: in these conditions the polysac-
charide is retained inside the dialysis tube. P. halo-
planktis TAC125 supernatant deriving from sessile
growth at 4°C was subjected to dialysis treatment
and the sample retained inside the dialysis tube
was subjected to size-exclusion chromatography
(Sephacryl S-200). The retained sample and each
chromatographic collected fraction were assayed
in order to assess their anti-biofilm activity against
S. epidermidis strain O-47 (data not shown).
Results obtained demonstrated that none of the
tested samples showed anti-biofilm activity (data
not shown). Therefore, the anti-biofilm activity of
dialysis permeate was evaluated and resulted to be
active (data not shown). Consequently the bioac-
tive molecules possessed a molecular mass lower
than 3,500 Da, a molecular size not compatible
with a polysaccharide.

It has been shown that NalO4 is able to oxidize
the carbons bearing vicinal hydroxyl groups and to
cleave the C-C bonds; this oxidizing activity was
demonstrated also against polysaccharides.? The
permeate was treated with NalO4, for the above
tests, the anti-biofilm activities of treated and
untreated permeated were compared. The result of
this experiment showed that NalO4 did not have
effect on permeate anti-biofilm activity (data not
shown). These data demonstrate that the reported
anti-biofilm activity is not due to a polysaccharide
molecule.

Partial purification of P. haloplanktis TACI25
anti-biofilm compounds

P haloplanktis TACI125 supernatant deriving
from sessile growth at 4°C was subject to dialysis
treatment using a semipermeable membrane with
a cutoff of 3500 Da. Both the retained and the per-
meate from the dialysis tube were tested for anti-
biofilm activity and only the second one was
shown to be active. The presence of a complex
mixture in the permeate was shown by 1H NMR
spectrum of the sample (data not shown).
Consequently, a liquid chromatography on a
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Figure 4. Purification of active compound from P. haloplanktis supernatant. (a) LC chromatographic profile of P. haloplanktis
supernatant. (b) Biofilm formation by S. epidermidis O-47 in the presence and in the absence of exclusion chromatography fractions.

Biogel P-2 column was performed to fractionate
the dialysate sample (Figure 4a) and the biologi-
cal activity of each fraction was evaluated (Figure
4b). The obtained results indicated for the frac-
tion 6D the best anti-biofilm activity, but once
again 1H NMR spectrum revealed the presence of
a complex mixture (data not shown). Reverse-
phase HPLC on a C18 column was used to further
purify 6D fraction and, the sub-fractions derived
from this procedure were tested to evaluate the

anti-biofilm activity on S. epidermidis O-47 bio-
film. The results (Figure 5) clearly showed that
the treatment with F fraction induces a decrease
of the biofilm formation of S. epidermidis strain
0-47 about of 90%.

IH NMR spectrum suggested that the fraction F
still is a mixture. However, proton NMR spectra
obtained during the purification steps gave further
confirmation that the molecule of interest in not a
carbohydrate.
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Figure 5. Biofilm formation by S. epidermidis O-47 in the
presence and in the absence of HPLC chromatography
fractions.

Effect of partially purified active compound(s) on S.
epidermidis O-47 dynamic biofilm formation

Effect of F fraction treatment on S. epidermidis
0-47 biofilm formation was also evaluated on
BioFlux system.?! The BioFlux system is a micro-
fluidic device that precisely controls the flow of
growth medium between two interconnected wells
of a microtiter plate. By positioning the channel
connecting the two wells over a window accessible
for viewing by microscopy, biofilm growth can be
monitored in a time-course assay in which images
are collected at 1-min intervals. We collected 720
frames for each experiment, assembled in a time-
lapse video. Selected images reported in Figure 6
show the biofilm development of S. epidermidis
0-47 at different times, in the absence and in the
presence of F fraction (bottom and top lanes of
each panel, respectively).

Bacteria were seeded in both channels visible in
each frame. After 30 min the flow was applied. In
the top channel F fraction was added to the medium,
while the bottom one contained only medium. Data
obtained show an initial rapid growth of the bacte-
ria, resulting in a confluent ‘lawn’ of cells that was
followed by a period of detachment. F fraction
clearly impaired the biofilm formation confirming
results obtained in static system.

Discussion

In a previous paper!> we demonstrated that the cell-
free supernatant of Antarctic bacterium P. halo-
planktis TAC125 was effective on S. epidermidis

biofilm even on the mature form. Moreover, the P,
haloplanktis TAC125 supernatant resulted to have
no antibacterial activity against free-living bacteria,
and results to be species-specific.!> Interestingly P
haloplanktis TAC125 produces this activity only
when it is grown in sessile condition. This latter
result could be explained in consideration that spe-
cific environmental conditions prevailing within
biofilms may induce profound genetic and meta-
bolic rewiring of the biofilm-dwelling bacteria,??
which could lead to production of biofilm-specific
metabolites. These peculiar features could be com-
patible with the action of different anti-biofilm
molecules, such as polysaccharides,’ biosur-
factants,?? quorum sensing inhibitors,?3?* or signal-
ing molecule that modulates the gene expression of
recipient bacteria.?

In this work we aimed to assess which kind of
anti-biofilm molecules are produced by the
Antarctic bacterium. To collect information on
anti-biofilm compound characteristics we explored
the dependence of bioactive molecule production
to growth conditions. Reported results demon-
strated that the anti-biofilm compound is produced
during all phases of P. haloplanktis TAC125 bio-
film development with the best production of the
molecules corresponding to biofilm detachment
steps, and that the production is independent from
the specific carbon and nitrogen source and is not
temperature-dependent.

Previously reported data suggested that P. halo-
planktis TAC 125 anti-biofilm compound is not a
surfactant molecule because its action on mature
biofilm is not immediate but requires a prolonged
time.!> In this paper we confirmed this hypothesis
by surface coating assay, the reported result dem-
onstrated that P. haloplanktis TAC125 supernatant
did not modify the surface properties of abiotic
substrate.

Preliminary physico-chemical characterization
of supernatant of P. haloplanktis TACI125 sug-
gested the hypothesis that the anti-biofilm mole-
cule has a polysaccharidic nature,!’ in which case
the data presented in the present paper disavow this
hypothesis.

The setting up of a purification protocol allowed
us to obtain a fraction (F fraction), that does not
contain polysaccharides, enriched in anti-biofilm
compound. The proposed purification protocol has
to be optimized since its purification yield is very
low, but it is interesting to note that F fraction,
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Figure 6. Biofilm formation of S. epidermidis O-47 in a BioFlux system. Each image contains two channels: top channel was SN-
treated sample and bottom channel was the control one. Bright-field microscopic images were collected at I-min intervals. The
images presented were taken from the complete set of 720 images (see supplementary video bioflux for a video compilation of

these images) taken at 40 X magnification.

which is still a mixture of several compounds,
results as being active at a concentration lower
than 1 mg/mL, suggesting that anti-biofilm mole-
cule resulted as being endowed with a strong bio-
logical activity. Moreover, the molecules contained
in the F fraction have a molecular weight smaller
than 3,500 Da and display a hydrophobic character
as indicated by F fraction elution time in reverse-
phase chromatography. Therefore, reported results
demonstrate that the P. haloplanktis TAC125 anti-
biofilm activity is due to a small hydrophobic mol-
ecule, able to affect S. epidermidis biofilm
formation and stability.

The P. haloplanktis TAC125 anti-biofilm mole-
cule is active against several S. epidermidis strains,
among others it is effective on the clinical isolate
0-47, which is a naturally occurring agr mutant,?¢
but it is inactive on S. epidermidis XX-17 ica
mutant?’ (data not shown). The ica operon encodes
enzymes responsible for production of polysaccha-
ride intercellular adhesin (PIA or PNAG), which is
the main component of polysaccharide matrix of
staphylococcus biofilm.?® These data could indi-
cate in the ica genes the possible target of anti-
biofilm molecules. ica genes regulation in S.

epidermidis is under the control of LuxS quorum
sensing system.?® It was reported that deletion of
luxS gene in S. epidermidis enhances biofilm for-
mation, this effect being due to an increase over
four-fold of ica expression and resulting increase
of PIA synthesis.?

Therefore, the LuxS communication system
could be involved in bacterial intra-species com-
munication between S. epidermidis and P. halo-
planktis TAC125. The Antarctic bacterium genome
analysis revealed that it is devoid of the /uxS
gene,!” therefore the anti-biofilm effects of P. halo-
planktis exoproducts could be due to a novel mol-
ecule, or to the synergistic actions of different
molecules, that could work as an AI-2 agonist or as
a ligand able to target the Al-2 receptor inducing
an Al-2 signaling response. Only the full structural
characterization of the active molecule will address
the detailed mode of action of anti-biofilm mole-
cules. However, regardless of the chemical nature
of the anti-biofilm molecule, its efficacy was con-
firmed on S. epidermidis biofilm formation in
dynamic condition using the BioFlux system.

BioFlux is an accurate representation of envi-
ronmental or physiological conditions by precisely
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controlling shear flow and can bridge the gap
between in vitro and in vivo assays. Under these
conditions, the bacteria progress through a series
of developmental steps, ultimately forming a mul-
ticellular structure containing differentiated cell
populations. The observation of the biofilm at vari-
ous time-points throughout this process provides a
glimpse of the temporal changes that occur.

Flow biofilm is closer to natural biofilms and can
differ from static biofilms, evidently due to hydro-
dynamic influences on cell signaling. The reported
results demonstrate that the P. haloplanktis TAC125
anti-biofilm is effective against S. epidermidis bio-
film formation in dynamic condition; this conclu-
sion is very promising with regard to its use in in
vivo systems. Therefore the use of P. haloplanktis
TACI125 anti-biofilm molecules during persistent
infection sustained by staphylococci in combination
therapy with antibiotics could be proposed.
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