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Abstract: Diabetes mellitus as one of the most prevalent metabolic disease is a multifac-
torial disease which is influenced by environmental and genetic factors. It can cause
complications in most of organs such as heart, eye, kidney and nervous system which
has resulted in high economic cost and burden. Proteomics is a comprehensive strategy

to analyze all proteins in a biological system. High performance liquid chromatography-
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mass spectrometry (LC-MS/MS) is powerful in peptides and proteins detection. Protein
post translational modifications such as N-Glycosylation is widely implicated as a com-
mon modification in numerous blood proteins and impacts the in-vivo protein functions.
Abnormal glycosylation is associated with many human diseases and the study of glyco-
sylation has attracted more and more attention. In this study, serum samples were col-
lected from 6 healthy people and 6 patients with diabetic diseases for comprehensive pro-
teome and N-glycosylation modification analysis. All the proteins were digested fully
with Trypsin and Zwitterionic hydrophilic interaction liquid chromatography (ZIC-
HILIC) was used to enrich glycosylated peptides. The platform equipped with high
performance liquid chromatography and time-of-flight mass spectrometry was applied to
acquire the whole proteome as well as the glycopeptide data of the serum samples.
Furthermore, the raw data were searched and analyzed by Maxquant software.
Student’s T-test was used to determine the significantly changed proteins and glycopro-
teins with P less than 0. 05, and the fold change ratio was calculated based on the aver-
age abundance of the proteins in the diabetic serum and normal serum sample. In order
to find more differentially expressed proteins for subsequent analysis, the expression
level of 220% was used as the criteria which means a fold change greater than 1.2 or
less than 0. 8 as the criteria for reference value. A total of 291 proteins and 181 glyco-
proteins were identified. 65 altered proteins and 24 differentially expressed glycopro-
teins in the diabetic serum and normal serum were quantified by Label-free quantitation.
Altered expressed proteins and differential expressed glycoproteins were analyzed by
Gene Ontologhy enrichment analysis to further understand their cellular components,
molecular functions and biological processes, and compared their differences in these
aspects. IgA binding and blood coagulation are more enriched in altered glycoproteins
other than proteins. The data reveal changes in glycoproteins during the onset diabetes
mellitus, providing a detailed data reference for the occurrence mechanism and clinical
diagnosis of the diabetes mellitus.
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Eksigent UPLC # %08 A (2 3% 4% | Triple-
TOF™ 5600 /&5 73 HEBT A : 35 0 34 [ AB Sciex 24
A7 s Milli-Q 84l K & 4t . 3¢ | Millipore 2y
Al CL8 BRER A 5 Waters 24 ) 7= 5
NI RSN 3 I 'O N (S I e I P
EppendorfZ2s w7 fi s B B 1 55 K A0 B4R A
¥} (ZIC-HILIC particles) . —80 “C % i 7K 46 «

2 [E Thermo Fisher A& 774 .

B S N LY I N LT = e o i B2 B 4
At B IR S B L B R MR E (DTT) | it & Bt ik
(JAA) = L BR (TFA) . # /£ [H Sigma 24
H PE A s R BB (Trypsin) : 38 [{ Promega 23
A7 Ik N-#E B F(PNGaselF) : £ [ New
England Biolabs 2% @) 7= &5 2§ (ACN) ; f
Merck 23 7] 77 5 s R . 35 B Fisher Scientific 2%
G
1.2 mFERESLE
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FEDRAT o SIS ICHS I3 . 75 UK E AT R R L AR
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1.3 ZEBREHS CISKRE

W55 L B0 IV - 43 i A 2k BE Dy
1 mol/LJK & 1 100 mmol/L fk B2 & 5 15 W i
b SR 1 (BT R A S W el =l | AN 3713
BN 10 mmol/L i BiEE, T 56 CIEIR X
BET b O I A& B 25 mmol/L it £ i
J¥e . F37 CEGIR Y 30 min; # MU A S
HEEBEL L 50 MABREAE. T 37 T
R 3 5 K R S VA TR LA 14 000 r/min B L
15 mink BREVEORL, SR JG N A 200 pl 2B
WAL C18 #E. I 200 pl 0. 1% =9 2 & -
HEF WM ir B B B W E S B AR 3 Ik,
FHH 0. 1% = L BRI Uk 3 K AR A 200 pL
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SEAM WIFR PSR TR (35 B B0 L R A 1 4 E A 317

. B E AR 100 mmol/ L i B2 & B4
Vi 15 Hodh in A PNGaseF i 775 37 CF &
P37 o 1A B 6 T A IS 0 K B R T ORI
0. 120 B R 7% f » 7 LC-MS/MS 43 #1, Ir A #f
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LC-MS/MS 5255,
1.5.1 B4t C18 s AH %4 (0. 3 mm X
150 mm X3 pm) s 8 AH: A g 0. 10 FA K i
WBK 0. I0FA I LG W 7% 5 pl/min;
VEWEAEF :0~1 min(5% ~7%B),1~94 min
(7% ~24%1B),94~109 min(24% ~38%B),
109~109. 5 min(38% ~80% B),109.5~114
min(80%B),114~114.5 min(80% ~5%B) .,
114.5~119 min(5%B),
1.5.2 JUik & IE 8RR I <A R
g 172, 4 kPa; B2 L K 2 300 V; — 2% i i
R B B BT A A B D om/2 350~1 2505 R
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20 AEEES T IEAT G 3 A HE R B )
T4 s, HEBR © 600 3 1Y 25 5 A D0 0% ik B T iy
ML A 2~4.
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P 2 R 1) 38 i e 4k & 1 (carbamidomethy
[C].(+57.02 W) ;MS By HER 2Ny 40107,
MS/MS [ iR 253 0. 1 u, 25 R FHPE R
(false discovery rate, FDR) % & 1% ; £ [A] Ut
fid (match between runs): UG Fig B} [B] % 10 A
0. 73 X 50 (B 7 118 20 JE bR 2 i S 40 LFQ
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Table 1 Information of differential protein on protein level

HEAHR B 7IREE R P1H A%
Protein name Uniprot accession Fold change P-value Entry name
MFEmHEED P40 P02743 0 0. 0286 SAMP
HEEF T P05156 0 0. 0336 CFAI
1ML £T. 25 (1SR4 B P68871 0 0. 0379 HBB
i DEAEN P02774 0 0. 0099 VTDB
NFEIETR B/ N IR P51884 0 0.0283 LUM
RIKEE N W3k 2 P22792 0 0.0073 CPN2
YEEHIEN P02751 0 0. 0445 FINC
FMA C4-A POCOL4 0 0.0371 CO4A
Wl RELHENA 075882 0 0. 0289 ATRN
Cab %55 7E 1 B P20851 0 0.0258 CABPB
H: ) K i P43251 0 0.0331 BTD
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Protein name Uniprot accession Fold change P-value Entry name
1B E A P04217 0.09 0.0278 A1BG
RERRE O « B4 PODOX7 0.10 0. 0002 IGK
a2-EIREH P01023 0.11 0.0144 A2MG
ML £1 3 A « P69905 0.12 0. 0414 HBA
HMeEE L1 014791 0.15 3.8552X107° APOLI
R [ kB 3-20 P01619 0. 22 0.0032 KV320
o 1-TRYEWIE [ 2 P19652 0. 26 0. 0435 ATAG2
HE MR P00734 0.27 0. 0058 THRB
BWeEM C1 P02654 0.31 0. 0284 APOC1
TR (R 2 P01859 0. 32 0.0476 IGHG2
B RRSAGEA 2 Q14520 0. 35 0. 0385 HABP2
FMAE RS C8 v B P07360 0.35 0. 0376 CO8G
BEARARN «2-EA P02750 0. 38 0.0134 A2GL
FMA Cls F RS> P09871 0. 42 0.0192 C18
e BRI ) Gk P01591 0.45 0. 0431 1G]
J o 2 T B 4 5 BR AR P08185 0.59 0. 0242 CBG
- RRMEMEEM 1 P02763 0. 66 0. 0470 A1AGI
GRERREE 1« WK P01834 0.78 0. 0094 IGKC
BIEEE A-IV P06727 1. 60 0. 0334 APOA4
HBIEHEE AT P02652 1. 69 0.0363 APOA2
HMER T B P00751 1.78 0.0211 CFAB
[ i 25 1 Al 400 o ) % HI2 P19823 1. 86 0. 0422 ITIH2
RS P02790 1. 95 0.0496 HEMO
1ML 375 55 Bk 2 P02787 2.02 0. 0082 TRFE
a2-HS B A P02765 2.04 0.0118 FETUA
I 2T 4 25 I i R P00747 2.04 0. 0431 PLMN
HIgHE [ C- P02656 2. 11 0.0452 APOC3
HAEHE G B-100 P04114 2.39 0. 0004 APOB
JIRCRUEN Y5 3 P27169 2.40 0.0135 PON1
R FEA AR T P36955 2.48 0. 0400 PEDF
CD5 i Rt 043866 2.49 0.0351 CD5L
o1 FLIHR AR 14 P01009 2.51 0. 0024 AIAT
i) o B 2 P A 4 50 T BE H4 Q14624 2.61 0. 0089 ITTH4
iRASE: 45| P02768 2. 66 0. 0498 ALBU
WA HER RO P04196 2.73 0. 0005 HRG
AME Clr F 4y P00736 2.92 0. 0437 CIR
Afamin % [ P43652 2.93 0. 0302 AFAM
WMEREF H P08603 3.21 0. 0449 CFAH
K -1 P01042 3.31 0.0128 KNG1
MR RS C6 P13671 3. 54 0. 0092 CO6
P B i i 1 P01008 3.75 0. 0007 ANTS3
Cib 55 HEH o 55 P04003 3. 89 0.0047 C4BPA
FMA C3 P01024 4.01 0.0156 CO3
LY AR o 8 P02671 4. 66 0. 0202 FIBA
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HEHAR hdRes ZEFI P{d A%
Protein name Uniprot accession Fold change P-value Entry name
1ML/ B T 4 P02776 4. 89 0. 0105 PLF4
HNGHEH AT P02647 4.98 0. 0386 APOA1
BB RG % E H P04004 5.21 0.0117 VTNC
FME R4 CT P10643 6.51 0. 0315 CO7
etk % KR & E C P04070 6.97 0. 0478 PROC
M C2 P06681 6.99 0. 0237 CO2
MBS SED 4 P02753 8. 68 0. 0484 RET4
AMBP & [ P02760 11. 09 0. 0220 AMBP
5] o JE 26 1 T 400 ) 39 T % HLL P19827 13. 44 0. 0065 ITIH1
HIEEET M 095445 £DIV/0! 0. 3632 APOM
H:#DIV/0! RFEIER M 6 REE A 0 WA & BRI
*2 BERFASEEANEFNEREEARER
Table 2 Differential glycoprotein information between diabetic and normal human serum
[ — ??ﬂ% Z5RI Pl A%
Peptide sequence Protein name Uniprot Fold P-value Entry
accession change name
LDAPTNLQFVN %« ETDSTVLVR LU EA P02751 0.17 0.0265 FINC
EHYN % LSAATCSPGQMCGHYTQVVWAK Tk A 24 ) 16 Q6UXBS 0.17 0. 0328 PI16
EN * ETEIIK JIEL K i P06276 0.24 0.0157 CHLE
TN » STEVQALVEHVK 5 NG 8O B R P07602 0.31 0. 0009 SAP
LAN % LTQGEDQYYLR MEEA P10909 0.53 0. 0007 CLUS
LSLHRPALEDLLLGSEAN x LTCTLTGLR REIREHE R ol PO18T6 0. 62 0.0120 IGHA1
SVQEIQATFFYFTPN * KTEDTIFLR - HERE 1 P02763 0.71 0.0132 A1AG1
TMEPN % LTDVR M C2 P06681 1.47 0. 0154 CO2
VTISGVYDLGDVLEEMGIADLFTNQAN x FSR  j7 ik [ s S8k & 1 P08185 1.57 0. 0343 CBG
N % LSMPLLPADFHK JF 2T 2 P05546 1. 66 0. 0341 HEP2
EGYSN % ISYIVVNHQGISSR iz P P49908 1.70 0. 0448 SEPP1
KEHETCLAPELYNGN % YSTTQK Bem P F XN B 4% P05160 1.72 0. 0473 F13B
YNSQN * QSNNQFVLYR K Ji-1 P01042 1.93 0.0374 KNG1
GINYN » SSVAK B X P03951 2. 02 0.0111 FAll
SRPAN ¥ HCVYFYGDEISFSCHETSR Cab Z5 5 HE M o 5 P04003 2.28 0.0170 C4BPA
VLYLAAYN % CTLRPVSK Rk H-B QIUGMS5 2. 444 0.0131 FETUB
N ¥ GTGHGNSTHHGPEYMR Tk % P02790 2.45 0. 0057 HEMO
N ¥ QSVNVFLGHTAIDEMLK wME Clr WA FEEH QINZPS 2.51 0. 0298 CIRL
FVEGSHN % STVSLTTK #HIBE [ B-100 P04114 2. 83 0.0101 APOB
SKWN % ITMESYVVHTNYDEYAIFLTK AMBP % H P02760 3. 83 0.0136 AMBP
N * HSCEPCQTLAVR 6 am XI P00748 4. 30 0.0295 FA12
LVSGN % LTDR ADAMTS FEZE [ 4 Q6UY14 4.53 0. 0019 ATLA
EVSFLN % CSLDNGGCTHYCLEEVGWR ik Z KRB E 1 C P04070 5. 44 0. 0229 PROC
EDNAVQPN % SSYTYVWHATER HEIMEFV P12259 6. 87 0. 0181 FA5

T« FRon B LA
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i 1o H R AR R AL K P B 3 B K
A 21 FhEE B B7E R H K F B G 22 S 1B
K- FIEA 257 BRI TR 3. sl 2
P QA A B 2 B AT 2

Wi H P — R R A SR s B . A
BF I R i A 5 e w2 L 2
AR N AR AR A Y S R AR R R
R B E ML R AN E A P A L7 A5 B AR
36 SCHR R GE T 08 AR PoE A R e
AMP (AL A ST CoA R AL T Y B 1R

PRS- 00 1 Je 5 3R 5 5% 5 AT 3 OB 8 R
TR AVBE PR 119 A 2 FA S

FRHEE B-100 By EZIHEE 1) Ky H [
Biz 1% B AN AL 805 2) U LR T RS B g AR
F 32 R SR IR 8 E 4 A5 3) R e -F
LG AL 5 R B A 1 AR AR T
JR R L3 o BRIR # E B-100 i A
2. 83 4% LR, AT AE Sy T IR 8 I R
U %5 B AR 2R P I T e s A T
6 65 B2 i 2 19 18 A 7 I ik i A TE B A8
BEAR T 5] g A

R3 BEAAFRERTHEEAKFEERNEARER

Table 3 Protein information with no difference in protein levels and difference in glycosylation levels

HHAARK 795 EZRI PH A%
Protein name Uniprot accession Fold change P-value Entry name
LYt G P02751 0.17 0. 0265 FINC

JAEL 8 i i P06276 0. 24 0. 0157 CHLE

INEE P10909 0.53 0. 0007 CLUS

B ER AR 1 R ol P01876 0.62 0.0120 IGHALI
a - BRYEME R 1 P02763 0.71 0.0132 A1AG1

M C2 P06681 1.47 0. 0154 Cco2

Bz S [ 45 A BR AR 1A P08185 1.57 0.0343 CBG
AFRHH T 2 P05546 1. 66 0.0341 HEP2
WiEH P P49908 1.70 0. 0448 SEPP1

%R T XN B 4% P05160 1.72 0.0473 F13B
k-1 P01042 1.93 0. 0374 KNG1

#eim A 7 XTI P03951 2. 02 0.0111 FAIl
CAb #5531 o G P04003 2.28 0. 0170 C4BPA
Bk 1B QIUGM5 2. 44 0.0131 FETUB
Ifil 5k % P02790 2. 45 0. 0057 HEMO

MA Clr WA R A QINZP8 2.51 0. 0298 CIRL
IR 1 B-100 P04114 2.83 0.0101 APOB
AMBP % [ P02760 3.83 0.0136 AMBP

& K Xl P00748 4. 30 0. 0295 FA12
AR KRB EA C P04070 5. 44 0. 0229 PROC

I H ¥V P12259 6.87 0.0181 FA5

2.4 EREASHEEANDHRESHSTRLER
N TIRAT R 0 22 7 8 H 5 25 e bl
A BT R A AN ZH Ay X R A T DI RE R 2

MY LE W) 2 ok R AR 52 5 ] DAVID 3%
(https: // david. nciferf. gov/) Xt % & 3 19 2 5
B 2R E N AT RN AR R E i
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Fig. 2 GO analysis of differentially expressed proteins (a, b, ¢) and

differentially expressed glycoproteins (d, e, f)
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Sk 7 8 PR e 2 A PO B i AR Ak
A 5 AR 5 B DR 9 1 A DA B a3 A R A
e B K E 4 7 vk L LC-MS/MS 43 By A1 5K
P 4k PR A D5 T EAT T ARV . BERE LT AE A
XF4, I3k A RO M4 1Y micro-LC-MS/MS Jr
AT label-free kil , 57 T 36 Fr 5 IKEE 5
ZIC-HILIC & 4 J5 ik B WU 5 = 11 07 i DL il
EEATREIRA N 22 5. 45 R, LA 5
65 MEHK TP 2ZERED, KM E 24 P
FAC KT 1 1 35 22 SR O R SR R O B
TR Z B 43 BT L 28 5 2R 0 M A BT 4R
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