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In situ tracing of cell surface sialic acid by
chemoselective recognition to unload gold nanocluster
probe from density tunable dendrimeric array†

Yunlong Chen,a Lin Ding*ab and Huangxian Ju*a

A density tunable dendrimeric array was designed for assembly of

a gold nanocluster probe, which was unloaded by its chemo-

selective recognition to cell surface sialic acid for in situ tracing

of sialic acid density.

Glycan-involved recognition mediates a variety of important
biological processes.1 The recognition events in nature often
occur through multivalent formatting.2 To match the binding
sites of the receptor, proper spatial presentation of glycans
on the cell surface, in the aspects of density, spacing, orienta-
tion, flexibility and overall architecture, is critical for efficient
recognition.3 Among these factors, density has been considered
to have a major impact.4 Changes in glycan density may lead to
switching in binding avidity and selectivity.5,6 Thus, exploration
of strategies for monitoring glycan density to provide informa-
tion of cell surface interaction is one of the current challenges
to functional glycomics investigation.

Many methods based on mass spectrometry and chromato-
graphy etc. have been developed for glycomic detection.7 Some
microscopic and electrochemical approaches based on bio-
logical or chemoselective recognition have also shown great
promise for in situ analysis of glycans on living cells.8 However,
these techniques are unable to provide direct information of
the spatial organization feature of cell surface glycans.
Although glycan array-based techniques can be used to evaluate
glycan density-dependent binding properties,9 they fail to
correlate these binding process directly with cell surface glycan
density.

Herein, a density tunable dendrimeric array was designed for
in situ tracing of cell surface glycan density, using terminally-
expressed sialic acids (SAs) as the target, which play crucial
roles in a wide variety of physiological and pathological
processes.10 The assay system consisted of a slide modified
with poly(amidoamine) (PAMAM) dendrimer at a series of
tunable densities to electrostatically assemble 3-aminophenyl-
boronic acid (APBA) functionalized gold nanoclusters (AuNCs)
as luminescent probes. The probe could bind SA groups on the
cell surface by a chemoselective covalent linkage between APBA
and SAs at pH 7.4 (Scheme 1).11 Using BGC-823 cells as the
model, through covalently binding to the cells, the electro-
statically adsorbed APBA-AuNC probe could be unloaded from
the dendrimer-modified slide, leading to a decrease of fluores-
cence intensity (FI) of the probe on the slide. The amount of
unloaded probe from the slide depended on the dendrimer
density, cell number and the expression extent of SAs on

Scheme 1 Schematic illustration of (a) probe fabrication and (b) assay process.
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the cell surface. The dendrimer density determined the spatial
matching extent between SA epitopes and the probe-adsorbed
dendrimer, which could be reflected by the unloading effi-
ciency, that is the FI change rate of probe remaining on the
dendrimer-modified slide with increasing cell concentration
(Scheme S1, ESI†). At different dendrimer densities, the FI
change rate was different, which produced an inflection
point on the plot of change rate vs. dendrimer density. The
inflection point could be considered as the critical point of
spatial matching extent to estimate the SA density on the cell
surface.

AuNCs possess several advantages for bioanalysis, such as
bright emission, excellent photostability and good biocompati-
bility with low steric hindrance and fast kinetics.12 Here
glutathione (GSH) coated AuNCs were prepared using reduced
GSH as reducing and stabilizing agent.13 The AuNCs were then
functionalized with APBA by a carbodiimide chemistry. The
obtained APBA-AuNCs as signal reporter probes combined the
SA chemoselective recognition capability of APBA and mini-
mizing nonspecific protein/cell adsorption of GSH.14 The
UV-vis spectra of both AuNCs and APBA-AuNCs did not exhibit
obvious surface plasmon absorption, while their fluorescence
spectra exhibited a maximum emission at 574 nm (Fig. S1a
and b, ESI†). The stronger emission of APBA-AuNCs could be
attributed to the better dispersion and increased homogeneity
after APBA conjugation, as verified by TEM images (Fig. S1d
and e, ESI†). The conjugation also led to a change of zeta
potentials from �1.16 to �20.7 mV (Fig. S1c, ESI†), indicating
more negative charged groups. The appearance of a B 1s peak in
the XPS spectrum further verified the successful conjugation
process (Fig. S1f, ESI†).

Nanoscale PAMAM dendrimer possesses a defined cluster
configuration with small size and compact spherical geometry.15

This work used a density tunable PAMAM (G5) dendrimer array
to control the absorption of APBA-AuNC probe and the ability of
cells to unload the probe from dendrimer modified microspots.
The dendrimeric monolayers were prepared by printing
different concentrations of amino terminated-PAMAM dendrimer
on an aldehyde-coated glass slide with five replicate spots in a
panel. The diameter of each spot was 200 mm. After the
dendrimeric array was subjected to incubation with BSA to
block unreacted aldehyde group, the negatively charged
APBA-AuNC was adsorbed on the positively charged dendrimer
surface.16 The step-by-step construction was verified by atomic
force microscopic characterization (Fig. S2, ESI†). The probe-
assembled array were then incubated with different concentra-
tions of cell suspensions. After a wash step, the fluorescent
images of remaining probe on dendrimer spots were recorded
under fixed scanning conditions. For maximum reflection of
the signal change, the red channel intensity (I) of given spots
was read using Photoshop software to represent the FI.

The specific recognition of the APBA on the probe to cell
surface SAs was verified by the strong fluorescence from the
cells that were incubated with APBA-AuNC adsorbed dendrimer
solution (Fig. S3, ESI†). In the absence of APBA, fluorescence
emission was not observed, indicating very little non-specific
adsorption of AuNCs toward cells. To verify the participation of

SAs in the specific recognition, sialidase was used to cleave the
SA groups from the cell surface. Compared with untreated
cells, the treated cells only showed very small change of I upon
the unloading process (Fig. S4, ESI†). This also implied that
the decrease of I was attributed to the unloading of the probe
from dendrimer array by the specific binding between SAs
and APBA.

To choose a suitable dendrimer concentration for array
preparation, a series of dendrimer spots with varying PAMAM
concentration were subjected to saturated adsorption of APBA-
AuNCs. The I value increased with increasing dendrimer
concentration and reached a steady value at 1.75 mg mL�1

(Fig. S5a, ESI†). Thus the optimal concentration range of
PAMAM was 0.5–1.75 mg mL�1. The maximum density achiev-
able corresponded to the maximum capacity of the surface, at
which the dendrimer was most close-packed. From the 5.4 nm
diameter of dendrimer, the maximum dendrimer density was
estimated to be 3.96 � 104 mm�2. Considering that the I value
was proportional to the dendrimer density, other dendrimer
densities were obtained from the I values to be 3.69 � 104,
3.19 � 104, 2.47 � 104 and 1.73 � 104 mm�2. The probe
concentration, adsorption time of probe and unloading time
of cells were optimized by examining their effects on I value.
The optimal values were 0.1 mmol, 10 min and 1 h, respectively
(Fig. S5b–d, ESI†). Furthermore, MTT assay verified that
the assay process did not affect the viability of cells (Fig. S6,
ESI†).

Under the optimal conditions, a series of APBA-AuNC
adsorbed panels at five dendrimer densities were incubated
with cells of different concentration to unload the probe from
the spots. After the washing step, no cells were adsorbed on the
dendrimer, which was observed under microscopy. The fluores-
cence images showed obvious decrease of fluorescent signal at
dendrimer spots. The completely black background indicated
that no probe was adsorbed on dendrimer-absent areas (Fig. 1a).

Fig. 1 (a) Fluorescent images of APBA-AuNC adsorbed dendrimeric array with
different dendrimer densities after unloading by cells at different concentrations.
(b) Plots of I vs. logarithm of cell concentration at dendrimer densities of
3.96 � 104, 3.69 � 104, 3.19 � 104, 2.47 � 104 and 1.73 � 104 mm�2 (from A–E).
Inset: plot of slope vs. dendrimer density.
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Along with increasing dendrimer density or decreasing cell
concentration, greater fluorescent signal could be observed.
The I value was found to be proportional to the logarithmic
value of BGC cell concentration in the detection range at each
dendrimer density (Fig. 1b). The different slopes indicated the
change rate of I with increasing cell concentration depended on
dendrimer density. The plot of slope vs. dendrimer density
showed the dependence (inset in Fig. 1b). At the densities less
than 3.53 � 104 mm�2, the slope decreased.

The decrease of fluorescent signal resulted from the unloading
of APBA-AuNC probe adsorbed on dendrimer. It could be
reasonably speculated that when the dendrimer density was
greater than the cell surface SA density, SAs on the cell surface
could efficiently unload the probe, so the change rate of I could
remain a constant value until the density reached the critical
value that was equivalent to the SA density on the cell surface.
Then the dendrimer density of 3.53 � 104 mm�2 occuring
the inflection point for slope change could approximately
correspond to the SA density on the cell surface. Assuming
the average diameter of BGC-823 cell as 20 mm, this amount
of SA on a single cell was consistent with that reported
previously.8c Different from existing methods for measuring
the density of cell surface receptors, which relied on two
different recognition pairs,17 this method required only one
kind of recognition pair.

The proposed method enabled to monitor subtle changes of
glycan density in response to drugs. Sialidase was selected as
the model drug for cleaving SAs. After sialidase treatment, the
change of I with increasing cell concentration was reduced
(Fig. 2a–c). Along with longer treatment time, the plot gradually
tended to a flat line. This result demonstrated the decrease of
SA expression by sialidase cleaving, and was in agreement with
a previous report.8d At relatively short treatment time, the
plot slope of I vs. logarithm of cell concentration showed
a correlation to dendrimer density, while this correlation

disappeared at longer treatment time due to the low SA density
on cell surface, which exceeded the given dendrimer density
range (Fig. 2d). When the cells were treated for 10 min, the SA
density on the cell surface was measured to be 2.73 � 104 mm�2

from the inflection point for the slope change (curve B in
Fig. 2d).

In conclusion, a density tunable dendrimeric array-based
assay has been developed for in situ tracing of cell surface
SA density. The detection process uses functionalized
gold nanoclusters as probes that show bright luminescence,
high glycan selectivity and low non-specific adsorption.
This method possesses high throughput, acceptable reprodu-
cibility and low cost. This strategy can be further applied for
tracking subtle changes of SA density on the cell surface in
response to drug treatment. By controlling the density range of
dendrimer on the array, broader density range of cell surface SA
can be traced. It can be anticipated that this method for
cell surface glycan tracing would contribute to progress toward
a fundamental understanding of glycan-related biological
processes.
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Fig. 2 Plots of I vs. logarithm of cell concentration at dendrimer densities of
3.96 � 104, 3.69 � 104, 3.19 � 104, 2.47 � 104 and 1.73 � 104 mm�2, respectively
(from A–E) using cells treated with sialidase for (a) 10 min, (b) 20 min and (c) 4 h.
(d) Plots of slope vs. dendrimer density using untreated cells (A) and cells treated
with sialidase for 10 min (B), 20 min (C) and 4 h (D) in the assay process.
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