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Abstract: This work examined the chemical composition of the Algerian 

endemic tree Abies numidica (Pinaceae) and investigated the antibacterial 

potential of three major constituents of its essential oil-Santene, Linalyl 

acetate, and 2,6-Octadiene-2,6-dimethyl-as reported in previously 

published GC-MS data. Computational antibacterial screening was carried 

out by docking the selected compounds onto the bacterial proteins 5Z9N 

(Staphylococcus aureus) and 3AQC (Micrococcus luteus). Molecular 

docking demonstrated that the active compounds of the EO, including 2,6-

Octadiene, 2,6-dimethyl (Cp3), Linalyl acetate (Cp2), and Santene (Cp1), 

interacted effectively with the active sites of bacterial proteins 5Z9N and 

3AQC. Notably, Cp3 (2,6-Octadiene, 2,6-dimethyl) demonstrated the best 

overall affinity, outperforming both the native ligands and reference 

molecules with the binding energies for Cp3 (2,6-Octadiene, 2,6-dimethyl) 

were-4.8 kcal/mol (5Z9N) and-4.1 kcal/mol (3AQC), indicating stronger 

interactions. These compounds formed critical bonds with amino acids 

such as Ile78, Val71, and Ala47 (5Z9N) and Val76, Leu116, and Ala79 

(3AQC), suggesting their role in disrupting bacterial function. 

Furthermore, ADMET and BOILED-Egg analyses further showed 

favorable drug-likeness, with all compounds meeting Lipinski’s criteria, 

exhibiting logP values below 4, and demonstrating suitable absorption and 

P-glycoprotein interaction profiles. Based on these results, we refer the 

antibacterial activity of the EO of Abies numidica, against the M. luteus 

and S. aureus, is suggesting to the presence of these compounds. 

 

Keywords: Abies numidica, Essential Oil, Antibacterial Activity, In-

Silico, 5Z9N, 3AQC 
 
Introduction 

The overuse of antibiotics has accelerated the rise of 

multi-resistant bacterial strains, presenting a continuously 

evolving global health challenge with potentially severe 

consequences. Since their discovery, antibiotics have been 

our primary defence mechanism. However, with the 

emergence of resistance, they risk becoming ineffective, 

potentially returning society to pre-antibiotic conditions 

(Pulcini et al., 2019). Thus, antibiotic resistance among 

pathogens poses a significant public health issue (Zmantar 

et al., 2008). 
Finding natural molecules with antimicrobial 

properties is also critically important in the medical field. 

Essential oils may serve as a promising reservoir of 

bioactive compounds with antimicrobial properties. They 

contain a variety of secondary metabolites that can inhibit 

or slow bacterial growth. Essential oils and their 

components work through mechanisms targeting different 

pathways. The antimicrobial effects of various types of 
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aromatic plants and spices have long been recognized and 

empirically utilized (Lograda et al., 2010). 

Known for its natural resources, Algeria has a unique, 

rich, and diverse flora. Among its medicinal plants is 

Abies numidica (Gaussen and Leroy, 1982). This species 

belongs to a natural heritage area of high cultural value. This 

member of the Abietaceae family is listed among Rare and 

threatened plants but remains understudied despite its forest 

and aesthetic importance and the various biological activities 

of its secondary metabolites (Naili, 2016). 

Computational methods in drug discovery play a 

crucial role in identifying potential drug candidates from 

vast compound libraries (Mak et al., 2023). The 

integration of both structure-based and ligand-based 

approaches not only optimises the process but also 

enhances accuracy. This combined strategy is promising, 

particularly in identifying natural product-based 

compounds (Jana et al., 2018). This method aims to 

determine the optimal binding mode of the "ligand-

receptor" complex and predict the so-called "bioactive" 

conformation of the ligand within the receptor (Bouaziz-

Terrachet, 2006; Pearson, 2008). 

Previous studies have reported the GC-MS 

phytochemical profile of Abies numidica Essential Oil 

(EO) and its in vitro antibacterial activity (Benouchenne 

et al., 2020). Building on these findings, we hypothesized 

that only a subset of the identified compounds would 

exhibit strong binding affinities toward bacterial targets 

5Z9N (Staphylococcus aureus) and 3AQC (Micrococcus 

luteus). Such interactions could partially explain the 

experimentally observed antibacterial activity. To 

investigate this, we conducted an in silico study, selecting 

three major compounds from the reported GC-MS profile 

Santene, Linalyl acetate, and 2,6-Octadiene-2,6-dimethyl 

and evaluated their binding to the two bacterial protein 

targets using molecular docking, aiming to identify 

potential bioactive molecules responsible for the observed 

effects. 

Materials and Methods 

Preparation of Structures 

Ligand Structure 

The 3D structure of the ligand used in this study was 

imported in SDF format from the PubChem database. 

After selecting the downloaded ligand, energy 

optimization was performed. The 3D structures of these 

ligands were then prepared and saved in Mol2 format 

using the Avogadro software (Table 1). 
 

Table 1: Tested Ligands Structures 

Number Compounds Names % Formulate ID Structures 

Cp1 Santene 0.23 C9H14 10720 

 
Cp2 Linalyl acetate 

 

7.42 C12H20O2 8294 

 
Cp3 2,6-Octadiene, 2,6-

dimethyl 

7.63 C10H18 5365898 
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Protein Structures 

The selected protein structures in their complex states 

were retrieved from the RCSB database and downloaded 

in PDB format. Protein structures were cleaned by 

removing water molecules and ligands using BIOVIA 

Discovery Studio. Active binding sites of the target 

proteins were identified using the same software based on 

literature data. The complex involves the GyrB ATPase 

domain of S. aureus with the reference inhibitor 4,6-

dichloro-2-(methylthio) pyrimidine. The selected 

structure (PDB ID: 5Z9N) is a chain dimer (A) with a 

resolution of 2.54 Å. This protein is known to inhibit 

phagocytosis and to help the bacteria evade the immune 

system (Figure 1). 

For M. lutus, the complex involves B-P 26 

heterodimeric hexaprenyl diphosphate synthase with 

magnesium and an FPP analogue. The selected 3D 

structure (PDB ID: 3AQC) is a chain dimer (B, D) with a 

resolution of 2.61 Å. Combines with enzymes and inhibits 

phagocytosis (Figure 2). 

The reference inhibitors for each target proteins were 

cited in Table 2. 

 

Table 2: Complexes Selected for Docking Studies 

Protein Strains (Downloaded from PDB Database) 

 S. aureus M. luteus 

Complex 

(PDB ID) 

5Z9N 3AQC 

Reference 

Ligand  

(Re-Docked) 

4,6-dichloro-2-

(methylthio)pyrimidin

e 

FPP analogue 

(Photo-affinity of 

farnesyl 

pyrophosphate) 

Active Site 

Residues  

(Amino 

Acids) 

Val71, Ala47,  

Glu50, Ile78, Asn46, 

Val120 

Val142, Leu116, 

His83, Ala79, 

Val76, Lys225, 

Arg93, Lys170 

 

 

 

Fig. 1: 3D Structure of 5Z9N Complexed with Its Standard 

Inhibitor (GyrB ATPase) 

 
 
Fig. 2: 3D Structure of 3AQC Complexed with Its Standard 

Inhibitor 
 

Computational Modelling Using Molecular Docking 

Auto dock Vina is a program that simulates and evaluates 

how a small molecule binds to a protein. It helps to find 

potential drugs from large collections of chemicals. The 

ligands (Santene, Linalyl acetate and 2,6-Octadiene-2,6-

dimethyl) and target protein (5Z9N and 3AQC) files, 

typically in formats like PDB or MOL2, were prepared. 

Specific input parameters, including grid size, 

exhaustiveness, and scoring function options, were set to 

control the docking process. Auto dock Vina generated a grid 

map based on the specified grid size, defining the search 

space within the receptor for ligand binding evaluation. This 

software explores various ligand conformations and 

orientations within the receptor’s binding site to calculate 

binding affinities. A scoring function estimates the strength 

of ligand-receptor interactions. Upon completion, Auto dock 

Vina provided output files containing information about 

predicted ligand binding poses and their docked scores. 

Docking will be analyzed by the results to identify favorable 

ligand binding modes and evaluate binding affinities 

(Fährrolfes et al., 2017).  

ADME-Toxicity Prediction 

Following the molecular docking screening, the selected 

compounds were analyzed by ADME/Tox studies and 

Physio-Chemically profiled. Drug toxicity had been 

predicted by using SWISSADME. Swiss ADME was 

developed to meet the needs of drug discovery and medicinal 

chemistry fields, where a crucial emphasis is placed on 

maintaining a balance between accuracy and speed to handle 

a substantial volume of molecules (Daina et al., 2017). 

Results 

The antibacterial activity and a phytochemical 

analysis using GC-MS identified 29 compounds in the 

EO profile of the Essential Oil (EO) from A. numidica, 

obtained in the Constantine region (eastern Algeria), 

was evaluated (Benouchenne et al., 2020). Among 

these, three selected compounds were further assessed 
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in silico using molecular docking to evaluate their 

interactions with target proteins from sensitive 

bacterial strains. 

Re-docked Reference Ligands (Validation of 

Molecular Docking With Reference Ligands) 

The re-docking results confirmed that the standard 

inhibitors, 4,6-dichloro-2-(methylthio) pyrimidine 

and the FPP analogue, aligned with literature data. 

They demonstrated similar orientations within the 

active site pockets of 5Z9N (Val71, Ala47, Glu50, 

Ile78, Asn46, Val120) and 3AQC (Val142, Leu116, 

His83, Ala79, Val76, Lys225, Arg93, Lys170), 

respectively (Figure 3). 

 
Table 3: Key Binding Affinities of Isolated Compounds with 

Selected Receptors 

Receptor S. aureus (5Z9N) M. luteus (3AQC) 

Compound Binding Energy 

(kcal/mol) 

Binding Energy 

(kcal/mol) 

Reference -3.8 -5.4 

Cp1: Santene -4.8 -4.1 

Cp2: Linalyl 

acetate 

-5.2 -4.5 

Cp3: 2,6-octadiene, 

2,6-dimethyl 

-5.3 -4.7 

 

Binding Affinities of the Elucidated Compounds 

With the Selected Receptors 

Molecular docking calculations yielded several 

conformations with varying energy values for the protein-

ligand complexes. The conformation with the lowest 

binding energy indicates the preferred ligand arrangement 

within the receptor, as shown in Table 3. 

The compounds were ranked in ascending order, with 

those showing more negative binding energy values 

demonstrating better receptor affinity: 
 
 5Z9N: 2,6-Octadiene, 2,6-dimethyl < Linalyl 

acetate < Santene < Reference 

 3AQC: Reference < 2,6-Octadiene, 2,6-dimethyl < 

Linalyl acetate < Santene 
 

Interactions Among the Compounds With 5Z9N  

The binding mode of Linalyl acetate revealed three 

alkyl interactions with Val71, Ala47, and Ile78. 

Additionally, three Van Der Waals (VDW) interactions 

were observed with Asp73, Thr165, and Val167. In 

addition, Santene formed one alkyl bond with Ile78, 

while 2,6-Octadiene, 2,6-dimethyl formed alkyl 

interactions with Ile78, Val71, and Ala47, 

correspondingly (Figure 4). 

The results indicate that Santene, Linalyl acetate, and 2,6-

Octadiene, 2,6-dimethyl may have inhibitory effects on the 

5Z9N receptor by forming key bonds with amino acids 

within the pocket. Compared to the standard inhibitor of 

5Z9N (4,6-dichloro-2-(methylthio)pyrimidine), the docking 

study revealed acceptable alignment for all docked 

compounds, except Linalyl acetate. The three active 

compounds interact with the critical amino acid residues of 

the protein's active site, contributing to inhibitory activity 

against 5Z9N. Among them, 2,6-Octadiene, 2,6-dimethyl 

demonstrated the highest affinity with the lowest binding 

energy (-5.3 kcal/mol) compared to the native ligand (-3.8 

kcal/mol) (Figure 5). 
 

 

 
Fig. 3: 2D Views of Binding Positions for 4,6-dichloro-2-(methylthio) pyrimidine in 5Z9N (A) and FPP Analogue in 3AQC (B) 
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Fig. 4: 2D View of the Binding Positions of Cp1 (Santene), Cp2 (Linalyl acetate), and Cp3 (2,6-Octadiene, 2,6-dimethyl) in Protein 

5Z9N 

 

 
 

Fig 5: 3D Alignment of Cp3 (2,6-Octadiene, 2,6-dimethyl) Within the 5Z9N Pocket Compared to the Reference Ligand 

 

Interactions Among the Compounds With 3AQC 

Linalyl acetate formed three alkyl interactions with 

Val76, Leu116, and Ala79, along with one Pi-sigma 

interaction with His83. Santene interacted with Leu116, 

Ala79, Val76, and also exhibited a Pi-sigma interaction 

with His83. Similarly, 2,6-Octadiene, 2,6-dimethyl 

displayed alkyl interactions with Val76, Val142, Ala79, 

and Leu116, along with a Pi-sigma interaction with His83 

(Figure 6). 

The docking study revealed that these compounds 

form multiple associations with key amino acids in the 

protein pocket, suggesting inhibitory potential against 

3AQC. Based on the binding energies shown in Table 3, 

all docked compounds exhibited higher affinity for the 

binding site of 3AQC compared to the native ligand (FPP 

analogue). The 2D interaction diagram revealed 

acceptable alignment for all compounds, except 2,6-

Octadiene, 2,6-dimethyl. This supports the bioactivity of 

the docked compounds against 3AQC. Among the active 

compounds tested, 2,6-Octadiene, 2,6-dimethyl 

demonstrated the strongest inhibitory profile, with a 

binding energy of-4.7 kcal/mol. This was followed by 

Linalyl acetate (-4.5 kcal/mol) and Santene (-4.1 

kcal/mol) (Figure 7). When compared to the reference 

ligand FPP (Farnesyl Pyrophosphate), which interacts 

with amino acids in the active site of 3ACQ namely 

Val142, Leu116, His83, Ala79, Val76, Lys225, Arg93, 

and Lys170—2,6-Octadiene, 2,6-dimethyl exhibited 

distinct interaction patterns. It formed interactions with 

Val76, Val142, Cys143, Ile139, Ala79, Leu116, His113, 

His83, Ser80, and Gly112, highlighting its potential as a 

promising antibacterial agent (Figure 7). 

Toxicity Prediction of the Drug Candidates 

The selected compounds were further analyzed for the 

ADME-T analysis. Santene, Linalyl acetate and 2,6-

Octadiene-2,6-dimethyl were analyzed by SWISSADME. 

Best ADMET properties lie in the category where the log 

p-value is less than 4 and more soluble. Borneol showed 

the best ADMET properties and it did not violate any 

Lipinski’s rule and its log p value was less than 4 with 

more solubility (Tables 4).  
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Fig. 6: 2D View of the Binding Positions of Cp1 (Santene), Cp2 (Linalyl acetate), and Cp3 (2,6-Octadiene, 2,6-dimethyl) in Protein 

3AQC 
 
Table 4: ADME-T and Drug-Likeness Properties of Selected Compounds 

ENT

RY 

TPSA #ROTAT

ABLE 

BONDS 

MW 

G/MO

L 

WLO

GP 

MLO

GP 

#H-

BOND 

ACCEP

TORS 

#H-

BON

D 

DON

ORS 

VEBER 

#VIOLAT

IONS 

LIPINSKI 

#VIOLAT

IONS 

GHOSE 

#VIOLA

TIONS 

BIOAVAIL

ABILITY 

SCORE 

RA

NGE  

<140 <11    <10 <5 <= 1 <=1 <=1  

Cp 1 26.3 6 196.29 3.24 2.95 2 0 0 0 0 0.55 

Cp 2 0 3 138.25 3.7 3.66 0 0 0 0 1 0.55 

Cp 3 0 0 122.21 2.75 3.98 0 0 0 0 1 0.55 

AD

ME-

T  

Absor

ption  

Distributi

on 

Metab

olism 

   Excre

tion  

Toxicity  

 GI 

absorp

tion 

BBB 

permeant 

CYP1

A2 

inhibit

or 

CYP2

C19 

inhibi

tor 

CYP

2C9 

inhib

itor 

CYP2D

6 

inhibitor 

CYP3

A4 

inhibi

tor 

 substrate Total 

Clearance 

AMES Herg I/II 

Inhibitors 

Cp 1 High Yes No No No No No Yes 0 No No 

Cp 2 Low Yes No No No No No Yes 0 No No 

Cp 3 Low Yes No No No No No Yes 0 No No 

 

 
 

Fig. 7: 3D Alignment of Cp3 (2,6-Octadiene, 2,6-dimethyl) Inside the 3AQC Pocket Compared to the Reference Ligand 

 

Boiled egg analysis from ADME suggested that if a 

compound has P-glycoprotein (PGP)-value, it shows 

that it has a strong bond with P-glycoprotein (PGP) and 

the drug will target the site after crossing the 

membrane. In the graphical representation, blue dots 

indicate molecules that are predicted to be expelled 

from the central nervous system via P-glycoprotein, 

whereas red dots represent molecules predicted to 

remain within the central nervous system without being 

expelled through P-glycoprotein. 
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In the provided visualization, the egg yolk points 

symbolize molecules that have the potential to 

passively traverse the Blood-Brain Barrier, while the 

egg white points represent molecules that may 

passively cross the gastrointestinal tract. The blue and 

red dots on the plot indicate molecules that are 

predicted to be expelled or retained by P-glycoprotein, 

singly shown in Figure 8. 

 

 
 

Fig. 8: Shows the boiled egg analysis by ADME 

 

Discussion 

The GC-MS profile of A. numidica EO used in this 

study was obtained from the work of Benouchenne et al. 

(2024). From this profile, six major compounds were 

initially considered for molecular docking analysis 

against bacterial protein targets. Based on binding 

energy results, only the three compounds demonstrating 

the most significant affinities were analyzed and 

discussed in detail. 

The essential oil (EO) of A. numidica showed a slight 

antibacterial capacity, predominantly against S. aureus, 

with β-Caryophyllene and α-pinene identified as major 

compounds responsible for the observed antimicrobial 

activity (Dahham et al., 2015).  
These findings are consistent with studies on other 

species, such as A. cilicia, where resin extracts were 

reported to effectively inhibit microbial growth (Kizil et al., 

2002). This suggests that the antimicrobial efficacy of 

species may be attributed to specific bioactive compounds 

like terpenes. Interestingly, The EO of Algerian A. 

numidica, collected in Seraidi, Annaba, showed 

significant antimicrobial effects against Gram-negative 

bacteria such as E. coli. However, it exhibited only mild 

inhibitory effects on the Gram-positive S. aureus 

(Ramdani et al., 2021).  

This contrasts with the EO from white fir (Abies alba), 

which exhibited no effect on various bacterial strains 

except for S. aureus (Yang et al., 2009). The selective 

activity against S. aureus in these studies could be linked 

to differences in chemical composition, as β-

Caryophyllene, a major compound in A. numidica, is 

known for its potent antimicrobial properties. Further 

comparisons reveal that EO from needles of A. numidica, 

collected in Babors, Algeria, exhibited strong activity 

against both S. aureus and M. luteus (Ghadbane et al., 

2016).  

This aligns with the findings of Bellil and 

Benouchenne et al. (2024), who also identified β-

Caryophyllene as a dominant compound but noted that 

the EO had no effect on most tested bacterial strains 

apart from S. aureus. Such variations highlight the 

influence of environmental factors, plant part, and 

harvesting conditions on the antimicrobial properties of 

EOs. The diterpene abietanes isolated from the cones of 

A. numidica also displayed significant antimicrobial 

properties (Belhadj Mostefa et al., 2017). These 

compounds, although distinct from β-Caryophyllene and 

α-pinene, further support the potential of A. numidica as 

a source of diverse bioactive molecules with 

antimicrobial activity. 

On the other hand, the toxicity analysis of the drug 

candidate is mandatory as it analyzes the lipophilicity, 

toxicity and solubility of the active compound 

(Coutanceau et al., 2005). The ADMET analysis of the 

selected predicted compounds was performed and results 

showed that borneol exhibits good ADMET properties 

while Cp1 is highly soluble regarding to the Cp2 and Cp3 

which is poorly soluble. The lipophilicity iLogP value of 

three selected compounds is less than 5 which means that 

it does follow the five rule of Lipinski’s which is that The 

molecular weight should not exceed 500 Da, with no more 

than 10 hydrogen bond acceptors and 5 hydrogen bond 

donors (Bakchi et al., 2022). 

The current study shows that drug candidates derived 

from medicinal plant Cp 1 have a high binding affinity 

with high GI absorption and it does cross the Blood-Brain 

Barrier (BBB). These characteristics of borneol position 

it as a highly promising and soluble drug candidate. The 

EGG-boiled analysis shows that the molecule may cross 

the blood-brain barrier and gastrointestinal tract as shown 

in Figure 8. Hydrogels are widely employed in wound 

healing applications due to their excellent capacity to 

retain water. However, these hydrogels could be easily 

applied and removed without affecting the wound but 

have poor water-soluble drug delivery systems due to 

their intrinsic hydrophobic nature (Hall et al., 2022; 

Naveed et al., 2025). 

Conclusion 

This in silico investigation of the antibacterial 

activity of A. numidica Essential Oil (EO) revealed 

important inhibitory potential against S. aureus and M. 

luteus. The molecular docking results demonstrated that 

the EO's active compounds, including Santene (Cp1), 

Linalyl acetate (Cp2), and 2,6-Octadiene, 2,6-dimethyl 

(Cp3), interacted effectively with the active sites of 
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bacterial proteins 5Z9N and 3AQC. Notably, Cp3 (2,6-

Octadiene, 2,6-dimethyl) demonstrated the best overall 

affinity, outperforming both the native ligands and 

reference molecules. The results highlight the unique 

potential of A. numidica EO as a natural source of 

antibacterial agents, particularly due to the activity of its 

bioactive components emphasizing their relevance in 

addressing the growing challenge of antibiotic 

resistance. In addition, the ADMET analysis of the 

selected compounds was performed and results showed 

that all compounds exhibited favorable ADMET 

properties. Future studies, including in vitro and in vivo 

validation, and eventually clinical trials, will be 

necessary to confirm the therapeutic potential of A. 

numidica EO-derived compounds against multidrug-

resistant pathogens. 

Limitations 

This study was limited to a computational approach, 

using molecular docking and ADMET predictions based 

on the published GC-MS profile of A. numidica EO. No 

new antibacterial assays were conducted, and the results 

require experimental validation. Only the three 

compounds with the highest predicted affinities were 

analyzed, and ADMET predictions remain theoretical 

until tested in vitro or in vivo. Nevertheless, as the first in 

silico investigation of A. numidica EO, this work provides 

a solid foundation for future experimental and 

translational studies. 
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