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Lipoteichoic acids of lactobacilli inhibit Enterococcus faecalis biofilm 
formation and disrupt the preformed biofilm

Enterococcus faecalis, a Gram-positive bacterium commonly 
isolated in patients with refractory apical periodontitis, inva-
des dentin tubules easily and forms biofilms. Bacteria in bio-
films, which contribute to recurrent and/or chronic inflam-
matory diseases, are more resistant to antimicrobial agents 
than planktonic cells and easily avoid phagocytosis. Although 
Lactobacillus plantarum lipoteichoic acid (Lp.LTA) is asso-
ciated with biofilm formation, the effect of Lp.LTA on bio-
film formation by E. faecalis is not clearly understood. In this 
study, we investigated whether Lp.LTA inhibits E. faecalis 
biofilm formation. The degree of biofilm formation was de-
termined by using crystal violet assay and LIVE/DEAD bac-
teria staining. The quantification of bacterial growth was de-
termined by measuring the optical density at 600 nm with a 
spectrophotometer. Formation of biofilms on human dentin 
slices was observed under a scanning electron microscope. 
E. faecalis biofilm formation was reduced by Lp.LTA treat-
ment in a dose-dependent manner. Lp.LTA inhibited bio-
film development of E. faecalis at the early stage without af-
fecting bacterial growth. LTA from other Lactobacillus spe-
cies such as Lactobacillus acidophilus, Lactobacillus casei, or 
Lactobacillus rhamnosus GG also inhibited E. faecalis biofilm 
formation. In particular, among LTAs from various lacto-
bacilli, Lp.LTA showed the highest inhibitory effect on bio-
films formed by E. faecalis. Interestingly, LTAs from lacto-
bacilli could remove the biofilm preformed by E. faecalis. 
These inhibitory effects were also observed on the surface of 

human dentin slices. In conclusion, Lactobacillus species LTA 
inhibits biofilm formation caused by E. faecalis and it could 
be used as an anti-biofilm agent for prevention or treatment 
against E. faecalis-associated diseases.
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Introduction

Enterococcus faecalis is a commensal Gram-positive bacte-
rium that inhabits the oral cavity and gastrointestinal tract 
(Fisher and Phillips, 2009). E. faecalis can survive even under 
harsh conditions and has various virulence factors includ-
ing lipoteichoic acid (LTA), gelatinase, surface adhesin, and 
aggregation substance protein (Kayaoglu and Orstavik, 2004; 
Fisher and Phillips, 2009). E. faecalis can act as an opportu-
nistic pathogen causing urinary tract infection, bacteremia, 
and bacterial endocarditis (Madsen et al., 2017). In particular, 
E. faecalis can easily invade dentinal tubules, colonize in mi-
crotubules, and form biofilms (Ramachandran Nair, 1987). 
Thus, E. faecalis is involved in the pathogenesis of refractory 
apical periodontitis once endodontic treatment has failed 
(Distel et al., 2002).
  Microorganisms produce an extracellular polymeric sub-
stance (EPS) matrix, which allows easy attachment to sur-
faces of various tissues, teeth, and medical devices and ag-
gregation with other matrix particles (Kostakioti et al., 2013). 
The surface-attached microorganisms are called bacterial 
biofilms (Kostakioti et al., 2013). The life cycle of biofilms can 
be divided into three stages: attachment, maturation, and 
dispersion (Kaplan, 2010). Bacteria in biofilms are more re-
sistant to antimicrobial agents than planktonic cells by in-
activating or trapping antimicrobials (Stewart, 2015). Fur-
thermore, biofilm bacteria can avoid phagocytosis and con-
tribute to recurrent or chronic inflammatory diseases (Calo 
et al., 2011). Accumulating reports have shown that E. faecalis 
biofilm formation inside dentinal tubules is a crucial factor 
in the etiology of refractory apical periodontitis (Duggan 
and Sedgley, 2007; Jhajharia et al., 2015).
  Previous studies have shown that the currently-available in-
tracanal medicaments to eliminate bacteria have limited anti-
microbial effectiveness and adverse effects including tissue 
damage and allergic diseases. Besides, resistance of enter-
ococci to traditional antimicrobial agents causes nosocomial 
and chronic infections and contributes to pathogenicity (Arias 
et al., 2010). Thus, combined therapeutics with antibiotics 
and biofilm blockers are needed for efficient treatment against 
chronic infections by enterococci. Lactobacilli were reported 
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Fig. 1. L. plantarum lipoteichoic acid LTA (Lp.LTA) 
inhibits E. faecalis biofilm formation. (A) E. faecalis
(1.4 × 109 CFU/ml) in 96-well cell culture plates was 
treated with 0, 3, 10, or 30 μg/ml of Lp.LTA for 24 h. 
E. faecalis biofilms were measured by using crystal 
violet assay. (B) E. faecalis (1.4 × 109 CFU/ml) was 
treated with 0, 3, 10, or 30 μg/ml of Lp.LTA. The bac-
teria were grown on a cover glass in 24-well plates at 
37°C for 24 h. E. faecalis biofilms were stained with a 
LIVE/DEAD staining kit. E. faecalis biofilms were vi-
sualized under a confocal laser scanning microscope: 
Green (SYTO9; live cells), Red (propidium iodide; 
dead cells). (C) E. faecalis (1.4 × 109 CFU/ml) in the 
96-well culture plates was treated with 30 μg/ml of 
Lp.LTA. The bacteria were grown at 37°C for vari-
ous time periods. E. faecalis biofilms were determined 
by using crystal violet assay. (D) E. faecalis (1.4 × 109 
CFU/ml) was treated with 30 μg/ml of Lp.LTA. The 
bacteria were grown at 37°C for various time periods.
Growth curves were obtained by measuring the optical 
density at 600 nm (OD600). *P < 0.05. Results shown 
are representative of three similar experiments.

to have anti-biofilm activities against antibiotic-resistant 
strains of Staphylococcus aureus and Pseudomonas aeruginosa 
(Melo et al., 2016; Shokri et al., 2018). We previously reported 
that LTA of Lactobacillus plantarum inhibits Streptococcus 
mutans biofilm formation (Ahn et al., 2018a). However, the 
effect of L. plantarum LTA (Lp.LTA) on E. faecalis biofilm 
formation has not been reported. Thus, we investigated whe-
ther Lp.LTA could inhibit E. faecalis biofilm formation.

Materials and Methods

Reagents and chemicals
E. faecalis ATCC 29212 and Lactobacillus rhamnosus GG 
ATCC 53103 were obtained from the American Type Cul-
ture Collection. L. plantarum KCTC 10887BP, Lactobacillus 
casei KCTC 3260, and Lactobacillus acidophilus KACC 12419 
were obtained from the Korean Collection for Type Culture 
and Korean Agricultural Culture Collection, respectively. 
LTA was purified from L. acidophilus, L. casei, L. plantarum, 

and L. rhamnosus GG as previously described (Baik et al., 
2008). Brain heart infusion (BHI) agar and glucose were pur-
chased from BD Biosciences. Crystal violet dye was purchased 
from Junsei Chemical Co., Ltd. The LIVE/DEAD BacLight 
Bacterial Viability Kit was purchased from Thermo Fisher 
Scientific. All chemicals were purchased from Sigma-Aldrich 
Inc. unless otherwise indicated.

Crystal violet assay
E. faecalis was grown overnight in BHI broth at 37°C. The 
culture was diluted 1:100 in BHI broth and incubated at 37°C 
for 6 h. The bacteria were incubated in 96-well cell culture 
plates (Nunc) at 37°C for 24 h. Biofilms were washed with 
100 μl of phosphate-buffered saline (PBS) and stained with 
1% crystal violet solution for 30 min. The wells were washed 
with PBS, and the crystal violet-stained biofilms were solu-
bilized in 100 μl of dissociation buffer (95% ethanol and 0.1% 
acetic acid in water). The optical density at 600 nm was de-
termined using a microplate reader (Molecular Devices).
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Fig. 2. LTAs from Lactobacillus species block E. faecalis biofilm formation. 
E. faecalis (1.4 × 109 CFU/ml) in 96-well cell culture plates were treated 
with 0, 10, or 30 μg/ml of LTA from L. casei (Lc.LTA), L. plantarum 
(Lp.LTA), L. rhamnosus GG (Lr.LTA), or L. acidophilus (La.LTA) for 24 h. 
The formation of E. faecalis biofilms was determined using crystal violet 
assay. *P < 0.05. One of three similar results is shown.

Fig. 3. Lp.LTA disrupts preformed biofilms. E. faecalis (1.4 × 109 CFU/ml) 
was grown in 96-well plates at 37°C for 24 h, followed by treatment with 
0, 10, or 30 μg/ml of Lc.LTA, Lp.LTA, Lr.LTA, or La.LTA for 6 h. E. fae-
calis biofilms were determined by using crystal violet assay. *P < 0.05. 
One of three similar results was shown.

Confocal laser scanning microscopic analysis
E. faecalis was grown on slide glass (Muto Pure Chemicals Co. 
Ltd.) in a 24-well cell culture plate (Nunc) as previously de-
scribed (Ahn et al., 2018a). The biofilm was washed with PBS 
and stained with the LIVE/DEAD BacLight Bacterial Viability 
Kit containing SYTO9 and propidium iodide according to the 
manufacturer’s instructions. Images were visualized under 
a confocal laser scanning microscope (LSM 800; Carl Zeiss 
MicroImaging GmbH).

Preparation of human dentin slices
Experiments with human dentin slices were approved by 
the Institutional Review Board of Seoul National University 
Dental Hospital, Seoul, Korea (CRI 17010). Human dentin 
slices were prepared as previously described (Ahn et al., 
2018a). Briefly, the surfaces of single-rooted premolars were 
cleaned using an ultrasonic scaler before producing cross- 
sections of 500 μm thickness with an Isomet precision saw 
(Isomet). The dentin slices were treated with 17% EDTA for 
5 min and then treated with 2.5% sodium hypochlorite for 
5 min. After neutralizing with 5% sodium thiosulfate, the 
dentin slices were autoclaved at 121°C for 15 min.

Scanning electron microscopic analysis
E. faecalis was grown on human dentin slices in the pre-
sence or absence of Lp.LTA and was visualized using a scan-
ning electron microscope as previously described (Velusamy 
et al., 2016; Ahn et al., 2018a). Briefly, biofilms on human 
dentin slices were pre-fixed with a PBS solution containing 
2.5% glutaraldehyde and 2% paraformaldehyde and washed 
with PBS. The biofilms were subsequently fixed with 1% os-
mium tetroxide for 90 min. After washing three times with 
distilled water, the biofilms were dehydrated by replacing the 
buffer with increasing concentrations of ethanol (70%, 80%, 
90%, 95%, and 100% for 15 min each). The samples were dried 
with hexamethyl disilazane and coated with gold sputter. 
The image was visualized under a scanning electron micro-
scope (S-4700, Hitachi). The images of E. faecalis biofilms 
were analyzed to determine the area of bacterial aggregates 
by using ImageJ software (National Institutes of Health).

Statistical analysis
All data are expressed as mean value ± standard deviation 
of triplicate samples. Statistical significance was analyzed 
using the t-test at P < 0.05.

Results

Lp.LTA inhibits E. faecalis biofilm formation
To examine the effect of Lp.LTA on E. faecalis biofilm for-
mation, crystal violet staining and SYTO9/propidium iodide 
staining were performed. Crystal violet staining demonstrated 
that E. faecalis biofilm was decreased in a dose-dependent 
manner when incubated with Lp.LTA (Fig. 1A). SYTO9/pro-
pidium iodide staining also showed that Lp.LTA inhibited 
E. faecalis biofilm formation (Fig. 1B). These results indicate 
that Lp.LTA inhibits E. faecalis biofilm formation. Next, we 

examined how long the inhibitory effect of Lp.LTA on E. 
faecalis biofilm formation lasts. As shown in Fig. 1C, when 
E. faecalis was incubated with Lp.LTA, the inhibitory effect 
was first observed at 1 h and lasted up to 24 h. Notably, 
Lp.LTA did not affect E. faecalis growth (Fig. 1D), indicat-
ing that the inhibitory effect of Lp.LTA on E. faecalis biofilm 
formation was not due to the bacterial growth interference.

LTA from other Lactobacillus species also inhibits E. faecalis 
biofilm formation
Crystal violet assay was performed to determine whether E. 
faecalis biofilm formation was also inhibited in the pres-
ence of LTA from the other Lactobacillus species such as L. 
casei, L. rhamnosus GG, and L. acidophilus. As shown in 
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Fig. 4. Lp.LTA inhibits E. faecalis biofilm 
formation and disrupts E. faecalis biofilms 
preformed on human dentin slices. (A) E. 
faecalis (1.4 × 109 CFU/ml) on sterile hu-
man dentin slices was treated with 0 or 30 
μg/ml of Lp.LTA. The bacteria were grown 
at 37°C for 24 h. (B) E. faecalis (1.4 × 109

CFU/ml) on sterile human dentin slices was
grown at 37°C for 24 h, followed by treat-
ment with 0 or 30 μg/ml of Lp.LTA for 6 h. 
The images of E. faecalis biofilms were cap-
tured under a scanning electron microscope.
The area of bacterial aggregates was analy-
zed by ImageJ software. *P < 0.05. The result
shown represents one of three independent
experiments.

Fig. 2, E. faecalis biofilm formation was inhibited by all LTAs 
from the lactobacilli examined. The degree of inhibition by 
Lp.LTA at 30 μg/ml was superior to that of LTA from other 
Lactobacillus species. These results indicate that LTA from 
Lactobacillus species can inhibit E. faecalis biofilm formation.

LTA of Lactobacillus species disrupts biofilm preformed by 
E. faecalis
Next, we investigated whether lactobacilli LTA can affect 
the disruption of preformed biofilm. When treated with LTA 
from the lactobacilli including L. casei, L. plantarum, L. 
rhamnosus GG, and L. acidophilus for 6 h, the preformed 
E. faecalis biofilm was also reduced (Fig. 3). These results 
indicate that lactobacilli LTA not only inhibits E. faecalis 
biofilm formation, but also disrupts the preformed biofilm.

Lp.LTA inhibits E. faecalis biofilm formation on human den-
tin slices
We examined the inhibitory effects of Lp.LTA on biofilms 
formed on human dentin slices. E. faecalis biofilms in the 
presence or absence of Lp.LTA on human dentin slices were 
visualized using a scanning electron microscope. Lp.LTA 
significantly inhibited E. faecalis biofilm formation and dis-
rupted the biofilm preformed on human dentin slices (Fig. 
4A and B). These results indicate that LTA derived from 
Lactobacillus species could be a therapeutic candidate for 
blocking E. faecalis biofilm.

Discussion

Inhibition and/or elimination of E. faecalis biofilms in den-
tinal tubules is a potential therapeutic for refractory apical 
periodontitis. In particular, biocompatible anti-biofilm bloc-
kers are needed to control multi-drug-resistant pathogens 
such as E. faecalis. In this study, we demonstrated that Lp.LTA 
efficiently inhibits the formation of E. faecalis biofilms and 
even disrupted preformed biofilms. These results indicate 
that Lp.LTA could be an efficient treatment for refractory 
apical periodontitis and chronic infection caused by enter-
ococci.
  In the present study, we showed that LTA from various 
Lactobacillus species inhibits E. faecalis biofilm formation. 
Lp.LTA has the highest inhibitory effect on E. faecalis bio-
film formation among various Lactobacillus species LTAs 
used in this study. Concordantly, Lactobacillus fermentum 
strains have been shown to inhibit biofilm formation caused 
by antibiotic-resistant strains of P. aeruginosa (Shokri et al., 
2018). We also previously reported that Lp.LTA inhibits the 
biofilm formation of S. aureus, a pathogenic bacterium caus-
ing serious infections including pneumonia, sepsis, and osteo-
arthritis (Ahn et al., 2018b), and S. mutans, one of the major 
pathogens causing dental caries (Ahn et al., 2018a). Thus, 
Lp.LTA might be a potential biofilm blocker inhibiting not 
only E. faecalis biofilm but also other bacterial biofilms.
  In our study, Lp.LTA disrupted preformed E. faecalis bio-
films. Similar to our results, lactobacilli and their culture su-
pernatant have been shown to disrupt the preformed biofilms 
of pathogens such as Vibrio species and Aggregatibacter ac-
tinomycetemcomitans (Jaffar et al., 2016; Kaur et al., 2018). 
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The inhibitory effect of Lp.LTA was also observed in S. aur-
eus-preformed biofilm (Ahn et al., 2018b). Although further 
studies are needed to clarify the molecular mechanism for 
anti-biofilm activity of LTA, regulation of quorum sensing 
might be a potential mechanism since Lp.LTA increases the 
AI-2 level of S. aureus (Ahn et al., 2018b), which is known 
to control the biofilm development by regulating the expre-
ssion of biofilm-related genes or the production of molecules 
to break down EPS in S. aureus (Boles and Horswill, 2008; 
Yu et al., 2012). In E. faecalis, Lp.LTA may possibly regulate 
the expression of enterococcal surface molecules such as sor-
tase A and esp that are important for biofilm formation or 
produce enzymes to disrupt EPS by regulating quorum-sens-
ing system (Chen et al., 2016; He et al., 2016).
  Accumulating reports suggest that LTA, as a major cell 
wall component of Gram-positive bacteria, can induce innate 
and inflammatory responses (Kang et al., 2016). LTA effici-
ently induces the expression of nitric oxide, chemokines, and 
cytokines (Baik et al., 2008; Ryu et al., 2009; Park et al., 2013; 
Hong et al., 2014). Likewise, previous studies have mainly fo-
cused on the immunostimulatory function of LTA. Recently, 
however, LTA has been investigated for its role as a regulator 
of immune response (Noh et al., 2015; Kim et al., 2017). Sta-
phylococcal LTA attenuates lipopolysaccharide (LPS)-induced 
B cell proliferation (Kang et al., 2018). Lp.LTA inhibits lipo-
protein-induced IL-8 expression in human intestinal epithelial 
cells (Noh et al., 2015) and the expression of TNF-α in LPS- 
induced endotoxin shock mice (Kim et al., 2008). In our 
study, Lp.LTA efficiently inhibited the E. faecalis biofilm 
formation. Therefore, we suggest that bacteria-derived LTA 
could be an attractive therapeutic target for modulating im-
mune responses and treating bacteria-mediated diseases.
  In conclusion, the results from the present study demon-
strated that Lp.LTA inhibits E. faecalis biofilm formation and 
disrupts the preformed biofilm. Furthermore, Lp.LTA effi-
ciently inhibits biofilm formation at early stage and keeps the 
inhibitory effect ever afterward. These results provide evi-
dence that LTA derived from Lactobacillus species could be 
a useful biofilm blocker to eliminate bacteria including E. fae-
calis and contribute to treatment of refractory apical perio-
dontitis.
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