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Figure S1. Overview over the analytical strategy applied to characterise the redox proteome of C3A 
spheroids. A. Time-course treatment was used to define APAP dose that increase both S-nitrosylation 
(SNO) and S-sulfenylation (SOH) levels with minimal effect on cell viability (assessed by ATP and protein 
carbonyl production). * APAP doses were calculated in mg per mg cellular protein 
B. The redox proteome of C3A spheroids was characterised using SNO/SOH TMT. Qualitative information 
was used to map SNO/SOH sites under basal conditions. Quantitative ratios of respective reporter ions 
were used to determine changes in SNO/SOH levels in response to APAP treatment (marked with grey 
boxes on the schematic spectrum). C. Data were extracted and integrated using bioinformatics approaches.   
 



y = 0.6873x - 1.2094 
R² = 0.3926 

-5

-3

-1

1

3

5

-5 -3 -1 1 3 5

lo
g2

 a
v.

 %
 S

N
O

 

log2 av.% SOH 

A 

336 135 

59 

39 

1 2 3 4+

B 

Figure S2. Characterisation of the SNO/SOH proteome of C3A spheroids.  
In non-treated C3A spheroids, we have identified 887 unique, iodoTMTTM-containing peptides with 
SNO, SOH or both modifications. Those peptides correspond to 996 modification sites from 569 
proteins (Supplementary Table S1). The majority of modification sites were shown to be able to carry 
both SNO and SOH modifications. The results showed that the relative abundance of SNO was on 
average higher than that of the corresponding SOH. A. Correlation of % relative abundances of SNO 
and SOH in identified, modified peptides. A large proportion of modified proteins contained a single 
SNO/SOH modified cysteine residue.  B. Number of SNO and/or SOH modified cysteines per 
protein. Numbers: 1, 2, 3, 4+ correspond to the numbers of SNO/SOH modification sites identified 
within a sequence of a single protein. Serotransferrin (TF) and Fatty acid synthase (FASN) were the 
most heavily oxidised, with 13 SNO and 11 SOH different modified cysteine residues 
(Supplementary Table S1).  
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Figure S3. SNO/SOH frequency per protein is proportional to relative abundance of the protein as 
determined by label-free proteomics approach.  
In order to understand the features of the multiply modified proteins we have plotted their relative abundance within 
the analysed sample (based on the label-free proteomics experiments) and aligned it with the number of modification 
sites identified. Although the heavily modified proteins belong to the group of the most abundant proteins within the 
dataset, modification sites were also identified in relatively low abundant proteins e.g. in Scaffold attachment factor 
B2 (SAFB2) and GPI transamidase component PIG-T (PIGT), confirming the relatively high sensitivity of SNO/SOH 
TMT strategy. The distribution of SNO/SOH modified proteins with different numbers of modified cysteine residues 
was overlaid on their respective abundances. All LF – all quantified proteins; 4+ - proteins containing more than 4 
SNO/SOH sites (A); 3 - proteins containing 3 SNO/SOH sites (B); 2 - proteins containing 2 SNO/SOH sites (C); 1 – 
proteins containing single SNO/SOH site (D). 
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Figure S4. Molecular pathways observed in the basal SNO/SOH proteome of C3A spheroids. Functional 
analysis of SNO and/or SOH modified proteins under basal conditions, performed using String, v. 9.1. Grouping 
into functional classes was facilitated by manual verification of UniProt annotations. For details on network 
generation please see materials and methods section. The indicated proteins are grouped into biological 
processes and/or molecular functions. 



Figure S5 Number of known (RedoxDB and dbSNO) and novel SNO and SOH modified proteins 
identified in this study. All mapped SNO/SOH proteins together with individual modification sites were 
compared with the content of two databases containing curated information on cysteine oxidation, 
RedoxDB (Sun et al., 2012) and dbSNO (Chen et al., 2014). In total, we identified 249 SNO and 2 SOH 
proteins contained within the databases, including 213 matching SNO sites. A further 22 sites were 
identified in the databases as having modifications other than SNO or SOH, e.g. disulfide bonds. 
Additionally, we assigned sites to 38 proteins annotated as modified but which previously had no 
modification site specific information. For example, we mapped 6 SNO/SOH sites to D-3-phosphoglycerate 
dehydrogenase (PHGDH), previously only annotated as S-nitrosylated in RedoxDB. For mitochondrial 
aspartate aminotransferase (GOT2), a protein known as serum marker of drug-induced liver damage 
(Hinson, Roberts and James, 2010), we confirmed the single known SNO site and identified 4 additional 
SNO/SOH sites (Supplementary Table S1). Taking these known modifications into account, we identified 
319 SNO and 451 SOH novel modified proteins corresponding to 477 SNO and 336 SOH sites. For 
example, we mapped 3 SNO/SOH and 1 SNO site of mitochondrial glutamate dehydrogenase 1 (GLUD1), 
whose increased plasma activity is a biomarker of mitochondrial damage (McGill et al., 2012). Data for only 
one of these sites, C212 has been very recently deposited in dbSNO from the study of Lee, et.al. (Lee et 
al., 2014). The above results are summarised in Supplementary Table S1.  
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Figure S6. Relative site occupancy is complementary to 
relative fold change. The plots are of average, relative site 
occupancy in control and under APAP treatment (min. 2 
replicates) for SNO (A) and SOH (B). Marked in red on A and B 
are relative site occupancies of 2 sigma peptides; in green – 
sites with +/- 1.5 fold change in SNO/SOH between control and 
APAP treatment; in blue – sites with highest relative SNO/SOH 
occupancy under APAP treatment. Marked with grey triangle in 
B. is the area corresponding to SOH sites of lower relative site 
occupancy under APAP treatment as compared to control. This 
potentially indicate further oxidation of sulfenic acid to sulfinic 
and sulfonic acid undetectable by SNO/SOH TMT.  



Figure S7. Peptides carrying SNO or SOH modifications listed in Table 1. Annotated MSMS spectra and 
assigned ion series masses are presented.  
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