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Abstract

Odorant receptors (ORs) in Drosophila melanogaster represent important proteins of the in-
sect’s olfactory system, enabling the detection of environmental cues such as food sources,
host plants, and mating signals. Their modulation by natural ligands offers a sustainable
strategy for pest management, particularly through the use of bioactive compounds ob-
tained from agricultural crop and food production residues (ACFPR). In this study, as a
model we employed the AlphaFold-predicted structure of the odorant receptor Q9W1P8
for structure-based virtual screening. Molecular docking was carried out using GNINA, a
deep learning—enhanced docking tool. Screening of 164 ACFPR-derived compounds from
different sources revealed several strong binders, including a-tomatine, peonidin 3-ruti-
noside, and cinnamtannin B1. Predicted binding modes support the role of plant-derived
molecules as candidate modulators of insect olfactory receptors. These findings highlight
the utility of integrating AlphaFold models with advanced docking platforms to support
the development of sustainable pest management strategies.
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1. Introduction

The agricultural sector worldwide is experiencing increasing challenges associated
with the growing impact of agricultural pests. Reliance on chemical pesticides as the main
control strategy has raised major concerns related to environmental pollution, food chain
contamination, and health risks for farmers and consumers alike [1,2]. These limitations
emphasize the need to develop more sustainable solutions that can reduce negative im-
pacts while ensuring food security and supporting agricultural growth. The fruit fly, Dro-
sophila melanogaster, is often attracted to overripe or spoiled fruits, a behavior driven by
its complex olfactory system that enables the recognition and discrimination of a broad
spectrum of odorants [3,4]. The ability to detect chemical cues from the environment is
essential for survival, directing behaviors including foraging, mate selection, and habitat
choice [5,6]. Odorant receptors (ORs) are encoded by large, diverse gene families in Dro-
sophila and they are present in the olfactory sensory neurons (OSNs), located primarily
on the antennae and maxillary palps [7,8]. Drosophila melanogaster features a
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comparatively simple olfactory system, containing only 60 odorant receptor (Or) genes,
in contrast to the ~1000 identified in mice [9]. D. melanogaster serves as a model organism
for olfactory research due to its genetic accessibility and fully sequenced genome [3]. Stud-
ies of its odorant receptors provide insights that may support the development of eco-
friendly strategies against related pest species such as D. suzukii, which causes severe
damage to soft fruit crops [4]. Modulation of the olfactory system of insect pests offers a
sustainable approach to disrupt behaviors such as host seeking and mating [7,10]. Essen-
tial oils and plant-derived extracts, particularly from agricultural and food production
residues, represent promising sources of biodegradable, low-toxicity compounds with in-
secticidal activity [11-13]. These bioactive molecules may also act synergistically across
multiple pathways, enabling eco-friendly alternatives that support crop protection and
promote a circular economy in agriculture. Herein, our research explores in silico screen-
ing of natural compounds from agricultural residues to identify potential modulators of
Drosophila melanogaster odorant receptors, as environmentally friendly alternatives to
chemical pesticides.

2. Materials and Methods
2.1. Database Search of Odorant Receptor and Structure Retrieval

The UniProt database was queried to identify relevant odorant receptor in D. mela-
nogaster (https://www.uniprot.org/) [14]. UniProt is a freely accessible database that pro-
vides a centralized resource of protein sequences and functional information, curating
data from many sources. Protein selection was based on the availability of an AlphaFold-
predicted model for D. melanogaster already reported in the literature (odorant receptor
Or59b, Uniprot ID: Q9W1P8) [15]. The 3D structure of this odour receptor was retrieved
as models predicted by AlphaFold [16] and stored in AlphaFold Protein Structure Data-
base [16].

2.2. Molecular Docking Studies
2.2.1. Library Preparation

A small molecule library composed of components from agricultural crop and food
production residues (ACFPR) was previously prepared [17]. The SMILES strings of these
compounds were retrieved from PubChem database [18], and used to generate the three-
dimensional (3D) conformations using Open Babel [19]. Open Babel is a chemical toolbox
designed to interconvert between various chemical file formats and to perform tasks like
generating 3D structures from 2D representations (SMILES strings). These models in-
cluded hydrogen atoms to reflect the ionizable groups’ charge state pH 7.4 and were min-
imised using molecular mechanics and MMFF94 force field implemented in OpenBabel.
The final 3D conformations of both sets were saved as mol2 file.

2.2.2. Virtual Screening and Analyses

The blind molecular docking was performed using DockM8 platform [20], employ-
ing docking engine GNINA [21], to explore potential binding sites across the entire
receptor surface. AutoDock Vina is a widely used open-source program for molecular
docking, known for its speed and accuracy. Specifically, GNINA is deep learning-en-
hanced version of Vina. The docking protocol utilised a comprehensive approach to ex-
plore protein-ligand interactions, with engine applied to ensure robust and diverse bind-
ing pose predictions with high computational exhaustiveness (set to 32) across 28 CPU
cores. Protein preparation was conducted using Protoss approach [22], while ligand con-
former and protonation state generation was achieved using GypsumDL [23]. GypsumDL
is a tool that prepares ligands for docking by generating various 3D conformers and
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considering different protonation states relevant to the physiological pH, as a ligand's
shape and charge can influence its binding. Binding site identification and validation were
carried out using DoGSiteScorer and JAMDA tools implemented in ProteinPlus platform
[24].

3. Results and Discussion
3.1. Molecular Docking
3.1.1. GNINA Binding Affinity

The virtual screening was utilised for evaluating the interactions between Alphafold
model of odour receptor available in UniProt database (Q9W1P8) and the components of
ACFPRs. AlphaFold is an artificial intelligence system developed by DeepMind that pre-
dicts the 3D structure of proteins from their amino acid sequence, significantly advancing
our ability to understand protein function. The blind docking results, represented as
GNINA binding affinities, showed that the top ten ACFPR molecules exhibited values
ranging from —11.5 to —8.5 kcal/mol, highlighting the possibility of favourable ligand-re-
ceptor interactions (Table 1).

Table 1. The top ten compounds from ACFPR sources with top GNINA affinity score against odour
receptor target Q9W1P8 from D. Melanogaster obtained using AlphaFold model.

ACFPR Compound GNINA Affinity (kcal/mol)
Alpha-tomatine -11.4
Peonidin 3-rutinoside -11.1
Cinnamtannin B1 -11.0
Cyanidin 3-rutinoside -10.7
Hesperidin -10.0
Beta-carotene -9.6
Procyanidin Al -9.2
Procyanidin B2 -9.2
Lutein -9.1
Cyanidin 3-glucoside -8.5

3.1.2. Interactions of ACFPRs with Model Odour Receptor Q9W1P8

Additionally, the Figure 1 illustrates the workflow applied to explore ligand-recep-
tor interactions. In part (a), the DoGSiteScorer tool [25] was used to predict the binding
pocket within the odorant receptor Q9W1P8. Into this pocket, the known repellent DEET
was docked using AutoDock Vina, as shown in part (b). Finally, part (c) demonstrates
how a compound derived from agricultural crop and food production residues (peonidin
3-rutinosid) occupied a very similar region to DEET [15], suggesting that both ligands may
share comparable binding modes within the receptor.

N,N-diethyl-m-toluamide (DEET) Peonidin 3-rutinoside (ACFPR)
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Figure 1. The predicted binding pocket of odorant receptor Q9W1P8 by DoGSiteScorer tool within
ProteinPlus framework (a), docking poses of known repellent N,N-diethyl-m-toluamide (DEET) (b)
and ACFPR compound peonidin 3-rutinoside (c).

The molecular docking analysis of the odorant receptor from Drosophila melanogaster
with the well-known repellent DEET revealed hydrophobic interactions, primarily involv-
ing Trp168 (m—alkyl/alkyl interactions), as well as Val87 and Tyr160 (Figure 2). In contrast,
docking with peonidin-3-rutinoside, one of the top ten ACFPR compound according to
GNINA affinity, demonstrated a hydrogen bond interaction with Trp168. This suggests a
different binding mode, where the polar hydroxyl groups of the glycosylated anthocyanin
establish stronger polar contacts with the receptor compared to the predominantly hydro-
phobic contacts observed for DEET. The involvement of the same key residue (Trp168) in
both cases highlights the potential importance of this interaction in ligand recognition by
odorant receptor Q9W1P8.
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Figure 2. Two-dimensional ligand-odorant receptor Q9W1P8 interaction diagrams: (a) interaction

with the reference repellent DEET; (b) interaction with peonidin-3-rutinoside (ACFPR molecule).

In addition to the presented two-dimensional interaction diagrams, the binding sites
of all evaluated ACFPR molecules were analyzed. Figure 3a provides the enlarged view
of the binding pocket that had been previously predicted as the preferred site for approx-
imately 50 compounds derived from agricultural crop and food production residues.
Within this pocket, peonidin-3-rutinoside is shown in a space-filling CPK (Corey—Pau-
ling—Koltun) representation, highlighting its binding mode relative to the helical structure

of the receptor.

Figure 3. (a) Previously predicted binding pocket of receptor Q9W1P8 for ~50 ACFPR derived com-
pounds, showing peonidin-3-rutinoside in CPK representation. (b) The overlay of top docked poses
of all components of ACFPR (grey surface representation) set onto the predicted structure of the

odour receptor (ribbon presentation colored according secondary structure).
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Figure 3b presents the overall binding distribution of all 164 ACFPR compounds,
which were found to interact not only within the predicted binding site but also at distinct
regions of the receptor. These findings suggest that, in addition to the predicted binding
site, the receptor may accommodate ligands at alternative locations, raising the possibility
of allosteric modulation.

4. Conclusions

Our results demonstrate that both the reference repellent DEET and the natural com-
pound peonidin-3-rutinoside interact with the odorant receptor Q9W1P8, engaging the
same residue (Trp168), but through different interaction types in the binding site. Further-
more, the analysis of all ACFPR compounds revealed binding to alternative receptor sur-
faces, leading potentially to modulation of OR through allosteric interactions, which
should be the subject of further experimental and computational studies.
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