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            Abstract
Transient receptor potential mucolipin 1 (TRPML1) is a Ca2+-releasing cation channel that mediates the calcium signalling and homeostasis of lysosomes. Mutations in TRPML1 lead to mucolipidosis type IV, a severe lysosomal storage disorder. Here we report two electron cryo-microscopy structures of full-length human TRPML1: a 3.72-Å apo structure at pH 7.0 in the closed state, and a 3.49-Å agonist-bound structure at pH 6.0 in an open state. Several aromatic and hydrophobic residues in pore helix 1, helices S5 and S6, and helix S6 of a neighbouring subunit, form a hydrophobic cavity to house the agonist, suggesting a distinct agonist-binding site from that found in TRPV1, a TRP channel from a different subfamily. The opening of TRPML1 is associated with distinct dilations of its lower gate together with a slight structural movement of pore helix 1. Our work reveals the regulatory mechanism of TRPML channels, facilitates better understanding of TRP channel activation, and provides insights into the molecular basis of mucolipidosis type IV pathogenesis.
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                    Figure 1: Overall structure of TRPML1.[image: ]


Figure 2: The structure of ML-SA1-bound TRPML1 compared with other ligand-bound channels.[image: ]


Figure 3: Electrophysiological characterization of TRPML1 and its agonist-binding pocket.[image: ]


Figure 4: Structural comparisons of apo and ML-SA1-bound TRPML1structures.[image: ]


Figure 5: Structural rearrangements in the outer pore region and lower gate.[image: ]
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a, Left to right, a representative electron micrograph at defocus −2.0 μm; 2D classification; and FSC curves of the apo structure. The left curve shows a plot of the FSC as a function of resolution using Frealign output, the right curve shows the FSC calculated between the refined structure and the half map used for refinement, the other half map, and the full map. b, Left to right, a representative micrograph at defocus −2.0 μm; 2D classification; and FSC curves of ML-SA1-bound TRPML1 structure. The two FSC curves represent the same as for panel a.


Extended Data Figure 4 Electron microscopy density of different portions of the structures.
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Extended Data Figure 5 Comparisons of TRPML1 and PKD2.
a, Superimposition of overall structures of TRPML1 and PKD2 (PDB code: 5T4D). b, Superimposition of one subunit of TRPML1 and PKD2. The extended structural elements of pre-S1 (α1 and α2), and α4 and S2 of TRPML1, are highlighted in purple and pink, respectively.


Extended Data Figure 6 Whole-cell currents of HEK wild-type cells and TRPML1(L/A) with Y436A, F465A or Y499A mutations.
a, Whole-cell currents of HEK293T cells transfected with empty vector at pH 4.6 or pH 7.2 with or without 10 μM ML-SA1 and 50 μΜ PtdIns(3,5)P2. b, Whole-cell currents of HEK293T cells transfected with surface-expressing mutant eGFP–TRPML1(L/A) containing Y436A, F465A or Y499A under the same conditions as in panel a. c, Confocal images of patched cells. Scale bars, 10 μm.
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        Editorial Summary
Closing in on ion channels
Numerous ion channels sit in the membranes of intracellular organelles and are responsible for maintaining concentration gradients and ionic signalling. The transient receptor potential mucolipin (TRPML) channels are Ca(II)-releasing channels that are crucial to endolysosomal function. While TRPML channels regulate physiological processes including membrane trafficking and exocytosis, mutations of TRPML1 cause the lysosomal storage disorder mucolipidosis type IV. Three papers in this issue of Nature report the structure of TRPML channels by cryo-electron microscopy. Seok-Yong Lee and colleagues report the structure of TRPML3, while studies from teams led by Xiaochun Li and Youxing Jiang present the structure of TRPML1. Together, these studies reveal the open and closed states of the TRPML family, indicating the regulatory mechanisms of these channels. As with most TRP channels, TRPML can be gated by specific lipids, and these studies provide insights into substrate binding and channel activation.
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