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Preparation of Boronic Acid—Functionalized Mesoporous Nanomaterial and
Its Application in Enrichment of Glycopeptides
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Abstract A boronic acid-functionalized mesoporous nanomaterial was prepared by using a two-step post-grafting method.
Firstly, the 3-glycidyloxypropyltrimethoxysilane (GLYMO) and 3-aminophenylboronic acid monohydrate (APB) were re-
acted in oxyhydrogen sodium solution (pH 9.18) to prepare boronic-acid bonded GLYMO (denoted as GLYMO-APB). Sec-
ondly, the MCM-41 was added into the prepared GLYMO-APB solution to prepare the final product of boronic acid func-
tionalized MCM-41 (denoted as MCM-41-GLYMO-APB). This as-prepared material was characterized by FT-IR and the
results showed that the boronic acid groups were successfully grafted to MCM-41. Glycopeptides can be enriched with high
selectivity and high efficiency based on the formation of a cyclic diester between boronic hydroxyl and cis-diol on the glycan
chain. The conditions of enriching glycopeptides in mixed digests of standard proteins by MCM-41-GLYMO-APB were
compared and optimized. The incubation time, incubation solutions, washing ways and eluents used in the enrichment of
glycopeptides were investigated. When using the ammonium bicarbonate buffer (100 mmol/L, pH 8.0) as the incubation so-
Iution and incubated for 1 h, the maximum number of enriched glycopeptides from horseradish peroxidase (HRP) digests
could be obtained. After enrichment, washing the prepared material with the incubation solution twice for 5 min, nonglyco-
peptides interference can be in a large extent removed. The enriched glycopeptides binding to the surface of
MCM-41-GLYMO-APB could be released when using 1% trifluoroacetic acid containing 2,5-dihydroxybenzoic acid as the
eluent, the operating steps could be simplified when using this optimized eluent because there was no need of adding the
MALDI matrix solution afterwards. Therefore, this optimized protocol provided a reference for the glycopeptide enrichment
with boronic acid-functionalized materials, and it also laid the foundation for the research of utilizing boronic acid-based
chemical method to the glycopeptide enrichment in biological samples. Meanwhile, the highly ordered hexagonal cylindrical
mesoporous structure of MCM-41-GLYMO-APB provided the possibility of being used for the research of glycopeptidome
in biological samples.
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Figure 1 Overview of the preparation of boronic acid-functionalized
MCM-41 mesoporous nanomaterial
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Figure 2 FT-IR spectra of boronic acid-functionalized MCM-41
mesoporous nanomaterial
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Figure 3 MALDI-TOF mass spectra of tryptic HRP and Myo before (a, b) and after enrichment by MCM-41-GLYMO-APB (c, d) and MCM-41 (e, 1),
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Figure 4 MALDI-TOF mass spectra of tryptic HRP and Myo after
enrichment by MCM-41-GLYMO-APB with different incubation time

WO (&) 5a), 4 4% HRP BRI 1 5 45 (m/z 1853 5
k2592, 3355, 3895 H1 4984), HIAEKEKIEE D, FIHEE
R (K Sb), HA 3 4 HRP [k s 4
(m/z {653 3N 2592, 3673 F1 4984), o m/z {H o 3673
) 5t i & )3 )& T B Bk N,gsHexsHexNAc,dHex,Pent,
(272~294). ek IR G2 il s AR IR AL T B IR
RGBT T RE A R B £h 0 AR R M, DRk
TERE S T B RR B AN S B 2%, 6 53 M TP i PR AR
55, MIBRIRE AR M, (EFE S T gl fhid F g
TR HERE S LR AT DA R34y, BRI i £
PALU
224 FHikFi XehikE

R MCM-41 [ 1 C gz thfietl, H254R
B B A A N IR, AR IR 2 A S b R B 7 A
BRI, A RHE A R AT & R, — o

538  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

20 ‘1.

o Ll i

2000 2500 3000 350%/4;000 4500 5000 5500

2502
o b ¥ BB
80

& 60 3673 4984

= 40 * >

o2000 2500 3000 350%/%000 4500 5000 5500

B 5 AN EE S M MCM-41-GLYMO-APB %f Myo #1 HRP [t
AR B S W0 R 2 K] MALDI-TOF Jiik 5]

Figure 5 MALDI-TOF mass spectra of tryptic HRP and Myo after
enrichment by MCM-41-GLYMO-APB with different incubation solu-
tions
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Figure 6 MALDI-TOF mass spectra of tryptic HRP and Myo after enrichment by MCM-41-GLYMO-APB with different washing ways
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Figure 7 MALDI-TOF mass spectra of tryptic HRP and Myo after
enrichment by MCM-41-GLYMO-APB with different eluents
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