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Abstract
	Sensory hair cells each form an apical stereociliary hair bundle—a staircase-like array of actin-based stereocilia that serves as the mechanotransduction organelle throughout the organism’s lifetime. To achieve this, the hair bundle must precisely organize and maintain its structural, motor, and adhesion machinery across distinct rows. Yet, the mechanisms controlling this spatial and quantitative regulation remain largely unknown. Our study addresses this question for the CD2 isoform of PCDH15, which is essential for tip-link function and hearing.

Through affinity purification–mass spectrometry followed by in vitro binding assays, we identified NHERF-1 and -2 as direct binding partners of CD2. The interaction occurs between the PDZ1 domain of NHERF-1 and the C-terminal PDZ-binding motif (PBM) of CD2 and is gated by PBM phosphorylation. We identified three phosphorylation sites in the CD2 cytoplasmic tail using mass spectrometry, and went on to show that mutations of these phosphorylation sites abolished NHERF-1 binding in vitro. Importantly, we generated Pcdh15-CD2 knock-in mice carrying the equivalent mutations (named CD24A), and together with NHERF-1-knockout mice, demonstrated that CD2–NHERF-1 binding establishes the proper localization and abundance of CD2 in developing hair bundles. Strikingly, loss of this interaction in CD2-4A/4A mice leaves early bundle morphogenesis and mechanotransduction intact but drives progressive high-frequency hearing loss and targeted degeneration of the shortest stereocilia row. Together, these findings reveal that while the CD2–NHERF-1 interaction is dispensable for hair bundle assembly, it is essential for maintaining the lifelong structural integrity of the shortest stereocilia row.
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