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Targeting the lateral mammillary nucleus rescues sleep disturbances in Parkinson’s disease
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Supplementary Figure 1: Neuronal activity patterns in the ML across sleep-wake cycles.
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[bookmark: OLE_LINK47](a) Scheme of simultaneous electrode and polysomnography recordings in C57BL/6J mice. (b) Histology of electrode trace in the ML. Scale bar, 150 μm. (c) Scatter plot of ML neuron activity profiles across sleep-wake states. Each dot represents one neuron (n = 231), plotted by the normalized activity ratio of wakefulness vs. NREM sleep [(W-NR)/(W+NR)] on the x-axis and REM sleep vs. NREM sleep [(R-NR)/(R+NR)] on the y-axis. Neurons are color-coded based on their state-specific activity patterns: REM active (pink), REM/wake active (light pink), wake active (green), NREM active (orange), and no cycle (gray). (d) Pie chart showing the proportion of ML neurons exhibiting distinct activity profiles (REM active: 11.69%, REM/wake active: 16.02%, wake active: 10.39%, NREM active: 2.16%, no cycle: 59.74%). 







Supplementary Figure 2: Electrode and injection sites.
[image: ]
[bookmark: OLE_LINK64][bookmark: OLE_LINK65](a) Electrode locations for in vivo single-uint recordings in consecutive coronal brain slices. (b) Injection sites of hM3D(Gq) groups in C57BL/6J and PD mice. (c) Injection sites of hM4D(Gi) groups in C57BL/6J mice.
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Supplementary Figure 3: Behavioral deficits and dopaminergic neurodegeneration in PD model.
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[bookmark: OLE_LINK78][bookmark: OLE_LINK68][bookmark: OLE_LINK67][bookmark: OLE_LINK70][bookmark: OLE_LINK79][bookmark: OLE_LINK72][bookmark: OLE_LINK77][bookmark: OLE_LINK76][bookmark: OLE_LINK69][bookmark: OLE_LINK83](a) Schematic diagram of establishing a PD model. (b) Scheme of the pole test. (c) Changes in crawling duration in PD mice. n = 11 mice, unpaired t test, P = 0.0142. (d) Scheme of the cylinder test. (e) Changes in left claw utilization rate in PD mice. n = 11 mice, unpaired t test, P < 0.0001. (f) Changes in right claw utilization rate in PD mice. n = 11 mice, unpaired t test, P < 0.0001. (g) Left, representative images of tyrosine hydroxylase (TH) staining in the SNc of Ctrl mice. Right, epresentative images of tyrosine hydroxylase (TH) staining in the SNc of PD mice. Scale bar, 200 μm. (h) Changes of TH+ cells in the SNc. n = 8 mice, unpaired t test, P < 0.0001. (i) Left, representative images of tyrosine hydroxylase (TH) staining in the CPU of Ctrl mice. Right, epresentative images of tyrosine hydroxylase (TH) staining in the CPU of PD mice. Scale bar, 200 μm. (j) Changes of mean gray value of TH+ cells in the CPU. n = 8 mice, unpaired t test, P < 0.0001. Data are presented as the mean ± SEM.
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Supplementary Figure 4: Sleep disturbances in PD mice.
[image: ]
[bookmark: OLE_LINK75][bookmark: OLE_LINK81][bookmark: OLE_LINK82](a) Scheme of EEG/EMG recordings in PD mice. (b) Percentage of wakefulness in Ctrl. and PD mice. n = 10 mice, unpaired t test, P = 0.0134. (c) Percentage of NREM sleep in Ctrl. and PD mice. n = 10 mice, unpaired t test, P = 0.0420. (d) Percentage of REM sleep in Ctrl. and PD mice. n = 10 mice, unpaired t test, P = 0.0002. (e) Sleep-wake transitions in Ctrl. and PD mice. n = 10 mice, unpaired t test, P < 0.0001. Data are presented as the mean ± SEM.
[bookmark: OLE_LINK80]Supplementary Figure 5: Chemogenetic activation of ML neurons has no effect on motor in PD mice. 
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[bookmark: OLE_LINK71][bookmark: OLE_LINK56][bookmark: OLE_LINK73][bookmark: _GoBack](a) Scheme of Chemogenetic activation of ML neurons in PD mice. (b) Scheme of the pole test. (c) Changes in crawling duration after chemogenetic activation ML neurons in PD mice. n = 7 mice, two-tailed paired t test, P = 0.3559. (d) Scheme of the cylinder test. (e) Changes in left claw utilization rate after chemogenetic activation ML neurons in PD mice. n = 7 mice, two-tailed paired t test, P = 0.1051. (f) Changes in right claw utilization rate after chemogenetic activation ML neurons in PD mice. n = 7 mice, two-tailed paired t test, P = 0.6402. Data are presented as the mean ± SEM. 
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