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ABSTRACT

1. Introduction

Molecular docking has emerged as a powerful computational approach to predict interactions between bioactive
compounds and target proteins, providing valuable insights into drug discovery and antifungal research (Morris et
al., 2009). One of the key targets in antifungal studies is CYP51B, a cytochrome P450 sterol 14a-demethylase,
which plays a crucial role in ergosterol biosynthesis—a vital component of fungal cell membranes (Becher &
Wirsel, 2012). Inhibition of CYP51B disrupts fungal cell viability, making it a promising target for developing
novel antifungal agents (Watkins et al., 2010).

Sorghum (Sorghum bicolor) is a staple cereal crop in Niger Republic, playing a critical role in food security and
nutrition (Haussmann et al., 2012). However, sorghum is highly susceptible to contamination by toxigenic fungi,
particularly Aspergillus, Fusarium, and Penicillium species, which produce harmful mycotoxins such as aflatoxins
and fumonisins (Pitt et al., 2013). These mycotoxins pose serious health risks to humans and livestock, leading to
economic losses in agricultural production (Bandyopadhyay et al., 2016).

Natural antifungal agents from medicinal plants have gained attention as eco-friendly alternatives to synthetic
fungicides. Eucalyptus camaldulensis, a widely distributed plant in Africa, is known for its bioactive compounds,
including essential oils, flavonoids, and phenolic compounds, which exhibit antimicrobial and antifungal properties
(Djouahri et al., 2013). Recent studies suggest that plant-derived compounds can effectively target fungal CYP51B,
inhibiting ergosterol biosynthesis and reducing fungal growth (Forli et al., 2016).
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In this study, we employ molecular docking techniques to investigate the antifungal activity of Eucalyptus

camaldulensis leaf extract compounds against CYP51B in toxigenic fungi affecting sorghum in Niger Republic.
1.1. Study Objectives

The aim of this study is to use the molecular docking techniques to investigate the antifungal activity of Eucalyptus

camaldulensis leaf extract compounds against CYP51B in toxigenic fungi affecting sorghum in Niger Republic:

1) To identify bioactive compounds present in Eucalyptus camaldulensis leaf extract with potential antifungal

properties.

2) Toinvestigate the molecular interaction between the identified compounds and the CYP51B enzyme, a known
antifungal drug target in toxigenic fungi.

3) To evaluate the binding affinity and docking scores of the selected compounds using molecular docking
techniques.

4) To determine the potential of the compounds to inhibit CYP51B activity, thereby interfering with fungal

growth and development.

5) To explore the antifungal efficacy of these compounds specifically against toxigenic fungi affecting sorghum

crops in Niger Republic
2. Methodology
2.1. Molecular Interaction study

The 3D conformers of 33 compounds, derived from the molecular characterisation of plant extracts, and standard
inhibitors (saperconazole and pramiconazole) were retrieved from PubChem (www.pubchem.ncbi.nlm.nih.gov)
(Kim et al., 2016). The crystal structure of the target protein, sterol 14-alpha demethylase (CYP51B) from
Aspergillus fumigatus, a pathogenic filamentous fungus, was obtained from the Protein Data Bank (PDB) (www.

rcsb.org) (Berman et al., 2000) under the accession code 5FRB.

Preliminary preparation of the CYP51B protein structure was carried out using Chimera 1.16 (Pettersen et al.,
2004), where water molecules and other heteroatoms were removed, followed by docking preparation. The energy
of the retrieved compounds was minimised using PyRx 0.8 (Dallakyan & Olson, 2015) to ensure optimal ligand

conformations. The docking process was then performed between the ligands and the protein complex.

Post-docking analysis was conducted using Discovery Studio 2021 (BIOVIA, 2020) to visualise and elucidate the
molecular interactions between the ligands and CYP51B. This included detailed observation of hydrogen bonds,

hydrophobic interactions, and other key contacts between the protein and the lead compounds.
2.2. Toxicity study

ProTox 3.0 was used to predict the toxicity and LD50 of the compound the user needs to specify either the name
(PubChem name) or canonical SMILES (Simplified Molecular-Input Line Entry System) string of the input

compound to run a prediction on the server. Furthermore, the user can also use the drawing box provided by the
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(https://www.chemdoodle.com/), to draw user -desired molecular structure. This supports the prediction of even a

hypothetical compound before synthesizing it in the laboratory with an accuracy of 70.97% (Banerjee et al., 2024).
3. Results
3.1. Molecular Interactions between top hit compound and CYP51B

The molecular docking results between the CYP51B protein and top hit compounds as well as standard drugs (Table
1) (Pramiconazole and Saperconazole). Pramiconazole (-12kcal/mol) showed a lower binding compared to

Saperconazole (-11.9kcal/mol) whereas stigmasterol (-10.8) showed a slightly higher binding affinity.

Table 1. Binding Affinity of CYP51B and top hit bioactive compound

Ligand Binding Affinity rmsd/ub rmsd/lb
Pramiconazole -12 0 0
Saperconazole -11.9 0 0
Stigmasterol -10.8 0 0

Figure 1 shows the molecular interactions between CYP51B and stigmasterol showing weak van der Waals
interaction from Valine 135, Isoleucine 464, Phenyalanine 130 and Phenyalanine 234. There exist hydrogen bonds
between the oxygen of stigmasterol and each of Serine 375 and Histidine 374. There are nine (9) hydrophobic

bonds contributing to the stability of ligand at the active site.
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Figure 1. Molecular interaction between stigmasterol and CYP51B

An overview of the molecular interactions between CYP51B and Stigmasterol (Table 2), emphasizing key amino
acid residues involved in binding. The interactions include both hydrogen bonding and hydrophobic contacts.
Notably, Stigmasterol forms a strong conventional hydrogen bond with Serine 375 (2.27 A) and a carbon-hydrogen
bond with Histidine 374 (2.76 A). Additionally, multiple hydrophobic alkyl interactions are observed, including
with Alanine 307 (5.20 A), Isoleucine 373 (4.62 A), and Leucine 503 (4.93 A). Other significant hydrophobic
interactions include Pi-alkyl interactions involving residues such as Tyrosine 122 (5.47 A), Tyrosine 136 (5.36 A),
Histidine 461 (4.55 A), and Phenylalanine 504 (5.11 A). These interactions, both hydrogen bonds and hydrophobic
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contacts, collectively contribute to the strong binding affinity of Stigmasterol to CYP51B, suggesting its potential
efficacy in modulating the activity of this target protein.

Table 2. Type and length of bonds between CYP51B and Stigmasterol

From To Distance Categories Types
Stigmasterol:H A: SER375: O 2.27 Hydrogen Conventional
A:HIS374:H Stigmasterol:0O 2.76 Hydrogen Carbon Hydrogen
A:ALA307 Stigmasterol 5.20 Hydrophobic Alkyl
A:ILE373 Stigmasterol 4.62 Hydrophobic Alkyl
A:LEU503 Stigmasterol 4.93 Hydrophobic Alkyl
Stigmasterol A:LEU503 5.31 Hydrophobic Alkyl
Stigmasterol:C A:LEU143 4.48 Hydrophobic Alkyl
Stigmasterol:C A:LYS147 5.06 Hydrophobic Alkyl
A:TYR122 Stigmasterol 5.47 Hydrophobic Pi-Alkyl
A:TYR136 Stigmasterol:C 5.36 Hydrophobic Pi-Alkyl
A:HIS461 Stigmasterol:C 4.55 Hydrophobic Pi-Alkyl
A:PHE504 Stigmasterol 5.11 Hydrophobic Pi-Alkyl

e Pramiconazole

The molecular interactions between CYP51B and pramiconazole (Figure 2 ) which comprises of abundance of
weak van der Waals interaction from Leucine 92, Leucine 91, Threonine 65, Proline 231, Tyrosine 122, Glycine 69,
Tyrosine 68, Serine 375, Histidine 374, Isoleucine 377, Phenyalanine 504, Methionine 300, Alanine 307, Histidine
461, Cysteine 463 and Tyrosine 136. Other interactions include a hydrogen bond with Leucine 503.
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Figure 2. Molecular interactions between Pramiconazole and CYP51B

Pi-Pi T-shaped
| Alkyl
Pi-Alkyl

The ligand Pramiconazole forms a carbon-hydrogen bond with Leucine 503 (3.52 A) and a hydrogen bond with
Lysine 147 (2.82 A), indicating significant stabilizing interactions. Hydrophobic contacts further contribute to the
binding, with Pi-Pi T-shaped interactions involving Phenylalanine 234 (5.04 A) and several alkyl and Pi-alkyl
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interactions with residues such as Isoleucine 373 (4.71 A), Leucine 503 (5.24 A), Leucine 304 (4.98 A), and Valine
150 (5.31 A). These diverse interactions, both hydrogen bonds and hydrophobic, suggest that Pramiconazole is
tightly bound within the active site of CYP51B, supporting its potential as an effective ligand for this protein target

The molecular interactions between the target protein CYP51B and saperconazole (Figure 3). tyrosine (68, 138),
leucine 304, isoleucine (377, 125), phenylalanine (130, 229, 504), threonine (65, 126), and methionine 235. There
are various hydrophobic bonds which include pi-pi and pi-alkyl bonds as well as hydrogen bond between Serine.
Saperconazole forms a carbon-hydrogen bond with Serine 375 (3.75 A) and a significant halogen interaction
between its fluorine atom and its own nitrogen (3.57 A). Hydrophobic interactions are prominent, including Pi-Pi
stacked and Pi-Pi T-shaped interactions with Tyrosine 122 (5.86 A), Phenylalanine 234 (5.02 A), and Histidine 374
(5.61 A). Several alkyl and Pi-alkyl interactions are also observed, involving residues like Isoleucine 373 (4.02 A
and 5.23 A), Leucine 91 (3.92 A), Leucine 503 (4.85 A), and Proline 231 (5.38 A). These interactions collectively
stabilize Saperconazole within the protein's active site, emphasizing its potential to effectively bind and inhibit
CYP51B activity.
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Figure 3. Molecular interactions between saperconazole and CYP51B
o Stigmasterol Toxicity

The physicochemical properties (Table 3) of stigmasterol and its predicted LD50 (890mg/kg) which places it in

predicted toxicity class V.

Table 3. Physicochemical properties of stigmasterol and its predicted LDs,

Property Value
Molecular Weight 412.69
Hydrogen acceptors 1
Hydrogen donors 1
Molecular refractivity 132.76
Topological polar surface area 20.23
logP 7.8
Predicted LDsx 890mg/kg
Predicted Toxicity v
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Class I: fatal if swallowed (LD50 < 5)

Class II: fatal if swallowed (5 <LD50 < 50)

Class III: toxic if swallowed (50 < LD50 < 300)

Class IV: harmful if swallowed (300 < LD50 < 2000)

Class V: may be harmful if swallowed (2000 < LD50 < 5000)
Class VI: non-toxic (LD50 > 5000)

Predicted LDspaccuracy = 70.97%

i1 4. Discussion

Current antifungal treatments rely on synthetic fungicides, which raise concerns regarding resistance,
environmental impact, and toxicity. Natural compounds from Eucalyptus leaf extract, particularly Stigmasterol,
have shown promise as potential antifungal agents. Stigmasterol is a natural compound that has shown potential
pharmacological relevance, its likely role as a modulator of the CYP51B enzyme which is critical in the sterol
biosynthesis pathway of pathogenic fungi is supported by its predicted interactions with the enzyme. The CYP51B
enzyme, a lanosterol /4a-demethylase, plays an indispensable role in converting lanosterol into ergosterol, a
primary component of fungal cell membranes, essential for maintaining membrane fluidity, integrity, and function.
Targeting CYP51B with inhibitors has been an effective strategy in antifungal therapy, exemplified by azole drugs
like saperconazole and pramiconazole. These drugs bind to the active site of CYP51B, disrupting the fungal sterol
biosynthesis pathway, leading to compromised cell membrane stability and, ultimately, fungal cell death. (Zhang et
al., 2019).

Stigmasterol’s binding energy relative to saperconazole and pramiconazole is promising, as lower binding energy
typically correlates with greater binding affinity, suggesting that Stigmasterol may exhibit antifungal efficacy
similar to synthetic azole drugs. The competitive binding profile of Stigmasterol may also indicate its potential as
an antifungal lead compound, particularly valuable given the increasing prevalence of resistance to conventional
antifungal agents. Studies have highlighted the role of CYP51 mutations in conferring resistance to azole drugs, a
growing concern in managing fungal infections, especially in immunocompromised populations (Berger et al.,
2017). The use of natural compounds like Stigmasterol may provide an alternative approach with a distinct binding

mechanism, potentially bypassing common resistance pathways associated with synthetic drugs.

The molecular interactions observed in this study underline the structural compatibility between Stigmasterol and
the CYP51B binding site. The hydrogen bond between Stigmasterol and Serine 375 is indicative of a strong,
conventional hydrogen bond. Serine residues are known for their role in stabilising ligands within active sites. This
bond could facilitate a high degree of stability and specificity within the CYP51B active site, reinforcing
Stigmasterol’s potential as a CYP51B modulator. Moreover, the carbon-hydrogen bond with Histidine 374
complements the hydrogen bonding, offering additional stabilization to Stigmasterol within the binding site.
Histidine residues, due to their imidazole side chains, are frequently involved in stabilizing ligand orientation,

particularly in proteins with hydrophobic and aromatic binding pockets.
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The hydrophobic interactions observed with residues Alanine 307, Isoleucine 373, and Leucine 503 reveal an
efficient exploitation of the hydrophobic regions within the CYP51B binding pocket. Hydrophobic interactions are
known to contribute significantly to the overall binding energy and are crucial for the orientation and affinity of
hydrophobic ligands in enzyme active sites. The presence of these hydrophobic contacts with non-polar residues
suggests that Stigmasterol’s molecular structure is well-suited to occupying the hydrophobic channels within
CYP51B, likely contributing to its competitive binding affinity.

Additionally, the Pi-alkyl interactions involving aromatic residues, such as Tyrosine 122, Tyrosine 136, and
Phenylalanine 504, are of particular importance. Pi-alkyl interactions are a type of van der Waals forces that enable
aromatic rings to interact with non-polar alkyl groups, enhancing ligand binding through favourable entropic
contributions. The presence of these interactions between Stigmasterol and the aromatic residues in CYP51B may
further anchor the ligand, improving the specificity and stability of binding.

These molecular insights have broad implications for the design of new antifungal agents. Stigmasterol’s
interaction profile, combining hydrogen bonds with specific amino acids and extensive hydrophobic contacts,
provides a molecular framework that could guide structural modifications aimed at optimizing binding affinity. In
silico and in vitro studies on Stigmasterol derivatives could explore functional groups that enhance hydrogen
bonding or hydrophobic contacts, potentially yielding analogs with even greater affinity for CYP51B and increased
antifungal efficacy. This approach aligns with the growing interest in phytochemicals as templates for drug
discovery, especially as they often exhibit multi-target activity, lower toxicity, and reduced potential for resistance

development compared to synthetic counterparts.

Moreover, Stigmasterol’s structural similarities to cholesterol, a major sterol in mammalian cells, raise interesting
considerations for its potential effects on host systems, particularly in balancing selectivity between fungal and
human CYP enzymes. Selectivity studies will be essential in determining the clinical viability of Stigmasterol and
its derivatives, ensuring efficacy against fungal CYP51B without significant off-target effects on human CYP

enzymes, particularly those involved in steroidogenesis and xenobiotic metabolism.
25, Conclusion

The findings of this study highlight the potential of Stigmasterol as a promising modulator of the CYP51B enzyme,
a critical target in fungal sterol biosynthesis. Its predicted binding interactions, comparable to those of established
azole antifungal drugs, suggest that Stigmasterol may exhibit significant antifungal efficacy. The hydrogen bonding
with Serine 375, along with additional stabilizing interactions involving Histidine 374, Alanine 307, Isoleucine
373, and Leucine 503, underscores its strong affinity for the CYP51B active site. Furthermore, -alkyl interactions
with aromatic residues enhance its binding stability, reinforcing its role as a viable lead compound in antifungal
drug development. Given the rising concern of fungal resistance to conventional azoles, Stigmasterol’s distinct
molecular binding profile may provide an alternative approach to circumvent existing resistance mechanisms. Its
natural origin and structural compatibility with the CYP51B enzyme make it a compelling candidate for further
investigation. Future research should focus on optimizing its antifungal activity through structural modifications,

ensuring enhanced selectivity for fungal CYP51B enzymes to minimize potential off-target effects.
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“76. Future Recommendations

1) Further in vitro and in vivo studies should be conducted to validate the antifungal efficacy of Stigmasterol

against toxigenic fungi affecting sorghum.

2) Structure-activity relationship (SAR) studies are recommended to identify key functional groups responsible

for binding affinity and to optimize the molecule for enhanced antifungal activity.

3) Structural modifications of Stigmasterol should be explored to increase selectivity toward fungal CYP51B

over human homologs, minimizing potential side effects.

4) Comparative docking studies with other natural and synthetic antifungal compounds could help benchmark

Stigmasterol’s efficacy and binding profile.

5) Toxicological profilingand ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) analysis

should be carried out to assess the safety and drug-likeness of Stigmasterol.

6) Development of formulation strategies (e.g., nanoformulations or encapsulation) to enhance the bioavailability

and delivery of Stigmasterol in plant or clinical systems.
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