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FIGURE LEGENDS FOR SUPPORTING INFORMATION 25 

26 

Supplementary Figure S1 27 

Low energy HCD MS/MS spectra of the glycopeptides harboring the known canonical N-28 

glycosylation sites, derived by proteolytic digestion of C9 by trypsin and AspN. LC MS/MS 29 

spectra were acquired for ions with precursor m/z of 1099.95 (a) and 1044.71 (b), respectively. 30 

Sequential fragmentation of the N-glycan part allowed deduction of its glycan composition. “P” 31 

= peptide backbone of the glycopeptide. 32 

33 

Supplementary Figure S2 34 

EThcD MS/MS spectra of C9 N-terminal tryptic peptides harboring O-glycosylation C9. In (a) 35 

the non-modified peptide spectrum is shown. In total, five selected LC MS/MS spectra are 36 

shown, which were acquired for tryptic O-glycopeptides with precursor m/z of 863.03 (a), 37 

990.41 (b), 1,081.77 (c), 1,178.80 (d) and 1,300.51 (e), respectively. Fragmentation patterns 38 

conclusively confirmed the amino acid sequence of the peptides and composition of the O-39 

glycans. However, the precise modification site could not be determined due to a lack of 40 

sequence indicative c and z fragment ions. In the spectra b, c and d, T11 was assigned as most 41 

likely modification site based on the presence of long series of non-modified c and z ions. 42 

43 

Supplementary Figure S3 44 

EThcD MS/MS spectra C-mannosylated tryptic peptides originating from TSP domain of C9. 45 

LC MS/MS spectra were acquired for ions with precursor m/z of 700.95 (a) and 754.96 (b), 46 

respectively.  In (a) the peptide fragmentation spectrum with one C-mannose at W27 is shown. 47 

In (b) the fragmentation spectrum reveals occupation of both W (W27 and W30) by C-mannoses 48 

in the sequence motif WXXW. Fragmentation patterns conclusively confirmed the amino acid 49 

sequence of the peptides. 50 

51 

Supplementary Figure S4 52 

Multiple amino acid sequence alignment of the C9 protein from human, mouse, rat, cow, rabbit 53 

and horse. The accession numbers provided refer to the protein database UniProtKB. The 54 

alignment was constructed using AliView 1.181 whereby the N-terminal signal peptides were 55 

omitted. The N-terminus of C9 with the likely O-glycosylation site T11 is highlighted in orange 56 
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and C-mannosylation sites are in green. All N-glycosylation sites are highlighted as sequons 57 

(N-X-X). Newly discovered N-glycosylation site N215 is in purple and the two previously 58 

reported sites N256 and N394 are in red. Next, the predicted N-glycosylation sites from the 59 

selected mammals are shown in magenta. 60 

The alignment indicated a very little conservation of the N-terminus (where O-glycosylation 61 

was detected on human C9) while C-mannosylated sites are in highly conserved TSP domain.62 

The amino acid sequences of selected mammalian species show a relatively low level of 63 

conservation of the N-glycosylation sites. The most conserved canonical N-glycosylation sites 64 

are N256 and N394. The N256 is occupied on human and likely also on rabbit and horse. The 65 

presence of N-glycan at N394 was experimentally confirmed in human and predicted to be 66 

modified also on rat, rabbit and horse. Interestingly, the here reported lower occupied non-67 

canonical NAX-site turns out to be conserved. Remarkably, based on the sequence analysis 68 

almost all selected species contain a few more putative canonical N-glycosylation sites, which 69 

are not conserved at all, e.g., the murine C9 protein contains a N-glycan motif at N48 located 70 

in the TSP domain. This would most likely prevent C-mannosylation of this TSP and further 71 

influence the repertoire of mouse C9 proteoforms. Bovine C9 seems to be an exception among 72 

other species since it contains only one potential canonical N-glycosylation site at N430. This 73 

site was also predicted to be glycosylated in horse C9, but not in other species. Nevertheless, 74 

all latter ones are N-glycosylated at the more conserved N394 (NIT/S), suggesting that the 75 

presence of a N-glycan chain in this C9 region (394-430) may be required for functional 76 

purposes. Similarly, murine and rat C9 are missing a N-glycosylation sequon at the more 77 

conserved N256, but they contain N-glycosylation motifs in the non-conserved region between 78 

the amino acids 240-248. Rabbit and horse were predicted to be N-glycosylated in this region 79 

as well, however they contain also exactly the same sequence motif as human (NET) at N256. 80 

Therefore, it is likely that the predicted sites N242 (rabbit) and N246 (horse) are not modified 81 

unless these species contain two N-glycans in this region. Although, these speculations need to 82 

be confirmed by experimental data, our alignments hint at that C9 may display species-specific 83 

glycosylation patterns. Variation of glycosylation among different animal species has been 84 

reported for instance for IgG2, nevertheless there is a lack of understanding about this 85 

phenomenon and it opens questions about the function of site-specific glycosylation, not only 86 

on C9, but also on many other plasma proteins.87 

The aligned sequences were processed using ENDscript 3.03. Similarity coloring scheme is a 88 

percentage of equivalent residues calculated considering physico-chemical properties. 89 
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S4 – supplementary figure – Multiple amino acid sequence alignment of the C9 protein from 119 

human, mouse, rat, cow, rabbit and horse 120 
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149 Supplementary Table S1 

List of identified and validated C9 peptides from tryptic digest 150 

Peptide Modified Sequence Precursor (m/z) 
Product 
Charge 

Mass Error 
(ppm) Total Area 

Retention 
Time (min) 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R 863.0345 3 -2.8 459621984 33.64 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 1776.2229 2 -5.2 21697820 32.52 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 1184.4843 3 -4.2 6088687616 32.52 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 1178.8088 3 -4.7 30135201792 32.44 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 884.3584 4 -5.0 1015169024 32.44 

QYTTSYDPELTESSGSASHIDC[+57]R; [+656.2] 1087.4525 3 -4.6 5874841600 32.63 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+656.2] 1081.7770 3 -4.2 31467601920 32.63 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+656.2] 811.5846 4 -3.5 273742464 32.63 

QYTTSYDPELTESSGSASHIDC[+57]R; [+365.1] 990.4207 3 -3.3 786598784 32.23 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+365.1] 984.7452 3 -4.1 2876220160 32.23 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 1306.1951 3 -4.6 630539584 30.92 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 979.8981 4 -1.9 68517296 30.92 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 1300.5196 3 -2.7 1488793728 30.94 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 975.6415 4 -3.0 218757088 30.94 

MSPW[+162.1]SEWSQC[+57]DPC[+57]LR 1050.9266 2 -4.2 15285429248 36.77 

MSPW[+162.1]SEWSQC[+57]DPC[+57]LR 700.9535 3 -3.7 4703996928 36.77 

M[+16]SPW[+162.1]SEWSQC[+57]DPC[+57]LR 1058.9241 2 -3.3 1.4677E+11 35.26 

M[+16]SPW[+162.1]SEWSQC[+57]DPC[+57]LR 706.2851 3 -2.7 25765066752 35.26 

MSPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 1131.9530 2 -4.8 3710511360 33.03 

MSPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 754.9711 3 -4.5 1836591872 33.03 

M[+16]SPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 1139.9505 2 -4.5 34263304192 31.73 

M[+16]SPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 760.3028 3 -3.4 16343121920 31.73 

TSNFNAAISLK 583.3142 2 -3.2 1.68502E+11 34.31 

TSN[+2204.8]FNAAISLK 1685.7004 2 -4.0 94825072 33.32 

TSN[+2204.8]FNAAISLK 1124.1361 3 -2.7 1007365504 33.32 

TSN[+2204.8]FNAAISLK 843.3539 4 -3.6 17227846 33.32 

AVN[+2204.8]ITSENLIDDVVSLIR 1392.6209 3 -4.8 1146552704 11.58 

AVN[+2204.8]ITSENLIDDVVSLIR 1044.7175 4 -2.8 474522624 11.58 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKKEK 1743.7657 3 -1.6 900461184 36.13 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKKEK 1308.0761 4 -4.1 11739473920 36.13 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKKEK 1046.6623 5 -2.3 41915990016 36.13 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKKEK 1235.3023 4 -4.9 307079104 35.53 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKKEK 988.4433 5 -4.0 714075200 35.53 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKK 1658.0532 3 -5.4 3501403392 37.32 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKK 1243.7917 4 -4.6 13250072576 37.32 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKK 995.2348 5 -3.4 17270624256 37.32 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKK 1561.0214 3 -3.6 32079828 36.53 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKK 1171.0179 4 -3.4 386805568 36.53 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKK 937.0157 5 -3.2 702033536 36.53 

FSYSKN[+2204.8]ETYQLFLSYSSK 1466.2805 3 -4.5 1916245760 38.22 
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FSYSKN[+2204.8]ETYQLFLSYSSK 1099.9622 4 -4.2 1386641664 38.22 

FSYSKN[+1913.7]ETYQLFLSYSSK 1369.2487 3 -3.1 25390424 37.28 
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Peptide Modified Sequence 
Precursor 
(m/z) 

Product 
Charge 

Mass Error 
(ppm) Total Area 

Retention 
Time (min) 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R 863.0345 3 -2.4 678611456 33.59 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 1776.2229 2 -10.7 141675808 32.15 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 1184.4843 3 -9.4 903599424 32.15 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 1178.8088 3 -4.5 36548460544 32.49 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3] 884.3584 4 -4.4 1401541120 32.49 

QYTTSYDPELTESSGSASHIDC[+57]R; [+656.2] 1087.4525 3 -5.1 10548512768 32.66 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+656.2] 1081.7770 3 -4.2 78340882432 32.61 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+656.2] 811.5846 4 -3.4 788462400 32.61 

QYTTSYDPELTESSGSASHIDC[+57]R; [+365.1] 990.4207 3 -3.2 2936786432 32.13 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+365.1] 984.7452 3 -4.1 15281887232 32.13 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 1306.1951 3 -6.3 1116945664 30.91 

QYTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 979.8981 4 -4.7 137224160 30.91 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 1300.5196 3 -3.2 2119178752 30.76 

Q[-17]YTTSYDPELTESSGSASHIDC[+57]R; [+947.3], [+365.1] 975.6415 4 -5.2 289106560 30.76 

MSPW[+162.1]SEWSQC[+57]DPC[+57]LR 1050.9266 2 -4.4 1.67946E+11 36.67 

MSPW[+162.1]SEWSQC[+57]DPC[+57]LR 700.9535 3 -4.1 19312404480 36.67 

M[+16]SPW[+162.1]SEWSQC[+57]DPC[+57]LR 1058.9241 2 -3.7 2.8184E+11 35.13 

M[+16]SPW[+162.1]SEWSQC[+57]DPC[+57]LR 706.2851 3 -3.2 44113780736 35.13 

MSPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 1131.9530 2 -4.7 33620144128 32.98 

MSPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 754.9711 3 -4.3 9210617856 32.98 

M[+16]SPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 1139.9505 2 -3.7 94306058240 31.59 

M[+16]SPW[+162.1]SEW[+162.1]SQC[+57]DPC[+57]LR 760.3028 3 -3.8 19439058944 31.59 

TSNFNAAISLK 583.3142 2 -3.2 3.9697E+11 34.14 

TSN[+2204.8]FNAAISLK 1685.7004 2 -3.9 451645856 33.45 

TSN[+2204.8]FNAAISLK 1124.1361 3 -3.0 3637175040 33.45 

TSN[+2204.8]FNAAISLK 843.3539 4 -4.8 84116424 33.45 

AVN[+2204.8]ITSENLIDDVVSLIR 1392.6209 3 -1.4 688354496 11.58 

AVN[+2204.8]ITSENLIDDVVSLIR 1044.7175 4 -3.1 363000064 11.58 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKKEK 1743.7657 3 -2.0 2310239232 36.12 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKKEK 1308.0761 4 -3.9 27235827712 36.12 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKKEK 1046.6623 5 -2.5 73779724288 36.12 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKKEK 1646.7339 3 -5.0 568055296 35.55 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKKEK 1235.3023 4 -4.1 2871592960 35.55 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKKEK 988.4433 5 -3.8 6345625600 35.55 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKK 1658.0532 3 -3.1 2621754368 37.28 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKK 1243.7917 4 -4.1 17482567680 37.28 

GSFRFSYSKN[+2204.8]ETYQLFLSYSSKK 995.2348 5 -3.1 18819860480 37.28 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKK 1561.0214 3 -4.8 90132496 37.32 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKK 1171.0179 4 -3.6 1967233024 37.32 



S-12 

GSFRFSYSKN[+1913.7]ETYQLFLSYSSKK 937.0157 5 -3.6 748020992 37.32 

FSYSKN[+2204.8]ETYQLFLSYSSK 1466.2805 3 -2.8 43814805504 38.1 

FSYSKN[+2204.8]ETYQLFLSYSSK 1099.9622 4 -3.6 29031387136 38.1 

FSYSKN[+1913.7]ETYQLFLSYSSK 1369.2487 3 -3.9 3948540416 37.32 

FSYSKN[+1913.7]ETYQLFLSYSSK 1027.1884 4 -3.2 1117805312 37.32 
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Site-specific quantification of PTMs on C9 based on peptide data 154 

Glycosylation site Glycan composition 
Relative 
abundance (%) 

N-term - 0.51 

N-term HexNAc1Hex1Sia2 35.78 

N-term HexNAc1Hex1Sia1 52.75 

N-term HexNAc1Hex1 8.27 

N-term HexNAc2Hex2Sia2 2.69 

Cman1 Man 77.02 

Cman2 Man2 22.98 

N236(0) - 99.15 

N236 HexNAc4Hex5Sia2 0.85 

N277(2) HexNAc4Hex5Sia2 95.05 

N277(1) HexNAc4Hex5Sia2 4.95 

N415 HexNAc4Hex5Sia2 100.00 
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Supplementary Table S2 170 

List of validated proteoforms 171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

Proteoform 

relative 
abundance 
(%) 

N-glycan (total 
composition) O-glycan C-Man 

Calculated 
mass (m/z) 

Observed 
mass 
(m/z) 

Calculated 
deconvoluted 
mass (Da) 

Observed 
deconvoluted 
mass (Da) 

Standard 
deviation 
(±Da) 

1 
20.58 

HexNAc8Hex10Sia4 HexNAc1Hex1 Man 4396.44 4396.43 65933.59 65933.45 0.07 

2 
20.58 

HexNAc8Hex10Sia2 HexNAc1Hex1Sia1 Man 4396.44 4396.43 65933.59 65933.45 0.07 

3 
6.14 

HexNAc8Hex10Sia4 HexNAc1Hex1 Man2 4407.25 4407.22 66095.73 66095.30 0.22 

4 
6.14 

HexNAc8Hex10Sia2 HexNAc1Hex1Sia1 Man2 4407.25 4407.22 66095.73 66095.30 0.22 

5 
100.00 

HexNAc8Hex10Sia4 HexNAc1Hex1Sia1 Man 4415.86 4415.89 66224.85 66225.35 0.25 

6 
100.00 

HexNAc8Hex10Sia2 HexNAc1Hex1Sia2 Man 4415.86 4415.89 66224.85 66225.35 0.25 

7 
29.83 

HexNAc8Hex10Sia4 HexNAc1Hex1Sia1 Man2 4426.67 4426.66 66386.99 66386.90 0.05 

8 
29.83 

HexNAc8Hex10Sia2 HexNAc1Hex1Sia2 Man2 4426.67 4426.66 66386.99 66386.90 0.05 

9 
68.64 

HexNAc8Hex10Sia4 HexNAc1Hex1Sia2 Man 4435.27 4435.28 66516.11 66516.20 0.05 

10 
20.48 

HexNAc8Hex10Sia4 HexNAc1Hex1Sia2 Man2 4446.08 4446.08 66678.25 66678.20 0.02 

11 
3.31 

HexNAc8Hex10Sia4 HexNAc2Hex2Sia2 Man 4459.63 4459.61 66881.44 66881.15 0.15 

12 
0.99 

HexNAc8Hex10Sia4 HexNAc2Hex2Sia2 Man2 4470.44 4470.62 67043.59 67046.30 1.36 

13 
1.26 

HexNAc12Hex15Sia6 HexNAc1Hex1Sia1 Man 4562.90 4562.93 68430.49 68430.95 0.23 

14 
1.26 

HexNAc12Hex15Sia4 HexNAc1Hex1Sia2 Man 4562.90 4562.93 68430.49 68430.95 0.23 

15 
0.86 

HexNAc12Hex15Sia6 HexNAc1Hex1Sia2 Man 4582.32 4582.33 68721.75 68721.95 0.10 




