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Fig. 1 MALDI-TOF-MS spectra of total O-linked glycans from the glycoprotein mucin:

(a) Carbon SPE and (b) Sepharose 4B were used in purification procedure
B : GlcNAc; O : Galactose; [ ]: GalNAc; €9 : NeuSAC; A : Fucose.
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Fig. 2 Flow diagram for isolation and enrichment of total O-linked glycans from the glycoprotein
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Fig. 3 MALDI-TOF-MS spectra of the total O-linked glycans from the (a) cell,
(b) serum and (c) urine glycoproteins
| B GIcNAc; O : Galactose; l: GalNAc; ’ :NeuSAC; A : Fucose.
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Fig. 4 Tandem mass spectrometry analyzing the O-linked glycan precursor ion from MS spectra
The three major O-glycan peaks (a) m/z 895.462, (b) m/z 1256.635, (c) m/z 1242.620 subjected to MS/MS analysis were indicated. [l : GleNAc; O
Galactose; [: GalNAc; < : NeuSAC; A : Fucose.
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Enrichment and Characterization of Total O-linked Glycans From
Glycoproteins by Ultrafiltration Units and Mass Spectrometry”

WU Yan-Li”, YANG Gang-Long", MIAO Ming-Yong?, GUAN Feng"”
(" Key Laboratory of Carbohydrate Chemistry & Biotechnology Ministry of Education, Jiangnan University, Wuxi 214122, China;
2 Department of Biochemistry, Second Military Medical University, Shanghai 200433, China)

Abstract Approximately more than half of mammalian proteins are glycosylated. O-linked glycan, attached to
protein piq serine or threonine residue, is one of common post-translation modifications on proteins. Its main
functions include maintaining the conformation of the protein connected, protecting it from proteolysis, and
covering some antigenic determinant. Analysis of O-linked glycan structure of glycoproteins can contribute to a
clearer understanding of glycoproteins and their functions. This study describes a new strategy, involving
enrichment and separation of total O-glycan from the glycoproteins based on a filter assisted sample preparation
method (O-glycan-FASP), which was developed using ultrafiltration units according to the molecular mass
differences among the glycans and proteins. The glycans were characterized and confirmed by
MALDI-TOF/TOF-MS. A total of 105, 29, 33 and 85 distinctive O-glycan were characterized from bovine
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Table S1 Proposed structures and their molecular ions in MALDI spectra of O-glycans from mucin in two different ways

Calculated Experimental

No. iz iz Charges Glycan structure Way! Type

I 534.2885 534.259 [M+Na]* o= e Core 1

2 5533331 553.940 [M+H] (Eam) C Core 3

3 5753150 575.921 [M+Na]* B s, C Core 3

4 6693804 667.405 [M+H] oo e Core 1

5 6863957 687.033 [M+H]* iﬂ S, C Core |

6 6993910 699.421 [M+H] O-OF6 e Core 1

7 7083777 708.373 [M+Na]* T}‘? s, C Core 1

8 716.6043 717.938 [M+H] o e Core 1

9 7274223 726.438 [M+H] T}é’ C Core 6
10 7383883 738.428 [M+Na]* %1}@ C Core 1
11 749.4042 750.992 [M+Na]* TEH’ C Core 6
12 779.4148 779.418 [M+Na]* pen C Core 1,2
13 8204140 820.462 [M+Na]* g B C Corcd, 5
14 890.4955 889.484 [M+H]" OYEH’ C Core 1
15 8954621 895.464 [M+Na]* pont S, C Core 1
16 9124775 912.497 [M+Na]* %}é’ S Core 1
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Continued to Table S1
leul Experi 1
No. Caleulated Xperimenta Charges Glycan structure Way! Type
mlz mlz
17 914.5068 914.546 [M+H]* Eg}c’; ;j}c; S, C Core 3,5
18 9205061 920.540 [M-+H]* Og:zm s Core 1
19 9315221 930.547 [M+H]* §}¢ :GEH C Core 1,2
20 936.4887 936.501 [M+Na]* ;\/1}6’» S, C Core 3
21 942.4880 941.638 [M+Nal* G&}@ S Core 1
22 953.5040 953.520 [M+Na]* T}EH g\:u; S, C Core 1,2
23 966.4993 966.588 [M+Na]* gj}f? %I:H; S, C Core 3,5
24 9725486 971.651 [M+H]* = : s S Core 3
25 983.5146 983.521 [M+Na]* O;J}ﬁ) '8)}@ C Core 1,2
26 10245411 1024.578 [M+Na]* .5)}@ o ¢ Core 1,2
27 1086.5667 1086.582 [M+Na]* f f il S, C Core 1
28 1094.5953 1094.971 [M+H]* i Gl C Core 1
29 11165772 1115.859 [M+Na]* e S, C Core 1
30 1118.6065 1116.628 [M+H]* e ¥ Moo S, C Core 1,2,3
: : >~ o YSes In ; 5
b 4§
31 1127.5932 1126.585 [M+Na]* - P S, C Core 2,3
AA
32 11286409  1128.634 [M-+Na]* o= ooy omom C Core 1,2,3
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Continued to Table S1

Calculated Experimental

1)
No. iz iz Charges Glycan structure Way Type
33 1135.6218 1134.650 [M+H]* O%}é? %D ' C Core 1,2
- oy 4 ]
34 1140.5885 1140.599 [M+Na] po. 2 * C';C S, C Core 1,2
Q\

35 1146.5878 1144.673 [M+Na]* I S,C Core 1
36 1157.6038 1157.614 [M+NaJ* ) :} } LB A H S,C Core 1,2

+
37 1176.6484 1175.7620 [M+H] i%::CH ‘é:[H ! y S Core 2,3, 4

38 1187.6144 1187.630 [M+Na]+ o-OmO C Core 1

39 1198.6303 1200.621 [M+Na]* Dﬁ)'m Er?j” S, C Core 2,3
40 12286409 1228621 [M+Na]+ C;SJ:H; ogos ®OoToy C Core 1,2,4

41 1269.6675 1269.696 [M+Na]* :;O‘/EH? C Core 2
42 12736511 1275.640 [M+Na]* O—%:F § s,C Core 1

43 12887121 1288734 [M+HT" g:J}f’; S Core 4

44 12926957  1290.700 [M-+H]* *O : on s,C Core 3
45 13146777 1315677 [M-+Na]* H}TEHI -%D ’ S, C Core 1,3

46 1322.7063 1320.845 [M+H]* OO 0 5&@ S, C Core 1,2

47 1331.6930 1331.707 [M+Na]" f&w f?} S, C Core 1,2

48 1339.7216 1338.750 [M+H]+ o0 B w0 C Core 1,2
" ,




2017;44(1) R#EW, = ETHRERHINEEAR S O-EIZEER EHE MALDI-TOF/TOF ik &Mty  + S79.4 ¢

Continued to Table S1

No. Cah:ll/lzated Expe;i;:ental Charges Glycan structure Way! Type

49 13446882 1344.705 [M-+Nal* W;EH; «OMODTS S, C Core 1,2
50 1350.7376 1349.763 [M+Na]* 'li;}é %9}@ S Core 2,3
51 1361.7036 1360.699 [M+Nal* ifo»? ! Croba n ) S,C Core 1,2
52 1364.6668 1363.8650 [M+Na]* :é}’f %O,EH *0:;}¢ S, C Core 1,3, 4
53 13727195 1372.767 [M+Na]* .éJ_H be 25} c Core2, 4
54 1385.7148 1385.731 [M+Na]* o C Core 3

55 1402.7301 1402.777 [M+Na]* oo ;ﬁ}?  aomms S G S, C Core 1,2,3
56 1416.7094 1415.705 [M+Nal+ :éH C Core 2

57 14257584 1427.709 [M+HJ+ TF} ’ C Core 1

58 14427737 1443.804 [M+H]* mf:j}? 990 :{éﬁ S, C Core1,2,4
59 1447.7403 1449.732 [M+Na]+ fél}é C Core 1

60 1451.7853 1449.796 [M+H]* G:)OIEH GoRg, C Core 2,3
61 1479.7802 1477.812 [M+H]* :;:D—r:» - ;_v. 8 %;0/0\3 ? C Core1,2,3

62 14887669  1487.761 [M+Na]* f&j} ? s, C Core 3

63 1494.7662 1493.925 [M+Na]+ ¢ S Core 1
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Continued to Table S1

No. Caleulated Experimental Charges Glycan structure Way! Type
mlz mlz

64  1505.7822 1504.784 [M+Na]* f%} ? S, C Core 2

65  1513.8103 1512.831 [M+H}+ i %ﬂ ! C Core 2

66 1518.7775 1518.796 [M+Na]* @:Q} O*Eﬂ* S,C Core 1,2
67 15357928  1535.820 [M-+Na]* o«i%g K s,C Core 2

o0 i

68  1548.7880 1548.845 [M+Na]* P S, C Core 2

69  1559.8040 1559.858 [M+Na]* :ém }?p b “? C Coree 2,3, 4
70 1565.8033 1563.847 [M+Na]* @?ED ! S Core 1

71 1576.8193 1576.873 [M+Na]* 5%5 (Y?’ S, C Core 2, 4

A

72 1584.8479  1584.970 [M+H]+ D«rngj} f &q S, C Core 1,2
73 1589.8146  1589.844 [M-+Na]" Ssooa gﬁﬁ *g:j}é C Core 1,2,3
74 1595.8639 1595.833 [M+H]* § S Core 2

75 1606.8299 1606.797 [M+Nal+ qu-Ej} - C Core 1,2
76 1617.8095 1617.833 [M+Na]* 8 , :%y S, C Core 1,2

[HC

77 1647.8564 1647.919 [M+Na]* o Gabbaied ;5} C Core 2,3
78 1683.8800 1682.949 [M+H]* MG S Core 2
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Contirigieft t5 Table S1
No. Caleulated Experimental Charges Glycan structure Way! Type
m/z m/z
J
79 1692.8667 1694.836 [M+Na]+ ?&}e; C Core 1,2
80 16969116 1694916 [M+H]* RORE, o mORD C Core 2,3
81 1709.8220  1708.923 [M-+Na]* 29 ;«D ! C Core 2

82 17228772 1721873 [M-+Na]* OY.&;@ Mgbﬁ C Core 1,2
83 17509085  1750.966 [M-+Na]* @f g;m s,C Core 2, 4
84 17528878 1751.019 [M+Na]+ coomy, s Core 2

85 1780.9191 1780.939 [M+Na]" W W&} C Core 1,2

86 17939143 1793.977 [M+Na]* Saome OmYOg, Ooolng, s.C Core 1,2,5

87 1821.9456 1822.006 [M+Na]* ﬁ% omomy, S, C Core 2, 4
A
5 O-C
88 1829.9743 1829.052 [M+H]* uﬁ»ﬁzﬂ f:ﬂ ¢ S Core 2,3

89 1834.9409 1835.884 [M+Na]+ -;;;}@ C Core 2

90 18579692  1857.966 [M+H]* com pe=T R 251}¢ s,C Core 1,2

91 1871.0008 1872.078 [M+H]* nﬂ:é;m S Core 3
92 1901.0114 1901.076 [M+H]* C;:xuom ;gizm Lo mome S Core 1,2,3

93 1903.0158 1901.076 [M+H]" %% § S Core 3
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Contifif t8 ITable S1
No. Caleulated Experimental Charges Glycan structure Way! Type
mlz mlz
94 1937.9930  1939.936 [M+Na]+ z % - C Core 4
O 5
95 1968.0036  1968.025 [M+Nal+ f:”@ PEoRy, c Core 1,2
96 19799795  1979.940 [M+H]+ &OE‘S)%EH C Core |
97 1996.0349  1996.163 [M-+Nal+ Y m s,C Core 2, 4
pose T
98 1998.0141 1996.163 [M:+Na]+ M- S, C Core 5
]
99 2049.0737  2047.246 [M-+H]+ s,C Core 1
100 20751006 2074252 [M+H]+ (0 comomomnn WIESTC g Core 1,2,3
noow A A
101 24812845  2480.487 [M-+H]+ com f &H , s Core 2

1) C=Carbon SPE; S=Sepharose 4B
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Table S2 Proposed structures and their molecular ions in MALDI spectra of O-glycans from cell, serum and urine

Calculated Experimental
No. Charges Glycan structure Material Type
mlz mlz

1 512.3065 513.430 [M+H]* O C Core 1

2 534.2885 534.259 [M+Na]* (O] S Core 1

3 553.3331 553.940 [M+H]* |l S Core 3

4 575.3150 575.921 [M+Na]* B0 S,U Core 3

5 716.6043 717.938 [M+H]* 8:1}¢ C, U Core 1

6 727.4223 726.438 VT S, U Core 6

7 738.3883 738.428 [M--Nal* g>}¢ s, U Core 1

8 757.4329 755.891 MHH] B oo S Core 1,2
9 779.4148 779.418 [M+Na]* &0~  mor cu Core 1,2
10 873.4802 873.491 [M+H]* & O S, U Core 1
11 895.4621 895.464 [M+Na]* 5\/1}57 S,U Core 1
12 912.4775 911.448 [M+Na]* %Gé C S, U Core 1
13 931.5221 930.547 [M+H]* ?}fl :—O—EF‘? S,U Core 1,2
14 936.4887 936.501 [M+Na]* ;\/1}"? U Core 3

Y

15 953.5040 953.520 [M+Na]* %j .; U Core 1,2
16 955.4673 955.600 [M+Na]+ ;:GEH? &8)1}1’? C Core 1
17 983.5146 983.521 [M+Na]* Ggﬁ}é C l, 5 c,u Core 1,2
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Continued to Table S2
Calculated Experimental
No. Charges Glycan structure Material?) Type
m/z m/z
18 1065.5677 1065.477 [M+Na]* A:‘ i& U Core 1
19 1069.5514 1069.555 [M+Na]* .:),|Y;,,, U Core 1
20 1086.5667 1086.582 [M+Na]* ??ﬂ ’ C, U Core 1
Py
21 1105.6113 1104.644 [M+H]* O 4 U Core 2, 3
AA i
22 1118.6065 1116.628 [MHH]" o &o M- & O U Core 1,2,3
" )
23 1124.6059 1126.585 [M+H] ’( g U Core 1
[ gef
24 1127.5932 1126.585 [M+Na]* ? c,uU Core 2,3
Tdos
25 1130.5565 1131.630 [M+Na]* i C Core 1
26 1135.6218 1134.650 [M-+H]* A ot ®O ‘—' U Core 1,2
27 1140.5885 1140.599 [M+Na]* ? & - 3;1: U Core 1,2
+ » k B-O-O{+
28 1157.6038 1157.614 [M+Na] AT} A C, U Core 1,2
. o §
29 1187.614 1186.612 [M+Na] oo OBO U Core 1,2
30 1198.630 1200.621 [M+Na]* . f Ch U Core2,3
31 1128.6409 1128.634 [M+Na]* o g)’:' 9 O_:X}EH? T Res | C, U Core 1,2,3
32 1242.6202 1242.639 [M+Na]* ::8:1} U Core 2
33 1247.6855 1248.715 [M+H]* :;EH? U Core 2
34 1256.6358 1256.646 [M+Na]* *5\/1}69 S,U Core 1
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Continued to Table S2
Calculated Experimental
No. Charges Glycan structure Material Type
m/z m/z
35 12736511 1272639 [M+Na]' O%D” U Core 1
36 12926957 1290.700 [M+H]" M : o C,U Core 3
37 1309.7111 1308.740 [M+H]* '%} f%‘}'q U Core 1,2
38 13146777 BIS6TT MNaT S OmD I«E]} ’ U Core 1,3
39 13227063 1322.760 [M+H]* ! O MOE U Core 1,2
40 13316930 1331.707 [M+Na]* ??}@ i’%‘}q U Core 1,2
41 1344.6882 1344.705 M+Na]*  *© gJ}é *-O-BOD S, U Core 1,2
42 13507376 1349763 [M+Na'  § o '%}@ U Core2, 3
w
43 13537009 1352.872 [M+H]+ e@%'} K c Core 2
44 13617036 1360.699 [M+Na]" %05;‘} ’ Q&}«}@ U Core 1,2
s .;:‘*7
45 1380.7482 1380.889 [M+H}+ .ém y Y e omas C Core 1,2,3
46 13857148 1385.731 [M+Na]* %@ U Core 3
47 14257584 1426.650 [M+H]* f«}j} ! U Core 1
48 14737672 1472755 MW gomomaos Lk Mooy u Core 1,2,3
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Continued to Table S2

Calculated Experimental
No. Charges Glycan structure Material? Type
mlz mlz

49 14887669 1487.761 [M--Nal* ?E:‘} ! U Core 3

50 1501.7621 1501.776 [M+Na]* %&W oo % U Core 1,2, 3
51 1505.7822 1504.784 [M+Na]* i%}* U Core 2

o Y

52 1518.7775 1518.796 MNaJ om som, U Core 1,2
53 15268601 1525913 [MHH[F g T c Core 1,2
54 15357928 1535.820  [M+Na]* QT?} ! U Core 2

55 1567.8326 1567.882 [M+H]" ?;D%EH *g:jy? U Core 1,3

, e .

56 1584.8479 1584.976 [M+H]+ fm’o*}q f':” C Core 1,2
57 1589.8146 1589.844 MNlT Unoons 2'):)} o, U Core 1,2, 3
58 1595.8275 1595.799 [M-+H]* ,_*?:H U Core 1

59 1595.8639 1595.833 [M-+H]" § U Core 2

60 1606.8299 1606.850 [M+Na]* W U Core 2

61 1614.8585 1615.008 [M+H]+ 5 C-OMOmO— C Core 1,5
62 1617.8095 1617.833 [M+Na]* U Core 1,2
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Continued to Table S2
Calculated Experimental
No. Charges Glycan structure Material? Type
m/z m/z

63 1670.8847 1668.958 [M+H]* ;/?}(? ’O%}é S Core 1,2
64 1675.8513 1676.860 [M+Na]* Q—Q—F}é U Core 3

65 1677.8670 1676.860 [M+Na]* O:;}.{H;H 8?}}&9 U Core 1,2,3
66 1683.8800 1682.949 [M+H]* ‘_%5)}5’2 S,U Core 2

67 1687.9000 1689.856 [M+H]* ff%EH U Core 2

68 1692.8667 1691.875 [M+Na]* ?&}@ ::/A” 8] Core 1,2
69 1705.8619 1705.882 [M+Na]* *%gj}é S, U Core 2

-

70 1720.8980 1721.873 [M+Na]* ﬂﬁ U Core 1

71 1722.8772 1721.873 [M+Na]* G?.Q} 029}6; 5] Core 1,2
72 1728.9266 1729.816 [M+H]* %%j‘v %5}(? C Core 2, 3
73 1730.9058 1729.816 [M+H]* OO%;)}@ C Core 2

74 1763.9038 1764.920 [M+Na]* E ) Ebo%}’ U Core 2, 3
75 1777.9317 1776.635 [M-+H]* Ggg;)}v c Core 2

76 1780.9191 1780.939 [M+Na]* Qrgrm‘? ?.OJ?:H U Core 1,2
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Continued to Table S2

Calculated Experimental
No. Charges Glycan structure Material Type
m/z m/z
77 1788.9477 1790042 ey O WOWOET c Core 1
78 1799.9137 1799.000  [MiNat oo e S Core 2
D -

79 17999637 1799.000  [MHH]' ’ %;0:9 s Core 2,4
80 18189583 1819.121  [MeH}E O Moo c Core 1

81 1821.9456 RIS MNat omom :5} c Core 2, 4

BO

82 1829.9743 1829.052 [M+H]* D—f—&g:& ’ QH%:‘F S Core 2,3
83 1857.9692 1857966  [M+H]" 0@::3]} ’ ’_%é]j*"? S,U Core 1,2
84 18710008 1872078 [M+H]" w:éj}é? s Core 3

85 18799511 1879971 [M+Na] mrg} 7 *Q,é‘}‘? U Core 1,2
86 18819668 1879971  [M#Nal® o goWOT OMOWOE, U Core 1,2
87 1901.0114 1901076 [MH] g O WO moaott  CEoan, S Core1,2,3
88 1903.0158 1901076  [M+H]" ? S Core 3

89 1929.0063 1928.074 [M+H]* W g:j}q U Core 1,3
90 1950.9882 1951.008  [M+Nal+ %D{H;)}"? GFOPH p@Sg—ar U Core 1,3,4
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Continued to Table S2

Calculated Experimental
No. Charges Glycan structure Material? Type
m/z m/z

c

Core 1,2

91 1955.0083 1955.013 [M+Na]+ % ?3 i 2 )

92 1957.0012 1955.013 [M+H]* %:;D_Q U Core 1

O )
93 1968.0036 1968.025  [M+Nal+ fw ?Hzg;}rq U Core 1,2

| ]

94 1996.0349 1995.045 [M+Na]+ :;JH ?;m C Core 2, 4
i

95 2001.9614 2003.112 [M+H]* i%ym—é S Core 1

am
. A/
96 2004.0635 2003.086 [M+H] e gy S,U Core 2,4
A A L 8
97 2009.0301 2009.109 [M+Na]+ .Agé_m C, S, U Core 2
= 4
98 2034.0740 2033.151 [M+H]* f;;:;} S Core 2
A
99 2039.0407 2039.246 [M+Na]+ g%:;} C Core 2

100 2045.0900 2045.150 [M+H]* i % ' S Core 2

101 2049.0737 2050.124 [M+H]* S, U Core 1

102 2133.1061 2132.180 [M-+H]* B U Core 2

103 2208.1632 2207.185 [M+H]* g}mé Y E;m S,U Core 1,2

104 2243.1404 2243370 [M+Nal+  omwymo C Core 2
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Continued to Table S2
Calculated Experimental
No. Charges Glycan structure Material Type
m/z m/z
105 2245.1449 2243370 [M+Na]+ % C Core 1
106 22491898 2249228 [MHH]' 5;25} ' U Core 2
107 2307.1953 2306271 [M+H]* H}H%gj} ? U Core 2
5
108 23492045 2347.286 [M+H]* DY;)@;:} U Core 3
§
109 23702038 2368286  [M+Nal+ DT;?@;:} u Core 3
110 24172296 2417303 [MNajp ¥ : oo ;:1}6; C,S,U Core 2
111 24532896 2452.335 [M+H]* %} moos -?.l)j s, U Core 1,2
i
112 24812845 2493362 M+H] *© "o A} . U Core 2
*
113 24942797 2493.362 [M+H]* &‘7 U Core 2
114 2765.7081 2764847  [M+Na]+ % U Core 2
9
115 27994636 2799500  [M+H]* W U Core 2
116 2801.4180 2799560 [M+Nal+ ol s Core 2
117 28144632 2813.512 [M-+H]* = Q S, U Core 2

>0

D C=Cell; S=Serum; U=Urine
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