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A B S T R A C T

The widespread use of antibiotics has led to an increase in hospital-acquired infections. The increasing preva
lence of these infections has renewed interest in exploring bioactive compounds from sources such as endophytic 
fungi. Thus, this study aimed to use in silico methods to evaluate the antibacterial activity of γ-tocopherol, 
α-amyrin, and 3β-acetoxy-5-bisnorcholenic acid obtained from the endophytic Nigrospora oryzae UILRZ1 as po
tential inhibitors of clinically relevant resistant bacteria. In this study, we used three-dimensional structures of 
protein targets, including tyrosyl-tRNA synthetase, DNA gyrase, SHV-1 beta-lactamase, penicillin-binding pro
teins, topoisomerase, and dihydrofolate reductase. The UniProt database was used to retrieve the targets, and 
Glide’s Protein Wizard was used to prepare them. γ-tocopherol, 3β-acetoxy-5-bisnorcholenic acid, and α-amyrin 
were obtained from the PubChem database as ligands. SiteMap was chosen for binding site prediction, and 
Schrödinger’s Glide software was employed for molecular docking. Lipinski’s Rule of Five was used to evaluate 
the pharmacokinetic and pharmacodynamic properties of the ligands. The results showed that the ligand–protein 
interactions were stable and specific. γ-tocopherol (–5.43 kcal/mol) exhibited the strongest affinity, making it a 
promising candidate for developing novel antibiotics effective against resistant pathogens. The findings highlight 
that the identified bioactive compounds can be obtained from Nigrospora oryzae and exhibit promising anti
bacterial activity, which warrants further exploration in future studies. The results also have implications for the 
discovery of novel derivatives from endophytic fungi for addressing antibiotic resistance.

1. Introduction

The development of effective therapies against antimicrobial resis
tance can be achieved through innovative approaches, such as in silico 
and computational methods to predict ligand orientation in receptor- 
binding pockets, thereby promoting sustainable antimicrobial use 
[1–3]. Molecular docking enables effective screening of microorganisms 
for potential metabolites and introduces a more rationalized drug dis
covery process. Many metabolites express their activity through in
teractions with receptor targets within microorganisms. Several 
biomolecular compounds have been isolated from endophytic fungi 
through molecular docking studies [2].

Endophytic fungi have been shown to produce metabolites that are 
structurally and functionally similar to those of plants [4,5]. They have 

also been shown to protect plants against stress and pathogens due to the 
secondary metabolites they produce [6,7]. This characteristic attribute 
has led to an increased interest in research into the therapeutic potential 
of endophytic fungi [8]. Endophytic fungi are known to produce me
tabolites that contribute to protein synthesis, respiration, and enzyme 
functions [9]. In addition, they are a natural source of antibiotics that 
can be used as adjuvants to enhance antimicrobial activity [10,11]. 
Harnessing the diverse potential of endophytic fungi is essential to the 
development of novel antimicrobial agents [12–14]. They are a suitable 
alternative source of natural products that contribute to the conserva
tion of medicinal plants and the environment [15,16]. Nigrospora oryzae 
is an ascomycete fungus classified under the genus Nigrospora. It is 
widely recognized as a plant pathogen with a varied host range; how
ever, recent studies have noted its isolation from medicinal plants [26], 
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as an endophytic fungus has been isolated from several medicinal plants, 
including Helianthus annuus, Sclerocarya birrea, and Coccinia grandis, 
among others [29–31]. Nigrospora oryzae produces secondary metabo
lites with antimicrobial and antioxidant activities, making it a suitable 
source of novel and common bioactive compounds for targeting resis
tant bacterial species [30].

Gamma-tocopherol is a naturally occurring isoform of vitamin E 
recognized for its potent antioxidant, anti-inflammatory, and cytopro
tective properties. Recent studies have highlighted that, unlike alpha- 
tocopherol, γ-tocopherol exhibits superior scavenging activity against 
reactive nitrogen species (RNS), modulates inflammatory signaling 

pathways, and plays a crucial role in cellular defense against oxidative 
damage. These biochemical features are particularly relevant in anti
microbial defense, as oxidative and nitrosative stresses strongly influ
ence bacterial survival and pathogenicity [22]. The enhanced redox- 
regulating ability of γ-tocopherol therefore provides a strong mecha
nistic basis for its potential antibacterial activity. Recent membrane- 
interaction studies demonstrate that vitamin E isoforms significantly 
alter lipid bilayer dynamics, increasing susceptibility of microbial 
membranes to oxidative injury and functional collapse [23]. Further
more, γ-tocopherol has been shown to regulate immune and inflam
matory mediators, thereby indirectly enhancing host antimicrobial 
defenses. These properties strongly support its evaluation as a 
membrane-active antibacterial candidate.

The primary focus of in silico studies is drug discovery, with the 
synthesis of bioactive metabolites to counter rising infections caused by 
pathogenic microorganisms. In vitro and in silico studies are typically 
conducted to assess the action and safety of metabolites produced by 
microbes. The outcomes of these studies help save time, effort, and re
sources by predicting the efficacy of new bioactive compounds before 
synthesis. Lipophilicity refers to the affinity of molecules to a lipophilic 
environment [17]. This attribute is an important factor that determines 
the behavior of bioactive compounds. It also influences the ADMET 
properties (absorption, distribution, metabolism, excretion, and 
toxicity) of compounds [17,18]. The lipophilicity of molecules is 
measured as the partition or distribution coefficient of molecules within 
non-polar or fat-based environments [19,20]. Drug-likeness is evaluated 
with the use of Lipinski’s Rule of Five. It is used to identify the properties 
that influence the oral availability of drugs [21]. Compounds that 
violate these criteria tend to be poorly absorbed by the system [21]. 
Thus, a potential drug candidate should not violate more than one of 
these conditions for it to be considered orally active.

The global rise of antimicrobial resistance has intensified the search 
for novel, safe, and naturally derived antimicrobial agents. In this 
context, in silico molecular docking has emerged as a rapid, cost- 
effective, and reliable method for screening bioactive compounds 
against essential bacterial proteins, including those involved in cell wall 
synthesis, DNA replication, and metabolic regulation. Recent studies 
(2023) demonstrate that computational docking and ADMET profiling 
can effectively predict antibacterial potential and guide experimental 
validation of phytochemicals and nutraceutical compounds [24]. 
Applying in silico approaches to bioactive compounds, therefore, offers 
an efficient strategy to confirm their antibacterial activity, identify 
molecular targets, and optimize their therapeutic potential before lab
oratory investigations [24]. Consequently, exploring the antibacterial 
potential of bioactive compounds using in silico molecular docking is 
scientifically justified, as it integrates recent advances in computational 
biology with nutraceutical drug discovery [25]. This strategy provides 
mechanistic insight into ligand-target interactions, predicts binding af
finity and stability, and supports the rational development of bioactive 
compounds as novel antimicrobial or adjunct therapeutic agents. While 
studies have identified compounds such as γ-tocopherol, α-amyrin, and 
3β-acetoxy-5-bisnorcholenic acid from various natural studies, limited 
information is available on their occurrence in Nigrospora oryzae. In 
addition, only a few have explored a computational-based approach to 
testing these compounds against bacterial protein targets for their 
antibacterial activity. This study aims to address these limitations by 
using in silico methods to evaluate γ-tocopherol, α-amyrin, and 3β-ace
toxy-5-bisnorcholenic acid obtained from the endophytic Nigrospora 
oryzae UILRZ1 as potential inhibitors of clinically isolated multidrug- 
resistant bacteria.

2. Materials and methods

2.1. Source of Nigrospora oryzae UILRZ1

Nigrospora oryzae UILRZ1 was obtained from a previous study in 

Table 1 
Bioactive compounds with their PubChem ID, Molecular formula, and Canonical 
Simplified Molecular-Input Line-Entry System (SMILES).

Compound PubChem 
CID

Molecular 
Formula

Canonical SMILES

Alpha-Amyrin 225688 C30H50O CC1CCC2(CCC3(C 
(=CCC4C3(CCC5C4(CCC 
(C5(C)C)O)C)C)C2C1C)C)C

3β-Acetoxy-5- 
Bisnorcholenic 
Acid

91742734 C24H36O4 C[C@H](CCC(=O)O) 
[C@H]1CC[C@@H]2 
[C@@H]1CC[C@H]3 
[C@H]2CC=C4[C@@H] 
3CC[C@@H](C4)OC(=O)C

γ-tocopherol 14986 C28H48O2 CC1=C(C=C2CCC 
(OC2=C1C)(C)CCCC(C) 
CCCC(C)CCCC(C)C)O

Gentamicin 3467 C21H43N5O7 CC(C1CCC(C(O1)OC2C(CC 
(C(C2O)OC3C(C(C(CO3)(C) 
O)NC)O)N)N)N)NC

Table 2 
Synergistic Effects of the Fractions on Selected Pathogens.

Test organism Fractions

A B C D

Escherichia coli ¡ ¡ ¡ ¡

Staphylococcus aureus þ þ þ þ

Klebsiella pneumoniae ¡ ¡ ¡ ¡

Acinetobacter baumannii ¡ ¡ ¡ þ

Pseudomonas aeruginosa þ þ þ ¡

Enterococcus faecalis þ þ þ þ

KEY:
A: Fractions 1 and 2.
B: Fractions 2 and 3.
C: Fractions 1 and 3.
D: Fractions 1, 2, and 3.
+: Inhibition
–: No inhibition

Table 3 
Minimum Inhibitory Concentration of Combined Fractions of Nigrospora oryzae 
UILRZ1 Metabolite (µg/mL).

Test bacteria Fractions 
A B C D

Escherichia coli 128 128 128 128

Staphylococcus aureus 64 64 64 128
Klebsiella pneumoniae 256 256 128 256
Acinetobacter baumannii 64 128 128 256
Pseudomonas aeruginosa 128 128 128 256
Enterococcus faecalis 64 64 128 64

KEY:
A: Fractions 1 and 2.
B: Fractions 2 and 3.
C: Fractions 1 and 3.
D: Fractions 1, 2, and 3.
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which we evaluated the antibacterial potential of fractionated bioactive 
compounds from endophytic fungi [28]. Our findings showed that 
fractions from Nigrospora oryzae UILRZ1 had higher antibacterial ac
tivity and statistical effectiveness compared to other screened isolates 
[28]. Based on this result, Nigrospora oryzae UILRZ1 was selected for the 
present study.

2.2. Assessment of synergism of fractions of Nigrospora oryzae UILRZ1 
metabolites

One of the most effective methods for increasing the antimicrobial 
activity of a substance is to combine it with one or more other antimi
crobial agents [27]. In this study, direct TLC-bioautography and 

Fig. 1a. Post-docking analysis of Tyrosyl-tRNA synthetase (PDB ID: 1JIJ) binding to γ-tocopherol.

Fig. 1b. Interaction of Gentamicin within the Binding Pocket of 1JIJ.
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microbroth dilution methods were used to determine the antibacterial 
activity of the combined fractions prepared at a 1:1 ratio against the 
selected test organism, as described in the previous study [28].

2.3. Selection and preparation of ligands

Three bioactive compounds, γ-tocopherol, 3β-acetoxy-5-bisnorcho
lenic acid, and α-amyrin were selected for the in silico analysis based on 
previous reports of their antimicrobial activity [28]. These compounds 
were derived from the Nigrospora oryzae UILRZ1 fractions. In addition to 
their antimicrobial activity, virtual screening was performed to assess 
whether the compounds (ligands) could bind to the microbial targets 
(receptors). Their structures were retrieved from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov). Ligands were optimized using the 
LigPrep 2.4 module of Schrödinger’s Maestro software. This process 
generated low-energy conformations with appropriate protonation 
states, optimized geometry, and assigned proper bond orders.

2.4. Retrieval and preparation of bacterial protein targets

The three-dimensional crystal structures of the target bacterial pro
teins — Tyrosyl-tRNA synthetase (1JIJ), DNA gyrase (1KZN), SHV-1 
beta-lactamase (3MKF), Penicillin-binding protein (3UE3), Penicillin- 
binding protein 3 (PBP3) (3VSL), Topoisomerase IV (4EMV), and 
Dihydrofolate reductase (4M7U) were retrieved from the Protein Data 
Bank (PDB) [17]. These proteins were prepared using the Protein 
Preparation Wizard in Schrödinger’s Maestro interface. For this prepa
ration, non-essential water molecules and heteroatoms were removed, 
and missing hydrogen atoms were added. The side chains and loops 
were also corrected through loop refinement methods. Lastly, the OPLS- 
2005 force field was applied to reduce energy and ensure appropriate 
geometry and steric accuracy.

2.5. Binding site prediction, grid generation, and docking

The SiteMap [Schrödinger] tool was used to evaluate the size, vol
ume and hydrophobic/hydrophilic balance of cavities to predict pockets 

Fig. 1c. Post-docking analysis of Tyrosyl-tRNA synthetase (PDB ID: 1JIJ) binding to γ-tocopherol, indicating docking scores, Xp GScore, and MMGBSA.

Fig. 1d. Bond categories and types involving Tyrosyl-tRNA synthetase (PDB ID: 1JIJ) binding to γ-tocopherol.
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that are druggable. It was employed to determine the potential binding 
sites of ligands in each protein. The site that had the highest SiteScore 
value was selected for the generation of docking grids. Docking grids 
were generated with the use of Receptor Grid Generation in Glide 
(Schrödinger). The receptor grid was centered at x  = 7.19, y = 14.21, z 
= − 12.65, with grid dimensions of 25 × 25 × 25 Å, ensuring complete 
coverage of the predicted ligand-binding site and enabling adequate 
conformational sampling during docking. Prepared ligands were sub
sequently docked into the generated receptor grids using the Glide 
Standard Precision (SP) mode. The best docking poses were selected 
based on the GlideScore (predicted binding affinity) and favorable in
teractions with key active-site amino acid residues [5,10].

2.6. Analysis of docking results

Analysis of the docking results was done using PyMOL and LigPlot +

to visualize the hydrogen bonds, hydrophobic interactions, and π–π 
stacking. The amino acid residues forming key interactions with ligands 
were identified. Compounds with the most favorable docking scores 
were considered potential inhibitors of bacterial targets.

2.7. ADMET and drug-likeness analysis

The pharmacokinetic and pharmacodynamic properties of the li
gands were assessed using Lipinski’s Rule of Five [13,18,21]. Parame
ters such as molecular weight, Log P, hydrogen-bond donors (HBD), 
hydrogen-bond acceptors (HBA), and topological polar surface area 
(TPSA) were calculated using SwissADME and QikProp. Ligands satis
fying Lipinski’s criteria were considered orally bioavailable and poten
tially drug-like.

Fig. 1e. Amino acid residues at the binding site of Tyrosyl-tRNA synthetase (PDB ID: 1JIJ) involved in binding to γ-tocopherol.

Fig. 2a. Post-docking analysis of DNA gyrase binding to γ-tocopherol.
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2.8. Canonical simplified molecular-input line-entry system (SMILES)

Table 1 below shows a canonical simplified molecular-input line- 
entry system (SMILES) of the ligands prepared for docking. These are 
unique to each ligand and facilitate conversion into two- or three- 
dimensional crystallography models.

3. Results and discussion

3.1. Effect of the fractions in combinations on selected bacterial isolates

The four fractions were subjected to susceptibility testing in varying 
combinations. All the combinations inhibited S. aureus and E. faecalis. 
Combinations A, B, and C inhibited P. aeruginosa as shown in Table 2
below.

3.2. Interactions of γ-tocopherol within the binding pockets of Tyrosyl- 
tRNA synthetase

The interaction between Tyrosyl-tRNA synthetase and γ-tocopherol 

involves multiple amino acid residues that form a range of bonding in
teractions critical for the stability of the complex. Notably, residues such 
as SER194 (1.89 Å), ILE221 (3.01 Å), and PRO222 (1.85 Å) participate 
in conventional hydrogen bonds, contributing to the specificity and 
strength of the interaction. These hydrogen bonds are crucial as they 
help to position γ-tocopherol within the active site of Tyrosyl-tRNA 
synthetase, thereby influencing its binding affinity and possibly its cat
alytic efficiency. In addition, GLY193 formed carbon-hydrogen bonds at 
distances of 2.86 Å and 2.95 Å, thereby enhancing stability. These bonds 
highlight the roles that interactions between side chains and the back
bone play in maintaining the complex's structural integrity (Table 3).

The hydrophobic interactions between residues like LEU223 (2.64 
Å), LYS234 (4.44 Å), and TRP241 (4.91 Å) that form alkyl and Pi-alkyl 
bonds contribute to structural stability. These interactions help to pro
tect the γ-tocopherol by creating a hydrophobic environment. The 
γ-tocopherol is further anchored at the active site with the electrostatic 
Pi-Anion interaction involving ASP195 (4.98 Å). Overall, the highly 
specific binding of γ-tocopherol to Tyrosyl-tRNA synthetase is attributed 
to these interactions identified above. These associations have potential 
implications for the biological activity of γ-tocopherol and how it 

Fig. 2b. Interaction of Gentamicin within the Binding Pocket of DNA Gyrase.
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functions as a protein. This is indicated in Fig. 1a below.
The intermolecular interaction between the control ligand, genta

micin, and the amino acids of 1JIJ shows a total of seven amino acids 
exhibiting bonding with ten intermolecular interactions: six hydrogen 
bonds, two electrostatic, and one hydrophobic, indicating higher spec
ificity rather than binding stability within the binding pocket as seen in 
Fig. 1b below. Compared with α-tocopherol, γ-tocopherol exhibited 
greater binding stability, resulting in a more thermodynamically stable 
complex.

3.3. Effect of the docking score on post-docking analysis of Tyrosyl-tRNA 
synthetase to γ-tocopherol

The post-docking analysis of Tyrosyl-tRNA synthetase showed that 
tocopherol (PubChem ID 14986) had the most favorable docking score 
and XP GScore (–4.39) alongside a highly negative MMGBSA ΔG Bind 

(–44.37 kcal/mol), indicating both optimal fit within the active site and 
strong thermodynamic stability. 3β-acetoxy-5-bisnorcholenic acid 
(PubChem ID 91742734) followed with moderate docking (–3.53) and 
MMGBSA ΔG Bind (–34.90 kcal/mol), while Alpha-Amyrin (PubChem 
ID 225688) exhibited lower binding affinity (docking –3.11; MMGBSA 
–31.61 kcal/mol). The consistent trend between docking scores and 
binding free energies highlights that more negative docking and 
MMGBSA values correlate with stronger predicted binding, emphasizing 
tocopherol as the most promising ligand for Tyrosyl-tRNA synthetase 
(Fig. 1c).

The bar graph in Fig. 1d illustrates the interaction of different bond 
types within the binding of Tyrosyl-tRNA synthetase to γ-tocopherol. 
These bonds include hydrogen bonds, electrostatic, and hydrophobic 
interactions. The hydrogen bonds include three cases: normal hydrogen 
bonding and carbon-hydrogen bonding. The electrostatic interactions 
comprise one case of Pi-Anion interaction, while the hydrophobic 

Fig. 2c. Post-docking analysis of DNA gyrase [PDB ID: 1KZN] binding to γ-tocopherol indicating docking scores, Xp GScore, and MMGBSA.

Fig. 2d. Bond categories and types involving DNA gyrase (PDB ID: 1KZN) binding to γ-tocopherol.
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interactions comprise six Alkyl bonds, four Pi-Alkyl bonds, and one Pi- 
Sigma bond. The prevalence of hydrophobic interactions compared to 
the other bonds highlights its significance in the binding.

The average distances between specific Staphylococcus aureus amino 
acid residues in the DNA gyrase and Tyrosyl-tRNA synthetase (TyrRS) 
binding to tocopherol are presented in Fig. 1e below. The distances 
suggest how close the amino acids are to the tocopherol at the binding 
site. This influences the binding affinity and interaction strength within 
the complex. Distances that are shorter are considered to produce 
stronger and more direct interactions, which is necessary for a binding 
that is stable and specific. Greater distances play a role in the in
teraction's overall structural stability.

3.4. Interactions of γ-tocopherol and gentamicin within the binding 
pockets of DNA gyrase

Several amino acids contribute to the hydrogen and hydrophobic 
bonds present in the ligand formed by DNA gyrase and γ-tocopherol. The 
interactions from the hydrogen bonds are attributed to ARG206 (2.33 Å) 
and THR62 (1.77 Å). The bond distances at these residues are strong and 
specific, which allows them to contribute to stabilizing the ligand at the 
DNA gyrase active site. The hydrogen bonds help to anchor the ligand 
and ensure proper orientation and specificity of the interactions in the 
complex. The alkyl and pi-alkyl interactions from the hydrophobic 
bonds are attributed to MET166 (5.21 Å), MET166 (4.39 Å), VAL133 
(5.08 Å) and HIS64 (5.11 Å) (Fig. 2a). These hydrophobic interactions 
help to create supportive hydrophobic regions in the ligand that enhance 

Fig. 2e. Amino acid residues at the binding site of DNA gyrase (PDB ID: 1KZN) involved in binding of γ-tocopherol.

Fig. 3a. Post-docking analysis of SHV-1 beta-lactamase (PDB ID: 3MKF) binding to γ-tocopherol.
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overall affinity for binding. The presence of a dual bond demonstrates 
how balanced the forces are that DNA gyrase uses to interact with 
γ-tocopherol. This suggests that γ-tocopherol may act as a potential in
hibitor of DNA gyrase.

The crystallographic and chemical interactions of gentamicin with 
amino acid. The receptor-ligand complex exhibited seven different types 
of intermolecular interaction which confirms its instability as seen in 
Fig. 2b. While gentamicin demonstrated precise molecular recognition, 
γ-tocopherol appeared to achieve stronger binding stability, high
lighting their potential as promising modulators of DNA gyrase activity 

(Fig. 2c).
Fig. 2d below highlights the types and frequencies of bonds that are 

present in the interaction between DNA gyrase and γ-tocopherol. The 
bonds are “hydrogen bonds” for which conventional hydrogen bonds 
appear once and “hydrophobic” for which alkyl bond appears three 
times and pi-Alkyl bond is once. These bond types facilitate the stability 
and specificity of the interaction.

The average distances between specific E. coli amino acid residues in 
the DNA gyrase and γ-tocopherol is presented in Fig. 2e below. The in
teractions from the hydrogen bonds are attributed to HIS64, VAL133, 

Fig. 3b. Interaction of Gentamicin within the Binding Pocket of 3MKF.

Fig. 3c. Post-docking analysis of SHV-1 beta-lactamase (PDB ID: 3MKF) binding to γ-tocopherol indicating docking scores, Xp GScore, and MMGBSA.

R.F. Zakariyah et al.                                                                                                                                                                                                                           Medicine in Omics 17 (2026) 100056 

9 



MET166, ARG206 and THR62. The distances include 5.11 Å for HIS64, 
5.08 Å for VAL133, 4.80 Å for MET166, 2.33 Å for ARG206 and 1.77 Å 
for THR62. The distances suggest how close the amino acids are to the 
γ-tocopherol at the binding site. The closest is THR62 which suggests 
that it plays a major role in the stability of the interaction.

3.5. Interactions of γ-tocopherol and gentamicin within the binding 
pockets of SHV-1 beta-lactamase

Fig. 3a below shows the interaction between SHV-1 beta-lactamase 
and γ-tocopherol. The hydrogen bond interactions are attributed to 
GLU288 with a distance of 1.85 Å. This low distance suggests that the 
bond is strong, conventional and helps to maintain the specific geometry 

of the active site of the enzyme. This close interaction likely contributes 
to the high specificity of γ-tocopherol for SHV-1 beta-lactamase. It is also 
possible because hydrogen bonds are crucial in molecular recognition 
and enzyme catalysis.

Crystallographic interaction of the control, gentamicin within the 
binding pocket of 3MKF. The ligand-receptor interaction shows 
hydrogen bonding in green colour dominating the interaction which 
signifies specificity of the interaction that took place in Fig. 3b below. 
Comparatively, γ-tocopherol exhibited targeted specificity with single 
site hydrogen while gentamicin exhibited broad specificity with multi
ple hydrogen bonds.

For the binding study involving γ-tocopherol and SHV-1 beta-lacta
mase (PDB ID: 3MKF), γ-tocopherol [PubChem ID 14986] shows the 

Fig. 3d. Bond categories and types involving SHV-1 beta-lactamase (PDB ID: 3MKF) binding to γ-tocopherol.

Fig. 3e. Amino acid residues at the binding site of SHV-1 beta-lactamase (PDB ID: 3MKF) binding to γ-tocopherol.
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most favorable binding interaction with the lowest MMGBSA ΔG Bind 
score of − 54.70, indicating a strong binding free energy. It also has a 
docking score of − 5.43 and an XP GScore of − 5.90. The compound with 
PubChem ID 91742734 has a slightly less favorable MMGBSA ΔG Bind 

score of − 38.97, with docking and XP GScores of − 6.03 and − 6.04, 
respectively. Lastly, the compound with PubChem ID 225688 shows the 
least favorable interaction, with an MMGBSA ΔG Bind score of –23.15, a 
docking score of − 2.20, and an XP GScore of − 2.50 (Fig. 3c).

Fig. 4a. Post-docking analysis of Penicillin binding protein (3UE3) binding to 3β-acetoxy-5-bisnorcholenic acid.

Fig. 4b. Interaction of Gentamicin within the Binding Pocket of 3UE3.
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The binding of SHV-1 beta-lactamase (PDB ID: 3MKF) to γ-tocoph
erol involves various bond types categorized primarily into hydrogen 
bonds and hydrophobic interactions. These comprise two conventional 
hydrogen bonds, one carbon-hydrogen bond and 13 non-polar alkyl 
interactions. The significance of the hydrophobic forces shows that they 
are important to the stability of γ-tocopherol to SHV-1 beta-lactamase. 
Fig. 3d below and highlights the combined effect of different bond types 
in the binding affinity.

Fig. 3e below shows the bond distances associated with the hydro
phobic interactions of SHV-1 beta-lactamase and γ-tocopherol. The 
distances are 5.50 Å for ILE263 and 4.80 Å for ILE221. These distances 
reflect a weak interaction that is essential for the protein–ligand com
plex. Specific hydrophobic bonds are alkyl and pi-alkyl that help to 
maintain the non-polar regions of the enzyme and γ-tocopherol. 

Additionally, ALA284 presents at several bond distances of 4.33 Å, 3.99 
Å, and 3.71 Å. The repetition of these amino acids within the complex 
contribute to ensuring enzyme functionality during inhibition by the 
compound.

3.6. Interactions of 3β-acetoxy-5-bisnorcholenic acid within the binding 
pockets of SHV-1 beta-lactamase

Penicillin-binding protein (3UE3) and 3β-acetoxy-5-bisnorcholenic 
acid complexes show different bonds and distances. These bonds high
light that the molecular interactions in this complex are specific and 
stable. There is a presence of short and strong hydrogen bond distances 
of 1.72 Å for SER390 and 1.92 Å for SER336 (Fig. 4a). These bonds are 
conventional and help the binding of the compound to be specific at the 

Fig. 4c. Post-docking analysis of Penicillin binding protein (3UE3) binding to 3β-acetoxy-5-bisnorcholenic acid indicating docking scores, Xp GScore, and MMGBSA.

Fig. 4d. Bond categories and types involved in Penicillin binding protein (3UE3) binding to 3β-acetoxy-5-bisnorcholenic acid.
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active site of the Penicillin-binding protein. In addition, the hydrogen 
bonds help to stabilise the structure of the protein–ligand complex. This 
then contributes to biological functions such as inhibiting the protein 
activity.

Crystallographic interaction of gentamicin with the amino acids of 
3UE3 that also shows hydrogen bond intermolecular interaction of the 
ligand with SER428 and ASP330 while hydrophobic interaction 
occurred with MET331of the receptor as seen in Fig. 4b below.

Fig. 4e. Penicillin binding protein (3UE3) binding to 3β-acetoxy-5-bisnorcholenic acid, showing the amino acid residues and their bond distances.

Fig. 5a. Post-docking analysis of Penicillin-binding protein 3 (PBP3) (3VSL) binding to 3β-acetoxy-5-bisnorcholenic acid.
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The docking score of compound 91742734 was − 6.44, XP GScore of 
− 6.45 and a ΔG Bind value of − 46.58. This result shows that the com
pound has a high potential for binding. This is in contrast to compound 
225688 that has a lower docking score of − 5.22, XP GScore of − 5.22 and 
ΔG Bind value of − 57.96. This suggests that the binding affinity of the 
compound is moderate. The last compound, 14986, has even lower 
values, indicating that its interactions are not suitable even if it binds 

(Fig. 4c).
The hydrophobic interactions within the ligand are longer and 

weaker with bond distances of 4.97 Å and 4.12 Å for TYR450 as well as 
4.39 Å and 4.60 Å for HIS530. These interactions are mostly alkyl and pi- 
alkyl bonds and ensure the stability of the compound within the protein 
hydrophobic pocket. TYR539 occurs repeatedly and at distances of 5.10 
Å and 3.71 Å and ensures that the compound is effectively secured. This 

Fig. 5b. Interaction of Gentamicin within the Binding Pocket of 3VSL.

Fig. 5c. Post-docking analysis of Penicillin-binding protein 3 (PBP3) (3VSL) binding to 3β-acetoxy-5-bisnorcholenic acid, indicating the docking, Xp GScore, and 
MMGBSA scores.
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Fig. 5d. Bond categories and types involved Penicillin-binding protein 3 (PBP3) (3VSL) binding to 3β-acetoxy-5-bisnorcholenic acid.

Fig. 5e. Amino acid residues at the binding site of Penicillin-binding protein 3 (PBP3) (3VSL) binding to 3β-acetoxy-5-bisnorcholenic acid.

Fig. 6a. Post-docking analysis of Topoisomerase (PDB ID: 4EMV) binding to γ-tocopherol.
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also contributes to the activity of the compound in inhibiting the protein 
function (Fig. 4d below). The strong hydrogen bond and the hydro
phobic bond creates a balance that ensures that the protein–ligand is 
specific and stable.

Penicillin Binding Protein binds to 3β-acetoxy-5-bisnorcholenic acid 
with several amino acids (Fig. 4e below). The longest distance was by 
ARG373 at 5.02 Å making it an important contributor to stability. Other 
significant amino acids include TYR450 (4.54 Å) and HIS530 (4.49 Å) 
that facilitate strong binding of the compound and protein. These amino 
acids enhance the binding affinity of the complex.

The interaction between Penicillin-binding protein 3 (PBP3) and 3β- 
acetoxy-5-bisnorcholenic acid shows that there is a balance of molecular 
interactions within the complex that make it specific and stable (Fig. 5a).

The crystallographic interaction of gentamicin with the amino acids 
of 3VSL receptors. Hydrogen bond intermolecular interaction was 
exhibited in all the receptor-ligand complexes, as in Fig. 5b below.

For penicillin-binding protein 3, 3β-acetoxy-5-bisnorcholenic acid 
(PubChem ID 91742734) again has the most favorable docking score 
and XP GScore at − 1.63 and − 1.64, respectively, and an MMGBSA dG 
Bind of –32.95. Alpha-Amyrin (PubChem ID 225688) follows with a 

Fig. 6b. Interaction of Gentamicin within the Binding Pocket of 4EMV.

Fig. 6c. Post-docking analysis of Topoisomerase binding to γ-tocopherol indicating the docking, XpGscore, and MMGBSA scores.

R.F. Zakariyah et al.                                                                                                                                                                                                                           Medicine in Omics 17 (2026) 100056 

16 



docking score of − 0.51 and an MMGBSA dG Bind of − 17.60. tocopherol 
(PubChem ID 14986) shows a positive docking score of 1.09, which is 
unfavorable, but has a very favorable MMGBSA dG Bind of − 46.28, 
indicating strong binding free energy despite the docking score, as 
indicated in Fig. 5c below.

The bond distances associated with conventional hydrogen bonds, 
such as 2.98 Å for LYS52, 2.52 Å for ARG69, 2.07 Å for GLY286, and 
1.91 Å for ASN308, indicate very close and strong interactions. These 
distances suggest that these residues are involved in highly specific 
hydrogen-bonding interactions with 3β-acetoxy-5-bisnorcholenic acid, 
which are crucial for the compound's precise recognition and binding. 
Tight hydrogen bonding is essential for stabilizing the ligand within the 
active site of PBP3, ensuring that the inhibitor effectively binds and 

potentially disrupts the protein’s function, as indicated in Fig. 5d below.
On the other hand, the longer bond distances associated with hy

drophobic interactions, such as 4.42 Å for ARG285, 5.14 Å for LYS288, 
4.80 Å for LYS288, 3.93 Å for TYR265, and 5.08 Å for TYR265, as 
indicated in Fig. 5e, highlight the role of these interactions in main
taining the overall stability of the protein–ligand complex. The alkyl and 
pi-alkyl interactions contribute to the hydrophobic core of the binding 
site, where the non-polar regions of 3β-acetoxy-5-bisnorcholenic acid 
are sequestered away from the aqueous environment. These interactions 
are weak but contribute to the complex's stability. They help the ligand 
to remain connected and prevent early dissociation. The strong 
hydrogen bond and weak hydrophobic interaction ensure a balance of 
specificity and stability in the complex. These interactions ensure that 

Fig. 6d. Bond categories and types involved in Topoisomerase binding to γ-tocopherol.

Fig. 6e. Amino acid residues at the binding site of Topoisomerase binding to γ-tocopherol.
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PBP3 is well inhibited by the compound.

Fig. 7a. Post-docking analysis of Dihydrofolate reductase (PDB ID: 4M7U) binding to γ-tocopherol at the binding site.

Fig. 7b. Interaction of Gentamicin within the Binding Pocket of 4M7U.
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3.7. Interactions of γ-tocopherol within the binding pockets of 
topoisomerase

In the interaction between Topoisomerase (PDB ID: 4EMV) and 
γ-tocopherol, as indicated in Fig. 6a below, the bond distances and types 
(Figs. 6c and 6d) provide insight into how specificity and stability are 
achieved in this molecular complex.

The crystallographic intermolecular interaction of gentamicin within 
the binding pocket of 4EMV in Fig. 6b below shows four types of 
intermolecular interaction occurring involving six amino acids: GLY82, 
ASN51, ARG81, ILE48, GLU55, and PRO84. The hydrogen-bond inter
molecular interaction at the shortest distance to GLY82 indicated 
stronger binding affinity.

3.8. Post-docking analysis of Topoisomerase binding to γ-tocopherol

In the analysis of Topoisomerase, γ-tocopherol (PubChem ID 14986) 
showed a docking score of − 2.65 and an MMGBSA dG Bind of − 25.36. 

Alpha-Amyrin (PubChem ID 225688) has a docking score of − 1.54 and 
an MMGBSA dG Bind of –23.72, while 3β-acetoxy-5-bisnorcholenic acid 
[PubChem ID 91742734] has a docking score of − 1.03 and an MMGBSA 
dG Bind of − 20.68. Here, tocopherol stands out with the most favorable 
docking score and binding free energy as indicated in Fig. 6c below.

The bond distance of 1.76 Å associated with ASP62 indicates a strong 
conventional hydrogen bond. This tight binding is crucial for the spec
ificity of γ-tocopherol within the Topoisomerase binding site, as 
hydrogen bonds are highly directional and contribute significantly to 
the precision of the interaction. The γ-tocopherol interacts with Topo
isomerase due to the strong hydrogen bonds that ensures the ligand is 
stabilized. This hydrogen bond also potentially contributes to the ac
tivity of the enzyme (Fig. 6d).

The hydrophobic interactions between Topoisomerase and 
γ-tocopherol exhibit long bond distances, as shown in Fig. 6d. These 
distances include 4.26 Å for HIS79 (pi-pi stacked), 4.48 Å for VAL144, 
4.77 Å for LYS173 (alkyl), and 3.98 Å for LYS169 (alkyl) (Fig. 6e). These 
distances are essential to complex stability. Similarly, the weaker pi-pi 

Fig. 7c. Post-docking analysis of Dihydrofolate reductase binding to γ-tocopherol.

Fig. 7d. Bond categories and types involved in Dihydrofolate reductase binding to γ-tocopherol.
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stacked and pi-alkyl bonds help γ-tocopherol bind to the hydrophobic 
Topoisomerase binding site. The interactions within this ligand help 
prevent it from being exposed to nonpolar aqueous regions. The hy
drophobic contacts facilitate the effective binding of γ-tocopherol, 
thereby ensuring affinity and stability in the complex (Fig. 6e).

3.9. Interactions of γ-tocopherol within the binding pockets of 
dihydrofolate reductase

Fig. 7a shows the interaction between Dihydrofolate reductase 
(DHFR) and γ-tocopherol. This interaction indicates how diverse types 
of bonds at different distances ensure the protein–ligand complexes are 
specific and stable.

The figure below is a 2D crystallographic interaction of gentamicin 
within the binding pocket of 4M7U. Varying types of hydrogen bond 
intermolecular interaction were involved with seven amino acids, which 
was an indication that the ligand was of more specificity than stability 
(Fig. 7b).

Compound 14,986 was shown to be the most promising candidate for 
binding to DHFR based on MMGBSA ΔG bind values. Although it has a 
low docking score of − 4.33, its ΔG Bind of − 59.97 indicates a stronger 
affinity. This contrasts with compound 225,688 which has a high 
docking score of − 5.04 and a ΔG Bind of − 55.72 as shown on Fig. 7c. 
This analysis shows that MMGBSA is an important tool for determining 
binding strength.

Strong hydrogen bonds characterize the interaction between the 
DHFR γ-tocopherol ligands. The conventional hydrogen bond at 2.09 Å 
for GLY49 indicates that the bond is close and specific. This bond an
chors γ-tocopherol within the active site of DHFR and maintains its 
attachment. Similarly, LYS19 at a distance of 2.91 Å fosters the stability 
of the ligand (Fig. 7d). These bonds help to ensure that the enzyme has 
the appropriate orientation necessary for potential activity or inhibition.

The hydrophobic interactions between DHFR and γ-tocopherol 

Fig. 7e. Post-docking analysis of Dihydrofolate reductase binding to γ-tocopherol.

Table 4 
Chemical Properties of Ligands for Drug Likeness.

Alpha- 
Amyrin

3β-Acetoxy-5- 
Bisnorcholenic 
acid

γ-tocopherol Gentamicin

Molecular Weight 
(g/mol)

426.72 388.54 416.68 477.60

XlogP 5.08 9.01 10.33 − 4.10
Hydrogen bond 

donor
1 1 1 8

Hydrogen bond 
acceptor

4 1 2 12

Lipinski Rule 
Violation

1 1 1 2

Rotatable bond 
count

6 0 12 7

Topological polar 
surface area 
(TPSA)

63.60 20.23 29.46 199.73

Bioavailability 0.85 0.55 0.55 0.17

Table 5 
Prediction of ADMET properties from pkCSM.

ADMET properties

Alpha-Amyrin 3β-Acetoxy-5-Bisnorcholenic Acid γ-tocopherol Gentamicin

Intestinal Absorption(%) 0.915 0.667 0.772 0.029
Caco-2 (log Papp in 

10–6 cm/s)
− 4.726 − 5.056 − 4.733 − 6.119

Volume Distribution(log L/kg) 0.306 − 0.699 − 0.1 − 0.94
CYP3A4Substrate Yes No No No
CYP2D6 Substrate &Inhibitor No No No No
Total Clearance 

(log mL/min/kg)
1.286 1.26 1.518 0.247

AMES Toxicity Non-mutagenicity Non-mutagenicity Non-mutagenicity Non-mutagenicity
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ligands are more (16 out of 20 bonds) with longer distances (Fig. 7e). 
The hydrophobic bond is mainly an alkyl bond at distances of 4.63 Å and 
4.45 Å with ALA7 and 4.97 Å with MET50. Pi-alkyl interactions are also 
present at distances of 5.30 Å for HIS23 and 4.23 Å for PHE31. These 
interactions help ensure that γ-tocopherol is bound to the hydrophobic 
region of DHFR and that ligand stability is maintained within the 
binding pocket. The molecular and biochemical activity of the complex 
can be attributed to the strong hydrogen bonds and high hydrophobic 
interactions. These bonds combine to make the complex both specific 
and stable.

3.10. Lipinski rule of five, permeability and bioavailability

The Lipinski rule of five was used to assess the permeability and 
solubility of the identified ligands, as shown in Table 4. The XlogP was 
violated by all the ligands except the standard antibiotic, which had a 
value of − 4.10, below 5 XlogP. Meanwhile, standard antibiotics violated 
2 other rules: the hydrogen-bond donor was more than 5, and the 
hydrogen-bond acceptor was more than 10. The TPSA of control failed 
the acceptable limit (140 Å2). Also, all other investigated compounds 
passed oral bioavailability screening with a rotatable bond count of less 
than 10, except for γ-tocopherol. The bioavailability value is not meant 
to be more than 0.55, which is passed by all except alpha amyrin.

Table 5 below shows the profiling properties that predicted the drug 
likeness of the ligands after clinical administration. The cytochrome 
enzyme, CYP3A4, substrates present in the liver were only accessible by 
alpha amyrin for metabolism, which means alpha amyrin is the only 
ligand that the liver can easily metabolize. All ligands, including the 
standard antibiotics, were non-mutagenic. This study observed that the 
ligands failed only one rule, whereas the standard antibiotics (control) 
failed two rules of the Lipinski rule of five. It can be deduced that the 
identified ligands are of higher drug likeness.

4. Conclusion

From this study, it can be deduced that the molecular simulation 
analysis revealed the inhibitory potential of the evaluated endophytic 
fungal metabolites against key bacterial protein targets. The results 
demonstrated that these compounds, particularly γ-tocopherol, exhibi
ted stable, specific interactions with critical enzymes, including Tyrosyl- 
tRNA synthetase, DNA gyrase, SHV-1 beta-lactamase, penicillin-binding 
proteins, topoisomerase, and dihydrofolate reductase.

These interactions suggest the likelihood of forming novel inhibitory 
complexes that could disrupt essential bacterial processes, thereby 
suppressing the activity of ESKAPE pathogens known for their multidrug 
resistance. Future research could explore the isolation and antimicrobial 
activity of the bioactive γ-tocopherol molecule from other natural 
products to establish its efficacy against multidrug-resistant pathogens.
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