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Supplementary Methods 

 

Purification of recombinant proteins from E. coli and S. cerevisiae 

 

 E. coli cells expressing a His-tagged protein of interest were obtained from 

ASKA library 1. The cells were grown in LB medium (0.5% yeast extract (w/v), 1% 

tryptone (w/v), 1% NaCl (w/v)) at 37 ˚C on a rotary shaker (250 rpm). When 

cultures reached an OD600 of 0.7- 0.8, cells were induced by isopropyl-β-d-

thiogalactoside (IPTG) (a final concentration of 0.01 mM) for 4 hrs at 30 ˚C. The 

cells were harvested by centrifugation at 5,000 × g for 10 min and resuspended 

in cold lysis buffer (10 mM NaH2PO4, 300 mM NaCl, 10 mM imidazole, pH 8.0). 

The cells were broken by 4 cycles of sonication employing 10-second bursts at 

200–300 W followed by a 30-second cooling period between each burst. After the 

removal of cell debris , the supernatant was incubated with Ni-NTA agarose 

beads at 4 ˚C for 1 hr with gentle rotation. The Ni-NTA beads were then pelleted 

by centrifugation and washed three times with a washing buffer (10 mM 

NaH2PO4, 300 mM NaCl, 20 mM imidazole, pH 8.0). The His-tagged protein was 

eluted from the beads with an elution buffer (10 mM NaH2PO4, 300 mM NaCl, 

250 mM imidazole, pH 8.0). The GST-fused glycerol-3-phosphate 

dehydrogenase (GAPDH) of Saccharomyces cerevisiae was purified by affinity 

chromatography.   

 

Protein in-gel tryptic digestion  
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 The gel band was washed with 50% ethanol for 1 hr, followed by a second, 

overnight washing. The destained gel band was washed with water twice and 

was cut into small pieces. The gel pieces were reduced with 10 mM dithiothreitol 

at 56 °C for 1 hr and alkylated with 55 mM iodoacetamide at room temperature 

in the dark for 45 min. Three hundred nanograms of trypsin in 50 mM 

ammonium bicarbonate was added to the gels and incubated overnight at 37 °C. 

Tryptic peptides were sequentially extracted from the gel pieces with 50% 

acetonitrile (acetonitrile/water/TFA, 50:45:5, v/v/v) and 75% acetonitrile 

(acetonitrile/water/TFA, 75:24:1, v/v/v). The peptide extracts were pooled, dried 

in a SpeedVac, and desalted using a μ-C18 ZipTip prior to HPLC/MS/MS 

analysis. 

 

Circular dichroism (CD) spectroscopic analysis 

 

The CD spectra of the wild type, K100R and K100E mutants were measured 

with an AVIV model 202 CD spectrometer (Aviv Biomedical, Lakewood, NJ). 

Spectra were collected over a wavelength range of 190 – 260 nm using 1-nm 

step spacing. A final concentration of 20 μM (in 50 mM sodium phosphate buffer 

containing 50 mM sodium chloride, pH 8.0) of each sample was used for CD 

analysis. In each experiment, 3 scans were averaged per sample for enhanced 

signal-to-noise ratio. All the data were acquired at 24 °C in a 0.1-cm path length 

quartz cuvette, and were analyzed using the Globalworks software (Olis, Inc., 

Bogart, GA). The secondary structures of the proteins were calculated from the 

Nature Chemical Biology: doi: 10.1038/nchembio.495



4 
 

corresponding CD spectra using the CONTINLL algorithm (with basis set 

number 10).  
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Supplementary Results: 

 

Supplementary Figure 1. Three His-tagged proteins, isocitrate dehydrogenase 

(Icda), GADPH (GapA) and serine hydroxymethyltransferase (GlyA), isolated and 

resolved by SDS-PAGE and stained by Coomassie blue staining.  

 
Supplementary Figure 2. MS/MS Spectra of in vivo, synthetic 

FTEGAFsuccKDWGYQLAR, and their mixture. (a) MS/MS spectrum of 

FTEGAFsuccKDWGYQLAR from isocitrate dehydrogenase led to the identification 

of a mass shift of 100.0186 Da at its lysine residue. Inset shows its precursor ion 

mass. The label Δ designates b or y ions with water and/or ammonia loss. (b) 

MS/MS spectrum of the synthetic peptide corresponding to the sequence 

identified in (a) with lysine succinylation. (c) MS/MS spectrum of a peptide 

mixture of the in vivo-derived isocitrate dehydrogenase tryptic peptides and its 

synthetic counterpart as indicated in (b). 

 

Supplementary Figure 3. MS/MS Spectra of synthetic methylmalonyllysine 

peptide, FTEGAFMeMalKDWGYQLAR. Inset shows its precursor ion mass. The 

label Δ designates b or y ions with water and/or ammonia loss. 

 

Supplementary Figure 4. MS/MS Spectra of in vivo and synthetic 

GGSEELYSuccKK, and their mixture. MS/MS spectrum of GGSEELYSuccKK from 

serine hydromethyltransferase. The label Δ designates b or y ions with water 

and/or ammonia loss. (b) MS/MS spectrum of the synthetic peptide 
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corresponding to the sequence identified in (a) with lysine succinylation. (c) 

MS/MS spectrum of a mixture of the in vivo-derived tryptic peptides and its 

synthetic counterpart as indicated in (b). 

 

Supplementary Figure 5. Mass spectrometric identification and verification of 

NLTGSuccKEADAALGR from serine hydromethyltransferase. (a) MS/MS spectrum 

of a doubly charged tryptic peptide (NLTGKEADAALGR) from serine 

hydromethyltransferase led to the identification of a mass shift of 100.0057 Da at 

its lysine residue. Inset shows its precursor ion mass. The label Δ designates b or 

y ions with water and/or ammonia loss. (b) MS/MS spectrum of the synthetic 

peptide corresponding to the sequence identified in (a) with lysine succinylation. 

(c) MS/MS spectrum of a peptide mixture of the in vivo-derived tryptic peptides 

and its synthetic counterpart as indicated in (b). (d) Extracted ion chromatogram 

(XIC) of the in vivo-derived peptide. (e) XIC of the synthetic peptide 

corresponding to the sequence identified in (a) bearing lysine succinylation, 

showing a similar retention time. (f) XIC of a mixture of the peptide from in vivo-

derived tryptic peptides and its synthetic counterpart as indicated in (b), showing 

coelution of the two peptides from an HPLC column. 

 

Supplementary Figure 6. Mass spectrometric identification and verification of a 

lysine succinylated peptide from glyceraldehyde-3-phosphate dehydrogenase 

(GADPH). (a) MS/MS spectrum of a doubly charged tryptic peptide 

(GASQNIIPSSTGAAKAVGK) from GADPH led to the identification of a mass shift 
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of 100.0176 Da at its lysine residue. Inset shows its precursor ion mass. The 

label Δ designates b or y ions with water and/or ammonia loss. (b) MS/MS 

spectrum of the synthetic peptide corresponding to the sequence identified in (a) 

with lysine succinylation. (c) MS/MS spectrum of a peptide mixture of the in vivo-

derived tryptic peptides and its synthetic counterpart as indicated in (b). (d) 

Extracted ion chromatogram (XIC) of the in vivo-derived peptide. (e) XIC of the 

synthetic peptide corresponding to the sequence identified in (a) bearing lysine 

succinylation. (f) XIC of a mixture of the peptide from in vivo-derived tryptic 

peptides and its synthetic counterpart as indicated in (b). 

 

Supplementary Figure 7. Isocitrate dehydrogenase sequence annotation 

(Uniprot ID P08200). The information was obtained from Uniprot database 

(http://www.uniprot.org/). K100 and K242 are succinylated, but they are not 

known to be directly involved in substrate binding, catalysis or NADP binding in E. 

coli.  

 

Supplementary Figure 8. Multiple sequence alignment, sequence annotation, 

and localization of the succinyllysines in serine hydroxymethyltransferase. (a) 

ClustalW (2.0.12) alignment of serine hydroxymethyltransferase homologs from 

H. sapiens (gi: 703093), M. musculus (gi: 74141789), D. melanogaster (gi: 

24640005), C. elegans (gi: 25144732), A. thaliana (gi: 14030719), S. cerevisiae 

(gi: 408368) and E. coli (gi: 170082161). Conserved sites are shaded with gray 

and black. Conserved and non-conserved succinyllysine residues are indicated 
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by red and blue triangles, respectively. The positions are labeled corresponding 

to the E. coli sequence.  (b) Serine hydroxymethyltransferase sequence 

annotation (Uniprot ID P0A825). The information was obtained from Uniprot 

database (http://www.uniprot.org/). Both lysine succinylation and lysine 

acetylation sites were indicated. K250 are also reported to be acetylated. (c) 

Localization of the succinyllysines and functional sites in serine 

hydroxymethyltransferase. The 3-D structure was obtained from the MMDB 

(MMDB id 77977) and viewed by Cn3D (v4.1). Succinylated and known 

functionally important sites are indicated by red and yellow arrows, respectively. 

The superscripts FS and SUCC on the labeled residues refer to function-

important residues and succinylated residues, respectively. (d) Localization of the 

succinyllysines and functional sites in serine hydroxymethyltransferase. The 3-D 

structure was visualized from another side from (c). All of the succinylated sites 

(K62, K242, K250, 277, 293, 331, 346, and 354) are more than 5 angstroms 

away from the major functional residues (R235 and Y55), which has been 

reported to be important for substrate binding.2 Succinylated lysines are 

predominantly located in the loops and alpha helices. 

 

Supplementary Figure 9. Multiple sequence alignment, sequence annotation, 

and localization of the succinyllysines in glyceraldehyde-3-phosphate 

dehydrogenase A. (a) ClustalW (2.0.12) alignment of glyceraldehyde-3-

phosphate dehydrogenase A homologs from H. sapiens (gi: 7669492), M. 

musculus (gi: 149259607), D. melanogaster (gi: 22023983), C. elegans (gi: 
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17568413), A. thaliana (gi: 21618027), S. cerevisiae (gi: 6322409) and E. coli (gi: 

170081435). Conserved sites are shaded with gray and black. Conserved and 

non-conserved succinyllysine residues are indicated by red and blue triangles, 

respectively. The positions are labeled corresponding to the E. coli sequence. 

Seven out of the eleven of these sites are highly conserved among the species 

investigated. (b) Glyceraldehyde-3-phosphate dehydrogenase A sequence 

annotation (Uniprot ID P0A9B2). The information was obtained from Uniprot 

database (http://www.uniprot.org/). (c) Localization of the succinyllysines and 

functional sites in glyceraldehyde-3-phosphate dehydrogenase A. The 3-D 

structure of O-P dimer of the protein was obtained from the MMDB (MMDB ID 

4433) and viewed by Cn3D (v4.1). Succinylated and known functionally important 

sites (Uniprot ID P0A9B2) are labeled on the O-subunit and indicated by red and 

yellow arrows, respectively. The superscripts SB, NB, CAT and SUCC on the 

labeled residues refer to substrate binding, NAD binding, catalytic sites and 

succinylated lysine residues, respectively. (d) Localization of the succinyllysines 

and functional sites in glyceraldehyde-3-phosphate dehydrogenase A. The 3-D 

structure was visualized from another side from (c). These succinylated lysines 

are predominantly located in the loops and alpha helices. None of the 

succinylated sites (K115, 124, 132, 192, 213, 217, 225, 249, 257, 261 and 331) 

are close (> 5 angstroms) to known major functional important residues, which 

suggests they are less likely to have direct interaction with them. 

 

Supplementary Figure 10. Circular dichroism (CD) spectrum of wild type, 
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K100R and K100E mutants of isocitrate dehydrogenase.  

 

Supplementary Figure 11. Mascot-annotated MS/MS spectrum of 

VLPELQGSuccKLTGMAFR identified from yeast glyceraldehyde-3-phosphate 

dehydrogenase. 

 

Supplementary Figure 12. Differential succinyllysine profiles in cancer cell lines. 

Western blotting analysis (left panel) and Ponceau S staining of protein whole-

cell lysate (right panel) of cancer cell lines. Total cellular extract (30 µg/lane) was 

resolved in Tris-Glycine 4% - 20% gradient gel. Lane 1, HeLa, adenocarcinoma; 

lane 2, HCT116,  colorectal carcinoma; lane 3, A549, lung carcinoma; lane 4, 

A375, skin melanoma; lane 5, HepG2, hepatocellular carcinoma; lane 6, MG-63, 

osteosarcoma; lane 7, Du145, brain carcinoma; lane 8, MDA-MB-231, 

adenocarcinoma ; lane 9, HEK293T, human embryonic kidney cells. Red arrows 

indicate those proteins that have different levels of lysine succinylation. 

 

Supplementary Figure 13. HPLC analysis (extracted ion chromatogram) and 

purity of synthetic peptides. All the targeted peptides can be unambiguously 

identified based on their MS/MS spectra. 

 

Supplementary Table 1. A list of H4 and D4-labeled succinyllysine peptide 

sequences identified from D4-succinate treated E. coli sample. 
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Supplementary Table 2. Primers used for site-specific mutagenesis.  

 

Supplementary Table 3. A list of E. coli succinyllysine peptide sequences 

identified by affinity purification using anti-succinyllysine pan antibody and mass 

spectrometry. 

 

Supplementary Data 1. MS/MS spectra for H4 and D4-labeled succinyllysine 

peptide sequences identified from D4-succinate treated E. coli sample.  

 

Supplementary Data 2. MS/MS spectra of succinyllysine peptides identified by 

affinity purification using anti-succinyllysine pan antibody and mass spectrometry. 
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Supplementary Figure 7:
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Supplementary Figure 8:
a Serine hydroxymethyltransferase
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Supplementary Figure 9:

a Glyceraldehyde-3-phosphate dehydrogenase A
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Supplementary Figure 10:
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K255VLPELQGSuccKLTGMAFRSupplementary Figure 11:
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Supplementary Figure 12:
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Supplementary Figure 13: 
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GASQNIIPSSTGAASuccKAVGK Purity: 99.6%
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H and D labeled succinyllysine peptide sequences indentified from D4 succinate treated E Coli

Supplementary Table 1:

Protein Name GI# site peptide sequence Spectral No. of H4‐
succinyllysine peptide

Spectral No. of D4‐
succinyllysine peptide

H4 and D4-labeled succinyllysine peptide sequences indentified from D4-succinate treated E. Coli 
sample by mass spectrometry*

isocitrate dehydrogenase (IcdA) 170080787 K100 R.VAIKGPLTTPVGGGIR.S 1 0

isocitrate dehydrogenase (IcdA) 170080787 K242 K.FTEGAFKDWGYQLAR.E 0 1

serine hydroxymethyltransferase (GlyA) 170082161 K242 R.GGLILAKGGSEELYK.K 1 2

serine hydroxymethyltransferase (GlyA) 170082161 K250 K.GGSEELYKK.L 2 0

serine hydroxymethyltransferase (GlyA) 170082161 K277 K.AVALKEAMEPEFK.T 2 0

serine hydroxymethyltransferase (GlyA) 170082161 K293 K.TYQQQVAKNAK.A 1 1

serine hydroxymethyltransferase (GlyA) 170082161 K331 K.NLTGKEADAALGR.A 2 2

serine hydroxymethyltransferase (GlyA) 170082161 K346 R.ANITVNKNSVPNDPK.S 1 1

glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K124 K.VVMTGPSKDNTPMFVK.G 10 9

glyceraldehyde 3 phosphate dehydrogenase A(GapA) 170081435 K132 K DNTPMFVKGANFDK Y 2 3glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K132 K.DNTPMFVKGANFDK.Y 2 3

glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K213 R.GASQNIIPSSTGAAKAVGK.V 2 4

glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K217 K.AVGKVLPELNGK.L 1 0

glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K225 K.VLPELNGKLTGMAFR.V 1 0

glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K257 K.AATYEQIKAAVK.A 2 2

*Results were based on Mascot sequence alignment using ion score cutoff 30.

glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K261 K.AAVKAAAEGEMK.G 2 1

glyceraldehyde‐3‐phosphate dehydrogenase A(GapA) 170081435 K331 K.VLDLIAHISK.‐ 3 0
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Supplementary Table 2:

Primers used for site specific mutagenesis (mutated bases are shown in bold)

Mutation Primer

K242R Forward 5' GTTCACCGAAGGAGCGTTTCGTGACTGGGGCTACCAGCTG 3'
Reverse 5' CAGCTGGTAGCCCCAGTCACGAAACGCTCCTTCGGTGAAC 3'

K242E Forward 5' CACCGAAGGAGCGTTTGAAGACTGGGGCTACC 3'K242E Forward 5   CACCGAAGGAGCGTTTGAAGACTGGGGCTACC  3
Reverse 5'  GGTAGCCCCAGTCTTCAAACGCTCCTTCGGTG  3'

K100R Forward 5' GAATATCGCGTTGCCATTCGTGGTCCGCTGACCACTCCGG 3'
Reverse 5' CCGGAGTGGTCAGCGGACCACGAATGGCAACGCGATATTC 3'

K100E Forward 5' GAATATCGCGTTGCCATTGAAGGTCCGCTGACCACTC 3'K100E Forward 5  GAATATCGCGTTGCCATTGAAGGTCCGCTGACCACTC 3
Reverse 5' GAGTGGTCAGCGGACCTTCAATGGCAACGCGATATTC 3'
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E. Coli succinyllysine peptide sequences indentified by affinity purification using anti-succinyllysine

Supplementary Table 3 

Peptide Position GI# Succinylation Site Protein Name
R.VAIKGPLTTPVGGGIR.S 4 170080787 100 isocitrate dehydrogenase, specific for NADP+ 
K.FTEGAFKDWGYQLAR.E 7 170080787 242 isocitrate dehydrogenase, specific for NADP+ 

E. Coli succinyllysine peptide sequences indentified by affinity purification using anti succinyllysine 
pan antibody and mass spectrometry.

K.YAEGYPGKR.Y 8 170082161 62 serine hydroxymethyltransferase 
R.GGLILAKGGSEELYK.K 7 170082161 242 serine hydroxymethyltransferase 
K.GGSEELYKK.L 8 170082161 250 serine hydroxymethyltransferase 
K.AVALKEAMEPEFK.T  5 170082161 277 serine hydroxymethyltransferase 
K.TYQQQVAKNAK.A 8 170082161 293 serine hydroxymethyltransferase 
K.NLTGKEADAALGR.A 5 170082161 331 serine hydroxymethyltransferase 
R ANITVNKNSVPNDPK S 7 170082161 346 i h d th lt fR.ANITVNKNSVPNDPK.S 7 170082161 346 serine hydroxymethyltransferase 
K.NSVPNDPKSPFVTSGIR.V 8 170082161 354 serine hydroxymethyltransferase 
K.HITAGAKK.V 7 170081435 115 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.VVMTGPSKDNTPMFVK.G 8 170081435 124 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.DNTPMFVKGANFDK.Y 8 170081435 132 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.TVDGPSHKDWR.G 8 170081435 192 glyceraldehyde‐3‐phosphate dehydrogenase A 
R GASQNIIPSSTGAAKAVGK V 15 170081435 213 glyceraldehyde‐3‐phosphate dehydrogenase AR.GASQNIIPSSTGAAKAVGK.V 15 170081435 213 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.AVGKVLPELNGK.L 4 170081435 217 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.VLPELNGKLTGMAFR.V 8 170081435 225 glyceraldehyde‐3‐phosphate dehydrogenase A 
R.LEKAATYEQIK.A 3 170081435 249 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.AATYEQIKAAVK.A 8 170081435 257 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.AAVKAAAEGEMK.G 4 170081435 261 glyceraldehyde‐3‐phosphate dehydrogenase A 
K.VLDLIAHISK. 10 170081435 331 glyceraldehyde‐3‐phosphate dehydrogenase AK.VLDLIAHISK. 10 170081435 331 glyceraldehyde 3 phosphate dehydrogenase A 
K.IFDFVKPGVITGDDVQK.V 6 170082482 9 fructose‐bisphosphate aldolase, class II 
K.APVIVQFSNGGASFIAGKGVK.S 18 170082482 72 fructose‐bisphosphate aldolase, class II 
K.KLLPWIDGLLDAGEK.H 1 170082482 115 fructose‐bisphosphate aldolase, class II 
R.FTIAASFGNVHGVYKPGNVVLTPTILR.D 15 170082482 231 fructose‐bisphosphate aldolase, class II 
R.DSQEYVSKK.H 8 170082482 251 fructose‐bisphosphate aldolase, class II 
K.ANEAYLQGQLGNPKGEDQPNKK.Y 14 170082482 319 fructose‐bisphosphate aldolase, class II p p
K.GEDQPNKK.Y 7 170082482 326 fructose‐bisphosphate aldolase, class II 
R.LEKAFQELNAIDVL. 3 170082482 348 fructose‐bisphosphate aldolase, class II 
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Peptide Position GI # Succinylation Site Protein Name
K.TTLTAAITTVLAKTYGGAAR.A 13 170083440 38 protein chain elongation factor EF‐Tu (duplicate of tufA) 
R.GSALKALEGDAEWEAK.I 5 170083440 177 protein chain elongation factor EF‐Tu (duplicate of tufA) 
K.VGEEVEIVGIKETQK.S 13 170083440 249 protein chain elongation factor EF‐Tu (duplicate of tufA) 
K.ETQKSTCTGVEMFR.K 4 170083440 253 protein chain elongation factor EF‐Tu (duplicate of tufA) 
GQ G 0083 0 29 i h i l i f (d li f f )R.GQVLAKPGTIKPHTK.F 5 170083440 295 protein chain elongation factor EF‐Tu (duplicate of tufA) 

K.FESEVYILSKDEGGR.H 10 170083440 314 protein chain elongation factor EF‐Tu (duplicate of tufA) 
K.VMEGVKLENR.T 6 170080561 63 pyruvate formate lyase I 
K.IVGLQTEAPLKR.A 11 170080561 107 pyruvate formate lyase I 
R.ALIPFGGIKMIEGSCK.A 9 170080561 117 pyruvate formate lyase I 
K.MIEGSCKAYNR.E 7 170080561 124 pyruvate formate lyase I 
R VALYGIDYLMKDK L 11 170080561 195 pyruvate formate lyase IR.VALYGIDYLMKDK.L 11 170080561 195 pyruvate formate lyase I 
K.TMLYAINGGVDEKLK.M 13 170080561 454 pyruvate formate lyase I 
K.SEPIKGDVLNYDEVMER.M 5 170080561 467 pyruvate formate lyase I 
K.GAVASLTSVAKLPFAYAK.D 11 170080561 654 pyruvate formate lyase I 
K.AAGAELVGMEDLADQIKK.G 17 170083444 105 50S ribosomal subunit protein L1
K.VGTVTPNVAEAVKNAK.A 13 170083444 154 50S ribosomal subunit protein L1
K.LKENLEALLVALK.K 2 170083444 186 50S ribosomal subunit protein L1K.LKENLEALLVALK.K 2 170083444 186 50S ribosomal subunit protein L1
K.ENLEALLVALKK.A 11 170083444 197 50S ribosomal subunit protein L1
R.QAVTNPQNTLFAIKR.L 14 170079677 70 chaperone Hsp70, co‐chaperone with DnaJ 
R.LINYLVEEFKK.D 10 170079677 245 chaperone Hsp70, co‐chaperone with DnaJ 
K.KDQGIDLR.N 1 170079677 246 chaperone Hsp70, co‐chaperone with DnaJ 
R.AKLESLVEDLVNR.S 2 170079677 304 chaperone Hsp70, co‐chaperone with DnaJ 
K.VAEFFGKEPR.K 7 170079677 359 chaperone Hsp70, co‐chaperone with DnaJ 
K.ITIKASSGLNEDEIQK.M 4 170079677 502 chaperone Hsp70, co‐chaperone with DnaJ 
R.KFEELVQTR.N 1 170079677 528 chaperone Hsp70, co‐chaperone with DnaJ 
K.AAIEAKMQELAQVSQK.L 4 170079677 587 chaperone Hsp70, co‐chaperone with DnaJ 
K.VTLGPKGR.N 6 170083592 34 Cpn60 chaperonin GroEL, large subunit of GroESL 
K.SFGAPTITKDGVSVAR.E 9 170083592 51 Cpn60 chaperonin GroEL, large subunit of GroESL 
K.AVAAGMNPMDLKR.G 12 170083592 117 Cpn60 chaperonin GroEL, large subunit of GroESL 

h i l b i fK.VAAVKAPGFGDR.R 5 170083592 277 Cpn60 chaperonin GroEL, large subunit of GroESL 
K.ATLEDLGQAKR.V 10 170083592 321 Cpn60 chaperonin GroEL, large subunit of GroESL 
K.VGAATEVEMKEK.K 10 170083592 390 Cpn60 chaperonin GroEL, large subunit of GroESL 
R.SFTFVTKTPPAAVLLK.K 7 170083443 72 50S ribosomal subunit protein L11 
K.TPPAAVLLKK.A 9 170083443 81 50S ribosomal subunit protein L11 
R.VTQVKDLANDGYR.A 5 170082839 38 50S ribosomal subunit protein L3 
R LKDLETQSQDGTFDK L 2 170079805 115 30S ribosomal subunit protein S2R.LKDLETQSQDGTFDK.L 2 170079805 115 30S ribosomal subunit protein S2 
K.SAGGIVLTGSAAAKSTR.G 14 170083591 34 Cpn10 chaperonin GroES, small subunit of GroESL 
K.INALETVTIASKAGDEGK.L 12 170083648 83 50S ribosomal subunit protein L9 
R.AEKINALETVTIASK.A 3 170083648 71 50S ribosomal subunit protein L9 
R.DIADAVTAAGVEVAKSEVR.L 15 170083648 112 50S ribosomal subunit protein L9 
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Supplementary Data 1:

MS/MS spectra indentified from 2,2,3,3‐D4‐succinate treated and
immunoprecipitation‐enriched sample using anti‐succinyllysine antibody

Note: D4‐succinyllysine and H4‐succinyllysine peptides might be coeluted together. 
Results were based on Mascot sequence alignment using ion score cutoff 30.
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VAISuccKGPLTTPVGGGIRIsocitrate dehydrogenase K100 
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FTEGAFSucc-D4KDWGYQLARK242Isocitrate dehydrogenase
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serine hydroxymethyltransferase K242 GGLILASuccKGGSEELYK
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serine hydroxymethyltransferase K242 GGLILASucc-D4KGGSEELYK
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GGSEELYSuccKKserine hydroxymethyltransferase K250

b(
8)

K8
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serine hydroxymethyltransferase K277 AVALSuccKEAMEPEFK

b(
8)
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serine hydroxymethyltransferase K293 TYQQQVASuccKNAK
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serine hydroxymethyltransferase K293 TYQQQVASucc-D4KNAK
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serine hydroxymethyltransferase K331 NLTGSuccKEADAALGR
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serine hydroxymethyltransferase K331 NLTGSucc-D4KEADAALGR
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serine hydroxymethyltransferase K346 ANITVNSuccKNSVPNDPK
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serine hydroxymethyltransferase K346 ANITVNSucc-D4KNSVPNDPK
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VVMTGPSSuccKDNTPMFVKglyceraldehyde-3-phosphate dehydrogenase A K124
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glyceraldehyde-3-phosphate dehydrogenase A K124 VVMTGPSSucc-D4KDNTPMFVK
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glyceraldehyde-3-phosphate dehydrogenase A K132 DNTPMFVSuccKGANFDK
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glyceraldehyde-3-phosphate dehydrogenase A K132 DNTPMFVSucc-D4KGANFDK
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GASQNIIPSSTGAASuccKAVGKglyceraldehyde-3-phosphate dehydrogenase A K213
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GASQNIIPSSTGAASucc-D4KAVGKglyceraldehyde-3-phosphate dehydrogenase A K213
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glyceraldehyde-3-phosphate dehydrogenase A K217 AVGSuccKVLPELNGK
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glyceraldehyde-3-phosphate dehydrogenase A K225 VLPELNGSuccKLTGMAFR
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glyceraldehyde-3-phosphate dehydrogenase A K257 AATYEQISuccKAAVK

b(
9)
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glyceraldehyde-3-phosphate dehydrogenase A K257 AATYEQISucc-D4KAAVK
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AAVSuccKAAAEGEMKglyceraldehyde-3-phosphate dehydrogenase A K261
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AAVSucc-D4KAAAEGEMKglyceraldehyde-3-phosphate dehydrogenase A K261
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glyceraldehyde-3-phosphate dehydrogenase A K331 VLDLIAHISSuccK
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Supplementary Data 2 :Supplementary Data 2 :

MS/MS spectra of succinyllysine peptides indentified 
by affinity purification using anti-succinyllysine pan 
antibody and mass spectrometryy p y
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VAISuccKGPLTTPVGGGIR
Isocitrate dehydrogenase K100 
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FTEGAFSuccKDWGYQLAR
Isocitrate dehydrogenase K242
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YAEGYPGSuccKR
K62serine hydroxymethyltransferase 
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serine hydroxymethyltransferase K242

GGLILASuccKGGSEELYK
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GGSEELYSuccKK 
K250serine hydroxymethyltransferase 
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AVALSuccKEAMEPEFK 
K277serine hydroxymethyltransferase 
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TYQQQVASuccKNAK

K293serine hydroxymethyltransferase 
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NLTGSuccKEADAALGR
K331serine hydroxymethyltransferase 
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ANITVNSuccKNSVPNDPK
K346serine hydroxymethyltransferase 
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NSVPNDPSuccKSPFVTSGIR

K354serine hydroxymethyltransferase 
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HITAGASuccKK

K115glyceraldehyde-3-phosphate dehydrogenase A 

[M‐H2O]++
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VVMTGPSSuccKDNTPMFVK

K124glyceraldehyde-3-phosphate dehydrogenase A 
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DNTPMFVSuccKGANFDK

K132glyceraldehyde-3-phosphate dehydrogenase A 
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TVDGPSHSuccKDWR

K192glyceraldehyde-3-phosphate dehydrogenase A 
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GASQNIIPSSTGAASuccKAVGK
K213glyceraldehyde-3-phosphate dehydrogenase A 
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AVGSuccKVLPELNGK 

K217glyceraldehyde-3-phosphate dehydrogenase A 
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VLPELNGSuccKLTGMAFR 

K225glyceraldehyde-3-phosphate dehydrogenase A 
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LESuccKAATYEQIK 

K249glyceraldehyde-3-phosphate dehydrogenase A 

y(
4)

y(
3)
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AATYEQISuccKAAVK 
K257glyceraldehyde-3-phosphate dehydrogenase A 
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AAVSuccKAAAEGEMK 

K261glyceraldehyde-3-phosphate dehydrogenase A 
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VLDLIAHISSuccK 
K331glyceraldehyde-3-phosphate dehydrogenase A 
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IFDFVSuccKPGVITGDDVQK

K9fructose-bisphosphate aldolase, class II
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APVIVQFSNGGASFIAGSuccKGVK

K72fructose-bisphosphate aldolase, class II
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SuccKLLPWIDGLLDAGEK

K115fructose-bisphosphate aldolase, class II
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FTIAASFGNVHGVYSuccKPGNVVLTPTILR 

K231fructose-bisphosphate aldolase, class II
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DSQEYVSSuccKK

K251fructose-bisphosphate aldolase, class II
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ANEAYLQGQLGNPKGEDQPNSuccKK
K319fructose-bisphosphate aldolase, class II
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GEDQPNSuccKK

K326fructose-bisphosphate aldolase, class II
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LESuccKAFQELNAIDVL
K348fructose-bisphosphate aldolase, class II
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protein chain elongation factor EF-Tu
TTLTAAITTVLASuccKTYGGAAR

K38
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protein chain elongation factor EF-Tu K177
GSALSuccKALEGDAEWEAK

Nature Chemical Biology: doi: 10.1038/nchembio.495



VGEEVEIVGISuccKETQK

protein chain elongation factor EF-Tu K249
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ETQSuccKSTCTGVEMFR
protein chain elongation factor EF-Tu K253
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GQVLASuccKPGTIKPHTK
protein chain elongation factor EF-Tu K295

[M‐100]2+
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FESEVYILSSuccKDEGGR
protein chain elongation factor EF-Tu K314

Nature Chemical Biology: doi: 10.1038/nchembio.495



pyruvate formate lyase I

VMEGVSuccKLENR

K63
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IVGLQTEAPLSuccKR
pyruvate formate lyase I K107
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ALIPFGGISuccKMIEGSCK
pyruvate formate lyase I K117
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pyruvate formate lyase I K124

MIEGSCSuccKAYNR
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VALYGIDYLMSuccKDK

pyruvate formate lyase I K195
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pyruvate formate lyase I K454

TMLYAINGGVDESuccKLK
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SEPISuccKGDVLNYDEVMER

pyruvate formate lyase I K467
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GAVASLTSVASuccKLPFAYAK

pyruvate formate lyase I K654
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50S ribosomal subunit protein L1 
AAGAELVGMEDLADQISuccKK
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VGTVTPNVAEAVSuccKNAK

K15450S ribosomal subunit protein L1 
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LSuccKENLEALLVALK
K18650S ribosomal subunit protein L1 
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ENLEALLVALSuccKK

K19750S ribosomal subunit protein L1 
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QAVTNPQNTLFAISuccKR

K70chaperone Hsp70, co-chaperone with DnaJ
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LINYLVEEFSuccKK

K245chaperone Hsp70, co-chaperone with DnaJ
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SuccKDQGIDLR

K246chaperone Hsp70, co-chaperone with DnaJ

KDQGIDLR
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ASuccKLESLVEDLVNR

K304chaperone Hsp70, co-chaperone with DnaJ
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VAEFFGSuccKEPR

K359chaperone Hsp70, co-chaperone with DnaJ
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ITISuccKASSGLNEDEIQK
K502chaperone Hsp70, co-chaperone with DnaJ
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SuccKFEELVQTR
K528chaperone Hsp70, co-chaperone with DnaJ
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AAIEASuccKMQELAQVSQK

K587chaperone Hsp70, co-chaperone with DnaJ
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VTLGPSuccKGR
Cpn60 chaperonin GroEL, large subunit of GroESL K34
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SFGAPTITSuccKDGVSVAR
K51Cpn60 chaperonin GroEL, large subunit of GroESL
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AVAAGMNPMDLSuccKR

K117Cpn60 chaperonin GroEL, large subunit of GroESL
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VAAVSuccKAPGFGDR

K277Cpn60 chaperonin GroEL, large subunit of GroESL

Nature Chemical Biology: doi: 10.1038/nchembio.495



ATLEDLGQASuccKR

K321Cpn60 chaperonin GroEL, large subunit of GroESL
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VGAATEVEMSuccKEK

K390Cpn60 chaperonin GroEL, large subunit of GroESL
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SFTFVTSuccKTPPAAVLLK
50S ribosomal subunit protein L11 K72
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TPPAAVLLSuccKK

K8150S ribosomal subunit protein L11 

Nature Chemical Biology: doi: 10.1038/nchembio.495



VTQVSuccKDLANDGYR

50S ribosomal subunit protein L3 K38
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LSuccKDLETQSQDGTFDK

30S ribosomal subunit protein S2  K115 
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SAGGIVLTGSAAASuccKSTR
Cpn10 chaperonin GroES, small subunit of GroESL K34
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AESuccKINALETVTIASK
50S ribosomal subunit protein L9 K71
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INALETVTIASSuccKAGDEGK

50S ribosomal subunit protein L9 K83

Nature Chemical Biology: doi: 10.1038/nchembio.495



DIADAVTAAGVEVASuccKSEVR

K11250S ribosomal subunit protein L9
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