Structure-Guided Discovery of Natural, Selective Drosophila melanogaster AChE Inhibitors for Biopesticides
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Introduction. Agriculture is the backbone of human civilization, food security, and economic development. However, pest infestations continue to pose a severe global threat, leading to up to 40% crop losses annually and economic damage exceeding $70 billion (Wang et al, 2025). The challenge is further intensified by international bans on conventional broad-spectrum insecticides, such as the organophosphate chlorpyrifos, leaving farmers, particularly in developing countries, with limited tools for pest control. In this context, the discovery of selective, environmentally safe biopesticides is both urgent and essential.
Aims. This study aimed to computationally identify and evaluate natural compounds that selectively inhibit Drosophila melanogaster acetylcholinesterase (DmAChE), with minimal activity against human AChE (hAChE). The goal is to lay the groundwork for the development of next generation biopesticides that are both effective and environmentally sustainable.
Methods. To compare the structural and functional divergence between DmAChE and hAChE, sequence alignment was performed using the Fast Pairwise Alignment algorithm with the BLOSUM matrix. In addition, a total of 720,245 natural compounds from the COCONUT and CMNPD databases were filtered using insecticide-likeness rules based on Quantitative Estimate of Insecticide-Likeness (QEI) and Gaussian (GAU) metrics. The remaining 2,141 compounds were prioritized using a virtual screening pipeline combining molecular docking and selectivity index (SI) calculation. Compounds with ∆G ≤ -7.5 kcal/mol, SI ≥ 4.0, and Scombined ≥ 9.5 were shortlisted. Molecular dynamics (MD) simulations were performed on the top hits for 100 ns.
Results. Sequence alignment revealed a sequence identity of 37.5% between DmAChE and hAChE, and a similarity value of 60.1%, with high conservation in the catalytic core. Sixteen natural compounds exhibited strong and selective binding to DmAChE. The top two were diethyllachesine (from Veratrum nigrum L., SI = 107.85) and xenimanadin B (from Xenia sp., SI = 11.50). MD simulations confirmed the high structural stability of the diethyllachesine-DmAChE complex (mean RMSD = 1.85±0.11 Å) and strong hydrogen bonding with Tyr370 (33.88% of the simulation time). MM-PBSA analysis showed ∆Gbind of -21.51±0.56 kcal/mol for diethyllachesine and -16.28±0.96 kcal/mol for xenimanadin B, with diethyllachesine clearly outperforming, and xenimanadin B performing comparably to the chlorpyrifos oxon reference.
Discussion. The findings acknowledge the promise of natural compounds as a foundation for selective biopesticides. Several phytochemicals, such as β-caryophyllene and linalool, have previously shown strong AChE binding capabilities, contributing to neurotoxic effects in target pests (Kumar et al, 2024). Moreover, numerous plants have demonstrated biopesticidal potential, notably Azadirachta indica, whose active compound azadirachtin affects over 400 pest species by disrupting feeding, growth, and reproduction (Ünsal, 2019). Additionally, marine-derived compounds are gaining attention for their efficacy and low ecological impact. For example, calothrixin A, isolated from marine cyanobacteria, has shown strong insect-repellent properties with minimal environmental footprint (Abdoul-Latif et al, 2025). These converging lines of evidence support our results, emphasizing the value of diethyllachesine and xenimanadin B as promising leads. This study advances the rational design of biopesticides that align with international environmental standards while retaining strong insecticidal efficacy.
Wang T et al (2025) J Mol Graph Model 140:109111
Kumar R (2024) Int J Mol Sci 25:12788
Ünsal S (2019) Turk Tarim Gida Bilim Teknol Derg 7:1415-1423
Abdoul-Latif F M (2025) Molecules 30: 1621
