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ABSTRACT

	 Quorum sensing  is the way bacterial cells communicate can trigger or regulate pathogenicity 
in Pseudomonas aeruginosa. Targeting the quorum sensing system with the help of docking algorithms 
can reduce the cost and time to screen for potential anti-quorum sensing drugs. Ayapana triplinervis, 
an ethnobotanical from the Philippines is a potential source of bioactive compounds to inhibit quorum 
sensing. This study shows potential compounds present in Ayapana triplinervis that could disrupt the 
quorum sensing system in Pseudomonas aeruginosa with the use of molecular docking simulations. 
Selection and identification of bioactive compounds found in Ayapana triplinervis was based from 
previous metabolite screening reports. This study utilizes virtual screening in order to identify which 
among the compounds to be the potent quorum sensing inhibitor. The molecular structures of the thirty-
one identified bioactive compounds were obtained from PubChem (nih.gov) in SDF file. These molecular 
structures of the compounds from Ayapana triplinervis served as the ligands and docked to the active 
site of the PqsR, PqsD, and LasR of the Pseudomonas aeruginosa using Autodock Vina algorithms. 
The bioactive compounds were virtually screened using Autodock Vina to determine the binding affinity 
of each compounds to the active site of PqsR, PqsD, and LasR. Compounds with a low binding affinity 
has a potential to be developed as anti-quorum agent to Pseudomonas aeruginosa. Results showed 
that out of the 31 compounds, caryophyllene, trans-nerolidol, 2-(Isobutyryloxy)-Thymol methyl ether, 
β-elemene and cyperadiene have successfully inhibited the PqsR, PqsD, and LasR based from the 
computed binding affinity. 2-(Isobutyryloxy)-Thymol methyl ether formed hydrogen bond in the active 
site of all the proteins related governing the quorum sensing process of Pseudomonas aeruginosa, 
making the compound a candidate drug to disrupt the signaling pathway of the system.
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Molecular Docking, Autodock Vina.

INTRODUCTION

	 The world annual death toll due to the 
development of antibiotic resistance in bacteria 

is estimated to have reached 700 000, and it is 
expected that it would upsurge to 10 million deaths 
annually by 20501. Due to mismanagement and 
abuse in the prevailing antibiotics in animals, humans 
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and plants, there is an emerging development of 
antimicrobial resistant pathogenic strains of bacteria2. 
Besides, Durao et al.,3 reported that the conventional 
antibiotics target bacteria's vital processes leading 
to development arrest, creating a selective pressure 
leading to more multi-drug resistant modifications. 
In future, the issue with antibiotic resistance will be 
a problem in the health sector based on the World 
Bank's assessment and will cause a decrease in the 
gross domestic manufacture in 2050 that would be 
analogous to the global economic devastation last 
2008-20094.

	 Pseudomonas aeruginosa, a ubiquitous, 
opportunistic Gram-negative bacterium5 is capable 
of forming biofilms on number of living and non-
living surfaces. It can form biofilms in the airways 
of individuals affected by cystic fibrosis (CF)6,7. 
To control this microbial assault, CF individuals 
are treated with high-dose antibiotic therapies.  
P. aeruginosa can exploit the altered environment 
within the CF lung to become the dominant infecting 
agent in CF adolescents and adults8. Over time, 
colonizing P. aeruginosa transition from a highly 
virulent lifestyle to a less cytotoxic, biofilm mode 
of growth, characterized by overproduction of the 
exopolysaccharide alginate. This state is often 
described as mucoidy9.

	 Pseudomonas aeruginosa uses three 
different quorum sensing apparatus including 
LuxI/R-type systems (LasI/R and RhlI/R) and 
PQS (Pseudomonas quinolone signal). LasR is an 
important regulator for the expression of genes like 
aprA, lasA, and toxA that control virulence factor 
expression10. On the other hand, Pseudomonas 
quinolone signal (PQS) system, also regulates 
quorum sensing through PqsR by promoting the 
transcription of genes involved in the quorum sensing 
process11.

	 Considering the threats that the quorum 
sensing imposes to the society, there is a need in 
finding a solution for preventing quorum sensing. 
As mentioned, quorum sensing is under the control 
of LuxI/R-type systems and PQS and targeting 
key proteins in the quorum sensing system is a 
possible answer in addressing the issue specifically 
with the use of anti-QS compounds. Disruption 
of autoinducers–receptor binding could interfere 
with the system, thus preventing the expression of 

genes for biofilm formation12. Anti-quorum sensing 
does not place selective pressure on the growth of 
bacteria, thus development of resistance is unlikely 
to occur13. With this, there is an increasing attention 
in the discovery of anti-QS compounds especially in 
natural products research12.

	 One potential source of bioactive compounds 
are ethnobotanicals. Ayapana triplinervis, also 
known as Eupatorium triplinerve Vahl, is listed as 
one of the ethnomedicinal plants in the Philippines14 
and is broadly used in traditional medicine for wound 
treatment and bloating15, stomachic illness, anti-
ulcerous and to fight cough16. In addition, the plant 
extract is also utilized as a sedative, anxiolytic, and 
antidepressive17. Ethnomedicinal studies show that 
Ayapana triplinervis are widely used in countries 
like Brazil, India, Sri Lanka, Bangladesh, Mauritius, 
West Indies, Peru, and Europe for medicinal 
purposes18. Some of the reported antibacterial 
activity of the A. triplinervis extracts are against 
Streptococcus pyrogens and Pseudomonas 
aeruginosa19, Staphylococcus aureus20, Escherichia 
coli and Enterococcus faecalis21. Screening of 
phytochemicals in the hydroalcoholic extract in the 
different parts of A. triplinervis revealed that steroids, 
coumarins, alkaloids, saponins, tannins, and 
depsides are present in the plant21. The occurrence 
of the mentioned phytochemicals in A. triplinervis 
could be the reason for the quorum sensing activity 
against P. aeruginosa’s swarming and pyocyanin 
production22. Moreover, additional studies show that 
A. triplinervis has an anti-quorum sensing activity 
against S. aureus’s alpha-hemolysin14, DNAse, and 
tube coagulase virulence production23.

	 Nowadays, researches related to computer-
based simulation of ligand-receptor binding for 
drug discovery is a cost-effective way of screening 
metabolically active compounds24. Molecular docking 
studies plays a significant role in the process of drug 
discovery as it shows the interaction of molecules 
with the active site of target protein at the atomic 
level25. The method helps in selecting biochemically 
active molecules thereby preventing late-stage 
clinical failures.

	 In this study, screening of bioactive 
compounds from Ayapana plant as quorum sensing 
inhibitor of Pseudomonas aeruginosa was done 
using Autodock Vina. Targeted proteins used to 
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theoretically stop quorum sensing were LASR1, 
PqsR, and PqsD.
 

MATERIALS AND METHODS

Protein and Ligand Preparation
	 Crystal structures of PqsR, LasR, and PqsD 
were retrieved from Protein Data Bank with PDB ID: 
4Jvi, 2uv0 and 3h76 (https://www.rcsb.org/). The 
structures of PqsR, LasR, and PqsD were obtained 
in X-ray crystals and refined at the resolutions of 
2.5 Å for PqsR, 1.82 Å for LasR and 2.8 Å for PqsD. 
The active site of PqsR was identified according to 
the study of Ilangovan et al.,26 and the active site for 
LasR was selected based on the study of Bottomley 
et al.,27 PqsD’s active site was identified based from 
the study of Bera et al.,28.

15.6389 for PqsD.  The binding affinity (kcal/mol) was 
obtained and specifies that the ligand binds to the 
target amino acids present in the active site of the 
quorum sensing apparatus of P. aeruginosa.

Table 1: Active site of PqsR, Lasr and PqsD

Proteins			  Amino Acids in the Active Site	

PqsR	 Ala 102	 Pro 129	 Ile 149	 Ala 168	 Val 170	 Ile 186
	 Ala 187	 Leu 189	 Ala 190	 Leu 197	 Leu 207	 Leu 208
	 Arg 209
LasR	 Tyr 56	 Trp 60	 Arg 61	 Asp 73	 Thr 75	 Ser 129
PqsD	 Leu 81	 Cys 112	 Leu 155	 Phe 218	 Met 220	 Met 225
	 His 257	 Pro 259	 Asn 287			 

	 The non-amino acids in the PqsR, LasR, 
and PqsD were removed using Swiss-Pdb viewer 
then saved to pdb file. Selection and identification of 
bioactive compounds found in Ayapana triplinervis 
were identified according to the metabolite screening 
study conducted by Gauvin-Bialecki and Marodon29. 
A total of 31 bioactive compounds were found to 
be present in Ayapana triplinervis, the molecular 
structures of the 31 compounds were obtained from 
PubChem (nih.gov) in SDF file as shown in Table 2. 
These molecular compounds served as the ligands 
to inhibit the active site of the PqsR, LasR, and PqsD. 
The obtained ligands were then clustered using 
BIOVIA Discovery Studio Visualizer–2020 and saved 
as MDL/MOL SD file that would be further needed 
for the molecular docking simulation.

Molecular Docking
	 The active site-directed docking was 
performed in Pyrx software with Autodock Vina using 
a Lamarckian Genetic Algorithm scoring function30,31. 
The 4Jvi, 2uv0, and 3h76 and the ligand cluster 
was imported to the Pyrx. The ligand clusters were 
minimized and converted to autodockligand pbqt 
file. The docking site was set to a grid box of 26. 
9032 A x 23.5713 x 17.4168 for Pqsr, 19.5899 x 
14.0834 x 11.7517 for LasR and 22.7562 x 21.8527x 

Table 2: Bioactive compounds in Ayapana triplinervis

Compounds	 MW (g/mol)	 PubChem ID

Methyl salicylate	 152.15	 4133
α-pinene	 136.23	 6654
Thymol	 150.22	 6989
α-phellandrene	 136.23	 7460
Terpinine	 136.23	 7461
p-Cymene	 134.22	 7463
Thymoquinone	 164.2	 10281
β-phellandrene	 136.23	 11142
2-(4-methylphenyl)propan-2- ol	 150.22	 14529
α-terpineol	 154.25	 17100
Limonene	 136.23	 22311
trans-Piperitol	 154.25	 85568
4,8-Dimethylnona-1,3,7- triene	 150.26	 103555
cis-p-Menth-2-en-1-ol	 154.25	 122484
β-pinene	 136.23	 440967
β-Selinene	 204.35	 442393
Neryl acetate	 196.29	 1549025
Caryophyllene	 204.35	 5281515
β-Ocimene	 136.23	 5281553
Trans-Nerolidol	 222.37	 5284507
2-(Isobutyryloxy)-Thymol	 250.33	 6429186
methyl ether		
Drima-7,9(11)-diene	 204.35	 6429215
Selin-11-en-4-a-ol	 222.37	 6429281
β-elemene	 204.35	 6918391
α-selinene	 204.35	 10856614
Trans-pinocarvyl acetate	 194.27	 12858461
cis-β-Elemene	 206.37	 91750185
Cyperadiene	 202.33	 91750187
α-thujene	 136.23	 162224174
trans-p-Menth-2-en-1-ol	 154.25	 273941693
Isopatchoula-3,5-diene	 202.34	 274426986

Protein-ligand Interaction
	 The protein-ligand complex file from Pyrx 
was imported to Pymol to export as a pdb file. The 
intermolecular bonds formed in the protein-ligand 
interaction was identified in the BIOVIA Discovery 
Studio visualizer-2020.

RESULTS AND DISCUSSION

	 Molecular docking method generates 
the binding affinity values which denotes the 
strength of association between two molecules. 
The negative value correlates the spontaneity of 
the reaction between the molecule and active site 
of the targeted protein due to the disruption of total 
intermolecular and torsional energies. A previous 
report related to metabolite screening of Ayapana 
triplinervis conducted by Bialecki and Marodon have 
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successfully identified the bioactive compounds 
present in the plant29. From the mentioned study, thirty-
one compounds present in Ayapana triplinervis were 
selected to serve as the ligands, molecular structures of 
the compounds were obtained from from PubChem (nih.
gov) in SDF file. Molecular docking simulation utilizing 
Lamarckian Genetic Algorithm scoring function shows 
that the selected metabolites have successfully made 
an interaction to the active site of P. aeruginosa’s LasR, 
PqsR, and PqsD based from the generated binding 
affinity values. Table 3 shows the binding affinity of the 
31 bioactive components of Ayapana to the active site 
of the mentioned quorum sensing related proteins. 
Isopatchoula-3,5-diene exhibited the lowest binding 
affinity to PqsR with a value of -7.8 while α-selinene was 
found to be the best inhibitor against LasR with binding 
affinity value of -9.6. Lastly, trans-nerolidol showed the 
lowest binding affinity to PqsD with a value of -6.3.

the ligand should effectively bind to the active site 
of all the proteins. Hydrophobic Pi- alkyl and alkyl 
interaction between the ligands and receptor is the 
most common interaction in the three active sites.

	 2-(Isobutyryloxy)-Thymol methyl ether formed 
hydrogen bonds to PqsR, LasR and Pqsd, while 
trans-nerolidol only formed hydrogen bond to PqsR. 
Two-dimensional interactions of 2-(Isobutyryloxy)-
Thymol methyl ether to the active sites of PqsR, LasR, 
and Pqsd are shown in Fig. 1a-c. Interaction between 
2-(Isobutyryloxy)-Thymol methyl ether and PqsR active 
site in Fig. 1.a shows that Leu A: 208 of the receptors 
formed a carbon bond with the ligand, while in LasR’s 
active site in Fig. 1.b, 2-(Isobutyryloxy)-Thymol methyl 
ether generated an interaction with the protein’s Ser 
E: 129. In the case of Pqsd, 2-(Isobutyryloxy)-Thymol 
methyl ether formed conventional hydrogen bond to 
Arg A: 262 and a carbon hydrogen bond to Asn A: 154 
shown in Figure 1.c.

Table 3: Binding affinity of bioactive components of 
Ayapana triplinervis to LasR, PqsR and PqsD

	 Binding Affinity (kcal/mol) against		
	
Ayapana triplinervis	 PqsR	 LasR	 PqsD
Bioactive Compounds			 

Methyl salicylate	 -5.9	 -7.4	 -5.5
α-pinene	 -6.3	 -6.8	 -5.1
Thymol	 -6.3	 -6.8	 -5.1
α-phellandrene	 -6.1	 -7.2	 -5.2
Terpinine	 -6.1	 -7.4	 -5.1
p-Cymene	 -6.1	 -7.4	 -5.1
Thymoquinone	 -6.1	 -8.4	 -5.4
β-phellandrene	 -6.3	 -7.1	 -5.2
2-(4-methylphenyl)propan- 2-ol	 -6	 -7.7	 -5.5
α-terpineol	 -6.1	 -7.2	 -5.3
Limonene	 -6.1	 -7.1	 -4.9
trans-Piperitol	 -6	 -7.4	 -4.9
4,8-Dimethylnona-	 -6.2	 -6.8	 -5.5
1,3,7-triene			 
cis-p-Menth-2-en-1-ol	 -6.2	 -7.2	 -4.4
β-pinene	 -6.4	 -6.7	 -4.4
β-Selinene	 -7	 -8.6	 -4.4
Neryl acetate	 -6.2	 -7.6	 -5.8
Caryophyllene	 -7.7	 -7.6	 -5.3
β-Ocimene	 -6.2	 -6.9	 -5.3
Trans-Nerolidol	 -6.7	 -8.4	 -6.3
2-(Isobutyryloxy)-	 -6.3	 -7.5	 -5.4
Thymol methyl ether			 
Drima-7,9(11)-diene	 -7.3	 -6.2	 -4.3
Selin-11-en-4-a-ol	 -6.9	 -8.6	 -3.8
β-elemene	 -6.4	 -7.8	 -5.5
α-selinene	 -7	 -9.6	 -4
Trans-pinocarvylacetate	 -6.5	 -8	 -4
cis-β-Elemene	 -7	 -7	 -5.4
Cyperadiene	 -7.4	 -6.8	 -0.8
α-thujene	 -6.3	 -6.8	 -5.4
trans-p-Menth-2-en-1-ol	 -5.7	 -7.3	 -4.2
Isopatchoula-3,5- diene	 -7.8	 -7.5	 -1.8

Fig. 1.  Two-demensional  Interaction  of  2-(Isobutyryloxy)-
Thymol  methyl  ether  with  the active sites of PqsR (a) , 

LasR (b), and PqsD (c)

	 Interaction of caryophyllene, trans-
nerolidol, 2-(Isobutyryloxy)-Thymol methyl ether, 
β-elemene, and cyperadiene to the active site of 
PqsR, LasR, and Pqsd were identified and listed 
in Table 4. Selection of compounds was based on 
their binding affinity values to the selected proteins; 
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	 In order to combat infection due to P. 
aeruginosa’s virulence factor, the use of anti- quorum 
sensing drug is a feasible way without the fear of 
developing antibiotic resistance (Mengjia Wang, 
2020). P. aeruginosa utilizes 2-heptyl-3-hydroxy-4-
quinolone, also termed as Pseudomonas quinolone 
signal (PQS) and its precursor, 2-heptyl-4- 
hydroxyquinoline (HHQ) for quorum sensing32. 
PqsR is a transcriptional factor that responds 
to PQS and HHQ for the stimulation of several 
virulence genes33. In a similar study conducted 
by Soukarieh and colleaugues34, result of in silico 
inhibition of PqsR shows that potential drugs for 
anti-quorum sensing create interaction to Tyr 258, 

Leu 207, and Leu 208. This coincides with the 
result obtained from this study as the bioactive 
compounds obtained from Ayapana triplinervis 
showed inhibitory effect to the mentioned amino 
acid residues. In addition, Ile 236 interacted to 
caryophyllene, trans-nerolidol, 2-(Isobutyryloxy)-
Thymol methyl ether and β-elemene but not in 
cyperadiene. The difference in the interaction mode 
and affected amino acids present in the active site of 
PqsR is the reason for the difference in the docking 
energy of the bioactive compounds35. Interaction of 
the ligand to the active site deactivates the activity 
of PqsR by either making it inactive or preserving 
it as an unbound protein36.

Table 4: Summary of interaction formed between caryophyllene, trans-nerolidol, 2- (Isobutyryloxy)-Thymol 
methyl ether, β-elemene, and cyperadiene to Psuedomonas aeruginosa’s PqsR, LasR, and Pqsd

	                  Intermolecular interaction of selected compounds to the active site of	
	
Compounds	 PQSR	 LASR	 PQSD
			 
Caryophyllene	 Pi-alkyl, alkyl (Ala	 Pi-alkyl, alkyl (Leu	 Pi  alkyl,  alkyl  (Leu
	 A: 168, Leu A: 197, Leu A: 	 E: 36, Leu 40, Tyr E:	 A: 81, Cys A:112, Leu A: 
	 207, Leu A: 208, Phe A: 221, 	 47, Ala E: 50, Ile E:	 155, Leu A: 193, Met A: 
	 Met A: 224. Ile A: 236, Pro A: 	 52, Tyr E: 64, Ala E:	 220, Met A: 225, His A: 257, 
	 238, Ile A: 263)	 70, Val E: 76, Leu E:	 Pro A: 259, Ala A: 289)
		  125, Ala E: 127)	 Pi-Sigma (Phe A: 218)
Trans-Nerolidol	 Pi-alkyl, alkyl  (Ala A: 168, Leu	 Pi  alkyl,  alkyl  (Leu E:  	 Pi alkyl, alkyl (Leu A: 81, 
	 A: 207, Phe A: 221, Met A: 224, 	 36, Tyr E: 47, Ala	 Cys A: 112, Leu A: 155, 	
	 Ile A: 236, Pro A: 238, Ile A: 263)	 E: 50, Ile E: 52 Tyr	 Leu A: 158, Leu A: 193, Met
		  E: 56, Tyr E: 64, Ala	 A: 220, Met A: 225, His A: 
	 Conventional	 E: 70, Val E: 76, Phe	 257, Pro A: 259, Ala A: 289)	
		  E: 101, Ala E: 105,
		  Leu E: 110, Ala E:	
		  hydrogen  bond (Leu
		  218) 197, Leu A: 208)
2-(Isobutyryloxy)- 	 Pi-alkyl, alkyl (Ala A: 168,	 Pi-Sigma (Trp E: 88)	 Pi-Sigma(PheA: 218)
Thymol methyl ether	 Leu A: 207, Val A: 211)	 Pi alkyl, alkyl (Tyr E:	 Pi-alkyl, alkyl (Met A:
		  56, Val E: 76,Trp E:	 220, Arg A: 223, Met
		  88, Ala E: 127)	 A: 225, Phe 226)
	 Carbon hydrogen	 Pi-sigma (Leu E: 	 Carbonhydrogen bond
	 bond (Leu A: 208)	 36, Tyr E: 64)	 (Asn A: 154)
	 Pi-Sigma (Ile A: 236)	 Conventional hydrogen  	 Conventional hydrogen  	
		  bond (Ser 129)	 bond (Arg A: 262)
			   Amide-pi Stacked
			   (Gly A: 222)
β-elemene	 Pi-alkyl, alkyl (Val A: 	 Pi  alkyl, alkyl  (Leu	 Pi-alkyl, alkyl (Leu
	 170, Ile A: 186, Leu A: 	 E: 36, Leu E: 40, Tyr	 A: 81, Cys A: 112,	
	 189, Val A: 211, Trp A: 	 E: 47, Ala E: 50, Ile	 Leu A: 142 Leu A:
	 234, Ile A: 236, Tyr A: 	 E: 52, Tyr E: 56, Val	 155, Leu A: 159, Met
	 258, Ile A: 263)	 E: 76, Cys E: 79, Ala	 A: 225, His A: 257,
		  E: 127)	 Pro A: 259, Ala A: 289)
		  Pi-Sigma (Tyr E: 64)	 Pi-Sigma (Phe A: 218)
Cyperadiene  	 Pi-alkyl, alkyl (Val	 Pi-alkyl, alkyl (Leu	 Pi-alkyl, alkyl (Leu
	 A: 170, Ile A: 186,	 E: 36, Leu E: 40, Tyr	 A: 81, Cys A: 112,
	 Leu A: 189, Val A:	 E: 47, Ala E: 50, Ile	 Leu A: 142, Leu A:
	 211, Trp A: 234, Tyr	 E: 52, Tyr E: 64, Ala	 155, Leu: 159, Leu
	 A: 258, Ile A: 263)	 E: 70 Val E: 76, Ala	 A: 193, Phe A: 218,
		  E: 127)	 Ala A: 289)
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	 PQS and HHQ plays an important role in the 
cell to cell communication of P. aeruginosa. Synthesis 
of PQS includes anthranilate, which comes from 
either kynurenine pathway or from an anthranilate 
synthase37. PqsD is an enzyme belonging to the 
β-ketoacyl- ACP synthase family which plays an 
important role in bacterial cell communication of 
P. aeruginosa as it catalyzes the final phase in the 
production of HHQ38. PqsD’s catalytic triad consists 
of Cys 112, His 257, and Asn 287. Result from this 
study shows that caryophyllene, trans-nerolidol, 
β-elemene and cyperadiene interact with Cys 112, 
while caryophyllene, trans- nerolidol and β-elemene 
formed a bond with His 257. None of the listed 
compounds made an interaction with Asn 287. The 
function of Cys 112 is to make a nucleophilic attack 
to the thioester of anthraniloyl-CoA (ACoA) resulting 
to the subsequent elimination of CoA and formation 
of anthranilate-PqsD complex39. Therefore, inhibition 
of amino acid residue Cys 112 also interrupts the 
catalytic activity of Pqsd.
 
	 LasR is composed of two autonomously 
folded domains, a ligand-binding domain (LBD) 
located at the N-terminal end and a DNA-binding 
domain (DBD) that can be found at the C- terminal end 
of the protein. Interaction of N-(3-Oxododecanoyl)-
L-homoserine lactone with the LasR’s active site 
induces genes responsible for quorum sensing like 
lasI synthase leading to the production of 3OC12-
HSL40. In the active site of LasR, amino acids Trp 
60, Tyr 56, Ser 129, and Asp 73 are important for 
the recognition of its native ligand41. Result from this 
study shows that trans-nerolidol, 2-(Isobutyryloxy)-
Thymol methyl ether and β-elemene formed 
hydrophobic interactions with Tyr 56. In addition, 
2-(Isobutyryloxy)-Thymol methyl ether also formed 
a conventional bond with Ser 129. In this study, all 
of the selected compounds formed interactions to 
Ala 127. Thr75, Tyr 93, and Ala 127 are important 
amino acids in LasR as it accommodates the binding 
of ligand in the active site of the selected protein42. 
All of the selected compounds made an interaction 
to highly conserved amino acids in LasR like Tyr64 
and Val76. Binding of the selected compounds to 
the important and highly conserved amino acids 
of LasR suggests the possible competition in the 

active site of LasR43. Therefore, the inhibition of 
the mentioned amino acids interrupts the catalytic 
activity of LasR.

CONCLUSION

	 In conclusion, 31 bioactive compounds 
from Ayapana triplinervis were screened to 
become potential anti-quorum sensing inhibitors 
through inhibition of PqsR, PqsD, and LasR. Out 
of 31 compounds, caryophyllene, trans-nerolidol, 
2-(Isobutyryloxy)-Thymol methyl ether, β- elemene, 
and cyperadiene were able to generate low binding 
energy to all three selected proteins. Hydrophobic 
interaction dominated the ligand-receptor interaction 
in all compounds, while 2-(Isobutyryloxy)-Thymol 
methyl ether formed hydrogen bonding in all the 
selected proteins. Caryophyllene, trans-nerolidol, 
2-(Isobutyryloxy)-Thymol methyl ether, β-elemene, 
and cyperadiene present in Ayapana triplinervis 
extracts were able to inhibit the activity of PqsR by 
forming a bond to Tyr 258, Leu 207, and Leu 208. 
PqsD was also inhibited by caryophyllene, trans-
nerolidol, β-elemene and cyperadiene by forming 
hydrophobic interaction with amino acid residue Cys 
112. In addition, LasR was also inhibited through 
competitive binding of ligands to the active site of 
LasR as shown by the interaction formed between 
Tyr 56, Ala 127, and Ser 129. With the results 
obtained from this study, it is recommended to further 
isolate and modify the bioactive compounds from 
Ayapana triplinervis for experimental studies.
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