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Abstract  
Quorum sensing (QS) is an inter- and intracellular communication mechanism that regulates gene expression in response 
to population size. Autoinducer-2 (AI-2) signaling is a QS signaling molecule common to both Gram-negative and Gram-
positive bacteria. Enterococcus faecalis is one of the leading causes of nosocomial infections worldwide. There has been 
an increasing interest in controlling infectious diseases through targeting the QS mechanism using natural compounds. 
This study aimed to investigate the effect of nisin and p-coumaric acid (pCA), on biofilm formation and AI-2 signaling in 
E. faecalis. Their effect on the expression of the QS-regulated virulence encoding gene sprE was also investigated. Nisin 
exhibited a MIC ranging from 0.25 to 0.5 mg/mL, while the MIC of pCA was 1 mg/mL. The luminescence-based response 
of the reporter strain Vibrio harveyi BB170 was used to determine AI-2 activity in E. faecalis strains. Nisin was not effec-
tive in inhibiting AI-2 activity, while pCA reduced AI-2 activity by ≥ 60%. Moreover, pCA and nisin combination showed 
higher inhibitory effect on biofilm formation of E. faecalis, compared to the treatment of pCA or nisin alone. qRT-PCR 
analysis showed that nisin alone and the combination of nisin and pCA, at their MIC values, led to a 32.78- and 40.22-fold 
decrease in sprE gene expression, respectively, while pCA alone did not have a significant effect. Considering the demand 
to explore new therapeutic avenues for infectious bacteria, this study was the first to report that pCA can act like a quorum 
sensing inhibitor (QSI) against AI-2 signaling in E. faecalis.
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Introduction 

Quorum sensing (QS) is a cell density-dependent inter- and 
intracellular communication mechanism that regulates gene 
expression in response to population size. During this pro-
cess, bacteria communicate with other cells, interact with 
their surrounding environment, and control their cellular 
functions through synthesizing, detecting and reacting to 
chemical signal molecules called autoinducers (AI) [1, 2]. 
The components of QS mechanism are (i) the AI, (ii) the sig-
nal synthase, (iii) the signal receptor, (iv) the signal response 
regulator, and (v) the regulated genes [3]. This system is 
used by both Gram-negative and Gram-positive bacteria in 
response to various environmental stress conditions such as 

nutrient deficiency, the inhibitory effect of temperature, and 
host defense mechanisms [4]. The autoinducing molecules 
affect the expression of wide range of genes involved in 
various processes including adaptation, virulence, toxicity, 
sporulation, bioluminescence, food spoilage, plasmid trans-
formation, antibiotic resistance, and biofilm formation in 
bacteria [5, 6].

Autoinducer-2 (AI-2) is a QS signaling molecule com-
mon to both Gram-negative and Gram-positive bacteria [7]. 
Unlike other bacterial signaling mechanisms, AI-2 signaling 
has evolved to enable interaction between different strains of 
bacteria within the same environmental niche [8]. Several 
bacterial strains, including enterococci, are known to have 
the ability to produce AI-2 [9].

Enterococcus faecalis is one of the leading causes of 
nosocomial infections worldwide [10]. This pathogen has 
both natural and acquired resistance to a variety of antibiot-
ics [11]. Enterococci species are clinically important as they 
form biofilms on permanent medical devices such as venous 
and urinary catheters, orthopedic implants, or infective 

Responsible Editor: Ilana Camargo

 *	 Nefise Akçelik 
	 nakcelik@ankara.edu.tr

1	 Biotechnology Institute, Ankara University, Ankara, Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/s42770-023-00946-y&domain=pdf
http://orcid.org/0000-0002-0820-138X
http://orcid.org/0000-0003-4426-1803
http://orcid.org/0000-0001-5541-1681


602	 Brazilian Journal of Microbiology (2023) 54:601–608

1 3

endocarditis, causing biofilm-related persistent infections 
[12, 13]. Since the antibiotic resistance of biofilm-embedded 
bacteria is 1000 times higher compared to their planktonic 
counterparts, it is necessary to develop new combat strate-
gies [14]. During this process and to overcome drug resist-
ance bottlenecks, the newly developed approaches should 
not cause selective pressure on bacteria and end up with 
the emergence of novel resistance problems. From a biofilm 
perspective, there has been an increasing interest in averting 
or curing infectious diseases by targeting the QS mechanism 
using natural compounds which are safe and effective with 
no side effects [15].

Quorum sensing inhibition (QSI) is considered a promis-
ing therapeutic approach to control bacterial biofilms [16]. 
By targeting the QS mechanism, infections can be prevented 
through interrupting the communication process between 
bacteria by (a) interruption of signal molecules synthesis, (b) 
degradation of signal molecules, and (c) interference with 
signal receptors all while reducing the tendency of bacteria 
to develop [17, 18].

Nisin, produced by Lactococcus lactis, is the most 
important member of group I bacteriocins, also known 
as lantibiotics [19]. It is approved by the US Food and 
Drug Administration (FDA) as “generally recognized as 
safe” and confirmed by the EU as a safe food preservative 
(E234), due to its non-toxicity and its bacteriolytic and 
bactericidal activities [20]. Its antimicrobial activity relies 
on its interaction with the cell membrane precursor lipid II, 
implicating the inhibition of bacterial cell wall biosynthesis 
and pore formation in the membrane and resulting in the 
leakage of intracellular components and therefore cell death 
[21]. Besides its usage for food shelf-life extension in the 
food industry [22], nisin usages has expanded to healthcare 
[23]. In vitro evidence suggested that nisin can significantly 
enhance the antibacterial and antibiofilm activities of 
many antibiotics against drug-resistant pathogens when 
used in combination [24]. Therefore, nisin can be used in 
combination with other natural compounds to enhance their 
activity and decrease the use of antibiotics while impeding 
further antibiotic resistance [25].p-Coumaric acid (pCA), 
also known as 4-hydroxycinnamic acid, is an important 
class of secondary metabolites produced by plants both as an 
intermediate product of the lignin pathway and in response 
to food stress and injury [26]. In addition to its antioxidative 
[27], anticancer [28], and antibacterial [29] effects, pCA 
possesses the ability to inhibit QS signal in Gram-negative 
bacteria through inhibiting the synthesis of AHL [30], and it 
is considered as a promising antibiofilm agent [31].

To date, the QSI activity of nisin and pCA combination 
against E. faecalis has not been explored. Furthermore, 
there have been no studies on the effect of nisin and pCA 
combination on E. faecalis biofilm formation abilities. 
This work aimed to assess the effect of these two natural 

molecules, nisin and p-coumaric acid, on biofilm formation 
and AI-2 signaling in E. faecalis. The effect of these 
compounds, when used individually and combined, on 
the expression of E. faecalis QS-regulated and virulence 
encoding gene sprE, was also investigated.

Materials and methods 

Chemicals

Nisin from L. lactis was purchased from Sigma-Aldrich/
USA (N5764). For experimental use, the nisin powder was 
dissolved in 0.02N hydrochloric acid (HCl), sterilized using 
a 0.22-μm pore size filter and stored at − 20 °C. p-Coumaric 
acid was purchased from Sigma-Aldrich/USA (C9008). 
For experimental use, pCA was dissolved by vortexing in 
ethanol (Sigma-Aldrich/USA) at a concentration of 40 mg/
ml until a homogeneous solution was obtained. pCA solution 
was sterilized by filtration using a 0.22-μm pore size 
filter. A fresh solution was prepared by diluting the stock 
solution, according to the determined minimum inhibitory 
concentration (MIC) values for each experiment.

Bacteria and growth conditions

The strains used in this study are Enterococcus faecalis 
isolates (74 encoded food isolate and 114 encoded clinical 
isolate), provided by Ankara University Biology Department 
culture collection, and E. faecalis OG1RF ATCC 47,077, 
provided by American Type Culture Collection, Manassas, 
VA. For planktonic growth, E. faecalis  strains were 
inoculated in tryptic soy broth (TSB) and incubated at 
37 °C under static conditions. For biofilm formation, E. 
faecalis strains were grown in 1% glucose supplemented 
TSB. Reporter Vibrio harveyi  BB170, which responds 
to AI-2 concentrations, was obtained from ATCC and 
grown in complete autoinducer bioassay (AB) medium 
at 30 °C for 20–24 h, without agitation. AB medium was 
prepared according to the ATCC medium 2746 preparation 
instructions.

Determination of MICs

The minimum inhibitory concentration (MIC) of nisin and 
p-coumaric acid were determined by the microdilution 
method, in accordance with Kitazaki et al. [32]. Briefly, 
strains were incubated in Mueller–Hinton II broth (MHB-II) 
for overnight at 37 °C. The cells were diluted in MHB-II to 
the turbidity of 0.5 McFarland standard. Fifty microliters 
of MHB-II were transferred to each well of the 96-well 
microtiter plate. Then, the antimicrobial agent was dispensed 
into the first well of the plate. Then serial twofold dilutions 



603Brazilian Journal of Microbiology (2023) 54:601–608	

1 3

were made in order to obtain final concentrations of samples 
ranging from 0.031 to 2 mg/ml. Afterward, 50 µl bacterial 
suspension was dispensed into each well. The plate was 
then incubated at 37 °C for 24 h. MIC was determined as 
the lowest concentration at which bacterial growth was 
inhibited. Experiments were carried out as 3 replicates on 
different days for each strain.

AI‑2 activity of E. faecalis strains

Supernatants from log-phase growing E. faecalis strains in 
TSB were collected by centrifugation at 10,000 g for 2 min, 
filtered (0.22 μm pore sized filter) to remove cell residues 
and kept at –20 °C until used [33]. In order to determine the 
autoinducer activity of E. faecalis test and control strains, 
reporter V. harveyi BB170 strain was inoculated into AB 
broth and incubated at 30 °C for 18 h with 200 rpm shaking 
conditions. Afterward, the overnight active V. harveyi 
BB170 culture was diluted 1:5000 in sterile AB medium, 
and 90 μl of the diluted bacterial culture was transferred 
to the each well of 96-well polystyrene microdilution 
plates. Cell-free supernatants (CFSs) of test strains were 
transferred into the wells containing V. harveyi BB170 
strain at the ratio of 9:1 (vol/vol, V. harveyi BB170: CFSs). 
Control wells contained AB broth instead of CFS. The plates 
were incubated at 30 °C for 3 h, with agitation at 200 rpm. 
Luminescence was measured by quantifying the light 
production of V. harveyi with Perkin-Elmer Victor V3. The 
luminescence values, representing the autoinducer-2 (AI-2) 
activity, were calculated as a percent (%) fold change by 
the ratios of the luminescence of the test samples (reporter 
strain with E. faecalis CFSs) to the control (reporter strain 
without CFSs, with AB Broth). Results were reported as 
relative AI-2 activity [34].

The effect of nisin and p‑coumaric acid on the AI‑2 
activity of E. faecalis strains

First, the inhibitory effects of nisin and p-coumaric acid on 
V. harveyi BB170 strain were examined in order to prevent 
any further misleading results. For this purpose, overnight 
BB170 culture was diluted (1:5000) with fresh AB medium. 
Nisin and pCA were adjusted to the most effective inhibitory 
concentrations and transferred to a 96-well microplate. The 
growth control wells contained only AB broth. Diluted 
BB170 culture was added to the wells at the ratio of 9:1 (vol/
vol, V. harveyi BB170/antimicrobial agents) and incubated 
at 30 °C with agitation for 3 h [34]. After incubation, the 
suspension was transferred to the Marine Agar to determine 
viable cell number. The living cell numbers of the control 
and test groups were evaluated by a Student’s t test. A p 
value of 0.05 was used for statistical significance. After 

detecting no inhibition effect of nisin and p-coumaric acid 
on V. harveyi, it was used for further experiments.

Nisin, p-coumaric acid, and combinations of nisin + pCA 
were prepared at concentrations determined from MIC 
assays. Overnight V. harveyi BB170 strain was diluted 
(1:5000) in AB medium, and 90 μl of the diluted reporter 
strain was transferred to each well of the 96-well cell culture 
microplate. Cell-free Enterococcus supernatants and 10 μl of 
the nisin, pCA, and nisin + pCA at different concentrations 
were added. Control wells contained only CFSs. The 
microdilution plate containing the antimicrobial agents was 
incubated at the same conditions as the AI-2 assay. Fold 
change between luminometric values of control wells and 
wells containing nisin, pCA, and nisin + pCA combinations 
were calculated as the percent (%) of inhibition.

The effect of nisin and p‑coumaric acid on biofilm 
formation 

The biofilm inhibition effect of nisin (0.5 mg/ml nisin), pCA 
(1 mg/ml pCA), and nisin + pCA combination (0.5 mg/ml 
nisin + 1 mg/ml pCA) on E. faecalis biofilms was determined. 
Tested nisin, p-coumaric acid, and combinations of nisin + pCA 
were prepared at concentrations determined from MIC assays. 
Solutions were prepared by diluting stock solutions using ddH2O 
to reach the final concentration. Overnight E. faecalis strains 
were diluted 1:100 (adjusted to OD595 = 0.07) in TSB medium 
supplemented with 1% glucose, mixed with antimicrobial 
agents, and 200 µL of bacteria + agent combination was trans-
ferred on to wells. Plates were incubated at 37 °C for 24–48 h 
for biofilm production.

After incubation, the supernatants from the wells were 
removed while avoiding the deterioration of the biofilm 
structure and wells were rinsed by PBS. Cells attaching to 
the wells were dissolved in 200 µl PBS, and 10 µl of the sus-
pensions were transferred to TSB agar and incubated over-
night at 37 °C. The number of viable cells was counted, and 
the cell number of treated samples was compared with the 
cell number of untreated biofilm samples. Inhibition percent-
age was calculated using the following formula: % inhibi-
tion = [(CFU/ml control − CFU/ml treat) / CFU/ml control] × 100.

Effect of nisin and p‑coumaric acid on virulence 
encoding gene sprE

Total RNA isolation from E. faecalis strains was performed 
using the High Pure RNA Isolation Kit (Roche, Germany) fol-
lowing the manufacturer’s instructions. Total RNAs were used 
to synthesize cDNA, according to a standard operating proce-
dure of Transcriptor First Strand cDNA Synthesis Kit (Roche, 
Germany). 16S rRNA gene was used as an internal control 
to normalize expression values. 5 × HOT FIREPol EvaGreen 
qPCR Supermix (08–36-00,001; Solis BioDyne, Estonia) was 
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used as master mix for PCR. The real-time PCR reaction mix-
ture (10 µl) contained 1 × HOT FIREPol EvaGreen qPCR Super-
mix, 1 µl of template cDNA, and the appropriate forward and 
reverse PCR primers. The qRT-PCR reactions were carried out 
using a Light Cycler 480 (Roche, Germany) device. PCR condi-
tions were as follows: 15 min at 95 °C, followed by 40 cycles 
of 95 °C for 15 min, 60 °C for 20 s, and 72 °C for 20 s. Primers 
used for sprE amplification were forward primer 5′-CGA​CCA​
TTG​CGT​GTG​GTT​TT-3′ and reverse primer 5′-ATT​GCG​GTA​
GTG​ACT​GTC​GG-3′. All experiments were performed in tripli-
cates. The difference (fold change) in the initial concentration of 
each transcript (normalized to 16S rRNA) was calculated using 
the 2ΔΔCt method [35].

Statistical analysis

Data values are expressed as mean values ± standard devi-
ations. SPSS (26.0) statistics software was used for the 
statistical analysis of the values we obtained. The depend-
ent samples t test was performed. Results with a p value 
of < 0.05 were considered statistically significant. All 
experiments were repeated at least 3 times in triplicate. 
Data obtained as CFU was converted to log10 values for 
normalization.

Results

MICs of nisin and p‑coumaric acid

Nisin exhibited higher antibacterial efficacy against 114 and 
74 encoded strains (MIC = 0.25 mg/ml) than OG1RF strain 
(MIC = 0.5 mg/ml). On the other hand, the effect of p-cou-
maric acid on E. faecalis strains remained the same in all 
strains (MIC = 1 mg/ml).

The effect of nisin and p‑coumaric acid on the AI‑2 
activity

The effect of nisin and p-coumaric acid alone and in combina-
tion (0.5 mg/ml nisin, 1 mg/ml pCA vs 0.5 mg/ml nisin + 1 mg/
ml pCA) on V. harveyi strain BB170 was investigated to verify 
if the changes in AI-2 activity were due to the growth inhibi-
tion of the reporter strain V. harveyi BB170. No significant 
differences between the control stains’ growth level and the 
treated strains’ growth level were detected (log CFU/ml was 
5.6 ± 0.3, 5.6 ± 0.6, 5.9 ± 0.7, and 5.7 ± 0.3 for control, nisin 
alone treatment, pCA alone treatment, and nisin + pCA com-
bination, respectively). Therefore, the agents did not exhibit any 
inhibitory effect on the reporter strain, and the changes in AI-2 
activity were caused by the tested antimicrobials.

OG1RF, 74, 114 encoded strains of E. faecalis produced 
the relative AI-2-like activity of 249, 285, 253 relative light 
units, respectively, which was significantly high in compari-
son to control (p < 0.05). Nisin alone, at its respective MIC 
for each strain, was not effective in inhibiting AI-2 activity 
(p > 0.05) in the three strains (E. faecalis 74, 114, and control 
strain OG1RF), while pCA (1 mg/ml) alone reduced AI-2 
activity by ≥ 60%. Furthermore, the combination of pCA and 
nisin (at respective MIC for each strain) decreased AI-2 activ-
ity slightly more than pCA alone. However, this increase was 
not statistically significant (p > 0.05) (Fig. 1).

Inhibitory effect of nisin and p‑coumaric acid 
on biofilm formation of E. faecalis test strains

The ability of nisin and pCA alone and in combination to inhibit 
the biofilm formation of E. faecalis test strains after 24 h and 
48 h was investigated (Fig. 1 and Fig. 2). pCA and nisin com-
bination showed the highest inhibitory effect on E. faecalis test 
strains’ biofilm formation Fig. 3. One mg/ml pCA + 0.5 mg/ml 

Fig. 1   The effects of nisin and 
pCA alone and in combination 
on AI-2 activity of E. faecalis 
test strains
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nisin combination completely inhibited the biofilm formation 
of OG1RF strain after 24 and 48 h. One mg/ml pCA + 0.25 mg/
ml nisin combination showed 30.31 ± 2.47% and 26.08 ± 3.24% 
E. faecalis 114 biofilm inhibition after 24 and 48 h, respec-
tively. However, E. faecalis strain 74 was the most resistant 
strain that 1 mg/ml pCA + 0.25 mg/ml nisin showed the least 
biofilm inhibition percentage (15.46 ± 2.25% and 16.24 ± 5.39% 
after 24 and 48 h, respectively). pCA alone treatment resulted 
in 17.05 ± 0.56% (after 24 h) and 15.32 ± 0.54% (after 48 h) 
inhibition of OG1RF strain’s biofilm, 10.30 ± 0.41% (after 24 h) 
and 11.65 ± 3.38% (after 48 h) inhibition of 114 strain’s biofilm, 
and 10.02 ± 0.47% (after 24 h) and 10.99 ± 0.75% (after 48 h) 
inhibition of 74 strain’s biofilm.

Nisin alone treatment inhibited the biofilm formation 
of OG1RF strain by 10.75 ± 0.87% and 11.16 ± 4.16% 
after 24 and 48 h, respectively, while it had the low-
est inhibitory effect on 114 strain’s biofilm formation 
(3.76 ± 0.90% and 0.66 ± 3.70% after 24 and 48 h, respec-
tively). Unlike other strains, nisin alone had no inhibi-
tory effect on the biofilm formation of the 74 encoded 
strain, and an increase in the number of living bacte-
ria was observed. This positive effect (− 2.13 ± 0.22%) 
of nisin on the cell vitality after 24  h of incubation 
was statistically significant, while its effect after 48 h 
(− 2.47 ± 2.07%) was not significant. All other reported 
results were statistically significant (p < 0.05).

Fig. 2   The effects of nisin and 
pCA alone and in combination 
on 24-h biofilm formation of E. 
faecalis test strains
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Fig. 3   The effects of nisin and 
pCA alone and in combination 
on 48-h biofilm formation of E. 
faecalis test strains
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Effect of nisin and p‑coumaric acid on E. faecalis 
virulence gene sprE

OG1RF strain was the only strain harboring sprE gene in 
its genome, as a result of PCRs using gene-specific primers. 
Therefore, only OG1RF strain was used to investigate the 
effect of antimicrobials on expression of sprE gene. The 
effect of nisin and p-coumaric acid alone and in combination 
on the sprE virulence gene was obtained from qRT-PCR, 
and the Ct values are given in Fig. 4A. The expression levels 
of the sprE gene were normalized to the 16S rRNA gene. 
Nisin (0.5 mg/ml) alone and the combination of nisin and 
pCA (0.5 mg/ml nisin + 1 mg/ml pCA) led to a 32.78- and 
40.22-fold decrease in expression of the sprE gene, respec-
tively, while pCA alone did not have a significant effect 
(− 0.73-fold) on sprE expression (Fig. 4B).

Discussion

E. faecalis is one of the most important nosocomial 
pathogens, characterized by its high antibiotic resistance 
against widely used antibiotics, its tendency to spread 
antibiotic resistance genes, and its ability to form strong 
biofilms in clinical and industrial settings, leading to 
serious healthcare problems and economic drawbacks [36]. 
Considering these consequences and the need to effectively 
treat biofilm-related infections caused by E. faecalis, the 
development of new strategies against E. faecalis biofilms 
is a critical research topic. Since the QS system regulates 
biofilm formation, antibiotic resistance, and virulence 
[37], this current study investigated the effect of nisin and 
p-coumaric acid on the AI-2 signaling, biofilm formation, 
and virulence genes expression of E. faecalis.

The present study showed that p-coumaric acid exerted 
an antimicrobial effect against E. faecalis food and clini-
cal isolate and E. faecalis OG1RF with MIC of 1 mg/ml, 
which is in accordance with of the study conducted by 
Toafiq et al. [38]. Consistent with the current literature, 
nisin showed an antimicrobial effect against E. faecalis test 
strains with MICs ranging from 0.25 to 0.5 mg/ml [24, 39]. 
The QSI activity of pCA and nisin on AI-2 signaling was 
investigated, and results reported that pCA (1 mg/ml) alone 
reduced AI-2 activity by ≥ 60%. Previous studies inves-
tigating the effects of pCA on QS mechanism have been 
conducted only on Gram-negative bacteria where pCA was 
demonstrated to inhibit the AHLs signal molecules. Myszka 
et al. [30] showed that pCA (120 and 240 μmol/L) inhibited 
the AHL synthesis in Pseudomonas fluorescens which led 
to the decrease in the expression of flagella gene flgA and 
thus the inhibition of biofilm formation. Bodini et al. [40] 
reported that pCA led to the inhibition of the QS responses 
of Chromobacterium violaceum 5999, Agrobacterium tume-
faciens NTL4, and Pseudomonas chlororaphis. The current 
study was the first to report that pCA exhibits QSI effect 
against AI-2 signaling in E. faecalis. The results of this study 
showed that nisin did not affect the inhibition of AI-2 signal-
ing and no positive or negative contribution to pCA activ-
ity when applied in combination. However, Gui et al. [41] 
reported that nisin enhanced the activity of AHL lactonases 
AiiAAI96, which are quorum-quenching enzymes, when used 
in combination to prevent sturgeon spoilage.

In this study, pCA and nisin combination showed sig-
nificantly higher inhibitory effect on the biofilm forma-
tion of E. faecalis test strains, compared to the treatment 
of pCA or nisin alone. The inhibitory effect of nisin and 
pCA combination was strain specific. The most effective 
reduction was determined at OG1RF encoded test strain 

Fig. 4   A Ct values of sprE gene 
expression in OG1RF strain’s 
test groups. B Fold changes in 
sprE gene expression in OG1RF 
strain’s test groups
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both at AI-2 and biofilm inhibition. However, AI-2 activ-
ity was important, but not the only one mechanism con-
trols the biofilm production, it was determined that biofilm 
inhibition level was not as high as the inhibition of AI-2 
activity. In line with these results, Bag and Chattopad-
hyay [42] showed that pCA and nisin had a synergistic 
antibiofilm activity, and the antibiofilm effect of nisin was 
significantly enhanced (more than twofold) when used in 
combination with pCA against Bacillus cereus and Sal-
monella Typhimurium biofilms. In addition, Kot et al. 
[31] reported that pCA inhibited Escherichia coli biofilm 
formation on the internal urinary catheter surface and sig-
nificantly reduced mature biofilm biomass leading to its 
partial eradication. The strong antibiofilm effect of nisin 
and pCA against Enterococcus faecalis biofilm structures 
described in this study is most likely due to the fact that 
pCA disrupts quorum sensing signaling and increases the 
bactericidal activity of nisin against the dispersed biofilm 
cells [21] by further affecting the membrane permeability 
of these cells [31].

The serine protease gene sprE encodes an extracellular 
serine protease that was demonstrated to be involved in 
E. faecalis pathogenesis and biofilm formation [43, 44]. 
Considering that sprE gene is controlled by the fsr quorum 
sensing system [45], the effect of the potential QSI nisin 
and pCA on sprE expression level was investigated. Data 
showed that nisin (0.5 mg/ml) alone and its combination 
with pCA (0.5 mg/ml nisin + 1 mg/ml pCA) led to significant 
decrease in the expression of sprE gene, while pCA alone 
did not have a remarkable effect on its expression. In 
another study investigating the effect of natural QSI on 
QS-regulated virulence genes, Ahmed et al. [46] showed 
that trans-cinnamaldehyde and salicylic acid remarkably 
decreased the expression of extracellular virulence factors, 
such as protease, elastase, and pyocyanin in Pseudomonas 
aeruginosa.

Increasing antibiotic resistance and the demand for 
developing new therapeutic avenues to control infectious 
bacteria, this study aimed at investigating the QSI properties 
of the natural products nisin and p-coumaric acid against E. 
faecalis. It was reported that pCA inhibited AI-2 signaling 
in E. faecalis and that nisin + pCA combinations showed 
higher inhibitory effect on E. faecalis biofilm formation and 
reduced the expression of the QS-regulated extracellular 
virulence factor serine protease. Together with these 
promising findings and the literature data summarized above 
are evaluated together, it is highly recommended to use nisin 
and pCA combination in industrial and clinical process to 
combat with E. faecalis biofilms.
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