Linkage of proteasomal impairment and autophagy activation by C9orf72 poly-GA aggregate formation
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Supplementary Figures
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Supplementary Fig. 1 Poly-GA mice develop hallmark features of c9FTD/ALS
(A) Confocal microscopy of mouse cortical tissue showing cell nuclei (blue) and the cellular distribution of the indicated GFP-tagged proteins 4 weeks after injected with PHP.eB particles expressing GFP, GFP-GA30 or GFP-GA150. Scale bar, 10 μm. (B) Representative images showing distribution of GFP-GA150 aggregates in different brain regions of GFP-150 mice after injected with PHP.eB particles expressing GFP-GA150 5 months. Scale bar, 100 μm.
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Supplementary Fig. 2 Poly-GA aggregates are necessary for their toxicity and specifically affected UPS
(A) Confocal micrographs of GFP, GFP-GA30 or GFP-GA150 proteins expressed in N2a cells. Scale bar, 10μm. (B) Confocal micrographs of mCherry, mCherry-GA30 or mCherry-GA150 proteins expressed in N2a cells. Scale bar, 10μm. (C) Immunoblot analysis of lysates from N2a cells were co-transfected with GFPu and mCherry, mCherry-GA30 or mCherry-GA150, Blots were probed with antibodies specific for GFP. (D) The effect of caspase-like(C-L) enzymatic activities in HEK293 cells expressing GFP, GFP-GA30 or GFP-GA150 were detected. The cells were treated with MG132 (10uM, 6h). (E) The effect of caspase-like (C-L) enzyme activities in N2a cells expressing GFP, GFP-GA30 or GFP-GA150 were detected. (F) Immunofluorescence analysis of p62 (purple) in HEK293 cells expressing GFP, GFP-GA30 or GFP-GA150. Scale bar, 10μm. (G) HEK293 cells were co-transfected with HA-Ub and GFP, GFP-GA30 or GFP-GA150. Then the cells were stained using HA antibody (red). Scale bar, 10μm. (H) Immunofluorescence analysis of p62 (purple) in HEK293 cells expressing GFP-GR150, GFP-PR96. Scale bar, 5μm. Nuclei were counterstained with DAPI (blue). GAPDH was used as a loading control. Data were presented as mean ± SEM of three independent experiments, **p < 0.01. ns, not significant.
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Supplementary Fig. 3 UPS-related proteins are recruited by poly-GA aggregates
(A) Immunoblot analysis of lysates from GFP, GFP-GA30, GFP-GA150-Aggregates or GFP-GA150-Total HEK293 cell lines. Blots were probed with antibodies specific for GFP and Cleaved-PARP. (B) Immunofluorescence analysis of γ-tubulin (purple) in N2a cells expressing GFP, GFP-GA30 or GFP-GA150. Scale bar, 10μm. (C) Immunofluorescence analysis of p62 (purple) in GFP, GFP-GA30, GFP-GA150-Total or GFP-GA150-Aggregates HEK293 cell lines. Scale bar, 5μm. (D) The cells from (A) were co-transfected with HA-Ub. Then, the cells were stained using HA antibody (red). Scale bar, 5μm. (E) The effect of caspase-like (C-L) enzyme activity in GFP, GFP-GA30, GFP-GA150-Aggregates or GFP-GA150-Total HEK293 cell lines were detected. Nuclei were counterstained with DAPI (blue). GAPDH was used as a loading control. Data were presented as mean ± SEM of three independent experiments, **p < 0.01. 
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Supplementary Fig. 4 Poly-GA aggregates activate autophagy
(A) GFP, GFP-GA30, GFP-GA150-Aggregates or GFP-GA150-Total HEK293 cells were subjected to EBSS (2h). LC3 (red) was visualized by immunofluorescence microscopy. Scale bar, 10μm. (B) Immunoblot showing p62, LC3 protein levels in cells from (A). (C) GFP, GFP-GA30, GFP-GA150-Aggregates or GFP-GA150-Total HEK293 cells were subjected to Torin1 treatment (250nm, 2h). Blots were probed with antibodies specific for p62 and LC3. (D) Immunoblot analysis of lysates from N2a cells expressing GFP, GFP-GA30 or GFP-GA150. Blots were probed with antibodies specific for p62 and LC3. (E) N2a cells expressing GFP, GFP-GA30 or GFP-GA150 were subjected to BafA1 treatment (100nm, 18h). LC3 (red) was visualized by immunofluorescence microscopy. Scale bar, 5μm. (F) Immunofluorescence staining of p-p62 (S349) (red) and p-p62 (S403) (red) in the cortex of mice expressing GFP. Scale bars, 10μm. Nuclei were counterstained with DAPI (blue). GAPDH was used as a loading control. Data were presented as mean ± SEM of three independent experiments, *p < 0.05, **p < 0.01
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Supplementary Fig. 5 Recruitment of autophagosomes by poly-GA aggregates in N2a cells is p62 dependent
[bookmark: _GoBack](A) N2a cells expressing GFP, GFP-GA30 or GFP-GA150 and transfected with the indicated siRNA targeting p62 (si-p62) or si-Control for 48 h. LC3 (red) and p62 (purple) were visualized by immunofluorescence microscopy. Scale bar, 5μm. (B) Immunoblot showing p62 and LC3 protein levels in cells from (A). Nuclei were counterstained with DAPI (blue). GAPDH was used as a loading control. Data were presented as mean ± SEM of three independent experiments, *p < 0.05, **p < 0.01. ns, not significant.
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Supplementary Fig. 6 Rapamycin administration in poly-GA mice Reduces p62 and p-p62
(A-C) Immunofluorescence staining of p62, p-p62 (S349) and p-p62 (S403) in the cortex of mice expressing GFP-GA150 + Control and GFP-GA150 + Rapamycin. Scale bars, 100 μm.

Supplementary Table. 1 cDNA sequence of the GFP-GA30 plasmid
GFP-GA30 plasmid
	ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTCCGGACTCAGATCTCGAGCTCAAGCTTCGAATTCCATGGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGTCGACGGTACCGCGGGCCCGGGATCC














Supplementary Table. 2 cDNA sequence of the GFP-GA150 plasmid
GFP-GA150 plasmid
	ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTCCGGACTCAGATCTCGAGCTCAAGCTTCGAATTCCATGGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGTCGAGGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGTCGAGGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGTCGAGGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGTCGAGGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGGAGCAGTCGACGGTACCGCGGGCCCGGGATCC
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