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ABSTRACT

A facile and efficient dynamic coating method using an ionic complementary peptide was established for
high-performance separation of 8-aminopyrene-1,3,6-trisulfonic acid (APTS)-labeled carbohydrates in
a hybrid poly(dimethylsiloxane) (PDMS)/glass microfluidic channel. EAK16-II with a sequence of [(Ala-
Glu-Ala-Glu-Ala-Lys-Ala-Lys), ] can readily self-organize into a complete coating layer tightly adsorbed
on both hydrophobic PDMS and hydrophilic glass surfaces, which efficiently suppressed nonspecific ana-
lyte adsorption and minimized electroosmotic flow (EOF). Separation conditions were systematically
investigated with respect to EAK16-II concentration, running buffer, buffer pH, and field strength (Esep ).
Under the optimal conditions, rapid and reproducible separations of maltodextrin ladder, glycans from
glucosamine capsules, tablets, and pomegranate peel extracts were achieved with over 450000 theo-
retical plates per meter in the hybrid PDMS/glass microchannels dynamically coated with 1.0 mg/mL
EAK16-11-0.05% n-dodecyl B-p-maltoside (DDM), and the relative standard deviation (RSD) values were
less than 3.2% (n=4) for the migration times. The present work provides a facile and efficient means to
minimize EOF and nonspecific analyte adsorption in microfluidic chips fabricated in various substrates,

thereby broadening the applications of microfluidic chips in complicated biological assays.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Carbohydrates, one of the four major classes of biomass along
with proteins, nucleic acids, and lipids, are the most abundant
organic matter and biological molecules on Earth since they exist
in all living creatures including animals, plants, and bacteria [1-3].
Not only do carbohydrates serve as the main energy stores and
fuels, as well as the structural elements in cell walls, of animals and
plants, they also play vital roles in mediating cell-cell recognition
and the interactions of cells with the cellular environment, making
carbohydrate analyses necessary and significant for researchers.
However, separation of carbohydrates still remains a challenge
owing to the immense structural diversity and heterogeneity of
carbohydrates from various natural sources, such as exceptionally
high numbers of chiral centers, the wide variety of glycosidic bonds,
and the number and position of branched chains [4,5]. Recently,
various techniques have been used in the analysis of complex car-
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bohydrates, such as mass spectrometry (MS) [6], high performance
liquid chromatography (HPLC) [7-11], capillary electrophoresis
(CE) [12,13], fluorescence-assisted carbohydrate electrophoresis
(FACE) [14], microchip electrophoresis (ju-CE) [15,16], and elec-
trochemical detection (ED) [17], or their combinations [18-22],
in plant analysis, fermentation and metabolism studies, pharma-
ceutical engineering, and food industries. Among these methods,
1-CE is a promising candidate in carbohydrate analysis owing to its
unique characteristics of high speed, high throughput, low sample
consumption, great integration, miniaturization, and automation
[4,15-17].

In recent years, poly(dimethylsiloxane) (PDMS) has become one
of the most extensively used materials in laboratories for the fab-
rication of microfluidic chips [23-29]. The common process for
fabricating microfluidic chip is the bonding of a PDMS replica
onto a glass slide, forming a hybrid PDMS/glass microfluidic chip
with enclosed microchannels[27,30-35].In biological applications,
the use of both highly hydrophobic PDMS and hydrophilic glass
generally leads to severe nonspecific analyte adsorption [27-29]
and unstable electroosmotic flow (EOF) [30-33], resulting in a
decrease in chip performance. To address this intractable problem,
a significant amount of work has been directed toward develop-
ing methods, mainly including physically adsorbed [15,23,33,36]
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and covalent modification [31,32,37], for better use of microflu-
idic chips. However, the completely different surface properties of
PDMS and glass make chip surface modification a huge challenge
[27,28]. Generally, covalent modification are case-dependent and
multistep processes and are not always suitable for microfluidic
chips fabricated in different materials. Dynamic coatings are gen-
eral and the most widely used surface modification approaches
in electrophoretic analysis, in which coating additives, such as
water-soluble polymers, surfactants, and amphiphilic molecules
dissolved in running buffers, are physically adsorbed on the channel
walls to form a coating film for the suppression of EOF and non-
specific analyte adsorption [4,15,23,33,36]. Among the additives,
polymer additives such as polyethylene glycol (PEG) and methyl
cellulose (MC) clearly reduce nonspecific adsorption of analytes
and improve separation. However, the addition of concentrated
additives in running buffers can easily increase the buffer viscosity
or conductivity, leading to rather difficult handling of microfluidic
chips. In recent study, we found that ionic complementary pep-
tides EAR16-II [(Ala-Glu-Ala-Glu-Ala-Arg-Ala-Arg), | and EAK16-I1
[(Ala-Glu-Ala-Glu-Ala-Lys-Ala-Lys), ], with alternating hydrophilic
and hydrophobic amino acid residues, show high surface affinity
for solid surfaces with negative charges such as PDMS [33] and
poly(methyl methacrylate) (PMMA) [36] via ionic hydrogen bond-
ing, resulting in negligible analyte adsorption. Since both PDMS and
glass surfaces are negatively charged under physiological pH condi-
tions, ionic complementary peptides may be ideal coating additives
for suppressing EOF and nonspecific analyte adsorption in hybrid
PDMS/glass microchannels.

In this study, a facile dynamic coating method using ionic com-
plementary peptide EAK16-II [(Ala-Glu-Ala-Glu-Ala-Lys-Ala-Lys); |
was developed for the rapid and efficient electrophoretic analysis
of carbohydrates in hybrid PDMS/glass microchannels. The sepa-
ration conditions were systematically investigated with respect to
the EAK16-II concentration, running buffer, buffer pH, and electric
field strength (Esep ). Under the optimal conditions, 8-aminopyrene-
1,3,6-trisulfonic acid (APTS)-labeled maltodextrin ladder, glycans
from glucosamine capsules, tablets, and pomegranate peel extracts
were well separated with high efficiency and reproducibility in the
hybrid PDMS/glass microchannels.

2. Experimental
2.1. Chemicals and solutions

Maltodextrin ladder, DDM, and APTS were obtained from
Sigma-Aldrich (St. Louis, MO). EAK16-II (>95% pure by HPLC) was
synthesized by China Peptides Co., Ltd. (Shanghai, China). Sodium
cyanoborohydride (NaBH3CN), dimethylsulfoxide (DMSO), and all
other chemicals were ordered from local commercial suppliers
and were of analytical reagent grade unless otherwise specified.
Glucosamine capsules and tablets were purchased from a local
pharmacy, and glycans PGP from pomegranate peel extracts were
prepared as described by Zhou et al. [38]. Deionized (DI) water
(Milli-Q, Millipore, Bedford, MA) was used to prepare aqueous
solutions. Running buffers containing 1.0 mg/mL EAK16-II were
prepared using 10 mM phosphate, 10 mM borate, or 10 mM Tris-
HClI buffer containing 0.05% DDM; the solutions were stirred slowly
until they appeared homogeneous and transparent. Buffers were
adjusted to the desired pH using NaOH.

2.2. Preparation and labeling of samples

Glycans were extracted from glucosamine capsules and tablets
and pomegranate peel using solvent grinding extraction, and
the final solutions were filtered through 0.22 wm Nylon filters

before labeling. Maltodextrin ladder and extracted glycans were
labeled with APTS to impart charges for electrophoresis and render
the glycans fluorescent [4,15,23]. Briefly, in a 1.5 mL microcen-
trifuge tube, 20 L of 1.0 mg/mL maltodextrin ladder, glucosamine
capsule (1.0g glucosamine hydrochloride/g) and tablet (500 mg
glucosamine hydrochloride and 200mg chondroitin sulfate/g)
extracts, or pomegranate peel extracts was mixed with 2 pL of
100 mM APTS in a 0.9 M acetic acid solution and 10 pL of 1.0M
NaBH3CN in DMSO. The mixture was kept in a water bath at 55°C
for 2.0 h, and then the reaction mixture was diluted with DI water
to 100 pL and stored at —20 °C. An aliquot of the above derivatized
samples was diluted to the desired concentrations with DI water
prior to analysis.

2.3. Fabrication of microchips

The PDMS microfluidic chips were fabricated in PDMS using a
rapid prototyping technique, starting with a master composed of
a positive relief of negative NR21-20000P resist on a glass slide
made using photolithography [31,33,39]. The PDMS base and cur-
ing agent were mixed thoroughly at a mass ratio of 10:1, degassed
under vacuum, poured onto the master, and cured in a vacuum
oven at 70°C for 90 min. Then, the PDMS replica was peeled from
the master, and holes were punched in it (2.5 mm in diameter)
to create the reservoirs. Then, it was irreversibly bonded to a
25 mm x 75 mm microscope glass slide using air plasma, forming a
hybrid PDMS/glass microchip. The hybrid PDMS/glass microchips
had a simple cross channel of 100 pm wide and 30 wm deep.

2.4. Preparation of PDMS and glass surface specimens

PDMS and glass slabs (10 mm x 10 mm) were first sonicated in
1.0 M NaOH and DI water for 30 min and dried under vacuum to
obtain PDMS and glass substrates. Then, PDMS and glass sheets
were immersed in 10 mM phosphate buffer (pH 6.76) containing
1.0mg/mL EAK16-II at 25°C for 1h. Afterward, PDMS and glass
sheets were pulled out of the solution and dried at 25°C, and then
washed thoroughly with DI water and dried under vacuum. Finally,
PDMS and glass specimens were characterized by water contact
angles (WCAs) measurement, atomic force microscopy (AFM), and
X-ray photoelectron spectroscopy (XPS).

2.5. Characterization of PDMS and glass surfaces

WCAs measurements were performed using an OCA 20 opti-
cal contact angle meter (Dataphysics, Inc., Stuttgart, Germany) via
the sessile drop technique using DI water. The data given were
based on ten contact angle measurements at five different positions
on the PDMS and glass specimens. The AFM images of the pris-
tine and EAK16-II-coated PDMS and glass surfaces were acquired
using a CSPM5500 atomic force microscope (Beijing, China) in
tapping mode. The measurements were performed at a scan fre-
quency of 2Hz using a standard silicon tip with a resonance
frequency of 306 kHz. Measurements were made three times at
different areas of each PDMS and glass specimen in a scanning
area of 2.0 wm x 2.0 wm. XPS analyses were performed using an
Axis Ultra X-ray photoelectron spectrometer (Kratos Analytical
Ltd., Manchester, UK) with an Al X-ray source operating at 150 W
(15kV, 10 mA). The vacuum in the main chamber was kept above
3 x 102 Pa during XPS data acquisition. The specimens were ana-
lyzed at an electron take-off angle of 45° with respect to the surface
plane. General survey scans (binding energy range of 0-1200eV,
pass energy of 80eV) and high-resolution spectra (pass energy of
75eV)inthe C1s, 0 1s, Si 2s, Si 2p, and N 1s regions were recorded
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for all modified PDMS and glass substrates. The binding energies
(BEs) were referenced to the C 1s binding energy at 284.6eV.

2.6. Microchip electrophoresis

All w-CE experiments were carried out on a laboratory-built sys-
tem based on an inverted fluorescence microscope (Olympus IX51)
using a 100 W high-pressure mercury lamp as the excitation radi-
ation source. The light from the mercury lamp was filtered by a
460-490 nm band-pass filter, reflected by a 505 nm dichroic mirror,
and then focused on the microchannel by a 20 x objective (NA 0.45).
The emitted fluorescence was collected through the same objec-
tive with a 510 nm band-pass filter and captured by a photosensor
module (H10722-110, Hamamatsu Photonics, Hamamatsu, Japan).
The resulting signals were finally collected and processed with a
Model N2000 chromatography workstation (Zhejiang University,
Hangzhou, China).

The distances from the channel intersection to the sample (S),
sample waste (SW), buffer (B), and buffer waste (BW) wells were
5.25,5.25,5.75, and 37.5 mm, respectively. The effective separation
channel length was 30 mm. Potentials were applied to the sample,
buffer, and waste reservoirs with an HVS448-3000D high-voltage
sequencer (from 0 to 1500V) for the w-CE experiments. Prior to
each experiment, the PDMS microchannels were modified first by
flushing them with 100 pL of a 10 mM running buffer containing
EAK16-11and 0.05% DDM. Then, all reservoirs were filled with either
the running buffer containing additive or sample using a pipette.
For sample loading, 300V was applied to the SW reservoir while
the other three reservoirs were grounded. Following a 30s sam-
ple injection, subsequent separation was triggered by applying a
high potential of 1480V to the waste reservoir and a corresponding
potential of 480V to both the S and SW reservoirs while ground-
ing the buffer reservoir to create the desired field strengths in the
separation microchannels.

The EOF in the hybrid PDMS/glass microchannel was measured
using previously reported monitoring method [15,33]. Briefly, the
reservoirs and the fluidic channels of the hybrid PDMS/glass chip
were filled with a 10 mM phosphate buffer, and the contents of the
buffer waste reservoir were then replaced with a 5 mM phosphate
buffer. The current variation in the fluidic channel was monitored
after electrical field being applied to the channel, and the time
required for the current to reach a constant level was recorded.
The electroosmotic mobility, .-EOF, was calculated by dividing the
channel length by the buffer replacement time and the electric field
strength.

2.7. Safety considerations

1-CE used high voltages; hence, special care should be taken
when handling the electrophoresis electrodes to avoid possible
electrical shock.

3. Results and discussion

3.1. Separation of APTS-labeled maltodextrin ladder in the hybrid
PDMS/glass microchannels dynamically coated with EAK16-11

It is well observed that the concentrations of coating additives
significantly influence the dynamic coating and separation perfor-
mance in w-CE [4,15,40]. Our previous work showed that DDM
can efficiently promote the self-assembly of peptides into a com-
plete and compact coating layer composed predominantly of tightly
packed B-sheets on both hydrophobic and hydrophilic PDMS sur-
faces [33]. Therefore, all running and coating buffers in subsequent
experiments contained 0.05% (w/v) DDM. As shown in Fig. 1A,
no reproducible separation of APTS-labeled maltodextrin ladder
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Fig. 1. (A) Microchip electropherograms of APTS-labeled maltodextrin ladder in the
hybrid PDMS/glass microchannels dynamically coated with (a) 0.0 (b) 0.1, (c) 0.4,(d)
0.6,(e)0.8,(f) 1.0,and (g) 1.2 mg/mL EAK16-11-0.05% DDM. Experimental conditions:
Esep=270V/cm, 10mM phosphate buffer (pH 6.76). (B) Microchip electrophero-
grams of APTS-labeled maltodextrin ladder in different commonly used buffers in
the hybrid PDMS/glass microchannels: (a) 10 mM borate buffer, pH 9.4; (b) 10 mM
phosphate buffer, pH 6.76; and (c) 10 mM Tris-HCl buffer, pH 8.0. Experimental
conditions: Esep =270V/cm, 1.0 mg/mL EAK16-11-0.05% DDM.

was obtained in an uncoated microchannel due to strong ana-
lyte adsorption on the microchannel. In contrast, the separations
obviously improved with the increased EAK16-II in 10 mM phos-
phate buffer (pH 6.76), and no further improvement in separation
performance was observed at 1.0 mg/mL EAK16-II or above, indi-
cating negligible analyte adsorption in the microchannels. Thus,
1.0 mg/mL EAK16-II containing 0.05% DDM was used in the running
buffers. Next, the effect of running buffers on the separation of gly-
cans was investigated including 10 mM phosphate buffer (pH 6.76),
10 mM borate buffer (pH 9.4), and 10 mM Tris-HCl buffer (pH 8.0).
As compared with 10 mM Tris-HCl buffer (pH 8.0) and borate buffer
(pH 9.4), 10 mM phosphate buffer (pH 6.76) allowed more rapid
and reproducible separations of APTS-labeled glycans (Fig. 1B).
The baseline separations of more than 15 APTS-labeled glycans
in a maltodextrin ladder were achieved with high reproducibility
within 70 s at EAK16-II concentrations of 1.0 mg/mL with more than
4.0 x 10° theoretical plates/m. Relative standard deviation (RSD)
values less than 3.2% (data obtained in four different microchan-
nels, n=4) were obtained for the migration times of APTS-labeled
glycans. Therefore, 10 mM phosphate buffer (pH 6.76) containing
1.0 mg/mL EAK16-11-0.05% DDM was used in the subsequent exper-
iments. Also, the EOF of 10 mM phosphate buffer (pH 6.76) was
substantially suppressed from (+3.45+0.12) x 10~4cm? V-1s1in
an untreated microchannel to (+0.39+0.03)x 10~4cm2V-1s-1
(n=4) in a hybrid PDMS/glass microchannel dynamically coated
by 1.0 mg/mL EAK16-IL

3.2. Characterization of EAK16-II coatings on the PDMS and glass
surfaces

AFM measurements were conducted to further confirm the exis-
tence of EAK16-II self-assembled into a coating layer on both the
hydrophobic PDMS and hydrophilic glass surfaces. Fig. 2Al and Alll
showed the AFM images of the pristine PDMS and glass surfaces,
respectively, which exhibited relatively smooth surfaces with vis-
ible ridges and valleys. In contrast, the PDMS and glass surfaces
coated with EAK16-II showed discernible ribbon-like structures
(arrows in Fig. 2AIl and AlV), forming continuous and tight self-
assemblies with clearly visible holes. As shown in Table 1, the WCAs
of the pristine hydrophobic PDMS and hydrophilic glass substrates
were 120.3°+0.4 and 21.2° £ 0.3, respectively, whereas a slightly
decreased WCA of 111.4° 4+ 0.6 and a significantly increased WCA
of 92.4° 4+ 0.7 were observed for the EAK16-II-coated hydropho-
bic PDMS and hydrophilic glass surfaces. This indicates that the
hydrophobic and hydrophilic sides of EAK16-II were exposed to
the solution and the surface, respectively, on both the hydrophobic
PDMS and hydrophilic glass surfaces, consistent with previously
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Fig. 2. (A) AFM topography images (2 pm x 2 um) of the pristine PDMS (AI) and glass (AIIl), coated PDMS (All) and glass (AIV) by EAK16-11-0.05% DDM. Scale bar, 500 nm.
(B) XPS spectra of the uncoated and EAK16-11-0.05% DDM-coated PDMS and glass surfaces.

Table 1
Water contact angles on the PDMS and glass surfaces coated with EAK16-11-0.05%
DDM.

Coating additives WCA, degrees®

Hydrophobic PDMS

1203 +04
111.4+0.6

Hydrophilic Glass

No additives
1.0 mg/mL EAK16-1I-DDM

21.2+03
92.4+0.7

2 Data are reported as the mean + standard error (n=6).

Table 2
Elemental compositions of the uncoated and EAK16-11-0.05% DDM-coated PDMS
and glass surfaces determined by XPS.

Substrates Atomic Concentration (%) Ratio
Cls O1ls Si2p Nis o/C
PDMS 51.45 26.48 22.07 0.00 0.51
EAK16-1I-DDM/PDMS 51.83 38.64 5.66 3.87 0.75
Glass 23.86 53.26 22.88 0.00 223
EAK16-1I-DDM/Glass 38.66 45.73 12.23 3.38 1.18

reported results [33,36]. The XPS spectra of the pristine PDMS and
glass surfaces showed four typical peaks: O1s, Cls, Si2s, and Si2p
at 531, 283, 151, and 102 eV, respectively (Fig. 2B). For the EAK16-
[I-coated hydrophobic PDMS and hydrophilic glass surfaces, N1s
peaks appeared at 398 eV, which only belongs to the amine group of
a peptide, thus confirming the existence of self-organized peptides
on the surfaces. Based on the N 1s content (Table 2), the coverage
of EAK16-II on the PDMS and glass surfaces was nearly identical.
WCAs and XPS measurements further verified the AFM observa-
tions that EAK16-II self-assembled into a complete and compact
coating layer tightly adsorbed on both the hydrophobic PDMS and
hydrophilic glass surfaces, which greatly suppressed the analyte
adsorption and EOF in hybrid PDMS/glass microchannels.

3.3. Optimization of electrophoretic separation conditions

3.3.1. Effect of buffer pH

Because of the three strong negative charges of APTS-labeled
maltodextrin ladder, it is very possible to investigate the elec-
trophoretic behavior of APTS-labeled glycans on the hybrid
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Fig. 3. (A) Effect of buffer pH on separation of APTS-labeled maltodextrin ladder
in the hybrid PDMS/glass microchannels. Experimental conditions: Esep =270V/cm,
1.0 mg/mL EAK16-11-0.05% DDM, 10 mM phosphate buffer at different pH values. (B)
Effect of electric field strength on separation of APTS-labeled maltodextrin ladder in
the hybrid PDMS/glass microchannels. Experimental conditions: 1.0 mg/mL EAK16-
11-0.05% DDM, 10 mM phosphate buffer (pH 6.76).

PDMS/glass microfluidic chips, and if the EAK16-II coating layer on
the channel walls is stable, highly reproducible separation under
a wide pH range can be achieved. As expected, the separation
efficiency of APTS-labeled maltodextrin ladder did not change sig-
nificantly as buffer pH values increased from 3.76 to 9.76, and
remained nearly constant at buffer pH between 6.76 and 7.76,
clearly indicating that the EAK16-II coating layer was adsorbed
stably on the microchannels and intact after rinsing with copious
amounts of buffer. Thus, effective and size-dependent separation
was achieved under both acidic and alkaline conditions (Fig. 3A).
The baseline separations of more than 15 APTS-labeled glycans
were achieved with high efficiency and reproducibility within 80's
with more than 4.5 x 10° theoretical plates/m, and the RSD values
were less than 2.4% (n=4) for the migration times. Therefore, the
buffer pH of 6.76 was selected for the following APTS-labeled glycan
separations.

3.3.2. Effect of separation electric field strength

As expected, the field strength in the separation microchannels
(Esep) was a key factor in further improvement of the separation
efficiencies of APTS-labeled glycans. Owing to the short separation
length of microchips, high electric field strength is often desirable
for high-performance separation in w-CE. Therefore, high electric
field strength was applied in the hybrid PDMS/glass microchannels



156 N. Li et al. /J. Chromatogr. A 1481 (2017) 152-157

A B
PGPI
I
= M z
2 AN PGPII
PGPIIl
/
)
20 40 60 80 40 80 120 160 200
Migration Time(s) Migration Time (s)

Fig. 4. (A) Microchip electropherograms of carbohydrates extracted from (a)
glucosamine tablets and (b) glucosamine capsules: peak I, chondroitin sulfate;
peak II, glucosamine hydrochloride. (B) Microchip electropherograms of glycans
PGPI, PGPII, and PGPIII from pomegranate peel extracts. Experimental conditions:
Esep =270V/cm, 1.0 mg/mLEAK16-11-0.05% DDM, 10 mM phosphate buffer (pH 6.76).

using an additional high-voltage power supply to achieve repro-
ducible and highly efficient separations. Fig. 3B showed that the
separation efficiency increased distinctly with increasing Esep, and
then decreased considerably as Esep exceeded 270V/cm, at which
electric current increased irregularly, indicating that Joule heating
may lead to peak broadening and should be responsible for the
decrease in separation efficiency. The baseline separation of APTS-
labeled maltodextrin ladder was achieved in the hybrid PDMS/glass
microchannel within 70 s under Esep of 270 V/cm with more than
5.0 x 10° theoretical plates/m, and the RSD values of the migration
times were less than 2.0% (n=4); therefore, the optimal Esep was
approximately 270 V/cm for efficient electrophoretic separation of
glycans.

3.4. Sample analysis

The electropherograms showed that the main components were
chondroitin sulfate and glucosamine hydrochloride, commercially
available dietary supplements similar to calcium preparations,
which are widely used for osteoarthritis patients to relieve pain
and slow the rate of joint space narrowing and act as first-line phar-
macological treatments for long-term control of symptoms of knee
osteoarthritis [41,42]. Fig. 4A showed the microchip electrophero-
grams of glycans extracted from glucosamine capsules and tablets.
The chondroitin sulfate and glucosamine hydrochloride, which the
content is consistent with drug instructions, were well identified in
a 30 mm microchannel within 40 s with high efficiency and repro-
ducibility, and these results were in accordance with HPLC results
[43].

Pomegranate peel, an important source of polyphenols and
other antioxidants, has been used extensively as an ingredient of
choice in nutraceuticals and the folk medicine of many cultures
owing to its therapeutic properties such as its immunomodulatory,
antioxidative, anticancer, and hypoglycemic activity [38,44]. The
microchip electropherogram of glycans PGPI, PGPII, and PGPIII from
pomegranate peel extracts is shown in Fig. 4B. The baseline separa-
tions of PGPI, PGPII, and PGPIIl were achieved within 180 s with high
reproducibility, which conformed to the previously obtained HPLC
results [38]. This approach may provide a quicker and more conve-
nient method to determine the complex carbohydrates in Chinese
herbs and Western medicine.

4. Conclusion

In this study, we developed a rapid and reliable electrophoretic
separation method for high-performance carbohydrate analyses
based on hybrid PDMS/glass microfluidic chips dynamically coated
with ionic complementary peptide EAK16-II. This study demon-
strated that EAK16-II interacts strongly with the surface negative

charges on both the hydrophobic PDMS and hydrophilic glass sur-
faces, forming a complete and irreversible coating layer packed
tightly on the hybrid PDMS/glass chip surfaces under both acidic
and alkaline conditions, which helped to achieve high-performance
and reproducible separations of analytes. The proposed method not
only provides a universal means for analysis of complex carbohy-
drates extracted from pharmaceutical or other biological samples,
but also opens up new possibilities for the future development of
techniques for addressing the nonspecific analyte adsorption and
biocompatibility of microfluidic chips fabricated in various mate-
rials.
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