Structure-guided development of a high-performance hybrid-type fluorescent GABA sensor
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Introduction. GABA is the major inhibitory neurotransmitter in the brain, and visualizing its dynamics requires fluorescent sensors with high sensitivity and rapid kinetics. The development of high-performance hybrid-type fluorescent sensors that couple ligand-binding proteins to synthetic fluorophores often requires labor-intensive random screening.
Aims. We aimed to develop a high-performance hybrid-type fluorescent GABA sensor through a structure-guided screening strategy to efficiently identify optimal dye-labeling sites.
Methods. We predicted the ligand-bound structure of the GABA-binding protein Pf622 using AlphaFold2. Based on the hypothesis that optimal labeling sites are located at cleft edges undergoing large conformational changes, we introduced single-cysteine mutations at these sites, labeled the variants with Janelia Fluor 585 (JF585), and quantified fluorescence responses.
Results. We identified a lead sensor, Pf622 G183C-JF585, which showed a large dynamic range (>300%), moderate affinity (Kd ≈ 22 µM), and high selectivity, with rapid kinetics and robust pH stability. Using this sensor, we visualized electrically evoked endogenous GABA release in cultured striatal neurons.
Discussion. Pf622 G183C-JF585 is a powerful tool for dissecting GABAergic circuit dynamics. Our results validate this structure-guided strategy and provide an efficient route for developing future hybrid-type sensors.
