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with fungal mycelial growth, a process essential for nutrient 
acquisition and colonization (6).
	 Previous studies have shown that inhibition of 
trichothecene 3-O-acetyltransferase (Tri101) can disrupt 
Fusarium species’ ability to detoxify their own trichothecene 
mycotoxins, thereby reducing fungal viability (7, 8). While 
the antifungal effects of A. conyzoides and its secondary 
metabolite precocene II have been documented, little is 
known about how precocene II interacts with Tri101 at the 
molecular level. Ligand–protein complexes are typically 
stabilized through a combination of noncovalent interactions, 
including hydrogen bonds, hydrophobic contacts, and π–π 
stacking, all of which contribute to the specificity and strength 
of binding (9). In silico molecular docking studies provide a 
way to predict these interactions by generating models of 
ligand binding conformations, ranked by binding affinity. For 
enzymes such as Tri101, models that place ligands near 
catalytically important residues, particularly those capable of 
forming hydrogen bonds, are considered especially relevant 
for predicting inhibitory potential (10). Building on this 
rationale, we sought to explore whether precocene II could 
form stable, energetically favorable complexes with Tri101 
that might block its enzymatic activity.
	 In this study, we investigated the intermolecular interactions 
between precocene II and Tri101, an enzyme that enables 
Fusarium species to withstand the toxic effects of their own 
mycotoxins. We used SwissDock, an online docking platform 
powered by AutoDock Vina engine, to predict binding affinities 
(11, 12). We visualized those interactions in three dimensions 
using PyMOL (Python Molecular Graphics System) a 
molecular graphics system (13). Unlike traditional experimental 
methods such as X-ray crystallography, which require the 
successful expression, purification, and often labor-intensive 
crystallization of target proteins before structural analysis can 
even begin, in silico techniques provide a more accessible 
and cost-effective alternative. Obtaining high-quality protein 
crystals is frequently a major bottleneck, as many proteins 
fail to crystallize or require extensive optimization over weeks 
to months. Computational approaches such as molecular 
docking and molecular dynamics simulations circumvent 
these experimental constraints, enabling rapid exploration of 
protein–ligand interactions at atomic-level resolution.
	 We hypothesized that molecular dynamics simulations of 
the five highest-ranked docking poses of precocene II bound 
to Tri101, selected based on predicted binding free energies 
would reveal at least one conserved hydrogen bond involving 
shared amino acid residues across multiple poses. These 
top-ranked docking poses were selected from the docking 
output based on binding affinity scores. Molecular docking 
is a computational technique that predicts the preferred 
orientation of a ligand within a protein’s binding site and 
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pose serious threats to food security and agricultural 
productivity, driving the need for effective and 
selective antifungal agents. One promising candidate 
is precocene II, a plant-derived compound from 
Ageratum conyzoides, which has been reported 
to exhibit antifungal properties. However, little is 
known about the precise molecular mechanism by 
which precocene II exerts its antifungal effects, 
particularly against enzymes involved in fungal 
self-protection. In this study, we investigated the 
intermolecular interactions between precocene II 
and trichothecene 3-O-acetyltransferase (Tri101), an 
enzyme used by Fusarium fungi to detoxify their own 
mycotoxins. We used molecular docking simulations 
through SwissDock and visualized ligand–protein 
interactions using the Python Molecular Graphics 
System (PyMOL) to analyze five top binding positions 
based on predicted binding affinity. Four out of five 
simulated positions showed hydrogen bonding 
interactions involving tyrosine and arginine residues 
near the enzyme's active site. These findings suggest 
that precocene II may inhibit Tri101 by binding 
to catalytically important residues, potentially 
interfering with the fungus’s ability to neutralize its 
own toxins. This supports the antifungal potential 
of A. conyzoides and lays the groundwork for future 
design of targeted antifungal compounds.

INTRODUCTION
	 Fungal infections in crops, particularly those caused by 
Fusarium species, pose a significant global threat to food 
security and agricultural productivity. These pathogens are 
responsible for substantial yield losses and the contamination 
of grains with harmful mycotoxins, impacting both economic 
stability and public health (1). Addressing these infections 
is challenging due to the limited availability of selective and 
environmentally safe antifungal agents (2).
	 Ageratum conyzoides, commonly known as billygoat weed, 
is an invasive plant species found in diverse environments 
worldwide. Its ecological success is largely due to its ability to 
outcompete native vegetation in both cultivated and disturbed 
areas (3). This species has drawn scientific interest for its 
bioactive properties, including antibacterial, insecticidal, and 
particularly antifungal activity (4). For example, in natural 
ecosystems, A. conyzoides has been observed to inhibit the 
growth of phytopathogenic fungi, including various Fusarium 
species (5). This antifungal effect is primarily attributed to a 
secondary metabolite called precocene II, which interferes 
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estimates the strength of binding. Binding affinity scores are 
commonly used in protein–ligand docking studies to prioritize 
biologically relevant interaction modes (14). Given the role of 
hydrogen bonding in stabilizing ligand–protein complexes, 
these residues may represent key points of interaction. If 
confirmed by experimental studies, our findings could guide 
the development of selective antifungal agents derived from 
A. conyzoides that target Tri101 and impair fungal self-
defense mechanisms.

RESULTS
	 We hypothesized that precocene II would bind to Tri101 in 
positions that include at least one hydrogen bond with amino 
acid residues common across top-ranked docking models. 
To test this, we performed molecular docking simulations 
using SwissDock and analyzed the five top-ranked ligand-
binding models based on predicted binding affinity (11). 
The protein structure used in this study was obtained from 
the Protein Data Bank (PDB ID: 3FOT), representing the 
enzyme from Fusarium sporotrichioides (15). These five 
positions were selected because they had the most negative 
Gibbs free energy (ΔG) values, indicating the strongest and 
most energetically favorable predicted interactions (16). We 
visualized these interactions using PyMOL.

	 For each of these docking model positions, we examined 
the amino acid residues located within a 5 Å radius of 
precocene II, a commonly used cutoff distance in molecular 
docking analyses to identify residues likely to participate in 
direct or water-mediated interactions with the ligand (16). This 
threshold captures most hydrogen bonding and significant 
van der Waals contacts without including residues too far 
from the ligand to contribute meaningfully to binding. We 
identified the residues within this radius that were involved in 
hydrogen bonding interactions and determined the estimated 
binding affinities and corresponding hydrogen bond contacts 
(Table 1). Our computational analysis identified five potential 
binding sites on the surface of the enzyme. Among these, 
residues Tyr475 and Arg479 were predicted to form a likely 
binding region based on docking interactions (Figure 1).
	 In the first model, we observed hydrogen bonds between 
precocene II and tyrosine 475, as well as between precocene 
II and arginine 479, with the latter interaction mediated via 
a glycerol molecule with a calculated affinity of ΔG -5.914 
kcal/mol (Figure 2). In the second model, we observed two 
hydrogen bonds with tyrosine 475 with ΔG -5.730 kcal/mol 
(Figure 3). In the third model, we observed a single hydrogen 
bond with tyrosine 475 with ΔG -5.575 kcal/mol (Figure 4). In 
the fourth model, we observed a hydrogen bond with arginine 
479 via glycerol with ΔG -5.463 kcal/mol (Figure 5). In the 
fifth model, we did not detect any hydrogen bond interactions 
with ΔG -5.405 kcal/mol (Figure 6), suggesting that the ligand 
was oriented away from hydrogen bond donors or acceptors 
in this conformation.

DISCUSSION
	 In our study, we investigated whether precocene II could 
inhibit Tri101 through specific molecular interactions. We 
hypothesized that the highest-affinity docking models would 
reveal at least one hydrogen bond with amino acid residues 
common across different conformations, and our results 
supported this hypothesis. We observed that precocene II 
formed hydrogen bonds with tyrosine 475 and arginine 479 in 
four out of the five top-ranked docking models within Tri101. 

Table 1. Calculated binding free energies (ΔG, kcal/mol) 
and observed ligand–protein contacts for the five most 
favorable docking models of precocene II with trichothecene 
3-O-acetyltransferase (PDB ID: 3FOT). Docking was performed 
using SwissDock with AutoDock Vina scoring. Reported ΔG (kcal/
mol) values are those generated by SwissDock. Ligand–protein 
contacts are presented using standard structural notation, with 
residue name, residue number, chain identifier, and interacting atom 
specified. Intermolecular contacts are indicated by a dash between 
interacting atoms. Hydrogen bonds were identified using PyMOL, 
and non-polar contacts within 5 Å are included. Each docking 
model corresponds to one in silico docking pose. Each point on the 
precocene II ligand corresponds with a lowercase letter as shown 
in the key.

Figure 1. Precocene II occupies a shallow surface pocket on 
trichothecene 3-O-acetyltransferase (PDB 3FOT). The full 
enzyme is shown as a grey cartoon to provide structural context.  
All residues that lie within 5 Å of the docked ligand are shown as 
element-colored sticks (carbon in green, nitrogen in blue, oxygen 
in red). The ligand, precocene II is rendered in cyan sticks. Yellow 
dashed lines mark the hydrogen bonds detected in PyMOL between 
precocene II and the pocket residues that correspond to Tyr 475 and 
Arg 479 (see Table 1 for numerical details).
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These amino acid residues are often found in protein active 
or binding sites and play important roles in stabilizing ligand–
protein interactions. Tyrosine, with its hydroxyl group, can act 
as both a hydrogen bond donor and acceptor, while arginine’s 
positively charged guanidinium group supports strong 
electrostatic and hydrogen-bond interactions with polar or 
negatively charged ligands (17). Although no previous studies 
specifically examine these two residues in Tri101, research 
on related acetyltransferases in other fungal species has 
shown similar aromatic and positively charged residues to be 
important for ligand stabilization and catalytic function (18).
	 These findings indicate that candidate antifungal 
compounds, especially future derivatives of precocene II, 
could be intentionally designed to interact with residues 
such as tyrosine and arginine. Selectivity is key for 
efficient antifungal effects because antifungal agents that 
target conserved residues in both pathogenic and non-
pathogenic organisms risk off-target effects (19). Designing 
selective inhibitors often requires exploiting subtle structural 
differences between homologous enzymes in target versus 
non-target species. Tri101 is conserved across multiple 
Fusarium species and other trichothecene-producing fungi 
(20), suggesting that inhibitors designed for this active site 
could have broad application within this pathogen group.
	 Although precocene II is widely recognized for its 
insecticidal effects, several studies have documented its 
antifungal activity. For instance, it has been reported to 
inhibit the growth of Fusarium species by disrupting mycelial 
expansion (5). Our findings offer a potential molecular 
explanation for this effect by suggesting that precocene II may 
interfere with trichothecene detoxification, a process essential 
for fungal pathogenicity because unmodified trichothecenes 
inhibit protein synthesis and reduce fungal viability (21). By 
directly binding to the active site of Tri101, precocene II could 

impair this detoxification pathway and reduce the pathogen’s 
ability to colonize host plants.
	 The absence of hydrogen bonds in one of the five 
docking models highlights the variability inherent in protein–
ligand interactions. Factors such as ligand orientation, 
steric hindrance, or suboptimal proximity to donor/acceptor 
groups can limit hydrogen bond formation (22). In our study, 
the fifth model placed the ligand in an orientation that 
positioned key functional groups away from hydrogen bond 
donors or acceptors, reducing binding stability. Evaluating 

Figure 2. Docking model 1 indicates precocene II forms two hydrogen bonds with Tyr 475 and Arg 479 in trichothecene 
3-O-acetyltransferase (PDB 3FOT).The protein backbone is displayed as a pink ribbon, with all side chains within 5 Å of the ligand shown 
as grey sticks. Precocene II (grey ball-and-stick; carbon in grey, nitrogen in blue, oxygen in red) is positioned in the shallow pocket identified 
by SwissDock (AutoDock Vina scoring; ΔG = -5.914 kcal/mol, Table 1, model 1). Dashed grey lines are non-polar interactions. Dashed blue 
lines mark hydrogen bonds calculated in PyMOL: 2.8 Å between the ligand carbonyl oxygen and the NH2 group of Arg 479, and 3.0 Å between 
the ligand methoxy oxygen and the hydroxyl group of Tyr 475. Distances are annotated next to each bond.

Figure 3. Docking model 2 indicates precocene II engages 
two hydrogen bonds exclusively with Tyr 475 of trichothecene 
3-O-acetyltransferase (PDB 3FOT). The enzyme backbone is 
shown as a pink ribbon; all side chains within five Å of the ligand 
are displayed as grey sticks. Precocene II is rendered in grey ball-
and-stick (carbon in grey, nitrogen in blue, oxygen in red); dashed 
blue lines denote hydrogen bonds identified in PyMOL. In this model 
(SwissDock AutoDock Vina score ΔG = -5.730 kcal/mol. Table 1, 
model 2), the ligand forms a 2.7 Å bond from its methoxy oxygen 
(upper left) and a 3.0 Å bond from its carbonyl oxygen (lower right) to 
the hydroxyl group of Tyr 475 (labelled). No contacts with Arg 479 or 
other residues were observed in this orientation.
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multiple binding models allowed us to identify consistent 
residue interactions while recognizing these conformational 
limitations. 
	 One limitation of this study is that we focused on only five 
of the eighteen models generated by SwissDock, selecting 
those with the most favorable binding affinities (ΔG). While 
this approach balances interpretability and computational 
feasibility, expanding the number of analyzed models in future 
studies could reveal additional binding motifs and improve 
statistical reliability. Moreover, in vitro validation techniques 
such as site-directed mutagenesis or enzyme activity assays 
would be essential to confirm these predicted interactions 
and assess their functional relevance. 
	 In conclusion, our in silico docking analysis suggests that 
precocene II may inhibit the fungal detoxification enzyme 
Tri101 through hydrogen bonding with key residues such as 
tyrosine 475 and arginine 479. These interactions provide a 
plausible molecular mechanism for the antifungal activity of 
precocene II against Fusarium species and highlight specific 
contact points that could inform future structure-based drug 
design. Derivatives of precocene II that enhance binding 
affinity or selectivity for this fungal enzyme could offer 
promising leads for the development of eco-friendly, plant-
based antifungal agents applicable in both agricultural and 
medical settings.

MATERIALS AND METHODS
Structure Retrieval
	 The Simplified Molecular Input Line Entry System 
(SMILES) is a chemical notation format that digitally 
represents molecular structures in a way that can be 
processed by computational tools (23). The SMILES notation 
for precocene II was obtained from the PubChem database 
(24). The three-dimensional structure of the target protein, 
trichothecene 3-O-acetyltransferase (Tri101) from Fusarium 
sporotrichioides, was retrieved from the Protein Data Bank 
(PDB ID: 3FOT) (15).

Molecular Docking Simulations
	 Molecular docking simulations were performed using 
SwissDock, a web-based platform for small-molecule 
docking (11). SwissDock uses the AutoDock Vina algorithm to 
predict binding sites and estimate binding affinities. Eighteen 
potential binding models of precocene II were generated and 
automatically ranked based on their estimated binding free 
energies, expressed in kcal/mol. These energy values are 
reported in Table 1. All docking runs were performed using 
SwissDock default parameters, with no manual adjustments 
to scoring functions or search space beyond specifying the 
target protein and ligand.
	 From the eighteen models, we selected the five with the 
lowest (most favorable) binding free energies for detailed 
analysis. This approach is standard in computational docking 
studies, as it focuses on the most energetically favorable and 
biologically plausible poses while balancing computational 
efficiency with structural insight (25, 26).

Visualization 
	 The selected docking conformations were visualized using 
PyMOL (Python Molecular Graphics System) (13). Prior to 
visualization, the protein structure was cleaned by removing 
non-essential molecules such as water and crystallization 
ligands. Interactions between precocene II and Tri101 were 
evaluated by identifying amino acid residues located within a 
five Å radius of the ligand, a commonly used cutoff in docking 
analyses to capture hydrogen bonding and relevant van der 
Waals interactions (27). Hydrogen bonding interactions were 
recorded when the donor–acceptor distance was ≤3.5 Å and 
the donor–hydrogen–acceptor angle was ≥120°, consistent 
with accepted geometric criteria (28).

Data and Resource Availability
	 All computational tools used in this study are publicly 
available. No custom scripts or algorithms were developed or 
applied during the research process.

Figure 4. Docking model 3 indicates precocene II forms 
a single hydrogen bond with Tyr 475 of trichothecene 
3-O-acetyltransferase (PDB 3FOT). The protein backbone is 
shown as a pink ribbon; all side chains within five Å of the ligand are 
rendered as grey sticks. Precocene II appears in grey ball-and-stick 
(carbon in grey, nitrogen in blue, oxygen in red). A single hydrogen 
bond (dashed blue line, 2.9 Å) links the ligand carbonyl oxygen to 
the hydroxyl group of Tyr 475 (labelled). No contacts with Arg 479 
are present in this orientation. This model ranks third among the 
SwissDock solutions (AutoDock Vina score ΔG = -5.575 kcal/mol. 
Table 1, model 3).

Figure 5. Docking model 4 indicates precocene II hydrogen-
bonds with Arg 479 via an interfacial glycerol molecule in 
trichothecene 3-O-acetyltransferase (PDB 3FOT). The enzyme 
backbone is illustrated as a pink ribbon; all side-chain atoms within 
5 Å of the ligand are displayed as grey sticks. Precocene II is 
rendered as a grey ball-and-stick model (carbon in grey, nitrogen 
in blue, oxygen in red), and the crystallographic glycerol is shown 
as yellow sticks. A hydrogen bond (blue dashed line, 3.1 Å) bridges 
the ligand carbonyl oxygen to the NH2 group of Arg 479 (labelled) 
through the glycerol hydroxyl. No contacts with Tyr 475 are detected 
in this orientation. This model is the fourth-best SwissDock solution 
(AutoDock Vina score ΔG = -5.463 kcal/mol. Table 1, model 4).
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