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Fig. S1 Identification of the linkage types of sialic acid residues (SA) of sialylated N-glycan H4N3A1 fraction released from human seminal plasma proteins by RP-HPLC-MS/MS analysis of the optimized SA-linkage-specific derivatives (H, hexose; N, N-acetylglucosamine/N-acetylgalactosamine; A, N-acetylneuraminic acid). (a) Total ion chromatogram (TIC) of optimized SA-linkage-specific GP derivative of H4N3A1. (b) Extracted ion chromatogram (EIC) of optimized SA-linkage specific GP derivative of H4N3A1 with one α2,6-linked SA residue, abbreviated as H4N3A1(6).
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Fig. S2 Identification of the sialyl linkage types of sialylated N-glycan H4N3F1A1 fraction (F: fucose). (a) TIC of optimized SA-linkage-specific GP derivative of H4N3F1A1. (b) EIC of optimized SA-linkage-specific GP derivative of H4N3F1A1(6). 
[image: image3.png]Q

(o

Relative Abundance
®

Relative Abundance
®

1007 TIC of H5N3A1

] J.MM

|

ol

Iso-1
4477

GP

MMMH a MJ\A

‘l MM | MNLMM]
ol 4l

[ 1

o MM, W\M |

A

1003 m/z 1942.83
0 M]*

N

4477
60
40 GP
20 J M 0l ﬂ N l I nl Mrl MM H(IMJ\AJ [ M\I (\MM XMAMI M\MWL
Nkl ' NI | Ih 1t T
3‘6 3‘8 4‘ ‘ ‘6 4‘8 5‘0 5‘

Time (m|n)




Fig. S3 Identification of the sialyl linkage types of sialylated N-glycan H5N3A1 fraction (F: fucose). (a) TIC of optimized SA-linkage-specific GP derivative of H5N3A1. (b) EIC of optimized SA-linkage-specific GP derivative of H5N3A1(6).
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Fig. S4 Identification of the sialyl linkage types of sialylated N-glycan H4N4A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H4N4A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H4N4A1(6).
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Fig. S5 Identification of the sialyl linkage types of sialylated N-glycan H6N3A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H6N3A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H6N3A1(6).
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Fig. S6 Identification of the sialyl linkage types of sialylated N-glycan H4N4F1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivative of H4N4F1A1. (b) EIC of optimized SA-linkage-specific GP derivative of H4N4F1A1(6).
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Fig. S7 Identification of the sialyl linkage type of sialylated N-glycan H5N4A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H5N4A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H5N4A1(6).
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Fig. S8 Identification of the sialyl linkage type of sialylated N-glycan H5N4F1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H5N4F1A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H5N4F1A1(6).
[image: image9.png][

o

Relative Abundance

Relative Abundance
®

-

TIC of HANSF1A1

]
o

I
o

N
o

[

Al

J\/\&\so 1
44 .80
f AMI LLMIIMI nJ‘Mu\A M bl MW\ J‘N\}t m f A

fm Jm u lii

(2]

I

N

m/z

[M+

1177.83
Na]2+

AIALA o

]ln [

| A\Ml LA!MI\AM M

|

S

0-1
44 .80 ’

[ lhm Hll

U\‘\\\
36

\\\\\
38

LA
40

42

4
Time (min)

A J\\\M i ( A
46 |

L
50 52




Fig. S9 Identification of the sialyl linkage type of sialylated N-glycan H4N5F1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H4N5F1A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H4N5F1A1(6).
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Fig. S10 Identification of the sialyl linkage type of sialylated N-glycan H4N5F1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivative of H4N5F1A1. (b) EIC of optimized SA-linkage-specific GP derivative of H4N5F1A1(6).
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Fig. S11 Identification of the sialyl linkage type of sialylated N-glycan H6N5A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H6N5A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H6N5A1(6).
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Fig. S12 Identification of the sialyl linkage type of sialylated N-glycan H5N4A2 fraction. (a) TIC of optimized SA-linkage-specific GP derivative of H5N4A2. EICs of optimized SA-linkage-specific GP derivative of (b) H5N4A2(6,6), (c) H5N4A2(3,6); (d) H5N4A2(3,3)
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Fig. S13 Identification of the sialyl linkage type of sialylated N-glycan H6N5F1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H6N5F1A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H6N5F1A1(6).
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Fig. S14 Identification of the sialyl linkage type of sialylated N-glycan H5N4F1A2 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H5N4F1A2. EICs of optimized SA-linkage-specific GP derivatives of (b) H4N2F1A2(6,6); (c) H4N2F1A2(3,6); (d) H4N2F1A2(3,3).
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Fig. S15 Identification of the sialyl linkage type of sialylated N-glycan H7N6A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H7N6A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H7N6A1(6).
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Fig. S16 Identification of the sialyl linkage type of sialylated N-glycan H6N5A2 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H6N5A2. EICs of optimized SA-linkage-specific GP derivatives of (b) H6N5A2(6,6); (c) H6N5A2(3,6).
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Fig. S17 Identification of the sialyl linkage type of sialylated N-glycan H7N6F1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H7N6F1A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H7N6F1A1(6).

[image: image18.png]Q0

(=)

(2]

Relative Abundance Relative Abundance

Relative Abundance

100

—_

—_

[0
o

(o2}
o

N
o

N
o

TIC of HENSF1A2 | |so-1
55.75

Iso-4

Mt e vt mm

v
00

[0
o

(o2}
o

N
o

N
o

0

[0
o

L O
o O

N
o

m/z 1525.67
[M+

i

i e o I|| 1l

0

0

m/z 1523.17
[M+Na]?*

bbbl g o e
50




Fig. S18 Identification of the sialyl linkage type of sialylated N-glycan H6N5F1A2 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H6N5F1A2. EICs of optimized SA-linkage-specific GP derivatives of (b) H6N5F1A2(6,6); (c) H6N5F1A2(3,6).
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Fig. S19 Identification of the sialyl linkage type of sialylated N-glycan H6N5A3 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H6N5A3. EICs of optimized SA-linkage-specific GP derivatives of (b) H6N5A3(6,6,6); (c) H6N5A3(3,6,6); (d) H6N5A3(3,3,6).
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Fig. S20 Identification of the sialyl linkage type of sialylated N-glycan H6N5F1A3 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H6N5F1A3. EICs of optimized SA-linkage-specific GP derivatives of (b) H6N5F1A3(6,6,6); (c) H6N5F1A3(3,6,6); (d) H6N5F1A3(3,3,6).
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Fig. S21 Identification of the sialyl linkage type of sialylated N-glycan H7N6A3 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H7N6A3. (b) EIC of optimized SA-linkage-specific GP derivatives of H7N6A3(3,3,6).
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Fig. S22 Online MS/MS data of GP derivatives of nonsialylated N-glycans released from human seminal plasma proteins.
.
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Fig. S23 TIC and EICs obtained during RP-HPLC-MS analysis of nonselectively labeled sialylated O-glycans released from human seminal plasma.
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Fig. S24 Online MS/MS data of nonselective derivatized labeled sialylated O-glycan GP derivatives released from human seminal plasma proteins.
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Fig. S24 Continued.
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Fig. S24 Continued.
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Fig. S24 Continued.
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Fig. S24 Continued.
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Fig. S25 Identification of the sialyl linkage type of sialylated O-glycan H1N1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H1N1A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H1N1A1(3).
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Fig. S26 Identification of the sialyl linkage type of sialylated O-glycan H2N2A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H2N2A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H2N2A1(3).
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Fig. S27 Identification of the sialyl linkage type of sialylated O-glycan H1N1A2 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H1N1A2. (b) EIC of optimized SA-linkage-specific GP derivatives of H1N1A2(3,6).
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Fig. S28 Identification of the sialyl linkage type of sialylated O-glycan H2N2F1A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H2N2F1A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H2N2F1A1(3).
[image: image33.png]Relative Abundance

o

Relative Abundance

71 TIC of H2N2F2A1 IsO-2
80 44.88 O
60— Iso-1
m 44.20
493 GP
207 GP
100t m/z 1539.83 Iso-2
80~ [M] 44.88 ®
60— Iso-1
- 44.20
402 GP
20 GP
0*||\|\II|I\I\II\|I\I‘I\I||I\||\I|\I\|TII|
34 38 4 42 44 46 48 50

Time (min)




Fig. S29 Identification of the sialyl linkage type of sialylated O-glycan H2N2F2A1 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H2N2F2A1. (b) EIC of optimized SA-linkage-specific GP derivatives of H2N2F2A1(3).
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Fig. S30 Identification of the sialyl linkage type of sialylated O-glycan H2N2A2 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H2N2A2. (b) EIC of optimized SA-linkage-specific GP derivatives of H2N2A2(3,6).
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Fig. S31 Identification of the sialyl linkage type of sialylated O-glycan H2N2F1A2 fraction. (a) TIC of optimized SA-linkage-specific GP derivatives of H2N2F1A2. (b) EIC of optimized SA-linkage-specific GP derivatives of H2N2F1A2(3,6).
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Fig. S32 TIC and EICs obtained during HILIC-MS/MS analysis of GP labeled nonsialylated O-glycans released from human seminal plasma.
[image: image37.png]Intensity

o -

MS/MS 825.15
Iso-1

AR
=0

00
1.25
00
O do

[
L

N

512.00
679.42

500.08 d9

349.17 Fl
d
808.33

‘H L

H o

Intensity
)

—

—

1 |[ |{ | |[ T || [| I I B S e I B O B O B
400 550 600 650 700 750 80

[$))
o ——
o

450
m/z
MS/MS 825.15
Iso-

.

RAA NK
YOO. VO

0
- )
. 0
5—_ N 0
] é b § - X
- Q) Q -
0__ T % HZO
5 S 8 g g
i o N > 0
= 3 0. . 8 ﬂ
n_l L ill ‘“ Al\\ 1y 1 u i} | T | 1 | ] ] | “I “ 1 1l | 1 ‘ k I | I
L9 S s e s B B e |[ I e e e e e e e e e B e e e s e e s
250 300 400 450 500 550 600 650 700 750 800




Fig. S33 Online MS/MS data of GP derivatives of nonsialylated O-glycans released from human seminal plasma proteins.
[image: image38.png]MS/MS 882.10
I

703.17

[ T
450 500 550

|
T
600

— ()]
n o
25
m o
B o
20 g -H,0
()]
2 ° Q
E§15: Q To)
Q =) O
LT 0 0
£ - ™
i T
10—_ K é
_| ()]
_] o
S
o9 ) o
: | % 8
oLl A g bl | | | 1| T |
v I Y B N O O O O 1 Y D Y B O B
650 0 800 85

|
0 300 350 400 700
m/z
MS/MS 882.10
Iso- ~
o
I~
90 9
80— q-;
70 ")
- oy
60— -H,0
250 0
5 - N
g - o s
£ 40— 0 0
- ¥
_ - :
20 ® TR Y 9
_ © ‘l: 0 N~
10 = 5 Y=
- = L <t 0 ]
n_—_ JM e l‘m. { h e ey e 1o | P | ' N L() ‘u‘). |- | ol ;il.l g M \ jl o . l, 1 1 N
L L L L L L L L L L L L L L L D L L I L L L L
250 300 350 400 450 500 550 700 800

600
z




Fig. S33 Continued.
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Fig. S33 Continued.
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Fig. S33 Continued.
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Fig. S33 Continued.
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Fig. S33 Continued.
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Fig. S33 Continued.
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Fig. S33 Continued.
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Fig. S33 Continued.
Table S1 Qualitative and quantitative analysis of sialylated N-glycans released from human seminal plasma proteins.

	m/z
	Ionic Type
	Monosaccharide

Compositiona
	Putative

Structure
	Retention

Time
(min)
	Relative

Abundance (%) b
Mean (SD)

(n=3)

	1775.33
	[M]+
	H4N3A1
	[image: image46.png]



	44.82
	5.23

(0.10)

	1921.42
	[M]+
	H4N3F1A1
	[image: image47.png]



	45.07
	10.38

(0.64)

	1937.42
	[M]+
	H5N3A1
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	44.72
	1.52

(0.03)

	1978.42
	[M]+
	H4N4A1
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	44.82
	1.23

(0.06)

	1061.33
	[M+Na]2+
	H6N3A1
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	44.39
	1.12

(0.02)

	1074.33
	[M+Na]2+
	H4N4F1A1
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	45.13
	0.69

(0.01)

	1082.33
	[M+Na]2+
	H5N4A1
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	44.66
	2.19

(0.14)

	1155.33
	[M+Na]2+
	H5N4F1A1
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	44.88
	2.60

(0.01)

	1175.33
	[M+Na]2+
	H4N5F1A1
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	44.81
	0.53

(0.08)

	1227.33
	[M+Na]2+
	H5N4F2A1
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	44.52
	0.96

(0.04)

	1264.33
	[M+Na]2+
	H6N5A1
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	44.15
	1.52

(0.05)

	1265.33
	[M+Na]2+
	H5N4A2
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	57.32
	9.41

(0.33)

	
	
	
	[image: image58.png]



	59.11
	4.07

(0.08)

	
	
	
	[image: image59.png]



	60.85
	2.10

(0.10)

	1337.75
	[M+Na]2+
	H6N5F1A1
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	44.39
	1.38

(0.09)

	1338.33
	[M+Na]2+
	H5N4F1A2
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	57.72
	11.30

(0.02)
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	59.39
	9.22

(0.33)
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	61.23
	5.55

(0.32)

	1446.83
	[M+Na]2+
	H7N6A1
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	43.54
	0.88

(0.07)

	1447.83
	[M+Na]2+
	H6N5A2
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	54.99
	1.75

(0.09)
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	63.74
	2.28

(0.17)

	1519.75
	[M+Na]2+
	H7N6F1A1
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	43.76
	1.07

(0.01)

	1520.83
	[M+Na]2+
	H6N5F1A2
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	55.45
	3.06

(0.04)

	
	
	
	
	56.60
	3.14

(0.03)
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	61.64
	1.35

(0.17)

	
	
	
	
	63.66
	2.01

(0.10)

	1630.83
	[M+Na]2+
	H6N5A3
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	81.68
	0.64

(0.05)
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	93.16
	2.65

(0.04)
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	95.37
	0.83

(0.03)

	
	
	
	
	96.47
	0.67

(0.07)

	1703.83
	[M+Na]2+
	H6N5F1A3
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	83.18
	0.81

(0.04)
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	92.73
	3.86

(0.13)
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	95.31
	1.82

(0.22)

	
	
	
	
	96.32
	1.76

(0.07)

	1813.42
	[M+Na]2+
	H7N6A3
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	96.35
	0.43

(0.08)


a H: Hexose; N: N-acetylglucosamine; F: Fucose; A: N-acetylneuraminic acid.

b Relative Abundance (%), the percentage of the peak area of each sialylated N-glycan to the total peak area of all sialylated N-glycans.
Table S2 Qualitative and quantitative analysis of nonsialylated N-glycans released from human seminal plasma proteins.

	m/z
	Ionic Type
	Monosaccharide

Compositiona
	Putative

Structure
	Retention

Time
(min)
	Relative

Abundance (%) b
Mean (SD)

(n=3)

	1044.33
	[M]+
	H3N2
	[image: image77.jpg]®eOmEGP




	25.01
	1.09

(0.14)

	
	
	
	[image: image78.jpg]



	26.44
	1.52

(0.17)

	1190.33
	[M]+
	H3N2F1
	[image: image79.jpg]



	30.56
	1.33

(0.05)

	1206.33
	[M]+
	H4N2
	[image: image80.jpg]¢ P REGP




	34.69
	3.47

(0.10)

	1368.33
	[M]+
	H5N2
	[image: image81.jpg]



	44.05
	20.73

(0.40)

	1409.33
	[M]+
	H4N3
	[image: image82.jpg]



	42.35
	0.44

(0.01)

	
	
	
	
	43.60
	0.41

(0.00)

	1530.33
	[M]+
	H6N2
	[image: image83.jpg]



	52.34
	19.18

(2.04)

	1555.33
	[M]+
	H4N3F1
	[image: image84.jpg]



	60.22
	0.63

(0.01)

	1692.33
	[M]+
	H7N2
	[image: image85.jpg]



	60.08
	2.65

(0.04)

	1774.33
	[M]+
	H5N4
	[image: image86.jpg]



	57.12
	0.39

(0.12)

	1854.33
	[M]+
	H8N2
	[image: image87.jpg]



	66.29
	0.66

(0.10)

	1921.33
	[M]+
	H5N4F1
	[image: image88.jpg]



	60.24
	0.71

(0.19)

	1044.33
	[M+Na]2+
	H5N4F2
	[image: image89.jpg]A wmmcp




	66.19
	5.16

(0.65)

	1117.33
	[M+Na]2+
	H5N4F3
	[image: image90.jpg]of

<




	72.02
	20.86

(0.88)

	1191.33
	[M+Na]2+
	H6N6
	[image: image91.jpg]



	75.65
	9.21

(0.02)

	1264.33
	[M+Na]2+
	H6N7
	[image: image92.jpg]



	79.24
	4.57

(0.90)

	1373.33
	[M+Na]2+
	H6N5F4
	[image: image93.jpg]



	85.35
	3.70

(0.20)

	1446.33
	[M+Na]2+
	H6N5F5
	[image: image94.jpg]



	88.73
	1.21

(0.10)

	1519.33
	[M+Na]2+
	H6N5F6
	[image: image95.jpg]



	91.72
	1.46

(0.00)

	1629.33
	[M+Na]2+
	H7N6F5
	[image: image96.jpg]



	98.66
	0.62

(0.30)


a H: Hexose; N: N-acetylglucosamine; F: Fucose.

b Relative Abundance (%), the percentage of the peak area of each nonsialylated N-glycan to the total peak area of all nonsialylated N-glycans.
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