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Background: Dental caries is a widespread disease that causes dental tissue destruction and 
leads to local and general complications. Gram-positive bacteria including Streptococcus 
mutans, Streptococcus sanguinis, and Enterococcus faecalis take part in dental caries for-
mation. Gram-positive bacteria have cell walls that consistof a thick layer of peptidoglycan 
which maintains the strength and rigidity of the bacteria, as well as bacteria guard from 
internal osmotic pressure. The biosynthesis of peptidoglycan involves many enzymes, 
including the Mur family, penicillin binding protein (PBP), and sortases.
Purpose: This research has the intention to screen and examine the antibacterial compound 
of edible plant Kemangi (Ocimum basilicum L.) in terms of how it fights against some oral 
pathogenic bacteria of E. faecalis ATCC 29212, S. mutans ATCC 25175, and S. sanguinis 
ATCC 10566.
Materials and Methods: The O. basilicum L. was macerated by several organic solvents to 
obtain the extracts, before then being purified using several combinations of chromatography 
methods and the compound was discovered via spectroscopic methods. For the assay against 
bacteria, the extracts and compounds were tested using agar well diffusion and microdilution 
assay.
Results: The isolated compound was identified as β-sitosterol. The compound activity 
against bacteria was evaluated by in vitro assay against S. sanguinis ATCC 10566 and 
E. faecalis ATCC 29212 with the MIC and MBC value of 25,000 and 50,000 ppm, 
respectively. The compound was also tested by in silico study using the molecular docking 
method. The molecular interaction between β-sitosterol and the protein target showed 
a lower binding affinity value than the native ligand and other positive controls for each 
protein. Based on the amino acid residue bound to the ligands, β-sitosterol on MurA and 
SrtA is not competitive to the positive control, showing potential as a natural antibacterial 
agent. Meanwhile, on the MurB and PBP, β-sitosterol and positive control do compete with 
each other.
Conclusion: The compound, isolated from O. basilicum L. leaf, was determined as β- 
sitosterol, which has the molecular formula C29H50O. The antibacterial activity of β- 
sitosterol by in vitro assay showed weak antibacterial activity, yet exhibited the potential 
to inhibit the biosynthesis of peptidoglycan and prevent bacteria cell wall formation by 
inhibiting MurA and SrtA activity via docking simulation.
Keywords: β-sitosterol, Ocimum basilicum L., MurA enzyme, peptidoglycan, cell wall 
biosynthesis
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Introduction
Dental caries is a pathologic process depending on several 
etiologic factors. The condition causes dental tissue 
destruction and leads to local and general complications, 
also being one of the world’s most widespread diseases.1 

Acidogenic and aciduric Gram-positive bacteria, such as 
Streptococcus mutans, Streptococcus sanguinis, and 
Enterococcus faecalis, was involved in dental caries 
formation.2,3 Somehow, there is an association between 
untreated caries and signs of periodontitis. Periodontitis 
is one of the periodontal diseases which is related to 
several bacteria such as Porphyromonas gingivalis, 
Treponema denticola, Fusobacterium nucleatum, and 
Tannerella forsytiaI. The presence of untreated caries 
also increases plaque retention and the severity of the 
periodontal diseases. The association between untreated 
caries and periodontitis is explained by common risk fac-
tors of caries and periodontal diseases, such as the pre-
sence of dental biofilm, oral hygiene and living habits, and 
social factors.4

The cell wall of Gram-positive bacteria is built by 
a thick layer of peptidoglycan to maintain their strength 
and rigidity, as well as bacteria guard from internal osmo-
tic pressure.5 Including inhibition of bacterial peptidogly-
can formation in cell wall biosynthesis, there are five 
antibacterial pathways which have already been verified: 
inhibition of protein synthesis, inhibition of DNA and 
RNA synthesis, inhibition folate synthesis, and membrane 
disruption.6 Many kinds of antibiotics and antimicrobial 
agents are used to prevent dental caries, among which the 
most widely employed are penicillin, tetracyclines, metro-
nidazole, chlorhexidine, and fluoride.7 Chlorhexidine is the 
most widely used antiseptic for mouth rinsing and is the 
gold-standard in dental practice.8 Due to awareness of 
antibiotics resistance, plant extracts could be an alternative 
for an antibacterial agent.

The cell wall of bacteria defends bacteria from osmotic 
pressure and maintains the shape of bacteria.11,36,37 It is 
primarily composed of peptidoglycan found not only in 
Gram-positive but also Gram-negative bacteria. 
Peptidoglycan consists of numerous amino-sugars and 
short polypeptide chains cross-linked them. The process 
of enol pyruvate in phosphoenolpyruvate (PEP) being 
transferred to UDP-N-acetylglucosamine (UNAG) and 
releasing phosphate in the first step of peptidoglycan bio-
synthesis was catalyzed by MurA enzyme. As the result, 
UNAG-enolpyruvate is produced before the reduction is 

then undertaken, which is catalyzed by the MurB using 
solvent-derived proton and NADPH. The reduction pro-
duces lactyl ether of UDP-MurNAc.38,39

Three main steps occurred in the biosynthesis of pepti-
doglycan, firstly UDPMurNAc (UDP-N-acetylmuramic 
acid) formation, secondly addition of short polypeptide 
chain to UDPMurNAc, and thirdly the unit dispatch 
through the cytoplasmic membrane and growing peptido-
glycan layer.5 UDP-N-acetylglucosamine enolpyruvyl 
transferase known as MurA and UDP- 
N-acetylpyruviylglucosamine reductase known as MurB 
were taking part in peptidoglycan synthesis of the bacterial 
cell wall at the first step. Both MurA and MurB enzymes 
catalyzed the formation of UDPMurNAc, the initial pre-
cursor of the cell wall biosynthesis.9 Fosfomycin, the 
antibiotic, specifically modifies and inactive the MurA 
enzyme.10 The penicillin-binding protein (PBP), existed 
enzyme in the final step of the bacteria cell wall synthesis 
and inhibited the transpeptidation reaction, thus leading to 
the formation of the bacteria cell wall.9,11 Meanwhile, on 
the cell surface of Gram-positive bacteria, proteins are 
displayed by sortase enzymes, including sortase A. By 
linking sortase A to lipid II, proteins are attached on the 
bacteria cell wall to the cross-bridge peptide.12 For those 
reasons, The MurA, MurB, PBP, and SrtA are potential 
targets to develop a new compound with activity against 
oral pathogenic bacteria.

The Labiatae family is one of the medical plants com-
monly used not only as spices in food, but also the extracts 
that have great antibacterial properties. Ocimum is one of 
the genus from the Labiatae family. It consisted of many 
species, one of them is O. basilicum L. All the parts from 
Ocimum plants, as well as extracts and essential oil, were 
used in various ways, such as spices to give flavor to the 
food and be effective drugs for many symptoms as told in 
Africa and Asia folk medicine.13

O. basilicum L. is cultivated in many countries to 
obtain a regular and maximum supply of the material by 
natural or greenhouse conditions.14 Besides this, 
O. basilicum L. extracts are also known for their antibac-
terial activity. The ethanol extract is reported to have 
moderate antibacterial activity against S. aureus.15 The 
activity from extracts of acetone, methanol, and chloro-
form was evaluated against several bacteria. The metha-
nol extract showed activity against different bacterial 
strains, such as P. aeruginosa, Shigella sp., L. 
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monocytogenes, S. aureus, and two kinds of E. coli strain. 
The extracts of acetone and chloroform showed activity 
against P. aeruginosa bacteria only.13 In previous 
research, the extracts and active compounds of 
O. basilicum L. were reported to have antibacterial,13 

antioxidant,27 anti-inflammatory,28 antifungal,29 and 
anticancer benefits.30

Molecular docking is a process involving placing com-
pounds as a ligand in the appropriate configuration to 
interact with a protein as a receptor. The interaction 
describes the protein as the main molecular target to easily 
detect drug action from the compound. The compound or 
ligand could be obtained from synthesis or isolation from 
the plant extract process and would bind to the protein 
target to determine the allosteric or inhibitory effects.25

This research was focusing on determining the active 
constituent of O. basilicum L. as a lead compound with 
activity against oral pathogenic bacteria. The compound is 
then evaluated to determine its activity against oral patho-
genic bacteria, S. mutans ATCC 25175, S. sanguinis ATCC 
10566, and E. faecalis ATCC 29212 through in vitro and 
in silico study.

Materials and Methods
Materials
O. basilicum L. leaves were cultivated and collected in 
Ciwidey, Bandung, West Java, Indonesia by local farmers. 
The specimen was identified and deposited at the labora-
tory of Taxonomy, Department of Biology, Faculty of 
Mathematics and Natural Science, Universitas 
Padjadjaran. Distilled solvents of n-hexane, methanol, 
and ethyl acetate were used for the extraction, separation, 
and purification, while the analytical grade organic sol-
vents were used for spectroscopic analysis from Sigma 
Aldrich Co. Ltd. (St. Louis, MO, USA) and Merck Co. 
Ltd. The Silica G 60 (Merck, Darmstadt, Germany) and 
ODS RP-18 were used for column chromatography, and 
ODS RP-18 F254S and silica G 60 F254 (Merck) plates were 
used for thin-layer chromatography, respectively. The spot 
compounds on TLC were visualized under UV light at 254 
and 356 nm together by spraying with 10% H2SO4 in 
EtOH followed by heating.

Antibacterial test of the selected sample against 
Enterococcus faecalis ATCC 29212, Streptococcus mutans 
ATCC 25175, Streptococcus sanguinis ATCC 10566 
strains used Mueller Hinton agar and broth as a medium. 
The positive control for this assay was chlorhexidine.

MurA enzyme (protein data bank ID: 1UAE), MurB 
enzyme (UniProtKB: Q830P3), PBP (protein data bank 
ID: 6MKG), and SrtA (protein data bank ID: 2KW8) 
were used for screening antibacterial activity in this 
research. The 3D structure was retrieved from RSCB 
Protein Data Bank (https://www.rcsb.org/) and UniProt 
knowledgebase (https://www.uniprot.org/). Ligands were 
used in this research, fosfomycin which has ligand bond 
on MurA enzyme 1UAE was separated from the macromo-
lecule using PYMOL, glycopeptides (CID 56,928,060) as 
a positive control for MurB enzyme, penicillin (CID 2349) 
as a positive control for PBP, curcumin (CID 969,516) as 
a positive control for SrtA, chlorhexidine (CID 9,552,079) 
as a positive control for antibacterial activity, and beta- 
sitosterol (CID 222,284) as a sample. All ligands were 
retrieved from a compound database called PubChem on 
the website (https://pubchem.ncbi.nlm.nih.gov/).

Instruments
Determining the structure of the isolated compound was 
guided by spectroscopic methods of several instruments 
such as infrared (IR) with FTIR Shimadzu 8400, ultravio-
let (UV) by 8452A Diode Array, mass spectrometry (MS) 
with Water Acquit UPLC type triquadrupole, and NMR 
(1H-NMR, 13C-NMR, DEPT 135°, HMQC, 1H-1H COSY, 
HMBC) with JEOL type ECA 500 MHz. UV detector 
lamps with wavelengths of λmax at 365 and 254 nm were 
used to illuminate the TLC plates. Antibacterial activity of 
extracts and compound used paper disks, Laminar airflow, 
incubator Memmert, autoclave machine HVE-50 
Hirayama, anaerobic jar, microplate 96 well, microtubes, 
micropipettes, and Microplate Reader of Biochrom EZ 
Read 400 ELISA.

Isolation Compound from Extract of 
O. basilicum L
A sample of 2.8 kg of fresh O. basilicum L. leaf was 
extracted with methanol (21 L) using the maceration 
method for 3×24 hours. The filtrate from the maceration 
process was evaporated by rotary evaporator at 40°C and 
103.21 g of methanol extract were obtained. The methanol 
extract was partitioned using n-hexane-H2O (8x100 mL 
n-hexane) to obtain 21.94 g of n-hexane extract, following 
which ethyl acetate-H2O (5x100 mL) was employed to 
obtain 13.76 g of ethyl acetate extract and 35.15 g of H2 

O extract, respectively. For the bioactivity evaluation of 
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antibacterial activity, all extracts were made in a series of 
concentrations, according to assay protocols.16

The n-hexane extract (15 g) which showed the best 
result activity against S. mutans ATCC 25175 strain was 
purified by gradual chromatography using Silica G 60 
(0.063–0.200 mm) eluted by n-hexane and ethyl acetate 
with 5% gradient (v/v). Fractions of F.1–21 were obtained 
and visualized under UV light at 254 and 356 nm together 
via spraying with 10% H2SO4 in EtOH, which was fol-
lowed by heating. For the next step, each fraction from 
F3–F11 was tested for its antibacterial activity using the 
agar disk Kirby-Bauer method. Among the fractions, frac-
tion 5 (600 mg) showed the greatest inhibition zone 
(10.3 mm). Then, fraction 5 was purified by column chro-
matography on silica G 60 using the normal phase method 
by 1% gradient of n-hexane and ethyl acetate mixture of 
solvent. From this step, F.5-(1-30) were obtained and also 
visualized under UV light at 254 and 356 nm together via 
spraying with 10% H2SO4 in EtOH, which was followed 
by heating. Subsequently, F.5–8, F.5–9, and F.5–10 
(296.4 mg) were purified by column chromatography on 
silica G 60 using isocratic elution. The mixture of 98 parts 
of n-hexane and two parts of ethyl acetate (98:2, v/v) 
solvent was used for elution. Each 5 mL of solvent was 
collected as a fraction and 215 fractions were obtained. As 
a result, 80 mg of the pure compound was obtained from 
F.5-(8-10)-(153-215) fractions.

Structure Determination of Isolated 
Compound
Comprehensive analysis data of spectroscopic methods 
were used to determine the structure of an isolated com-
pound, such as ultraviolet (UV) spectrum, mass spectro-
metry (MS) spectrum, 1D and 2D-NMR spectrum 
(1H-NMR, 13C-NMR, DEPT 135°, HMQC, 
1H-1H COSY, HMBC), and infrared (IR) spectrum.

Assessment of the Extracts and Isolated 
Compound of O. basilicum L. Leaf Activity 
Against Oral Pathogenic Bacteria
Kirby-Bauer disk diffusion method was used to evaluate 
O. basilicum L. extracts activity against S. mutans ATCC 
25175, S. sanguinis ATCC 10566, and E. faecalis ATCC 
29212 strains. This method is commonly employed to 
ascertain the activity of the sample against oral pathogenic 
bacteria. The diameter of the growth area around the paper 
disk was measured to obtain the inhibition zone of each 

sample.26 The assay determines the resistance or sensitiv-
ity of S. mutans ATCC 25175, S. sanguinis ATCC 10566, 
and E. faecalis ATCC 29212 strains to extracts guided by 
CLSI protocols (CLSI, 2012).17

Methanol was used to dilute all the samples except for 
water fraction and positive control (chlorhexidine) was 
diluted in water. Stock solutions were made for each 
extract, 75 mg of each extract was diluted in methanol 
except for water fraction to obtain 5% stock solution. 
Then, 1, 2, 3, 4, and 5% concentration of all samples, 
together with 2% concentration of chlorhexidine were 
made for the assay. Then 20 μL of each sample was 
impregnated to a 6 mm paper disk and was put on the 
agar surface. A repeated test is required to obtain a better 
result.

1 ose of bacteria was grown in 5 mL of broth media to 
prepare the bacteria. Then, the solution was incubated at 
37°C for 24 hours. A microplate reader was used to 
measure the optical density of the solution at 620 nm 
after the incubation process. The solution was diluted to 
reach 0.5 McFarland standard or about 180 CFU/mL in 
broth media (100 µL). On the surface of agar media, the 
resulting culture was swabbed and the prepared paper disk 
was put. Moreover, the samples were incubated at 37°C 
for 48 hours. A repeated test is required to obtain a better 
result.

Determination of MIC and MBC of the compound against 
E. faecalis ATCC 29212, and S. sanguinis ATCC 10566 
strains were conducted using the microdilution method in 96- 
well microplate.18 In Mueller Hinton broth at 37°C, the 
bacterial cells were pre-cultured under aerobic conditions. 
In the presence of a compound in several concentrations by 
serial two-fold dilution, bacterial cells were incubated at 37°C 
without shaking for 48 hours in the same broth on 
a microplate, as shown in the procedure used at the Clinical 
and Laboratory Standards Institute. Then, using a microplate 
reader at 620 nm, the measurement of solution optical density 
proceeded. The cells’ MICs were defined as the lowest con-
centrations where visually the bacterial cells were not 
observed by OD value as reported previously and given by 
duplicate assessments. The compound was dissolved in 
methanol where it was a negative control, and chlorhexidine 
was used as a positive control. On the surface of the agar, 
each concentration of the compound solution in the micro-
plate well was spread and incubated at 37°C for 24 hours. 
After incubation, the liquid of each well on the microplate 
was measured using a microplate reader at 620 nm. 
Following this, the MIC value was determined by comparing 
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the absorption value of the sample well (compound plus 
bacteria) with that of the blank well (bacteria). Furthermore, 
the liquid of wells was spread on the Mueller Hinton agar and 
incubated for 48 hours to evaluate MBC, the lowest concen-
tration of the sample required to kill the bacteria.

In silico Characterization of β-Sitosterol
The antibacterial activity of β-sitosterol was predicted by 
the structure’s canonical SMILE using (http://www.phar 
maexpert.ru/passonline/), online program PASS ONLINE. 
It predicted the activity against bacteria of the compound 
and other bioactivities of the compound. A Pa (probability 
of being active) value of more than 0.7 was selected.19

Autodock Vina in the open-source software PyRx 0.8 
was used for the ligand-protein docking and virtual screening 
of antibacterial activity. The β-sitosterol and chlorhexidine 
were subjects for binding to the MurA, MurB, PBP, and SrtA 
as protein targets, ligands were free for blind docking. 
Fosfomycin, the native ligand for the MurA enzyme, was 
being re-docked to the enzyme. Glycopeptide was a specific 
subject for the MurB enzyme only, while penicillin was 
specifically for PBP and curcumin was for SrtA. The con-
formation was selected based on binding energy, the one 
with the lowest binding energy score that has a value of root- 
mean-square deviation less than 1.0 Å was selected.19

The docking results of antibacterial activity were visua-
lized by the PYMOL program and analyzed using the 
Discovery Studio 2020 Client program. Ligand-residue 
interaction and docking pose in the 3-dimension molecular 
picture was shown by the PYMOL program. Subsequently, 
those interactions were shown in the 3-dimension molecular 
pictures for best visualization using the Discovery Studio 
2020 Client program. Each protein–ligand complex was 

compared to 3-dimension pictures of the MurA, MurB, 
PBP, SrtA, which bound ligands on fatty acid sites. The 
similarity from ligation pose of β-sitosterol, chlorhexidine, 
and specific positive control for each protein target to 
another compound that bound ligands on fatty acid sites is 
being related to β-sitosterol bioactivity by its docking pose.

Results
Extraction of Kemangi (O. basilicum L.) 
Leaf
In total, 103.21 g of methanol extract was obtained from 
the maceration process. From the partition process, 21.94 
g of n-hexane extract, 13.76 of ethyl acetate extract, and 
35.15 of water extract were obtained, respectively.

Antibacterial Activity Assay of Extracts 
Against S. mutans ATCC 25175, 
S. sanguinis ATCC 10566 and E. faecalis 
ATCC 29212
The result of the bioactivity assay of O. basilicum 
L. extracts against S. mutans ATCC 25175, S. sanguinis 
ATCC 10566, and E. faecalis ATCC 29212 strains are 
shown in Table 1. According to Gherairia et al,20 the 
antibacterial activity of the Kirby-Bauer assay was classi-
fied by five categories of their inhibition zone, which are 
very strong activity for ≥30 mm, strong activity for 
21–29 mm, moderate activity for 16–20 mm, weak activity 
for 11–15 mm, and little or no activity for ≤0 mm. The 
n-hexane extract showed a weak response (9.4 mm) 
against S. mutans ATCC 25175 strain by the concentration 
of 5%, yet showed the widest diameter of inhibition zones 
among the extracts. For antibacterial activity against 

Table 1 Inhibition Zone (mm) of Each Extract of Kemangi against S. mutans ATCC 25175, S. sanguinis ATCC 10566, and E. faecalis 
ATCC 29212

Extracts Inhibition Zone (mm)

S. mutans ATCC 25175 S. sanguinis ATCC 10566 E. faecalis ATCC 29212

1% 2% 3% 4% 5% 1% 2% 3% 4% 5% 1% 2% 3% 4% 5%

Methanol 0 0 0 0 0 0 7.8 8.6 9.4 11.4 6.9 7.4 7.7 8.9 10.4

n-Hexane 0 0 0 8.3 9.4 7.2 8.6 10.1 10.3 13.5 0 0 0 8.2 8.8

Ethyl acetate 0 0 0 0 7.5 10.6 11.5 13.3 14.6 16.4 0 0 8.6 9.6 10.3

H2O 0 0 0 0 0 0 0 0 0 10.1 0 0 0 0 0

Chlorhexidine 10.7 – – – – 17.9 – – – – 15.5 – – – –
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S. sanguinis ATCC 10566 strain by the extracts, ethyl 
acetate extract showed a moderate response (16.4 mm) 
by a concentration of 5% and showed the widest diameter 
of the inhibition zone among the extracts. Furthermore, the 
antibacterial activity of the extracts against E. faecalis 
ATCC 29212 strain showed a weak response (10.4 mm) 
by 5% of methanol extract.

Purification of β-Sitosterol from 
n-Hexane Extract of Kemangi (Ocimum 
basilicum L.) Leaf
The compound was isolated from the extract which has activity 
against the bacteria. The active fractions of n-hexane were 
separated and purified via the bioactivity guided-separation 
approach using different phase techniques, normal and reverse 
phase of column chromatography. Normal phase using 
a stepwise solvent, while the reverse phase was using an 
isocratic solvent. The purity of compounds was monitored by 
a combination of 1D and 2D TLC analysis on the normal 
phase, respectively.

Structural Determination of Compound
The isolated compound was a white crystal with 
a molecular mass (m/z) of 413.7 as shown on [M+H]− 

peak by mass spectroscopy ions and related to the mole-
cular formula of β-sitosterol (C29H50O). The compound 
showed a maximum wavelength of 202 nm as the result of 
the maximum wavelength measurement shown in the UV 
spectrum. The compound showed absorption of hydroxyl 
(OH) at 3,549 cm−1, CH2 at 2,935 cm−1, CH at 2,867 cm−1, 
C=C at 1,637 cm−1, and C-O at 1,063 cm−1,21 respectively, 
in the IR spectrum.

The 1H NMR spectrum of the compound showed chemi-
cal shift δH 0.68 and 0.99 ppm of two methyl singlets. The 
presence of three methyl doublets was shown at δH 0.81, 0.83, 
and 0.93 ppm; δH 0.84 ppm was a chemical shift for methyl 
triplet. The compound also showed the presence of three 
protons corresponding to trisubstituted olefinic bonds by the 
chemical shift of δH 5.36 ppm. The chemical shift of δH 3.56 
ppm corresponded to the H-3 proton of a sterol moiety.22

Twenty-nine carbons were shown in the 13C NMR 
spectrum. DEPT 135° would classify carbons into four 
categories, namely CH3, CH2, CH, and QC (quaternary 
carbon), and showed fifteen peaks for six of the CH3 

and nine of the CH. A total of 11 down peaks showed 
the presence of CH2. The result of DEPT 135° indi-
cated the presence of 26 carbons. The missing three 

carbons were identified as quaternary carbons. Based 
on chemical shifts of 13C NMR, δC 140.8 and 121.8 
indicated the presence of double bond between carbon 
atoms in positions 5 and 6 (C5=C6); the presence of β- 
OH for carbon in position 3 (C3) was identified by 
chemical shift δC 71.9 ppm. Angular methyl carbons 
in positions 18 and 19 were identified by signals at δC 

36.2 and 19.5 ppm, respectively.23 The spectrum of 
HMBC showed the interaction between proton and 
carbon which is distanced by two-to-three bonds. 
HMBC analysis showed interaction between H-16 and 
C17,18,20; H-17 and C20; H-20 and C21,22; and H-22 and 
C17,20,23,24.24 Therefore, based on analysis of various 
of spectra and data, and compared with other published 
journals, (3S,8S,9S,10R,13R,14S,17R)-17-[(2R, 5R)- 
5-ethyl-6-methylheptan-2-yl]-10,13-dimethyl- 
2,3,4,7,8,9,10,11,12,14,15,16,17-dodecahydro- 
1H-cyclopenta[a]phenanthren-3-ol], also known as β- 
sitosterol, was concluded and is shown in Figure 1.

1H-NMR (CD3OD): δH 3.53 (1H, m, H-3), 5.36 (1H, t, 
5.5 Hz, H-5), 0.93 (3H, d, 6.5 Hz, H-19), 0.84 (3H, t, 7.2 
Hz, H-24), 0.83 (3H, d, 6.4 Hz, H-26), 0.81 (3H, d, 6.4 Hz, 
H-27), 0.68 (3H, s, H-28), 0.99 (3H, s, H-29). 13C-NMR 
(CD3OD): δC 37.3 (C-1), 31.9 (C-2), 71.9 (C-3), 42.3 
(C-4), 140.8 (C-5), 121.8 (C-6), 31.7 (C-7), 32.0 (C-8), 
50.2 (C-9), 36.6 (C-10), 21.2 (C-11), 39.8 (C-12), 42.4 
(C-13), 56.8 (C-14), 26.2 (C-15), 28.3 (C-16), 56.1 (C-17), 
36.2 (C-18), 19.5 (C-19), 34.0 (C-20), 26.1 (C-21), 46.0 
(C-22), 23.1 (C-23), 12.1 (C-24), 29.2 (C-25), 19.9 (C-26), 
19.5 (C-27), 19.1 (C-28), 11.9 (C-29).

Figure 1 Structure of β-sitosterol.

https://doi.org/10.2147/AABC.S301488                                                                                                                                                                                                                               

DovePress                                                                                                      

Advances and Applications in Bioinformatics and Chemistry 2021:14 108

Evangelina et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


Determine Antibacterial Activity (MIC 
and MBC) of β-Sitosterol
The activity of the compound against bacteria was tested 
through the assay to obtain the value of minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration 
(MBC). The result of the assay is illustrated in Table 2. The 
compound shows the same result for MIC and MBC values 
against two different bacteria. The result showed that the 
compound has a MIC value of 25,000 ppm and an MBC 
value of 50,000 ppm. Compared with the value of the MIC 
and MBC from chlorhexidine (312.5 ppm of MIC and 625 
ppm of MBC for S. sanguinis ATCC 10566 strain, and 3.91 
ppm of MIC and 7.8 of MBC for E. faecalis ATCC 29,122 
strain) as a positive control, the compound needs a much higher 
concentration to inhibit and kill the bacteria which means the 
compound showed a weak activity against S. sanguinis ATCC 
10566 and E. faecalis ATCC 29,122 strains.

Prediction of Antibacterial Activity of β- 
Sitosterol through Molecular Interaction 
with MurA, MurB, PBP, SrtA
The antibacterial activity of β-sitosterol as an inhibitor for 
the MurA and MurB enzymes, PBP, and SrtA was deter-
mined through molecular docking. Interaction between β- 
sitosterol and the protein target was evaluated via binding 
affinity value and intermolecular interaction, such as hydro-
gen bond. The binding affinity of β-sitosterol (−6.7 kcal/ 
mol) on the MurA enzyme showed a lower value than its 
native ligand, fosfomycin (−4.2 kcal/mol), and a higher 
value than chlorhexidine (−8.3 kcal/mol). On the MurB 

Table 2 The MIC and MBC Values of β-Sitosterol against 
S. sanguinis ATCC 10566 and E. faecalis ATCC 29212

Compounds Concentration (ppm)

S. sanguinis ATCC 
10566

E. faecalis ATCC 
29212

MIC MBC MIC MBC

β-sitosterol 25,000 50,000 25,000 50,000

Chlorhexidine 312.5 625 3.91 7.80

Table 3 Antibacterial Activity Prediction of β-Sitosterol and 
Positive Controls

Binding Affinity of Ligand-Protein Complex

Compound MurA MurB PBP SrtA

β-sitosterol −6.7 −7.6 −7.8 −6.0

Chlorhexidine(+) −8.3 −8.7 −9.8 −6.5

Fosfomycin(+) −4.2 – – –

Glycopeptides(+) – −7.4 – –

Penicillin(+) – – −7.5 –

Curcumin(+) – – – −5.7

Table 4 List of Hydrogen Bond and Hydrophobic Interaction of β-Sitosterol-Protein Target and Positive Control-Protein Target

Residues Binding at Ligand-Protein Complex

Compound MurA MurB PBP SrtA

β-Sitosterol Asp51, Lys46, Arg401 Arg226, Ala138, Ile124, 
Pro125, Met134, Ala136

Glu231, Pro210 Tyr149, Pro86, 
Tyr148, Tyr150

Chlorhexidine 

(+)

His125, ser162, Val161, 

Asp305, Ala119, Pro121, 
Pro298, Val327, Val163

Glu801, Arg683, Asp689, 

Glu692, Thr737, Tyr645, 
Val573, Met688, Lys799

Ile364, Met360, Glu162, Thr230, Ser232, 

Asn362, Phe160, Gln366, Asn358, Lys359, 
Val213, Tyr234, Tyr369

Ser105, Val69, 

Leu104, Gly132, 
Val133, Leu90

Fosfomycin(+) Lys22, Asn23, Arg120, 
Asp305, Arg91

– – –

Glycopeptides 
(+)

– Tyr139, Arg209, Lys212, 
Ser222, Pro125

– –

Penicillin(+) – – Ile364, Gly363, Gln200, Trp202, Pro210 –

Curcumin(+) – – – Asp137, Ser189, 

Tyr197, Lys195, 
Ala139
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enzyme, β-sitosterol (−7.6 kcal/mol) also showed a lower 
value of binding affinity than the MurB positive control, 
glycopeptide (−7.4 kcal/mol), and a higher value than chlor-
hexidine (−8.7 kcal/mol), which is listed in Table 3. The 
binding affinity of chlorhexidine on PBP (−9.8 kcal/mol) 
and SrtA (−6.5 kcal/mol) also showed the lowest value, 
followed by β-sitosterol (−7.8 kcal/mol for PBP and −6.0 
kcal/mol) and positive control for each protein target, 
namely penicillin (−7.5 kcal/mol) for PBP and curcumin 
for SrtA (−5.7 kcal/mol), respectively. The interaction 
among amino acids in the protein target and the ligand is 
listed in Table 4. Details of the interaction between the 
ligand and the protein target are shown in Figure 2 for 
MurA enzyme, Figure 3 for MurB enzyme, Figure 4 for 
PBP, and Figure 5 for SrtA. The ligands are distinguished 
by coloring each of them differently; β-sitosterol in purple, 
chlorhexidine in green, and each positive control for every 
protein target in orange. The hydrogen bond is shown in 
green color, while the hydrophobic bond is in purple.

Discussion
Discovering active compounds from plants has gained 
enormous interest from researchers. It involves many dis-
ciplines of knowledge including phytochemical, botanical, 
ethnobotanical, and biological techniques.25 The Labiate 
family, containing O. basilicum L., specifically the 
extracts, was known for its activity against bacteria. 
Therefore, the Kemangi (O. basilicum L.) was selected 
as a source to obtain new compounds as an antibacterial 
and compound.13

The antibacterial activity for each extract of 
O. basilicum L. was tested against S. mutans ATCC 
25175, S. sanguinis ATCC 10566, and E. faecalis ATCC 
29212 strains by using disk diffusion Kirby-Bauer method 
to obtain the inhibition zone of each sample. The higher 
inhibition zone of the extracts showed more effective anti-
bacterial activity against the bacteria. Based on data in 
Table 1, the n-hexane extract showed the greatest activity 
against S. mutans ATCC 25175 and for S. sanguinis ATCC 

Figure 2 Active site of the MurA for: (A) all ligands (B) β-sitosterol, (C) chlorhexidine, and (D) fosfomycin.
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10566 strains, O. basilicum L. extract of ethyl acetate 
showed the greatest result with inhibition zone 9.4 and 
16.4 mm by 5%, respectively. Antibacterial activity of the 
extracts against E. faecalis ATCC 29212 strain resulted in 
10.4 mm of inhibition zone by 5% of methanol extract.

The separation and purification of the O. basilicum 
L. extract were followed by the result of its activity against 
S. mutans ATCC 25175 and for S. sanguinis ATCC 10566 
strains. Β-sitosterol was obtained from the separation and 
purification process. β-sitosterol isolation and characteri-
zation have been reported in some published 
journals.21,23,31,32 The structure of β-sitosterol is shown 
in Figure 1. β-sitosterol is a compound commonly found 
in several parts of plants producing oil such as grains, 
fruit, leaves, and stem. It has been reported that β- 
sitosterol exhibits activity against several bacteria such 
E. coli and S. aureus, although its activity against 

S. sanguinis ATCC 10566 and E. faecalis ATCC 29212 
strains has not yet been reported.23

Molecular interaction between β-sitosterol as a ligand 
and a protein as a receptor was also predicted through 
molecular docking to determine the β-sitosterol mechan-
ism as an antibacterial agent. The scoring function from 
the docking result is needed to examine the quality of the 
docking result. Physico-chemical information of geometric 
complementarity was used to achieve more accurate 
results, such as binding affinity and interactions that 
occur between protein and ligand intermolecularly, includ-
ing hydrogen bond and hydrophobic interaction.25,33 

Binding affinity exhibits interaction strengths of a protein 
and its ligand. It is related to the Gibbs free energy (ΔG).34 

It is also used to ascertain the stability bond between 
a protein and its ligand, as well as to predict the bioactivity 
value for the complex.35 A donor atom and hydrogen atom 

Figure 3 Active site of the MurB for: (A) all ligands (B) β-sitosterol, (C) chlorhexidine, and (D) glycopeptide.
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are required in one molecule for an intermolecular bond to 
be formed, as well as an acceptor atom in another mole-
cule. For a hydrogen bond to be formed, the donor atom 
has to bond to a hydrogen atom, yet the receptor atom is 
unnecessary to be bonded to a hydrogen atom. The match 
of the hydrogen atom to its receptor should be one-to-one, 
but multiple hydrogens could also be matched. The hydro-
gen bond plays an important role in the structure and its 
biomolecules function. To find the optimal docked com-
plex, a complex with stronger hydrogen bonds should be 
chosen, for two arguments. Firstly, the more intermolecu-
lar hydrogen bonds exist, the stronger effect for the com-
plex formation, thus the result of the docking will be more 
precise. Secondly, the displacement of the ligand would be 
more effective if geometric constraints imposed by the 
large number of hydrogen bonds were more strict.33

Molecular docking is used to know β-sitosterol anti-
bacterial activity by inhibiting the activity of the MurA 
and MurB enzymes, also PBP and SrtA, thus meaning that 

the peptidoglycan biosynthesis is inhibited and the cell 
wall of bacteria is not formed. Based on the docking 
result of β-sitosterol and other ligands on different protein 
targets, the binding affinity value of β-sitosterol is lower 
than the native ligand or any other positive control, −6.7 
for MurA, −7.6 for MurB, −7.8 for PBP, and −6.0 kcal/ 
mol for SrtA, respectively. Chlorhexidine showed the 
lowest binding affinity than any other ligand, which is 
the most effective widely-used antiplaque chemical that 
exhibited great activity against Gram-positive and Gram- 
negative bacteria and is known as the gold standard.7 

Based on binding affinity value, the lower the value, the 
better the result that will emerge.34 β-sitosterol showed 
potential as an antibacterial agent by having a lower bind-
ing affinity value than other ligands, although it had 
a higher value than chlorhexidine, the gold standard. 
Meanwhile, as shown in Figures 2–5, the number of 
hydrogen bond interactions between receptor and ligand 
showed that β-sitosterol has a weak complex formation, 

Figure 4 Active site of the PBP for: (A) all ligands (B) β-sitosterol, (C) chlorhexidine, and (D) penicillin.
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since it has only one hydrogen bond on Asp51 for MurA, 
Arg226 for MurB, Glu231 for PBP, and none of it on 
SrtA, yet it showed many hydrophobic interactions with 
other residues. This is related to the lack of hydroxyl in 
the compound. High-affinity ligands require strong hydro-
gen bonds. Moreover, the protein preferred to act as an 
H-bonding donor.34 The MurA showed hydrophobic 
interaction with Lys46 and Arg401 residues. The MurB 
interacted with Ala138, Ile124, Pro125, Met134, and 
Ala136 residues. The PBP showed one hydrophobic inter-
action on the Pro210 residue and SrtA showed four inter-
actions on Tyr149, Pro86, Tyr148, and Tyr150. In 
addition to the hydrogen bond, hydrophobic interaction 
is also considered a main driving force behind the con-
formational change of the protein target.40 Based on Table 
4, fosfomycin and chlorhexidine on the MurA enzyme 
were competitive with each other by binding to the 
same amino acid residue (Asp305), but not competitive 
with β-sitosterol, as might be seen in Figure 2. On the 

MurB enzyme, β-sitosterol is competitive with glycopep-
tide by binding to the same residue (Pro125), but not 
competitive with chlorhexidine, although the active sites 
are close to each other (Figure 3). β-sitosterol and peni-
cillin are competitive with each other on PBP by binding 
to the same residue (Pro210), but are not competitive with 
chlorhexidine, despite looking close to the active site of 
β-sitosterol and chlorhexidine (Figures 4 and 5). 
Therefore, β-sitosterol will effectively inhibit the bio-
synthesis of peptidoglycan and prevent cell wall forma-
tion by inhibiting the MurA and SrtA activity through 
having a lower binding affinity than the positive control 
and not being competitive with the positive control in the 
active site.

Conclusion
An antibacterial compound has been isolated from n-hex-
ane extract of Kemangi (O. basilicum L.) leaf and showed 
weak antibacterial activity against S. sanguinis ATCC 

Figure 5 Active site of the SrtA for: (A) all ligands (B) β-sitosterol, (C) chlorhexidine, and (D) curcumin.
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10566 and E. faecalis ATCC 29212 strains with the MIC 
and MBC value of 25,000 and 50,000 ppm, respectively. 
The isolated compound structure was figured as β- 
sitosterol, which has the molecular formula C29H50 

O. The compound shows potential as a blockage of the 
MurA and SrtA so the biosynthesis of peptidoglycan is 
inhibited and bacteria cell wall formation is prevented via 
docking simulation.
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