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 16 

Table S1: List of CML sites identified in MEF and HUVEC. Related to Figure 1 and S1. 17 

Table S2: List of CML sites identified in mouse organs and proteome changes induced by 18 

aging. Related to Figure 2 and S2. 19 

Table S3: Proteome changes induced in MEF by glyoxal treatment. Related to Figure 3 and 20 

S3. 21 

Table S4: Proteome changes induced in HUVEC by glyoxal treatment. Related to Figure 4. 22 

Table S5: List of cell cycle-related proteins affected in HUVEC by glyoxal or directly modified 23 

by CML. Related to Figure 5. 24 
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Figure S1.  3 

A. Statistics of CML sites identified in MEF and HUVEC treated with glyoxal. Data from different treatments and 4 

biological replicates were combined. B. Overlap between CML sites identified under different experimental 5 

conditions. C. Reproducibility of CML site identification across independent experiments. In B and C, only highly 6 

confident sites were considered and the overlap between experiment was tested using Fisher’s exact test. D. 7 

Rank plot showing the abundance distribution of proteins identified as targets of CML. Related to Figure 1 and 8 

Table S1. 9 
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Figure S2. 2 
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A. Quantification of total CML levels in mouse organs. K: kidney, H: heart, L: liver, B: brain. n=9. * p<0.05 vs. 1 

brain, ordinary one-way ANOVA. B. Validation of identified CML sites using parallel reaction monitoring (PRM) 2 

and heavy labelled spiked-in reference peptides. C. Limit of detection (LOD) and limit of blank (LOB) for PRM 3 

assays targeting selected CML sites. Dilution series of synthetic heavy peptides were used for LOB and LOD 4 

estimation (see Methods for details). D. Protein turnover of CML-modified proteins grouped according to their 5 

subcellular localization, as defined by Gene Ontology annotation. Turnover data were taken from (Fornasiero et 6 

al., 2018). C: cytoplasm; ER: endoplasmic reticulum; GA: Golgi apparatus; M: mitochondria; N: nucleus. 7 

Scatterplot comparing protein abundance (average protein intensity) and protein turnover (half life) of CML-8 

modified proteins. Density plot shows the distribution of each dataset. n=5. *** p<0.001, Wilcoxon Rank Sum test 9 

with continuity correction. E. KEGG pathway Gene Set Enrichment Analysis (GSEA) in aging tissues performed 10 

using WebGestalt. Normalized enrichment score (NES) indicates pathways enriched among proteins that 11 

increase (red) or decrease (blue) with aging (FDR<0.05). All the proteins quantified in each experiment were 12 

ranked according to their log2 fold change and used as input for GSEA. Related to Figure 2 and Table S2. 13 
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Figure S3. 2 

A. Table of CML sites identified on proteins related to the ubiquitin proteasome system. B. Protein abundance 3 

changes induced in MEF treated with glyoxal (GO). Volcano plots depict proteins that significantly increase (red) 4 

or decrease (blue) abundance upon GO treatment. Proteins not affected are shown in gray. Horizontal dashed 5 

line indicates a significance cut-off of q<0.05 and vertical dashed lines an absolute fold change (log2)>0.58. C. 6 

Heatmap representing the protein abundance of protein involved in the ubiquitin-mediated proteolysis (Fig. 3D in 7 

red) induced in MEF by 0.5 mM and 2 mM GO after 24 h of treatment. D. Boxplot of fold changes for members of 8 

the 26S proteasome in HUVEC cells treated with GO for 48 h compared to control (Ctrl). n=4. *** p<0.001, 9 

Wilcoxon Rank Sum test with continuity correction. E. Effect of GO on protein thermal stability in MEF treated for 10 

24 h. Melting temperatures for 4367 (Ctrl), 4174 (GO 0.5 mM) and 4646 (GO 2 mM) protein groups were 11 

estimated using thermal proteome profiling (see Methods for details). Related to Figure 3 and Table S3. 12 
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Figure S4. 2 

A. HUVEC were treated with the indicated concentrations of glyoxal (GO) for 48 h. The positive control was 3 

treated with 1 µM staurosporin (stau) for 2 h. Immunofluorescence staining of γH2AX (S139) and DAPI staining 4 

were performed. Cell lysates were subjected to immunoblot analysis. n=4, * p<0.05 vs. control. B. Mito stress test: 5 

After GO treatment (48 h) oxygen consumption rates (OCR) were measured via the Seahorse technology at 6 

baseline and after addition of pharmacological agents (oligomycin - inhibitor of mitochondrial electron transport 7 

chain (ETC) complex V, the ATP synthase; carbonyl cyanide-4-(trifluoromethoxy)phenylhydrazone (FCCP) - 8 

mitochondrial uncoupling agent; antimycin A - inhibitor of ETC complex III). Non-mitochondrial respiration, ATP 9 

production, spare capacity and basal respiration were calculated from OCR values. C:  Glycolysis stress test: 10 

After GO treatment (48 h) extracellular acidification rates (ECAR) were measured via the Seahorse technology at 11 

baseline and after addition of glucose, oligomycin and 2-deoxy-D-glucose, an inhibitor of glycolysis. Glycolytic 12 

activity, capacity and reserve, and non-glycolytic acidification were calculated from the measured ECAR data. 13 

Upper panels show the time-dependent measurement of OCR and ECAR. Lower panels display the calculated 14 

metabolic parameters. n=6. * p<0.05 vs. control. Statistical significance was analyzed using one-way repeated 15 

measurement ANOVA corrected using Holm-Šidák method. Related to Figure 4. 16 
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Figure S5. 2 

A-C.: HUVEC were treated with GO at the indicated concentrations for 24 h (A,B) or 48 h (B,C). A-B. Cell lysates 3 

were subjected to immunoblot analysis of cell cycle regulators. n=6 (A), n=5 (B), * p<0.05 vs. respective control. 4 

C. Senescence-associated β-galactosidase (SA-β-Gal) was stained. Representative pictures and quantification of 5 

SA-β-Gal-positive cells are shown. n=5, * p<0.05 vs. control. Statistical significance was analyzed using one-way 6 

repeated measurement ANOVA corrected using Holm-Šidák method. Related to Figure 5. 7 
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Figure S6. 2 

Table of CML sites identified on tubulins. Related to Figure 6. 3 


