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ABSTRACT: This study introduces a novel wash-type affinity-primed
proximity labeling (WAPL) strategy for labeling and surface engineering of
the MUC1 protein neighboring system. The strategy entails the utilization of
peroxidase in conjunction with a MUC1-selective aptamer, facilitating targeted
binding to MUC1 and inducing covalent labeling of the protein neighboring
system. This study reveals a novel finding that the WAPL strategy demonstrates
superior labeling efficiency in comparison to nonwash-type affinity-primed
proximity labeling, marking the first instance of such observations. The WAPL
strategy provides signal amplification by converting a single recognition event
into multiple covalent labeling events, thereby improving the detection
sensitivity for subtle changes in MUC1. The WAPL platform employs two levels of labeling upgrades, modifying the biotin
handles of the conventional labeling substrate, biotin−phenol. The first level involves a range of clickable molecules, facilitating
dibenzoazacyclooctynylation, alkynylation, and trans-cyclooctenylation of the protein neighboring system. The second level utilizes
lactose as a post-translational modification model, enabling rapid and reliable glycoengineering of the MUC1 neighboring system
while remaining compatible with cell-based assays. The implementation of the WAPL strategy in protein neighboring systems has
resulted in the establishment of a versatile platform that can effectively facilitate diverse monitoring and regulation techniques. This
platform offers valuable insights into the regulation of relevant signaling pathways and promotes the advancement of novel
therapeutic approaches, thereby bringing substantial implications for human health.
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■ INTRODUCTION
The spatial configuration of biomolecules is pivotal for
fundamental biological processes.1 Mucin1 (MUC1), charac-
terized by its glycosylated structure and variable tandem repeat
(VNTR) domains, exhibits an augmented expression in diverse
epithelial cancers.2,3 This protein is recognized as a critical
biomarker in several cancer types, playing an integral role in
disease progression and often correlating with adverse
prognostic outcomes.4 The activity and localization of
MUC1 are governed by numerous molecular mechanisms
including interactions with other proteins. Recent research has
demonstrated that disrupting MUC1−EGFR interactions
effectively eliminates breast cancer cells both in vitro and in
tumor models.5 Functionalizing the neighboring system of
MUC1 can provide insights into the regulation of signaling
pathways associated with MUC1 and aid in the development
of novel therapeutic drugs.
In the study of MUC1, various classical and traditional

detection methods, such as enzyme-linked immunosorbent
assay (ELISA),6 Western blot (WB),7 mass spectrometry
(MS),8 and immunofluorescence (IF),9 have been employed.
While ELISA, WB, and MS techniques offer quantitative
protein information, they often necessitate sample lysis and can
be detrimental to cells, thereby limiting their ability to conduct

in situ analysis.10 The IF technique is a robust immunochem-
ical method that enables the detection of various membrane
proteins through the utilization of fluorophore-modified
antibodies in situ.11,12 While this technique can be applied to
living cells to some extent, there is a need for enhanced
sensitivity. Duplexed luminescence resonance energy transfer
(D-LRET)13 and hierarchical coding (HieCo)14 strategies
have made use of the highly expressed glycosyl groups on
MUC1 to achieve the amplification analysis of MUC1 at the
living cell level but still lack the technology to regulate protein
function. Regulation of protein function often requires the
rapid incorporation of functional groups into protein
neighboring systems. The 2022 Nobel Prize in Chemistry
recognized the significant contributions of click chemistry,
which locally introduces chemical modifications such as Cu(I)-
catalyzed azide−alkyne cycloaddition (CuAAC) by Sharpless
and Meldal,15 and the strain-promoted alkyne−azide cyclo-
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addition (SPAAC) reaction by Bertozzi.16 This integration into
the protein neighboring system allows for the construction of a
flexible and versatile platform that can accommodate various
monitoring and regulation techniques.17 However, the
challenge lies in developing methods to locally introduce the
aforementioned chemical modifications into protein neighbor-
ing systems.
Peroxidase-mediated proximity labeling provides an oppor-

tunity to address this problem.18 In the presence of hydrogen
peroxide, peroxidases catalyze the generation of phenoxy
radicals from phenol derivatives. These radicals have short
lifetimes (<1 ms), small labeling ranges (<20 nm), and can
covalently react with electron-rich amino acids such as
tyrosine, which can quickly achieve the labeling of proteins
and neighboring proteins.19,20 Peroxidase-mediated proximity
labeling involves the localization of peroxidase and proximity
labeling. The receptor−ligand recognition method provides a
promising solution for the rapid and direct precise localization
of peroxidase.21 In all the affinity molecules, aptamer (Apt) is
an oligonucleotide fragment obtained from a nucleic acid
molecular library by systematic evolution of ligands by
exponential enrichment (SELEX), and it is smaller and more
stable than antibodies.22,23 It has high specificity for target
molecules and can be produced quickly by chemical synthesis
or in vitro selection.24 Furthermore, based on whether the
undetermined peroxidase was washed off when approaching
the label, wash-type strategies, represented by the enzyme-
mediated activation of radical source (EMARS)21 and
multifunctional proximity labeling (MPL) strategy, and
nonwash-type approach, represented by the aptamer-enabled
proximity catalytic labeling (APCL) strategy,26 were devel-
oped. Compared with wash-type strategies, the nonwash-type

strategy is relatively simple to operate. However, the issue of
possible substrate waste, resulting in compromised label
validity, has not been systematically explored.
Here, we contrasted the labeling differences between

nonwash-type and wash-type affinity-primed proximity labeling
(WAPL) for the first time and further achieved multiple
labeling and functionalization of MUC1 protein neighboring
systems (Scheme 1). We selected MUC1 S2.2 Apt,27 known
for its high affinity for MUC1, as the affinity molecule and
incorporated it as a spatial control for horseradish peroxidase
(HRP). Then, we used molecular toolboxes to facilitate the
diverse functionalization of protein neighboring systems. This
allows for subsequent tracking or modification using CuAAC,
SPAAC, and iEDDA reactions. All three labeling methods can
be conducted in situ and offer remarkable selectivity and
sensitivity. By employing lactose as a model, we have achieved
a novel neo-glycosylation of the MUC1 neighboring system,
which occurs at electron-rich amino acids different from N-
glycosylation (asparagine) and O-glycosylation (serine, threo-
nine), which has important implications for the regulation and
study of glycosylation-related signaling pathways. The clickable
labeling platform we constructed offers a highly efficient, cost-
effective, and dependable method for incorporating drugs and
other compounds into protein neighboring systems. This study
provides valuable insights into the regulation of glycosylation-
related signaling pathways in protein neighboring systems and
the development of novel therapeutic drugs, with far-reaching
implications for human health and treatment strategies.
The HRP-Apt conjugate was generated by using a stepwise

assembly protocol. A bifunctional linker, 4-(N-maleimido-
methyl) cyclohexane-1-carboxylic acid 3-sulfo-N-hydroxysucci-
nimide ester (SMCC),28 was employed, with N-hydroxysucci-

Scheme 1. (A) Schematic illustrating the labeling principle of wash-type affinity-primed proximity labeling (WAPL). (B)
Schematic diagram illustrating multiple functionalizations in the protein neighboring system using WAPL strategya

aThe labeling results comprise two primary categories: (1) Functionalization with clickable molecules to achieve dibenzoazacyclooctynylation,
alkynylation, and trans-cycloctenylation of the proteins in the neighboring system. (2) Use of lactose as a model for post-translational modifications
(PTMs) to enable rapid, reliable, and cell-compatible glycoengineering in the protein neighboring system.
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nimide (NHS) and maleimide (Mal) as its functional groups.
Briefly, the surface-exposed amino groups of HRP reacted with
the NHS of SMCC, resulting in the formation of HRP-SMCC.
The exposed Mal on HRP-SMCC subsequently reacted with
the thiol group from SH-Apt, generating HRP-Apt. The
conjugation of HRP and Apt was evaluated using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Figure S1). The results displayed a distinct upward-
shifted discrete band at 94.2% for HRP-Apt compared to HRP,
indicating successful and efficient covalent coupling of HRP
and Apt. HRP-Apt exhibited two additional upward-shifted
bands compared with HRP, suggesting the formation of two
different proportions of HRP-Apt conjugates. Subsequently, a
conventional 3,3′,5,5′-tetramethylbenzidine (TMB)-based col-
orimetric assay was employed to validate the sustained HRP
activity within the HRP-Apt conjugate (Figure S2).29

Having successfully prepared HRP-Apt, we proceeded to
investigate the characteristics of affinity-primed proximity

labeling by employing HRP-Apt. Biotin−phenol is a commonly
used labeling molecule in such reactions to demonstrate the
local labeling effect. Researchers have employed different
approaches in the biotin−phenol labeling step, with some
opting to remove unbound HRP in a process known as wash-
type,21,25 while others choose not to remove it, referred to as
nonwash-type.26 However, the efficiency of labeling in wash-
type and nonwash-type affinity-primed proximity labeling has
not been thoroughly examined in prior studies. To address
this, MCF-7 cells were labeled with gradient concentrations of
HRP and HRP-Apt under wash and nonwash conditions, as
depicted in Figure 1B−E. The procedure involved incubating
MCF-7 cells with HRP and HRP-Apt for 30 min.
Subsequently, biotin−phenol (100 μM) and H2O2 (400 μM)
were added under wash and no-wash conditions, followed by a
3 min incubation to accomplish labeling. Postreaction
quenching and washing to eliminate excess biotin−phenol
were conducted, and streptavidin-Cy3 (SA-Cy3) was utilized

Figure 1. Differences in procedures, principles, and results between wash-type and nonwash-type affinity-primed proximity labeling. (A) Schematic
illustration for the principle of the labeling. (B−E) Investigation of the labeling performance of HRP (B, D) and HRP-Apt (C, E) on wash-type (B,
C) and nonwash-type (D, E) affinity-primed proximity labeling. CLSM was obtained by SA-Cy3 staining after affinity-primed proximity labeling.
Scale bar: 20 μm. The images are representative of three individual experiments.
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to detect the presence of the labeled biotin−phenol (Figure 1).
Notably, MCF-7 cells in the wash-type group exhibited more
pronounced Cy3 fluorescence on the cell membrane than
those in the nonwash-type group (Figure 1B−E). Moreover,
replacing HRP-Apt with HRP resulted in significantly weaker
fluorescence (Figure 1B,D). The signal ratio of HRP-Apt to
HRP in the optimal case for wash-type reached 13.2 (cHRP‑Apt,
23.1 nM), whereas for nonwash-type, it was 7.8 (cHRP‑Apt, 2.31
nM) (Figures 1B−E and S3). This outcome may be attributed
to the higher efficiency of the wash-type in facilitating the
reaction of peroxidase-catalyzed phenoxy derivatives with
electron-rich amino acids on the cell surface, whereas the
nonwash-type predominantly dimerizes phenol derivatives,
impeding labeling on the cell surface (Figure 1A). In short, we
compared the wash-type and nonwash-type method, and the
wash-type method reduces the synthesis of dimers, improves
the labeling efficiency, and is very friendly to the adherent cells.
The nonwash-type method is more suitable for suspension
cells (Table S1). Consequently, the WAPL strategy was
selected for subsequent experiments. Control experiments
were conducted to validate the specificity of the WAPL
strategy, where the absence of HRP-Apt, biotin−phenol, H2O2,
or SA-Cy3 resulted in indistinguishable fluorescence intensity
(FI) from the blank control. The replacement of HRP with
HRP-Apt yielded no signal, confirming the localization of
labeling mediated by Apt (Figures 2A and S4). The results
showed that the labeling reagents exhibited favorable
cytocompatibility and the cells retained their viability after
WAPL. Therefore, WAPL is considered a suitable method for
performing live cell experiments, as shown in Figure S5.

Additionally, this study showcases the extensive versatility of
the WAPL method in labeling N-glycosylated proteins, with
EpCAM serving as a representative model (Figure S6).
Clickable functionalization of the cell surface plays a pivotal

role in various aspects, including cell type identification,
regulation of cell adhesion, control of cell−cell interactions,
and promotion of cell apoptosis.30−33 Localized functionaliza-
tion within protein neighboring systems offers convenience for
the precise regulation of cellular behavior. To facilitate manual
manipulation of protein neighboring systems, we constructed a
molecular toolbox. Alongside biotin−phenol (Figures 2A and
S4), the toolbox included dibenzoazacyclooctyne (DBCO)−
phenol (Figures 2B and S7), alkyne−phenol (Figures 2C and
S8), and trans-cyclooctene (TCO)−phenol (Figures 2D and
S9) as labeling molecules. Each molecule in the toolbox
underwent conceptual verification to fully explore its labeling
properties, yielding consistent results with biotin−phenol.
Furthermore, our labeling technique demonstrated efficiency
and rapidity, with the entire protocol taking only 33 min (30
min for Apt binding and 3 min for localized labeling), which is
significantly shorter than the approximately 72 h required for
endogenous expression-based approaches.
Additionally, we investigated the principles and patterns of

labeling molecules in the toolbox for WAPL strategies (Figure
3A). It was observed that the fluorescence on the cells
increased initially and then decreased as the concentration of
the labeling molecules increased (Figures 3B and S10). When
the concentration of the labeling molecules was very low, such
as 1 μM, the fluorescence signal on the cells was weak due to
an insufficient abundance of the labeling molecules. However,

Figure 2. Demonstration of the feasibility of different phenol-modified functional molecules in the WAPL strategy. Scale bar: 20 μm. Fluorescence
image: Cy3 excitation, 540 nm/emission 555−610 nm. Cy5 excitation 650 nm/emission 675−720 nm. Pictures are representative of three separate
experiments.
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the phenomenon of decreased fluorescence in cells with
increasing concentrations of the labeling molecules was not
commonly observed. This behavior can be attributed to the
competitive nature of the labeling reaction. The peroxidase-
catalyzed labeling of phenol derivatives involves competition
between the phenol derivatives in the solution and the
electron-rich amino acids on the cell membrane.18−20 When
the concentration of phenol radicals is appropriate, the radicals
diffuse to the cell surface and react with electron-rich amino
acids. However, when the concentration of phenol radicals is

too high, dimerization of the phenol derivatives becomes
dominant, which hinders labeling on the cell surface. The
experimental observations during cell incubation with HRP-
Apt (Figure 1C,E) at gradient concentrations aligned with the
trends observed with the molecules in the toolbox, further
confirming the competitive nature of the reactions in the
WAPL strategy.
For the detection of subtle changes in MUC1, a marker for

tumor occurrence, development, and prognosis, more sensitive
detection methods are needed.34 Antibody/Apt recognition is

Figure 3. Effect of different concentrations of phenol-modified functional molecules on the efficacy of the WAPL strategy. (A) Illustration of
labeling efficiency for different molecular concentrations in the WAPL strategy. (B) Fluorescence images and FI of biotin−phenol, DBCO−phenol
at different concentrations. Representative images from three independent experiments are presented, with a scale bar indicating 20 μm.

Figure 4. MUC1 expression levels in different cell types were determined by the WAPL strategy and direct Cy3-Apt labeling. HeLa, MCF-7, and
MCF-10A cells were utilizing biotin−phenol as the labeling substrate, while SA-Cy3 was employed to quantify the extent of biotinylation. The
fluorescence statistics for Apt-based labeling are from Figure S11. Representative images from three independent experiments are shown.
Fluorescence imaging was conducted with Cy3 excitation at 540 nm and emission within the range of 555−610 nm. Scale bar: 20 μm. Data are
presented as mean ± SD, n = 3. Statistical analysis was performed using Student’s t-test, where **p < 0.01 was considered highly significant, *0.001
< p < 0.05 was considered significant, and p ≥ 0.05 was regarded as not significant (NS).
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a widely used protein analysis technique that does not
necessitate genetic manipulation of the target cell population.35

Cy3-labeled aptamer (Cy3-Apt) was utilized to assess the
capability of Apt-based labeling and the WAPL strategy for
discriminating protein abundance in various cell lines (Figures
4 and S11). Under identical recording conditions of confocal
laser scanning microscopy (CLSM), the WAPL strategy
facilitated clear observation of Cy3 signals of MUC1, while
the Apt-based labeling method encountered difficulties in
detecting signals from certain MUC1-expressing cells. This
disparity arises because the WAPL strategy amplifies a single
identification event into multiple covalently labeled events,
thereby producing stronger signals compared to those of the
Apt-based labeling (Figure 4). Furthermore, despite enhance-
ments in the imaging parameters of the Apt-based
identification method, it often struggled to distinguish
MUC1-expressing tumor cells such as MCF-7 and HeLa
cells (Figure S11). In contrast, the WAPL strategy successfully
identified differences and exhibited significant distinctions with
these cells (Figure 4). While the Apt-based labeling approach
was unable to track the difference in MUC1 abundance
between MCF-7 and MCF-10A cells, the WAPL strategy was
able to recognize the difference between them and showed a

significant difference. This enhancement arises from the
conversion of a single recognition event into multiple covalent
labeling events, facilitating the detection of subtle changes in
MUC1. The protein expression discrepancies observed among
the three cells using the WAPL strategy were found to be in
agreement with the WB results (Figure S12), suggesting that
the developed WAPL strategy exhibits a high level of accuracy
and sensitivity as an in situ analysis approach.
Glycosylation, a nontemplate-driven biological synthesis

process, represents the most intricate and diverse class of
modifications in cellular structures. It plays a crucial role in cell
recognition, communication, adhesion, and immune re-
sponse.36,37 The advancement of swift and reliable in situ
(neo)glycosylation on protein neighboring systems is essential
for an in-depth understanding and accurate control of glycan
functionality, particularly in tumor immunotherapy. To
illustrate the efficacy of the WAPL strategy in addressing this
challenge, lactose was employed as a glycan model to exhibit a
successful glycosylation implementation (Figure 5). Lactose,
comprising glucose and galactose, undergoes transformation by
galactose oxidase, which converts the hydroxyl group at the C6
position of galactose into an aldehyde group.38 In this
approach, the synthesized aldehyde lactose−phenol (CHO−

Figure 5. WAPL strategy-based neo-glycosylation of the MUC1 neighboring system in living cells. (A) Schematic illustrating the site differences
between neo-glycosylation of the labeling and conventional glycosylation. (B) CLSM imaging of MCF-7 cells treated with different combinations of
labeling strategies. (C) Statistical analysis of FTZ signal intensity in (B). (D) Flow cytometry (FCM) of MCF-7 cells treated with different
combinations of labeling strategies. (E) Fluorescence imaging of different samples at different concentrations of LP-CHO. (F) FI of LP-CHO from
(D). Scale bar: 20 μm. Fluorescence image: FITC excitation 488 nm/emission 510−550 nm. Pictures are representative of three separate
experiments.
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LP) serves as a substrate for the WAPL strategy. The aldehyde
group is bioorthogonal tagged with fluorescein-5-thiosemicar-
bazone (FTZ) to visualize the abundance of CHO−LP on cell
membranes. CHO−LP was efficiently attached to the protein
neighboring system following 3 min of proximity labeling. The
contribution of each probe component was evaluated by
excluding specific relevant components and replicating the
protocol (Figures 5B−D and S13). The FI at the cell periphery
was negligible in the absence of HRP-Apt (a), CHO−LP,
H2O2 (b), or FTZ (c). When Apt was omitted and HRP was
used to incubate the cells (d), the FI at the cell periphery was
nearly the same as that of the background, indicating that the
targeting effect of Apt enabled glycosylation of the MUC1
neighboring system. The localized installation principles of
CHO−LP were examined, adhering to similar patterns as those
observed with clickable molecules in the toolbox (Figure
5E,F). Significantly, endogenous cellular glycosylation is
unaffected during neo-glycosylation, as demonstrated by sialic
acid (Figure S14). The neo-glycosylation sites in the MUC1
neighboring system differ from traditional glycosylation sites,
which typically involve asparagine-linked (N-linked) and
serine/threonine-linked (O-linked) types. Instead, the neo-
glycosylation sites are predominantly situated on electron-rich
amino acids, such as tyrosine (Figure 5A). This distinction is
critical for regulating and investigating signaling pathways
associated with atypical glycosylation sites. Additionally, to
determine the activity of glycosyl molecules incorporated
during the neo-glycosylation process, a global oxidation of
cellular galactose was performed following proximity labeling
with lactose−phenol as the substrate. Subsequently, the
oxidized galactose was tagged with FTZ (Figure S15). The
notably enhanced fluorescence observed at the cell surface
suggested successful incorporation and subsequent oxidation
of lactose. Furthermore, an investigation into the labeling
regularity of lactose−phenol revealed consistency with CHO−
LP, possibly linked to substrate dimerization (Figure S16).
This method is fast, user-friendly, and compatible with live
cells and does not require prior chemical modification or
genetic intervention of the cells, offering opportunities to study
glycosylation-mediated interactions, signal transduction, and
the regulation of tumor immunotherapy.

■ CONCLUSIONS
This research has led the way in comparing nonwash-type and
wash-type affinity-primed proximity labeling. By employing
this WAPL strategy, we transformed a single aptamer
recognition event into multiple covalent labels facilitated by
ultrafast enzyme catalysis, facilitating the observation of subtle
changes in MUC1. Selective customization of various clickable
groups in the MUC1 protein neighboring system has been
enabled. This platform can accommodate CuAAC, SPAAC,
and iEDDA reactions for subsequent tracking or modification.
Significantly, we present a prompt glycosylation technique that
specifically targets nonclassical sites within the adjacent protein
system, thereby enabling the integration of neo-glycosylation
into the MUC1 neighboring system. This approach provides
opportunities for investigating the functional implications of
novel glycosylation at nonnatural sites. We firmly believe that
our proposed method will significantly contribute to the
investigation of MUC1-related signal transduction and cellular
behavior and hold substantial potential for applications in
chemotherapy, immunotherapy, and tissue engineering.

■ METHODS
WAPL of Biotin−Phenol
MCF-7 cells were seeded at a density of 2 × 105 mL−1 in confocal
dishes and incubated at 37 °C with 5% CO2 for 24 h. Cells were
blocked with 10% goat serum for 1 h at 4 °C and washed three times
with PBS. To investigate the differences in HRP-Apt-mediated cell
labeling at different concentrations, 1.16, 2.31, 11.6, 23.1, and 116 nM
HRP-Apt were added to MCF-7 cell samples, incubated at 4 °C for 30
min, and washed three times with PBS. 100 μL portion of PBS
solution containing 100 μM biotin−phenol and 400 μM H2O2 was
added to the cells and maintained for 3 min. Then, 5 μL of PBS
containing 200 mM NaN3 and 200 mM sodium ascorbate was added
to the reaction solution to quench the reaction, and the cells were
washed three times with PBS to complete the biotin−phenol labeling
process. 100 μL of 15 μg mL−1 of SA-Cy3 was added to the cell
samples, incubated for 30 min at 4 °C, and washed three times with
PBS. Finally, the fluorescence intensity (FI) of the cell surface was
measured by CLSM, and the pixel values of 10 cell profiles were
averaged and repeated three times to obtain the FI. To demonstrate
the necessity of each component for WAPL, the labeling experiments
were performed by the same procedure as mentioned above with
cHRP‑Apt of 23.1 nM except for omitting each component individually.
To investigate the effect of biotin−phenol concentration (cbiotin−phenol)
on WAPL performance, after cells were incubated with 23.1 nM HRP-
Apt, 100 μL of PBS containing 400 μMH2O2 and different cbiotin−phenol
(10, 50, 100, 500, and 1000 μM) were added. Quenching was
performed by adding 5 μL of PBS containing 200 mM NaN3 and 200
mM sodium ascorbate.

Performance of the WAPL Strategy on Different Cells
MCF-7, MCF-10A, and HeLa cells were seeded at a density of 2 ×
105 mL−1 in confocal disks and cultured at 37 °C and 5% CO2 for 24
h. The cells were blocked with 10% goat serum at 4 °C for 1 h and
washed three times with PBS. To investigate the differences in HRP-
Apt-mediated labeling in cells with different MUC1 expression, 100
μL of 23.1 nM HRP-Apt was added to MCF-7, MCF-10A, and HeLa
cell samples, incubated for 30 min at 4 °C, and washed three times
with PBS. 100 μL of PBS solution containing 100 μM biotin−phenol
and 400 μM H2O2 was added to the cells and maintained for 3 min.
Then, 5 μL of PBS containing 200 mM NaN3 and 200 mM sodium
ascorbate was added to the reaction solution to quench the reaction,
and the cells were washed three times with PBS. 100 μL of 15 μg
mL−1 SA-Cy3 was added to the cell samples, incubated at 4 °C for 30
min, and washed three times with PBS. Finally, the FI on the cell
surface was measured using CLSM. The pixel values of 10 cell profiles
were averaged, and this process was repeated three times.

Cell Neo-Glycosylation by WAPL of CHO-Lactose−Phenol
MCF-7 cells were seeded at a density of 2 × 105 mL−1 in confocal
dishes and incubated at 37 °C with 5% CO2 for 24 h. 10% goat serum
was added to the cells to block the cells at 4 °C for 1 h, followed by
three washes with PBS. 100 μL portion of 23.1 nM HRP-Apt was
added to MCF-7 cell samples and incubated for 30 min at 4 °C. 100
μL of PBS solution containing 100 μM CHO-lactose−phenol and 400
μM H2O2 was added to the cells and maintained for 3 min. Then, 5
μL of PBS containing 200 mM NaN3 and 200 mM sodium ascorbate
was added to the reaction solution to quench the reaction. After
washing three times with PBS, a PBS solution containing 100 μM
FTZ, 10 mM aniline, and 5% FBS (100 μL) was added to the cell
samples and incubated at 4 °C for 1 h. After washing, the fluorescence
on the cell surface was imaged using CLSM. As controls, one or more
components of the above process were omitted.
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