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Abstract

Quorum sensing is the process by which bacterial cells can communicate by producing substances to regulate viable pro-
cesses such as gene expression, virulence, and biofilm formation. Gram-positive bacteria such as Staphylococcus aureus and
Enterococcus faecalis have specific enzymes (autoinducers) that control the quorum sensing system. Sortase A is a surface
protein that regulates virulence and cell—cell communication in Gram-positive bacteria. To interfere with this system and
reduce virulence and cell—cell communication, quorum sensing inhibitors are used, which are nonantibiotic substances. In
this study, we aimed to use Food and Drug Administration-approved drugs (analgesics and antipsychotics) and investigate
their activity using molecular docking and microbiological assays against both quorum sensing in Gram-positive S. aureus
and E. faecalis. This study investigated the quorum sensing inhibitors acetylsalicylic acid and trifluoperazine and evaluated
their affinity to the active site of SrtA (PDB:1t2w) using AutoDock Vina software. Agar diffusion and minimum inhibitory
concentration tests were performed to experimentally validate the quorum sensing inhibitor activity of acetylsalicylic acid
and trifluoperazine. Molecular docking illustrated that acetylsalicylic acid and trifluoperazine have high affinity as quorum
sensing inhibitors in both S. aureus and E. faecalis. However, only acetylsalicylic acid showed inhibition activity at 1000 ng/
ml in E. faecalis and at 250 pg/ml by the agar well diffusion method in S. aureus. The high affinity of these quorum sensing
inhibitors, as presented by the molecular docking and inhibition of growth experiments, are indications of their ability to act
as quorum sensing inhibitors and as promising synergistic with nonantibiotic drugs to treat infection.

Keywords Molecular docking - Quorum sensing inhibitors (QSIs) - Sortase A - Gram-positive bacteria

1 Introduction

Multidrug resistance makes clinical therapy more challeng-
ing. Based on the concentration of specific signal molecules,
bacteria can detect changes in their cells or other bacterial
species present in their microenvironment. Bacterial cells
can communicate with one another to coordinate gene
expression and virulence to adapt as a group to changing
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environmental conditions. This process is often referred to
as bacterial quorum sensing (QS) [1, 2]. The QS system can
control gene expression, biofilm formation, and extracellu-
lar polysaccharides by secreting and receiving signal mol-
ecules. Bacterial cells as a group can collectively adapt to
environmental changes, resulting in negative outcomes such
as drug resistance and higher virulency [3, 4]. The QS sys-
tem enables the expression of pathogenicity and virulence
in roughly the following manner: (a) the synthesis of QS
signal molecules; (b) the discharge of signal molecules into
the microenvironment; (c) the binding of signal molecules
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to membrane receptors; (d) the retrieval of the receptor-
signal complex from the cell; and (e) the transcription of
pathogenicity-related genes [5].

In Gram-positive bacteria, the signal molecules of the QS
system are predominantly oligopeptides acting as autoinduc-
ers (Als). Furthermore, another type of signal molecule is
the furanosyl borate diester molecule known as autoinducer
2 (AI-2), which is present in both Gram-positive and Gram-
negative bacteria [6]. The QS system controls many bio-
logical features, including the release of virulence factors.
The QS system upregulates the expression of pathogenic
genes; however, QS interference can decrease pathogenicity,
assisting the immune system in eliminating infection-related
microorganisms [7]. Zhao et al. [8] stated that bacteria can
communicate with each other via a vernacular made of
small diffusible chemical signals that affect the regulation
of genes when there is high cell density. Such systems are
integrated into multilayered, complex signal transduction
networks, which take on various multicellular behaviours,
such as virulence traits and biofilm formation [9]. In Gram-
positive bacteria, sortase A (SrtA), a membrane-associated
cysteine transpeptidase, is important to assist in attaching
surface proteins to the cell wall peptidoglycan. This process
is necessary for bacterial virulence and pathogenicity to be
regulated [10].

Inhibitors of the QS process, which are also known as
quorum quenching (QQ) enzymes or quorum sensing inhibi-
tors (QSIs), have been designed to decrease the virulence of
bacteria, impeding bacterial virulence factors without inter-
fering with the growth of bacteria as a whole and reducing
bacterial resistance [11]. SrtA is thought to be an excellent
target for anti-virulence therapy. ML346 was discovered by
Guan et al. [12] as a novel covalent inhibitor of SrtA with
anti-virulence properties in Gram-positive bacteria. At low
micromolar concentrations, ML346 reduced the transpepti-
dation of SaSrtAN24 and SpSrtANS1 in vitro but had only
mild inhibitory effects on the human cysteine proteases
cathepsin B and cathepsin L, signifying that ML346 is a
SrtA-specific inhibitor. ML346 inhibited the attachment of
the surface protein SpA to the S. aureus cell membrane, as
expected [12]. Specifically, it inhibited a critical virulence
component involved in Staphylococci pathogenesis. In the
presence of ML346, the ability of S. aureus to produce bio-
films was also significantly reduced. Optimization of the
ML346 covalent attachment could be a great way to develop
a more promising SrtA inhibitor with good in vivo efficacy
and safety [12]. The discovery of ML346 as a covalent
inhibitor of SrtA might provide a new chemical scaffold for
the creation of anti-virulence medicines based on structure.

Virtual screening using molecular docking simulations ena-
bles the preselection of promising therapeutic candidates from
large libraries of compounds, reducing the number of antici-
pated hits that must be validated in vitro [13]. Furthermore,

@ Springer

according to Azimi et al. [14], docking simulation predicts
with high-probability the attachment pattern of candidate hits
on the designated targets, creating a molecular foundation for
their increase in efficiency in terms of binding affinity. The
interference between small molecules and virulence processes
in growth holds promise as the most crucial option other than
common antibiotics. In regard to the formation of resistance,
anti-virulence drugs are believed to decrease bacterial viru-
lence and have a lower selective burden. As a result, virulence
mechanisms of the QSI are increasingly being used as molecu-
lar targets in the expansion of anti-virulence drugs that target
infection and the virulence factors of the bacteria rather than
the growth of bacteria.

Emerging evidence suggests that ASA's anti-inflammatory
properties could extend to modulating bacterial virulence [15].
Trifluoperazine, an FDA-approved antipsychotic medication,
possesses inherent properties that make it a promising can-
didate for QSI research [16, 17]. Its ability to interact with
biological membranes and influence cell signalling pathways
raises intriguing possibilities for its role in quorum sensing
modulation.

Furthermore, we chose sortase A (SrtA) as the target for
our investigation due to its central role in Gram-positive bacte-
rial virulence and pathogenicity. Inhibiting SrtA could disrupt
this process and reduce bacterial virulence without necessarily
affecting bacterial growth, presenting an innovative avenue
for combating infections while minimizing the development
of resistance [12].

The choice of acetylsalicylic acid (ASA) and trifluopera-
zine, as well as SrtA, is underscored by the need for novel
approaches that circumvent the challenges posed by traditional
antibiotic therapies. By elucidating the potential of these Food
and Drug Administration (FDA)-approved drugs to interfere
with the QS system and target a key virulence regulator such
as SrtA, our study aims to contribute to the development of
alternative strategies to effectively manage bacterial infections.
We believe that the comprehensive exploration of these drug
candidates and their interactions with the QS system will dem-
onstrate their potential utility as quorum sensing inhibitors and
pave the way for the development of innovative therapeutic
interventions against multidrug-resistant infections.

In this study, we explored a novel possible quorum
sensing inhibitor via the specialized molecular docking of
FDA-approved medications (analgesics and antipsychotics)
against the Gram-positive bacteria S. aureus and E. faecalis.

2 Methods
2.1 Molecular docking

The structures of the target compounds in this study were
retrieved from the ACD/ChemSketch program and saved as
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MDL Molfiles (mol). Using the PyRx program, the ener-
gies of the ligands were minimized and the files were con-
verted to PDBQT file format. The 3D crystal structure of
the target protein, sortase A (PDB ID: 1t2w), was obtained
from the Protein Data Bank in PDB format (https://www.
resb.org/) [18, 19]. The target protein sortase A was in
complex with the LPETG peptide (LEU-PRO-GLU-THR-
GLY). The macromolecule was prepared by deleting the
peptide chain, heteroatoms and water molecules from the
protein; polar hydrogen atoms were added using DS soft-
ware v 2021, and the file was saved as a prepared protein
file in PDB format for further analysis. The docking study
was performed in a grid box centred on the cocrystalized
ligand with x, y and z dimensions of — 33.53, — 17.60 and
9.07 A, respectively. Autodock Vina software was used for
the docking process using an exhaustiveness of 8 [20]. For
validation purposes of the docking procedure, the cocrys-
talized ligand was redocked in the protein, and the RMSD
value between the cocrystal and structures was calculated
using DockRMSD [20]. An RMSD value of 2 A was con-
sidered acceptable, and the target compounds in the study
were docked using the same procedure.

2.1.1 Stock solution preparation

2.1.1.1 Acetylsalicylic acid (ASA) stock solution prepara-
tion For the preparation of the ASA stock solution, 410 mg
ASA raw material was purchased as powder (ACROS
organics part of Thermo Fisher Scientific, United States of
America). ASA was diluted in 10 ml of 2% dimethyl sulfox-
ide (DMSO) solution; thus, each sample contained 41 mg.
To obtain different ASA concentrations of 200, 250, 500,
750 and 1000 pg/ml, 5 pl, 6 pl, 12 pl, 18 pl, and 24 pl were
added to tubes and mixed with 10 ml of brain heart infu-
sion broth. The tubes of different concentrations were then
sterilized using an autoclave (121 °C under a pressure of 15
psi (pounds per square inch) for 15 min). After sterilization,
the solutions of different concentrations were kept cool to
be ready for use in well diffusion and MIC laboratory tests.

2.1.1.2 Trifluoperazine stock solution preparation For
the trifluoperazine solution(which was purchased as tab-
lets from the National Unified Procurement Company
“NUPCO’, Saudi Arabia), a 200 mg trifluoperazine tablet
was crushed and ground using a mortar and pestle and
then mixed with 10 ml of distilled water. Different triflu-
operazine concentrations were aliquoted at 200, 250, 500,
750 and 1000 pg/ml and mixed with 10 ml of brain heart
infusion broth. These concentrations were autoclaved
(121 °C under pressure 15 psi (pounds per square inch)
for 15 min) and kept cool to be ready for use in well diffu-
sion and MIC laboratory tests.

2.1.2 Agar well diffusion method

To assess the antimicrobial activity of both ASA and Tri
against the Gram-positive bacteria S. aureus (ATCC 29213)
and E. faecalis (ATCC 29212), we employed an agar well
diffusion assay. This method relies on measuring the diam-
eter of the inhibition zone in millimetres as described pre-
viously by Gunasekaran et al. [21]. Bacterial colonies of
S. aureus and E. faecalis, which were previously cultured
on blood agar, were utilized. We prepared a total of twelve
agar culture plates. A 100 ul prepared inoculum, equivalent
to a 0.05 MacFarland standard, was spread over the surface
of six Muller Hinton agar medium plates (MHA, Q-Lab,
Quebec, Canada). These agar plates served as the medium
for measuring the inhibitory zones. Using a sterile pipette,
we created 6 mm diameter wells on the agar surface. Subse-
quently, each well was filled by pipetting each concentration
prepared. Each concentration was tested in triplicate, and
the zone of inhibition for each concentration was measured
using a metric scale.

2.1.3 Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) for both ASA
and Tri against the test microbes S. aureus and E. faeca-
lis was determined using a serial dilution method. Initially,
100 pl of the test compounds was transferred from a con-
centration of 1000 pg/ml, encompassing five consecutive
concentrations. This method followed the protocol previ-
ously described [22].

In each well of the 96-well plate, 100 ul of the bacterial
suspension was mixed with 100 ul of DMSO to serve as the
positive control, and this step was repeated in triplicate. The
96-well plate was then incubated at 37 °C for a duration of
18 h. The MIC values were recorded as the lowest concen-
tration of the molecule that effectively inhibited the growth
of the test pathogens.

2.1.4 Statistical analysis

The inhibition zones observed in the agar well diffusion
method were measured in millimetres. The diameter of the
inhibition zones were measured using a ruler or digital cal-
liper. The data were then typically presented as a tabulated
form of the mean value of triplicates and included in Table 2
for comparison across different concentrations and bacterial
strains. The MIC values for ASA and Tri against S. aureus
and E. faecalis were determined based on visual inspection
of the 96-well plates after incubation. The lowest concentra-
tion of the compounds that inhibited bacterial growth was
recorded, and the mean with standard deviation was added
to the table. The data are presented as MIC values in ug/ml,
providing a quantitative measure of the inhibitory effects
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of each concentration. Statistical analysis was employed to
assess the significance of differences observed between con-
centrations, compounds, or bacterial strains using a t test to
determine the p values.

3 Results
3.1 Molecular docking

Docking of acetylsalicylic acid in the 1t2w enzyme crys-
tal structure produced an affinity score of — 5 kcal/mol
(Table 1). The aromatic ring of acetylsalicylic acid inter-
acts by pi-alkyl bonds with ILE (ILE:199). The carbonyl
group and the oxygen atom in the side chain interacted by
hydrogen bonding with GLN:178 and GLN:172, respec-
tively, as shown in Fig. l1a. The thiazine ring and the substi-
tuted aromatic ring of the tricyclic system in trifluoperazine
interacted by pi-cation bonds with ARG:197 (Fig. 1b). The
fluorinated carbon atom in trifluoperazine interacted by alkyl
bonds with ALA:184, ALA:118, ILE:182 and TRP:194, as
shown in Fig. 1b. The substituted aromatic ring interacted
by a pi-alkyl bond with ILE (182), and the piperazine ring
interacted by a hydrogen bond with PRO (163) in the bind-
ing site of the target protein (Fig. 1b).

3.2 Microbiological assays
3.2.1 Minimum inhibitory concentration (MIC)

3.2.1.1 Acetylsalicylic acid (ASA) In our study, the antimi-
crobial effects of ASA were assessed against both S. aureus
and E. faecalis using MIC and biofilm inhibition assays. The
results are summarized in Table 2.

At a concentration of 1000 pg/ml, ASA exhibited sub-
stantial activity against both bacterial strains. This was
reflected in a 10 mm inhibition zone observed in the agar
well diffusion method, accompanied by a clear broth solu-
tion in the MIC assessment.

However, concentrations of ASA lower than 1000 ug/ml
yielded varying results. For S. aureus cultures, concentra-
tions of 250, 500, and 750 pg/ml showed a consistent 10 mm
inhibition zone in the well diffusion method. However, for
E. faecalis, these concentrations were ineffective, showing
no inhibition zone and resulting in turbid solutions. Remark-
ably, ASA at a concentration of 200 pg/ml exhibited no inhi-
bition against either bacterial strain in the well diffusion and
MIC experiments.

3.2.1.2 Trifluoperazine The antimicrobial activity of triflu-
operazine was also evaluated against S. aureus and E. fae-
calis using MIC and biofilm inhibition assays. These results
are summarized in Table 2. In contrast to ASA, trifluopera-
zine did not demonstrate antimicrobial effects at any tested
concentration (1000, 750, 500, 250, and 200 pg/ml) against
either bacterial strain. This was evident from the absence of

Table 1 Docking results of the

) Compound Docking score (Kcal/mol) Interaction residues
studied compounds and the
co-crystalized ligand with the Trifluoperazine -6.1 ARG:197, TRP:194, ALA:184, ILE:182,
crystal structure of the target ALA:118, PRO:163
protein 12w Acetylsalicylic acid -50 GLN:178, GLN:172, ILE:199
Co-crystalized ligand -55 ALA:92, ALA:104, GLN:172, ARG:197
Fig.1 Ligand interactions of GLN178

acetylsalicylic acid (a) and
trifluoperazine (b) with 1t2w;
the hydrogen bond interactions
are shown as green dotted lines,
and the pi-alkyl interactions are
shown as lavender dotted lines
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Table 2 The results of well diffusion and MIC experiments for S. aureus and E. faecalis
Drug concentration ~ Bacterial isolates
/ml
(ug/mD S. aureus E. faecalis
Agar well diffusion method (zone ~ MIC method (pg/ml) Agar well diffusion method MIC method (pg/ml)

of inhibition mm+ SD)

(zone of inhibition mm)

Trifluoperazine No inhibition No effect
1000

750

500

250

200

ASA

1000 10 mm (+0.2) Inhibited
750 10 mm (£0.3) No effect
500 10 mm (+0.0)

250 10 mm (+0.0)

200 No inhibition

No inhibition No effect
10 mm (£ 0.0) Inhibited
No inhibition* No effect*

*p value <0.05 means that some wells showed a zone of inhibition in the replicates; however, the inhibition appeared with some discrepancies

and showed statistical significance

inhibition zones in the agar well diffusion method and turbid
broth solutions in the MIC assessment.

Overall, the MIC experiment revealed that only ASA,
at a concentration of 1000 ug/ml, exhibited notable anti-
microbial activity against both S. aureus and E. faecalis,
while trifluoperazine showed no such activity at any tested
concentration.

4 Discussion

Drug repurposing (known as drug reprofiling or reposition-
ing) is a drug development method that identifies novel
pharmacological uses for already approved pharmaceuticals
outside of their original medical applications [23, 24]. As
a result, the initial stages of the drug discovery process can
be avoided, resulting in significant cost and time savings for
pharmaceutical companies [23-25]. Even while the expenses
of organizing Phase III-IV trials are still substantial, if the
new applications for the pharmaceuticals are appropriate,
drug companies can still anticipate substantial returns on
investment. Historically, drug repurposing was primarily
founded on coincidental discoveries from clinical data. Now,
there are advantages to evaluating the existing drug pool for
off-target effects that may be appropriate for the develop-
ment of further clinical implementations [23-25].
Furthermore, drug repurposing is a potential approach
for antibacterial and anti-virulence effects. Many pharma-
ceutical agents have secondary mechanisms of action that
are not fully understood for some drugs, allowing them to
be effective against diverse bacteria as directly acting as

antibacterial agents or virulence inhibitors [26]. For this
reason, there is interest in screening the existing pool of
pharmacological compounds for anti-virulence properties;
however, there are considerable information gaps in this area
[26-28].

Docking was performed to predict the potential interac-
tions between the proposed compounds and sortase A (PDB:
1t2w). The docking results of acetylsalicylic acid and triflu-
operazine were promising and showed higher affinity than
the co-crystalized ligand (Table 1). Docking results of ace-
tylsalicylic acid in the sortase A crystal structure had an
affinity score of — 5.0 kcal/mol. Only one similar type of
interaction with one amino acid was involved in the inter-
action of the co-crystalized ligand with the active site of
the protein, as shown in the interaction of acetylsalicylic
acid with the protein. The oxygen atom in the side chain
of acetylsalicylic acid interacted by hydrogen bonding with
GLN:172, and the oxygen atom in the co-crystalized ligand
interacted with the same key amino acid with the same type
of interaction. The docking results of trifluoperazine had
high affinity scores of — 6.1 kcal/mol. Interestingly, the tri-
cyclic system in the compound interacted with the same key
amino acid (ARG:197) by pi-cation bonds. According to
the findings, the antibacterial activity of acetylsalicylic acid
and trifluoperazine can be attributed to their ability to bind
to the amino acids in the active site of the sortaseA enzyme.

Acetylsalicylic acid (ASA) remains a first-choice treat-
ment for a variety of clinical demands. ASA is primarily
used as an analgesic, antipyretic, and antiplatelet agent and
may be capable of serving as an anticancer drug, notably
for colorectal cancer [29]. Direct and indirect antimicrobial
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effects of ASA have also been demonstrated but have been
ignored for more than 2 decades [15]. Their primary method
of action includes the inhibition of cyclooxygenase, which
reduces prostaglandin synthesis [30]. At plasma therapeu-
tic levels, ASA showed some reduction in the growth of a
number of pathogens, such as Campylobacter pylori, Heli-
cobacter pylori, Klebsiella pneumoniae, Microsporum spp.,
Trichophyton spp., hepatitis C virus, flavivirus, and the influ-
enza virus [15].

ASA and indomethacin inhibit urease and vacuolating
cytotoxin activity in H. pylori [15]. ASA and ibuprofen
augment the efficacy of pyrazinamide during the initial
phase of tuberculosis treatment in mice. ASA lowers bacte-
rial cell density, bacterial dispersion, and the occurrence
of embolic events in rabbits with S. aureus endocarditis
[15]. To evaluate the antibacterial impact of ASA against S.
aureus and E. faecalis, it was utilized in this investigation.
In our study, 1000 mg ASA was active against S. aureus.
However, 200 mg of ASA was ineffective upon testing its
antimicrobial effect using well diffusion and MIC methods.
However, our results contrast with the result from Lass-Florl
et al. (2001), in which the S. aureus strain growth was not
supressed when cultured in 10 mM ASA, and a rise in bio-
film synthesis was found in the strain grown in a medium
with 0.3-2 mM ASA [31].

The results of the current study were consistent with
those of a study by Chan et al. [32], who demonstrated that
ASA had an inhibitory effect against both Gram-positive and
Gram-negative bacteria (MIC =2.5 and 5 mg/mL). This is
likely due to the lipopolysaccharide layer of Gram-negative
bacteria, which hinders the diffusion of other hydrophilic
chemicals relative to aspirin in this study, as is the case with
the majority of medications. The outer layer in Gram-nega-
tive bacteria forms a barrier that prevents many antibiotics
from penetrating the bacteria. Gram-positive bacteria, on
the other hand, lack this outer cytoplasmic membrane, mak-
ing it easier for antimicrobial agents to penetrate the cells
[33]. The doses at which these NSAIDs display bactericidal
activity are significantly lower than the standard therapeutic
dose administered to humans to relieve pain, inflammation,
or fever [34]. Both ASA and ibuprofen showed bactericidal
effects against MRSA clinical strains [35-37]. ASA and
ibuprofen showed bacteriostatic and bactericidal activities
against S. aureus in these previous studies, suggesting their
possible utility as antibacterial adjuvants for MRSA infec-
tions [35-37]. In addition, a high dose of ASA (324 mg)
was related to a lower incidence of S. aureus infection when
compared to a low dose (81 mg) [36]. In patients with S.
aureus, low-dose ASA was associated with lower short-term
mortality [38]. There have been hypotheses that ASA at a
dose of 325 mg administered once, along with the prophy-
lactic antibiotic, before dental practices [39] or the daily use
of ASA and/or other anti-platelet agents (APA) for medical/
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surgical indications is beneficial [40]. The usefulness of
ASA as an antibacterial agent against Gram-positive cocci
and some Gram-negative rods has been well documented
[41].

Phenothiazine destroys phagocytosed bacteria by inhib-
iting the calcium-dependent enzyme systems involved in
energy production via ATP hydrolysis, which blocks calcium
transport through calcium-binding proteins [41]. Phenothia-
zines, such as trifluoperzine, have not yet been examined for
their in vitro antibacterial activity against S. aureus and E.
faecalis to the best of our knowledge. Trifluoperazine's anti-
bacterial effectiveness against this MRSA strain was linked
to phenothiazine's ability to inhibit efflux pumps, which are
mechanisms responsible for bacterial cell antibiotic resist-
ance. In addition, this class of molecules prevents calcium
from binding to certain proteins, including calmodulin-
type proteins, and affects verapamil-sensitive efflux pumps
[41-43]. In addition, it has been found that a lower con-
centration of phenothiazine has antibacterial activity [43].
Trifluoperazine is an inexpensive, readily administered, pre-
viously used antipsychotic medicine with good antibacterial
action against MRSA that does not rely on antibiotics [44].
The authors of this study suggested its effectiveness as a
preventative agent in the case of postoperative wound infec-
tion or as a therapeutic agent in the treatment of MRSA in
infective wounds [44].

Rahbar et al. [45] found that the phenothiazines available
on the market, including thiethylperazine, increase the effect
of vancomycin against clinical isolates of E. faecium resist-
ant to this antibiotic. Checkerboard evaluations and MIC
findings indicated that phenothiazines have high (MIC50 Ig
ml) to moderate (MIC50—400 lg ml) action against vanco-
mycin-resistant enterococci [46]. The antibacterial efficacy
of the medicines was unrelated to their other pharmacologi-
cal properties. Phenothiazines were reported to inhibit Ente-
rococci at concentrations lower than the plasma concentra-
tion, and thioridazine enhanced the killing of phagocytosed
S. aureus at concentrations below those used for the therapy
of psychoses [47]. Therefore, it is speculated that phenothia-
zines may act in the same way against enterococci. Moreo-
ver, in vivo experiments have also demonstrated the potential
antibacterial activity of these compounds [48].

Due to government restrictions on purchasing antip-
sychotic drugs, many of these are not available for use in
pharmacies and require further approval to be studied and
tested. The present study was only conducted on one antip-
sychotic drug (trifluoperazine) and one anti-inflammatory
drug (ASA), which were shown by docking to have some
effect on the quorum sensing mechanisms. However, the
microbiological assays showed that only ASA inhibited
growth at an MIC equal to 250 pl/mg. This inhibition indi-
cated the effect of the drug on the growth of S. aureus,
which is believed to also contribute to the quorum sensing
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process that is involved in biofilm formation. We also rec-
ognize that different assays, including well diffusion, have
limitations and advantages. While good diffusion provides
a quick assessment of antimicrobial effects, it may not pre-
cisely represent the actual concentration achieved in the
bacterial environment. Therefore, we incorporated comple-
mentary methods, such as minimum inhibitory concentration
(MIC) assays, to provide a comprehensive understanding of
the drugs' inhibitory effects at different concentrations. Our
laboratory investigations, while yielding valuable insights,
did not fully mirror the expectations set by docking scores.
A possible explanation for this discrepancy could be attrib-
uted to the utilization of lower concentrations of the drugs
in experimental assays, suggesting that future investigations
with expanded concentration ranges could offer a more com-
prehensive picture. These observations underline the impor-
tance of careful consideration when selecting concentrations
for antimicrobial studies, balancing clinical relevance with
rigorous scientific exploration.

In our study, we aimed to assess the quorum sensing inhi-
bition (QSI) potential of FDA-approved drugs, specifically
acetylsalicylic acid (ASA) and trifluoperazine (Tri), against
the Gram-positive bacteria S. aureus and E. faecalis. We
intentionally selected a range of concentrations to reflect
potential physiological relevance and therapeutic feasibil-
ity. Our goal was to mimic a scenario where these drugs
might be used as adjuncts to existing treatments, aiming for
concentrations that are within a plausible range for clinical
applications. At the core of our study lies the dual commit-
ment to clinical applicability and scientific robustness. The
concentrations chosen were deliberately aligned with real-
istic therapeutic scenarios, ensuring that our findings retain
practical significance. This approach enhances the value of
our study by bridging the gap between theoretical potential
and real-world utility, emphasizing the translational impli-
cations of our results. Looking ahead, future studies could
benefit from exploring the potential of higher concentrations
of compounds in experimental assays, providing a clearer
understanding of their upper limits of inhibitory activity.
This direction aligns with the continuous pursuit of refining
our comprehension of antimicrobial action.

In conclusion, molecular docking is a reliable method to
identify different compound structures that could be used for
different purposes. The docking results compellingly show-
cased enhanced binding scores of the compounds against
sortase A, surpassing those of its co-crystallized ligand. This
demonstrates the potential of these compounds for interac-
tion with the target protein. However, the convergence of
laboratory experiments and computational predictions was
not entirely consistent, raising pertinent questions about
factors that influence such disparities. Notably, our find-
ings highlight the distinct effectiveness of acetylsalicylic
acid over trifluoperazine against S. aureus. This discernible

distinction emphasizes the intricate interplay between com-
pound types and bacterial strains. Furthermore, the potential
for trifluoperazine to yield better anti-quorum sensing results
at higher concentrations is an intriguing avenue that warrants
exploration. We believe that our approach allows for a more
holistic assessment of the drugs' QSI potential.
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