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Supplemental Figure 1. Spastin inhibition impairs autophagic flux.  
(A–B) Dose-dependent treatment of cells with spastazoline for 24 h altered LC3-II and p62 protein levels, normalized to β-actin.  
(C) siRNA-mediated knockdown of spastin in HEK293T cells reduced spastin expression relative to β-actin.  
(D–E) Treatment with spastazoline (5 μM) or chloroquine (CQ; 10 μM) for 24 h increased LC3-II and p62 accumulation, normalized to β-actin.  
(F–G) In spastin-knockdown HEK293T cells, CQ (10 μM) treatment for 24 h further elevated LC3-II and p62 levels, normalized to β-actin.  
(H–I) Spastazoline (5 μM) or 3-methyladenine (3-MA; 3 mM) treatment for 24 h increased LC3-II and p62 levels, normalized to β-actin.  
(J–K) In spastin-knockdown HEK293T cells, 3-MA (3 mM) treatment for 24 h similarly enhanced LC3-II and p62 accumulation, normalized to β-actin.  
(L–M) Cells pretreated with spastazoline (5 μM) for 24 h followed by EBSS starvation for 2 h exhibited impaired LC3-II turnover and p62 accumulation, normalized to β-actin.  
(N–O) Rapamycin (10 μM) treatment for 24 h in spastin-knockdown HEK293T cells failed to reduce p62 levels despite elevated LC3-II, normalized to β-actin.  
Data are presented as mean ± SD. Statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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Supplemental Figure 2. Spastin inhibition impairs autophagic flux in neurons.
(A) Neurons were treated with Spastazoline (5 μM) or chloroquine (CQ, 10 μM) for 24 hours, followed by Western blot analysis of LC3-II and p62.
(B) Neurons were treated with Spastazoline (5 μM) for 24 hours and then subjected to 2 hours of EBSS starvation, followed by Western blot analysis of LC3-II and p62. 
(C) Western blot assessment of ATG5, ATG12–ATG5 conjugate, ATG16L1, Beclin1, LC3-II, and p62 levels in neurons transfected with si-NC or si-spastin and subjected to 2-h EBSS-induced autophagy induction.
[image: 对接]
Supplemental Figure 3. Molecular docking analysis of spastin with ATG5.
Predicted hydrogen bond network between spastin AAA (yellow) and ATG5 (blue) by HDOCK and visualized by Pymol. The model identified seven residue pairs that may potentially mediate the interaction: GLY-336-ARG-12, ASN-400-MET-246, THR-402-LEU-247, GLN-434-MET-246, GLU-366-ARG-23, ARG-372-GLN-20, and LYS-351-ASP-228.
 

[image: SPX-GFP-SPASTIN-FLAG-ATG5]
Supplemental Figure 4. Spastin-ATG5 binding depends on spastin enzymatic activity.
(A) Co-immunoprecipitation assay was performed on lysates of cells co-expressing GFP-spastin and Flag-ATG5 in the presence or absence of Spastazoline treatment. Immunoprecipitation was carried out using an anti-GFP antibody, and the co-precipitated Flag-ATG5 was detected with an anti-Flag antibody.
(B) Corresponding quantitative statistical graph.
Data are presented as mean ± SD; *p < 0.05, **p < 0.01, ***p < 0.001. [image: supplement2]
Supplemental Figure 5. Spastin modulates the expression levels of ATG5, ATG12–ATG5 conjugate, ATG16L1, and Beclin1.  
(A–F) HEK293T cells were transfected with either non-targeting siRNA (si-NC) or spastin-specific siRNA (si-spastin) and subsequently subjected to EBSS-induced starvation for 2 hours. Protein levels of LC3-II, p62, ATG5, ATG12–ATG5 conjugate, ATG16L1, and Beclin1—normalized to β-actin—were quantified by immunoblotting.  
(G–L) HEK293T cells were transfected with empty FLAG vector or FLAG-tagged spastin and similarly starved with EBSS for 2 hours. Immunoblot-based quantification assessed the same autophagy-related proteins relative to β-actin.  
Data are presented as mean ± SD; *p < 0.05, **p < 0.01, ***p < 0.001.   

[image: ATG16L1-ATG5]

Supplemental Figure 6. Spastin modulates the ATG12–ATG5–ATG16L1 complex. 
(A–C) Corresponding quantitative graphs of the normalized binding ratios (IP-ATG16L1 / IP-ATG5) for (A) Figure 4F, (B) Figure 4G, and (C) Figure 4H, respectively. 
Data are presented as mean ± SD; *p < 0.05, **p < 0.01, ***p < 0.001.
	
[image: CHX]
[bookmark: _GoBack]Supplemental Figure 7. Analysis of ATG5 stability and ubiquitination regulated by spastin.  
(A) HEK293T cells expressing GFP or GFP-spastin were treated with cycloheximide (CHX, 100 μg/ml) for 0, 6, and 12 hours. ATG5 protein levels were detected by immunoblotting.  
(B) Quantitative graph of the CHX chase experiment shown in (A).  
(C) Ubiquitination assay. HEK293T cells co-expressing HA-ubiquitin, Flag-ATG5, and GFP or GFP-spastin were subjected to immunoprecipitation (with anti-Flag antibody), followed by immunoblotting with anti-HA antibody to detect ubiquitinated ATG5 products.
Data are presented as mean ± SD; *p < 0.05, **p < 0.01, ***p < 0.001

[image: sci-rapa-spx-p62]
Supplemental Figure 8. Western blot analysis of p62 expression levels in mouse spinal cord tissue at 3 days post-surgery.
(A) Sham, SCI, SCI + Spastazoline, and SCI + CQ + Spastazoline groups.
(B) Sham, SCI, SCI + Spastazoline, SCI + Rapamycin, and SCI + Rapamycin + Spastazoline groups.
(C-D) Corresponding quantitative statistical graph.
Data are presented as mean ± SD. Statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
[image: 7DAY]
Supplemental Figure 9. Inhibition of spastin-mediated autophagy compromises motor function recovery following spinal cord injury.  
(A) Representative hindlimb footprint patterns from mice in the Sham, SCI, SCI + Spastazoline, and SCI + Spastazoline + CQ groups at 7 days post-injury.  
(B, C) Quantitative analyses of hindlimb stride length and stride width, respectively, at 7 days post-injury.  
(D) Number of right hindlimb footfalls (footfaults) over 50 steps per animal at 7 days post-injury.  
(E) Hindlimb footprints of mice in the Sham, SCI, SCI + Spastazoline, SCI + Rapamycin, and SCI + Rapamycin + Spastazoline groups at 7 days post-surgery. 
(F-G) Quantitative analysis of stride length and width of hindlimb footprints for each group of mice at 7 days post-surgery. 
(H) Number of footfaults in the right hindlimb over 50 steps for each group at 7 days post-surgery.  
Data are presented as mean ± SD (n = 4 mice per group). Statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.

[image: 14DAY]
Supplemental Figure 10. Inhibition of spastin-mediated autophagy compromises motor function recovery following spinal cord injury.  
(A) Representative hindlimb footprint patterns from mice in the Sham, SCI, SCI + Spastazoline, and SCI + Spastazoline + CQ groups at 14 days post-injury.  
(B, C) Quantitative analyses of hindlimb stride length and stride width, respectively, at 14 days post-injury.  
(D) Number of right hindlimb footfalls (footfaults) over 50 steps per animal at 14 days post-injury.  
(E) Hindlimb footprints of mice in the Sham, SCI, SCI + Spastazoline, SCI + Rapamycin, and SCI + Rapamycin + Spastazoline groups at 14 days post-surgery. 
(F-G) Quantitative analysis of stride length and width of hindlimb footprints for each group of mice at 14 days post-surgery. 
(H) Number of footfaults in the right hindlimb over 50 steps for each group at 14 days post-surgery.  
Data are presented as mean ± SD (n = 4 mice per group). Statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.

[image: 21DAY]
Supplemental Figure 11. Inhibition of spastin-mediated autophagy compromises motor function recovery following spinal cord injury.  
(A) Representative hindlimb footprint patterns from mice in the Sham, SCI, SCI + Spastazoline, and SCI + Spastazoline + CQ groups at 21 days post-injury.  
(B, C) Quantitative analyses of hindlimb stride length and stride width, respectively, at 21 days post-injury.  
(D) Number of right hindlimb footfalls (footfaults) over 50 steps per animal at 21 days post-injury.  
(E) Hindlimb footprints of mice in the Sham, SCI, SCI + Spastazoline, SCI + Rapamycin, and SCI + Rapamycin + Spastazoline groups at 21 days post-surgery. 
(F-G) Quantitative analysis of stride length and width of hindlimb footprints for each group of mice at 21 days post-surgery. 
(H) Number of footfaults in the right hindlimb over 50 steps for each group at 21 days post-surgery.  
Data are presented as mean ± SD (n = 4 mice per group). Statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001
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