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Abstract Glycoproteins play important roles in cellular activities and disease development. However, the abundance of
glycoproteins is often low in complex biological samples. Thus, it is critical to enrich glycoproteins to achieve highly sensi-
tive mass spectrometry (MS) analysis result. Many methods have been developed to enrich glycoproteins, among which hy-
drazide chemistry and oxime click chemistry have received increasing attention because of their universality and unbiased-
ness for labelling glycoproteins. Glycoproteins are captured by covalent binding or high affinity biotin binding on beads in
these methods. Therefore, it is difficult to release glycoproteins from beads. Conventional way such as on-bead digestion is
too harsh that can co-clute non-specifically bound proteins, endogenously biotinylated proteins and streptavidin on beads.
These contaminant proteins would cause background interference in the subsequent glycoprotein identification by MS. In this
study, three kinds of cleavable bifunctional probes named Biotin-Azo-Aminooxy (BAA), Biotin-Dde-Aminooxy (BDA) and
Biotin-Nbz-Aminooxy (BNA) have been designed and synthesized. The cleavable bifunctional probes allow the release of
glycoproteins from beads under mild condition. The mild condition can separate labelled glycoproteins from contaminant
proteins to exclude the interference of non-glycoproteins. We evaluated the labelling and enrichment conditions, cleavage
efficiency, glycoprotein recovery of these probes. The result showed that the properties of BDA and BNA are excellent. Last-
ly, BNA was selected to analyze cell surface glycoproteins by MS. Compared with the traditional method of on-bead diges-
tion, the number of non-glycoproteins in this method decreased from 3564 to 2139 by 40.0% and the total Label-free quanti-
tative (LFQ) intensity of glycoproteins increased by 104.2%. Furthermore, the endogenously biotinylated proteins were
greatly reduced in cleavage method. The result shows that cleavable bifunctional probes can significantly improve the sensi-
tivity and selectivity of the cell surface glycoprotein identification by MS, which provide tools for deep profiling of glyco-
proteins in the field of biology and medicine.
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Figure 1 Workflow of cell surface glycoprotein identification using cleavable bifunctional probes
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Figure 2 (A) Labelling efficiency of the probes. Detection of the signal
of biotin in labelled Fetuin by western blot (WB). (B) Enrichment effect
of labelled protein. Enrich labelled Fetuin by Streptavidin beads and
detect the Fetuin in supernatant and beads by Coomassie blue. Left lane:
Labelled Fetuin. Middle lane: supernatant after capture with Streptavidin
beads. Right lane: boiled beads after capture
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Figure 3 (A) The best cleavage time and cleavage efficiency of different probes. Treat Fetuin labelled by different cleavable probes with different condi-
tion (BAA-50 mmol/L Na,S,04; BDA-2% N,H4; BNA-365 nm UV) for 10 min, 30 min and 60 min. Detection of the remaining biotin in fetuin. (B) The
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Figure 4 (A) Investigation of the gentleness of cutting conditions. In-
cubate Streptavidin beads with cell lysate. (B) Determination of protein
recovery in cell lysate. Determination of protein recovery in cell lysate.
Lane 1: 4 pg cell lysate. Lane 2: 4 pg cell lysate with 0.04 pg labelled
Fetuin. Lane 3: 4 ng labelled Fetuin. Lane 4: Supernatant after cleavage
and elution. Lane 5: boiled beads after cleavage and elution
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K== RVEWR(V - V=100 : 0.1), Jizhtl B N
- =BV © V=100 : 0.1), 4N 10 mL/min,
BB 0 min, 20% B; 1 min, 20% B; 15 min, 80% B;
17 min, 80% B; 18 min, 20% B. 3%|#%4t BA 24 mg, 7~
#J9 26%. '"H NMR (600 MHz, DMSO-ds) 6: 8.16 (s, 1H),
7.76 (q, J=5.2 Hz, 2H), 6.41 (d, J=37.2 Hz, 2H), 4.37 (s,
2H), 4.30 (dd, J=7.7, 5.1 Hz, 1H), 4.12 (dd, J=17.9, 4.4
Hz, 1H), 3.54~3.31 (m, 11H), 3.14~2.99 (m, 6H), 2.81
(dd, J=12.5, 5.1 Hz, 1H), 2.57 (d, J=12.4 Hz, 1H), 2.50
(s, 3H), 2.04 (q, J=6.9 Hz, 3H), 1.60 (p, J=6.8 Hz, 4H),
1.53~1.37 (m, 6H), 1.35~1.16 (m, 4H); '*C NMR (151
MHz, DMSO) ¢: 172.41, 167.47, 163.21, 158.66, 72.12,
70.23, 70.00, 68.56, 61.53, 59.67, 55.90, 38.68, 36.19,
35.77, 35.67, 29.87, 29.17, 28.69, 28.51, 26.52, 25.77,
25.44; HRMS calcd for CosHs3sNOsS [M+H]" 633.3567,
found 633.3637.

REF BAA 183 mg, %4 19%. 'H NMR (600
MHz, DMSO-ds) d: 8.62 (t, J=5.6 Hz, 1H), 8.32 (t, J=5.7
Hz,1H), 8.04 (s, 3H), 7.74 (t, J=5.6 Hz, 1H), 7.62 (d, J=
2.2 Hz, 1H), 7.32 (dd, J=8.4, 2.3 Hz, 1H), 7.03 (d, J=8.4
Hz, 1H), 4.4 (s, 2H), 4.30 (dd, J=7.7, 5.0 Hz, 1H), 4.13
(dd, J=7.7, 4.4 Hz, 1H), 3.53 (dq, J=9.4, 4.6 Hz, 6H),
3.52~3.46 (m, 3H), 3.47 (d, J=4.1 Hz, 1H), 3.38 (it, J=
9.8, 6.2 Hz, 5H), 3.34 (d, J=6.6 Hz, 1H), 3.12~3.05 (m,
3H), 2.81 (dd, J=12.5, 5.1 Hz, 1H), 2.76 (t, J=7.2 Hz,
2H), 2.58 (d, J=12.4 Hz, 1H), 2.05 (dd, J=15.5, 8.0 Hz,
2H), 1.79 (p, J=6.6 Hz, 2H), 1.65~1.56 (m, 3H), 1.56~
1.47 (m, 2H), 1.47~1.41 (m, 1H), 1.36~1.22 (m, 2H);
13C NMR (151 MHz, DMSO) d: 172.41, 167.26, 165.86,
163.20, 159.19, 158.94, 158.69, 158.44, 153.39, 138.78,
136.87, 135.10, 130.98, 128.84, 122.88, 122.21, 118.77,
116.82, 114.90, 71.70, 70.27, 70.24, 70.05, 70.01, 68.73,
68.57, 61.51, 59.66, 55.88, 37.28, 36.19, 36.06, 35.67,
34.36, 29.86, 29.80, 28.68, 28.49, 25.77; HRMS calcd for
C37HssNgOoS [M+H]" 787.3734, found 787.3796.

%l BDA 13 mg, 725K 13%. '"H NMR (600 MHz,
DMSO-d) 6: 13.29 (t, J=5.8 Hz, 1H), 8.49 (t, J=5.7 Hz,
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1H), 7.87 (t, J=5.6 Hz, 1H), 7.76 (t, J=5.6 Hz, 1H), 4.30
(dd, J=7.7, 5.1 Hz, 1H), 4.13 (dd, J=7.8, 4.4 Hz, 1H),
3.60 (q, J=5.7, 5.2 Hz, 2H), 3.48 (dd, J=22.7, 4.7 Hz,
8H), 3.38 (t, J=6.1 Hz, 6H), 3.07 (dq, J=12.5, 6.6 Hz,
5H), 2.90 (s, 2H), 2.82 (dd, J=12.4, 5.1 Hz, 1H), 2.59 (t,
J=14.4 Hz, 2H), 2.28 (s, 4H), 2.18 (t, J=7.3 Hz, 2H),
2.04 (t, J=7.4 Hz, 2H), 1.69~1.55 (m, 7H), 1.55~1.41
(m, 3H), 1.38~1.22 (m, 2H), 0.94 (s, 6H); '3C NMR (151
MHz, DMSO) §: 186.94, 176.07, 172.41, 167.84, 163.19,
158.91, 158.66, 115.06, 107.69, 71.83, 70.23, 70.00, 68.57,
59.66, 55.89, 52.90, 37.86, 36.30, 36.18, 35.67, 30.12,
29.87, 29.82, 28.68, 28.50, 28.28, 27.53, 25.77, 23.72;
HRMS calcd for C37H64N701()S [N["‘H:rr 7984357, found
798.4414.

20A) 2 1 R N Nbz . [ BRI 170
mg T FRIE R A QBRI 10 mL DCM A, Kk
AN 10 mg 4-—HZ Mg (DMAP)FI 500 mg N,N-—-
SRR W R(DIC), HitFESEIALEY 2, =ik
MR ffRBEA G, &KL DCM, 24
V(&) @ VP ES)=5 1 1]. 4ifbJ5 i+
10 mL DCM H, A 0.5 mL TFA, ¥K¥ M 4 h, %
N5 & LRI, IINDCM EZ% 3 1k, £ & iAo
S (Al & S5 ESCHRD S 2IEREE BNA 127 mg,
PN 12%. 'H NMR (600 MHz, DMSO-ds) o: 7.86 (t,
1H), 7.76 (t, J=5.6 Hz, 1H), 7.58 (s, 1H), 7.11 (s, 1H),
6.34 (q, J=6.4 Hz, 1H), 4.76~4.66 (m, 2H), 4.31 (dd, J=
7.7,5.1 Hz, 1H), 4.13 (dd, J=7.8, 4.4 Hz, 1H), 4.06 (t, J=
6.5 Hz, 2H), 3.94 (s, 3H), 3.51 (t, J=4.7 Hz, 4H), 3.46
(dd, J=5.7, 3.3 Hz, 4H), 3.38 (t, J=6.4 Hz, 4H), 3.08 (dq,
J=12.6, 6.4 Hz, 5H), 2.82 (dd, J=12.5, 5.1 Hz, 1H), 2.58
(d, J=12.4 Hz, 1H), 2.23 (t, J=7.4 Hz, 2H), 2.05 (t, J=
7.4 Hz, 2H), 1.99~1.91 (m, 2H), 1.62 (dt, J=13.4, 6.7
Hz, 8H), 1.56~1.50 (m, 1H), 1.50~1.47 (m, 1H), 1.47~
1.41 (m, 1H), 1.36~1.23 (m, 2H); 3C NMR (151 MHz,
DMSO) : 172.39, 171.75, 167.82, 163.18, 158.91, 158.66,
154.11, 147.62, 140.07, 131.51, 116.79, 114.87, 109.40,
108.84, 70.94, 70.23, 70.00, 69.14, 68.86, 68.56, 61.50,
59.65, 56.78, 55.88, 36.29, 36.18, 36.05, 35.67, 31.99,
29.87, 29.81, 28.68, 28.50, 25.76, 25.09, 21.79; HRMS
caled for C35H57N6013S [N[“‘H]Jr 8013626, found
801.3691.
43 FEFRCESEREEYMRER
43.1 HFAHie

HY 35 uL Fetuin ¥ (100 mmol/L RN, 200
mmol/L NaCl, pH=5.5, 1 pg/uL), JIA 0.7 uL 0.1 mol/L
NalO4 /KVEW, #82), BT 4 C, WL/ 30 min. BEJS
BN 0.7 puL 0.2 mol/L NaxS:05 /KA, #2751, EikfE% S
min. HJGHIAN 1 puL 10 mmol/L 41 0.4 puL F %
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F F R

(aniline) E 4L 71, #5), EWEH 2 h [FH 10%
SDS-PAGE, fE 120 V fEE HE T4 &, LL 200 mA
H 2 VAL 2 h )5, SRA IS AEAE A, 7F
EiR N F Streptavidin-HRP T4 20 min (1 : 5000 k¢
o).
432 BAOFTEAXRER

w EFHTERE AR D S, EIE IR R A 2 RIRE. 1
RN 10 pL 88 2 AR B IRFEMERTE 4 Cid R LA
BEEMRMCEA. 585, LIEMMERSHET 98 CH
I 10 min, 7EEER HYK B )5, (6% G ge .
4.4 REVBZGHRUSEWREER
441 A B EERAL S B R EE R

fff BAA. BDA. BNA 43Jl#ric Fetuin,
AH . B Y% 25448 (50 mmol/L NaxS:04+ 2% NoHygw 365 nm
UV)> 343 10 min. 30 min. 60 min. {3 FH%ER B K 2>
B PEIAR JE AT . AT Streptavidin-HRP HpfA 5
H, LER=HMDIRIPE.
442 ELEZER

X} Fetuin #EATHREMPRICAE S5, ] RIPA 2R
(50 mmol/L Tris-HCI (pH=7.4), 150 mmol/L NaCl, 1%
NP-40, 0.25% 15t 580 IH B8N ) A 2 55 22 phl (PBS) 73l ¥
VBRI R B R PR ORI IR, B0, BRE BIE. X
BRASE A R B 26 AR AT DI B AR BE. 72 BAA AHH [ kek
HOIIN 20 uL 75 mmol/L NapyS,04 1) PBS ¥R, =il
30 min, HEH—Ik; £ BDA 4 ikt in A 20 uL 3%
NoH4 [ PBS ¥R, = iRE % 30 min, HE —IX; £ BNA
A R ERHOINN 20 UL 9 PBS ¥, L 365 nm
IR EHR ST 20 min J5 EFEES), EE MWK, IEI5EK
Jf# ] 20 uL 150 mmol/L Tris-HCI (pH="7.6)%}{ERk ¥
=K, BRIK 3 min. G FU)E RBeB .
4.5 IEfFE MRS AR AR R P B Y B ER IR
451 AR FrER MR I E] K4

] 400 pL 293T 4 ZRAEE H (1 pg/pL)IA 10 pL
HER SRR B EREERAE 4 CHRINE, Wik)E, A
ARG A&, A B,
452 =R R & G 0 RN K

B 4 pug FRCEI Fetuin, JIAF] 400 uL 293T 4
MO 2R (1 pg/ul), BN 10 pL FE8E R R IR bE
TERTE 4 CERME, WekE, MARFERTIHGEM %
fF, &It LiE, . XUIEIGENUS f Beads #4798 C
R ERE 10 min, DURERCERE 51 IR B B .
46 YHFEEEELTE

PLUKHAG 1 mL PBS {50k Raji AHHIA X, #0400
ref, 4 °C, 5 min), F2 EiE. I 1 mL PBS W3] {640 i
BIF, BIHAEENNE. I 0.1 mol/L NalOg ff H 243k
J£5 1.6 mmol/L, 7E 4 C /X% 20 min. FE/SLA 1 mL
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PBS Pk =K LABR % NalOs, &0Fk & fE, AN 1 mL
PBS {f L HHr &7, HFA 3 uL 33 mmol/L BNA #R%t
5 1 puL K f(aniline) AT, 4 “CF B2 h, FRic5Em
JELA 1 mL PBS ¥E¥ =R AR L4884, &0k BiE.
A 400 pL /] RIPACGR)RAM, BT UK S 30 s R#E
U, (17000 ref, 4 C, 5 min)B_ -3, A 10 uL
R R MR RFEMERTE 4 CHR UL EERILED.

BEE, SERETIE. LI AT D E], 1)
KM S i) EiE L SISPROT #EAT B iR A B 2hab 3.
FRAAIIA 40 L 50 mmol/L FRIRE S e, TRk ik T
Tty . K AR S %) 22 KRR o 2 AT VRUAE €8 % R G T
(LC-MS)Zr#T. il 2 WishtE A M A/K-F BRI
(V2 V=100 : 0.1), #3NHH B M AK-ZINE-H R
(V:V:iV=20:80:0.1), fEN 0.3 pL/min, 5>k
JZ: 0 min, 3% B; 1 min, 8% B; 52 min, 28% B; 60 min,
45% B; 62 min, 95% B. Jiii 41} Orbitrap Exploris 480
JRUEAN, 9N T % (Nanospray ionization, NSI)Z FJ&,
MR 2100 V, BHEREN 320 C; —HiESH:
Orbitrap 2> #7128, FAFEVEE m/z 400~12000, 5 i
60000, i KIENKSE] 45 ms; — 243t 30 Orbitrap 73 H7
2%, PR 15000, i HESE DL Proteome Discovererl .4
FlMaxQuant 1.6.14 BT E. SHLE v B4R M
WHEN Trypsin/P, % SVFFA B VISR & [ e &1
BB RN B, AT E N PR R R A
IR AT i BE k. LA Uniprot $iais e X 18 e 45 5 op
(RS AT e AL S TR
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