Supplemental Information:
Loss of Fragile X Protein Impacts α-Synuclein Homeostasis via Insulin-Degrading Enzyme 
in Parkinson’s Disease


1. Supplemental Figures:
Supplementary Figure 1. FMRP regulates IDE expression in a region-specific manner.
A,B Representative photomicrographs showing immunolabeling of IDE and tyrosine hydroxylase (TH) in the parietal cortex and hippocampal CA1 region of FMRP WT and KO mice (n = 3 per group). C Representative photomicrographs showing immunolabeling of IDE, FMRP, and TH in the SNc from male Fmr1y/+ and Fmr1y/- mice. (scale bar = 10 μm)
Supplementary Figure 2: Validation of RNAScope In Situ Fluorescence Detection.
A-C Representative photomicrographs showing tyrosine hydroxylase (TH, green) and insulin-degrading enzyme (IDE) mRNA (red) fluorescence in brain sections. Images are from wild-type (WT) mice hybridized with IDE-specific probes (A) or control probes (B), and from IDE KO mice hybridized with IDE-specific probes (C). D Western blot and bar graph illustrating an increase in IDE in SNc tissue lysates from FMRP KO mice compared to WT animals (n = 3 per group).
Supplementary Figure 3. IDE is expressed in TH-positive neurons and TH-negative neuronal cells but is absent from astrocytes and microglia.
A–C Representative photomicrographs from immunohistochemical staining showing IDE colocalization with GFAP (scale bar = 10 μm) (A), IBA1(scale bar = 10 μm) (B), or TH (scale bar = 20 μm) (C) in postmortem human brain sections from control and FXS cases.
Supplementary Figure 4. siRNA-Mediated Knockdown of IDE in Cultured LUHMES Cells. 
A Representative Western blot demonstrating reduced IDE protein levels in LUHMES neurons following transfection with IDE-targeting siRNA (Concentration: 0-200 nM).
B, C Bar graphs showing droplet digital PCR (ddPCR) quantification of IDE and SNCA mRNA expression after transfection with 50 nM IDE-specific siRNA (n = 5/condition).
D Bar graph quantifying lactate dehydrogenase (LDH) release following control or IDE siRNA transfection, indicating cytotoxicity (n = 6/condition). 
Statistical analysis for (D) was performed using two-way ANOVA followed by Dunnett’s multiple comparisons test. Unpaired two-tailed Student’s t-tests were used for comparisons in (B) and (C).

Supplementary Figure 5: Quantification of Cell Death. 
A–C Bar graphs showing LDH release in cultured neurons following transduction or transfection with αSyn, GFP, IDE-targeting siRNAs, or IDE-expressing adenoviral vectors (AdVs) (n = 6/condition). Statistical analysis was performed using two-way ANOVA followed by Dunnett’s multiple comparisons test.

Supplementary Figure 6. Computational modeling of the predicted interaction between α-synuclein and IDE. 
A, B Predicted conformational structures of IDE and α-synuclein (αSyn), respectively. (C, D) Modeled interaction interface between IDE and αSyn. (E) Predicted hydrogen bonds potentially stabilizing the interaction between the two molecules.

Supplemental Figure 7: Characterization of p129-αSyn pathology in the nigrostriatal pathway 
A,B Representative photomicrograph of substantia nigra (A) and striatum (B) brain tissue sections from wild-type mice 2 months after injection with αSyn PFFs, stained with antibodies against TH, p129-αSyn, and IDE (scale bar = 50 μm). C IMARIS-reconstructed images illustrating p129-αSyn pathology (red) in the striatum (scale bar = 20 μm), located both within and outside TH-positive nigrostriatal afferents (yellow). D Higher-magnification view of the inset in panel B. Arrows indicate p129-αSyn-positive perinuclear structures outside TH-positive fibers, while arrowheads indicate p129-αSyn-positive structures inside TH-positive fibers. E High-magnification image with dopamine receptor 1 (DR1) neuropil (turquoise) in the background. Arrowheads indicate p129-αSyn-positive inclusions within TH-positive fibers.

Supplemental Figure 8 Photomicrographs illustrating TH-positive neurons in the SNc from PDGF αSyn transgenic mice (Tg) and WT control animals (bar = 100 m).

Supplemental Figure 9. IDE is elevated in PD models  
A Representative immunohistochemical images and bar graph from SNc brain tissue sections and quantification showing elevated IDE levels in FMRP WT and KO mice inoculated with αSyn PFFs (scale bar: 20 μm). B Higher-magnification merged IHC images from (A) (left) and IMARIS-reconstructed images of the same field (right). (scale bar: 4 μm).

Supplemental Figure 10. IDE is elevated in postmortem human midbrain tissue from iLBD and PD Representative immunohistochemical images quantifying IDE in postmortem SNc sections from a PD case compared to a control case (scale bar: 30 m).

Supplemental Figure 11.  Collection of unprocessed Western blot images, with annotations indicating the corresponding figures in the main manuscript.


2. Supplemental Tables: 
Supplemental Table 1: Characteristics of human tissue donor sources, including experiment details, cohort, brain bank, sex, age (years), post-mortem interval (PMI), cause of death, and additional information.

Supplemental Table 2: Antibodies and reagents used for Western blot and IHC analysis

Supplemental Table 3: raw data from mass spec analysis





