
 

Supplementary Figure 1. Analysis of nuclear NCL puncta in Flag-αSyn-transfected MEFs. 

The immunostaining of NCL in MEFs transfected with 1 μg of Flag-αSyn (Flag-αS Pos.) for 

24 h was analyzed to determine the number of NCL puncta in the nuclei compared to non-

transfected-MEFs (Flag-αS Neg.) using a FLoid Cell Imaging Station (4471136; Life 

Technologies). Data are represented as mean ± SEM. Student’s t-test, *p < 0.05; n=3 (cells 

with Flag-αS Neg.=87 and Flag-αS Pos.=9).  

  



 

Supplementary Figure 2. Cytotoxicity of MEFs transfected with αSyn. The culture media 

from MEFs transfected with WT, NLS or NES-αSyn were subjected to an LDH activity assay. 

One-way ANOVA with Bonferroni’s post-hoc test, ****p < 0.0001; n=3. Data are represented 

as mean ± SEM. 

 



 

Supplementary Figure 3. NCL-mediated αSyn degradation in HEK-293T and short 

expression of NCL in MEFs. (A) The co-transfection of Flag-αSyn and GFP/GFP-NCL for 24 

h and (B) sequential transfection of GFP/GFP-NCL for 12 h following Flag-αSyn transfection 

(12 h) were subjected to western blot analysis. Data are represented as mean ± SEM. Student’s 

t-test, *p < 0.05; n.s: not significant; n=3. 

 



 

Supplementary Figure 4. Similar levels of overexpressed p21 along with the expression of 

GFP/GFP-NCL. The lysates from MEFs transfected with GFP/GFP-NCL for 24 h following 

0.7 μg of Flag-p21 for transfection (12 h) were analyzed by western blot. Data are represented 

as mean ± SEM. Student’s t-test; n.s: not significant; n=3. 

  



 

Supplementary Figure 5. Parallel levels of Flag-αSyn mRNA independent from the 

expression of GFP or GFP-NCL. MEFs transfected with GFP/GFP-NCL for 24 h following 

Flag-αSyn expression were analyzed for the expression of GFP/GFP-NCL by fluorescence (A) 

or their Flag-αSyn mRNA by reverse transcription PCR (B). Student’s t-test; n.s: not significant; 

n=3. Data are represented as mean ± SEM. 

  



 

Supplementary Figure 6. Silencing of NCL renders the degradation of internalized αSyn 

fibrils ineffective. After pre-treatment of αSyn fibrils (700 nM) for 12 h, MEF cells were 

transfected with 10 nM of siRNA for NCL (siNCL) and siRNA Universal Negative control 

(siCtrl) using GenMute siRNA Transfection Reagent (SL100568; SignaGen) for 48 h. Then, 

the cells were harvested, and their αSyn, LC3B, CTSD, and NCL levels were analyzed by 

western blot. Student’s t-test; n.s: not significant; n=5. Data are represented as mean ± SEM. 

 



 

Supplementary Figure 7. The staining of αSyn aggregates or uptake rate in MEFs. (A) MEFs 

introduced to 700 nM αSyn fibril for 6 h were counter-stained using anti-α-synuclein antibody 

[clone #42] (green), an Aggresome Detection Kit (red), and β-tubulin (blue); n=3. (B) The 

uptake rate in MEFs transfected with GFP/GFP-NCL for 24 h was measured using 2 nM of 

Qtracker (Q25021MP; Thermo Fisher Scientific) for 3 h, then fixed and analyzed using a 

confocal microscope (LSM-700; Zeiss). Data are represented as mean ± SEM. Student’s t-test; 

n.s: not significant; n=3 (cells with GFP=95 and GFP-NCL=106).  

 



 

Supplementary Figure 8. α-synucleinopathy in the mouse corpus striatum is not rescued by 

the expression of NCL. Slices of the corpus striatum were stained with (A) TH, a marker of 

DA neurons, (B) pαSyn, a marker of αSyn aggregates, and (C) Iba1, a marker of microglia 

(arrowheads indicate active microglia). Data are represented as mean ± SEM. Student’s t-test; 

n.s: not significant; n=4 [slices for GFP=18 (A), 10(B), and 28(C); GFP-NCL=17 (A), 10 (B), 

and 28 (C)]. 

 



 

Supplementary Figure 9. Expression of NCL is irrelevant for neuroblastoma in the mouse 

SNpc. The levels of EGFP, a marker of neuroblastoma, in lysates from the midbrain expressing 

GFP/GFP-NCL were analyzed by western blot. Student’s t-test; n.s: not significant; n=4. Data 

are represented as mean ± SEM. 

 


