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                    Abstract

                        Anopheles gambiae Odorant Binding Protein 1 in complex with the most widely used insect repellent DEET, was the first reported crystal structure of an olfactory macromolecule with a repellent, and paved the way for OBP1-structure-based approaches for discovery of new host-seeking disruptors. In this work, we performed STD-NMR experiments to directly monitor and verify the formation of a complex between AgamOBP1 and Icaridin, an efficient DEET alternative. Furthermore, Isothermal Titration Calorimetry experiments provided evidence for two Icaridin-binding sites with different affinities (Kd = 0.034 and 0.714 mM) and thermodynamic profiles of ligand binding. To elucidate the binding mode of Icaridin, the crystal structure of AgamOBP1•Icaridin complex was determined at 1.75 Å resolution. We found that Icaridin binds to the DEET-binding site in two distinct orientations and also to a novel binding site located at the C-terminal region. Importantly, only the most active 1R,2S-isomer of Icaridin’s equimolar diastereoisomeric mixture binds to the AgamOBP1 crystal, providing structural evidence for the possible contribution of OBP1 to the stereoselectivity of Icaridin perception in mosquitoes. Structural analysis revealed two ensembles of conformations differing mainly in spatial arrangement of their sec-butyl moieties. Moreover, structural comparison with DEET indicates a common recognition mechanism for these structurally related repellents. Ligand interactions with both sites and binding modes were further confirmed by 2D 1H-15N HSQC NMR spectroscopy. The identification of a novel repellent-binding site in AgamOBP1 and the observed structural conservation and stereoselectivity of its DEET/Icaridin-binding sites open new perspectives for the OBP1-structure-based discovery of next-generation insect repellents.
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	AgamOBP1:
	
                    Odorant binding protein 1 from Anopheles gambiae
                              

                  
	CquiOBP:
	
                    Odorant binding protein from Culex quinquefasciatus
                              

                  
	AaegOBP1:
	
                    Odorant binding protein 1 from Aedes aegypti
                              

                  
	OR:
	
                    Odorant receptor

                  
	Icaridin:
	
                    1:1 mixture of four racemic diastereoisomers of butan-2-yl 2-(2-hydroxyethyl)piperidine-1-carboxylate

                  
	DEET:
	
                    N,N-diethyl-3-methylbenzamide

                  
	AI3-37220:
	
                    1-[3-cyclohexen-1-ylcarbonyl]-2-methylpiperidine

                  
	6-MH:
	
                    6-methyl-5-heptene-2-one

                  
	MOP:
	
                    (5R,6S)-6-acetoxy-5-hexadecanolide

                  
	1-NPN:
	
                    N-phenyl-1-naphthylamine

                  
	vdW:
	
                    van der Waals

                  
	STD-NMR:
	
                    Saturation transfer difference nuclear magnetic resonance spectroscopy

                  
	HSQC:
	
                    Heteronuclear single quantum coherence

                  
	CSP:
	
                    Chemical shift perturbation
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