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ABSTRACT

A kind of concanavalin A functionalized multiwalled carbon nanotube (ConA-MWCNT) was constructed
by noncovalent assembly of ConA on carboxylated MWCNT with poly(diallyldimethylammonium) as a
linker. The novel nanomaterial was characterized with scanning electron microscopy and atomic force
microscopy. It incorporated both the specific recognition ability of lectin for cell-surface mannosyl groups
and the unique electronic and mechanical properties of MWCNT. An electrochemical label-free method
for cytosensing was proposed by constructing a ConA-MWCNT interface on a glassy carbon electrode,
which showed a linear response to K562 cells ranging from 1 x 10% to 1 x 107 cells mL~'. The ConA-
MWCNT interface could be further used for monitoring of dynamic variation of glycan expression on
K562 cells in response to drugs. A facile and high-throughput optical method for the analysis of dynamic
glycan expression on living cells was also developed by constructing an array of ConA-MWCNT spots on a
glass slide. This method showed acceptable rapidity and low cost. The noncovalent functionalization of
MW(CNTs with lectins could be potentially applied in cell biological studies based on cell-surface glycan

expression.

© 2010 Elsevier Inc. All rights reserved.

The functionalization of carbon nanotubes (CNTs)! can extre-
mely extend their application in affinity separations, biosensing, bio-
reactors, and the construction of biofuel cells [1-4]. Therefore, much
effort has been devoted to finding cost-effective approaches to func-
tionalize CNTs by attachment of biomolecules [5-10] , which can
generally be immobilized on CNTs by two approaches: covalent
binding [11,12] and noncovalent attachment [6,13,14]. Covalent
binding usually needs some cross-linker agents, and the activity of
the immobilized biomolecules may be affected due to the steric hin-
drance by covalent binding [15]. Furthermore, a covalent approach
may cause a partial loss of the electronic properties of functionalized
CNTs [16]. On the contrary, the physical adsorption and electrostatic
binding used in noncovalent attachment can maintain the activity of
biomolecules on the CNTs. In view of the advantages of noncovalent
attachment, our previous work focused on functionalized multi-
walled carbon nanotubes (MWCNTSs) with arginine-glycine-aspartic
acid-serine peptide for cell capture [12,17]. This work further con-
structed a kind of concanavalin A (ConA) functionalized multiwalled
carbon nanotube (ConA-MWCNT) on both electrode surfaces and
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glass slides, and developed two methods for label-free analysis of
dynamic glycan expression on living cells.

Glycans account for a large degree of cell-surface structural vari-
ations, and form complicated codes for cellular physiology [18-21].
Dynamic change in the glycosylation status on carcinoma cell sur-
faces has been considered to play important roles in oncogenic
transformation, cell differentiation, and metastasis [22,23]. Thus,
it is urgent to develop sensitive, practical, and high-throughput
monitoring technology for analyzing these changes and further pro-
viding diagnostic tools to guide treatment. Several electrochemical
methods based on the specific recognition of lectins have been
developed for sensitive monitoring of dynamic change in the
glycosylation status [17,24]. Compared with conventional mass
spectrometry [25-27] and lectin microarray approaches [28-30],
these methods can obviate cell lysis, cell labeling, or complicated
instrumentation. However, most of the electrochemical methods
use nanoparticles or enzymes to label the recognition element
lectins, which may disturb the biological activity of lectins, and
the complexity and laboriousness are typically increased for a tag-
ging protocol. Although a label-free strategy has been developed
for electrochemical analysis of cell-surface glycans by covalently
immobilizing lectins on single-walled carbon nanohorns [31], the
covalent binding was complicated and time-consuming.

In this work, the noncovalent functionalization of MWCNTs
with ConA was proposed by using poly(diallyldimethylammoni-
um) (PDDA) as a linker. Owing to the ConA isoelectric point of
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4.5-5.5[32], PDDA and ConA could be integrated sequentially onto
carboxylic group-functionalized MWCNTs at pH 7.4, as shown in
Fig. 1. The successful assembly of uniform and stable ConA-
MWCNT membranes on both electrode and glass surfaces was
demonstrated using scanning electron microscopic (SEM), atomic
force microscopic (AFM), and contact angle techniques. Based on
the ConA-MWCNT membranes, an electrochemical label-free strat-
egy and an array of ConA-MWCNT spots were presented for spe-
cific monitoring of dynamic variation of glycan expression on
K562 cells in response to drug (Fig. 1). The array allowed a facile
optical high-throughput analysis of cell-surface glycans. Both the
electrochemical and optical methods could obviate the destruction
or labeling of cells and the covalent tagging of lectin, and thus
could be potentially applied in cell biological studies based on
cell-surface glycan expression.

Materials and methods
Chemicals and materials

ConA, PDDA (20%, w/w in water, MW: 200,000-350,000), and
bovine serum albumin (BSA) were purchased from Sigma-Aldrich,
Inc. (USA). Mannose (Man) and N-acetylglucosamine (GlcNAc) of
analytical grade were from Sinopharm Chemical Reagent Co., Ltd
(China). Swainsonine (SW) was from Merck KGaA (Darmstadt,
Germany). Fluorescein lectin kit I containing fluorescein isothiocy-
anate (FITC)-labeled ConA was purchased from Vector Laborato-
ries, Inc. (USA). Fluorescein (FITC)-labeled mannose was obtained
from Sigma-Aldrich, Inc. MWCNTs (CVD method, purity >98%,
diameter 20-40 nm, and length 1-2 um) were purchased from
Nanoport Co., Ltd. (Shenzhen, China). Phosphate-buffered saline
(PBS, pH 7.4) containing 136.7 mM NaCl, 2.7 mM KCl, 87 mM
Na,HPO,4, and 14 mM KH,PO, was sterilized before use. Other
reagents were of analytical grade. All aqueous solutions were
prepared using >18 MQ ultrapure water purified with a Millipore
Milli-Q system.

Apparatus

Electrochemical impedance spectroscopic (EIS) measurements
were performed on a PGSTAT30/FRA2 system (Autolab, Nether-
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Fig.1. Scheme of noncovalent lectin functionalization of MWCNTs and electro-
chemical (I) and optical (II) monitoring of dynamic glycan expression on living cells.

lands) in 0.01 M, pH 7.4, PBS containing 5 mM K4Fe(CN)s, 5 mM
KsFe(CN)g, and 0.1 M KCI using a conventional three-electrode
system with modified GCE as working, platinum wire as auxiliary,
and saturated calomel electrode as reference electrodes. The
impedance spectra were recorded within the frequency range of
5 x 1072-10° Hz, and the amplitude of the applied sine wave po-
tential was 5 mV. Flow cytometry was carried out on a FACS
Calibur flow cytometer (Becton Dickinson, USA). SEM and AFM
images were observed under a Hitachi S-4800 scanning electron
microscope (Japan) and an Agilent 5500 atomic force microscope
(USA), respectively. Bright-field images of cells were taken by a
TE2000-U inverted fluorescence microscope (Nikon, Japan). The
static water contact angles were measured at 20 °C by a contact
angle meter (Rame-Hart-100) employing drops of pure deionized
water.

Cell line and cell culture

The K562 cell line was kindly provided by the Affiliated Zhongda
Hospital, Southeast University, Nanjing, China. K562 cells were cul-
tured in a flask in RPMI 1640 medium (GIBCO) supplemented with
10% fetal calf serum (Sigma), penicillin (100 ug mL™"), and strepto-
mycin (100 ug mL~!) at 37 °C in a humidified atmosphere contain-
ing 5% CO,. After culture for 72 h, the cells were collected and
separated from the medium by centrifugation at 1000 rpm for
10 min, and then washed thrice with a sterile, pH 7.4, PBS. The
sediment was resuspended in PBS to obtain a homogeneous cell sus-
pension. Cell number was determined using a Petroff-Hausser cell
counter (USA). SW-treated K562 cells were obtained by incubating
the cells in a culture medium containing 2 pg mL~! SW for different
times [33].

Preparation of PDDA-functionalized MWCNTSs

MW(CNTs were first treated with 3/1 H,SO4/HNOs3 in sonication
for 4 h. The resulting dispersion solution was filtered and washed
repeatedly with water until pH was about 7.0. This procedure
shortened MWCNTs, removed metallic and carbonaceous impuri-
ties, and generated carboxylate groups on the surface. Next, the
carboxylated MWCNTSs of 0.5 mg mL~! were dispersed into a 0.2%
PDDA aqueous solution by a 30-min sonication to give a homoge-
neous black solution. Residual PDDA polymer was removed by
high-speed centrifugation, and the complex was thrice washed
with water to obtain PDDA-functionalized MWCNTs.

Cytosensor preparation

GCE was first polished with 1.0, 0.3, and 0.05 pm o-Al,03
powder (Beuhler) successively. After sonication in water, the
electrode was rinsed with deionized water and allowed to dry at
room temperature. PDDA-functionalized MWCNT solution (5 pL,
0.5mgmL~!) was dropped on the pretreated GCE and dried
in a desiccator to obtain PDDA-MWCNT/GCE, which was then
immersed in 5 pL PBS containing optimal concentrations of lectin
for 20 min to yield ConA-MWCNT/GCE. Following a slight rinse
with 0.01 M, pH 7.4, PBS, the modified electrode was soaked in
PBS containing 1% BSA for 20 min to block the surface. A 5 uL
K562 cell suspension at a certain concentration containing 1 mM
Ca?* and Mn?* was dropped on the lectin-immobilized electrode
and incubated at 25 °C for 50 min. Here Ca®* and Mn?* were used
for maintaining the binding activity of ConA to cell-surface
mannosyl groups. After carefully rinsing with PBS to remove the
noncaptured cells, the obtained electrode was ready for impedance
measurement.
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Construction of ConA-MWCNT array on a glass slide

A glass slide was first dipped in ethanol for 1 h to clean the sur-
face. After being washed thoroughly with water, it was dried under
a stream of nitrogen. Four drops of PDDA-MWCNT solution (0.5 pL,
0.5 mg mL~!) were transferred onto the pretreated glass slide to
form a 2 x 2 array and allowed to dry, which produced four stable
PDDA-MWCNT spots. Then, 0.5 pL, pH 7.4, PBS containing optimal
concentration of lectin was dropped onto each spot and incubated
for 20 min to yield ConA-MWCNT/glass. Following BSA blocking for
20 min and rinsing with PBS, 5 puL K562 cell suspension containing
1 mM Ca?* and Mn?" was dropped on each spot and incubated in a
humidified atmosphere at 25 °C for 50 min. After slightly rinsing
with PBS to remove noncaptured cells, the obtained cells/ConA-
MW(CNT/glass array was ready for optical measurement with the
fixed time of exposure. The trypan blue staining experiment
showed that 95% of the captured cells kept good viability.

Cell counting for optical analysis

The cell counting procedure was similar to the reported ap-
proach for lectin arrays [34]. After being imaged by an inverted
microscopy, the density of the captured cells on ConA-MWCNT
spot was counted by reading the relative gray scale intensity (I)
using Adobe Photoshop software [35]. Briefly, each optical image
was first converted to a black image with the color level of (0,
0.1, 255). Then, the I value of each image was recorded for analysis,
which represented the mean shades of gray. A larger number of
captured cells corresponded to a higher I.

Monosaccharide inhibition assay

The ConA-MW(CNT/glass was preincubated with 5 pL 200 mM
monosaccharide (Man or GIcNAc) dissolved in PBS for 50 min at
25 °C [36]. After carefully rinsing with PBS, 5 puL K562 cell suspen-
sion at 1.0 x 10% cells mL™! was dropped onto the preincubated
ConA-MWCNT/glass and incubated for 50 min in a humidified
atmosphere at 25 °C. After slightly rinsing with PBS to remove
the noncaptured cells, the obtained glass slide was used for optical
investigation.

Flow cytometric analysis

Untreated and SW-treated K562 cells were collected and sepa-
rated from the medium by centrifugation at 200g at room temper-
ature for 6 min. Subsequently, the cells were washed with sterile
cold PBS, and resuspended in PBS. The cell concentration was
determined. Then, 50 pL of 1 x 107 cellsmL™' cell suspension
and 445 pL of PBS were mixed with 5 pL of 1 mg mL~" FITC-labeled
ConA, and incubated at room temperature for 30 min. The cells
were collected by centrifugation at 200g for 6 min, washed twice
with 200 pL cold PBS, resuspended in 500 pL of PBS, and assayed
by flow cytometry. Fluorescent intensity (FI) of unlabeled K562
cells was used for estimation of autofluorescence.

Results and discussion
Characterization of noncovalently ConA-functionalized MWCNTs

Cationic polyelectrolyte PDDA can wrap on the sidewall surface
of the carboxylated MWCNTs for loading of negatively charged en-
zymes by a layer-by-layer assembly [7]. In this work, the positively
charged PDDA-modified carboxylated MWCNTs were employed for
the electrostatic adsorption of negatively charged ConA for the
specific recognition of cell-surface glycans. The SEM image of

PDDA-MWCNT film showed a homogeneous surface and good dis-
persion with the outer diameter ranging from 25 to 45nm
(Fig. 2A). This uniform and interdigitated nanostructure provided
a significant increase of effective area for lectin loading. The nonco-
valent ConA-MWCNT film also displayed a well-dispersed
three-dimensional structure (Fig. 2C), but the diameter distribu-
tion increased by 10 nm, suggesting the densely packed lectin on
the surface of MWCNTSs. SEM images at higher magnification indi-
cated the obvious morphological change between PDDA-MWCNTSs
and ConA-MWCNTs (Fig. 2B and D). The latter surface appeared
plump in texture and the aggregation of lectin was also observed
on the cross section of MWCNTs.

AFM as a useful tool for surface imaging was also employed for
the characterization of functionalized MWCNTs. Tapping mode
AFM images of isolated PDDA-MWCNT and ConA-MWCNT are
shown in Fig. 2E and F. Size analysis showed that the MWCNT after
PDDA adsorption had an average height of 35 nm, whereas the
MWCNT with lectin attached had an average height of 45 nm.
The 10-nm increase in height for ConA-MWCNT was consistent
with the SEM results. Furthermore, after lectin loading, globular
shapes suggestive of protein aggregates appeared on the side wall
of the nanotube [9]. Both SEM and AFM images verified the
successful functionalization of MWCNTs by ConA through the
noncovalent approach. Fluorescent microscopic images of the
functionalized MWCNTs further demonstrated the uniform func-
tionalization (Supplementary Fig. S1). After incubation with FITC-
labeled mannose the ConA-functionalized MWCNTs showed clear
green fluorescence with even distribution, while the MWCNTs
did not show any fluorescence signal, indicating no binding site

800

Fig.2. SEM images of (A,B) PDDA-MWCNT and (C,D) ConA-MWCNT films, tapping
mode AFM images of (E) PDDA-MWCNT and (F) ConA-MWCNT isolated on mica
surface, and contact angles of (G) bare, (H) PDDA-MWCNT, and (I) ConA-MWCNT-
modified substrates. Inset: diameter distributions of (A) PDDA-MWNTs and (C)
ConA-MWCNTs.
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of FITC-labeled mannose on the surface of MWCNTs, and the
uniform attachment of ConA on the functionalized MWCNT surface.

The uniform structure of ConA-MWCNT film facilitated the
accessibility of cells to lectins and resulted in improved sensitivity
for cytosensing.

The biocompatibility of an interface can be characterized by its
hydrophilicity, which can be qualitative by measuring the contact
angle of the substrate [6]. The contact angles of the bare glass slide,
PDDA-MWCNT, and ConA-MWCNT film were measured to be 41°,
18°, and 25°, respectively (Figs. 2G-I). The lower contact angle of
PDDA-MWNT film than that of the glass slide indicated better
hydrophilicity due to more hydrophilic groups, which were pro-
duced on MWCNTs by acidic treatment. The improved biocompat-
ibility of PDDA-MWNTs could preserve the bioactivity of the
immobilized lectins.

Electrochemical cytosensing based on noncovalent ConA-MWCNTs

As schemed in Fig. 1, the assembly approach allowed the con-
struction of three-dimensional noncovalent ConA-MWCNT recog-
nition interface on a GCE surface by layer-by-layer assembly. The
obtained uniform ConA-MWCNT film could capture K562 cells
effectively via membrane mannosyl groups, owing to the specific
recognition ability of lectin to cell-surface glycans [37]. The bind-
ing extent of K562 cells to the surface of ConA-MWCNT/GCE was
evaluated by monitoring the change of electron-transfer resistance
(Ret) at electrode surface using [Fe(CN)g]>~/4~ as redox probes
(Fig. 3A). The bare GCE showed a low resistance (curve a in
Fig. 3A), and the successive assembly of the PDDA-MWCNT layer
on the electrode surface significantly facilitated the interfacial
electron transfer (curve b in Fig. 3A). After ConA attachment and
subsequent BSA blocking, the electron transfer resistance increased
(curve c in Fig. 3A). Evidently, lectin acted as an inert electron- and
mass-transfer blocking layer. The binding of K562 cells through
specific interaction between membrane glycans and the corre-
sponding lectin immobilized on GCE further hindered the access
of the redox probes to the electrode, leading to a high R., value
(curve d in Fig. 3A). The increase in the magnitude of Ret (ARet)
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Fig.3. (A) Electrochemical impedance spectra of (a) GCE, (b) PDDA-MWCNT/GCE,
(c) ConA-MWCNT/GCE, and (d) K562 cells/ConA-MWCNT/GCE in pH 7.4 PBS
containing 0.1 M KCl, 5 mM K4Fe(CN)e, and 5 mM KsFe(CN)g. (B) Plots of electron-
transfer resistance (Ret) at (d) vs. incubation time for (a) ConA adsorption and (b)
cell capture. (C) Plot of Rer at (d) vs. ConA concentration. (D) Electrochemical
impedance spectra of (d) obtained with 1.0 x 10% 5.0 x 104 1.0 x 10°, 5.0 x 10°,
1.0 x 10°, 5.0 x 105, and 1.0 x 107 cells mL™! K562 cells (from left to right). Inset:
linear calibration curve.

correlated with the number of cells specifically bound to the elec-
trode, which depended on the number of binding sites on cells
captured by ConA-MWCNT/GCE, and thus reflected the amount
of target glycan expressed on the cell surface. The MWCNTSs in-
creased both the surface area for cell recognition and the electrical
connectivity, thus improving the detection sensitivity.

The binding time for electrostatic adsorption between PDDA-
MW(CNTs and ConA was important for the loading of lectins onto
MWCNTs, which further affected the cell-capture extent (curve
a in Fig. 3B). After incubation with 5 pL of 1 x 10° cells mL™!
K562 cells, the R value obtained at resulting K562 cells/ConA-
MWCNT/GCE increased with the increasing adsorption time, and
tended to a constant value at 20 min, indicative of the maximum
loading of lectins. The recognition time was also an important
parameter for the kinetic binding between lectins and cell-surface
glycans [17]. Thus, the R values at ConA-MWCNT/GCE after incu-
bation with K562 cells for different times were investigated (curve
b in Fig. 3B). With the increasing recognition time, Re; increased
and tended to a constant value at 50 min, suggesting the saturated
capture of K562 cells at ConA-MWCNT/GCE surface. Therefore, 20
and 50 min were chosen as the optimal times for electrostatic
adsorption of lectin and specific capture of cells, respectively.
Significantly, the proposed noncovalent approach was much faster
than the covalent approach which required more than 3 h for the
immobilization of lectins [31].

For the maximum capture of K562 cells at the ConA-MWCNT/
GCE surface, the initial ConA concentration was also optimized
(Fig. 3C). The optimal concentration of lectin was 1 mgmL™', at
which the impedance response at K562 cells/ConA-MWCNT/GCE
was related to the cell concentration used. The EIS curves at
ConA-MWCNT/GCE after incubation with K562 cells of different
concentrations for 50 min (Fig. 3D) indicated that the impedance
response increased with the increasing cell concentrations, giving
a linear relationship between the R.; value and the logarithmic va-
lue of the cell concentration ranging from 1.0 x 10* to 1.0 x 107
cells mL~! with a correlation coefficient R of 0.992 (n=5) (inset
in Fig. 3D). Considering the fact that the volume of K562 cell sus-
pension for incubation step was only 5 pL, the designed label-free
strategy could detect the cell suspension containing as few as 50
individual K562 cells. The low detection limit was attributed to
the high efficiency of the noncovalent functionalization of
MW(CNTs with ConA. Although the detection limit was higher than
that based on reverse transcriptase PCR technology for cancer
study [38], it was worth noting that the ConA-MWCNT-based la-
bel-free strategy avoided cell lysis and cell labeling, thus was very
convenient and facile.

Specific capture of K562 cells by ConA-MWCNTs and cell-surface
glycan

To validate the specificity of the interaction between cell-
surface glycan and ConA-MWCNTSs, a monosaccharide inhibition
assay was performed on a glass slide combined with optical obser-
vation (Fig. 4). After incubation with 1.0 x 106 cells mL~' K562 cell
suspension, the PDDA-MWCNT/glass did not show any cells
(Fig. 4A), while a uniform distribution of K562 cells was observed
on the surface of ConA-MWCNT/glass (Fig. 4B), suggesting the abil-
ity of ConA-MWCNTs for effective capture of cells. On the Man-
preincubated ConA-MWCNT/glass after incubation with K562 cells,
the active sites of ConA for mannosyl groups were blocked, thus
greatly inhibited the ability for cell capture (Fig. 4C). However,
when GIcNAc was used as the blocking molecule, the attached
ConA on the interface did not recognize GIcNAc, and the cell-
capture extent was almost not influenced (Fig. 4D). The monosac-
charide inhibition experiment demonstrated that the ability of
ConA-MWCNTs to effectively capture cells was attributed to the
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Fig.4. Optical micrographs of (A) PDDA-MWCNT/glass, (B) ConA-MWCNT/glass, (C)
Man- and (D) GlcNAc-preincubated ConA-MWCNT/glass after incubation with
1.0 x 106 cells mL~! K562 cells for 50 min.
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Fig.5. (A) Electrochemical impedance spectra of K562 cells/ConA-MWCNT/GCE
obtained with K562 cells treated with SW for (a) 0, (b) 1, (c) 2, and (d) 3 days, and
(B) effect of SW-treated time on electron-transfer resistance (Re). The percentage
increase is calculated with [T/C — 1] x 100%, where T and C are the AR at ConA-
MWCNT/GCE on capture of SW-treated and untreated K562 cells, respectively.
Inset: flow cytometric analysis of mannose moieties on untreated K562cells (green)
and K562 cells treated with SW for 3 days (orange) with fluorescein-labeled Con A,
and autofluorescence of unlabeled K562 cells (gray). FI: fluorescent intensity.

specificinteraction between the immobilized lectins and cell-surface
mannosyl groups. Thus, the lectin-MWCNTSs were further applied for
the label-free monitoring of dynamic glycan expression on living
cells via electrochemical and optical strategies, respectively.

Electrochemical label-free monitoring of dynamic cell-surface glycan
expression

The ConA-MWCNT-based strategy allowed its application in
monitoring of the dynamic alteration of glycan expression on living

0 day 1 day
2 day 3 day
2 mm

cells in response to drug, using SW as a model. SW, a specific man-
nosidase Il inhibitor [33], could increase the expression of terminal
high-mannose-type glycan on the cell surface. During treatment
with SW over 3 days, EIS curves at ConA-MWCNT/GCE after incu-
bation with SW-treated K562 cells displayed an increasing imped-
ance response compared with untreated cells (Fig. 5A). Because the
AR, correlated with the number of cells specifically bound to the
electrode, which depended on the number of binding sites on cells,
the increased AR, reflected the progressively increased amount of
target glycan expressed on the cell surface in response to SW treat-
ment. Using untreated K562 cells as a control, the time-dependent
percentage increase of AR, on cell binding is shown in Fig. 5B, giv-
ing a statistically significant day-to-day change (P < 0.05, calcu-
lated by one-way ANOVA) [28]. To validate the observed change,
the SW-treated K562 cells were stained with FITC-conjugated
ConA and assayed using flow cytometry (inset in Fig. 5B), which
also showed an increased binding to FITC-ConA compared with un-
treated K562 cells. These results indicated the increase of terminal
mannose groups on the cell surface and the modification effect of
SW on cell-surface glycosylation, demonstrating that the ConA-
MWCNT-based electrochemical strategy could be used for sensi-
tive monitoring of the dynamic alteration of glycan expression
on living cells.

Optical label-free investigation of dynamic cell-surface glycan
expression

As shown in Fig. 6A, an array of uniform ConA-MWCNT spots
could be easily constructed on the glass slide by a similar layer-
by-layer assembly. The obtained well-shaped, transparent spots
could also capture K562 cells specifically via cell-surface mannosyl
groups, leading to a facile label-free optical strategy for the high-
throughput analysis of dynamic cell-surface glycan expression
(Fig. 1). After incubation with SW-treated K562 cells, bright-field
images showed that the cell-capture extent varied along with the
treatment time of drug (Fig. 6B). During treatment with SW over
3 days, a growing distribution of captured cells could be observed.
Further analysis of the numbers of captured cells by reading the
relative gray scale intensity of each image revealed clearly the
time-dependent effect of SW on the cell-capture extent (Fig. 6C),
suggesting the progressively increased amount of target glycan ex-
pressed on the cell surfaces, which was consistent with the results
of electrochemical measurement. Compared with the covalently
fabricated lectin array on a gold substrate for optical profiling
cell-surface glycan expression [34,39], the noncovalent approach
combined with a glass slide was simple and low-cost, and pre-
served the bioactivity of the immobilized lectins. The lectin-
MW(CNT/glass array-based optical strategy allowed rapid and
high-throughput profiling of cell-surface glycans expression by
increasing the number of lectins present in the array.

1 2 3
Time (day)

Fig.6. (A) Photo of a 2 x 2 array of ConA-MWCNT/glass spots and (B) bright-field images of each spot center after incubation with different SW-treated K562 cells, and (C)

plot of relative gray scale intensity vs. SW-treated time.
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Reproducibility and stability of ConA-MWCNT-based assay

At cell concentrations of 1.0 x 10% and 1.0 x 107 cells mL~!, the
R.e measured for six times at K562 cells/ConA-MWCNT/GCE
showed the relative standard deviations of 4.8% and 6.2%, respec-
tively, showing good reproducibility. When stored in 0.01 M, pH
7.4, PBS at 4 °C, no obvious change in the response to K562 cells
was observed after 1 week of storage. This implied that the electro-
static interaction was very stable and the proposed noncovalent
strategy was efficient for retaining the bioactivity of lectin.

Conclusions

This work constructed noncovalently lectin-functionalized
MWCNTs. The uniform lectin-MWCNTs incorporated both the
specific recognition ability of lectin for cell-surface glycan and
the unique electronic and mechanical properties of MWCNTs.
Based on the ability of lectin-MWCNTSs to specifically capture cells,
two facile label-free electrochemical and optical strategies were
developed for the monitoring of dynamic glycan expression on
living cells in response to drug. The electrochemical strategy
showed good analytical performance, while the array-based optical
strategy allowed the low-cost, rapid, and high-throughput analysis
of cell-surface glycans. These strategies obviated the destruction or
labeling of cells and the covalent tagging of lectin, thus providing a
promising platform for profiling cell-surface glycan expression and
would potentially contribute to meeting the challenges in unravel-
ing the complex mechanisms underlying biological processes
related to glycans.
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