The CACHD1-MIDAS motif is important for CACHD1 modulation of CaV3.1 calcium channels
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Introduction. Dysfunction of voltage-gated calcium channels (VGCCs) contributes to diseases including pain and epilepsy. The α2δ subunit family plays a crucial role in modulating VGCCs and represents an important therapeutic target for gabapentinoids (Cassidy et al., 2014). α2δ subunits are primarily known for their modulation of high-voltage-activated VGCCs, where they enhance channel trafficking and function (Cassidy et al., 2014). Within the α2δ family, CACHD1 (calcium channel and chemotaxis receptors domain-containing protein 1) has recently emerged as a modulator of low-voltage-activated VGCCs that enhances channel open probability and surface expression (Cottrell et al., 2018). CACHD1, while structurally similar to α2δ, has a variant MIDAS (metal ion-dependent adhesion site) motif (D234xGxS). Understanding the role of the MIDAS motif in CACHD1 could reveal new regulatory mechanisms and potential therapeutic implications.
Methods. The roles of the MIDAS motif in CACHD1 function were investigated in HEK293 cells stably expressing Myc-tagged CACHD1. Two MIDAS mutants; CACHD1-AAA (D234xGxS to AxAxA) and CACHD1-G236S (DxSxS) were generated. Expression was assessed via immunocytochemistry and western blotting, and functional effects were assessed using patch-clamp electrophysiology. Statistical significance was determined by ANOVA and t-test.
Results. CACHD1-wt and CACHD1-G236S were localised to the cell surface and intracellular vesicles, whereas CACHD1-AAA was retained in intracellular vesicles with significantly reduced expression (22±6.8% vs. CACHD1-wt, n=5; p<0.05). CaV3.1 current density and maximal conductance were significantly increased by CACHD1-wt and CACHD1-G236S (1.46- and 1.49-fold, respectively; p < 0.01), while CACHD1-AAA caused significant reduction (0.62-fold; p < 0.05). 
Discussion. Our findings highlight the essential role of the MIDAS motif in CACHD1, suggesting that, like the α2δ MIDAS motif, the CACHD1 MIDAS motif contributes to protein expression and CACHD1-associated modulation of CaV3.1 VGCCs. Modulation of CaV3 expression might have therapeutic utility for hyperexcitability diseases, like pain.
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