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GBI Fe,0, X SMUEHAT BER AR N, BEAS AL IEIR > B 1 A 5 PDA T LAME R (IR SR 7E PR B
KB 15w A AL TiO,; 51 AR TiO, AU AT LIAE 4 )5 22 AL GOP (4 e £ xd , 1 HAE 4% 3@ it
MOAC HARA R BB IK ;. GOP A REALI T 1 oK K & S K MR A 2 oD, AT AT 552 AR R o il 12
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1 SEISESY

1.1 RFIEEE

NIKEFEAK (FeCl,-6H,0, 4l 97%) . To/K LIREN (4lRE 99%) | 2 EL R iaEh (4l 98%) | kIR
A4 (NH,HCO,, 4 >99% ) Fl44 7K (35%) #4116 H J&K Scientific 7 RS FHE A 7] 3 = 5 I 3L 40 5L F b
(4lifE>99.9%) . LBEE(A. R. K, 4 95%) . 5N (Isopropanol, Zi>99.5%) . = LR (TFA, 4l
99%) | R (H,PO,, A. R. 2%, 4i>85%) L, I (A. R. 9%, 2445 98% )34 H Macklin 23 vl 5 Bk /U
TBE(TBOT, 4lEE97%) . B-MEH [ (B-casein) . LJF(ACN, 4EFE>99.9%) . - 3 & (BSA, 4lfE>
98%) | WL FEME (TAA, 2113 98%) . BAR L ALY (HRP) | JBEEE 1 (Trypsin) | i %5 4-6-T5 2 (GoP,
AEE>98%) . B ABHEE (DTT, 4l >95%) K12, 5- "L H R (DHB, 46/%>99% )1 H 3¢ [H Sigma
Aldrich A \] . B 4R F MilLi-Q 8 267K e

XL-30 B4 o, 7 3390488 (47 22 Philips 23 7)) 5 JEOL 2011 A3 5 e, 1 5 s ( H Ao Tk &4t )
D/MAX2500 %! X 5 &A1 55X ( H 4 Rigaku 237 ) 3 Nicolet 6700 U HLIH-A5 21 AN REAY (S5 2 55 14
7)) ; Autoflex maX MALDI-TOF MS JFi i/ (f% [ Bruker 23] ).
1.2 Fe,0,@PDA@TiO,@G6P B &
12,1 Fe,0,# %58 A K  HfFeCl-6H,0(2. 7 @) A Z (150 mL) Hr, £ A5 3545 3 (i A
ATCIK CRER(T. 2 ) I FE 30 min; KRG 2404 IR DUF £ 98 A RSG5 30 s He K A s vy 28
H, F200 CHIFA 16 h; KRR A E =R, Wil 0 B AR WESAT Fe, 0,050, F 2B F/K B
BURB 3, T50 C T 12 T .
122 Fe,0,@PDA B4 % B2 EHELERER (400 mg) il A28 77K (25 mL) HAS RV A5 B = FR F oL
I EE(30. 25 mg) Fil Fe,0,(100 mg) Il A B 17K (25 mL)/Z B (25 mL) 1RSI A5 2 B. B
WA T BIRA, W T 16 hy @l #E 7r SEAR R IR Fe,0,@PDA , 25 8 /KM S B4 BE R 3
W, F70 CFES TR
123 Fe,0,@PDA@TIO, 8y & /&  TEM S VEF F¥f Fe,0,@PDA (100 mg) 50 #L T 57 A EE(80 mL) 5 LA
= (0. 06 mL) FEFEFE 2 mins MIATBOT(3. 6 mL) 5 , KRS YIS AT B I LM A AN 1
fe KA W 2, 200 CIN#A 24 by i 3 7 53 25 H AR IR 3R15 1 Fe,0,@PDA@TIO,, F LR,
F50 CFEA TSR
124 Fe,0,@PDA@TIO,@G6P 1y 4 i+ Fe,0,@PDA@TIO, (80 mg) M T ACN(25 mL) . 228517k
(25 mL) FITFA (50 wL) BIR GV 5 N GOP(50 mg) T 25 CCI2V 6 h; i 0G55SR W e 3K 75
[ Fe,0,@PDA@TiIO,@G6P, 2B F/K AL B4 PR 3 IR, 150 CF B4 T k.
1.3 #REE BB SR R TAL I
1.3.1 HRP X B-casein B B f2 B HRP 5¥ B-casein (£5 1 mg) MIA 2 % 85 F/K (100 wL) H, F 100 CAE
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P 10 min; FHEAPREEZEME, A NHHCO, 28 M5 (50 mmol/L, 100 L) Fl Trypsin (1 pg/pL, 25
pL) , BHR G TATRAE 37 C R EHE 16 h; K I BHRY) T —20 CHEAFTEH .
1.32 BSAWEEAE B BSA(2 mg) Fl NH,HCO, 2% 15 (50 mmol/L, 385 wL) FIRA YT 100 CAHE 5
min; JIA DTT (200 mmol/L, 5 pL)FF 60 °C il E 30 min; ¥ IAA (400 mmol/L, 10 pL) I AIREHIH,
FF 37 CEARE 54 F S 60 min; JIA Trypsin (1 we/pL, 50 pL), FHEAER T 37 CHE# 16 h; BE
IR T 20 CREFERT T .
1.3.3  MERAEE AT A E  FEAURIAEE N ER (2 mL) AR TFA (0. 2% ) FI7K (2 mL)
TE 5438 6 0T 2400 10 min FFUCEE FJZTH B H2TERT-20 CHRAFRE.
1.4 Fe,0,@PDA@TIO,@G6P 3t #ERK/BEES Rk = S 3018

¥ 500 pg Fe,0,@PDA@TIO,@G6P 43 #l T 200 wL 54 HRP FEf# Y (1. 25 pmol/wL) §)_EFEZE ik
[V(ACN) : V(H,0) : V(TFA)=90:9: 1], ZEHIRIR AT 1 F 37 °C I3 30 min. FifiJ5 , HPYEERSE il
[V(ACN):V(H,0): V(H,PO,)=85:14. 5:0. 5 b #t 35 , IIA 10 nL JBERTZZ ihi [ V(ACN) : V(HO) :
V(TFA)=30:69.9:0. 1 ]3fF 37 °CHE2h 30 min, K SFHRLAGTRIEE . SRJ5 , B 2T ARG .

TR IR 1) 55 S A SRS 8L . % 500 g Fe,0,@PDA@TIO,@G6P 43 T 200 wL &4 B-casein i
Y1(1 pmol/pL) 1y FREZE M [ VIACN) : V(H,0) : V(TFA)=50:49. 9:0. 1 ]rf, ZEHIEIR AL T 37 °C ¥
#0130 min; FBEIRZE 0P [V(ACN) : V(H,0) : V(TFA)=50:49. 9:0. 1 10 BEM B 3 5, A 10 WL JBik2E
IR (0. 4 mol/L Z /KA 3 F 37 °CHRBN 15 min, BF LB OBHIREDL . 25, B2 35S
1.5 EREEHS R R-ITHE RiE (MALDI-TOF MS)43 17

¥ DHB(1 mg) ¥t T35 ACN(20 L) . 228577k (79. 9 wL) FITFA (0. 1 wL) AR A 78 T il A5 ik
FIFESTT 5 K DHB (2 mg) ¥ T 7 ACN(50 L) . 258 F7K (49 wL) FH,PO, (1 wL) BT & 1 b il A5 B R
FRAG ST . KPR (1 W) AL (1 wL)IRA, #5477 MALDI-TOF MS 4347 [ Nd: YAG #5%(383 nm) , 1E
BT, s IR 20 kV, EEE TR 1000 Hz .
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2.1 HETE R RRIE

Fe,0,@PDA@Ti0,@G6P R4t 1A LR L2 i1 Scheme 1 7 . 33 /K B 4 T Fe, O, BG83 Bl , 16
FIBEPE SR T, 76 Fe,0, R MIZE PDA 2 585, MBI PDA )2 M HBGE R34 Tio,; f)a, LA
FERG A TIO, R e 7 1, T REAL GOP, I IA T B R T RE AL SR KGR ET Fe,0,@PDA@TIO,@G6P.
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Scheme 1 Synthetic path of Fe,0,@PDA @TiO,@G6P

Fe,0,@PDA@Ti0,@G6P #4144 Hi, 1 o i3 (SEM) i 5 v, 7 15 (TEM) | B (6 B X B4k
(EDX) F X B M AR AT S (XRD) g & 1 e, I 1(A) AT UL, $R45 9 Fe,0,@PDA@Ti0,@G6P
RARIYE], 2909350 nm, HAPKERZE RIS , WEB] PDA FITiO, . sEhEM . MR 1(B) Fhi] LIEE 3] 4)
KIRIIAL TG, Fe, O, W58 B2 29 220 nm, PDA J2JEFE 2K 35 nm, Ti0,)2 B 294 30 nm, H
PDA FITiO, 251 R I AE Fe,0, 310 , FEHAUKERC A2 . e KR EDX R LK 1(C) JH AT LA
ML F] B (C) VA (N) VA (0) B (P) 8K (TH) Mk (Fe) T2, Hop Fe, N, Ti fl P B AFAE 4> BIULEH T
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Fig.1 SEM image(A), TEM image(B), EDX spectrum(C) and powder XRD pattern(D) of
Fe,0,@PDA@TiO,@G6P
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ik (FTIR) WP 2 iR . 586 Fil 1630 em™ AL AYIE Sy 15y P PN
JNIHJE F Fe—O0—Fe f1 C=N ¥R 5l , I Fe,0,F01 il 1635 o \;'\\' :,;T

PDA 1 L5 i 4% 3 7E3% KK TiO, 5, 500~700 em™ &2 T o,
5838 1) 4 J2: 1 Ti—O—Ti (0 M 47 R B 5L A1 "

IE Eﬁ Ti02 E/‘J&yj EH /\ ; Jﬂ:ﬁﬂ}ﬁﬁg t Gop E ’ E 35I00 30100 25I00 20‘00 15I00 10100 SOIO 0
1085 em™ A HH B T 1A & T P—O Ry 4 ik 5 Viom™!

W, FERH GOP i B . FTIR 45 53— L Uil T Fig.2 FTIR spectra of Fe,0,@PDA (a), Fe,0,@PDA@
Fe,0,@PDA@TiO0,@G6P HET Y Al D) £ . TiO,(b) and Fe,0,@PDA @TiO,@ G6P(c)

2.2 Fe,0,@PDA@TiO,@G6PiRET = EHERKHIIEBE

FIFH HRP AR T2 885 & SRR BE ), HAKE SR FR U0 Scheme 2 7 . AT L, M BLiE 2 G6P
R 22 100 (%) 27 KR ELAE P S BUGHRE AK AGl 8 , aa TiO, S BE IR AR 22 1] 56k ) VF FH S BB R K A e 5Pk
B TERSEEME BB, M 1. 25 pmol/pL Y HRP i A4 rh AU K6 1 3] 5 AN W5 Ak 1915 5
[EI3(A) ], HARMEIRSS 5 o5 4 20, SR In ] TR IR 5 5 . i7e (il FIZ IR 4 551k = SR K
Jei, T 234 E TR S S LEI3(B) 1, HBHAKG 5 i =5, s SRR 415 2R TR S1
(MASCHHE BT . B E A L AAEEIERIIR (55, £ Fe,0,@PDA@TIO,@GOP 4 HA I 5+
) SR KA R

i 3 MASTR] 5 2 1 HRP [ A 470 b s SRR IR O TR ET IR H R . 246 HRP B0 1) &5 o 1
F 10 fmol/wLIF [ EIST(A), WASCERHFER |, Arkm 2] 1248 THERK S5 B 5 3 = 0% —4
WO B E 1 fmol/p LB [ S1(B), WASSCHZFHFEE ], Brig & d s th 88 7 WA 5 HIL P A4
RS 55 BIAE A R AR ZE 0. 1 fmol/wL[ B S1(C), WA FF A T, WEMKIHREM TS 5 -k, 3
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Scheme 2 Workflow of the enrichment of glycopeptides/phosphopeptides by Fe,0,@PDA @TiO,@G6P
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Fig.3 MALDI-TOF mass spectra of HRP digests
(A) Direct analysis; (B) after enrichment by Fe,0,@PDA@TiO,@G6P. 4 represents glycopeptide.

i Fe,0,@PDA@Ti0,@G6P X B ok EL AT A IR (A Hi PR

I AR HRP A4 A1 BSA (9 5 i HU R 5T T 3R BT I9aE 850 . 29 HRP BEAR 45 BSA (W&t o
1: 1008 [ S2(A), WASCIHFE B, BB E/R T 13408 AR S, HARFEIG S ; M=
L N E] 1:250 F11:500 5 [ B S2(B)FMI(C) , WMASCZHRHFEE |, BARAEMERAE 5 10 TP
T, AR AR R T 6 AN FN S A BERR IS S Ho G 4 32 S s 7R e n ) 1: 1000 B[] S2(D), UL
ACEHFER ], GORERIKRIFE R T 300K, RIIZIRE X IR A RAF M BERRrE, I H T LA
A A JORE AR .

3L A 1. 25 pmol/wL ) HRP B4 s SE R RRAE 5T T B A T 852 R A, i Sc b d & 101K
PRGN Z T, o 0 RR 22 v R AR 2 v TR AR BR . B S3(A) ~ (D) (AR SCCHEE B W]
AL, RERECLREEMEH 10k, HHE LRI SREYIEHR, RUBZGOKMBEA RIFr AT
R . FEEEH A A K ER 1) 454 58 M R AR G0 T, B A T 2 4 A R a4 R
M 1. 25 pmol/wL 1) HRP B f# s SEREIK, B4 T AR Hil s BME . hIEIS3(A), (E)FI(F) (ASL
TRAF RO AT, B A ) 2 HE D OKR BRI B LR S5 — A R BER ) E LR LT AR, R
Fe,0,@PDA@TiO,@G6P FLAT #55i i) n] 5142 il 5 .

3 3 el AN [] i B AR KA (25~ 150 ) IARTR) 52 HRP B AR (30 wg) I s SRR IRIT 5 1 4R
it . BE%E Fe,0,@PDA@TIO,@GOP 49K A4 FHH 3G (B S4, WASCZHEFE) , SFIPKER
TR K558 i A8 38 AL (A, RIS MR R ik 100 pg BRHE B . 38 33 A5 S DL 4ok
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BRUPIIR ) 7 28 B 29 0 300 mg/g, FBIZE BA BRI gk i
2.3 Fe,0,@PDA@TiO,@G6PIR$T = EEMEFE AL AY I AE

FIH B-casein TEAL T Fe,0,@PDA@TiIO,@GOP #1451 & L BE MR KM BE JT . R AKBRE LR, M1
pmol/p.L 1) B-casein BRI AL BERTIN ) 1 A5 BEARAR A BERR IR 15 5 [ 4(A) 1, i AEBERR RR IS5 o5
i E . A AYORIREE M s R NS, Bk It SRR K5 5 G 4l 2 i HL B T 8 ki
BREGE S [ 4(B) ], BEBTZRE AL 0 S SRR RE 7, & 4 BB AR YRI5 SR TR S2
(WASCEHHFR).
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Fig. 4 MALDI-TOF mass spectra of S-casein digests
(A) Direct analysis; (B) after enrichment by Fe,0,@PDA@TiO,@G6P. ® represents phosphopeptide.

SR FH S RS ALY 5 I 9T T I B X ol B K A A, 1 BR AN S Bt . 29°KE B-casein B4 1A 75
PR RE 22 2 fmol/wL I, FRAR I B A5 5 3 B8 BT TR, (BJL AR RIS, HE/R T 745
BERR K55 [ S5(A), WASCERHFEE | #F— P O mMm B Z 0. 2 fmol/pL B, RIHEI T 64
J& TR K5 BLT ALEAE BRI GS 5 [ B S5(B) , WA S 5 B 15 R B-casein #4971 (1)
TR E 0.02 fmol/pL, YA KERAKARIHHE RN T 4 NBEER K[ B S5(C), WA FR ], £
Fe,0,@PDA@Ti0,@GOP X B Ik HAT B ARAYARE PR . 24 B-casein Bf#EY) 5 BSA FIEE/REL A 1: 1006, 4
) 8 458 TR ARG, Bk L P AAEERE R R (55 (B SS(D), WA RHER ] MPiE
PR JEE I EE A T 1) 12 500 B, 5 P AP R R KA S oD B S A%, (HE LT ASAEEEBE R K I 15 5
[EIS5(E), WASC SR S E ] 1R BE R LI InE) 1: 1000 J5 , BARIAAEBSRAERERR IR T4, Aghk
BRI 2] T 4 B AR [ S5(F) , WASCHFEE B ], £ Fe,0,@PDA@TIO,@GOP 5 X} W iR Ik L.
A RAF IR .

AT M 1 pmol/pL ) B-casein FFfE Y & SEMERR IKBIFSY T HRET 10 T S A3 R FIME: . ZERRRAIGER R
FHE R IR 45 e R v fof ) S8 e 2 B T P % R R VA AR OK Bk, EAT T 10 R AE 3R . B S6(A) ~
(C) (WA HFE 2O WA, AEL 10 IRELZ MG, TREFXTBERR IR & HE /8 )1 LT 55— IRIG I
SEIRAIE, RIIGE A R R T AR . BERS , BdET Fad 10 YR BEIR K & SR P61 B 40 K BR PR
FIEPEERPEMER B S6(D) , WA SCZHHE D ], 585 R THE IR K & 4 1M B B B K 1
SERERILE4(B) ], RUIE R GoP 7EREIR AN R M PEML S B I PR vk . [RIAS, R E BT
0 2 3 AR BB ELA T pmol/pL Y B-casein B & AEBERR INBFSY T HRET Rl A HIME . B e
IR 2 JEARER 1 & AR RE T [ S6 (E) AN (F) , WARSC R B | 55— AORER 0 = 488 J1 [E S6(A) ]
JUTAHIE, FEBAPRET FLAT B i n] 21 52 il 4 1
24 Fe,0,@PDAQ@TIO,@G6P Rt F T [E B = S #E AX/BEER AX

i 1k 5 A7 HRP B A7) F B-casein BRI A 0 i B2 05 BR/BE R IR T T [ ) ' S0 I/
FRIKIDBE ST . 225 3CHR[11,25,30 J4E , 24 nT GEH] A HILIC AT MOA C ML [F]B 5 S0 D/l 1 K 1 5
FEEA, BIFEWR S A R A EREZR s [V(ACN) : V(H,0) : V(TFA)=90:7:3 ], 7E eI #E v R vk
WML V(ACN) : V(H,0) : V(H,PO,)=85:14.5:0. 5], 7E53 20 BB o0 78 b S J5 ok AR R LE A 30: 70 1)
ACN/H,O 4 18 e 22 i F1 0. 4 mol/L 2 /K WA e, 72 [RTESH I B 0 7 vh 2R 1 0. 4 mol/L 2K %
ATV . 75 A0 & 4 HRP B9 1 B-casein B YIIE S MRS 0L T, B P A T 14
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Fig. 5 MALDI-TOF mass spectra of the mixture of HRP and 3-casein digests

(A) Direct analysis; (B) after enrichment by Fe,0,@PDA@TiO,@G6P with 90% ACN, 7% H,0 and 3% TFA(volume ratio) mixed

solution as the binding buffer and 30% ACN and 70% H,O(volume ratio) mixed solution as the elution solution for the first-step

elution; (C) 0.4 mol/L. ammonia aqueous solution as the elution solution for the second -step elution; (D) after enrichment by

Fe,0,@PDA@Ti0,@G6P with 90% ACN, 7% H,0 and 3% TFA(volume ratio) mixed solution as the binding buffer and 0. 4 mol/L

ammonia aqueous solution as the elution solution. ¢ represents glycopeptide, ® represents phosphopeptide.
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Fig. 6 MALDI-TOF mass spectra of glycopeptides(A—C) and phosphopeptides(D—F) captured from human saliva
(A, D) Direct analysis; (B, C, E, F) after enrichment by Fe,0,@PDA@Ti0,@G6P. * represents glycopeptide, * represents phosphopeptide.
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Glucose-6-phosphate Functionalized Hydrophilic Magnetic Probe :
a Dual-purpose Affinity Material for Effective Separation and
Enrichment of Glycopeptides/Phosphopeptides’

WANG Baichun, YUAN Yuxin, YAN Yinghua', DING Chuanfan’, TANG Keqi
(Key Laboratory of Advanced Mass Spectrometry and Molecular Analysis of Zhejiang Province , Institute of Mass
Spectrometry , School of Material Science and Chemical Engineering , Ningbo University, Ningbo 315211, China)

Abstract  Glucose-6-phosphate (G6P) functionalized hydrophilic magnetic probe Fe,0,@PDA@Ti0,@G6P
was constructed by the layer-by-layer modification on the surface of the magnetic core Fe,0,. Polydopamine
(PDA) not only enhanced the hydrophilicity of the probe, but also acted as the coupling linker for the further
grafting of titanium dioxide (Ti0,). In addition to serving as the anchor point of G6P, the grafted TiO, could al-
so effectively enrich phosphopeptides through the metal oxide affinity chromatography technology. The func-
tionalization of GOP gave the nanospheres a highly hydrophilic surface and used the hydrophilic interaction
liquid chromatography technology to achieve the goal of capturing glycopeptides. The results showed that this
dual-purpose affinity probe had a low detection limit (0.1 fmol/pL) , a high selectivity[m(HRP) :m(BSA)=1:
1000 ], a good repeatability (ten cycles) and a high loading (300 mg/g) for glycopeptides. Besides, as for phos-
phopeptides, the obtained G6P functionalized hydrophilic magnetic probe exhibited a low detection limit (0.02
fmol/pL) and a high selectivity [ n(B-casein) :n(BSA)=1:1000]. At the same time, this dual-purpose affinity
material had the ability to simultaneously enrich glycopeptides and phosphopeptides, and 34 glycopeptides
and 36 phosphopeptides were identified from human saliva, indicating that it will show great application pros-
pects in proteomics analysis of a variety of post-translational modifications.

Keywords Dual-purpose hydrophilic magnetic probe; Glucose-6-phosphate; Glycopeptide/phosphopeptide ;
Mass spectrometry detection (Ed.: N, K)
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