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and cancer immunology, which is currently a hotspot in biomarkers screening for many
major human diseases. Though commonly used in biomarker studies, plasma proteome/
glycoproteome is under strict homeostatic control, which makes it difficult for biomark-
er discovery. As the partial filtrate of blood, urine serves not only as an ideal source of
biomarker for diseases diagnosis of the urogenital system, but also as a potential source
of information on physiological conditions. Therefore, in-depth analysis of human urine
glycoproteome is of great significance. However, due to the low abundance of N-glyco-
protein in human urine, limited modification stoichiometry and microheterogeneity of
N-glycosylation, it is a highly challenging task for N-glycoprotein/glycopeptide identifi-
cation by mass spectrometry. Therefore, the development of efficient and selective
enrichment method is a prerequisite for large-scale identification of urinary protein
N-glycosylation. In this study, we synthesized a novel zwitterionic stationary phase
with high hydrophilicity based on the “thiol-ene” click reaction between [ 3-(methacrylo-
ylamino) propyl] dimethyl (3-thiopropyl) ammonium hydroxide (SPP) and mercapto
silica. SPP-silica exhibited great potential in the enrichment of N-glycopeptides, while
keeping the merit of a facile and time-saving synthesis protocol. To evaluate the practi-
cability of SPP-silica in the selective enrichment of N-glycopeptides, a tryptic digest of
standard glycoprotein (human IgG) was employed as the testing sample. 36 glycopep-
tides were captured and identified. SPP-silica showed remarkable selectivity for
N-linked glycopeptides even in the presence of 10-fold excess tryptic digests of non-
glycoprotein (BSA). SPP-silica was successfully applied to the HILIC enrichment and
mass spectrometry identification of urinary protein N-glycopeptide from healthy adults.
The same sample was enriched by three batches of SPP-silica and analyzed by mass spec-
trometry. 959, 837 and 877 of N-glycosylation sites were identified, respectively with
>70% selectively. A total of 1 065 N-glycosylation sites in 633 urinary glycoproteins
was identified, which is 12. 2% larger than that reported in the literature. 81.2% and
73. 9% of the obtained N-glycoproteins and sites were identified in at least two experi-
ments, The above results demonstrate the application potential of this hydrophilic mate-
rial in urinary glycoproteomics research and biomarker screening.
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PR AR EUTASLEENYLHEE. B
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HEERRBTIZAOMA. ASBREB. 5
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MEMEEN. B 5EBRED KB R4S
MAERM,.E5FHEERAERK . FRYE
. FKME R A CHILIO #) AL 5
GBI EEMNEK REE—-RIIMEEIER,
AR ARRB s BEHNEE. HE58E
MR AN ZRER R, BA BT g, ol
RIFVEEE S BB BRI, SR AE S

N PRV B 92 9 9 s 10 40 1 B ARDR U
B4 PR R B R UR I VR Y B R R A 4, B
I PRV ZE 191 R A AN AN BB 8 2 LI R 2R 4 Y BT B
RE I RETE — & R B b R M i R 4 S ML
R A2,

2% AR 40 F F B 30 o o A 22 k0 0
B-(RENEBE I WE]I - FHEGHAR
HORFRENERFEKLE YRS TREBEA
Rl HEAFAE TFORMAEN N HILIC E4
#AHSPP-SIO,) . Xt BT & BLRY HILIC & 444
BT R RS LLAMEIE R TR TR AR,
A BERE | GgG) M Bk BE/E i
X% HILIC & 48R N-BE K & 5 35 3 R
HREHATITAY . Rk — 5 H 8 P4 HILIC
BURH I B R EBOR K 208 &6 BB T R
ARWBE F R NEARR & R E X E .

1 I
1.1 ik

Nicolet 5700 & B b 21 4h J6 5% Y . 3£ H
Thermo 24 ®] 7 i s TGA Q500 $A 43 BT« 3%
E TA /A # 7= & UltrafleXtreme 3 i 8 B #%
AR W HL B 6 47 B ) I 3% X (MALDI TOF
MS) . = Bruker A 7 7= 5 HI F 1gG B f# 5=
Yy N-¥ERRAS I i, SR B IR B S AT AR K
MR 20 KV, REHMBETEE m/z 1 000~5 000,
F{# F FlexAnalysis 4 (R 2> 3. 3) #4743

# ; Orbitrap Fusion Lumos #1i8 B T Pf fi 3%
% : 3£ B Thermo 2 &l F= i ; 4 H74E (120 mm X
150 ym X 1.9 pm): B 4 Dr. Maisch A 7] =
fin s BT 2 A W 25 IR 7 IR B B AR T 5
H(2 em X100 pm X3 pm): H A DR. Maisch
AR BEREEXFER FEL B E
2 000 V,—Z&K M {58 A Orbitrap, 43¥2 3 120 000,
FREHMAE m/2 300~1 400, — 46 M A
BB, 378 BN Normal , 15 4 3 R %
5 Rapid; f f PD2. 0 844 345 8045 7047

B B (Trypsin), ik N-¥H B F(PN-
Gase F): 3 B New England Biolabs 2 & 7=
i IgG(RBERED GO .25 ZFEFRFR
(DHB) .= #.Z % (TFA), H iz (FA), H B,
S E T E =P EfkL . 35 [ Sigma A F] 7 i
[3-(HENHB AR WHE] —HHEG-HARN
B ARMENE RN EEFEDEARFRAL
AP EA TR T (AIBN) B, 8 H
bi AA B o 10 . B 25 R B AL G A RA E
7 s BRI BRI OBLAZ 3 o, FLAR 100 A) H &
Osaka soda 2 F 7= s 25 T 7k : B Millipore
AK ARG 500 K B TR B 1R
RN BRRR . B ER R
1.2 KBHE
1.2.1 SPP-SIiO, By #I& k42 3 pm RYRE
R AA 1 mol/L #h#R (1 g % B Uk
A 10 mL 3h#) , #@ A 4L FE 30 min, 23 12 h
F o REBTFKEERE T HZE pH 1,
BOEBRBAE I BT B RE IR URLE T 80 °C
BT, J'

FRECS g & BE UKL T = 350 B IS B s
120 CTHREE. AJEMA 40 mL FTAKHZE,
ERRABE TR SE, WA 3 mL 3% 5
WE=HSHEER, T 110 ‘CHEH 24 h, KM
SEER ST, B AD O I - 98 R T 20 mL
AR b H B K HBEBER, T80 CT
PR R R B N R R .

EI 20 mL FE/KERT 50 mL =F[H
FEBH AR M A 500 mg [3-(F EHNEHE
FOWHR] “HEGHERANE SEENH
(SPP).500 mg #iE N E R B LA K 4 mg HE
TRTE,JHEE 60 C, RS KB F E #
b . OB 5E R B ab T - i . K
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WH 30 mL /K BEBERR, T 80 CT R,
53| SPP-SiO, RAKIEEL .

1.2.2 FKEIHI& WHEEE K 1 mg IgG #
1R UB5H B A 5 ) 55 ik (FASP) g fi . & A
%% 30 kD BT, L 12 100 r/min B L
10 min, SR 5 IMA 200 pL UA(H 8 mol/L JR &K,
0.1 mol/L Tris-HCl, pH 8.5), L 12 100 r/min
B0 10 min, R 3R, BRJGINA 10 mmol/L —
BB (DT, F 37 CH A A M 4 h; U
12 100 r/min g.0» 10 min % DTT, A UA
HEFOHEYE 2 K. HEMA 200 pL 50 mmol/L
BLZBERE (JAA) , S B Y HUE 40 min, 3 Rk
AL, R G LA 12 100 r/min B> 10 min [§ £
IAA, A 200 L 50 mmol/L NH, HCO, %
HPL 12 100 r/min B0 10 min, BB IEFPE 5 I
G EBHMES, M A 200 pL 50 mmol/L
NH, HCO, & #& fl Trypsin (1 : 50), F 37 C#
FrREEEII16 h, AR IRBE, THRFEH .

ANREBEH :HARBT 4 CLL 11 600 r/min
B0 20 min, X 10 mL FERTELE S, I
A 3 M BRNE, T —20 CHREILRE
4h, WIIEEAHKBZEEPHd, A UAKE
fROREEEE, L 12 100 r/min B.[> 10 min,
R EE W4T FASP Bf# .

1.2.3 SPP-SiO, HILIC & & N-Wiik #54
FH 1 mgEHE, BT 1 mL binding buffer
(88% ACN+0.1% TFA+11.9% H,0), %
4t 10 min , BL 20 pLZ ¥ W . 40 5 5 1 pg 1gG

KBt 1gG ik Bt 55 BSA ik BtiR & ¥ (1 : 100,
W/W)H B E 30 min, 8.0, 37 5 LE®R. MA
100 pL binding buffer, ¥t 3 . HHBH®
(30% ACN+0.1% TFA+69.9% H,O) ¥
2. BETWERNBERW,. EHEMA 100 U
PNGase F [,37 ‘C/K¥ 16 h, #E47 B iG047 .

AREH AW 1 mg 3 MR EEL, 7
% F 60 pL binding buffer (88% ACN +
0.1% TFA+11.9% H,0), & A 40 ug AJR
FEEHEMEKEMNE 1 h, F binding buffer ¥
W3 W, BEBL W (30% ACN+0.1% TFA+
69.9% H,O) ¥e it 2 W, 22 T UE B W&, A 25
mmol/L NH, HCO; M OB KFEBEW G, mMA
100 U PNGase F B, gE47 g 4017 .

2 ZBR5ITR
2.1 SPP-SiO, By R {E

43 3SR 4 1 B L 0 B R R R T ANl
ST A R B HLIT R 43 HT X A U SPP-SiO,
SRIK MR HEAT RAE

Hii 4 &R T’ 1, SPP B4 . 5 B
AR E T B Ak, SPP &1 i Rk IR
BB RER R AEH A, R ILBRL AT, fREs T
R T By 4RO

SPP &#Midl G Mg R R TE 2. B
H1,463,796.1 090 cm ' 43 B & Si—O—Si #
PR 30 X BR A 45 T 3 R0 R X BR A 45 ik 3h X
Ay B I U 5 950 em ™! 2 Si— OH fi 45 4% 8l B9 1%

1 k@R RE BB (a) 71 SPP-SIO, BEkE (b) o R

Fig.1 SEM images of bare silica microparticles {(a) and SPP-SiO, microparticles (b)
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Wi ;1 640,3 450 em ' 43 &2 O—H 25 iy
SR GE PR SN MR % . SPP &M 5 . 7E 1 550
em AL BT — A M RHAE M, & SPP it N—H
il iRzh . R I SPP WPk B T 35 /K B AR Th e
5 B RE R R R

TESPMRIEE R TR 1. FREA,
BiE T EFE R (SH-SIO) BB & &8 H 2.45%,
TR A 8 0.52%), B ST
REMR Hl & L. Wit A B SPP-SiO, Yk
SEHISY, AEEN28%,. WHEEFH
R ERER U T SPP £ K Bk R H g A
BHRRE, MAXTHREROESTERER
BE B HRR .
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Fig. 2 FT-IR spectra of bare silica microparticles and

SPP-Si0O, microparticles

1 TEOWER

Table 1 Results of element analysis

7 REE Tk & & S, =
Material N content/ % C content/ % H content/ % S content/ %

Si0; 0 1.179 0.521
SH-Si0. 0 1. 423 2.471
SPP-Si0; 2.58 15. 04 3.293 4,274

2.2 SPP-SIiO, WHERKNEERREE

AR R O 1eG B8R /5 B AR BL T4
SPP-SiO; & 7K # R 78 N-B# ik HILIC & 4 fi
B % rh B R W BB S5 R R T 3a~
3c, EARGE LN 1gG RBIEE F, AT Z 2
KRENIERER, MHESBRER, NEEH 6
% ESRERMKAERE N, & SPP-SIO,
BEG AR E IR R RO Bk &, T K e 3
36 457N [RlBE B R 1 W L RY S B NRE IR
BEMGERENHAIAHBRS, HEER
N-WERREH & F SemaE™ .

ok —E#iA SPP-SIO, X N-¥E k(15 &
BOR ffi /| PNGase F B3 & £ 19 N-¥ERK 617
ErEFALA L, 3 i MALDI-TOF MS #; Jl] 3
2 A EREEAGRKES (m/2 1 159,1 191), 45 88
FE 3d, FE# NBERK W %15 5 23
%, FRYJE 3b M 3c PIESIERE T NFEIK.

Ryt — 20 4R R B AR ME I B S A AL
LB YA R E TR B 1eG A BSA RS
(13100, W/W) , F-ffi F SPP-SiO, XHiE A kB
HITESR, IS E RS TE 4, REEAF,
EE P 2WMESFENIERKEGS . KA
B NBERIRS . E&)G 4R A58 I #

B BRI R 8 &Ry Nk, iF
BT SPP-SiO, 14K X5 b Bk & 4R A9 R 30
2.3 SPP-SIO, EEH ARZERA N-TEHRMEE
MRGLEEFHEA

XoF T B BOB e, 4 RE BOAR I TE IR P I
EMBEFEAEHFWEHEL. WERBERFH
Angiostation ¥ & 5 B AH %P7 , ADAM12 3%
5 2L HE 5, Desmosine ¥ B 5 1% 4
EWI AR, B, XA RBE A M
WEAERRHETEALEMHR, AR TK
2 P BRR RO 12 W A2 DA 04 L X R Y I
IRBFR R 25 R I_ 4L T/ MBI G . A5
T 3 N AFHK K SPP-SIO, #f 6%t 1E &
ARE BB K N-FEK 4T HILIC §
TG 44T, 43 5 % 2 3] 959,837 HI 877 A~
NGB AL AL i, SR M R 752,760 F
73%, G it % E 1 065 A N-WEFE AL AL A, X b
633 > N E . 53X WEM 949 A
N-BEEAL S AH L B IR & T 12. 2%,
BT LR T 5, 73. 9% N-BEEEAL 1 A A
T.SUNBEEAELE 2 RERFEREE
KR, BRI B R BT R A AR A
BEEENRM.
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MF) £ Z 05454 Dk (binding) . & R [F] —
B AL 1% P (protein homodimerization activity) .
& (receptor activity) Fl [N ik B8 i& 4 (endo-
peptidase activity) &, N-¥E LB IR &

HEZEZ 584 ¥ i3 # (biological process,
BP) $ 5 2 BE 4K U o 410 i K B Ceell adhe-
sion) .f& 5 ¥ J (signal transduction) . & /K
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matrix organization) X % ¥& & W (immune
response) %, FIRERGCHMYNEEHE
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B3 E&£RTH IgG BE K E (a) ,SPP-SIO, B &£ GR) IgG BEMEAKEL (b),
J& m/z2200~3 500 {yREHAE (c),{E H PNGase F B HI# )5 (d) ¥ MALDI-TOF MS i E
Fig.3 MALDI-TOF MS spectra of tryptic digest of human IgG in direct analysis before (a) and after enrichment
by SPP-SiQ, (b}, enlarged region of m/z 2 200-3 500 (c) and after deglycosylation by PNGase F (d)
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Fig. 4 MALDI-TOF MS spectra of tryptic digest of human IgG and
BSA in direct analysis before (a) and after enrichment (b)
F2 ANREHEOBVIKERESER N-BEREEEER
Table 2 Informations of the enriched N-glycopeptides after digested by human IgG
Fs SR B EZ 1% N2
No. m/z Glycan composition Peptide sequence
1 2237.4 [Hex]3[ HexNAc]2[Fuc]l EEQFN # STFR
2 2268. 8 [Hex]3[HexNAc]2[Fuc]1 EEQYN#STYR
3 2398.8 [Hex]3[ HexNAc]3[Fuc]l EEQFN # STFR
4 2431.5 [Hex]3[HexNAc]3[Fuc]l EEQYN#STYR
5 2456. 4 [Hex]3[HexNAc]4 EEQFN # STFR
6 2488. 4 [Hex]3[HexNAc]4 EEQYN# STYR
7 2561. 8 [HexJ4[ HexNAc]3[Fuc]1 EEQFN # STFR
8 2593.2 [Hex]4[ HexNAc]3[Fuc]l EEQYN# STYR
9 2602.5 [Hex]3[ HexNAc]4[Fuc]l EEQFN # STFR
10 2618.7 [Hex]4[HexNAc]4 EEQFN * STFR
11 2634. 8 [[Hex]3[HexNAc]4[Fuc]1 EEQYN = STYR
12 2650.9 [HexNAc]4[ HexNAc]4 EEQYN# STYR
13 2765 [HexJ4[ HexNAc]4[Fuc]1 EEQFN # STFR
14 2780. 6 [Hex]5[HexNAc]4 EEQFN * STFR EEQFN % STFR
15 2796. 4 [Hex]4[ HexNAc]4[Fuc]l EEQYN * STYR
16 2806. 8 [Hex]3[HexNAc]5[Fuc]l EEQFN # STFR
17 2812 [Hex]5[ HexNAc]4 EEQYN# STYR
18 2838. 3 [Hex]3[ HexNAc]5[ Fuc]l EEQYN * STYR
19 2853.9 [Hex]4[HexNAc]5 EEQYN#STYR
20 2927.5 [Hex]5[ HexNAc]4[Fuc]l EEQFN # STFR
21 2959. 6 [Hex]5[HexNAc]4[Fuc]1 EEQYN#STYR
22 2969 [Hex]4[ HexNAc]5[ Fuc]l EEQFN # STFR
23 2999. 8 [HexJ4[ HexNAc]5[Fuc]1 EEQYN = STYR
24 3057. 4 [Hex4[ HexNAc [4[ Fuc]1[NeuAc]1 EEQFN # STFR
25 3085. 3 [Hex]4[ HexNAc]4[ Fuc]1[ NeuAc]1 EEQYN#STYR
26 3105.7 [Hex]5[ HexNAc]4[ NeuAc]l EEQYN# STYR
27 3130.9 [Hex]5[ HexNAc]5[ Fuc]l EEQFN # STFR
28 3162.9 [Hex]5[HexNAc]5[Fuc]1 EEQYN#STYR
29 3219.1 [Hex 5[ HexNAc [4[ Fuc]1[ NeuAc]1 EEQFN # STFR
30 3235.9 [Hex]5[ HexNAc]4[ Fuc]1[ NeuAc]1 EEQFN# STYR
31 3247.5 [HexJ4[ HexNAc]4[Fuc]1 TKPREEQFN # STFR
32 3251.7 [Hex 5[ HexNAc [4[ Fuc]1[ NeuAc]1 EEQYN# STYR
33 3279.6 [HexJ4[ HexNAc]4[Fuc]1 TKPYEEQYN # STYR
34 3409.6 [Hex]5[ HexNAc]4[Fuc]l TKPREEQFN # STFR
35 3441. 8 [Hex]5[HexNAc]4[Fuc]1 TKPYEEQYN # STYR
36 3452 [Hex]5[ HexNAc]5[ Fuc]1[ NeuAc]1 EEQYN# STYR

T N# R N-E BN R AL
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Fig. 5 Repeatability of enrichment and identification of N-glycopeptide (a) and
N-glycosylation site (b) by three batches of SPP-SiO,

3 &

AR B R A 22 35K SPP Wik 1
FROK KRR S TREBCR T, Il & T HA
FPEKPERY HILIC E4EM 8. &R R &
PE B T B9 3R A 7K A A0 IR AY R HLARGR L
IR RAR R . R R KRR R
AT EEMEREOMEREYHEATDR
B =Y N-REIR, MIE# AREA P ILERE
Hi1 0654 N-HHEL AL A7 A5 . bt SCHR IR T8 A9 48
MRS T 12. 2%, X Ui 8] SPP-SiO, # k£
BE B RAFEI R AR .
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