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1. Introduction
Toll-like receptors (TLRs) are a crucial component of 

the innate immune system, serving as sentinels that recog-
nize various microbial components and activate immune 
responses [1]. Among them, Toll-like receptor-2 (TLR-2) 
has emerged as a key player in recognizing bacterial cell 
wall components and initiating immune responses [2]. 
This receptor holds immense clinical significance due to 
its involvement in the pathogenesis of bacterial infections 
and sepsis [3,4]. 

TLR-2 is a transmembrane protein belonging to the 
Toll-like receptor family, characterized by an extracellular 
domain containing leucine-rich repeats (LRRs) respon-
sible for pathogen recognition. TLR-2 forms heterodi-
mers with either TLR-1 or TLR-6 to recognize a diverse 
range of microbial components, particularly lipoproteins 
and lipopeptides derived from bacterial cell walls [5]. 

Upon ligand binding, TLR-2 heterodimers initiate signal-
ing cascades through the recruitment of adaptor proteins, 
such as MyD88 (myeloid differentiation primary response 
88), ultimately leading to the activation of nuclear factor-
kappa B (NF-κB) and the production of pro-inflammatory 
cytokines, chemokines, and antimicrobial peptides [6, 7] 
This orchestrated response is essential for the clearance of 
invading pathogens and the initiation of adaptive immune 
responses. While this response is crucial for pathogen 
clearance, dysregulated TLR2 activation can contribute 
to the development of systemic inflammatory conditions, 
such as sepsis [8]. Bacterial infections, particularly those 
leading to severe conditions such as sepsis, pose a signifi-
cant global health threat.

Sepsis, a life-threatening condition, stands as a formi-
dable challenge within the realm of healthcare, demand-
ing a comprehensive understanding of its intricate patho-
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physiology, timely intervention, and ongoing research 
efforts. This complex syndrome arises when the body's 
response to an infection becomes dysregulated, leading 
to a cascade of inflammatory processes that can result 
in organ dysfunction and, if left untreated, death [9, 10]. 
At its core, sepsis begins as a response to infection. The 
immune system, activated by the presence of pathogens, 
initiates a series of signalling pathways aimed at eradicat-
ing the invaders [11, 12]. However, in sepsis, this response 
spirals out of control, triggering a systemic inflammato-
ry response syndrome that can lead to widespread tissue 
damage [13]. Key players in the pathophysiology of sepsis 
include pro-inflammatory cytokines, such as tumor necro-
sis factor-alpha (TNF-α) and interleukins, as well as anti-
inflammatory mediators attempting to counterbalance the 
excessive inflammation [10, 14,15]. The delicate equilib-
rium between pro- and anti-inflammatory signals becomes 
disrupted, tipping the scales toward a state of hyperinflam-
mation, endothelial dysfunction, and microcirculatory ab-
normalities [16, 17]. 

Sepsis arises when the body's immune response to an 
infection becomes uncontrolled, leading to widespread in-
flammation and organ dysfunction [10,11,12]. TLR2, by 
recognizing specific molecular patterns on bacterial patho-
gens, plays a pivotal role in triggering the immune re-
sponse [8]. However, excessive TLR2 activation has been 
implicated in the pathogenesis of sepsis, contributing to 
the overwhelming inflammation and tissue damage char-
acteristic of the condition [18]. The rationale behind thera-
peutic TLR2 inhibition in sepsis lies in the need to strike 
a delicate balance between an effective immune response 
and the prevention of collateral tissue damage. By selec-
tively modulating TLR2 activity, it becomes possible to 
temper the inflammatory cascade without compromising 
the overall ability of the immune system to combat the un-
derlying infection [8]. Despite the considerable potential, 
challenges persist in the development of TLR2 inhibitors. 

Achieving selectivity and minimizing off-target effects 
remain critical considerations. Additionally, the complex 
nature of the immune response demands a nuanced un-
derstanding of the temporal and spatial aspects of TLR2 
modulation to optimize therapeutic outcomes. The inhibi-
tion of TLR2 holds significant promise for the develop-
ment of therapeutics aimed at treating bacterial infections 
and preventing the progression to sepsis [8]. Small mol-
ecule inhibitors offer the advantage of precise targeting, 
enabling the modulation of TLR2 activity without com-
pletely suppressing the immune response [19, 20, 21]. 
This fine-tuned approach could mitigate the risk of immu-
nosuppression often associated with broad-spectrum anti-
inflammatory therapies. Moreover, TLR2 inhibition could 
represent a valuable adjunctive therapy to conventional 
antibiotic treatment. By attenuating the host inflammatory 
response, small molecule inhibitors may help prevent the 
development of sepsis-associated complications, such as 
organ failure and tissue damage [22, 23]. 

This study aimed to identify the small molecule inhibi-
tors against TLR2 for the therapeutics of bacterial infec-
tion, and sepsis. Because rapid initiation of pro-inflamma-
tory responses by TLR2 is critical in controlling infection, 
however, dysregulation of this signaling can lead to exces-
sive release of pro-inflammatory cytokines. Therefore, in-
hibiting TLR2 activation can help in curbing an overactive 
immune response and avoid damaging immunopathology.

2. Material and methods
2.1. Protein structure homology modelling and prepa-
ration of TLR2

Homology modelling is a widely used technique to pre-
dict the three-dimensional structure of a protein based on 
its homologous proteins with known structures. SWISS-
MODEL is a popular web-based tool for protein structure 
homology modelling (https://swissmodel.expasy.org/) 
[24, 25, 26, 27, 28 ]  The 3D structure of the target pro-
tein, TLR2, was modelled using Swiss-Model. Briefly, the 
FASTA sequence of TLR2 was obtained from PubMed. 
The template sequences of homologous proteins with 
known three-dimensional structures were searched using 
Protein Data Bank (PDB). Thereafter, we selected one 
suitable template structure (PDB ID: 1FYW) based on 
sequence similarity, structure quality, and biological rele-
vance. This template structure was used to model the struc-
ture of TLR2 using SWISS-MODEL [24, 25, 27, 28, 29].  
High-resolution structure of TLR2 was retrieved from the 
Swiss-MODEL server (Fig. 1) and visualized using Py-
MOL and Chimera to analyse the structural features and 
properties. Preparing the receptor for molecular docking is 
a crucial step, standard receptor preparation protocol was 
followed to refine the structure of TLR2 [30, 31 The struc-
ture of TLR2 was inspected for any steric clashes, missing 
atoms, or unusual bond angles. The structure was assigned 
partial charges and atom types to the protein atoms using 
force field parameters suitable for molecular docking. The 
structure was finally saved in PDBQT format, a format 
compatible with molecular docking.

2.2. Selection and preparation of ligands for molecular 
docking with TLR2

Ligand molecules were obtained from NPACT (Natu-
rally occurring Plant-based Anticancerous Compound-
Activity-Target DataBase) [32].  NPACT is a curated 
database of plant-derived natural compounds that exhibit 
anti-cancerous activity. It contains 1574 entries and each 
record provides information on the structure, properties, 
and drug likeness of compounds. The SDF format files of 
ligands were downloaded from PubChem. The structures 
were checked and bond lengths, bond angles, and torsio-
nal angles were corrected if any. Finally, the structures of 
ligands were converted to PDBQT format, a format com-
patible with molecular docking.

2.3. Cavity detection on TLR2
Structure-based cavity detection on TLR2 was conduc-

ted using CB-Dock2 (http://cadd.labshare.cn/cb-dock2/.). 
CB-Dock is a protein-ligand docking method that auto-
matically identifies the binding sites, calculates the center 
and size, customizes the docking box size according to the 
query ligands and then performs the molecular docking 
with AutoDock Vina [33]. The TLR2 file in PDB format 
was uploaded to the CB-Dock 2 server. Parameters such 
as specifying the probe radius, cavity size, etc., were opted 
for cavity detection. 

2.4. Molecular docking
Docking calculations were carried out using Docking-

Server [34]. Gasteiger partial charges were added to the 
ligand atoms. Non-polar hydrogen atoms were merged, 
and rotatable bonds were defined. Docking calculations 
were carried out on alpha-amyrin:TLR2 model. Essential 

https://swissmodel.expasy.org/
http://cadd.labshare.cn/cb-dock2/
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10% FBS and 1% antibiotics.
2.8. Cell culture and cytotoxicity assay

HEK-293 cells were cultured in a 96-well microplate 
with 5,000 cells per well in 100 µL of DMEM medium. 
After a 24-hour incubation at 37°C with 5% humidity, 
cells were treated with various alpha-amyrin concentra-
tions (0 to 1 Mg) for 72 hours. The culture medium was 
replaced with 100 µL of fresh medium containing 0.5 mg/
mL MTT reagent for a 4-hour incubation. After aspira-
ting the MTT-containing medium, 100 µL of DMSO was 
added to dissolve formazan crystals through gentle agita-
tion for 10 minutes. Absorbance at 570 nm was measu-
red using a plate reader. Net absorbance was calculated 
by subtracting values from blank wells. Cell viability was 
determined by dividing net absorbance of test wells by that 
of control wells (untreated cells) and multiplying by 100. 
Additionally, a time-dependent cell viability assay (24, 48, 
and 72 hours) was conducted to assess the impact of IC50 
concentration of alpha-amyrin on HEK-293 cells.

2.9. In vitro inhibition assay
The TLR2 protein (Cat: 10061-H08B) with purity > 

85%, obtained from SinoBiological, China, was used in 
fluorescence binding studies with alpha-amyrin. A JASCO 
6300 spectrofluorometer equipped with a 1 cm quartz cell 
was employed. Fluorescence spectra were generated by 
exciting TLR2 at 280 nm and recording emission spectra 
from 300 to 500 nm. Excitation and emission slit widths 
were set at 10 mm, with a medium sensitivity response 
setting. The acquired fluorescence data for both the TLR2 
and the TLR2:alpha-amyrin complex were analysed to ex-
tract binding parameters. This analysis aimed to reveal the 
inhibitory effects of alpha-amyrin on TLR2.

2.10. mRNA expression and activity of TLR2 in alpha-
amyrin-treated HUVECS

HUVECs were treated with the IC50 concentration of 
alpha-amyrin for 48 hours. RNA was extracted using TRI-
zol™ Reagent (Ambion, Carlsbad, CA, USA), followed 
by cDNA synthesis with the Verso cDNA Synthesis Kit 
(Thermo Fisher Scientific, USA). Quantitative qRT-PCR 
using SYBR™ Green Master Mix (Thermo Fisher Scien-
tific, USA) on an Applied Biosystems RT-PCR System as-
sessed TLR2 expression, normalized to the housekeeping 
gene β-actin. The 2−ΔΔCT method calculated the relative 
fold change. Primers were adapted from Krivan et al. 2019. 
The primer sequences employed were as follows; TLR-2: 
forward 5'-TGGGCTGACTTCTCTCAATG-3' and re-
verse 5'-TTCATCGGTGAGCTGACTTC-3' (reverse) and 
β-actin: forward 5'-CCAGAATGAGGATCCCAGAA-3' 
and reverse 5'-ACCACCTGAAACATGCAACA-3'. Fur-
ther, TLR2 activity in HUVECs lysates was quantified us-
ing the Human TLR-2 ELISA Kit from Elabsciences fol-
lowing the protocol as described [37]. 

2.11. Statistical analysis
The data was analysed with the help of available tool 

SPSS (ver. 22). Cytotoxicity assay & mRNA expression 
was collective from three times different  experiments. 
The data is designed as mean ± SD. The t-test was used 
to match the mean values between the two groups. The 
p<0.05 was reflected statistically important.

hydrogen atoms, Kollman united atom type charges, and 
solvation parameters were added with the aid of Auto-
Dock tools [35]. Affinity (grid) maps of 40×40×40 Å (x, 
y, and z) grid points and 0.375 Å spacing were generated 
using the Autogrid program [35. AutoDock parameter set- 
and distance-dependent dielectric functions were used in 
the calculation of the van der Waals and the electrostatic 
terms, respectively. Docking simulations were performed 
using the Lamarckian genetic algorithm (LGA) and the 
Solis & Wets local search method [36. The initial position, 
orientation, and torsions of the ligand molecules were set 
randomly. All rotatable torsions were released during doc-
king. Each docking experiment was derived from 2 dif-
ferent runs that were set to terminate after a maximum of 
250000 energy evaluations. The population size was set to 
150. During the search, a translational step of 0.2 Å, and 
quaternion and torsion steps of 5 were applied.

Additionally, the protein-ligand complex was reduced 
using CB-Dock2 to validate the binding affinity of protein-
ligand complex [33].

2.5. Assessment of ADMET properties of alpha-amyrin
ADMET properties were assessed using pkCSM (Phar-

macokinetics and Chemistry of Small Molecules) online 
tool (https://biosig.unimelb.edu.au/pkcsm/). This tool 
predicts pharmacokinetic and toxicity properties of small 
molecules, including ADMET (Absorption, Distribution, 
Metabolism, Excretion, and Toxicity) properties. The lead 
molecule in SMILES format was uploaded to pkCSM on-
line tool to determine the ADMET properties.

2.6. Prediction of Activity Spectra for alpha-amyrin 
using PASS online and Swiss Target Prediction tool

In the realm of chemoinformatics and drug discovery, 
the prediction of activity spectra for ligand is an important 
step. Current study employed PASS online (http://www.
pharmaexpert.ru/passonline/) and Swiss Target Prediction 
tool (http://www.swisstargetprediction.ch/) to determine 
the biological activity spectrum associated with the lead 
molecule. PASS (Prediction of Activity Spectra for Subs-
tances) Online is a web-based platform that provides pre-
dictions for the biological and pharmacological activities 
of chemical compounds. It is a tool designed to assist re-
searchers in identifying potential activities and properties 
of small molecules. The predictions generated by PASS 
are based on the analysis of chemical structures and their 
relationships to known activities from a vast database. 
SwissTargetPrediction is a web-based tool developed to 
predict potential targets for small molecules or drugs. It is 
designed to facilitate the identification of proteins that may 
interact with a given compound. This information can be 
valuable in drug discovery and understanding the potential 
effects of a compound in biological systems. The SMILES 
notation of lead molecules was uploaded to PASS online 
and SwissTargetPrediction tool to determine the biological 
activity spectrum of lead molecules.

2.7. Preparation of test compound HEK-293 cell line
Alpha-amyrin (purity ≥98.0% HPLC) was acquired 

from Sigma, USA (CAS Number: 638-95-9) and dissolved 
in DMSO (Sigma, USA) to create a stock solution at 1 Mg/
mL concentration. The HEK-293 cell line, obtained from 
ATCC, was cultured in DMEM media supplemented with 

https://biosig.unimelb.edu.au/pkcsm/
http://www.pharmaexpert.ru/passonline/
http://www.pharmaexpert.ru/passonline/
http://www.swisstargetprediction.ch/
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3. Results
3.1 Protein structure homology modelling and prepa-
ration of TLR2

Figure 1A represents the high-resolution structure of 
TLR2 model downloaded from the Swiss-MODEL. Seq 
Identity and coverage for the model was 100%. The qua-
lity of the model was very good and quality assessment 
showed GMQE score of 0.89 and  QMEANDisCo Global 
score of 0.82 ± 0.07. GMQE and QMEANDisCo global 
give an overall model quality measurement between 0 and 
1, with higher numbers indicating higher expected quality. 
GMQE is coverage dependent, i.e. a model covering only 
half of the target sequence is unlikely to get a score above 
0.5. QMEANDisCo on the other hand evaluates the model 
'as is' without explicit coverage dependency. Graphical 
representation of QMEANDisCo local quality estimate is 
presented in Figure 1B.

3.2 Cavity detection on TLR2
The key findings regarding cavity detection of TLR2 

are presented in Table 1, representing the number of cavi-
ties identified in the target protein using CB-Dock2. Five 
major cavities (C1-C5) were detected. Detailed informa-
tion on the size, volume, or other relevant characteristics 
of the detected cavities is presented in Table 1. Cavity 1 
(C1) showed a maximum Cavity Size of X, Y, and Z (19, 
24, 18), and Cavity Volume (Å3) of 2395. Cavity 2 (C2) 
showed a Cavity Size of X, Y, and Z (8, 8, 3), and Cavity 
Volume (Å3) of 141. Cavity 3 (C3) showed a Cavity Size 
of X, Y, and Z (7, 7, 5), and Cavity Volume (Å3) of 114. 
Cavity 3 (C3) showed a Cavity Size of X, Y, and Z (5, 7, 
6), and Cavity Volume (Å3) of 113. Cavity 5 (C5) showed 
a maximum Cavity Size of X, Y, and Z (4, 5, 6), and Cavity 
Volume (Å3) of 65. Fig. 2a, 2b, 2c, 2d, and 2e represents 
the cavities C1, C2, C3, C4, and C5 of the TLR2, respec-
tively.

3.3. Molecular docking revealed alpha-amyrin as po-
tential inhibitor of TLR2

From the screening of ligands of NPACT database 
against TLR2, the ligand alpha-amyrin showed highest 
fitness of 99.98% and highest predicted binding affinity. 
The alpha-amyrin (Fig. 3a) was selected as the top hit and 
docked against the target protein TLR2. The molecular 
docking results of the TLR2: alpha-amyrin complex are 
visually represented in Fig. 3a-d. The docking analysis 
yielded affinity scores and docked poses, revealing that 
alpha-amyrin exhibited a notable binding affinity score 
of -8.6 kcal/mol with TLR2. Fig. 3b represents the car-
toon presentation of TLR2: alpha-amyrin complex. Fig. 3c 
presents the 2D plot represents the amino acid residues 
of TLR2 making different interactions with alpha-amyrin. 

Fig. 3d represents the surface view of TLR2:alpha-amyrin 
complex. The docking pose exhibited the successful dock-
ing of alpha-amyrin into the deep binding cavity of TLR2. 
Alpha-amyrin formed several polar, hydrophobic and oth-
er types of the interactions with TLR2 (Table 2). Further 
the interaction of alpha-amyrin with the amino acid resi-

Fig. 1. (A) High-resolution structure of TLR2 model downloaded 
from the Swiss MODEL. (B) The "Local Quality" plot shows, for each 
residue of the model (reported on the x-axis), the expected similarity 
to the native structure (y-axis). Typically, residues showing a score 
below 0.6 are expected to be of low quality.

Fig. 2. a-e represent the cavities C1, C2, C3, C4, and C5 of the TLR2, 
respectively.

CurPocket 
ID

Cavity 
volume (Å3)

Center 
(x, y, z)

Cavity size 
(x, y, z)

C1 2395 -2, 93, 23 19, 24, 18
C2 141 -14, 77, 17 8, 8, 3
C3 114 11, 97, 10 7, 7, 5
C4 113 -16, 95, 13 5, 7, 6
C5 65 14, 85, 16 4, 5, 6

Table 1. Detailed information on the size, volume, or other relevant characteristics of the detected cavities 
(C1-C5).
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dues of TLR2 was also confirmed by the HBPlot analysis 
of alpha-amyrin:TLR2 complex (Fig. 4).

3.4. ADMET predictions, PASS analysis, and SwissTar-
getPrediction 

ADMET predictions, PASS analysis, and  SwissTar-
getPrediction revealed that alpha-amyrin has drug-like 
properties. The outcomes of ADMET predictions are 
summarized in Table 3. ADMET assessments indicated 
that alpha-amyrin meets essential pharmacokinetic crite-
ria, positioning it as a promising candidate for therapeutic 
development targeting TLR2 inhibition against bacterial 
infections.

PASS Analysis results (Table 4) revealed favourable 
biological properties associated with alpha-amyrin, em-
phasizing its relevance in various significant biological 
processes.

SwissTargetPrediction analysis affirms and elaborates 

on the diverse biological properties linked to alpha-amy-
rin, as illustrated in Fig. 5.

3.5. Concentration-dependent cytotoxicity assay of al-
pha-amyrin and Time-dependent

The results of concentration-dependent cell toxicity 
assay are presented in Fig. 6a. This assay showed no signi-
ficant effect of alpha-amyrin on the viability of HEK-293 
cells. Further, the IC50 value for alpha-amyrin was found 
to be 93.14 µM. 

The results of time-dependent cell toxicity assay are 

Fig. 4. HBPlot of TLR2: alpha-amyrin complex representing interac-
tions.

Fig. 3. Structure of alpha-amyrin and molecular docking results of the 
TLR2:alpha-amyrin complex. (a) Structure of the ligand alpha-amy-
rin; (b) represents the cartoon presentation of TLR2: alpha-amyrin 
complex; © presents the 2D plot represents the amino acid residues of 
TLR2 making different interactions with alpha-amyrin; (d) represents 
the surface view of TLR2:alpha-amyrin complex.

Polar Hydrophobic Other
LYS119 (-0.1612) TRP77 (-5.5388) THR64 (-0.9336)

PHE87 (-3.6082) LYS63 (-0.8027)
ALA97 (-0.7267) LYS116 (-0.1581)
LEU99 (0.313) ASP91 (8.2765)
PHE66 (0.9478)
ILE120 (1.5257)
ILE58 (8.3317)

Table 2. Decomposed Interaction Energies in kcal/mol. Alpha-amyrin formed several polar, hydrophobic and 
other types of the interactions with TLR2

Fig. 5. SwissTargetPrediction analysis. This figure represents the as-
sociation of alpha-amyrin with different biological properties.
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presented in Fig. 6b. Results showed that the increasing 
exposure time (24 hrs, 48 hrs, and 72 hrs) of alpha-amyrin 
did not exert any significant effect on the viability of HEK-
293 cells.

3.6 Fluorescence-based inhibition assay and 
The fluorescence emission spectra of TLR2, acqui-

red at different alpha-amyrin concentrations spanning 
from 0 to 24 µM, are illustrated in Fig. 7. Examination 
of the data disclosed a consistent trend: with the eleva-
tion of alpha-amyrin concentration, a concurrent decline 
in the fluorescence emitted by TLR2 was observed. This 
empirical evidence strongly supports the assertion that 
alpha-amyrin functions as an inhibitor of TLR2, impeding 
its enzymatic activity. These findings unmistakably esta-
blish a pronounced reduction in the activity of TLR2 as 
a consequence of escalating alpha-amyrin concentrations, 
thereby underscoring its inhibitory potency on TLR2.

3.7 mRNA expression and activity of TLR2 in alpha-
amyrin-treated HUVECs

The findings regarding mRNA expression and TLR2 
activity are depicted in Fig. 8a & 8b, respectively. The 
results demonstrated a significant decrease in both mRNA 
expression (p < 0.01) and activity (p < 0.05) of TLR2 in 

Compound Structure      Pa Pi Activity

Alpha-amyrin

0,934 0,002 Insulin promoter
0,926 0,002 Hepatoprotectant
0,911 0,004 Apoptosis agonist
0,901 0,005 Antineoplastic
0,897 0,002 Transcription factor NF kappa B stimulant
0,897 0,002 Transcription factor stimulant
0,890 0,003 Chemopreventive
0,889 0,004 Antiinflammatory
0,885 0,003 Oxidoreductase inhibitor
0,878 0,003 Antiprotozoal (Leishmania)
0,876 0,003 Hepatic disorders treatment
0,864 0,004 Caspase 3 stimulant
0,865 0,007 Mucomembranous protector
0,851 0,005 Hypolipemic
0,840 0,003 Antiulcerative
0,839 0,005 Membrane integrity antagonist
0,835 0,002 Nitric oxide antagonist
0,826 0,019 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0,808 0,003 Lipid peroxidase inhibitor
0,809 0,017 Alkenylglycerophosphocholine hydrolase inhibitor
0,793 0,003 Antiviral (Influenza)
0,789 0,002 Caspase 8 stimulant
0,788 0,002 Antinociceptive
0,781 0,011 Alkylacetylglycerophosphatase inhibitor
0,773 0,004 Phosphatase inhibitor
0,772 0,003 Wound healing agent
0,782 0,015 Acylcarnitine hydrolase inhibitor
0,753 0,001 DNA ligase (ATP) inhibitor
0,755 0,006 Antisecretoric
0,731 0,004 Gastrin inhibitor
0,756 0,033 CYP2J substrate
0,716 0,005 Antineoplastic (lung cancer)

Table 4. PASS (Prediction of Activity Spectra for Substances) analysis of alpha-amyrin. Probability “to be active” was set at Pa>0,7.

Pa - Probability "to be active"; Pi - Probability "to be inactive”

Fig. 6. (a) Viability of HEK-293 treated cells with different concentra-
tions of alpha-amyrin (0 to1M) for 24 hrs. (b) Viability of HEK-293 
treated cells with IC50 concentration of alpha amyrin (93.14 µM) for 
24, 48, and 72 hrs. The data are presented as mean ± SD of three 
independent experiments. ANOVA was employed to compare the 
mean values. The p<0.05 was considered as statistically significant. 
ns; nonsignificant.
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HUVECs subjected to alpha-amyrin treatment compared 
to untreated cells. This observation signifies the inhibitory 
impact of alpha-amyrin on TLR2.

4. Discussion
Considering the role of TLR2 in bacterial infection and 

sepsis, there is ongoing research to develop therapeutics 
targeting TLR2. These may include TLR2 modulators or 
inhibitors to regulate the immune response and prevent ex-
cessive inflammation [8]. However, it's important to note 
that the modulation of TLR2 should be carefully balanced, 
as an overly suppressed immune response could compro-
mise the ability to fight off infections. TLR2 is a crucial 
component of the immune system, playing a pivotal role in 
the recognition of bacterial pathogens [18]. Its activation 
contributes to the initiation of immune responses against 
infections, but dysregulated TLR2 activation can be im-
plicated in the pathogenesis of sepsis [38]. Understanding 
these mechanisms holds potential for the development of 
targeted therapeutics for bacterial infections and sepsis.

This study employed a comprehensive approach inte-
grating protein homology modelling, molecular docking, 
and experimental validation of alpha-amyrin as a potent 
inhibitor of TLR2. This integrative analysis provides a 
comprehensive understanding of the inhibitory effects of 
alpha-amyrin on TLR2, highlighting its potential as a ther-

apeutic candidate against bacterial infections. The study 
begins with the generation of a high-resolution TLR2 
model using Swiss-MODEL. SWISS-MODEL is exten-
sively used to predict the three-dimensional structures of 
proteins for which experimental structures are not avail-
able. It is a powerful tool in structural bioinformatics, pro-
viding researchers with a reliable and automated platform 
for predicting protein structures [24, 25, 27]. Its applica-
tions range from fundamental research to practical appli-
cations in drug discovery and protein engineering [26, 39, 
40]. The model of TLR2 exhibited high quality with a Seq 
Identity and coverage of 100%, GMQE score of 0.89, and 
QMEANDisCo Global score of 0.82 ± 0.07. The model's 
coverage-dependent and coverage-independent assess-
ments ensure its reliability. Cavity detection revealed 
five major cavities in TLR2. Further, the study predicted 
alpha-amyrin as a potential inhibitor of TLR2 based on 
its high fitness and predicted binding affinity. Cavity 1 on 
the TLR2 was targeted for molecular docking with alpha-
amyrin. Molecular docking is a computational technique 
integral to drug design, facilitating the exploration of in-
teractions between small molecules and target proteins 
[31]. It predicts the binding orientation and affinity of a 
ligand within a protein's active site, aiding in the identifi-
cation of potential drug candidates (Chen et al., 2023). By 
simulating and analyzing molecular interactions, docking 
guides the rational design of pharmaceuticals, optimizing 
their efficacy and specificity [30]. This approach acceler-
ates drug discovery by narrowing down the pool of com-
pounds for experimental validation, ultimately fostering 
the development of novel and targeted therapeutic agents 
for various diseases [41]. In this study, molecular docking 
revealed a strong binding affinity score of -8.6 kcal/mol, 
indicating a robust interaction between alpha-amyrin and 
TLR2. This indicates that alpha-amyrin is a potent inhibi-
tor of TLR2. The docking poses and interactions showed 
alpha-amyrin's successful docking into the deep binding 
cavity of TLR2, forming various polar and hydrophobic 
interactions.

Molecular docking aids in predicting binding affinities, 
guiding the selection of lead compounds with favorable 
drug-like characteristics. Evaluating drug-like properties 
and biological activity spectrum of predicted inhibitor 
molecules is a pivotal step in drug discovery [42]. Prop-
erties such as absorption, distribution, metabolism, ex-
cretion, and toxicity are crucial determinants of a drug's 
efficacy and safety [43]. In the current study, analysis of 
alpha-amyrin's drug-like properties involves ADMET 
predictions, PASS analysis, and SwissTargetPrediction. 
Results indicate that alpha-amyrin possesses favorable 
pharmacokinetic characteristics, making it a promising 
therapeutic candidate for TLR2 inhibition against bacte-
rial infections. PASS and SwissTargetPrediction analyses 
highlight additional biological properties associated with 
alpha-amyrin, further supporting its potential as a multi-
faceted therapeutic agent.

Cytotoxicity assays play a vital role in screening and 
identifying inhibitor molecules for drug development [44]. 
These assays assess the toxicity of potential inhibitors on 
living cells, providing crucial insights into their safety pro-
files [45]. By gauging the impact on cell viability and func-
tion, researchers can eliminate cytotoxic compounds early 
in the screening process. This contributes to the selection 
of lead molecules with optimal therapeutic potential and 

Fig. 7. Fluorescence emission spectra for both native TLR2 and TLR2 
treated with varying concentrations of alpha-amyrin IC50, half of IC50, 
and double of the IC50). An effective concentration of 93.14 µM was 
identified for inhibiting TLR2 activity.

Fig. 8. Effect of IC50 dose of alpha-amyrin on the mRNA ex-
pression (a) and activity (b) of TLR2 in HUVECs. * p<0.05, 
**p<0.01.
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minimal harm to normal cells. Cytotoxicity assays thus en-
hance the efficiency of drug discovery, ensuring that can-
didate inhibitors progress with a higher likelihood of suc-
cessful development and reduced risks of adverse effects 
in subsequent stages. In this study, concentration-depen-
dent and time-dependent cytotoxicity assays on HEK-293 
cells demonstrate that alpha-amyrin exhibits no significant 
cytotoxic effects within the tested concentration range (up 
to 93.14 µM) and exposure times (24, 48, and 72 hours). 
These findings suggest that alpha-amyrin holds promise 
as a safe therapeutic agent.  Fluorescence-based inhibition 
assays are invaluable in screening and identifying inhibi-
tor molecules during drug discovery [46]. These assays 
exploit changes in fluorescent signals to detect alterations 
in enzymatic or molecular activity upon inhibitor binding 
[47, 48, 49, 50]. The method provides real-time, sensitive, 
and high-throughput analysis, enabling rapid identification 
of potential inhibitors. The fluorescence-based inhibition 
assay provided empirical evidence of alpha-amyrin's in-
hibitory potency on TLR2. The gradual decline in TLR2 
fluorescence with increasing alpha-amyrin concentration 
strongly supports its role as an inhibitor, hindering TLR2 
enzymatic activity. By measuring fluorescence changes, 
we gained insights into the inhibitory potency and speci-
ficity of alpha-amyrin. The study extends to human um-
bilical vein endothelial cells (HUVECs) to evaluate the 
impact of alpha-amyrin on TLR2 at the molecular level. 
Both mRNA expression and activity of TLR2 showed a 
significant decrease in alpha-amyrin-treated HUVECs 
compared to untreated cells. This observation underscores 
the inhibitory influence of alpha-amyrin on TLR2 and its 
potential therapeutic relevance in modulating immune 
responses. Taken together, this comprehensive analysis 
positions alpha-amyrin as a promising multifaceted thera-
peutic agent against bacterial infections, emphasizing its 
potential for further drug development.

5. Conclusion
Targeting TLR2 emerges as a promising avenue for 

bacterial infection and sepsis therapeutics. This study elu-
cidates the inhibitory potential of alpha-amyrin on TLR2 
through a rigorous combination of computational model-
ing, molecular docking, and experimental validations. The 
multifaceted approach employed in this research not only 
indicates alpha-amyrin as a predicted promising TLR2 in-
hibitor but also provides valuable insights into its safety 
profile and potential therapeutic applications. Further 
exploration of alpha-amyrin as a novel therapeutic agent 
against bacterial infections, leveraging its inhibitory ef-
fects on TLR2, warrants additional investigations. In con-
clusion, this study paves the way for developing small 
molecule inhibitors against TLR2, offering a multifaceted 
approach to combat bacterial infections and sepsis, with 
implications for future clinical applications.
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