
Supplementary Data: Supplementary Figures 

Supplementary Figure S1 

 

 

 

Supplementary Figure S1. Schematic representation of the constructs created for this 

study.  

  



Supplementary Figure S2 – Annotated spectra corresponding to the identifications 

presented in Table 1. a) α-Tubulin 1A/1B, EDMAALEKDYEEVGVDSSVEGEGEEEG. b) α-

Tubulin 1C, EDMAALEKDYEEVGADSADGEDEG. c) Eukaryotic translation initiation factor 

4H, EEVVQKEQ. d) Stathmin, KNKESKDPADETEA. e) 40S ribosomal protein S9, 

KNAKKGQGGAGAGDDE. f) 40S ribosomal protein S9, KNAKKGQGGAGAGDD. g) TRAF-

type zinc finger domain-containing protein, TAKAKPSKQQGAGDA. h) High mobility 

group protein B3, KKVEEEDE. i) High mobility group protein B3, KKVEEED.  

Suppl. Fig. S2. a) Protein: α-Tubulin 1A/1B, Uniprot Q71U36/P68363 
 Peptide sequence: EDMAALEKDYEEVGVDSVEGEGEEEG 
 Precursor m/z: 984.4198 
 Precursor z: +3 
 Highest Mascot score: 98 
 

 

 



 

 

  



Suppl. Fig. S2. b) Protein: α-Tubulin 1C, Uniprot Q9BQE3 
 Peptide sequence: EDMAALEKDYEEVGADSADGEDEG 
 Precursor m/z: 894.3645 
 Precursor z: +3 
 Highest Mascot score: 78 
 

 

 

 

  



Suppl. Fig. S2. c) Protein: Eukaryotic translation initiation factor 4H, Uniprot Q15056 
 Peptide sequence: EEVVQKEQ 
 Precursor m/z: 554.2928 

Precursor z: +2 
 Highest Mascot score: 74 
 

 

 

  



Suppl. Fig. S2. d) Protein: Stathmin, Uniprot P16949 
 Peptide sequence: KNKESKDPADETEA 
 Precursor m/z: 885.9427 
 Precursor z: +2 
 Highest Mascot score: 57 
 

 

 

  



Suppl. Fig. S2. e) Protein: 40S ribosomal protein S9, Uniprot P46781 
 Peptide sequence: KNAKKGQGGAGAGDDE 
 Precursor m/z: 856.4344 
 Precursor z: +2 
 Highest Mascot score: 102 
 

 

 

  



Suppl. Fig. S2. f) Protein: 40S ribosomal protein S9, Uniprot P46781 
 Peptide sequence: KNAKKGQGGAGAGDD 
 Precursor m/z: 791.9128 

Precursor z: +2 
 Highest Mascot score: 92 
 

 

 

  



Suppl. Fig. S2. g) Protein: TRAF-type zinc finger domain-containing protein, Uniprot O14545 
 Peptide sequence: TAKAKPSKQQGAGDA 
 Precursor m/z: 833.9609 

Precursor z: +2 
 Highest Mascot score: 35 
 

 

 

  



Suppl. Fig. S2. h) Protein: High mobility group protein B3, Uniprot O15347 
 Peptide sequence: KKVEEEDE 
 Precursor m/z: 585.2972 
 Precursor z: +2 
 Highest Mascot score: 40 
 

 

 

  



Suppl. Fig. S2. i) Protein: High mobility group protein B3, Uniprot O15347 
 Peptide sequence: KKVEEED 
 Precursor m/z: 520.7759 
 Precursor z: +2 
 Highest Mascot score: 36 
 

 

 

  



Supplementary Figure S3 

 

Supplementary Figure S3. Mass-spectrometric analysis of purified recombinant 

HMGB3 and its cleavage products. a) Q-TOF spectrum (left) of purified recombinant 

HMGB3 and data deconvolution spectrum revealing a molecular mass of 25,300 Da. b) 

Protein characterization by peptide mass fingerprinting allowed for 50% sequence 

coverage of recombinant purified HMGB3. The distributions of matching peptides in 

the complete protein sequence are marked with underlying grey boxes. No matching 

masses were found when considering the unprocessed N- and C-termini of HMGB3. 

The calculated and observed m/z values for matching peptides are listed in 

Supplementary Table S3. The complete peak list is shown in Supplementary Table S4. 

c) Q-TOF spectrum (left) of the purified recombinant HMGB3 after CCP1 treatment. 

Data deconvolution spectrum reveals the presence of a cleavage product with a 

molecular mass of 23,377 Da.   



Supplementary Figure S4 

 

Supplementary Figure S4. Processing of endogenous HMGB2 upon CCP1 

overexpression. HEK293T cells were transfected with active or inactive CCP1 (CCP1 

E270Q). Western blotting using an anti-HMGB2 antibody shows the appearance of 

processed forms of native HMGB2 when active CCP1 is over-expressed (lanes 1, 3 and 

5). Whole cell protein lysates were fractionated into soluble fractions (containing 

cytosolic and nuclear soluble proteins) and chromatin-bound insoluble fractions (lanes 

3-6). Anti-GAPDH (cytosolic marker), anti-PARP (nuclear soluble fraction marker) and 

anti-histone H3 (chromatin-bound/insoluble nuclear marker) were used to 

demonstrate the purity of the fractions. The anti-HA-tag antibody shows equal 

expression levels of both CCP1 variants.  

  



Supplementary Data: Supplementary Tables 

Supplementary Table S1: List of the identified butyrylated peptides, corresponding to 

database annotated and processed C-termini. In all cases the corresponding Swiss-Prot 

accession number, protein description, sequence identified, modifications observed, 

start position of the peptide, m/z and z of the highest scoring spectra are indicated. 

The light over heavy ratios (control sample over CCP1 overexpressing sample) of the 

ion intensities observed in MS for the highest scoring peptide, is also shown (L/H ratio 

HS). In case of the absence of light peptide ions, the peptide was indicated as heayy 

singleton. Similarly, light singleton was used in the absence of the heavy ions. In 

addition, the ratios significantly altered using a stringent p-value threshold of 0.0001 

are indicated. Peptides are classified (column peptide type) as database annotated C-

termini and processed C-termini, and for the latter the residues missing from the C-

terminus are indicated (C-terminal residues in protein sequence). Additional 

information related to the observed mass error (Da), possible protein isoforms holding 

the same peptide, number of identified spectra (# spectra), the maximum Mascot ion 

score, minimum threshold score and delta threshold (= maximum score – minimum 

threshold) are additionally indicated. **** = p-value <0.0001. Abbreviations: But, 12C4-

butyrylation of peptide N-termini; But4C13, 13C4-butyrylation of peptide N-termini; 

AcD3K, D3-acetylation at lysines; Mox, oxidized methionine.  

  



Supplementary Table S2. Intact C-termini of the identified putative CCP1 substrates 

 

Protein Identified C-terminal peptide L/H ratio Z-score 

α-tubulin 1A/1B EDMAALEKDYEEVGVDSVEGEGEEEGEEY 0.86 -0.55 

α-tubulin 1C EDMAALEKDYEEVGADSADGEDEGEEY 0.20 -4.79 

Eukaryotic translation initiation 

factor 4H 
EEVVQKEQE 0.95 -0.28 

Stathmin KNKESKDPADETEAD 0.56 -1.81 

40S ribosomal protein S9 KNAKKGQGGAGAGDDEEED 0.83 -0.69 



Supplementary Table S3. Calculated and observed masses for tryptic peptides of purified recombinant HMGB3. 

 

Peak Intensity Amino acid sequence [M+H]+ Missed Sequence Modified sequence 

  From a To Calculated Observed Cleavages   

  
 

m/z    

4 16399.156 1 10 1258.585 1258.592 0 ASWSHPQFEK Ac-ASWSHPQFEK 

4 16399.156 134 146 1258.663 1258.592 0 STNPGISIGDVAK STNPGISIGDVAK 

6 1315.728 95 106 1280.630 1280.573 2 EMKDYGPAKGGK EMKDYGPAKGGK 

8 18940.384 185 198 1401.796 1401.801 3 GKFDGAKGPAKVAR GKFDGAKGPAKVAR 

10 3103.273 174 186 1530.780 1529.896 3 YEKDVADYKSKGK YEKDVADYKSKGK 

12 1733.922 50 64 1733.922 1733.922 2 KKNPEVPVNFAEFSK KKNPEVPVNFAEFSK 

12 1733.922 51 65 1733.922 1733.922 2 KNPEVPVNFAEFSKK KNPEVPVNFAEFSKK 

15 186.000 11 33 2512.254 2512.249 3 GAYPYDVPDYAMAKGDPKKPKGK GAYPYDVPDYAM<Mox*>AKGDPKKPKGK 

16 259.000 200 220 2669.959 2669.901 1 KVEEEDEEEEEEEEEEEEEED KVEEEDEEEEEEEEEEEEEED 

18 2032.654 199 220 2798.054 2798.015 2 KKVEEEDEEEEEEEEEEEEEED KKVEEEDEEEEEEEEEEEEEED 

21 4425.123 196 220 3124.261 3124.208 3 VARKKVEEEDEEEEEEEEEEEEEED VARKKVEEEDEEEEEEEEEEEEEED 

Abbreviations: Ac, acetyl; Mox, oxidized methionine. 
a Residues are numbered considering an HMGB3 form lacking the N-terminal initiator methionine. 

 



Supplementary Table S4 - Peak list generated by MALDI-TOF analysis of a tryptic digest of 

purified recombinant HMGB3. 

 

Peak m/z Time Intensity 
Signal/Noise 

ratio 
Quality 
Factor 

Resolution Area 

1 824.337 45500.89 875.668 6.970 392.441 8805.339 134.872 

2 832.342 45719.15 941.832 7.585 297.453 8424.265 151.887 

3 876.300 46899.39 1750.101 15.081 525.985 7435.218 355.768 

4 1258.592 56114.12 16399.156 217.190 18328.231 14154.026 3305.032 

5 1274.587 56466.48 1179.179 15.335 1966.674 14269.501 229.097 

6 1280.573 56597.80 1315.728 17.222 3133.839 13562.994 275.144 

7 1315.614 57360.31 990.743 13.095 1694.030 14525.900 199.083 

8 1401.801 59193.53 18940.384 276.900 23777.888 14670.167 4469.781 

9 1458.819 60375.39 885.523 12.373 3085.337 15548.733 198.282 

10 1529.896 61816.65 3103.273 46.345 15679.582 16631.633 754.291 

11 1616.924 63536.37 1048.364 15.380 4074.548 14744.940 305.465 

12 1733.922 65776.72 477.462 6.698 1549.114 17323.771 129.940 

13 1794.829 66912.99 521.084 7.434 1178.839 12730.754 205.746 

14 2211.097 74210.00 564.000 8.095 
 

16216.774 82.952 

15 2512.249 79066.41 186.000 2.267 
 

10779.765 39.754 

16 2669.901 81492.30 259.000 3.758 
 

15420.364 46.824 

17 2783.212 83191.80 236.000 3.431 
 

12862.457 56.125 

18 2798.015 83411.24 2032.654 55.798 12446.153 17981.107 1179.762 

19 2839.082 84016.99 184.000 2.564 
 

15689.759 24.586 

20 2900.501 84914.80 226.000 3.509 
 

12411.483 45.378 

21 3124.208 88106.87 4425.123 152.159 10333.571 18328.942 3105.778 

22 3226.707 89531.07 794.478 28.088 3920.512 15759.491 647.241 

23 3477.397 92921.58 1031.823 44.047 3284.136 16922.644 903.032 

24 3496.864 93179.64 501.346 21.123 3444.219 15235.753 473.585 

 

 

  



Supplementary Table S5 – List of human proteins containing a stretch of at least 3 consecutive acidic 

residues in their gene-encoded C-terminus 

Number Name UniProt  C-terminus 

1 High mobility group protein B1 P09429 SKKKKEEEEDEEDEEDEEEEEDEEDEDEEEDDDDE  

2 Putative high mobility group protein B1-like 1 B2RPK0 SKKKKEEEEDEEDEEDEEEEDEEDEEDDDDE 

3 High mobility group protein B2 P26583 KKNEPEDEEEEEEEEDEDEEEEDEDEE 

4 High mobility group protein B3 a O15347 ARKKVEEEDEEEEEEEEEEEEEEDE 

5 Homeobox protein Hox-A7 P31268 AADKADEEDDDEEEEDEEE 

6 Cytosolic purine 5'-nucleotidase P49902 ITHCHDEDDDEEEEEEEE 

7 Translocation protein SEC63 homolog Q9UGP8 FEDSFEEEEEEEEDDD  

8 mTERF domain-containing protein 2 Q7Z6M4 EAEDNDEDEDDDEEE 

9 60S ribosomal protein L22 P35268 FQINQDEEEEEDED 

10 Calsequestrin-1 P31415 GEINTEDDDDDDDD  

11 Ubiquitin thioesterase ZRANB1 Q9UGI0 SLSDGEEDEDDEDE 

12 Calcium-dependent secretion activator 1 Q9ULU8 SMKDSDEEDEEDD 

13 Putative high mobility group protein B3-like P0C6E5 AQKKVEEEDEDEE 

14 RNA polymerase-associated protein LEO1 Q8WVC0 KYVISDEEEEDDD 

15 LIM domain and actin-binding protein 1 Q9UHB6 RNRYYDEDEDEE  

16 Essential MCU regulator, mitochondrial Q9H4I9 DIFVPEDDDDDD 

17 Calsequestrin-2 O14958 DNDDSDDDDDE  

18 Cell cycle control protein 50B Q3MIR4 RYQDQDDDDEE 

19 Dipeptidyl aminopeptidase-like protein 6 P42658 TVTAKEDEEED 

20 Homeobox protein Hox-B7 P09629 DRAEAEEEEEE 

21 Metaxin-1 Q13505  LGMAEEDEEE 

22 40S ribosomal protein S9
 a

 P46781 GAGAGDDEEED  

23 Protein timeless homolog Q9UNS1 KRYQIEDDEDD 

24 TRAF-type zinc finger domain-containing protein 1 a O14545 GAGDAEEEEEE 

25 
Acidic leucine-rich nuclear phosphoprotein 32 
family member E 

Q9BTT0  AEDDGEEEDD 

26 Interferon alpha-inducible protein 6 P09912 KYLDSEEDEE 

27 Myosin light chain kinase, smooth muscle 
a
 Q15746  GEGEGEEEEE  

28 Choline-phosphate cytidylyltransferase A P49585 AYDISEDEED 

39 Protein SSX1 Q16384  EISDPEEDDE 

30 Protein SSX2 Q16385  EISDPEEDDE 

31 Protein SSX3 Q99909  EISDPEEDDE 

32 Protein SSX4 O60224 EISDPEEDDE 

33 Protein SSX7 Q7RTT5 EISDPEEDDE 

34 Protein SSX8 Q7RTT4 EIRDPEEDDE 

35 Protein SSX9 Q7RTT3 EISDPEEDDE 

36 Transmembrane protein 190 Q8WZ59 EETEGEEEED 

37 
Acidic leucine-rich nuclear phosphoprotein 32 
family member A 

P39687 PEDEGEDDD 

38 Complement C1r subcomponent P00736 IKKEMEEED 

39 Mitotic interactor and substrate of PLK1 Q8IVT2 RIYASEEDD 

40 Doublesex- and mab-3-related transcription factor 1 Q9Y5R6 VTPVIEEDE 

http://expasy.org/uniprot/P09429
http://expasy.org/uniprot/B2RPK0
http://expasy.org/uniprot/P26583
http://expasy.org/uniprot/O15347
http://expasy.org/uniprot/P31268
http://expasy.org/uniprot/P49902
http://expasy.org/uniprot/Q9UGP8
http://expasy.org/uniprot/Q7Z6M4
http://expasy.org/uniprot/P35268
http://expasy.org/uniprot/P31415
http://expasy.org/uniprot/Q9UGI0
http://expasy.org/uniprot/Q9ULU8
http://expasy.org/uniprot/P0C6E5
http://expasy.org/uniprot/Q8WVC0
http://expasy.org/uniprot/Q9UHB6
http://expasy.org/uniprot/O14958
http://expasy.org/uniprot/Q3MIR4
http://expasy.org/uniprot/P42658
http://expasy.org/uniprot/P09629
http://expasy.org/uniprot/Q13505
http://expasy.org/uniprot/P46781
http://expasy.org/uniprot/Q9UNS1
http://expasy.org/uniprot/O14545
http://expasy.org/uniprot/Q9BTT0
http://expasy.org/uniprot/P09912
http://expasy.org/uniprot/Q15746
http://expasy.org/uniprot/P49585
http://expasy.org/uniprot/Q16384
http://expasy.org/uniprot/Q16385
http://expasy.org/uniprot/Q99909
http://expasy.org/uniprot/O60224
http://expasy.org/uniprot/Q7RTT5
http://expasy.org/uniprot/Q7RTT4
http://expasy.org/uniprot/Q7RTT3
http://expasy.org/uniprot/Q8WZ59


41 Inactive dipeptidyl peptidase 10 Q8N608 LPQEPEEDE 

42 Inositol monophosphatase 1 P29218 IPLQRDDED 

43 mRNA turnover protein 4 homolog Q9UKD2 EESDSEDDD 

44 
NADH dehydrogenase [ubiquinone] 1 beta  
subcomplex subunit 2, mitochondrial 

O95178 LGIPPDDED 

45 Ornithine decarboxylase antizyme 1 P54368 RESSGEEEE 

46 cGMP-inhibited 3',5'-cyclic phosphodiesterase B Q13370 VIEEADEEE 

47 Protein SSX5 O60225 ISDPQEDDE 

48 Transcription factor Dp-1 Q14186 DFNENDEDD 

49 Transcription factor Dp family member 3 Q5H9I0 DLSENDEDD 

50 Guanine nucleotide exchange factor VAV3 Q9UKW4 PSTYVEEDE 

51 DDB1- and CUL4-associated factor 6 Q58WW2 QENENEDEE 

52 Prothymosin alpha P06454 KKQKTDEDD 

53 
Acidic leucine-rich nuclear phosphoprotein 32 
family member B  

Q92688 TDDEGEDD 

54 Ankyrin repeat domain-containing protein 35 Q8N283 QILSMEEE 

55 Annexin A5 P08758 LLLCGEDD 

56 
Complement C1q tumor necrosis factor-related 
protein 6 

Q9BXI9 HLIKAEDD 

57 Cadherin-1 P12830 MYGGGEDD 

58 Cadherin-3 P22223 MYGGGEDD 

59 Cadherin-4 P55283 MYGGGEDD 

60 Cell division cycle protein 123 homolog O75794 KRNQQEDD 

61 Phosphatidate cytidylyltransferase 2 O95674 LTSTTEDE 

62 Uncharacterized protein C11orf57 Q6ZUT1 SAESSEDD 

63 Cytochrome c oxidase subunit 6A1, mitochondrial P12074 LPTGYEDE 

64 
EGF-like repeat and discoidin I-like domain-
containing protein 3 

O43854 LLGCTEEE 

65 EF-hand domain-containing family member C2 Q5JST6 DAFGLEEE 

66 Translation initiation factor eIF-2B subunit epsilon Q13144 EEESSEDD 

67 Protein FAM47A Q5JRC9 IVEASEED 

68 Putative protein FAM47C Q5HY64 VTDASEED 

69 Guanylate cyclase soluble subunit beta-1 Q02153 EETKQDDD 

70 G patch domain and KOW motifs-containing protein Q92917 GPSDTDDD 

71 Homeobox-containing protein 1 Q6NT76 KTEALDDD 

72 High mobility group protein HMGI-C P52926 SQESAEED 

73 
Putative eukaryotic translation initiation factor 2 
subunit 3-like protein 

Q2VIR3 IKPTVDDD 

74 Eukaryotic translation initiation factor 2 subunit 3 P41091 IKPTVDDD 

75 
Interferon-induced helicase C domain-containing 
protein 1 

Q9BYX4 CCLFSDED 

76 Interleukin-1 receptor antagonist protein P18510 KFYFQEDE 

77 Mitochondrial inner membrane protease subunit 2 Q96T52 LPVQREEE 

78 Leucine-rich repeat-containing protein 8E Q6NSJ5 VRDKMEEE 

79 Mitogen-activated protein kinase kinase kinase 4 Q9Y6R4 VKVCTDEE 

80 Mitotic interactor and substrate of PLK1 Q8IVT2 IYASEEDD 

81 Monocarboxylate transporter 13 Q7RTY0 PKEGLEED 



82 Myosin-6 P13533 KQKMHDEE 

83 
NADH dehydrogenase [ubiquinone] 1 beta 
subcomplex subunit 11, mitochondrial 

Q9NX14 KIQLPEDE 

84 Nucleolar complex protein 2 homolog Q9Y3T9 DLQLSEDD 

85 Nuclear speckle splicing regulatory protein 1 Q9H0G5 TYIEKEDD 

86 Ornithine decarboxylase antizyme 2 O95190 DQNLSDED 

87 Inositol polyphosphate 5-phosphatase OCRL-1 Q01968 FLLGSEED 

88 
Serine/threonine-protein phosphatase 2A 
regulatory subunit B'' subunit alpha 

Q06190 KLQSVDEE 

89 Protein pelota homolog Q9BRX2 GDSSSEED 

90 Histone-lysine N-methyltransferase PRDM9 Q9NQV7 PYVCREDE 

91 PTPN13-like protein, Y-linked O14603 CGHVHEED 

92 Transcriptional activator protein Pur-alpha. Q00577 GEEEGEED 

93 Transcriptional activator protein Pur-beta Q96QR8 EGEEVDED 

94 UV excision repair protein RAD23 homolog A P54725 LSQNFDDE 

95 UV excision repair protein RAD23 homolog B P54727 LQQNFDED 

96 Rho GTPase-activating protein 15 Q53QZ3 KIFGSEED 

97 RWD domain-containing protein 4 Q6NW29 KTGSKDDE 

98 Protein SET Q01105 EEDEGEDD 

99 Probable global transcription activator SNF2L2 P51531 EGSGTDDE 

100 Transcription activator BRG1 P51532 SGSGSEED 

101 Small integral membrane protein 4 Q8WVI0 YQRRLEDE 

102 Small integral membrane protein 6 P0DI80 QCEAGEEE 

103 Sorting nexin-16 P57768 VAYDAEED 

104 TLD domain-containing protein 1 Q6P9B6 LREVPDDE 

105 Transmembrane protein 109 Q9BVC6 GARSVEEE 

106 Transmembrane protein 45B Q96B21 LLSGSDEE 

107 Transmembrane protein 44 Q2T9K0 TAHLSDDD 

108 Triple QxxK/R motif-containing protein Q629K1 PDLDQDED 

109 Teashirt homolog 2 Q9NRE2 FVTDVDEE 

110 Thioredoxin domain-containing protein 9 O14530 YDSDSDDD 

111 WD repeat-containing protein 43 Q15061 PENESEEE 

    a These proteins have been identified as CCP1 substrates in this or previous studies. 

 

 


