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Figure 4. Aggregation of ribosomal proteins during brain aging. (A) Representative 
Coomassie-stained SDS-PAGE gel showing the isolation of SDS insoluble aggregates from 
mouse brain lysates. TH = total homogenate, SUP = supernatant, W1 = SDS-soluble fraction, 
Pellet = formic-acid soluble fraction (see Figure S5A). (B) Quantification of the yield of SDS-5 
insoluble aggregates from young and old brain lysates was based on densitometry analysis of 
Coomassie-stained gel bands obtained from different animals, n=5 per age group (Figure S5B); 
** p < 0.01, unpaired t-test. (C) Proteins enriched in aggregates show a predicted higher 
molecular chaperone requirement for folding (top vs. bottom 20% p=0.0055, Kolmogorov-
Smirnov test), and are richer in intrinsically disordered regions (s2D-derived scores, top vs. 10 
bottom 20% p=0.0019, Kolmogorov-Smirnov test). Violin plots: the solid line shows the median, 
the dotted lines the interquartile ranges. The same result was obtained with cleverSuite-derived 
scores (top vs. bottom 20% p=0.0201, Kolmogorov-Smirnov test) (Figure S5C). (D) Volcano 
plot based on protein quantification by label-free mass spectrometry depicting the enrichment of 
specific proteins in protein aggregates. The x-axis indicates the log2 ratio between protein 15 
abundance in aggregates (Pellet) and starting total homogenate (TH). The horizontal dashed line 
indicates a p value cut-off of 0.05 and vertical lines a log2 fold change cut off of ± 0.5. Selected 
proteins are highlighted as colored dots as indicated in the figure legend. Protein quantification 
was based on samples obtained from 3 independent isolations. (E) Double-labelling of 
telencephalic sections of N. furzeri with anti-RPS6 (green) as ribosomal marker and Proteostat as 20 
a marker for aggregated proteins (red). Nuclear counterstaining was performed with DAPI 
(blue). Scale bar = 10 µm. Related to Figure S5 and Table S8. 
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Figure 5. Reduced proteasome activity and assembly in old brains. (A) Abundance changes 
of proteasome proteins and their transcripts during aging. Members of the 19S and 20S complex 
are displayed separately and changes are shown for both the age comparisons as box plots. 
Transcripts are displayed as light blue and proteins as dark blue boxes. Changes of individual 5 
proteins are displayed as dots, orange dots represent significant cases (adj. p < 0.05). (B) Heat 
map showing transcript and protein fold changes for members of the 26 proteasome (19S and 
12S complexes). Genes are annotated according to significance of their changes at the level of 
transcript (adj. p < 0.05: black, adj p > 0.05: white) or protein (adj. p < 0.05: green, adj. p > 0.05: 
white). (C) In-gel proteasome assay following native gel electrophoresis (top) and 10 
immunoblotting of proteasome complexes (30S, 26S and 20S) (bottom) in young (5wph), adult 
(12 wph) and old (39 wph) killifish brains. (D) Bar plots depicting the quantification of 
chymotrypsin-like (CT-L) activity from native gels calculated for doubly capped (30S) or singly 
capped (26S) proteasomes. n >=5 per sample group; error bars indicate standard deviation. * p < 
0.05, ** p < 0.01, *** p < 0.001, unpaired t-test. For each sample group, the mean value of 15 
activity in young samples (5 wph) was set to 100%. (E) Downregulation of proteasome 
transcripts in killifish longitudinal study. Boxplot depicts average fold-changes between 10 and 
20 wph for 25 fish that lived shorter than the median lifespan (short-lived) and the 25 longest-
lived fish of a cohort of 152 fish (longest-lived). Statistical significance calculated by Wilcoxon 
Rank Sum test. Expression data were obtained from (Baumgart et al., 2016). Related to Figure 20 
S6. 
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Figure 6. Partial inhibition of the proteasome is sufficient to induce loss of stoichiometry of 
protein complexes in primary human fibroblasts. (A) Schematic workflow depicting the 
proteome comparisons performed in HFL-1 fibroblasts. Three comparisons were performed: (i) 
fibroblasts harvested at different passages (“Diff. pas.”); (ii) fibroblast treated with the 5 
proteasome inhibitor epoxomicin for four days vs. vehicle control (“Prot. inh.”); (ii) senescent 
vs. young fibroblast (“Senescent”). For each comparison, five biological replicates were 
analysed. (B) Violin plots depicting interquartile ranges (IQRs) for protein complexes. IQRs 
were calculated for each complex from the protein fold changes of the respective members as in 
Figure 2D. The number of protein complexes analysed for each sample group is indicated. *** p 10 
< 0.001, Wilcoxon Rank Sum test. (C) Boxplots depict the IQR for large and small ribosome 
subunit derived from protein fold changes for each sample set. ** p < 0.01, Wilcoxon Rank Sum 
test. Related to Figure S7 and Table S9. 
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