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Introduction  

             The wound may represent the skin disorders that occur due to 

an accident or from various medical conditions (such as surgical 

trauma).
1,2

 Wounds have a major impact on health systems and 

economies around the world. Wounds are classified into acute and 

chronic wounds.
3
 Epidemiological studies demonstrate that the 

incidence of acute and chronic wounds globally reaches one billion.
4
 

Acute wounds pass through a healing phase and usually show 

indications of healing within four weeks. In contrast, chronic wounds 

have not exhibited healing within four weeks.
2
 Infection is a common 

deterrent in wound healing, especially chronic wounds.
5
 Chronic 

wound healing may be delayed by infection, usually with increased 

pain, inflammation, and decreased quality of life (clinical 

implications).
6
 Wound infections cause approximately 70-80% of 

deaths in surgical patients. Appropriate care can reduce the risk of 

morbidity, mortality, and healthcare costs.
7
 Endotoxins and exotoxins 

secreted by bacterial cells can induce an immune response in which 

neutrophils and macrophages are involved in this mechanism. The 

presence of overexpressed neutrophils causes excessive inflammation, 

which may additionally trigger adverse consequences.
8
 Tissue damage 

and delayed re-epithelialization may result from the recruitment of 

neutrophils and other immune cells to the wound base. Furthermore, 

proteases are overproduced, which triggers a reduction in the 

extracellular matrix and delays wound healing.
8–10
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Escherichia coli is a gram-negative pathogenic bacteria that most 

frequently colonizes chronic wounds. E. coli show resistance to most 

antibiotics, such as ampicillin and amoxicillin. Thus, they can survive 

and reproduce in the presence of minimal nutrients.
8,11

 Previous 

studies have investigated the presence of Escherichia coli and its 

treatment in necrotizing soft tissue infections (NSTI).
12

 Wound tissue 

debridement and antibiotics are conventional approaches to treating 

wound infections. Antibiotic application is often closely associated 

with the risk of therapeutic resistance and the persistence of antibiotic-

resistant infections. 
13

 The ideal antimicrobial alternative to treat 

chronic wound infections is still being developed. At least it has 

antibacterial properties and does not cause adverse side effects.
14

     

Medicinal plants of Piper betle L.have become promising alternative 

treatments because of their potency in treating wound infections.
15

 In 

vitro study showed that Piper betle L. has bioactivity as an 

antibacterial agent (inhibiting Staphylococcus aureus) in conjunctivitis 

patients.
16

 Piper betle L. leaf extract was also reported to enhance the 

wound healing process in diabetes mellitus by declining oxidative 

stress markers and 11β HSD-1 expression.
17

 Previous studies have 

shown that betel leaf extract (Piper betle L.) with a concentration of 

10% can improve the wound-healing process in Rattus novergicus.
15

 

Methanol extract of betel leaf has been tested in vitro and showed an 

increase in NIH3T3 cell proliferation.
18

 HPLC analysis showed that 

the aqueous extract of Piper betle L. contained several compounds, 

especially quercetin, ascorbic acid, eugenol, catechin, and caffeic 

acid.
19

 

Bioactive compounds in Piper betle L. have been reported to inhibit 

bacterial colonization,
16

 thereby accelerating wound healing.
9
 Previous 

studies have revealed the potential of Piper betle L. leaf extract in 

inhibiting gram-negative bacteria (Escherichia coli and Pseudomonas 

aeruginosa) in vitro.
20

 The crude water extract of Piper betle L. leaves 

showed an inhibition zone of bacteria (Escherichia coli) of 4.54 ± 

0.72.
21

 Research related to the potential role of medicinal plants as 

antibacterial showed that the methanol extract of Cayratia auriculata 

was effective in inhibiting the growth of Escherichia coli in vitro.
22
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The exploration of bioactive compounds from herbal plants as inhibitors of fatty acid synthesis 

without adverse side effects is still the focus of the discovery and development of antibacterial 

drugs, especially to fight infections in chronic wounds. This study aimed to investigate the 

biological function of the bioactive compound of Piper betle L. leaf extract in inhibiting the 

target protein of Escherichia coli. 3D structure of the bioactive compound and thiolactomycin 

(as a positive control) were downloaded from PubChem. The Protein Data Bank database was 

used to retrieve the 3D structure of β-Ketoacyl-[Acyl Carrier Protein] Synthase I (FabB). 

Prediction of the active site of FabB was predicted using the Molegro Virtual Docker 5.0 

program. Molecular interactions of the compound and target protein were analyzed using 

Molegro virtual docking version 5, superimposed using PyMol version 2.2, and visualized using 

the Discovery Studio program version 21.1.1. The results showed that the five bioactive 

compounds of Piper betle L. (eugenol, catechin, caffeic acid, quercetin, and ascorbic acid) could 

bind to the active site of FabB. All compounds were found to bind to the residues ALA271, 

PRO272 and HIS298. The catechin-FabB complex showed the lowest binding energy. This 

finding indicates that the Piper betle L. leaf extract's bioactive compound may inhibit the target 

protein of E. coli β - Ketoacyl-[Acyl Carrier Protein] Synthase I (FabB), which leads to the 

control of bacterial infection in chronic wounds at the cellular level.                                     
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The in silico study on the potential role and cellular mechanism of the 

bioactive compound Piper betle L. as an inhibitor of Escherichia coli 

is still limited. Therefore, the study was carried out to predict the 

biological function of bioactive compounds from an aqueous extract of 

Piper betle L. in inhibiting the target protein of E. coli β - Ketoacyl-

[Acyl Carrier Protein] Synthase I (FabB). β-Ketoacyl-[Acyl Carrier 

Protein] Synthase I (FabB) is a protein responsible for the synthesis of 

fatty acids in the peptidoglycan membrane of E. coli bacteria.
23

 FabB 

dysfunction in E. coli bacteria can cause the inability to synthesise 

essential organic compounds (auxotrophy) required for growth.
24

 Fatty 

acids (FA) play a crucial role as an energy and a carbon source for 

bacteria growth.
25

 Fatty acids are precursors for synthesising various 

signaling molecules and secondary metabolites, such as phospholipids, 

sphingolipids, and sterols.
24

 The acyl chains of glycerophospholipids 

produced from fatty acids act as major components of bacterial 

membranes.
26

 FabB inhibitors of both natural and synthetic 

compounds have validated this enzyme as an antibacterial target.
26

 

 

Materials and Methods 

Materials 

The compounds of quercetin (CID 5280343), ascorbic acid (CID 

54670067), eugenol (CID 3314), catechin (CID 9064), and caffeic acid 

(CID 689043) were retrieved from the PubChem Database 

(https://pubchem.ncbi.nlm.nih. gov/). The thiolactomycin compound 

was used as a positive control. The thiolactomycin was retrieved from 

the PubChem database with CID 502. Thiolactomycin (TLM) is a 

natural molecule that exhibits potent antibacterial activity against 

gram-positive and gram-negative pathogenic bacteria.
27

 

Thiolactomycin belongs to antibiotics thiolactone produced from 

fermented broth strains of actinomycetes (species Nocardia) and is an 

inhibitor of the FabB protein.
26,27

 E. coli β - Ketoacyl-[Acyl Carrier 

Protein] Synthase I (FabB) were downloaded from the database of the 

protein data bank (PDB ID 1FJ4).
28

  

Protein Structure Modeling 

The Molegro Virtual Docker 5.0 program software investigated the 

protein structure for its active site. The maximum Molecular surface 

van der Waals parameter was set at 5. The active site for the protein 

(FabB) was formed on the grid (X= 41.01), (Y = -3.01); and (Z=45.69) 

with a radius of 15. 

 

Molecular Docking  

Compounds interacted with target proteins using the Molegro virtual 

docker program with a specific grid [the active side grid (X= 41.01), 

(Y = -3.01), and (Z=45.69) Radius 15]. The docking parameters are 

score Function Moldock Score [Grid]; grid resolution 0.30; algorithm 

MolDock SE; Max iteration 1500; max population size 50; pose 

generation energy threshold 100, multiple poses number of poses 5; 

tries 10 – 30; Number of Runs 10, simplex evolution max steps 300; 

neighbour distance factor 1.00; and energy threshold 0.00; cluster 

similar poses RMSD threshold 1. 

 

Data Analysis  

The molecular docking result was analyzed using Molegro virtual 

docking version 5 combined with protein (superimposed) using PyMol 

version 2.2 software. The 3D and 2D views and ligand-binding 

interactions were visualized with the Discovery Studio program 

version 21.1.1.
29

 

 

Results and Discussion 

The molecular docking approach revealed that eugenol, catechin, 

caffeic acid, quercetin, and ascorbic acid compounds bind to FabB in 

the inhibitor region (Figure 1A). The FabB region inhibitor consists of 

a catalytic triad with cysteine (Cys), histidine (His) and histidine (Asp) 

residue configurations. The FabB active site array includes CYS 163-

HIS 298-HIS333 and CYS163-HIS 303-HIS 340.
30

  

 

 
Figure 1: The 3D view of compound-complex with FabB protein, A. Superimposed ligands – FabB protein, B. Eugenol, C. Catechin, 

D. Caffeic acid, E. Quercetin, F. Ascorbic acid, G. Thiolactomycin. turquoise colour shows FabB protein, while the pink colour 

indicates the compound. 
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Inhibitors that bind to the active site of FabB may destroy fatty acid 

synthesis necessary for the survival of E. coli bacteria.
27

   

The 3D structure of the ligand-FabB complex shows that all five 

compounds have active binding sites in the same region as 

Thiolactomycin (Figure 1). Eugenol was able to bind 12 amino acid 

residues (ASP268, ALA271, GLY391, THR395, ASN396, GLY391, 

CYS163, HIS298, HIS333, PHE390, PHE392, PRO272) of FabB 

(Figure 1B). The eugenol-FabB complex is possessed by hydrogen 

bonding and hydrophobic interactions. The amino acid residues 

THR300, SP265, THR302, GLU309, HIS298, ALA271, PRO272, 

GLY305, and ASP306 were involved in the catechin-FabB interaction 

(Figure 1C). Hydrophobic and hydrogen bonds maintain this 

interaction (catechin-FabB complex). There were 10 amino acid 

residues of FabB VAL270, ALA271, GLY393, ASP268, ASP265, 

HIS298, GLY394, PHE390, GLY391, and RO272 found bound to 

caffeic acid (Figure 1D). These interactions (VAL270, ALA271, 

GLY393, ASP268, ASP265, HIS298, GLY394, PHE390, GLY391, 

and RO272) are stabilized by hydrophobic and hydrogen bonds. 

Molecular docking results showed that quercetin could bind FabB at 

residues THR300, THR302, ASN396, ASP306, GLU309, PHE392, 

HIS298, ALA271, PRO272, and ASP306 (Figure 1E). Hydrophobic 

interactions and hydrogen bonds stabilize the quercetin-FabB 

complex. Ascorbic acid could bind to FabB target proteins involving 

residues VAL270, ALA271, GLY393, ASP265, ASN396, and 

GLY391 and maintained by hydrogen bonding (Figure 1F).  

ASP268 residue is essential for acid catalysis in bacteria.
31

 The 

HIS333 and HIS298 residues are active sites of FabB responsible for 

stabilizing the protein-inhibitor complex.
32

 The molecular docking 

results showed that the five bioactive compounds from the aqueous 

extract of Piper betle L. leaves (eugenol, catechin, caffeic acid, 

quercetin, and ascorbic acid) competed with thiolactomycin for 

binding to FabB. The binding interaction of the eugenol-FabB and 

caffeic acid-FabB complexes involves the ASP268 residue. ASP268 

residue was also found in the thiolactomycin-FabB interaction. The 

same amino acid residue bound by thiolactomycin is GLY393, owned 

by caffeic acid and ascorbic acid. PHE392 was bound by quercetin, 

eugenol, and thiolactomycin. CYS163 and HIS333 were also found to 

be bound by eugenol and thiolactomycin. Eugenol, catechin, caffeic 

acid, quercetin, ascorbic acid, and thiolactomycin were found to bind 

to the ALA271 residue of FabB. The PRO272 and HIS298 residues of 

FabB are involved in the binding interactions of eugenol, catechin, 

caffeic acid, quercetin, and thiolactomycin with FabB.  

Eugenol showed antibacterial activity of Escherichia coli 06 strain 

with a minimum inhibitory concentration (MIC) of 1,024 µg/mL.
33

 

Previous molecular docking revealed that flavonoid compounds bind 

to active sites (HIS333 and HIS298) of  β-ketoacyl acyl carrier protein 

synthase I (Kas I) of Escherichia coli with a low binding energy 

(135.76 kcal/mol)
32

 The inhibitors are molecules that can reduce or 

completely inhibit the catalytic activity of enzymes. The binding of the 

enzyme's active site non-covalently and competing with the substrate 

is a competitive inhibitory process.
34

 The results of this study revealed 

that the binding interaction of FabB target proteins by bioactive 

compounds from aqueous extracts of Piper betle L. leaves 

demonstrated the discovery of FabB inhibitor as an alternative 

treatment to fight bacterial infections. The 2D structure of the FabB 

protein complex showed the types of bonds formed, including 

hydrogen bonds, hydrophobic interactions and van der Waals forces 

(Figure 2). This type of bond (hydrogen bonds, hydrophobic bond, and 

van der Waals forces) contributes to the bond energy of all 

complexes.
35

 The bond energy formed ranges from -353.8 to -258 

kJ/mol. Low binding energy indicates that the compound binds to the 

target protein more strongly. Addditionally, high energy means a weak 

interaction between the compound and the FabB protein.
36,37

 

Interestingly, the lowest binding energy of the catechin-FabB complex 

was -353.8 kJ/mol, more promising than thiolactomycin (-282 kJ/mol) 

in inhibiting FabB. 
 

 

Figure 2: The 2D view of compound-complex with FabB protein, A. Eugenol, B. Catechin, C. Caffeic acid, D. Quercetin, E. 

Ascorbic acid, F. Thiolactomycin. 
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Table 1: Interaction between compounds (eugenol, catechin, caffeic acid, quercetin, and ascorbic acid) with FabB 
 

Ligands Binding Energy (kJ/mol) Interaction Distance (A) Category Types 

Eugenol -258 

:10:H10 - C:ASP268:O 2,57468 Hydrogen Bond Conventional Hydrogen Bond 

:10:H10 - C:ALA271:O 2,83695 Hydrogen Bond Conventional Hydrogen Bond 

:10:H8 - C:GLY391:O 2,80076 Hydrogen Bond Carbon Hydrogen Bond 

:10:H8 - C:THR395:O 2,87379 Hydrogen Bond Carbon Hydrogen Bond 

:10:H9 - C:ASN396:OD1 1,65508 Hydrogen Bond Carbon Hydrogen Bond 

C:GLY391:C,O;PHE392:N - :10 3,6621 Hydrophobic Amide-Pi Stacked 

:10:C10 - C:CYS163 3,34733 Hydrophobic Alkyl 

C:HIS298 - :10:C10 4,68694 Hydrophobic Pi-Alkyl 

C:HIS333 - :10:C10 4,84732 Hydrophobic Pi-Alkyl 

C:PHE390 - :10:C9 5,15013 Hydrophobic Pi-Alkyl 

C:PHE392 - :10:C10 4,93619 Hydrophobic Pi-Alkyl 

:10 - C:PRO272 4,22071 Hydrophobic Pi-Alkyl 

Catechin -353,8 

C:THR300:N - :10:O5 3,12731 Hydrogen Bond Conventional Hydrogen Bond 

C:THR300:N - :10:O6 3,32313 Hydrogen Bond Conventional Hydrogen Bond 

:10:H12 - C:ASP265:OD2 1,88827 Hydrogen Bond Conventional Hydrogen Bond 

:10:H13 - C:THR302:OG1 2,16617 Hydrogen Bond Conventional Hydrogen Bond 

:10:H14 - C:GLU309:OE1 2,07136 Hydrogen Bond Conventional Hydrogen Bond 

C:THR300:CG2 - :10 3,99466 Hydrophobic Pi-Sigma 

C:HIS298 - :10 4,75988 Hydrophobic Pi-Pi T-shaped 

C:ALA271:C,O;PRO272:N - :10 4,24228 Hydrophobic Amide-Pi Stacked 

C:GLY305:C,O;ASP306:N - :10 3,77349 Hydrophobic Amide-Pi Stacked 

C:PRO272 - :10 3,67786 Hydrophobic Alkyl 

:10 - C:PRO272 3,8923 Hydrophobic Pi-Alkyl 

C:THR300:OG1 - :10:O5 2,10572 Unfavorable Unfavorable Bump 

Caffeic acid -293,6 

C:VAL270:N - :10:O1 2,83302 Hydrogen Bond Conventional Hydrogen Bond 

C:ALA271:N - :10:O1 3,1224 Hydrogen Bond Conventional Hydrogen Bond 

C:GLY393:N - :10:O1 3,2249 Hydrogen Bond Conventional Hydrogen Bond 

:10:H6 - C:ASP268:O 2,29005 Hydrogen Bond Conventional Hydrogen Bond 

:10:H6 - C:ALA271:O 3,03163 Hydrogen Bond Conventional Hydrogen Bond 

:10:H7 - C:ASP265:OD2 1,82241 Hydrogen Bond Conventional Hydrogen Bond 
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Ligands Binding Energy (kJ/mol) Interaction Distance (A) Category Types 

:10:H8 - C:HIS298:NE2 2,55877 Hydrogen Bond Conventional Hydrogen Bond 

:10:H8 - C:PHE390:O 2,0171 Hydrogen Bond Conventional Hydrogen Bond 

C:GLY394:CA - :10:O2 2,6047 Hydrogen Bond Carbon Hydrogen Bond 

C:PHE390:C,O;GLY391:N - :10 5,17973 Hydrophobic Amide-Pi Stacked 

:10 - C:PRO272 4,15193 Hydrophobic Pi-Alkyl 

Quercetin -345,8 

C:THR300:OG1 - :10:O6 2,19017 Hydrogen Bond Conventional Hydrogen Bond 

C:THR302:OG1 - :10:O6 3,16922 Hydrogen Bond Conventional Hydrogen Bond 

:10:H7 - :10:O4 1,79209 Hydrogen Bond Conventional Hydrogen Bond 

:10:H8 - C:ASN396:OD1 1,76142 Hydrogen Bond Conventional Hydrogen Bond 

:10:H9 - C:ASP306:OD1 1,76545 Hydrogen Bond Conventional Hydrogen Bond 

:10:H10 - C:GLU309:OE1 2,04252 Hydrogen Bond Conventional Hydrogen Bond 

C:PHE392:CA - :10:O3 3,47275 Hydrogen Bond Carbon Hydrogen Bond 

C:HIS298 - :10 4,8046 Hydrophobic Pi-Pi T-shaped 

C:ALA271:C,O;PRO272:N - :10 4,94383 Hydrophobic Amide-Pi Stacked 

C:ALA271:C,O;PRO272:N - :10 4,26904 Hydrophobic Amide-Pi Stacked 

:10 - C:PRO272 3,48096 Hydrophobic Pi-Alkyl 

:10 - C:PRO272 3,93918 Hydrophobic Pi-Alkyl 

C:ASP306:N - :10:H9 2,56398 Unfavorable Unfavorable Donor-Donor 

Ascorbid acid -261 

C:VAL270:N - :10:O6 2,83083 Hydrogen Bond Conventional Hydrogen Bond 

C:ALA271:N - :10:O6 3,21562 Hydrogen Bond Conventional Hydrogen Bond 

C:GLY393:N - :10:O6 3,12238 Hydrogen Bond Conventional Hydrogen Bond 

:10:H5 - C:ASP265:OD2 1,65575 Hydrogen Bond Conventional Hydrogen Bond 

:10:H7 - C:ASN396:OD1 2,14552 Hydrogen Bond Conventional Hydrogen Bond 

:10:H1 - C:GLY391:O 2,47777 Hydrogen Bond Carbon Hydrogen Bond 

:10:H2 - C:ASP265:OD2 2,85462 Hydrogen Bond Carbon Hydrogen Bond 

:10:H3 - C:ASN396:OD1 2,84355 Hydrogen Bond Carbon Hydrogen Bond 

Thiolactomycin -282 

C:GLY393:N - :10:O2 3,22729 Hydrogen Bond Conventional Hydrogen Bond 

C:GLY394:N - :10:O2 3,03644 Hydrogen Bond Conventional Hydrogen Bond 

:10:H16 - C:ASP268:O 2,49665 Hydrogen Bond Conventional Hydrogen Bond 

:10:H16 - C:ALA271:O 2,59074 Hydrogen Bond Conventional Hydrogen Bond 

:10:S1 - C:PHE392 4,03854 Other Pi-Sulfur 
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Ligands Binding Energy (kJ/mol) Interaction Distance (A) Category Types 

:10:C8 - C:CYS163 3,47805 Hydrophobic Alkyl 

:10:C10 - C:PRO272 3,51372 Hydrophobic Alkyl 

:10:C11 - C:PRO272 4,50103 Hydrophobic Alkyl 

C:HIS298 - :10:C8 5,09725 Hydrophobic Pi-Alkyl 

C:HIS298 - :10:C9 4,1194 Hydrophobic Pi-Alkyl 

C:HIS333 - :10:C8 4,33867 Hydrophobic Pi-Alkyl 

C:PHE392 - :10:C8 4,89409 Hydrophobic Pi-Alkyl 

 

Conclusion 

The bioactive compounds from the aqueous extract of Piper betle L. leaves (eugenol, catechin, 

caffeic acid, quercetin, and ascorbic acid) were potent inhibitors of FabB protein. Inhibition of 

FabB from Piper betle L. compounds led to the discovery of new candidates for E. coli 

antibacterial therapy with a mechanism for inhibiting fatty acid synthesis. Thus, it may be 

worthwhile for healing chronic wounds. 
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