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Introduction: Uncontrolled biofilm can cause several diseases such as dental caries, gingivitis, and periodontitis. Dental caries is a
disease caused by the accumulation of plaque-containing pathogenic bacteria, including Enterococcus faecalis. These bacteria infect
the root canals of teeth and colonize to form biofilms. Biofilm inhibition is carried out by interfering with cell wall formation
metabolism. MurA enzyme has a role in peptidoglycan biosynthesis of cell walls. Enterococcal surface protein (Esp) is the main
contributor of E. faecalis to form biofilms. In addition, inhibition of biofilms by interfering with the quorum sensing (QS) system,
suppressing gelatinase virulence factors by blocking autoinducers gelatinase biosynthesis-activating pheromone (GBAP).

Purpose: Knowing the potential of Piper betel Linn. compounds as antibacterial in vitro and antibiofilm agents against E. faecalis in
silico.

Patients and Methods: The compounds were purified by a bioactivity-guided chromatographic method. Antibacterial activity was
tested by disc diffusion method, in vitro studies. In silico study, compound P. betel L. was used as the test ligand and compared with
positive control fosfomycin, ambuic acid, quercetin, and taxifolin. The proteins used MurA, Esp, GBAP, and gelatinase were docking
with the Autodock Vina PyRx 0.8 followed by the PYMOL program and visualized with the Discovery Studio 2020 program.
Results: An antibacterial compound was identified 24-propylcholesterol which can inhibit the activity of E. faecalis ATCC 29212 with
MIC value of 78.1 pg/mL and MBC value of 156.3 pg/mL. Molecular docking results showed the binding affinity of 24-propylcholesterol
with MurA, ESP, GBAP, and gelatinase enzymes was —7.6, —8.7, —5.3, and —7.9 kcal/mol.

Conclusion: 24-propylcholesterol has potential as an antibacterial against E. faecalis and as an antibiofilm through in silico inhibition
of QS. However, further research is needed in vitro and in vivo to determine the effectiveness of these compounds as antibacterial and
antibiofilm.
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Introduction

Structural collection of bacterial cells that attached to the tooth surface, consisted of a matrix of polysaccharides, lipids,
and proteins, and formed soft layer known as biofilm."? Biofilms can form irreversible layers on a variety of surfaces,
including living tissue. More than 60% of all bacterial infections are caused by biofilm formation.” Uncontrolled growth
of biofilms on teeth can lead to several diseases such as dental caries, gingivitis, and periodontitis.>* Currently, biofilms
are considered to be the main mediators of dental infection and increase bacterial metabolism and virulence.” The

formation of biofilms can cause poor conditions and increase resistance to antibacterial treatment® and the host’s immune
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system elements by preventing their penetration through the bacterial surfaces.” Nowadays, it is imperative to develop
novel antibacterial agents active against both drug-sensitive and drug-resistant bacterial infections with favorable profiles
as high efficacy, low toxicity, and short therapy duration.®

WHO reports dental caries as the fourth most expensive chronic disease to treat in most countries, and given the
breadth of this problem, oral health is a public health problem that cannot be ignored.” One of the resistant species
usually found in dental root canal infections is Enterococcus faecalis. E. faecalis bacteria were colonized on the surface
to form biofilms on dentin walls.'® Treatment of E. faecalis in tooth root infection can be done through the mechanism of
inhibiting bacterial cell wall biosynthesis. The main component of the cell wall is the peptidoglycan layer,'" which plays
a role in stabilizing the cell wall as a large cellular macromolecule or the main structural component. Peptidoglycan
consists of polysaccharides and polypeptides with many cross-links. These polysaccharides contain N-acetylmuramic and
N-acetylglucosamine. UDP-N-acetylglucosamine enolpyruvyl transferase commonly known as MurA play an important
role in the first step of biosynthesis by catalyzing its reaction by condensing phosphoenolpyruvate to UDP-N-acetylglu-
cosamine. This condensation process does not occur in mammals so the MurA enzyme is often used as an effective target
for the development of antibacterial drugs.'? Deletion and inactivation of the MurA enzyme can be harmful to bacteria
due to loss of cell integrity and increased susceptibility to osmotic lysis.'>'*

Inhibition of biofilm formation can also be done by interfering with the QS system. QS is a cell-to-cell communica-
tion in which specific signals are activated to coordinate pathogenic behavior and help bacteria adapt to environmental
stressors.” Bacteria communicate through molecules signal called autoinducers. With the appearance of proteomic studies
in bacteria, it was revealed that the QS system regulates their specific regulation and controls the expression of many
other proteins ranging from surface proteins, transcription factors, virulence, and biofilm formation to metabolic
pathways.'®> One of the virulence factors identified in E. faecalis strains, Esp induces biofilm formation. Esp is a protein
cell wall that plays a role in biofilm production by contributing to the bacteria’s surface colonization.'® In addition, an
inhibitor of GBAP synthesis is also a direct strategy to reduce virulence factors and prevent pathological damage from E.

faecalis bacteria. GBAP is an autoinducer that interacts with receptors during the QS process.'>!”

18,19

QS inhibitory agents
can cut off QS cell communication consequently inhibiting biofilm formation.

Currently, the development of drugs such as antibiotics continues to be carried out, effectiveness and safety are
important points in determining that antibacterial compounds do not have side effects. Indonesia’s plant biodiversity is an
asset that showed great potential as an antibacterial active compound.? Piper betel Linn. is known to have antibacterial
activity?' with ethnobotany and ethnopharmacological content that has been identified to developed new antibacterial
agents.”” In addition, pharmacological activities have been reported as antiplatelet, anti-inflammatory, antimalarial,
antibacterial, antidiabetic, and antioxidant.® Phytochemical analysis data showed secondary metabolite content of
alkaloids, tannins, phenols, flavonoids, tannins, saponins, glycosides, terpenoids, and steroids.”*?* Natural steroids
which are characterized by a ring structure, have shown various biological activities and have been shown to benefit
as antitumor, antiviral, antibacterial, and antioxidant agents.26

In silico methods can speed up finding the potential compound, reduce initial identification costs and increase the
chances of finding compounds as drug.?” Molecular docking is a structure-based in silico method that helps predict
interactions that occur between molecules and biological targets.”® This method is used to see the interaction between
ligand and protein. This interaction can be seen from the binding site of macromolecule targets.”” This research focuses
on determining the active compound isolated from P. betel L. as an antibacterial that can inhibit the E. faecalis biofilm
formation through the inhibition pathway of the enzymes MurA, Esp, GBAP, and gelatinase as receptors. The results of
this study are expected to provide molecular modeling and informatics-based approaches in explaining the bioactive
compound from P. betel L. which is a potential candidate for natural biofilm prevention.

Materials and Methods

Materials
Leaves of P. betel L. were harvested from local farmers in Jatinangor, Sumedang, West Java — Indonesia. Determined
(No. 40/HB/02/2019) at the Taxonomy Laboratory, Department of Biology, Faculty of Mathematics and Natural
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Sciences, Padjadjaran University, Indonesia. Chemicals for extraction and purification using. Organic solvents methanol,
n-hexane, ethyl acetate, acetone, ethanol (Merck), and aqudest (Ikapharmindo Putramas). The purification process of
column chromatography was performed by Silica G 60 (0.063—0.200 mm and 0.200-0.500 mm, Merck) and ODS RP-18
(0.040-0.063 mm, Merck), while for thin layer chromatography on Silica G 60 F,s54, and ODS RP-18 F,s45 (Merck).
Compounds spot on TLC plates were visualized under UV light at 254 nm and 365 nm and were sprayed with 10%
H,S0, in ethanol (v/v). In the antibacterial test, E. faecalis ATCC 29212 bacteria, Mueller—Hinton broth medium (Oxoid,
CM1135), MuellerHinton agar medium (Oxoid, CM0337), and chlorhexidine (Sigma-Aldrich) as positive control were
used for in vitro studies.

Material for in silico assay, 3D structure of proteins were obtained from the Research Collaboratory for Structural
Bioinformatics (RCSB) (https:/www.rcsb.org/), MurA enzyme (protein data bank ID: 1UAE),” Esp (protein data bank ID:
60RI),' gelatinase (protein data bank ID: 5A3Y), and 3D structure of GBAP GS8ADPO was retrieved from the UniProt
Knowledgebase (http://www.uniprot.org/).*® P. betel L. compound as the test ligand, namely 24-propylcholesterol (CID:
91195166). The ligands of positive controls were ambuic acid (CID 11152290), fosfomycin (CID 446987), taxifolin (CID
439533), and quercetin (CID 5280343). Ligand structures were retrieved from the PubChem database (https://www.ncbi.nlm.
nih.gov/pccompound).’’

Instruments

Determination of active compound structure was done by spectroscopic methods including ultraviolet (UV) by 8452A
diode array, infrared (IR) with FTIR Shimadzu 8400, NMR (‘H-NMR, '*C-NMR, DEPT 135°, HMQC, 'H-'H COZY,
HMBC) with type JEOL ECA 500 MHz, and mass spectrometry (MS) with water acquity UPLC type triquadrupole. The
TLC plates were visualized with a UV detector lamp with wavelengths of 254 nm and 365 nm. Ninety-six-well
microplates (Iwaki, 3820 024), micropipette (Eppendorf), microtube (Biologix, code 80-0500), filter tips (Biologix,
code 220019, 22-0200, and 22—-1000), parafilm (Sigma-Aldrich P7688-1EA), incubator (Memmert), paper disk 6 mm
(Sigma-Aldrich, Z741310), and microplate readers (Biochrom EZ Read 400) were used for antibacterial assays.

Extraction and Purification of P. betel L. Leaves

Leaves of P. betel L. (580 g) were macerated 3%24 h with methanol and then concentrated with a rotary evaporator at 40°
C. The methanol extract (10.0411 g) then was partitioned with organic solvents, namely n-hexane and ethyl acetate. The
fraction of n-hexane, ethyl acetate, and methanol was concentrated using a rotary evaporator at 40°C to obtain n-hexane
fraction (0.0156 g), ethyl acetate fraction (2.2684 g), and methanol fraction (7.6722 g). Ethyl acetate extract (2.2684 g)
was an active extract against E. faecalis and continued to purify by chromatography process on Silica G 60 (20-230
mesh) eluted with several organic solvents, n-hexane, ethyl acetate, and methanol with a gradient of 10% (v/v) resulted in
11 fractions. The fractions were guided by thin-layer chromatography to determine the target compound. Fractions 9
(0.0212 g) and 10 (0.0352 g) had simple and almost single stain patterns. Fractions 9 and 10 were then purified by
decantation using methanol followed by 2D thin layer chromatography with Silica plate G 60 F,s4 and eluted by n-
hexane-ethyl acetate (9:1, v/v) and n-hexane-acetone (9:1, v/v) continued by spraying the plate with 10% H,SO, in
ethanol, resulted purified compound (0.0121 g).

Antibacterial Activity of the Extracts and Active Compounds of P. betel L.

The antibacterial activity of P. betel L. extracts against E. faecalis was examined by the inhibitory zone of the Kirby—
Bauer method.*? E. faecalis were grown in Mueller—Hinton broth medium. Bacteria were incubated for 24 h at 37°C.
After that, the optical density was determined using a microplate reader with the wavelength of 620 nm. The solution was
diluted with Mueller—Hinton broth to form a bacterial solution of 0.5 McFarland. P. betle L. extract was made with
variations in concentrations of 2, 10, 20, and 40%. Two negative controls were used in this assay, methanol and water,
while positive control in this assay was chlorhexidine 2%. Mueller—Hinton agar was smeared with bacterial suspension
(100 pL). Samples, negative control and positive control in the form of a solution were dripped on a paper disk (20 pL).
The paper disk containing the test solution was put into solid media which already contained bacteria and then incubated
for 24 h at 37°C. The inhibitions zone value (in mm) was measured after the incubation.
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MIC (minimum inhibitory concentration) and MBC (minimum bactericidal concentration) assays of the compound
against E. faecalis were tested using the 96-well microplate dilution method.*® The measurement of MIC and MBC,
the concentration of the compound used was 5000 pg/mL. Those solutions (0.1 mL) were added into the well until 12
concentrations of a compound were obtained by serial twofold dilution. Then, cultured bacteria 0.5 McFarland were
loaded into the well. After incubation for 24 h at 37°C, the absorbance of the sample was measured using a
microplate reader at 620 nm. MIC is the lowest concentration at which bacterial cells are not visually observed
but is determined based on the value of optical density. Then, each solution in the well was smeared on the Mueller—
Hinton agar medium surface and incubated for 24 h at 37°C. The minimum concentration of the sample without
bacterial growth was determined as the MBC value. As for MIC and MBC assays, fosfomycin was also used as a
positive control.

Molecular Docking Material for in silico Study

Chemical structure of compound 24-propylcholesterol was confirmed and retrieved using an online program of PubChem
(https://pubchem.ncbi.nlm.nih.gov/compound/91195166). Three-dimensional structure of the compound was obtained by
downloading the compound canonical SMILES format (CCCC(CCC(C)C1CCC2C1(CCC3C2CC=C4C3(CCC(C4)0)C)
C)C(C)C) and converting canonical format into 3D structure with the OPEN BABEL 2.4.2 program. The 3D structure
was saved in PDB format. The 3D structure of MurA and Esp was retrieved from RSCB protein database (https://www.

resb.org/structure) with PDB format. MEANWHILE, GBAP and gelatinase 3D structural models were built using the
SWISS-MODEL server (https://swissmodel.expasy.org/) and the result was saved in PDB format.>* Autodock Vina in the
open-source PyRx 0.8 software was used for virtual screening and ligand-protein docking. The compound used as a

ligand and four proteins as receptors (MurA, Esp, GBAP, and gelatinase).'***?° The chosen conformation is the
conformation with a bond energy value of less than 1.0A in the mean square root deviation (RMSD) and showed the
lowest bond energy compared by other conformations. The best conformation and the receptor were combined and
visualized using PYMOL and then analyzed and visualized by the Discovery Studio 2020 Client program. Ligand-
residue interactions and docking positions in 3D molecular form was showed by PYMOL program. The docking
positions of each protein-ligand complex were compared with the 3D structure of the ligand-binding protein at the
active site, the similarity of the ligase position of the compound and its positive control was determined in this step. All
software is used under default conditions.

Results

Determination of Compound Chemical Structure

The compound isolated from P. betle L was in white solid form with the molecular formula C;yHs,O commonly known
as 24-propylcholesterol, with Rf value of 1.46 on Silica G 60 F;s4 thin layer chromatograph eluted by n-hexane-ethyl
acetate 9:1, v/ v; and n-hexane-acetone 9:1, v/v. Spectrum data of the compound are 'H-NMR (CD;OD): 85 0.66 (3H,
s), 0.79 (3H, d, 6.9 Hz), 0.81 (3H, d, 6 Hz), 0, 83 (3H, t, 7.5 Hz), 0.90 (3H, d, 6.3 Hz), 0.98 (3H, s), 3.50 (1H, m), 5.33
(1H, d, 5.1 Hz). The '"H-NMR spectrum showed six methyl signals at H 0.6-1.0 ppm, one multiple signal at H 3.50
ppm, and one doublet signal at H 5.33 ppm. These signals are typical characteristics of sterol group steroid
compounds.®> 13C-NMR (CD30D): ¢ 37.3 (C-1), 31.7 (C-2), 71.9 (C-3), 42.2 (C-4), 104.8 (C- 5), 121.8 (C-6),
32.0 (C-7), 32.0 (C-8), 50.3 (C-9), 36.6 (C-10), 21, 2 (C-11), 39.8 (C-12), 42.2 (C-13), 56.8 (C-14), 24.4 (C-15), 28.3
(C-16), 56.1 (C-17), 11.5 (C-18), 19.5 (C-19), 36.2 (C-20), 18.9 (C-21), 34.0 (C-22), 26.1 (C-23), 45.9 (C-24), 29.1 (C-
25), 19.9 (C-26), 19.1 (C-27), 23.1 (C-28), 29.8 (C-29), 12.1 (C-30). ">*C-NMR showed 30 carbons. A total of six
carbons are primary carbons, 12 carbons are secondary carbons, nine carbons are tertiary carbons and three carbons are
quaternary carbons. 3C-NMR signals at 6c 71.9 (C-3) and 121.8 (C-6) are —OH groups and double bonds. This
compound molecular weight is 428.37292 g/mol. IR spectrum showed absorption band of 3417.60 cm ™' (-OH), 2931.59
cm ' (CH sp?), 1674.08 cm™' (C=C), 2862.66 cm ' (CH sp>) and absorption at 1375.43 and 1366.31 cm ' are
characteristic of dimethyl gems (CH gem-dimethyl). According to the data above, the following structure is shown in
Figure 1.
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Figure | Structure of 24-propylcholesterol.

Antibacterial Activity of P. betel L Extracts

Based on the data of extracts of antibacterial activity in Table 1, it shows that ethyl acetate extract was active against E.
faecalis at all variation concentrations of 2, 10, 20 and 40% with the highest inhibition zone at 40% with inhibition zone
of 15.7 mm. Similar to chlorhexidine as positive control by having inhibition zone value of 18.8 mm. Based on the
reference value of the inhibition zone, the ethyl acetate extract was considered as an antibacterial agent with strong
activity with inhibition zone range of 11.85-25.5 mm. According to the reference, the strength of sample antibacterial
activity was divided by three based on inhibition zone values antibacterial agent (ie, 6 mm: strong, 3—6 mm: moderate, 3
mm: weak).’® These results indicate that the ethyl acetate extract contained more active components than n-hexane and
methanol extracts. Thus, ethyl acetate extract of P. betel L. was selected for further purification.

Antibacterial activity of the the compound was further tested by MIC assay. Based on Table 2, the MIC value of the
compound is 78.1 pg/mL and MBC is 156.3 pg/mL. Fosfomycin and chlorhexidine as positive controls had MIC values
of 62.5 ng/mL and 3.12 pg/mL and MBC value for chlorhexidine is 6.25 pg/mL. Based on the reference, MIC value of
the compound showed strong activity against bacteria. MIC value of 100 ug/mL: strong, 100-625 pg/mL: moderate, and
625 pg/mL: weak.>

Antibacterial Activity Prediction of P. betel L Through Molecular Docking
Based on in vitro analysis data of 24-propylcholesterol compounds against E. faecalis, an in silico inhibition mechanism
was predicted. In this study, molecular docking used proteins which involved in inhibition of cell wall biosynthesis and

QS, namely MurA, Esp, GBAP, and gelatinase enzymes. The docking analysis results are displayed in Tables 3 and 4.

Table | The Results of the Inhibitory Zone of the Kirby—Bauer Method from P.
Betel L. Extracts Against E. faecalis

Extracts Inhibition Zone/mm
Extract Concentrations (%)
40 20 10 2

n-Hexane 15.6 13.1 10.0

Ethyl acetate 15.7 14.2 13.7 10.3
Methanol 14.8 12.2 83

Aquadest - -

Chlorhexidine 18.8 18.6 17.1 16,8
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Table 2 MIC and MBC Values of 24-Propylcholesterol Against

E. faecalis
Compound Concentrations (ng/mL)
MIC MBC
24-propylcholesterol 78.1 156.3
Chlorhexidine 3.12 6.25
Fosfomycin 62.5 None

Table 3 The Binding Affinity of 24-propylcholesterol and Positive Controls

Ligand The Binding Affinity of Ligand-Protein Complex (kcal/mol)
murA Esp GBAP Gelatinase
24-Propylcholesterol -7.6 -8.7 -5.3 =79
Fosfomycin -5.6 -5.0 -3.1 -5.0
Ambuic acid 74 -7.3 —4.8 -6.8
Quercetin -8.3 -8.7 -5.2 -8.1
Taxifolin =77 -9.9 =5.1 —6.7

Table 4 Hydrogen Bond in 24-Profoilkolesterol and Positive Controls

Ligands Residues Binding at Ligand-Protein Complex
murA Esp GBAP Gelatinase
24-propylcholesterol Asn23 Thr442 Argl5, Asn351, His332
Fosfomycin Arg232, Asp305, Glul23, GInl20, Asnl59, Phe66, GIn31, Arg28, Leu29 Arg384, Glu352,
Glu188, Thr304 Asné4 Glu329
Ambuic acid Asn23 Val263, Tyr214, Pro85, Ala87, Argl5, Vallé, Ser33, GIn3l, Glu329
His260, Lys86 Asn32, Arg28
Quercetin Prol2l, Serlé62, Tyr236, Tyr214, Gly261, Asn438, GIn43, Glu45 Asn351
Val163, Glul88 Leu238, His260
Taxifolin Arg91, Argl20, Serl62 Arg2l |, Asp210, Asné4, Thré5, Argl5, Asn35 Arg384, Lys408, lle383
Asnl59

The docking results showed interaction of 24-propylcholesterol and the target protein was evaluated through value of
binding affinity and intermolecular interactions, such as hydrogen bonding. Table 3 showed binding affinity of
24-propylcholesterol with the enzymes MurA, ESP, GBAP, and gelatinase are —7.6, —8.7, —5.3, and —7.9 kcal/mol.
Quercetin for the enzyme MurA and gelatinase showed the strongest affinity, —8.3 and —8.1 kcal/mol. In GBAP,
24-propylcholesterol showed the best affinity of —5.3 kcal/mol. However, in Esp, taxifolin is the strongest ligand with
an affinity value of —9.9 kcal/mol.

Table 4 shows the amino acid residues bound to the target protein. All ligands in MurA and gelatinase enzymes are
bound to different residues, yet still in the same pocket (Figures 2 and 3). In the MurA enzyme, 24-propylcholesterol and
ambuic acid bound to the same residue, Asn23. While fosfomycin, quercetin, and taxifolin are not bound to it. In

gelatinase, 24-propylcholesterol and quercetin bound to the same residue of Asn35.

104 https: Advances and Applications in Bioinformatics and Chemistry 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Windaryanti et al

Figure 2 Active site of MurA for 24-propylcholestrol (A), fosfomycin (B), ambuat acid (C), quersetin (D) and taxifolin (E).

Different from MurA and gelatinase ligation positions, Esp (Figure 4) has two ligation positions with fosfomycin,
quercetin, and taxifolin bound to Asn64 and Asn149. While 24-propylcholesterol and ambuic acid do not bind them.
Meanwhile, GBAP showed three ligation positions (Figure 5). First ligation position belongs to fosfomycin, the second is
24-propylcholesterol, ambuic acid, taxifolin, and the last is quercetin.

Discussion

The process of finding potential compounds as oral pathogenic antibacterial agents from natural sources of the herbal
plant P. betel L. is guided by bioactivity. The results of the isolation and structural elucidation showed the compound
is a secondary metabolite compound of the steroid group, which is characterized by a four-fusion ring structure,
shown various biological activities, and shown to have benefits as an antitumor, antiviral, antibacterial, and

antioxidant agents.*® Steroids with a propyl group attached to C-24, the compound has the name
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Figure 3 Active site of Gelatinase for 24-propylcholesterol (A), fosfomycin (B), ambuic acid (C), quersetin (D) and taxifolin (E).

24-propylcholesterol. The results of the MIC test on E. faecalis showed that at a concentration of 78.1 pg/mL and
MBC 156.3 pg/mL, 24-propylcholesterol was able to inhibit bacterial growth. MIC is the lowest concentration of
antibacterial agents that can inhibit the growth of microorganisms®® while MBC is the lowest concentration of
antibacterial agents that can kill bacteria after incubation.>’ Thus, 24-propylcholesterol is a compound with strong
activity against E. faecalis bacteria.

The molecular docking approach can be used to see the mechanism of interaction between ligands and proteins.® In
addition, the binding affinity can help predict the potential of a compound as a drug with a higher affinity value, the more
potential it would have.** Hydrogen bonds formed between amino acids and ligands indicate specific molecular
interactions.*® Tt should be noted that the distance between the ligand and the interacting amino acid residues affects
the bond, the closer the distance, the stronger and more stable the interaction. The distance between the donor and
acceptor bonds also determines the strength of the hydrogen bonds. The closer the hydrogen bond, the stronger the bond

106 https: Advances and Applications in Bioinformatics and Chemistry 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Windaryanti et al

Figure 4 Active site of Esp for 24-propylcholesterol (A), fosfomycin (B), ambuic acid (C), quersetin (D) and taxifolin (E).

energy formed.*' Stability of the complex protein-ligand was contributed by hydrogen bond between ligand and protein.
Hydrogen bonds represented in green bonds showed in Figures 1-4, while purple bonds represented hydrophobic bonds.

The docking results in Table 3 showed that 24-propylcholesterol-MurA, 24-propylcholesterol-Esp, and
24-propylcholesterol-gelatinase have good binding affinities, but the lowest binding affinity was shown by
24-propylcholesterol-GBAP of —5.3 kcal/mol. Fosfomycin and ambuic acid as positive controls had a lower binding
affinity than 24-propylcholesterol in MurA and Esp. Therefore, 24-propylcholesterol was considered a potential inhibitor
of MurA and Esp with binding affinities of —7.6 kcal and —8.7 kcal/mol which showed better results than the positive
controls. 24-propylcholesterol in GBAP had the highest binding affinity compared to four positive controls including
quercetin, taxifolin, fosfomycin, and ambuic acid of —5.3 kcal/mol. Furthermore, 24-propylcholesterol with gelatinase
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Figure 5 Active site of GBAP for 24-propylcholesterol (A), fosfomycin (B), ambuic acid (C), quersetin (D) and taxifolin (E).

had a higher binding affinity value than the three positive controls, namely ambuic acid, taxifolin, and fosfomycin of —7.9
kcal/mol. Consequently, 24-propylcholesterol showed potential to inhibit GBAP and gelatinase.

Molecular docking can be used to predict the mechanism of 24-propylcholesterol and MurA interaction. To get stronger
and more stable bond, binding affinity with lower value is necessary.** Fosfomycin as native ligand of the MurA enzyme was
used in virtual screening as a positive control since its ability to inhibit biosynthesis of bacteria cell wall.*’ The active site of
the MurA located at amino acid residues of Asp305, Arg93, Val327, and Cys115°°* In Figure 2,
24-propylcholesterol test ligand has the same hydrogen bonds as positive control of ambuic acid, while fosfomycin has
hydrogen bonds with Arg232, Asp305, Glul88, Thr304. In MurA enzyme, Asp305 bound to fosfomycin which acted as
MurA inhibitor, but has the lowest binding affinity compared to other ligands. All ligands occupy the same site but have
different amino acid residues. Therefore, inhibition of the ligand in active site would affect the normal function of the enzyme.
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Gelatinase-24-propylcholesterol complex (Figure 3) has hydrogen-bonded residues on Asn351 and His332.
24-propylcholesterol has the same residue as quercetin in Asn351. Ambuic acid and fosfomycin have the same residue
on Glu329. Fosfomycin and taxifolin have the same residue on Arg384. Positive control of ambuic acid, fosfomycin, and
taxifolin showed lower affinity than quercetin and 24-propylcholeterol because both quercetin and 24-propylcholeterol
were not bound to Asn351 or His322 which plays an important role in protein gelatinase. These results indicate that there
is a competitive reaction mechanism between the 24-propylcholeterol and quercetin in the enzyme caused they were
bound in the same pocket of the enzyme.*'

24-propylcholesterol-Esp complex (Figure 4) bound to amino acid residue of Thr44. In Esp, it has two different
ligation positions, the first is fosfomycin, quercetin, and taxifolin ligation, while the second is 24-propylcholesterol and
ambuic acid ligation. The first ligase position bound to the same amino acid residues of Asn64 and Asn149. While 24-
propylcholesterol did not bind to the same amino acid residues as the four positive controls. However, the binding affinity
value of 24-propylcholeterol and quercetin were same of —8.7 kcal/mol. Thus, this test ligand has potential to inhibit Esp
but noncompetitive to other positive controls.

24-propylcholesterol -GBAP complex (Figure 5) has the highest affinity value compared to the four positive controls
of —5.3 kcal/mol, and the hydrogen bond was bound to the same residue as ambuic acid and taxifolin of Argl5. Based on
the data obtained, 24-propylcholesterol has potential as an anti-QS agent since it showed as a competitive ligand to
positive controls on GBAP and gelatinase. Gelatinase inhibition by 24-propylcholesterol will disrupt the fsr (two-
component signal transduction system) regulation system and reduce the virulence factor of gelatinase. Thus, signaling
molecules (GBAP) will inhibit QS system and GBAP formation was indirectly disrupted.*®

Based on all the research data above, 24-propylcholesterol has the potential to act as a noncompetitive inhibitor of
MurA, Esp, GBAP, and competitive to gelatinase. The mechanism of action of this compound is through the inhibition of
the enzymes MurA and Esp in cell wall biosynthesis and the QS pathway of E. faecalis. The combination of 24-
propylcholesterol and the positive controls are mutually supportive to each other. On one side, these compounds can
damage the outermost layer of bacteria (cell wall) and weaken the bacteria. Meanwhile on the other side, these
compounds can reduce virulence factors by destroying the quorum-sensing system in E. faecalis bacteria.
Furthermore, inhibition of bacteria will occur more easily.

Conclusion

Based on the research results, 24-propylcholesterol compound from P. betel L. has good activity to inhibit E. faecalis and
has potential as an antibacterial agent, in vitro. Based on an in silico study the binding affinity of 24-propylcholesterol
was stronger than that of positive controls (fosfomycin for MurA, and ambuic acid for GBAP). This study can be used as
basic data to support further analysis and development of new antibacterial agents through further studies that are specific
and need to be tested in vitro, in vivo, and clinically to determine their effectiveness.
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