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            Abstract
There are major impediments to finding improved DEET alternatives because the receptors causing olfactory repellency are unknown, and new chemicals require exorbitant costs to determine safety for human use. Here we identify DEET-sensitive neurons in a pit-like structure in the Drosophila melanogaster antenna called the sacculus. They express a highly conserved receptor, Ir40a, and flies in which these neurons are silenced or Ir40a is knocked down lose avoidance to DEET. We used a computational structureâ€“activity screen of >400,000 compounds that identified >100 natural compounds as candidate repellents. We tested several and found that most activate Ir40a+ neurons and are repellents for Drosophila. These compounds are also strong repellents for mosquitoes. The candidates contain chemicals that do not dissolve plastic, are affordable and smell mildly like grapes, with three considered safe in human foods. Our findings pave the way to discover new generations of repellents that will help fight deadly insect-borne diseases worldwide.
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                    Figure 1: DEET is detected by Ir40a+ sacculus neurons.[image: ]


Figure 2: Ir40a neurons detect DEET and are required for repellency.[image: ]


Figure 3: Ir40a is required for DEET avoidance.[image: ]


Figure 4: Chemical informatics prediction of new repellents.[image: ]


Figure 5: Predicted repellents activate Ir40a neurons and are strong repellents for Drosophila.[image: ]


Figure 6: A new class of mosquito repellents with desirable safety profiles.[image: ]
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This video shows a confocal Z-stack of a representative antenna from LexAop-CD8-GFP-2ACD8-GFP; UAS-mLexA-VP16-NFAT, LexAop-CD2-GFP D. melanogaster exposed to 10% BA (from experiment in Figure 5a). (AVI 1436 kb)
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A new angle in insect repellants
The search for new insect repellents has been hindered by the lack of consistent knowledge of the mechanism of action of DEET (N,N-diethyl-meta-toluamide), which has been the primary insect repellent for more than 60 years. Now Anandasankar Ray and colleagues have identified key components that mediate DEET's effects: a highly conserved receptor â€” Ir40a protein â€” and a population of sensory neurons found in a pit-like structure in the Drosophila melanogaster antenna. The authors go on to identify, among chemicals either naturally occurring or already approved for human use, other compounds that stimulate the same neuronal circuit â€” and thus elicit repulsion â€” in flies and mosquitoes. The findings will transform the design of cheap, safe and effective substitutes for DEET.
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