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Background: The widespread use of antibiotics to combat bacterial infections 

has led to the alarming rise of antibiotic resistance and the development of 

biofilms, both of which exacerbate disease severity and mortality rates. Biofilms, 

structured communities of bacteria, rely heavily on quorum sensing (QS)—a 

communication system that bacteria use to regulate collective behavior. This 

process is mediated by chemical signaling molecules known as autoinducers. 

Interrupting the production of these molecules, specifically by targeting key 

enzymes like acyl-homoserine lactone synthase (AHL synthase), could 

significantly boost antibiotic effectiveness and inhibit biofilm development. In 

this context, aromadendrin, a type of flavanonol in the flavonoid family, known 

for its wide-ranging medicinal benefits, is investigated for its capacity to inhibit 

AHL synthase activity.  

Methods: To evaluate the interaction and binding affinity of aromadendrin with 

AHL synthase, molecular docking techniques were performed using AutoDock 

4.2.2 software. Molecular dynamics (MD) simulations were employed utilizing 

the AMBER99SB force field and were executed within the GROMACS 2019.6 

platform. The study performed in Ghalib Bioinformatics Center, Kabul. 

Afghianitan in 2024. 

Results: The results from molecular docking and MD simulations demonstrated 

strong hydrogen bonding and van der Waals interactions with binding energy of 

-6.78 (KCal/mol) between aromadendrin and AHL synthase. These interactions 

highlight aromadendrin's potential as a promising inhibitor analog targeting AHL 

synthase.  

Conclusion: By impeding bacterial communication pathways, aromadendrin can 

potentially diminish biofilm formation and enhance antibiotics' therapeutic 

impact, offering a novel and valuable approach to addressing antibiotic resistance 

and bacterial resilience. 

 
Keywords: Acyl-homoserine lactones synthase, Aromadendrin, Molecular 

docking, Molecular dynamic simulation 

 

Introduction 
 

Bacteria use signaling molecules to sense 

their population density, modify gene 

expression, and respond to their environment, 

a process known as quorum sensing (QS) (1). 

QS functions as a bacterial communication 

system that coordinates cell behavior across 

a population in response to environmental 

changes through the creation and detection of 
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diffusible signal molecules (2). The core QS 

system consists of three main components: 

the signal synthase, the signal receptor, and 

the signal molecules (3). QS target genes 

include those that encode the proteins 

responsible for signal production, 

establishing an auto-inductive feedback loop 

to control signal molecule synthesis (4). This 

mechanism governs a range of bacterial 

activities, such as the production of virulence 

factors, secondary metabolites, biofilm 

formation, movement, and bioluminescence 

(5). Through complex regulatory networks, 

bacteria can activate specific genes based on 

their population size, facilitating 

synchronized group behavior (6). Different 

types of QS signal molecules are produced by 

bacteria. Gram-negative bacteria primarily 

produce N-acyl-homoserine lactones (AHLs), 

while Gram-positive bacteria use small linear 

peptides (e.g., ComX in Bacillus subtilis) or 

circular peptides (e.g., auto-inducing 

peptides AIP in Staphylococcus aureus) as 

signaling molecules that bind to receptors in 

a two-component system (7, 8).  

Interest in quorum sensing mediated by acyl 

homoserine lactones (acyl-HSL) and the 

formation of bacterial biofilms has greatly 

increased in recent years (9). Quorum sensing 

controls the expression of virulence factors in 

various organisms, including Pseudomonas 

aeruginosa, a pathogen associated with 

cystic fibrosis (10). The formation of 

biofilms by P. aeruginosa poses a significant 

clinical challenge due to the high level of 

antibiotic resistance displayed by bacteria 

within these biofilms (11). The development 

of a mature P. aeruginosa biofilm depends on 

the production of the quorum sensing signal 

3-oxo-dodecanoyl HSL (3OC12-HSL), 

demonstrating the importance of quorum 

sensing for biofilm development (12). 

Biofilm formation and quorum sensing have 

also been noted in Burkholderia cepacia 

complex (BCC) organisms, which can be 

problematic due to their potential high 

virulence and easy transmissibility among 

cystic fibrosis patients (13). Treating these 

infections is further complicated by the 

substantial antibiotic resistance exhibited by 

BCC organisms, which can be amplified 

when they form biofilms (13).  

One of the major challenges of biofilms is 

their role in enhancing antibiotic resistance 

(14). Bacteria within biofilms show different 

growth rates and gene expression, resulting in 

increased resistance to antibiotics compared 

to free-floating (planktonic) bacteria (15). 

This resistance is multifactorial, involving 

physical barriers formed by the extracellular 

polymeric substance (EPS) matrix, modified 

microenvironments within the biofilm, and 

the presence of persistent cells that can 

endure antibiotic treatment (15). Biofilm 

formation is a complex process where 

microorganisms adhere to surfaces and create 

an EPS matrix (16). This matrix serves to 

protect the bacterial community and supports 

its growth and survival in diverse conditions 

(17). Biofilms are found in many 

environments, including medical devices, 

living tissues, water systems, and industrial 

surfaces (18). They are associated with 

numerous diseases, such as Cystic Fibrosis: 

Caused by P. aeruginosa (19), Otitis Media: 

Linked to Haemophilus influenza (20), 

Periodontitis: Involving Porphyromonas 

gingivalis and Fusobacterium nucleatum 

(21), Infective Endocarditis: Associated with 

S. aureus, viridans streptococci, and 

Enterococcus faecalis (22), Chronic Wounds: 

Often involving P. aeruginosa (23), 

Osteomyelitis: Also associated with P. 

aeruginosa (24), among others. These 

conditions underscore the critical role that 

biofilms play in chronic and persistent 

infections, making them difficult to treat (25). 

Aromadendrin is a flavonoid compound or 

flavonoid glycoside, characterized by a 

flavonoid backbone connected to a sugar 

molecule, with a molecular formula of 

C15H14O7 (26). It belongs to the flavanol 
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category and is found in various plant species, 

particularly within the Cupressaceae and 

Lauraceae families (27). This compound has 

gained attention in both traditional medicine 

and scientific research due to its potential 

health-promoting properties. The main health 

benefits of aromadendrin include its powerful 

antioxidant properties, which help neutralize 

free radicals and protect cells from oxidative 

stress—a factor associated with aging and 

numerous diseases (28). Additionally, 

aromadendrin has notable anti-inflammatory 

effects, as it can reduce inflammation by 

inhibiting inflammatory pathways and 

regulating pro-inflammatory cytokines (26). 

It also supports cardiovascular health (29). 

Aromadendrin’s antimicrobial properties 

make it effective against certain candidiasis 

(30). Moreover, it offers neuroprotective 

benefits, supporting cognitive function and 

possibly aiding in the prevention of 

neurodegenerative diseases like Alzheimer’s 

and Parkinson’s by protecting neuronal cells 

(31).  

Molecular docking and MD simulations are 

computational methods in drug discovery and 

molecular biology, used to explore molecular 

interactions and dynamics (32). Molecular 

docking predicts the optimal orientation of a 

ligand when binding to a protein, allowing 

researchers to assess the interaction’s 

strength and characteristics (32). In this study, 

these techniques were employed to 

investigate aromadendrin’s inhibitory effects 

on AHLs synthase, aiming to interfere with 

quorum sensing. 

 

Materials and Methods 
 

Ligand and target Protein preparation 

The ligands used in this study were obtained 

from the PubChem database with a CID of 

122850 (32). The chemical structures were 

downloaded in SDF and converted to pdb 

format using Obabel software (33). The 

target protein structure was obtained from the 

Protein Data Bank (PDB) with PDB ID (1kzf) 

(34). 

 

Molecular Docking 

The interaction between Aromadendrin and 

AHLs synthase was investigated through a 

detailed molecular docking analysis, which 

was conducted at the Ghalib Bioinformatics 

Center, Kabul, Afghanistan in 2024, using 

the AutoDock 4.2.2 software package (35). 

To ensure a thorough exploration of the 

docking process, flexibility was maintained 

by allowing the torsion angles of the 

Aromadendrin molecules to rotate freely 

during the simulations. This approach 

enables the ligand to adopt various 

conformations, potentially enhancing the 

accuracy of the predicted binding 

interactions. The preparation of the AHLs 

synthase involved the addition of polar 

hydrogens, which was accomplished using 

the Hydrogen module in the AutoDock Tools 

(ADT). This step is crucial as it helps in 

accurately representing the protein's 

environment and facilitates better interaction 

modeling with the ligand. Following this 

preparation, the energy of the enzyme was 

minimized using GROMACS 2019.6 

software, specifically employing the 

AMBER99SB force field (36). This energy 

minimization step ensures that the protein 

structure is in a stable conformation before 

docking, thus improving the reliability of the 

docking results. For the docking procedure, 

specific parameters were set that utilized an 

empirical free energy function alongside the 

Lamarckian genetic algorithm. The docking 

process was configured to allow for up to 25 

million energy evaluations, which provides a 

comprehensive search of the conformational 

space. Additionally, a starting population of 

300 individuals was randomly initialized to 

enhance the genetic algorithm's effectiveness 

in exploring potential binding configurations. 

This finely tuned grid allows for precise 

localization of binding sites on the AHLs 
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synthase. After conducting the docking 

simulations, the most favorable docked 

positions were selected based on the lowest 

binding energy, which was indicative of the 

most stable interactions within a highly 

clustered population of conformations. These 

selected positions, reflecting the most 

energetically favorable interactions, were 

subsequently utilized for further MD 

simulations, allowing for an in-depth analysis 

of the dynamic behavior and stability of the 

Aromadendrin-AHLs synthase complex over 

time. 

 

Molecular Dynamics Simulation 

MD simulations were performed using the 

GROMACS 2019.6 software package in 

conjunction with the AMBER99SB force 

field (36). To ensure the system was 

electrically neutral, chloride (Cl⁻) and 

Sodium (Na⁺) counter ions were incorporated 

to replace water molecules in the simulation 

setup. To obtain the necessary parameters for 

Aromadendrin, the ACPYPE tool, which is 

based on Python, was utilized (37). This tool 

facilitates the derivation of topological data 

for small molecules, enhancing the accuracy 

of the simulations. The initial phase of the 

simulation consisted of a 1 nanosecond (ns) 

run under NVT ensemble conditions, 

maintained at a temperature of 310 K and a 

pressure of 1 bar. Following this preliminary 

phase, a more extensive MD simulation 

lasting 300 ns was conducted, utilizing a time 

step of 2 femtoseconds (fs). Systematic 

analysis of the MD simulations involved 

generating graphical representations for key 

metrics such as root mean square deviation 

(RMSD), which measures the structural 

stability of the complex, and root mean 

square fluctuation (RMSF), which reflects 

the flexibility of specific residues. 

Additionally, the radius of gyration (Rg) was 

assessed to evaluate the compactness of the 

protein-ligand complex, while the solvent-

accessible surface area (SASA) offered 

insights into the exposure of the complex to 

the solvent environment. Furthermore, the 

analysis included an examination of 

hydrogen bond interactions, which play a 

crucial role in stabilizing the binding of 

Aromadendrin to the 1KZF protein. 

 

Results 
 

Molecular docking 

Table 1 details the binding energies and 

inhibition constants for the interaction 

between Aromadendrin and AHLs synthase. 

The results for the 1KZF-Aromadendrin 

system indicate a favorable binding energy, 

demonstrating a strong affinity between 

Aromadendrin and the enzyme which 

suggests that Aromadendrin has potential as 

an inhibitor of AHLs synthase. Molecular 

docking studies of the enzyme/ligand system 

show that Aromadendrin is correctly 

positioned within the active site of the 1KZF 

enzyme. Figure 1 illustrates the interactions 

between Aromadendrin and the key residues 

within the active site of 1KZF, which include 

Trp34, Tyr54, Tyr9, Leu12, Ser44, Asp48, 

Met42, Val67, Ser66, Arg68, and Arg100. 

The hydroxyl group of the ligand forms two 

hydrogen bonds with the carboxyl atoms of 

Ser44, a hydrogen bond with the carboxyl 

group of Glu43, and additional bonds with 

the carboxyl and amine group of Arg100. 

Based on these observations, the 1KZF-

Aromadendrin complexes were selected for 

MD simulations to create more precise 

models of the ligand-receptor interactions 

under conditions that mimic the natural 

biological environment.
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Table 1: The obtained docking results, binding energies and inhibition constants predicted by AutoDock 

program. 

 

System ΔG binding (KCal/mol) Ki (µM) 

AHLs 

synthase/Aromadendrin  

-6.78 10.73 

 

 
Figure 1: The best docking pose and molecular interactions of the Aromadendrin and the residues of the 

AHLs synthase. Figures provided by VMD1.9.3 and Ligplot+ programs. 

 

Molecular dynamic simulation  

RMSD  

The RMSD analysis depicts the 

conformational changes within simulation 

time. Figure 2 shows the RMSD for the free 

enzyme and complex with aromadendrin. 

Importantly, the free AHLs synthase enzyme 

and Complex system, both stabilize around 

the 220 ns. The conformational instability of 

AHLs synthase is seen to be diminished in 

presence of aromadendrin, indicating that the 

complex form has more structural stability 

than AHLs synthase enzyme. Table 2 

representing the average MD parameters for 

the last 30 ns, purposing that binding of 

aromadendrin to AHLs synthase causes the 

average RMSD to decline from 0.338±0.055 

nm in its free state to 0.313±0.03 nm when 

complexed, indicating that the 

aromadendrin/1KZF complex has more 

structural stability than free 1kzf enzyme. 

 
Table 2: The average and standard deviations of RMSD, Rg, RMSF and SASA for free and complex 

enzyme during the last 30ns. 

 

System  Mean RMSD 

(nm) 

Mean Rg 

(nm) 

Mean RMSF 

(nm) 

Mean SASA 

(nm²) 

1KZF 0.338±0.055 1. 766±0. 015 0. 129±0.079 117.231±2.635 

1KZF/Aromadendrin  0.313±0.034 1. 709±0. 015 0.115±0. 048 112.691±2.892 
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Figure 2: RMSD plots of free and bound enzyme as a function of time. 

 

Analysis of the RMSF 

The RMSF analysis, a computational method, 

explains the average deviation of residue. 

Figure 3 showing the RMSF values for both 

free enzyme and when it is complexed with 

aromadendrin. The residual fluctuations of 

AHLs synthase are seen to be diminished in 

conjugation with aromadendrin, indicating 

that the complex system has more structural 

stability than AHLs synthase enzyme. 

Additionally, the residues of AHLs synthase 

show a minimum RMSF value of 0.08 nm in 

all complexes, with a maximum reaching 

0.78 nm. Importantly, as per the data in Table 

2, the average RMSF value reduced when 

aromadendrin is present, from 0.129±0.079 

nm in its free state to 0.115±0.048 nm in 

presence of aromadendrin, indicating that the 

AHLs synthase enzyme’s complexed with 

aromadendrin has more structural stability, 

structural integrity and less conformational 

deviation of its residue than free form of AHL 

synthase.

 

 
 

Figure 3: RMSF plots of free and bound enzyme. 
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Analysis of the radius of gyration (Rg)  

The Rg analysis explaining the structural and 

conformational compactness of free and 

complex systems during simulation time. 

Figure 4 is displaying the Rg of the free 

1KZF and 1KZF-Aromadendrin complexes.  

 

 
 

Figure 4: RG plots of free and bound enzyme as a function of time. 

 

 

According to this plot, the AHLs synthase 

enzyme reaches equilibrium around 230 ns 

for free and complexed systems. The 3rd 

structure of 1KZF undergoes compression 

due to binding of aromadendrin, a changed 

from 1.83 to 1.68 nm in whole 300 ns 

simulation time, comparing the graph 

generated in RG of free and complex system 

respectively. In Table 2, Rg value throughout 

decreases from 1.766±0.015 to 1.709±0.015 

in presence of aromadendrin respectively. 

This major changes in the average Rg of 

AHLs synthase in presence of aromadendrin 

binding offering that the enzyme’s structure 

is highly condensed and its structural 

compactness is enhanced when 

aromadendrin attach to 1KZF. 

 

Analysis of the SASA  

SASA analysis allows us to understand the 

surface area of a biomolecule that is 

accessible to a solvent during the simulation 

time. Figure 5 represents SASA plot for free 

and complex form systems. According to this 

plot, the average SASA for the enzyme has 

diminished, in the presence of aromadendrin 

because aromadendrin replaces the previous 

solvent that existed and is contacted in the 

active site of AHLs synthase. The average 

SASA value show decreases when 

aromadendrin binds to AHLs synthase 

surface from 117.231±2.635 free form to 

112.691±2.892 complex form respectively, 

transferring this idea that interaction of 

aromadendrin with AHLs synthase reduces 

the interaction of water molecules to the 

surface of the enzyme (Table 2). In addition, 

a decrease in the SASA average is also due to 

an increase in structural compactness (Rg). 

As the structural compactness of the enzyme 

is enhanced in the presence of aromadendrin, 

the surface area of the enzyme is shortened 

for accessible solvent.
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Figure 5: SASA plots of free and bound enzyme as a function of time. 

 

 

Snapshots analysis 

To examine the dynamic interaction between 

aromadendrin and the AHLs synthase 

enzyme, a snapshot analysis was conducted 

over a 300 ns simulation. This analysis 

captured positional changes of the ligand at 

60 ns intervals, offering a detailed view of its 

binding behavior. As shown in Figure 6, 

Aromadendrin demonstrated less localization 

within the active site, remaining firmly stable 

without migrating or translocating to other 

regions of the enzyme surface except for 0 ns 

and 300 ns. Interestingly, while the ligand's 

position remained stable in a while, 

Aromadendrin displayed adaptive 

conformational changes to optimize its 

interactions. These adjustments facilitated 

the maintenance of hydrogen bonds with key 

amino acid residues in AHLs synthase, 

highlighting its strong binding affinity and 

flexibility.  

 

 
Figure 6: Snapshots plots of the AHLs synthase-Aromadendrin complex generated by VMD software. 



 Omari S, et al.    Afghanistan Journal of Basic Medical Sciences. 2025 Jan 2(1):44-56.                                         52  

 

 

Analysis of Hydrogen bonds  

In MD simulations and docking study, 

investigating the H-bond analysis is essential 

for understanding molecular interactions, 

mainly the hydrogen interaction of 

Enzyme/Ligand, Enzyme/Enzyme and 

Enzyme/solvent. Figure 7 presents the 

hydrogen bonds between aromadendrin and 

the AHLs synthase. Maximum number of 

hydrogen bond generated between 

aromadendrin and AHL synthase were 5, in 

which implying the structural stability 

complexes. Figures 8 and 9 exhibiting the 

hydrogen bonding of Enzyme-Enzyme and 

Enzyme-Solvent for both the free and 

complex system during the simulation. 

According to plot 8, binding of aromadendrin 

to Enzyme lead to a mild elevation in 

Enzyme/Enzyme H-bond in graphic diagram, 

that is due to maintaining H-bond between 

complexes as interactions formed. Moreover, 

the binding of aromadendrin triggered to 

decrease the Enzyme-solvent H-bond that is 

due to replacement of solvent H-bond to 

Ligand/Enzyme H-bond, exhibited in Plot 9. 

Table 3 displaying average H-bond count. 

This table stating the raised average of 

Enzyme/Enzyme H-bond from free state 

159.834±7.922 nm to 165.294±6.863 bound 

state, whereas there's a reduction in 

Enzyme/Solvent H-bond in presence of 

aromadendrin, a shift from 439.339±13.916 

free state to 421.380±14.975 complex form 

correspondingly. That is clear that by binding 

of aromadendrin to enzyme, the number of 

enzyme’s hydrogen bond increases however 

in other site ligand replaced the 

enzyme\solvent hydrogen bonds which leads 

to decrease in average of enzyme\solvent h-

bond. In addition, SASA analysis which its 

interpretation explained previously, also 

decreased in presence of aromadendrin 

verifying above statement, that aromadendrin 

leads to diminish in intermolecular 

interaction and solvent accessible surface 

area for enzyme.

 
Table 3: The average and standard deviations of intra molecular enzyme and enzyme-solvent hydrogen 

bonds during last 30 ns 

 

System Enzyme-Enzyme Enzyme-Solvent 

Free 1KZF 159. 834±7.922 439.339±13.916 

1KZF/Aromadendrin  165.294±6.863 421.380±14.975 

 

 
 

Figure 7: Time dependence of the number of hydrogen bonds between Aromadendrin and enzyme during 

the simulation time. 
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Figure 8: Enzyme - Enzyme hydrogen-bond plots of free and bound enzyme as a function of time. 

 

 
Figure 9: Enzyme-Solvent hydrogen bond plots of free and bound enzyme as a function of time. 

 

Discussion 
 

Utilizing both molecular docking and 

molecular dynamics simulations, this 

research explored the binding affinity, 

stability, and interaction mechanisms of 

taxifolin with AHL synthase, offering new 

insights into its inhibitory properties. 

The MD findings indicated that taxifolin had 

a strong binding affinity for the active site of 

AHL synthase. This study underscores 

taxifolin's potential as an effective inhibitor 

of acyl-homoserine lactone (AHL) synthase. 

The results are consistent with earlier studies 

on flavonoids as quorum sensing inhibitors, 

like afzelechin, which showed comparable 

binding energies and interaction patterns (38, 

39) . Nevertheless, taxifolin's greater 

structural stability offers a unique advantage, 
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suggesting its superior potential as an 

inhibitor.  

Luteolin acts as a quorum sensing (QS) 

inhibitor owing to its strong affinity for the 

LasR regulator protein (40). Likewise, 

research conducted in 2019 found that plant-

derived flavonoids such as quercetin and 

ellagitannins serve as anti-QS agents by 

targeting LuxI-type AHL synthases and 

LuxR-type receptor proteins (41). Additional 

investigations on inhibitors of AHL synthase 

from Acinetobacter baumannii (strain AYE) 

proposed compounds like Z815888654, 

Z2416029019, and Z3766992625 as 

promising inhibitors, along with Droperidol 

and Cipargamin, which also showed potential 

for inhibiting the enzyme's binding site (42, 

43). Taxifolin's ability to hinder AHL 

synthase activity presents a significant 

opportunity for tackling bacterial resistance 

and infections associated with biofilms.  

By disrupting quorum sensing, taxifolin 

could enhance the effectiveness of antibiotics 

and reduce biofilm development—an 

ongoing issue in medical settings. However, 

it is important to recognize the limitations of 

this study. The simulations were conducted 

under simplified in silico conditions, which 

might not adequately reflect the complexities 

of real biological environments. Future 

studies should aim to validate these results 

through in vitro and in vivo experiments to 

verify taxifolin's inhibitory effects and 

investigate its wider applications in fighting 

bacterial resistance. 

 

Conclusion 
 

Molecular docking and MD simulation 

applied to understand the inhibitory action of 

aromadendrin with AHLs synthase. Docking 

performed by 300 population size and 

simulations performed in 300 ns. Outputs 

from the molecular docking analysis 

unveiling favorable interactions of AHL 

synthase with aromadendrin in binding 

energy of -6.78 KCal/mol and constant 

inhibition of 10.73 µM. RMSD stating the 

stabilization of the AHL synthase in presence 

of aromadendrin. Rg plots showing the 

binding of aromadendrin to AHL synthase 

leading to increasing the structural 

compactness and condensation of AHL 

synthase 3rd structures. RMSF stating 

reduction in residue fluctuation of AHL 

synthase in presence of aromadendrin. SASA 

conferring a decline in solvent accessible 

surface area for AHL synthase in presence of 

aromadendrin. The hydrogen bonds 

generated between aromadendrin and the 

enzyme show the stability of complexes 

throughout the simulation time. 

By analyzing the molecular interaction of 

aromadendrin with AHL synthase throughout 

computational technique, we find this that 

aromadendrin has potential inhibitory effect 

on AHL synthase, in which it can aid in 

designing new therapeutic agent against 

bacteria related with Qurom sensing and 

overall preventing chronic diseases by 

inhibiting biofilm formation.  
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