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Abstract 

 

Acne vulgaris is a common dermatological condition primarily caused by the bacterium Propionibacterium acnes. The use of natural 

compounds as alternative therapies has gained attention due to their lower side effects compared to synthetic agents. This study aimed 

to evaluate the antibacterial potential of bioactive compounds present in purslane (Portulaca oleracea L.) herbs against P. acnes 

through an in silico approach. Out of 15 identified compounds, 12 satisfied Lipinski’s parameters, and 9 compounds were selected for 

further analysis. Pharmacokinetic and toxicity predictions were performed using the pkCSM platform to determine the ADMET profiles, 

while ligand–receptor interactions were analyzed via molecular docking against the Exo-x-sialidase protein target (PDB ID: 7LBV). The 

ADMET prediction results indicated that most compounds exhibited good solubility, high absorption, moderate skin permeability, and 

favorable distribution and metabolism profiles. Docking visualization revealed the presence of hydrogen bonds and hydrophobic interactions 

with key residues at the receptor’s active site. Interestingly, butylated hydroxytoluene demonstrated the lowest binding energy (–6.56 

kcal/mol), which was better than that of the positive control (–6.17 kcal/mol), indicating a stronger binding affinity. Overall, Portulaca 

oleracea shows promise as a natural source of antibacterial compounds against P. acnes, warranting further in vivo investigation. 
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INTRODUCTION 
 

Acne is an inflammatory infection of the sebaceous 

glands, characterized by obstruction and the 

accumulation of keratinous material caused by the 

bacterium Propionibacterium acnes (P. acnes) (Goodarzi 

et al., 2020). In Indonesia, approximately 80–85% of 

adolescents experience acne, with the highest prevalence 

occurring among individuals aged 15–18 years, women 

over 25 years, and around 3% among those aged 35–44 

years (Kurniawati et al., 2022). Adolescents affected by 

acne often face various psychological and social impacts, 

including reduced quality of life and lower self-esteem. 

Quality of life refers to an individual’s perception of 

their position in life within the context of their culture, 

values, goals, expectations, and personal standards, 

while self-esteem represents how individuals evaluate 

their self-worth, particularly in terms of physical 

appearance (Autrilia & Ninin, 2022). 

Although several methods exist to prevent acne, there 

is currently no complete or permanent cure for this 

condition. Some approaches involve the topical 

application of anti-acne creams containing salicylic acid 

as the active ingredient (Li et al., 2022). However, 

salicylic acid-based formulations are associated with 

several side effects, including dryness, irritation, and skin 

peeling (Nareswari et al., 2023). Therefore, natural 

ingredients are increasingly being explored as alternative 

therapeutic agents due to their lower risk of adverse 

effects compared to synthetic compounds (Syal et al., 

2020). 

Given the high prevalence of acne cases, preventive 

and therapeutic strategies are essential to reduce the 

incidence rate, particularly among adolescents in 

Indonesia. One preventive approach involves inhibiting 

the bacterial autolysis process, in which bacterial cell 

rupture caused by lipase enzyme activity contributes to the 

formation of new acne lesions (Mavranezouli et al., 2022). 

To inhibit autolysis in P. acnes, the Exo-x-sialidase 

receptor (PDB ID: 7LBV) plays a key role and has been 

identified as a potential target for antibacterial 

compounds (Yu et al., 2022). 

Several plants have been reported to possess 

antibacterial properties and can serve as active 
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ingredients in the formulation of antibacterial facial wash 

products targeting P. acnes, such as Talinum triangulare 
(purslane) (Enengedi et al., 2022). Additionally, 

Portulaca oleracea L. (common purslane) from the 

Portulacaceae family has shown antibacterial potential, 

although its utilization remains limited (Ojah et al., 

2021). Therefore, Portulaca olerecea was selected as a 

promising natural source of bioactive compounds for 

potential development into antibacterial agents. 

In this study, the identification of bioactive 

compounds from P. oleracea with potential antibacterial 

activity against P. acnes was carried out through in 

silico screening and analysis. The in silico approach 

enables rapid and accurate prediction of ligand–receptor 

interactions (Krihariyani et al., 2020). Furthermore, a 

positive control was included to validate the docking 

results and ensure the accuracy of the simulation. 

Clindamycin was used as the positive control against P. 
acnes (Abbas et al., 2020). 

 

 

MATERIALS AND METHODS 
 

Materials 

The receptor structure used in this study was Exo-x-

sialidase (PDB ID: 7LBV), with the native ligand 2-

Deoxy-2,3-Dehydro-N-Acetyl-Neuraminic Acid (DAN). 

Clindamycin was employed as the positive control. A 

total of 15 compounds were obtained from GC–MS 

analysis of Portulaca oleracea L. extract and compared 

with compounds reported by Osman et al. (2023). 

 

Tools 

The hardware used in this study consisted of a personal 

computer, while the software included autodock 4.2.6, 

molegro molecular viewer, discovery studio 2024, 

marvinsketch, PyRx, and notepad++. The pubChem 

database was utilized to obtain the chemical structures of 

the tested compounds, and the RCSB Protein Data Bank 

was used to retrieve the receptor structure. The pkCSM 

web server was employed to predict pharmacokinetic and 

ADMET profiles. 

 

Procedures 

Drug-likeness Screening and Pharmacokinetic Profile 

Prediction 

The parameters of the 15 candidate compounds were 

evaluated based on Lipinski’s Rule of Five using the 

Lipinski web server. The criteria included Log P (<5), 

molecular weight (<500 Da), hydrogen bond donors 

(<5), molar refractivity between 40–130, and hydrogen 

bond acceptors (<10). Compounds meeting these criteria 

were considered to possess acceptable physicochemical 

properties and potential drug-likeness for further 

evaluation. 

Pharmacokinetic prediction was conducted using the 

pkCSM web server to obtain a comprehensive overview 

of the pharmacokinetic and toxicity profiles of each 

compound. The results included absorption, distribution, 

metabolism, excretion, and toxicity (ADMET) 

parameters, providing insights into the compounds’ 

potential safety and suitability for further development as 

antibacterial agents. 

 

Receptor and Natural Ligand Preparation 

The Exo-x-sialidase receptor was downloaded from the 

RCSB Protein Data Bank (PDB ID: 7LBV). The protein 

structure was separated from its native ligand using 

Molegro Molecular Viewer, and the resulting file was 

saved in .pdb format. Following the separation process, 

hydrogen atoms were added to both the native ligand and 

the receptor using Discovery Studio to optimize the 

structure for subsequent docking analysis. 

 

Ligand Preparation 

The compounds were downloaded in two-dimensional 

(2D) format from the PubChem database. The 

downloaded files were opened using MarvinSketch 

software, then protonated to achieve a physiological pH 

of 7.4. Each ligand structure was saved in .mrv format 

within a designated ligand folder. Subsequently, 

conformational analysis was performed to identify the 

lowest-energy conformation, and the optimized 

structures were saved in .mol2 format for further 

molecular docking analysis. 

 

Docking Validation 
Docking validation was performed using AutoDockTools 

by re-docking the native ligand into the active site of the 

protein, employing a grid box size adjusted to the 

dimensions of the test ligands. The final outcome of the 

docking validation was expressed as the Root Mean 

Square Deviation (RMSD) value in angstroms (Å). The 

molecular docking method is considered valid when the 

RMSD value is ≤ 2 Å (Ruswanto et al., 2022). 

In this study, the lowest RMSD value obtained was 

0.57 Å at run number 53, indicating high docking 

accuracy. The best docking result of the native ligand 

was saved in .pdb format and subsequently used to 

define the grid box for docking of the test ligands. The 

docking result of the native ligand was then visualized 

using Discovery Studio and compared with the pre-

docked native ligand structure to confirm the alignment 

and binding position consistency. 

 

Virtual Screening 

Virtual screening of the test ligands was carried out by 

performing molecular docking with 100 runs for each 

ligand against the same target protein used for the 

native ligand. The docking simulations were conducted 

using the PyRx software, employing the Lamarckian 

Genetic Algorithm (GA) without repetition. The output 

of this stage included the binding free energy (BFE) or 

ΔG values, expressed in kcal/mol, as well as the 

inhibition constant (KI) values for each ligand. 
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Docking Visualization and Interaction Analysis 

Visualization and interaction analysis of the docking 

results were conducted to observe the binding process 

between the reference ligand and the test ligands. The 

visualization results revealed interactions between the 

amino acid residues and the ligands. The contacts formed 

between these residues and the ligands indicated a 

potential inhibitory activity on the Exo-x-sialidase 

receptor. Hydrogen bonds and hydrophobic interactions 

play a crucial role in stabilizing ligand–receptor binding 

and supporting biomolecular responses, such as protein 

activation. 

 
Protein Analysis 

Protein analysis was performed using the PDBsum web 

server to obtain statistical data regarding the structural 

quality of the receptor protein. A well-validated protein 

model is characterized by having more than 90% of its 

residues located in the most favored regions and less than 

0.8% in the disallowed regions of the Ramachandran plot 

(Komalasari et al., 2024). 

 

 

 

 

 

RESULTS AND DISCUSSION 
 

Drug screening and pharmacokinetic profile 

prediction 

Drug-likeness screening and pharmacokinetic prediction 

were performed to evaluate the parameters required for 

each compound to be considered a potential candidate for 

further analysis. According to the study by Osman et al. 

(2023), GC–MS analysis of Portulaca oleracea herb 

extract identified a total of 69 compounds. However, 

only 31 compounds met the specified parameter values, 

with the most common deviation observed in the Log P 

parameter. 

Among the 31 compounds that satisfied the criteria, 

only 9 were selected for molecular docking analysis 

because the remaining 21 compounds contained silicon 

(Si) atoms. This exclusion was based on the fact that most 

molecular docking programs are optimized for organic 

compounds (Chairunisa et al., 2023). Consequently, 

pharmacokinetic prediction using the ADMET model 

(Absorption, Distribution, Metabolism, Excretion, and 

Toxicity) was conducted exclusively on the 9 selected 

test compounds, along with one positive control 

compound. The Lipinski parameter data of the nine 

selected compounds are presented in table 1. 

 

 

Table 1. Lipinski’s parameter data. 

 

Compound Log P (<5) 

Molecular 

weight/mass 

(g/mol) (<500) 

Hydrogen Bond 

Donor (<5) 

Molar Refractory 

Between (40-130) 

Hydrogen Bond 

Acceptor (<10) 

Diacetone alcohol (Compound 1) 0,7364 116,16 1 49,52 2 

Benzaldehyde, 3-benzyloxy-2-fluoro-4-

methoxy-(Compound 2) 
3,2258 260,264 0 110,137 3 

Benzyl iodide (Compound 3) 2,6216 218,037 0 63,058 0 

Lauryldimethylamine (Compound 4) 4,4689 213,409 0 97,243 1 

Bisabolol oxide A (Compound 5) 4,2684 238,371 0 105,744 2 

D-Carvone (Compound 6) 2,4879 150,221 0 67,8 1 

Isospathulenol (Compound 7) 3,5299 220,356 1 98,936 1 

Butylated Hydroxytoluene (Compound 8) 4,29562 220,356 1 99,51 1 

Diisobutyl phthalate (Compound 9) 3,3122 278,348 0 119,631 4 

Clindamycin (positive control) 0,3895 424,991 4 7 7 

 
Table 2. Prediction ADMET. 
 

Compound Water solubility Skin Permeability AMES toxicity  Skin Sensitisation 

Compound 1 0,14 -3,323 No Yes 

Compound 2 -3,828 -2,306 No No 

Compound 3 -3,2 -1,866 No Yes 

Compound 4 -5,469 -1,757 No Yes 

Compound 5 -4,491 -1,762 No Yes 

Compound 6 -2,324 -2,145 No Yes 

Compound 7 -0,928 -2,107 Yes No 

Compound 8 -2,736 -2,735 Yes No 

Compound 9 -4,407 -2,645 No No 

Positive control -2.959 -2,888 No No 

 

 

Based on the ADMET prediction results presented in 

table 2, several parameters were evaluated, including 

water solubility, skin permeability, AMES toxicity, and 

skin sensitization. In terms of water solubility, compounds 
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with higher values are more easily formulated in 

aqueous-based preparations. Compound 1 (0.14) and 

compound 7 (–0.928) exhibited better solubility 

compared to other compounds, whereas compound 4 (–

5.469) and compound 5 (–4.491) showed poor solubility, 

making them less suitable for water-based formulations.  

The skin permeability values of all compounds were 

within the safe range (–1.757 to –3.323), with the 

positive control showing –2.888. Compounds 1, 8, and 9 

demonstrated lower permeability, which is ideal for topical 

applications, as it prevents excessive skin penetration. 

Regarding genotoxic safety, the AMES toxicity results 

indicated that all compounds were non-mutagenic except 

for compounds 7 and 8, which showed potential 

mutagenic effects. 

The skin sensitization parameter showed that 

compounds 1, 3, 4, 5, and 6 have the potential to cause 

skin irritation, while compounds 2, 7, 8, and 9 were 

found to be non-sensitizing. Overall, when compared to 

the positive control, compounds 2 and 9 exhibited the 

most favorable ADMET profiles for facial wash 

formulations. Both compounds possessed good water 

solubility, low skin permeability, and no indications of 

mutagenicity or skin irritation, making them the most 

promising candidates for topical formulation. 

 

 

In silico analysis 

The receptor used in the in silico analysis is shown in 

figure 1, and the corresponding native ligand is presented 

in figure 2. The ligands of the test compounds 

underwent protonation to match the physiological 

blood pH of approximately 7.4, followed by 

conformational optimization to determine the lowest-

energy conformation. This optimization was conducted 

to obtain the most stable three-dimensional structure of 

each ligand with the lowest potential energy. A lower 

conformer energy indicates a more stable ligand 

structure, thereby providing a more representative 

interaction with the receptor’s active site. The resulting 

data are presented in table 3. 

 
 

Figure 1. Receptor 7LBV. Figure 2. Native ligand. 

 

 

Table 3. Ligand Preparation Results. 
 

Compound Identification Energy conformers (kcal/mol) Interpretation of Stability 3D Structure 

Compound 4 5,61 Highly stable 

 
Compound 1 10,07 Stable 

 

Compound 5 15,07 Moderately stable 

 

Compound 6 26,76 Less stable 

 
Compound 3 28,01 Less stable 
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Compound Identification Energy conformers (kcal/mol) Interpretation of Stability 3D Structure 

Compound 9 34,28 Unstable 

 
Compound 8 54,52 Unstable 

 
Compound 2 76,46 Unstable 

 

Compound 7 84,01 Unstable 

 

Kontrol positif 145,43 Unstable 

 

 

 

 

The ligand conformational optimization stage was 

conducted to determine the most stable three-

dimensional (3D) structure of each compound derived 

from Portulaca oleracea L. The lower the conformer 

energy value (kcal/mol), the more stable the ligand 

structure. In the results obtained, the conformer energy 

values ranged from 5.61 to 145.43 kcal/mol. A 

conformer is considered stable when the energy 

difference between conformations is ≤ 5 kcal/mol from 

the minimum energy position (Rehman et al., 2023). 

Higher conformational energy values indicate a 

relatively lessstable molecular structure. 

The optimization results showed that the conformer 

energies of the test compounds ranged between 5.61 and 

145.43 kcal/mol. A lower conformer energy 

corresponds to a more stable molecular structure, as 

less potential energy is required to maintain its three-

dimensional conformation. According to the literature, a 

conformer is considered stable when its energy difference 

does not exceed 5–10 kcal/mol from the lowest-energy 

conformer. In this study, Compound 4 (5.61 kcal/mol) 

exhibited the highest stability, followed by Compound 1 

(10.07 kcal/mol), which was still categorized as stable. 

Other compounds, such as compounds 5 and 6, showed 

moderate stability with conformer energies between 15–

26 kcal/mol, whereas compounds 7, 8, and 9 exhibited 

high energy values (>50 kcal/mol), indicating lower 

structural stability. Higher conformational energy values 

suggest greater molecular rigidity and bond strain, 

making the structure less energetically efficient. 

Nevertheless, compounds with higher conformational 

energy may still exhibit strong biological activity if 

they form highly stable interactions with the receptor. 

 

Docking validation 

The docking validation of the native ligand produced a 

grid box size of 40 × 40 × 40 Å with grid center 

coordinates at x = –21.339, y = 9.69 and z = 17.549 Å. 

The validation results yielded a Root Mean Square 

Deviation (RMSD) value of 0.57 Å with the lowest 

binding energy of –9.52 kcal/mol, obtained at run 

number 53. This RMSD value indicates valid docking 

accuracy, as it falls below the 2 Å threshold (Ruswanto et 

al., 2022). 

The re-docking process confirmed structural 

alignment consistency between the pre-docked and re-

docked conformations, showing only minimal changes in 

the binding pose. Therefore, the docking validation was 

considered reliable, and the grid box parameters were 
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subsequently used for further docking simulations of the 

test ligands. 
 

 
Figure 3. Overlay of the re-docking results showing the DAN conformation 

before (red) and after (yellow). 

 

Virtual screening 

The docking process for the test ligand and positive 

control was performed with 100 runs. The parameters to 

be observed were the binding free energy (∆G) and KI 

(μM). The docking results are presented in table 4. 

 
Table 4. Docking results data. 
 

Compound Running ∆G (kkal/mol) KI (μM) 

Compound 1 68 -3,78 1690 

Compound 2 48 -5,76 60,36 

Compound 3 10 -4,12 959,33 

Compound 4 73 -4,28 729,32 

Compound 5 2 -5,34 121,70 

Compound 6 53 -5,22 149,47 

Compound 7 56 -5,83 53 

Compound 8 82 -6,56 15,46 

Compound 9 87 -5,21 151,62 

Positive control 50 -6,17 29,88 

The stability of the interaction between the ligand and 

the target receptor was predicted through binding free 

energy analysis, as indicated by low ∆G values. Among 

the nine test compounds, compound 8 exhibited superior 

binding energy (∆G) compared to the positive control, 

with a binding energy of -6.56 kcal/mol and a KI of 

15.46 μM. This suggests that the compound has greater 

potential than the positive control and may serve as an 

inhibitor of the target protein P. acnes. 

 

Visualization of docking results 

Visualization results revealed that compound 8 was the 

most prominent, demonstrating strong anchoring at the 

active site, primarily through hydrophobic interactions 

with nonpolar residues surrounding the protein pocket. 

This supports its role as a potential inhibitor of the target 

enzyme P. acnes. Additionally, compound 8 displayed 

similar interactions in the alkyl bond with the amino acid 

A:ALA147. Apart from compound 8, compound 5 

showed the most interaction similarity with the positive 

control, including conventional hydrogen bonds with 

amino acids A:TYR423 and A:ARG329, Alkyl 

interactions with A:ALA147, and carbon–hydrogen 

bonds with A:ASP146. However, compound 5 exhibited 

binding energy values that were not superior to the 

positive control. Therefore, compound 8 can be 

considered the most promising compound compared to 

the positive control. 

 

 

 

 

Table 5. Visualization of Amino Acid Interactions. 

 

Compound Name  Ligand interaction 2D 

Compound 1 

   

Compound 2 

   

Compound 3 
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Compound Name  Ligand interaction 2D 

Compound 4 

 
 

 

Compound 5 

 
  

Compound 6 

 
 

 

Compound 7 

  
 

Compound 8 

   

Compound 9 

 
  

Positive control 

  
 

 

 
Table 6. Hydrogen Bonding and Hydrophobic Interactions of Compounds. 

 

Compound Conventional Hydrogen Bond Alkyl Carbon Hydrogen Bond Attractive Charge 

Compound 1 
A:ARG140 (1,723572); A:ASP185 

(2,100523); 
A:ALA147 (3,330106); 

  

 A:ALA147 (2,217005) A:VAL202 (4,783842) 

Compound 2 
A:PHE209 (2,447017); A:PHE209 

(2,124201);  

A:ALA147 (3,720319); 

A:PRO148  

 A:GLY208 (2,375328) (3,724696) 

Compound 3     
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Compound Conventional Hydrogen Bond Alkyl Carbon Hydrogen Bond Attractive Charge 

Compound 4 A:TYR423 (2,340302) A:PRO148 (5,395796); 
A:ASP185 (3,143153); 

A:GLU313 

A:ASP185 

(3,741780); 

  A:ALA210 (4,272301); 
(2,748170); A:ASP146 

(3,405493) 

A:GLU313 

(3,674814); 

  A:ALA210 (4,906233);  
A:ASP146 

(4,366836) 

  A:ALA147 (3,984995)   

Compound 5 
A:ARG395 (2,188913); A:TYR423 

(2,521789); 
A:ALA147 (3,504774); A:ASP146 (3,585321) 

  A:ARG329 (2,234332); A:ARG329 A:LEU224 (4,765008);  

 (1,899263) A:VAL202 (4,482326);  

  A:ILE122 (4,558296)  

Compound 6 
A:SER184 (2,415664); A:ALA147 

(1,911880) 
A:ILE122 (4,334648); 

    A:LEU224 (4,460332); 

  A:VAL202 (3,463026); 

  A:ALA147 (3,395563) 

Compound 7 

 

A:ALA147 (4,439083); 

   A:VAL202 (4,313931); 

 A:ALA210 (4,276128) 

Compound 8 
A:ALA147 (1,847992); A:PHE209 

(2,023923) 
A:ALA147 (4,119307); 

  
  A:VAL202 (4,749704); 

  A:LEU224 (5,275508) 

Compound 9 A:ALA210 (2,193544) A:ALA210 (3,846283) A:ALA147 (3,336596)  

 

 

Protein analysis 

Based on the Ramachandran plot, the percentage of 

residues in the favored, allowed, and disallowed regions 

for 7LBV can also be observed in Figure 4. From Figure 

4, it can be seen that 7LBV has 87.4% of residues in the 

favored regions and 0.0% in the disallowed regions. In 

conclusion, the quality of 7LBV can be evaluated based 

on the theory stating that a good-quality protein should 

have more than 90% of residues in the most favored 

regions and less than 0.8% in disallowed regions (Zaheer 

et al., 2023). Therefore, the percentage of residues in the 

most favored regions does not meet the ideal criterion. 

However, the quality of 7LBV can still be considered 

acceptable because there are no residues in the 

disallowed regions. 

 

  
Figure 4. Amachandran plot statisticrlay of the re-docking results showing the 

DAN conformation before (red). 

 

 

CONCLUSIONS 
 

GC-MS analysis of Portulaca oleracea L. (purslane) 

revealed 15 compounds, of which 12 met Lipinski’s 

parameters, and 9 compounds were suitable for further 

testing. ADMET predictions showed that most compounds 

exhibited good solubility, skin permeability, AMES 

toxicity, and skin sensitization profiles, with compounds 2 

and 9 demonstrating the most favorable properties. 

Furthermore, docking results indicated that butylated 

hydroxytoluene (compound 8) had the lowest binding 

energy (-6.56 kcal/mol), which was better than the 

positive control, clindamycin (-6.17 kcal/mol), indicating 

a stronger binding affinity toward the Exo-x-sialidase 

receptor (PDB 7LBV). Additionally, the similarity of 

interactions between compound 8 and the positive 

control, particularly in the alkyl bond with amino acid 

A:ALA147, further confirms that compound 8 is the 

most promising candidate. Therefore, Portulaca oleracea 
shows significant potential as a source of natural 

antibacterial compounds that are effective and safe for 

development in acne therapy. However, these findings 

still require validation through in vitro and in vivo studies 

to confirm the biological activity and safety of the 

compounds comprehensively. 
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