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The Gram-positive bacterium Enterococcus faecalis is an etiological agent of endodontic infections in
oral biofilms. In the present study, we analyzed the effect of N-acyl homoserine lactones (AHLs) quorum
sensing signal molecules on E. faecalis biofilm formation ability. Our results provide important effects

of N-Hexanoyl-L-homoserine

lactone (C6-HSL) and N-octanoyl-L-homoserine

lactone (C8-HSL)

molecules on E. faecalis biofilm formation. These AHLs molecules promoted the biofilm formation of E.

faecalis.
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INTRODUCTION

Several species of bacteria employ a mechanism of
intercellular communication known as quorum sensing
(@S). This signaling process allows the cells comprising a
bacterial colony to coordinate their gene expression in a
cell-density dependent manner (Fuqua et al., 2001;
Bassler and Losick, 2006). Thus, quorum sensing
enables the cells within a bacterial colony to act co-
operatively, facilitating population-dependent adaptive
behavior (Atkinson and Williams, 2009). Quorum sensing
has been shown to play a critical role in pathogenic

bacteria-host interactions (Boyer and Wisniewski-Dyé,
2009).

Bacterial intercellular communication relies on
autoinducers (Al), endogenous chemical compounds
which are synthesized intracellularly throughout the
growth of the bacteria and secreted into the environment.
Some Al are bound to the membrane receptors located
on the cell surface, while others may penetrate the
membrane and bind to the intracellular receptors. After
binding with the receptors, Al activate a broad spectrum
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Figure 1. The biochemical structure of C6-HSL.
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Figure 2. The biochemical structure of C8-HSL.

of effector systems affecting the regulation of expression
of a number of genes, including those encoding the
synthesis and secretion of antibiotics, virulent factors,
and formation of cell aggregates or surface biofilms
(Whitehead et al., 2001; Sun et al., 2004; Waters and
Bassler, 2005; Bassler and Losick, 2006; Camilli and
Bassler, 2006; Steindler and Venturi, 2007).

The most widespread and important autoinducers are
lactones of N-acylated homoserine (Al-1, AHL) (Galloway
et al.,, 2011). AHLs are the most common class of
autoinducer used by Gram-negative bacteria; indeed
quorum sensing mediated by AHLs represents one of the
best-understood bacterial systems at the molecular level
(Geske et al., 2008).

Cyclic peptides are the major class of cell-cell signaling
molecules in Gram-positive bacteria (Duan et al., 2003;
Xavier and Bassler, 2003; Vendeville et al., 2005; De
Keersmaecker et al., 2006). Furthermore, small-molecule
effects can be controlled by altering the concentration of
the small molecule, thereby allowing the generation of
dose-response data (Geske et al., 2008; Galloway et al.,
2011).

E. faecalis is a Gram-positive cocci; facultative
anaerobic bacteria that is known to be the most
frequently detected species in root canals with failed
endodontic treatment (Wang et al., 2011). It has been
reported that the quorum sensing system in E. faecalis is
closely related to the biofilm formation (Lu et al., 2013).
However, the effect of quorum sensing signal molecules
N-Acyl homoserine lactones (AHLs) produced only by
Gram-negative bacteria on biofilm formation of Gram-
positive oral bacteria is not yet investigated and not well
understood. The objective of this study was to investigate
the effect of a quorum sensing signal molecules AHLs
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produced by Gram-negative bacteria on biofilm formation
of a Gram-positive bacterium which is E. faecalis
recovered from root canals of patients with endodontic
infections.

MATERIALS AND METHODS
Bacterial strain, growth conditions and identification

E. faecalis strain was isolated from clinical samples of teeth of
patients with endodontic infections in the dental surgery service of
the University Hospital of Annaba (Algeria). E. faecalis was grown
anaerobically (BD Gas Pak Anaerobe Generating Container
System) at 37°C on M17 agar plates. M17 broth medium (Sigma-
Aldrich) supplemented with 1% glucose was used for broth cultures
(Kristich et al.,, 2004). Isolates, which were suspected as
Enterococcus were immediately Gram stained to verify that they
were Gram-positive, and analyzed for catalase-negative test (it is
generally agreed that the genus Enterococcus comprises Gram-
positive cocci that are catalase negative, usually facultative,
anaerobic bacteria that grow in 6.5% NaCl, 40% bile salts. They
grow at 10 and 45°C and can resist 30 min at 60°C) (Schleifer and
Kilpper-Balz, 1984; Schleifer and Kilpper-Balz, 1987; Leclerc et al.,
1996; Manero and Blanch, 1999). Isolates were identified to
species level according to the standard biochemical tests using the
API 20Strep system (bioMérieux, USA) for the identification of E.
faecalis strain (Winston et al., 2004; Zoletti et al., 2006). The
identification of E .faecalis strain was also confirmed using the
mass spectrometry (MALDI-TOF) analysis.

AHLs molecules

The AHLs quorum sensing signal molecules used in this study were
purchased from Sigma-Aldrich (Spain); they are commercially
available. In the present study, we will investigate the effect of two
AHLs molecules: N-hexanoyl-L-homoserine lactone (C6-HSL)
(Figure 1) and N- octanoyl-L-homoserine lactone (C8-HSL) (Figure
2) on biofilm formation of the Gram-positive bacterium E. faecalis.
The concentration of each AHL molecule added to the M17 liquid
culture of E. faecalis was 1 pL.

Biofilm formation

An automatic microplate reader was used to investigate the biofilm
formation ability of E .faecalis strain. The microplates for biofilm
cultivation were sterile 96-well polystyrene (Sterilin Limited, U.K).

The inoculum was prepared from E. faecalis grown in M17 broth
supplemented with 1% glucose (weight/volume), and 200 pL is
poured into the well (Christensen et al., 1985; Kennedy and
O’Gara, 2004; Stepanovi¢ et al., 2007). The negative control wells
(NC) (without AHLs) contain only 100 pL of E. faecalis culture in
M17 broth supplemented with 1% glucose (initial optical density
ODi at 600 nm was ODgg = 0.2 nm) + 100 pL of fresh and sterile
M17 broth supplemented with 1% glucose per well. The positive
control wells (PC1 and PC2) (with AHLs) contained 100 uL of E.
faecalis culture in M17 broth supplemented with 1% glucose (ODegoo
= 0.2 nm) + 99 pL of fresh and sterile M17 broth supplemented with
1%glucose + 1 pL of the AHL molecule used (C6-HSL and C8-HSL)
respectively per well (the positive control PC1 with C6-HSL; and the
positive control PC2 with C8-HSL). The inoculated microplate was
covered with a lid and incubated for 48 h of growth at 37°C,
anaerobically using BD Gas Pak Anaerobe Generating Container
System. After incubation, the wells in the microplate were emptied
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from the liquid culture of E. faecalis, then washed three times with a
sterile saline solution of (NaCl 0.9 % weight/volume).

After washing, the remaining attached bacteria should be heat-
fixed (drying completely) by exposing them to hot air at 56°C for 30
min; then the adherent biofilm layer formed on the bottom and walls
of the well was stained; 200 pL of crystal violet 0.1% per well for 30
min at room temperature (Seneviratne et al., 2013). After staining,
the wells were rinsed off by placing the microplate under running
water. Washing was continued until the washings were free of the
stain. Then, the microplate was air dried at room temperature.
Then, the dye bound to the cells were resolubilized, that is eluted
from attached cells with 95% ethanol (200 pL per well); ethanol was
gently added and thereafter the microplate was covered with the lid
(to minimize evaporation) and left at room temperature for at least
30 min without shaking (Branda et al., 2005). Finally, the optical
density (OD) of each well stained with crystal violet was measured
at 570 nm using the automatic microplatereader. Optical density at
570 nm (ODs7) was measured to assess biofilm formation ability by
the E. faecalis strain in each well. Then, the average in each lane (8
wells) of the microplate was calculated. This protocol was repeated
three times to confirm the effect of AHLs used on E .faecalis biofilm
formation.

RESULTS
Bacterial strain, growth conditions and identification

Mass spectrometry (MALDI-TOF) allowed the identi-
fication of E. faecalis strain by analysis of its protein
content and study of ionic species moving in elec-
tromagnetic fields. The ions generated from the bacterial
colony of E. faecalis spread on the steel metallic target,
were separated according to their time of flight (TOF). It
means the measurement of the time that ions took when
they were subjected to an accelerating voltage to travel
the length of the flight tube. The separation of ions
depends mainly on their mass. For each group of ions
that have the same ratio m/z (mass/charge), a signal was
recorded in the detector as a time/intensity function.
Thus, the set of peaks constituted a recorded mass
spectrum. The spectra generated from the whole bacteria
were then compared to reference spectra present in the
data base of an expert system. Comparison of the
spectrum of our strain E. faecalis (previously identified by
the standard biochemical test using API 20 Strep system)
was obtained from the mass spectrometer with
thousands of reference spectra. The name of the
bacterium displayed on the screen was: E. faecalis. The
spectrum of E. faecalis was obtained after placing the
plate containing the whole bacterial cells in the
spectrometer.

Quantification of E. faecalis biofilm formed on
polystyrene

The results of the average of optical density at 570 nm
(ODs70) obtained were: In the negative control wells NC
(without AHLs) ODs7o = 1.1 nm; in the positive control
wells PC1 (with 1 yL of C6-HSL molecule) ODs7o = 1.9
nm; in the positive control wells PC2 (with 1 uL of C8-

HSL molecule) ODs7g= 1.7 nm.

The results mentioned above have shown that the
addition of 1 pL of the AHLs molecules tested in this
study (C6-HSL or C8-HSL) to the culture of E. faecalis in
M17 broth supplemented with glucose 1% promoted the
biofilm formation ability of E. faecalis strain (Figure 3).
The values of the optical density at 570 nm (ODs7)
obtained in the negative and positive controls were the
same in the three repetitions.

DISCUSSION

The E. faecalis bacteria have been identified as the most
commonly recovered species from teeth with persistent
endodontic infections (Martos et al., 2013). E. faecalis
has also been implicated in persistent root canal
infections (Preethee et al.,, 2012). Anaerobic bacteria,
especially Gram-negative species of Prevotella and
Porphyromonas, are frequently associated with signs and
symptoms of endodontic origin (Haapasalo, 1989;
Sundqvist et al., 1989; Hashioka et al., 1992), and
facultative species such as E. faecalis have been isolated
in high frequency from refractory cases (Hancock et al.,
2001). The cell-to-cell communication of microorganisms
is known to be via exertion of certain chemical
compounds (signal molecules) and is referred to as
quorum sensing. QS phenomenon is widespread in
microbial communities (Safari et al., 2014). It is known
that bacteria utilize a quorum sensing system to
coordinate gene expression by monitoring the
concentration of molecules known as Al (Shao et al.,
2012). Bacteria use the QS mechanism to regulate a
variety of phenotype, such as biofilm formation which is
essential for the successful establishment of a symbiotic
or pathogenic relationship with eukaryotic host cell
(Myszka and Czaczyk, 2012). AHL-QS systems produce
and respond to AHLs using two proteins that mediate
signal production and response, Luxl and LuxR-like
proteins, respectively (Nealson et al., 1970; Ruby, 1996).
LuxR-like proteins are response regulators that mediate
the expression of genes required for communal behavior
in response to intracellular concentrations of cognate
AHLs molecules (Fuqua and Winans, 1994; Fuqua et al.,
1996; Cude and Buchan, 2013). Some bacterial
pathogens are capable of colonizing infection sites and
employing N-acyl homoserine lacones (AHLs) based
quorum-sensing systems to co-ordinate biofilm formation
(Bhargava et al.,, 2012). In the present study, we
confirmed that the AHLs quorum sensing signal
molecules (C6-HSL and C8-HSL) promoted the biofilm
formation of the Gram-positive bacterium E. faecalis
isolated from endodontic infections.

In 2012, a study realized in Beijing (China) at the
institute of disease control and prevention, academy of
military medical sciences, reported that the quorum
sensing system in E. faecalis is based on Al-2 molecule.
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Figure 3. Values of optical density at 570 nm (ODs7) for E. faecalis biofilm
formation on polystyrene obtained in negative and positive controls. NC,
negative control (without AHLs). PC 1, positive control with 1 yL of C6-HSL;
PC 2, positive control with 1 yL of C8-HSL.

Further, the role of Al-2 in biofilm formation by E.
faecalis was investigated, showing that the addition of Al-
2 molecule to E.f aecalis V583 cultures resulted in
increased biofilm formation (Shao et al., 2012). Thus, the
quorum sensing system in E. faecalis is closely related to
the biofilm formation of this bacterium (Lu et al., 2013).
From the results obtained in the present study, we
suggest that the N-Acyl Homoserine Lactones AHLs
molecules produced by Gram-negative bacteria can
interfere with the quorum sensing system of a Gram-
positive bacterium which is E. faecalis and consequently
regulate the biofilm formation ability in E. faecalis strain.
This suggestion confirms the possible interspecies com-
munication between Gram-positive and Gram-negative
bacteria.

Mature dental biofiims consist of towering
microcolonies in which the resident bacterial cells interact
with one another and exchange messages in the form of
signaling molecules and metabolites. It is evident that
mutually beneficial interactions between microbial cells
are essential to the development of biofilms in the oral
cavity (Jakubovics, 2010). Thus, the presence of Gram-
negative bacteria in oral biofilms can influence the biofilm
formation and growth of Gram-positive bacteria like E.
faecalis by producing quorum sensing signal molecules
(AHLs) and consequently promoting the development of
endodontic infections.

In 2010, a study realized in Osaka (Japan) at the

Department of Restorative Dentistry and Endodontology,
Osaka University graduate school of dentistry, reported
that three synthetic N-acyl homoserine lactones
analogues (N-acyl HSL) inhibited the biofilm formation in
the Gram-negative bacterium Porphyromonas gingivalis
which is a primary agent of periodontal disease in oral
biofilms (Asahi et al., 2010). Thus, the effects of N-acyl
homoserine lactones molecules on bacterial biofilm
formation are different depending on the Gram-positive or
Gram-negative bacteria (Figure 4).

These different effects of the autoinducer molecules
named AHLs on bacterial biofilm formation of the Gram-
positive strain E. faecalis and the Gram-negative strain P.
gingivalis confirms that the difference in biochemical
composition of the bacterial cell wall between Gram-
positive and Gram-negative bacteria plays a critical role
in recognition and binding of the autoinducer molecule
and also in the resulting effects of this molecule. The
biochemical composition of the cell wall of E. faecalis
strain has shown that the cell was endowed with a wall
resistant to mechanical disruption, peptidoglycan,
penicillin binding proteins (PBPs), muramidase enzyme
and accessory wall polymers such as teichoic acid and
lipoteichoic acid (Signoretto et al.,, 2000). The
biochemical composition of cell-wall of Gram-positive
bacteria has shown a very high proportion of the amino-
acids such as: alanine, glutamic acid, lysine,
diaminopimelic acid, aspartic acid and glycine. These



3148 Afr. J. Microbiol. Res.

1.7
] Wothowt AHL 5
Wik AHLs

il

=}
i ]
a
ﬁ 1
o
Y
=
g
2 0é
)
=
=
Ta,
O

E fagcalis P.gmgivalis
(Gmam -pozilive) (Gram-negaiive)

Figure 4. The different effects of AHLs molecules on bacterial biofilm formation of
the Gram-positive bacterium E.faecalis and the Gram-negative bacterium

P.gingivalis.

were associated with varying combinations of sugars and
amino sugars (Cummins and Harris, 1956). The Gram-
negative bacteria possess a lipid-rich outer membrane
(as well as a plasma membrane) and a thin
peptidoglycan layer. Gram-positive bacteria are
enshrouded in thicker, more resilient cell walls
(Beveridge, 1999).

Conclusion

The present study has shown that quorum sensing signal
molecules named “AHLs” can have a significant effect on
oral Gram-positive bacteria by promoting the biofilm
formation of E. faecalis strain isolated from teeth of
patients with endodontic infections in Algeria.
Furthermore, it was evident that these AHLs molecules
act differently on biofilm formation of Gram-positive or
Gram-negative oral bacteria. AHLs promoted the biofilm
formation of the Gram-positive oral bacterium (E.
faecalis) but inhibited the biofilm of the Gram-negative
oral bacterium (P. gingivalis). Finally, we have to take
advantage of these results to well understand the
biological activity of these signal molecules in oral
biofilms in order to minimize human oral infections.
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