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On-line enrichment and separation of glycoprotein by capillary
electrophoresis based on pH response coating column

ZHANG Jian, XU Caifeng, MA Cailian, HE Maofang, ZHANG Bo, LIU Chunye "
(School of Pharmacy, Xi’ an Medical University, Xi’ an 710021, China)

Abstract: A capillary column coated with 3-aminophenylboronic acid ( APBA )-functionalized
gold nanoparticles (AuNPs@ APBA) was prepared via electrostatic self-assembly. The coated
column exhibited anti-nonspecific adsorption of glycoproteins, enabling selective online enrich-
ment during capillary electrophoresis ( CE). First, gold nanoparticles ( AuNPs) were synthe-
sized using the sodium citrate reduction method. Then, APBA was self-assembled electrostati-
cally on the surface of the AuNPs to obtain AuNPs@ APBA. This nanomaterial was bonded to
the inner wall of a capillary through ion adsorption to produce a AuNPs@ APBA-coated capillary
column. Glycoproteins were adsorbed via bond formation with boric acid groups under alkaline
conditions (pH 8) to generate borate esters. Under acidic conditions (pH 3), the borate esters
dissociated to release the glycoproteins, thereby achieving the selective online enrichment and
separation of glycoproteins. The AuNPs and AuNPs@ APBA were characterized using Fourier
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transform infrared spectroscopy, and their sizes and Zeta potentials were determined. In
addition, the electroosmotic flow ( EOF) of the AuNPs@ APBA-coated capillary column was
measured. The results showed that the surface of the AuNPs was successfully modified with
APBA and that AuNPs@ APBA was adsorbed on the inner wall of the capillary. The peak area of
ovalbumin (OVA) on the AuNPs@ APBA-coated column was 26. 46 times higher than that on a
bare column via conventional electrophoresis. In contrast, the peak area of bovine serum albu-
min (BSA) only increased by 8. 47 times, indicating that the AuNPs@ APBA coated column se-
lectively enriched glycoproteins. Evaluation of the reproducibility and stability of this method
revealed that the AuNPs@ APBA coated capillary column could be used continually for 33-67 h.
The relative standard deviations (RSDs) of the peak areas for intra-day (n=5) and inter-day
(n=6) analyses were 2.2% and 3. 0%, respectively. The developed method was successfully
applied to enrich glycoproteins in a 1x10°-fold diluted egg white sample. Glycoproteins were not
detected using conventional electrophoresis on the bare column, whereas the AuNPs@ APBA-
coated capillary column effectively enriched and separated glycoproteins, resulting in a peak
area of 10 469 mAU - ms. Furthermore, the entire enrichment and separation process was com-
pleted within 3 min. This new online enrichment and separation method for glycoproteins has
the advantages of low sample consumption, simple operation, and high separation efficiency.
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Fig. 1 Illustration of the on-line enrichment and separation for glycoproteins
AuNPs@ APBA ; 3-aminophenylboronic acid ( APBA)-functionalized gold nanoparticles.
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2.2 AuNPs@APBA AEEMAEFMRIE

AWFFEH ] DMSO £ 42 AuNPs@ APBA IR
FEEME R, L5 REV, 4 HDB IR E
Jii ,DMSO i tH I B 8] By 5. 05 min #E 4 £ 10. 88
min, F 72 i (EOF) fH M 2.978x 107 em?®/(V -+ )
FEAR % 1.383x 102 em?/(V - s) , AT 41 B 4 45
P RE L B D) B0 1E HL AT IR )2 5 48 AuNPs@ APBA
VR J5 , DMSO (1 i W B 8] By 10. 88 min 47 4 &
9.70 min, EOF {H# K% 1.552x107 cm’/(V - s)
%4 F R U] AuNPs@ APBA 5014 7 & B4
N EE
2.3 REMEGFHER

16 pH 4 8 WIS B H B2 5 AuNPs@

APBA & [ 1) 02 255 141 45 5 T2 U R T , A 1T 0 i
B 5 >4 pH Sk 3 I BITRR TR A A= A 25 4 2 1 BORE A
BT FIRIF I AuNPs@ APBA 14 )2 T 4045 4 ] 52
PV IR PR TR L & R S50 B . TERER A
W Bt 2 e, PBS TR A 1 2 X B A 4R
BIRCR A, ARSI DIFRRE 1x10° A5 A BT
FEAC NG oA T e i #2 v PBS(pH 3)
PIEAETT, HIE 3 AT, PBS(pH 3) IEAE
F153 919 137.9 kPa Fl 103. 4 kPa i (75 AR [a] 4
H10 ), UKIER L AT A RIS 4
AJESTEARE 34. 5 KPa B, HIL KA BL 28 S 54 RE A
WA B IS TR AR AT 3K 17 226 mAU - ms, B 8 B a]
ik 134 485 A/m  XFRE 4 0. 991, 7] UL 249 /)N
TEAESA B T3 m b A R i s AR O B AIUR
SIHT IR A ) 3 R AT RE 2 S O b 1 i I
B B 7 AR 22 S ) DT 4 S B P K I L 2R AR S
RIS %, HIL, AL R &% PRTE 34.5 kPa J& /)
T A PBS(pH 3) , i ARTE R 10 s,

| 2mau

34.5kPa

137.9 kPa

0 0.5 1.0 1.5 2.0 2.5 3.0

t/ min
B3 BEEHER(BEIx10° &) ERREN
EATHHEXE

Fig. 3 Electropherograms of egg whites (1x10°-fold
diluted) under different injection pressures
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Fig. 4 Electropherograms of (a) ovalbumin (OVA) and
(b) bovine serum albumin ( BSA) after separa-
ted by AuNPs @ APBA coated capillary column
and bare column
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Fig. 5 Electropherograms of egg white samples at different dilution ratios separated by
AuNPs@ APBA coated capillary column and bare column
a. 20-fold diluted; b. 2x10%-fold diluted; c. 1x10°-fold diluted; * chromatographic peak of glycoprotein.
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