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A simple and sensitive carbohydrate biosensor has been suggested as a potential tool for accurate analysis

of cell surface carbohydrate expression as well as carbohydrate-based therapeutics for a variety of diseases

and infections. In this work, a sensitive biosensor for carbohydrate-lectin profiling and in situ cell surface

carbohydrate expression was designed by taking advantage of a functional glycoprotein of glucose

oxidase acting as both a multivalent recognition unit and a signal amplification probe. Combining the
gold nanoparticle catalyzed luminol electrogenerated chemiluminescence and nanocarrier for active
biomolecules, the number of cell surface carbohydrate groups could be conveniently read out. The
apparent dissociation constant between GOx@Au probes and Con A was detected to be 1.64 nM and

was approximately 5 orders of magnitude smaller than that of mannose and Con A, which would arise
from the multivalent effect between the probe and Con A. Both glycoproteins and gold nanoparticles
contribute to the high affinity between carbohydrates and lectin. The as-proposed biosensor exhibits
excellent analytical performance towards the cytosensing of K562 cells with a detection limit of 18 cells,
and the mannose moieties on a single K562 cell were determined to be 1.8 x 10'°. The biosensor can

also act as a useful tool for antibacterial drug screening and mechanism investigation. This strategy
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integrates the excellent biocompatibility and multivalent recognition of glycoproteins as well as the

significant enzymatic catalysis and gold nanoparticle signal amplification, and avoids the cell
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1 Introduction

Carbohydrates have intrigued scientists for decades as mediators
of a myriad of biological events. With respect to the structural
diversity, carbohydrates encode much information for specific
molecular recognition and serve as determinants of protein
folding, trafficking and stability, and pharmacokinetics."*
Abnormal expression of carbohydrates on cell surfaces has been
shown to be associated with many diseases, such as cancer and
Alzheimer's disease.*® The interaction of carbohydrate and
carbohydrate-binding proteins, so-called lectin, plays significant
roles in diverse processes such as bacterial or viral infection, cell
communication, inflammation, immune response modulation,
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pretreatment and labelling process. This would contribute to the glycomic analysis and the
understanding of complex native glycan-related biological processes.

cell growth and development, and signal transduction.”™ The
analysis of carbohydrate-protein interactions (structure and
thermodynamic and kinetic parameters) is of fundamental
importance and facilitates the design of carbohydrate-based
therapeutics for a variety of diseases and infections."* Various
methods such as isothermal titration calorimetry assay, surface
plasmon resonance, fluorescence polarization, field effect
transistors, quartz crystal microbalance and electrochemical
impedance spectroscopy have been employed towards probing
carbohydrate-lectin interactions and cell surface carbohy-
drates.*>" However, the less active accessibility and weak
affinity between monosaccharides and lectin as well as the loss of
biocompatibility during the electrode modification still limit the
sensitivity and stability of these methods. Understanding and
mimicking specific interactions and functions between native
carbohydrates and proteins in the biological processes is highly
desirable for clinical diagnostics and therapeutics.
Glycoproteins consist of proteins covalently linked to
carbohydrates, and fifty percent of all proteins are known to be
glycosylated. The majority of biomacromolecules such as
enzymes, antibodies, hormones, etc. are glycoproteins. Besides
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the importance in biological recognition, carbohydrates
contribute to the specific structure and diverse function of
various glycoproteins that ensure the effective modulation
of cell signalling and metabolism.">**%** Introduction of
competitive recognition of glycoproteins will not only bring
about the native multivalent carbohydrate-protein interaction
but also afford biocompatible amplification probes for signal
transduction that improves the sensitivity and stability of a
carbohydrate biosensor.

Owing to their good biocompatibility, fascinating electro-
catalytic activity, large surface area, and excellent photo- and
electronic features, nanostructure materials such as gold
nanoparticles, quantum dots, carbon nanotubes, etc. have
received much attention in electrochemistry, biosensing and
imaging and so on.”*** Moreover, the unique properties of
nanomaterials allow them to be interfaced with biomolecules
such as nucleic acids, proteins, peptides and so on, and open up
a wide range of biological applications. Nanomaterials can also
function as efficient scaffolds for multiple carbohydrate
presentation to achieve sufficiently high affinities required for
sensitive recognition.'**%2

Electrogenerated chemiluminescense (ECL) is a light emis-
sion that arises from the high-energy electron-transfer reaction
between electrogenerated species at electrode surfaces. This
technique shows potential- and spatial-controlled properties,
and is highly sensitive. By integrating the interactions between
biomolecules, the ECL assay has become a powerful analytical
tool for highly sensitive and specific detection in biochemistry,
and is widely used in immunoassays, DNA analysis, environ-
mental detection and clinical diagnostics.”***

In this work, a sensitive ECL method was developed to study
carbohydrate-protein interactions and cell surface carbohy-
drate expression evaluation by integrating the competitive
recognition and biocatalysis of glycoproteins as well as the
excellent electrocatalytic activity of gold nanoparticles for
luminol ECL reactions, and glucose oxidase was used as a
model glycoprotein which is an important mannose-containing
glycoprotein that catalyses the oxidation of glucose to p-glu-
cono-d-lactone and aids in breaking the sugar down into its
metabolites in cells.** The carbohydrate-protein interactions
between Con A and mannose, mannan and GOx conjugated
gold nanoparticles were investigated. Moreover, the as-
proposed ECL method was also used for cell detection as well as
cell surface carbohydrate expression evaluation. Such a simple
and sensitive carbohydrate biosensor would be promising in
reliable diagnostics of glycan relevant biomarkers for cancer
and other diseases.

2 Experimental section
Materials and reagents

Bovine serum albumin (BSA) was purchased from Dingguo
Biological Products Company (China). Glucose oxidase (GOx,
100-250 units per mg) was obtained from Sangon Biotech
(China). Luminol and mannan (average molar mass is about
48 kDa) were received from Sigma-Aldrich (USA). HAuCl,-3H,0
(48% w/w) was obtained from Shanghai Reagent (China).
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p-Mannose was provided by Alfa Aesar (USA). Other reagents of
analytical grade were obtained from Sinopharm Chemical
Reagent Company (China) and were used as received. Phos-
phate buffer solutions (PBS) were prepared with Na,H-
PO,-12H,0 and NaH,PO,-2H,0, containing 137 mM NaCl and
2.7 mM KCI.

Cell line, culture and treatment

The K562 cell line was kindly provided by the medical college of
Tsinghua University. K562 cells were cultured in RPMI 1640
medium (Dingguo) supplemented with fetal bovine serum
(10%, Dingguo), penicillin (100 U mL™"), and streptomycin
(100 U mL™") at 37 °C in a humid atmosphere containing CO,
(5%). The cells in exponential growth phase were collected and
separated by centrifugation at 800 rpm for 5 min. The cell
number was determined using a blood counting chamber.

Preparation of glucose oxidase (GOx) conjugated gold
nanoprobes

The gold nanoparticles were prepared as reported previously.*
In brief, 2.5 mL of 4 ¢ mL ™" HAuCl, solution and 97.5 mL
deionized water were added into a round flask and heated to
boiling. Then, 5 mL of 10 mg mL ™" sodium citrate solution was
added rapidly under vigorous stirring. The solution was main-
tained at the boiling state for 15 min until the colour changed
from yellow to deep wine red, and the gold particles formed.
The GOx conjugated gold nanoparticles were prepared by add-
ing 3 mg GOx to 3 mL of gold colloidal solution and gently
stirred for 10 h. Then, the mixture was centrifuged at 10 000
rpm for 10 min and washed with deionized water. Finally, the
sediment was resuspended in 1.5 mL PBS (pH 7.4) containing
0.48 mM Ca®" and 0.48 mM Mn**. The resulting gold nano-
particles were characterized by transmission electron micros-
copy (TEM) and UV-vis spectroscopy. Statistical analysis of TEM
data revealed that the average diameter of the gold nano-
particles was about 20 nm. The as-prepared GOX@Au nanop-
robes were characterized by TEM and UV-vis (Fig. S1 in the
ESIT). The size of the probes was about 20 nm from the TEM
image. From the UV-vis absorption spectrum, also the concen-
tration of Au nanoparticles was estimated to be 1.87 nM.”> After
the conjugation of GOx, the characteristic absorption peak of
gold nanoparticles red shifts from 520 nm to 525 nm due to the
decoration of GOx on Au nanoparticles.

Fabrication of the Con A modified electrode

A gold electrode (diameter of 2 mm) was polished carefully first
with 0.3 um a-Al,O; powder, and washed ultrasonically with
ethanol and water. Prior to immobilization of Con A, the gold
electrode was scanned in 0.5 M H,SO, between 0.2 and 1.65 V
(vs. Ag/AgCl) until a reproducible cyclic voltammogram curve
was obtained. After drying with N,, the gold electrode was
immersed in a 100 pL PBS (0.01 M, pH 7.4) solution containing
2 mg mL~" Con A for 14 h. The resulting electrode was rinsed
thoroughly with PBS, followed by immersing in 2 mg mL™" BSA
for 1 h to block the nonspecific binding sites on the electrode.
The electrode was then carefully rinsed with PBS to remove the
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excess BSA. To determine the target cells and carbohydrates, the
Con A modified electrode was immersed in glucose oxidase
conjugated gold colloidal solution for 1 h, and washed with
deionized water. After that, target cells and carbohydrates were
detected by dipping the electrode in a solution containing a
certain concentration of target samples and incubating for 2 h.
The obtained electrode was then rinsed with deionized water
and was characterized in a luminol solution. In the experiments
for the interaction between Con A and mannose or mannan, the
Con A/Au electrode was immersed in a 100 pL PBS solution
containing 0.48 mM Ca**, 0.48 mM Mn>*', 3.4 nM GOx@Au
nanoparticles and mannose (or mannan) at a certain concen-
tration for 2 h. Then the electrode was washed with PBS and
subjected to the ECL characterization.

Apparatus

Transmission electron microscope (TEM) images were obtained
with a JEM-2010 high-resolution TEM system (JEOL, Japan). The
UV-vis experiment was performed with a UV-3900 spectropho-
tometer (Hitachi, Japan). The cyclic voltammetry was conducted
on a CHI 660b instrument (CH Instrument Co.). Electro-
chemical impedance spectroscopy (EIS) was carried out on a
PARSTAT 2273 potentiostat/galvanostat (Advanced Measure-
ment Technology Inc.) by applying an ac voltage of 5 mV
amplitude in the 0.01 Hz to 10° Hz frequency range in a solution
containing 5 mM Kj;[Fe(CN)]/K4[Fe(CN)g] and 0.1 M KCl. The
ECL measurements were carried out on an MPI-B multifunc-
tional electrochemical analytical system (Xi'an Remex Analytical
Instrument Ltd. Co., China). If no special statement was made,
the ECL measurements were performed in a 0.1 M PBS (pH 7.86)
containing 100 pM luminol and 0.1 M glucose at a scan rate of
100 mV s~ and the voltage of PMT was maintained at 600 V.

3 Results and discussion

Scheme 1 displays the configuration of the biosensor for
carbohydrate-protein interaction and tumor cell detection. A
mannose recognized lectin, Concanavalin A (Con A), was first
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Scheme 1 Configurations of the functional glycoprotein competitive recogni-

tion ECL strategy for carbohydrate—protein interaction analysis (A) and cell surface
carbohydrate expression (B).
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immobilized on a gold electrode, and bovine serum albumin
(BSA) was used as a blocking layer to avoid nonspecific
adsorption. Due to the large surface area and excellent catalytic
properties of gold nanoparticles, a multifunctional probe of
GOx coupled gold nanoparticles was fabricated as the recogni-
tion and amplification probe. Besides the specific interaction
between the mannoses in GOx molecules and Con A that forms
a supermolecular complex structure on the electrode, GOx also
catalyses the oxidation of glucose to produce hydrogen peroxide
which significantly improves the ECL signal of luminol. More-
over, the introduction of gold nanoparticles by immobilizing
GOx on the surface of gold nanoparticles (GOx@Au) can further
improve the ECL signal due to the excellent catalytic activity of
gold nanoparticles toward luminol ECL reaction and their large
surface area that can accommodate a large number of GOx
molecules on the surface.* In the presence of mannose or
mannose-containing glycoproteins, the probes compete with
the mannose sites, and thus decrease the ECL signal, which can
be applied in carbohydrate-protein interaction profiling and
carbohydrate expression evaluation.

Cyclic voltammetry (CV) was employed to evaluate the
assembly processes by monitoring the electron transfer ability
tunneling through the barrier layer between the electroactive
probes and the gold electrode. Fig. 1A shows the CV curves
presenting the step-by-step build up process on the gold elec-
trode using Fe(CN)s" ">~ as electroactive probes. As can be seen,
a couple of quasi-reversible redox peaks were obtained for the
bare gold electrode (curve a). When the gold electrode was
treated with Con A, the layer of Con A on the gold electrode led
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Fig. 1  Cyclic voltammograms (A) and electrochemical impedance spectra (B) of
bare GE (a), Con A/GE (b), BSA/Con A/GE (c), GOx@Au/BSA/Con A/GE (d),
and GOx@Au/cells/BSA/Con A/GE (e). These experiments were conducted in
0.1 M KCl solution with 5 mM [Fe(CN)e]* /%~ electroactive probes. Scan rate is
100 mV s~'. The frequency range is between 0.01 Hz and 10° Hz with a signal
amplitude of 5 mV in panel B.
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to a decrease of peak current (curve b), ascribed to the
electronically inert feature of Con A that partially blocks the
electron transfer and mass transfer of Fe(CN)* ">~ couple ions
at the electrode interface. After the modification of the BSA
blocking layer, the peak current in the CV decreased further and
the potential gap between the anodic and cathodic peaks
became wider (curve c). When GOx@Au probes were added, it
was found that the peak current also decreased. The decreased
current should be resulted from the inert GOx molecules which
formed an inert coating on gold nanoparticles and inhibited the
electron transfer even though gold nanoparticles had good
conductivity. In addition, the negatively charged GOx coating
of GOx@Au probes may also block the mass transfer of
Fe(CN)s* >~ probes due to the electrostatic repulsion interac-
tion. When the electrode was immersed in the solution con-
taining K562 cells, the peak current decreased further due to
the replacement of GOx@Au probes by K562 cells. It is reasoned
that the K562 cells are totally electronically inert, and the size
of the cells is large, which would not only decrease the
electron transfer ability but also inhibit the mass transfer of
Fe(CN)e* " probes toward the modified electrode. These
phenomena were also confirmed by the electrochemical
impedance spectra (EIS) as shown in Fig. 1B. In the Nyquist
plot, the diameter of the semi-circle in a higher frequency range
is equal to the electron transfer resistance, which represents the
electron transfer kinetics of the electroactive probes at the
electrode interface. It was clear that the diameter of the semi-
circle after the assembly of Con A (curve b) and BSA (curve c) was
larger than that of a bare gold electrode (curve a), indicating an
increase of the electron transfer resistance after the assembly of
Con A and BSA on the gold electrode. The electron transfer
resistance increased further after the assembly of GOx@Au
probes (curve d) and the competing adsorption of K562 cells
(curve e). The phenomena are consistent with those in the CV.
The facts elucidate that the gold electrodes are step-by-step
assembled by Con A, BSA, GOx@Au probes and K562 cells.
Fig. 2A presents the ECL responses of a Con A modified
electrode (curve a) and GOx@Au assembled on a Con A modi-
fied electrode (curve e) blocking by BSA in the solution con-
taining luminol and glucose. The peaks at ca. 0.58 V in curves
result from the ECL reaction of luminol. The bare gold electrode
presents a quite weak signal, and the ECL signal decreases after
the modification of Con A and BSA due to the electron transfer
inhibition on the electrode interface by the electron inert
biomolecules (curve ¢ in Fig. S2, ESIf). After incubating the
BSA/Con A/GE in GOx@Au colloidal solution, the modified
electrode gives a strong ECL signal (curve e). What is more, the
ECL signal of the bare gold electrode with treatment of GOx@Au
was weak but higher than that of the bare gold electrode without
GOx@Au treatment (curve d in Fig. S2, ESIt), which could arise
from the nonspecific adsorption of GOx@Au by electrostatic
interactions.** However, if the bare gold electrode was blocked
by BSA only, the nonspecific adsorption could be avoided
effectively. In addition, the ECL intensity was also weak by
incubating the BSA/Con A/GE in bare gold nanoparticle
colloidal solution, but it was larger than that without incuba-
tion (curve b in Fig. S2, ESIt), which could be ascribed to the
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Fig. 2 (A) ECL-potential curves of BSA/Con A/GE (a), GOx@Au/BSA/Con A/GE
(b and e), GOx/BSA/Con A/GE (d) and mannose competed GOx@Au/BSA/Con
A/GE (c)ina 0.1 M PBS (pH 7.86) solution containing 100 uM luminol with (a, ¢, d,
and e) and without (b) 0.1 M glucose. The concentrations of GOx and mannose
were 1.4 x 107> mg mL~" and 0.09 mg mL~" respectively. (B) ECL-time curve of
the GOx@AuU/BSA/Con A/gold electrode in a 0.1 M PBS (pH 7.86) solution con-
taining 100 pM luminol and 0.1 M glucose. Scan rate, 100 mV s~ . The voltage of
PMT was maintained at 600 V.

nonspecific adsorption of Au nanoparticles that facilitated
the electron transfer at the electrode interface and catalysed the
ECL process of luminol.* These results confirmed that the
strong ECL signal was ascribed to the specific recognition
between mannose in GOx and Con A. The ECL behaviour of
GOx@AuU/BSA/Con A/GE was also studied in Iuminol solution
with and without glucose. The ECL signal decreased quickly
(curve b) when the GOx@Au/BSA/Con A/GE was characterized in
luminol solution without glucose. This signified that the
intense ECL signal originated from the GOx mediated electro-
oxidation of glucose that produced the H,0, and improved the
ECL reaction of luminol. When only GOx was adsorbed to the
BSA/Con A/GE, the ECL intensity was also strong (curve d), but it
was weaker than that of GOx@Au/BSA/Con A/GE. This result
verifies that both enzymatic amplification and gold nano-
particle catalysis lead to the strong ECL signal of luminol. The
ECL signal of the GOx@Au modified BSA/Con A/GE was sensi-
tive to mannose and mannose containing glycoproteins, and it
decreased by dipping the modified electrode into the incu-
bating solution containing mannose (curve c) because of the
competing reaction between GOx@Au and mannose on the
electrode surface. Specifically, the ECL emission based on
the supermolecular assembly strategy was very stable. No
obvious change was observed (Fig. 1B) upon successive scans.
The result suggests that the designed interface is suitable for
ECL detection. Such a multifunctional carbohydrate recogni-
tion and catalytic amplification will be useful to understand the
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complicated biological recognition and metabolism processes
and develop novel biosensors with high performances.

In the ECL assay, the GOx@Au probes competed with the
mannose or mannose-containing glycoprotein, and two equilib-
riums, mannose with Con A and GOx@Au with Con A, were
established in this process. This competitive recognition
changed the ECL signal so that the affinity between the mannose
containing glycoprotein and Con A can be analysed. Fig. 3 shows
the ECL response in the presence of mannose (A) and mannan (B)
at different concentrations. From the concentration-ECL
response curve (Fig. 3A), their ICs, values and the apparent
dissociation constant (Kp) can be obtained according to the
Cheng-Prusoff equation.*® The Ky, between mannose and Con A
was calculated to be 1.34 x 10~* M by the ECL assay, which is
comparable to a previously published value (2.00 x 10~* M) by
SPR.* In nature, multivalent interactions between the binding
proteins and the carbohydrate ligands are always important that
significantly enhance their affinity. To further understand the
interaction between carbohydrate and lectin, we analysed the
binding affinity between Con A and mannan which is a mannose
polymer, and its K, value was calculated to be 1.59 x 10 M
which was similar to those previously reported by the methods of
isothermal sorption (5.20 x 10~® M) and spectral phase inter-
ference (3.33 x 10~% M),***” and was approximately 4 orders of
magnitude smaller than that of mannose and Con A. In addition,
the apparent dissociation constant between Con A and GOx
was also calculated to be 4 x 10~7 M. This result was similar to
those reported earlier, but three orders of magnitude larger than
that of mannose and Con A.*® However, it was two orders of
magnitude larger than that of GOx@Au (1.64 nM) and Con A
(Fig. S3B in the ESIt). These results demonstrated that both
GOx and gold nanoparticles contribute to the high affinity of
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Fig. 3 The ECL intensity as a function of the concentration logarithm of
mannose (A) and mannan (B).
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Con A and carbohydrate probes, which would arise from
the multivalent effect between the probe and Con A.**** Such a
probe with high affinity and biocompatibility would be
promising as a sensitive biosensor for clinical diagnostic
application.

As illustrated in Scheme 1, the ECL biosensor can be used
for effective tumor cell analysis based on the specific inter-
actions between lectin and carbohydrates on cell surfaces.”®
Fig. 4A presents the ECL response of the biosensor to tumor
cells using K562 cells as a model. Upon increasing the
concentration of K562 cells, the ECL intensity decreased due
to the competition between the cells and GOx@Au probes.
The ECL intensity decreased linearly with the cell concentra-
tion over the range from 4.2 x 10> to 3.0 x 10° cells per mL
(Fig. 4B). The limit of detection was 1.8 x 10 cell per mL at
30. Taking into account that 10 pL of K562 cell suspension
was used for incubation, the ECL strategy achieved the limit
of detection of only 18 K562 cells. Assuming that the cell had
the same binding kinetics with the mannose containing
glycoproteins, the cell surface mannose quantities could be
equal to the active mannose amount entirely replacing the
probes on the electrode. In this way, the mannose moieties on
the K562 cell surface were estimated to be 1.8 x 10'°, which
was similar to that obtained by electrochemical and enzy-
matic methods.”*® These results demonstrate that the
proposed ECL strategy is suitable for sensitive cell surface
carbohydrate expression evaluation. Such a simple and
sensitive biosensor is promising in the applications of in situ
carbohydrate expression and tumor cell determination.
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Fig. 4 (A) ECL-time behaviours of GOx@Au/BSA/Con A/GE at different
concentrations of K562 cells: (a) 0, (b) 4.2 x 103, (c) 4.2 x 104, (d) 2.1 x 10>, (e)
4.2 % 10° (f) 1.3 x 105, (g) 2.2 x 10°, (h) 3.0 x 105, (i) 4.2 x 10° (j) 5.0 x 10°, (k)
5.8 x 10° cells per mL. (B) ECL intensity as a function of the concentration of K562
cells. The inset shows the linear relationship between the ECL intensity and the
K562 cell concentration.
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Fig. 5 The relative intensity of P. aeruginosa ATCC27853 and E. coli ATCC11775
before (control) and after gentamicin treatment (after treatment) respectively.
The bacteria concentration is 5 x 10° cells per mL. The ECL measurements were
performedina 0.1 M PBS (pH 7.86) solution containing 100 pM luminol and 0.1 M
glucose at a scan rate of 100 mV s~ . The voltage of PMT was maintained at 600 V.

Carbohydrates on a bacterial surface play an important role
in bacterial infection. The main bacterial cell wall component in
all Gram-negative bacteria families consists of a class of glyco-
conjugates called lipopolysaccharides (LPS) which occupies
about 75% of bacterial surface area.** LPS of Gram-negative
bacteria is the most striking character for bacteria and provides
the selective specificity needed for lectin recognition, which
could not only be applied to the bacterial detection but also
antibacterial drug screening and interaction mechanism
studies. Gentamicin is an aminoglycoside antibiotic, used to
treat many types of bacterial infections particularly Gram-
negative organisms, which can destroy the cell membrane and
may also affect the expression of LPS on the bacterial surface.**
Fig. 5 shows the relative ECL intensity of P. aeruginosa
ATCC27853 and E. coli ATCC11775 before and after gentamicin
treatment respectively. It was obvious that different carbohy-
drate expression behaviors between P. aeruginosa and E. coli
were presented after gentamicin treatment. The increased ECL
intensity means that the expression of LPS on the E. coli was
inhibited after gentamicin treatment. However, when the
P. aeruginosa was treated with gentamicin, the ECL intensity
increased, which means that the LPS expression decreased. It is
known that P. aeruginosa shows some resistance to gentamicin
which may cause the expression of some carbohydrates such as
alginate on its surface, which can also bind with Con A.** These
results demonstrate that the biosensor can be promising in the
applications of antibiotic interaction mechanism studies on
bacterial infection.

4 Conclusion

In conclusion, a sensitive ECL biosensor for carbohydrate-lectin
profiling and in situ cell surface carbohydrate expression evalu-
ation was designed by taking advantage of a functional glyco-
protein acting as both a multivalent recognition unit and a signal
amplification probe. This biosensor integrates the excellent
biocompatibility and multivalent recognition of glycoproteins as
well as the significant enzymatic catalysis and gold nanoparticle
signal amplification, and possesses high sensitivity, perfect
stability and reproducibility for cell detection and cell surface
carbohydrate expression evaluation. Such a carbohydrate
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biosensor also acts as a useful tool for antibacterial drug
screening and interaction mechanism studies. This glycoprotein
recognition and biocatalysis biosensing strategy would
contribute to the understanding of complex native glycan-related
biological processes.
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