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Abstract: N-Glycosylation of proteins, an important post-translational modification in eukary-

otic cells, plays an essential role in the regulation of cell adhesion, migration, signal transduc-
tion, and apoptosis. Abnormal changes in protein glycosylation are closely related to the occur-
rence of many critical diseases, including diabetes, tumors, and neurological, kidney, and
inflammatory diseases. A non-invasive type of liquid biopsy, urine sampling has the advantage
of reducing the complexity of proteomic analysis. This facilitates the design of large-scale and
continuous or multi-time point sampling strategies. However, the dynamic range of urinary pro-
tein abundance is relatively large, owing to individual differences and physiological conditions.
Currently, there is a lack of specialized research on individual differences, physiological fluctu-
ations, and physiological abundance ranges of urinary N-glycoproteins in large healthy popula-
tions. Therefore, it is difficult to accurately distinguish individual differences and normal
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physiological fluctuations from changes caused by disease; this poses a great challenge in dis-
ease marker research. Liquid chromatography-mass spectrometry ( LC-MS) is an analytical
technique widely used for the large-scale profiling of proteomes in biological systems, and the
enrichment of N-glycopeptides is a prerequisite for their detection by MS.

In this study, we established an approach based on hydrophilic interaction chromatography
(HILIC) by optimizing the activation, cleaning, and elution processes of the enrichment meth-
od, for instance through the optimization of particle size and solvent composition, and investi-
gated the identification number, selectivity, and stability of N-glycoprotein/N-glycopeptide
enrichment under different experimental conditions. We found that N-glycoproteins and N-gly-
copeptides were highly enriched in a trifluoroacetic acid system with 5-pm filling particles in
the HILIC column. On this basis, we analyzed the levels of N-glycoproteins/N-glycopeptides in
urine samples. The consistency of N-glycoprotein/N-glycopeptide levels in urine samples taken
from the same healthy person for five consecutive days was investigated by correlation analysis.
This analysis revealed that the urinary N-glycoproteome of the same healthy person was rela-
tively stable over a short period of time. Next, urinary samples from 20 healthy male volunteers
and 20 healthy female volunteers were enriched for N-glycoproteins/N-glycopeptides, which
were profiled by MS through qualitative and quantitative analyses. Screening and functional
analysis of differential proteins were then carried out. A total of 1 016 N-glycoproteins and 2 192
N-glycopeptides were identified in the mid-morning urine samples of the 40 healthy volunteers.
A label-free quantitation strategy was used to investigate the fluctuation range of the physiologi-
cally abundant urinary N-glycopeptides. The abundance of urinary N-glycopeptides spanned
across approximately five orders of magnitude. Subsequently, gender differences in the N-glyco-
sylation levels of urinary proteins were also explored in healthy people. Functional analysis of
the N-glycoproteins that exhibited gender differences in abundance was performed. Based on
multivariate statistical analysis, 206 differentially expressed proteins ( p <0.05, fold change
(FC)> 4) were identified. In females, we found 175 significantly down-regulated N-glycopro-
teins and 31 significantly up-regulated N-glycoproteins with respect to males. The expression
levels of N-glycopeptides between the two groups suggested a clear gender difference. To inves-
tigate the biological processes and functions of these proteins, gene ontology ( GO) analysis
was performed on the N-glycoproteins/N-glycopeptides differentially expressed between males
and females. Metabolic pathway analysis was also carried out based on the kyoto encyclopedia
of genes and genomes ( KEGG). Differentially expressed N-glycoproteins were mostly associat-
ed with platelet degranulation, extracellular region, and ossification. The top three relevant
pathways were glycan biosynthesis and metabolism, metabolism of cofactors and vitamins, and
lipid metabolism. Overall, sex may be an important factor for urinary N-glycoproteome differ-
ences among normal individuals and should be considered in clinical applications. This study
provides relevant information regarding the function and mechanisms of the urinary glycopro-
teome and the screening of clinical biomarkers.
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1.1 {EEFnitF

= &0 AL . NanoDrop 2000 C # f# & 43 6t
J#115 EASY-nLC 1000 LC-MS/MS 44 T} 4% i #H (5,
it e Q Exactive E %Y [ Thermo Scientific
(2£[H) ; Sartorius CPA225D 43 #7 K- [ 3£ £ )
sl (FBE) s iR A 8 (ABC) | N E I [ [E 2542
AL A R A H 5 JIRE W H VWR A w] (R E) ;
T RS (DTT) (B2 BERE (TAA)  H 2 (FA) Al
=R (TFA) ) [ Sigma-Aldrich A & (3£ H) ;
Cy JEMEMA [ 3M A A (3 [ ) 5 Ik N-¥E Bk e g F
(PNGase F, 500 U/uL) J H New England Biola-
bs (& ) ; JB £ H B (trypsin) 1 [l Promoga 73 7
(EHE) ; HEO(4iEE =98%) W A LAk THFSE B
HPLC % ZJi§ (ACN) i [ Merck /> (5] ) , fb2#
IR F G AT R ek HPLC 2%, i JE2ati Bl iR
il £ (filter-aided sample preparation, FASP) &
O A Millipore (3£ [H) 5 2% 7 /K 1 Millipore
Sl K ASCH 2% 5 R N TP B A PR SRR Hh 7 AR R R
fefit,
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1.2 XEHE
121 WEHERBRE&EA

B 20 mL JRIEAE 4 THAFTFLL 3000 g #5030
min, ff 5 LA 12 000 g 250 30 min, $2HCFIEWR . B
WS R 2 AR R LE T, B 3 £
FURTE NER (-20 C) IR A EIA-20 CTIK
FATHUTIE 4 h, BUH DUSAEATLE 4 TLL 12000 g
2.0 30 min, FUE FATITEM A 400 pL 8 mol/L JR
RIRWIA IR 1,200 W 5 B0 L UTHE, I
FIEwE
1.2.2 FASP & f#

I IR E A F2 2 30 kD MUEE H, LU
14000 g #.L> 10 min, fEJRE HFEA P fIA DTT
PRRZHEE ) 10 mmol/L, T 37 TSI 4 h,
FLEAEATAIA 200 wL 50 mmol/L Y IAA |, T % iR
EGAL I F 40 min, 5 1A 200 pL 50 mmol/L
i) ABC ¥ (pH = 8. 4) 1§ e B IR AR . TEIR
FEEATIA 0.5 mg/mL A H M (JRE AR S HEA
JE R R 1:100) F 37 TREYD, S AP, 5
— VIR 12 h, 55—k 4 h, YIS 14 000
g B0 10 min WA KRB, IF 5 Wk B, SR J5 RS B 80
pg IKBE 7 45 C TR L R%E 2 3~5 L, T4 KB
HT-80 CUkAMRAERH
1.2.3 HILIC & % N-## ik

80 wg AKBEXT AR 5 mg Kife ok 5 wm [
HILIC HUK}, 58 MA 100 wL 0.5% (v/v) TFA i
4k 10 min Ji5, - 0. 5% (v/v) FA 54k 30 min, %
W 100 pL, E % 3 K, SR 5 H TFA 1R R 3% Ve
TFA-H,0-ACN (1:19:80, v/v/v)F4f 30 min, [f]
BRBE A HILIC HURHE & 5,30 C IR Bifk 2
h MRS AR BRI 2 12 C IR tip Sk, A
80 WL I BRI L 3 W5 T 46 2.0 B e N-HE Ik
e TFA-H,0-ACN (1:79 :20, v/v/v) ¥ 3
W, ERR 80 pL, 45 C N &Lk 465 H 20 pL 25
mmol/L ABC/H}'O &% KB, Wl =2 pH 7£ 7.5 £
4, A 100 U PNGase F, 37 C/Ki&HH] 16 h, 2k
J5 43 80 L ¥ 100% ACN ,50% (v/v) ACN i
0.1% (v/v) TFA 3fifk 3 |2 C J B 3.5 wL ffd]
PHRET 80 wL 0. 1% (v/v) FA ffliith  HA R
£ -80 CUKFEN A7, MM E 3 IKBHLZE tip Sk,
TS 8845 5,80 wL 0. 1% (v/v) FA J5¥E 3 1R,50%
ACN/0.1% FA (v/v) iU 2 IR, 45 CF B0
45, #E1T LC-MS/MS %5E

1.3 LC-MS/MS ##i7i%

K C A BEH: (120 mmx150 pm, 1.9
pm) G st A B 430l 5 0. 1% (v/v) FA Y
IKIEB A 0.1% (v/v) FA B HEH W, LL 0.6
wL/min i PEAAE AR 90 min, YRS A 8 ~ 60
min, 10% B ~30% B; 60 ~79 min, 30% B ~42% B;
79~80 min, 42% B ~95% B; 80 ~ 85 min, 95% B,
TEIE B AT R A B, — G5 1 4 48 5 47 L
FElJ2: 300~ 1400, 43 B 70 000, — 45T 1 43 ¢
FRAN 17 500, FRESE 1 (m/2) 3, S S HEBR I )2
15 s,

1.4 HRSH

JRIEHE AF Maxquant 1. 5. 2. 8 #4411 Lk Uni-
prot_human(2015. 7, 20207 kB 4 B 22
TR E . MRSEOLE AT 8 K AR B R 5
I AR 10 28 i R DR A B ik B
KABME N 5 A, S R AL Bl 7, ] 288 M 4
FEEE BT N A i L MEAL A 20 A A A i R 5t
et O LSBT, 18] 48 i A 45~ e 20 Jo SR Ak A&
i, BEEFR R 25 B K E R 0. 000 45% (w/
W), ZRIER B TR BT E A 22RO 0.002% (w/
w) , 25 1 5 M ik VE Bc ( peptide-spectrum match,
PSM) I BH 43R ( false discovery rate, FDR) %
1%,

T e PR TP 5 MO AR OGNSR T 0k
N-BERRHEATGE 27 0 M o e 340> N-WE IR 52
(HHATRAR IS AT ge it 22 R 5, FE LA p<0. 05 FIf%
B84k (fold change, FC) >4 hR i ik H A7 7E P
IR S e ) 2 S 1 B 0 7 32 1 1Y) N A 1
TR 3T, 5 1 43 A [ 1 1) 2 28 1 Jo e 3k 7K -
225, @ id Uniprot &% DAVID %} HA 33Kk
25 W (AT ) AT 4 M e A A= 2 7
K I RERIL N A A ( gene ontology, GO) 1B Al E
oy Hr, W RN S AR A AR 2
( kyoto encyclopedia of genes and genomes,

KEGG ) $48 12 A7 A0 38 1% 0 .
2 #R511e

2.1 FERUERIEN

TERIK AR BAE vk 0 a4k S A
HILIC &4 A 0 iy e AR 1 %) T 0 48 1 o
MR ERE L, YHT N-FERIRE R SE A 72 32
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P HILIC BB TG L 0 7 L 38 Uk S S5 1 TR
ABREHAT TARAL, 2V S 0T EURR AR 5 92 th i T
R ITRAF L,
2.1.1 HILIC # ¥ 42 ff 2

PEAG T 1.5 pm 3 wm A5 pm 3 Ffeki 42 13208}
XF N-WERRE MR . 7F FA B&EIKR T THER
J FA-H,0-ACN (5:15:80, v/v/v) , Yeliid #4045
80 wL 0.5% (v/v) FA #Mi 3 1,80 pL FA-H,O-
ACN (0.5:94.5:5, v/v/v) ¥l 1 K, 55T .
4] 1.5 wm kAR #E T HILIC & %, N-¥§E A [ N-
BRSP4 % 7 ol 512 11 865, e FE hy 64. 08% ; fifi
JH 3 pm KRR N-BE 2R 1 S N-HE R85
5390k 549 F1 942 HEFEME R 73.92% i H 5 wm K
PRIFDRL N-WEEE 111 M N-WE KV 24 %5 58 124300 R 575
A1 1008, WHEE R 78.27%, HILIC & ¥k 354t
T N-BEIKAE R 35 HILIC [ @ A=z 8]« & /K27
SIIC R BOR R SE B4y 8 AnE 1 R, RS
pm K2 Y HILIC SURNE AT 5 4R TR 3 = Y N-
BHEE 1 S N-FEIKS e i, H 5 o BiA2 R A& 1
PEPE (N-FE K56 5 B/ K B 2 o b ) MR P i
B RE 5 pm R AR T N — 2 AR
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Fig. 1 Scales of MS-based identification after
enrichment of different samples from
the same healthy volunteer using HIL-
IC fillers of three particle sizes (n=3)
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JR LA B e A S e B M I S IR A R 5 Sk

5
FAFE
2000
{ [ FA system
] T3 TFA system
1500 T
4 J l
5 1 T
R il
£ 1000
= 4
z T
1 . T
so0 g [T
o]
N-Glycoprotein N-Glycopeptide Peptide

Identification level

B2 B—RESEEHEAE2HEEERTH
RIELEEKF (n=6)
Fig. 2 Levels of MS-based identification in different
samples from a healthy volunteer under two
distinct enrichment systems (n=6)
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Fig. 3 Correlation analysis of urine samples taken from
a healthy volunteer for five consecutive days
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Fig. 4 Correlation analyses of urine samples from
different healthy volunteers
a. 40 healthy volunteers; b. 20 healthy males; c. 20 healthy
females.
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Fig. 5 Curves of cumulative identification number of
N-glycoproteins and N-glycosylation sites
according to sample size
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1k 25 1 3 B ( mitogen-activated protein kinase,
MAPK) 23 | ifin /MR 40 TE 28 &k A2 S RNA &
G XIOREG S) i SR 45 A 200 LT 200 S 6 v
IRFEIARRE ARSI B | BT S M Ah s () 4, 2
KA REA A5 B T4 G 22 2R AL N IR 1 |
SRR ARTE PR |5 BT 5 52 AR TR 1 S 20 Pt A e 4
Fey 40 % 45 ( DL BRI 1a, http : /www. chrom-China.
com) . HH W E B EMHT 5 4> GO 4 H ZIMmE A
B ARSI I 5 B A7 AR P | e R A B 22 2R
PN K B 05 M (L BBl 1b, http ./ www. chrom-
China.com) , KEGG & & 7¥rt, 5 N-BE&E A
ORI A O M0 0 RN S B G 45 6 I e
ERG KB HHAESFEEY RS E (WHE 2a,
http : /www.chrom-China.com) , HH i 3 & 43|
(45 38 8% A 20 MO G B 0 R MACRITEE 1M 28k | 4 1l
A il 2 T ) B 240 B DR -4 e L5 A2 AR B AR
( WA 2b, http ;. /www.chrom-China.com) .,
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L ARTEE AR R p R, Hrh g
EACEM LT B M, ot Bon TR N-BERK, 206
REFBHLL T B, Lt iR LR N-FEK, ot
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Fig.7 (a) Volcano plot of gender-dependent
differentially expressed N-glycopro-
teins and (b) heatmap of protein ex-
pression levels
a. In the volcano plot, blue dots represent down-regulated N-
glycopeptides in women compared to men, and red dots repre-
sent up-regulated N-glycopeptides in women compared to men;
b. The heatmap shows the expression levels of N-glycopeptides
differentially expressed between men and women.
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Fig. 8 Functional and pathway analysis of differentially
expressed N-glycoproteins

a. The results of GO analysis are sorted in ascending order of

protein ratio, and the top five items of the categories “biologi-

cal process” , “cellular component” , and “molecular function”

are displayed; b. The results of GO analysis are sorted in as-

cending order with respect to their p value, and the top 12 GO

items are shown; c. The results of KEGG analysis are sorted in

ascending order of protein ratio, and include cellular proces-

ses, environmental information, human diseases, metabolism,
and organismal systems.
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