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ABSTRACT: An ultrasensitive photoelectrochemical (PEC) biosensor for N-glycan 

expression based on the enhancement of nanogold-assembled mesoporous silica 

nanoparticles (GMSNs) was fabricated, which also combined with multibranched 

hybridization chain reaction (mHCR) and graphene quantum dots (GQDs). In this 

work, the localized surface plasmon resonance, mHCR and GQDs-induced signal 

amplification strategies were integrated exquisitely and applied sufficiently. In the 

fabrication, after porous ZnO spheres, immobilized on the Au nanorod-modified paper 

working electrode, were sensitized by CdTe QDs, the GMSNs were assembled on the 

CdTe QDs. Then the photocurrent efficiency was improved by the sensitization of the 

CdTe QDs and the localized surface plasmon resonance of GMSNs. Successively, the 

products of mHCR with multiple biotins for multiple horseradish peroxidase binding 

and multiple branched arms for capturing the target cells were attached on the 

as-prepared electrode. The CL emission with the aid of horseradish peroxidase was 

served as an inner light source to excite photoactive materials for simplifying the 

instrument. Furthermore, the aptamer could capture the cancer cells by highly 

efficient cell recognition ability, which avoided the conventional routing cell counting 

procedures. Meanwhile, the GQDs served as signal amplication strategy was exerted 

in the process of N-glycan evaluation due to competitive absorption of exciting light 

and consumption of H2O2 served as the electron donor of the PEC system and the 

oxidant of luminol-based CL system. This judiciously engineered biosensor offered an 

aussichtsreich platform for the exploration of N-glycan-based physiological 

processes.  

KEYWORDS: Photoelectrochemical, Microfluidic paper-based analytical device, 

Localized surface plasmon resonance, Multibranched hybridization chain reaction, 

N-glycan evaluation 
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1. INTRODUCTION 

Glycosylation, one major protein modification in eukaryotes, plays crucial role in 

majority of biological processes.1,2 As is well-known to all, N-glycosylation can 

regulate the protein trafficking and folding. In addition, the glycan of N-linked 

glycosylation (N-glycan) attached to the side chain of asparagines participate in the 

biomolecule interactions, thus they can mediate a good deal of physiological and 

biological events such as tumor progression.3-5 Glycan epitopes served as surface 

markers can recognize and detect different kinds tumor.6 The glycan expression on 

cell membranes, a dynamic process related to the cellular condition and status, can 

reflect the pathophysiological steps of the morbid state.7 Aberrant N-glycan not only 

involve in many pathological phenomena, but also is hallmark of many diseases, such 

as Alzheimer’s disease,8 cancer,9 and infectious diseases.10 As a consequence, the cell 

surface N-glycan evaluation is primarily pregnant for deciphering roles in disease 

development and clinical diagnostics and therapeutics. 

Currently many well-established methods about glycomics analysis have been 

reported, for instance, mass spectrometry,11 capillary electrophoresis,12 nuclear 

magnetic resonance,13 and high-performance liquid chromatography.14 Although these 

methods can reveal the structural details superiorly, many severe drawbacks are also 

distinct. The infrastructures applied in these analytical methods are normally pricy as 

well as sophisticated, and the procedures are time-consuming and destructive, which 

limit the widespread clinical practice to a great extent.15,52 To make up for the 

deficiency, there is a urgent need to develop a method with potential applications of 

simple, rapid, inexpensive, robust for dynamic analysis of glycan on cell surfaces. 

Paper-based microfluidic systems16-18 have been widely used as a platform for 

biological assay in recent years to satisfy the growing need for simple, cost-effective, 

point-of-care diagnostic devices. Paper possesses high specific surface area on 

account of its high surface roughness and internal porosity.18 Besides it is also 

inexpensive, flexible, easily shaped by cutting or folding, and disposable by 
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incineration.20 Up to now, the paper-based photoelectrochemical (PEC) sensors have 

had a wide range of applications in the analysis for polytype testing sample.21-23 

However, fewer reports about paper-based PEC sensors that used for simultaneously 

dynamic analysis of N-glycan presented on the cell surface and cytosensing are 

reported. In traditional PEC analysis, under the action of excitation light, the 

photoinduced electrons from the photoelectric material take part in the process of 

transfer. The adverse background signal was decreased on account of the separation of 

the light (excitation source) and current (detection signal).24-26 Meanwhile, the 

apparatus offered physical light source make the the process of detection for analytes 

is cumbersome, which also violate the concept of instrument miniaturization. 

Therefore, chemiluminescent (CL) emission was introduced in order to avoid the 

external physical excitation light source inspired by the inner light source for PEC.27 

Furthermore, to realize PEC detection, light emission with different wavelengths can 

be obtained by changing the experimental condition of the luminol-based CL 

system.28,29 As we all known, hydroxyl radical was producted from H2O2 by the 

catalysis of the horseradish peroxidase (HRP), which further catalyzed the CL 

reaction of luminal with enhanced CL signal.30,31 Thus, this reaction was applied to 

our strategy for offering the internal excited light source. To achieve highly sensitive 

detection on the PEC biosensor, enhanced photocurrent intensity and signal 

amplification strategies are necessary. In order to enhance the photocurrent intensity, 

cosensitized structure, localized surface plasmon resonance (LSPR) and 

multibranched hybridization chain reaction 32,33(mHCR) were brought into our system. 

ZnO-based semiconductor materials are very attractive and promising photoactive 

material due to their low cost, excellent biocompatibility, eminent chemical and 

thermal stability.34,35 For the suitable band gap of ZnO and CdTe quantum dots (QDs), 

the transfer process of electron excited from the CdTe QDs to ZnO can take place 

readily, which could not only effectively enhance the utilization of light energy but 

also reduce the electron-hole recombination.36 Recently, the LSPR-mediated control 

over the emission property has become a hotspot. LSPR, arised from the collective 

oscillation of conduction electrons of metal nanostructures, can excite high-energy 
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electrons emerging on metal surface,37 which bring the noble metal nanoparticles 

several unique properties, such as the unique plasmon absorbance features, intensive 

localized electric field in the vicinity and visible light-induced charge separation.38  

In the case of plasmonic metallic nanostructures coupled to other substrates, the 

electrons excited from the metal could be deliveried in the conduction band of the 

semiconductors materials via surmounting the Schottky barrier.39-42  In the proposed 

biosensor, the energetic electrons from the surface plasmons of the Au NPs were 

injected into the conduction band of the semiconductor material (CdTe QDs), then 

rapidly passed on to the electrode through porous ZnO. Metallic nanoparticles, 

especially nanogold (Au NPs), were widely applied due to their strong LSPR, high 

extinction coefficient and broad absorption spectra.43 What’s more, the mesoporous 

silica nanoparticles (MSNs) with large surface-to-volume ratios and uniform pore 

diameters were induced for loading plenty of Au NPs, which significantly enhanced 

the LSPR absorption efficiency (nanogold assembled the MSNs was defined as 

GMSNs). In addition, simple but effective signal amplification was achieved by 

graphene quantum dots (GQDs) because of the distinct optical and electronic natures. 

On account of quantum confinement effect and quantum size effect, the bandgap is 

about 2.0 ev. Besides, the properties of excellent biocompatibility and unique 

solubility have made GQDs attract increasing attention.44-46 

Herein, we present a novel PEC biosensor. Experimentally, porous ZnO spheres 

were covered on the paper working electrode with Au nanorod (Au-PWE), then the 

CdTe QDs and GMSNs were attached to the as-prepared electrode successively. The 

horseradish peroxidase (HRP) labled double helices of DNA with multiple branched 

arms (HRP-mdhDNA) with carboxyl was linked on the ethanediamine treated 

GMSNs via the formation of amide bond, which could make the luminol-based CL 

system offer lignt source for the biosensor. Under the inner light source, the porous 

ZnO sensitized by CdTe QDs produced high photocurrent response at the aid of the 

the localized surface plasmo resonance of GMSNs. The ingenious project that certain 

multiple branched arms were designed as the aptamper of the MCF-7 cells enabled 
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the target cells to be captured on the surface of the as-obtained electrode by the 

specific recognition reaction between the MCF-7 cells and the aptamers. The 

photocurrent response decreased with the increasement of the target cells due to the 

large steric hindrance. Meanwhile, concanavalin A (Con A) conjugated GQDs was 

applied in this system for the detection of N-glycan presented on cell surface due to 

the unique PEC properties of GQDs. The GQDs connected to the cells would 

competitively absorb the CL and consume the electron donor of the PEC system, 

resulting in evidently weakened photocurrent intensity. N-glycan Expression on cell 

membranes plays a crucial role in the specific recognation between the Con A and 

target cells. Thus, the GQDs attached Con A could reflect the N-glycan Expression 

indirectly by the change of the photocurrent intensity. The designed PEC biosensor 

opened a new era for sensitive evaluate the expression of N-glycan on the cell surface 

and offered a promising platform for clinical diagnostics and drug screening. 

2. EXPERIMENTAL SECTION 

2.1. Synthesis of Porous ZnO Spheres. Porous ZnO spheres was obtained according 

to the previous work with appropriate modifications.47 The details are presented in the 

Supporting Information. 

2.2. Preparation of the GQDs and CdTe-NH2 QDs. The GQDs were produced by a 

chemical oxidation approach and the CdTe-NH2 solution was synthesized according 

to the previous work,48,49 the details was seen in the Supporting Information. 

2.3. Synthesis of GMSNs. The utilized GMSNs was fabricated according the 

previous report,50 and the synthesis details was shown in Supporting Information. 

2.4. Preparation of the PEC Detection Areas. The manufacturing process of the 

proposed PEC biosensor was showed in Scheme 1. After the porous ZnO was 

immobilized on the surface of the Au-PWE, GMSNs were linked on the CdTe QDs 

modified ZnO/Au-PWE. Then the HRP-mdhDNA was attached onto the as-obtained 

electrode. Followed that the target cells and the expression of the N-glycan presented 

on the cell surface could be evaluated. The details of fabrication process for 
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biosensors were offered in the Supporting Information. 

  

 

Scheme 1. Schematic diagram of the manufacture procedures for the PEC detection area. a: The 

cellulose fibers was printed with wax, and the unprinted cellulose was serverd as work zone. b: 

The Au NPs was grown on the hydrophilic work zone. c: HRP was bounded on the mdhDNA 

formed by the multibranched hybridization chain reaction. d: The ZnO, CdTe, GMSNs, 

HRP-mdhDNA were modified on the Au-PWE in sequence, then the target cell was recongnized 

by the mdhDNA contained the aptamer . e: The GQDs@Con-A linked on the captured target cell, 

which came true the signal amplication of the system. 

3. RESULTS AND DISCUSSION 

3.1. Characterization of Au-PWE and porous ZnO. As can be seen in the Figure 

1A, the paper served as working electrode owned many macropores and rough surface, 

which offered an unique attachment microenvironment for the Au nanorod seed. A 

pyknotic layer of Au nanorod was obtained on the cellulose fibers of paper work zone 

(Figure 1B), and magnified scanning electron microscopy (SEM) images was shown 

in Figure 1C. The Au nanorod with high conductivity not only strengthened the 

conductivity of the paper work electrode but also offered active surface for ZnO, then 

the 4-aminothiophenol functioned ZnO could anchored the Au-PWE. The X-ray 
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diffraction (XRD) patterns of bare paper and Au-PWE were shown in Figure 1D. 

Three distinguishing diffraction peaks at 38.36, 44.54 and 64.75 were observed in the 

XRD pattern of Au-PWE (curve b) compared with that of bare paper (curve a), which 

corresponded to the (111), (200) and (220) crystallographic planes of cubic 

respectively (JCPDS card No 004-0784). Figure 1D certified that Au nanorod had 

been successfully generated on paper. The SEM images (Figure 1E) and TEM image 

(Figure 1F) showed that the product possessed porous structures and the average size 

was about 300 nm. In additon, the porous structure made ZnO provide high ratio of 

surface area to weight for the attachment of CdTe QDs, which would greatly improve 

the photocurrent response of the proposed biosensor. The diffraction peaks in Figure 

S1 could be assigned to (100), (002), (101), (102), (110), (103), (200), (112), (201) 

planes of hexagonal phase ZnO, which verified the successful synthesis of ZnO 

because the diffraction peaks were well consistent with the value in the standard card 

(JCPDS 89-7102). 

 

Figure 1. (A) SEM images of bare PWE; Inset: magnified SEM images of bare PWE; (B) SEM 

images of Au-PWE; (C) magnification of (B);(D) XRD patterns of the (a) bare paper, (b) Au-PWE; 

SEM image (E) and TEM image (F) of porous ZnO. 
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3.2. Characterization of MSNs and GMSNs. Figure 2A shows the SEM image of 

the synthesized MSNs, which indicated a type of spherical morphology with the 

average size of 80 nm. As could be seen from the Figure 2B, the three-dimensional 

network of MSNs could be obviously observed, which could provide the large surface 

for the growth of Au NPs. After the assembly of Au NPs, the pore size decreased and 

the network of GMSNs (Figure 2C) displayed more indistinct than unmodified MSNs, 

which could further confirm the in situ growth of Au NPs on the surface of MSNs. 

3.3. Characterization of GQDs and CdTe QDs. GQDs possess mangy distinct 

properties, especially in optical and electronic area, and it can be seen from Figure 2D. 

With the increase of the excitation wavelength, the mission wavelength exhibited a 

slightly red shift, which might be resulted from the reason of GQDs’ different 

emissive sites.44 As can be seen from the UV-vis absorption spectrum, the GQDs had 

a obvious peak at 228 nm and possessed a broad absorption below the wavelength of 

600 nm, which were accordant with the previous work.48 The GQDs had a average 

diameters of about 8 nm seen from in Figure S2A. The GQDs were characterized by 

X-Ray photoelectron spectroscopy (XPS) and Fourier transform infrared (FT-IR) 

spectroscopy (Figure 2E, Figure S2B) in order to research the surface groups. We can 

seen from the XPS that the GQDs mainly presented three kinds of carbons, 

oxygenated carbon, graphitic carbon as well as nitrogenated carbon. The existence of 

nitrogen resulted from the oxidation of HNO3 in the synthesis of GQDs (Figure 2E, F). 

In the FT-IR spectra (Figure S2B), the GQDs had characteristic peaks at 3428 cm−1, 

1382 cm−1 and 1085 cm−1, which respectively corresponded to the O-H group 

stretching, C-O group deformation and the C-OH group stretching. The above results 

certified the as-synthesized products possessed -OH and -COOH groups. 

As can been seen in Figure S2C, the diameter of the as-obtained CdTe QDs was 

about to be 2.6 nm, which were consistent with the obtained result accroding to 

Peng’s empirical equations: D=(9.8127×10-7)λ3-(1.7147×10-3)λ2+1.0064λ-194.84.51 

According to the UV-vis spectral (Figure S2D), the CdTe QDs exhibited an absorption 

range below 545 nm and the absorbance peak (curve a) appeared at 495 nm. The 
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CdTe QDs served as sensitizer was anchored on the porous ZnO, which made the 

cosensitized structure consist of the large band gap photoelectric material and one 

small bandgap sensitizer. Different semiconductors own different optimal absorption 

ranges due to their different band gaps. The produced cosensitized structure with 

cascade band-edge levels cannot only adequately utilize the light energy but also 

effectively promote charge separation and consequently enhance the photocurrent 

conversion efficiency. As can be seen the inset part in Figure S2D, the photocurrent 

response of CdTe/ZnO/Au-PWE had an obvious increasement compared with that of 

ZnO/Au-PWE. The results proved that the sensitization of the CdTe QDs made ZnO 

have the better photoelectric property. 

 

Figure 2. SEM image (A) and HRTEM image (B) of the MSNs; (C) magnified HRTEM image 

of GMSNs; (D) PL emission spectra of GQDs (inset: UV-vis absorption spectra); (E) XPS analysis 

surveys of GQDs; (F) XPS C 1s analysis of GQDs. 

3.4. PEC Behaviors of the Biosensor. In order to test the fabrication of the biosensor, 

PEC measurements of process with different states were recorded. The mdhDNA 

produced from mHCR could provide large multiple branched arms for multivalent 

binding of HRP and serving as the aptamer of the MCF-7 cells, which offered 

superior CL conditions for producing sufficient light source for the PEC biosensor and 
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afforded a platform for the capture of the target cells via the aptamper in the mdhDNA. 

As shown in Figure S3A, the luminol-HRP-H2O2 CL system presented an excellent 

CL response. The analysis results of the electrodes with different states were shown in 

Figure 3A, which were carried out in the solution contained H2O2 and luminol. Before 

anchored the biosensor with HRP-mdhDNA, a negligible photocurrent (curve a) was 

obtained, which ascribed to little light emission produced without the catalysis of HRP. 

However, HRP-mdhDNA introduced into the biosensor triggered the reaction of 

luminol-HRP-H2O2, which brought light source for the PEC system. A strong 

photocurrent response was obtained (curve b), which indicated the feasibility of the 

CL served the light source in this biosensor. Light induction would trigger the 

generation of LSPR of GMSNs then promoted electron transfer, which made the PEC 

sensors produce an obvious photocurrent response. The contrast test was shown in Fig. 

S3B，the pure ZnO almost had no photocurrent signals in our system (curve a), and 

the CdTe QDs generated a photocurrent (curve b) with about 188 nA. Interestingly, 

the porous ZnO modied with CdTe QDs had a obvious increase compared with bare  

 

Figure 3. (A) the photocurrent responses of GMSNs/CdTe/ZnO/Au-PWE electrodes (a) before 

and after (b) anchored HRP-mdhDNA, (c) incubated with MCF-7 cells (1.0×105 cells mL−1), (d) 

after further incubated GQDs@Con A; (B) EIS of (a) bare PWE, (b) Au-PWE, (c) ZnO/Au-PWE, 

(d) CdTe/ZnO/Au-PWE, (e) after anchoring GMSNs, (f) after further linking with HRP-mdhDNA; 
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Inset: the electrical equivalent circuit applied to fit theimpedance data; Rs, Rct, Zw, and CPE 

represent the Ohmic resistanceof the electrolyte, charge-transfer resistance, Warburg impedance, 

andconstant phase angle element, respectively. (C) Logarithmic calibration curve for cells (∆I=I0 

–I1); (D) Logarithmic calibration curve for cells attached GQDs (∆I=I0-I2). I0, I1 and I2 are the 

photocurrent of the HRP-mdhDNA /GMSNs/CdTe/ZnO/Au-PWE, after incubation with cells and 

further incubation with GQDs. 

 

Scheme 2. Schematic representation of the PEC analytical principle. 

ZnO with a photocurrent responses of 345 nA (curve c). The mere MSNs could not 

enhance the photocurrent response and even have inhibitory effect on the 

CdTe/ZnO/Au-PWE（curve d, decreased to 237 nA). In additon, the photocurrent 

responses further increased after modified with GMSNs (curve e), which ascribed the 

LSPR of the GMSNs. After the capture of target cells, the electrodes were further 

cultivated in the solution with GQDs@Con A nanoprobes. The photocurrent intensity  

dramatically decrease (curves c and d) mainly ascribed to two reasons. On the one 

hand, the huge steric effect of cells and GQDs@Con A hindered the holes’s cavenging. 

On the other hand, GQDs competitively absorbed the CL served as the internal 

excited light source and consumed the electron donor of the PEC system. The 
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mechanism of biosensing was shown in Scheme 2. 

Electrochemical impedance spectroscopy (EIS), an effective tool to characterize 

interface performance of the electrodes,52 was applied to further study the stepwise 

assembly process of the biosensor (Figure 3B). The electron-transfer resistance (Ret) 

of Au-PWE had a obvious decrease compared with the bare PWE (curve a), which 

attributed to the excellent electrical conductivity of the Au nanorod. After the porous 

ZnO was coated onto Au-PWE, remarkably increased EIS (curve c) certified that the 

successful assembly of photoelectric material, ZnO, which made the redox probe 

untoward to close to the surface of electrode. Subsequently, the Ret increased 

sequentially (curves d-f) when CdTe, GMSNs, HRP-mdhDNA were introduced on the 

surface of the Au-PWE, testifying that the assembly of different substances inhibited 

the transmission of electrons. To further improve the sensitivity of biosensor, mHCR 

reaction was employed to produce long products with multiple biotins for HRP to 

furnish the sufficient light source and multiple branched arms (aptamer of MCF-7 

cells) to recognize cell. The products of mHCR were proved by electrophoretic 

analysis and AFM images (Figures S4Aand S4B). The gradually increased Ret 

testified the the PEC biosensor had been constructed successfully.  
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Figure 4. Fluorescence microscopy imaging of the MCF-7 cells stained after the incubation with 

GQDS in the culture dish for 1 h (A) and 10 h (B); Fluorescence microscopy imaging of the 

MCF-7 cells captured on the prepared electrode for 1 h (C) and 3 h (D). (green fluorescence: 

living cells; red fluorescence: dead cells.) 

To inspect the cellular ability, a standard staining tests were carried out with the 

assistance of Calcein AM and propidium iodide. Interestingly, the results in Figure 4 

showed that the cell viability was about 96%. Figure 4A and B exhibited fluorescence 

microscopy image of stained MCF-7 cells after incubation with GQDS for 1 h and 10 

h, respectively. The MCF-7 cells presented a well living morphology, which indicated 

the GQDs had low cytotoxicity to the target cells. After the incubation of 10 h (Figure 

4B), plenty of fusiform cells was observed with few dead cells, manifesting the 

as-prepared biosensor had excellent biocompatibility. The fluorescence microscopy 

images of the captured MCF-7 cells with the incubation of 1 h and 3 h (Figure 4C, D) 

were showed to investigate the viability of captured cells. In the fluorescence 

microscopy imaging, the vast majority of cells presented the luorescence Calcein AM 

(green fluorescence signals), which demonstrated the most of target cells still alive in 

the process of bioanalysis. 

3.5. Cytosensing of the Biosensor. Under optimal conditions (Figure S5), the change 

of photocurrent intensity (∆I) of the biosensor for MCF-7 cells with different 

concentrations was shown in Figure 3C. The photocurrent signal reduced regularly 

and the ∆I of the biosensor increased correspondingly. A good linear relationship was 

obtained in the range of 100 to 107 cells per mL. The equation of the calibration curve 

was ∆I=22.383x-13.783logccell (cells mL-1), and the correlation coefficient was 0.997. 

The detection limit was estimated to be 33 cells per mL at 3σ. Furthermore, when the 

proposed biosensor captured cells was incubated with GQDs@Con-A nanoprobes, 

GQDs were loaded onto the surface of the cancer cells to competitively absorb the CL 

served as excitation source and consume the H2O2. Besides the increased steric 

hindered the electron transfer, leading to gradually reduced photocurrent intensity and 

increased ∆I of the biosensor. A similar linear relationship between the ∆I of the 
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biosensor and the logarithm of the concentration of MCF-7 cells incubated with 

GQDs was obtained (Figure 3D). The ∆I was proportional to the logarithmic value of 

MCF-7 cells in the range from 63 to 107cells per mL. The equation of the calibration 

curve with the limit of detection of 21 cells mL-1 was ∆I=56.092x-33.394 logccell (cells 

mL-1), and the correlation coefficient was 0.997. The broad detection range, low 

detection limit (Table 1) and high sensitivity could be ascribed to the multivalent 

effect of the aptamer that we had reported.53,54 The facts demonstrated that PEC signal 

of the proposed biosensor could be applied for sensitive cell detection and N-glycan 

expression profiling.  

Meanwhile, the resulting biosensor exhibited high specificity and stability 

(Figure S6). Specificity was a key factor for the designed biosensor, since the 

nonspecific adsorption can influence the accuracy of the detection results. As shown 

in Figure S6A, there were remarkable ∆I when the electrode was immersed in the 

MCF-7 cells solution. Minor ∆I were observed in the solution with K562, A549, and 

Hela cells, which gave small interference to the prepared biosensor. Furthermore, the 

∆I of the biosensors incubated in the solution MCF-7 + K562, MCF-7 + A549, 

MCF-7 + Hela., MCF-7 + K562 + A549 + Hela were a little difference (less 8 % ) 

compared with the ∆I of the biosensors incubated in the solution only contained 

MCF-7 cells, which was comparable with that the interference with less 10 % at the 

previous PEC biosensor for HL-60 cell line.61 The results suggested that the as 

designed PEC biosensor possessed excellent selectivity to MCF-7 cells. In additon, 

stability of the biosensor was also an effective criterion in application. The ∆I 

decreased gradually with the storage time increased from 5 to 30 days. However, no 

detectable loss of the initial response was observed for different storage times. After 

30 days of storage, the PEC biosensor reserved about 89.96 % of its original response 

implying the good storage stability, which was comparable with our previous 

work.6062 

Table 1. Comparison of biosensors for cancer cell detection by various methods. 
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Methoda Cells 
Linear range 

(cell mL-1) 

Detection Limit 

(cell mL-1) 
References 

EC SMMC-7721 500-1.0×106 500 55 

PL MCF-7 500-1.0×105 500 56 

CL HCCC-9810 600-1.0×107 300 57 

ECL CCRF-CEM 100-1.0×105 38 58 

FL MCF-7 100-1.0×107 33 59 

PEC SMMC-7721 5000-1.0×107 5000 60 

PEC MCF-7 63-1.0×107 21 This work 

a EC: Electrochemistry;  PL:Photoluminescence.; CL: Chemiluminescence; ECL: 

Electrogenerated chemiluminescence; FL: Fluorescence; PEC: Photoelectrochemistry. 

3.6. Evaluating Cell Surface N-glycan Expression. N-glycan is extraordinary 

important in the communications between cells as well as cell-matrix interactions. In 

this proposed biosensor, the ∆I of the biosensor attached GQDs resulted from both 

cell concentration and N-glycan expression. Cells captured on the electrode surface 

resulted in a sharp decrease because the huge steric effect impeded the holes’s 

cavenging. Thus the process of cell counting would be avoided, which eliminated the 

artificial errors in a complex biological matrix. In addtion, the N-glycan expression on 

the cell surface can be measured by the ∆I of biosensors with different states. The 

N-glycan expression of MCF-7 cells was analyzed with the proposed biosensor under 

the treatment of tunicamycin (TM), benzyl 

2-acetamido-2-deoxy-α-D-galactopyranoside (BG) and peptide-N-glycosidase F 

(PNGase F). TM and BG can suppress the expression of N-glycan and O-glycan 

respectively. PNGase F can make the N-glycan shed from asparagines by the effect of 

enzymatic cleavage. The cells without treated served as the control test. As shown in 

Figure S7, compared with the contrast test, the ∆I of TM treated cells decreased to 

56.86% for 48 h treatment, which was because TM had a tremendous hindrance 

function on the biosynthesis of N-glycan and could further inhibit the N-glycan 

expression. However, BG-treated cells had little or no changes because BG could 
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suppress O-glycosylation but not interfere with N-glycosylation.6163 In comparation 

with the control test, the ∆I of NGase F-treated MCF-7 cells reduced to 42.16%, 

which had a same level compared with the effect of TM-treated MCF-7 cells. It was 

demonstrated that the proposed biosensor could dynamically evaluate cell surface 

N-glycan expression with high sensitivity. 

4. CONCLUSION 

In summary, an ultrasensitive paper-based biosensor for MCF-7 cells and in situ 

evaluation of cell surface N-glycan expression has been developed by combining the 

signal amplication of the GQDs@Con A nanoprobe and the specific binding of 

aptamer in mdhDNA and Con A to the target cells. What’s more, the detecton for cells 

and N-glycan expression on cell surface could be simultaneously realized, which 

avoided the traditional cell counting procedures. In this system, the CL emission of 

luminol-based system was served as the inner excitation light source, which 

simplified the instrument largely. In addition, with the aid of the sensitization of the 

CdTe QDs to the porous ZnO and the LSPR produced from GMSNs, the proposed 

biosensor showed a detection limit of 21 cells per mL and excellent selectivity. Our 

work had a further profound understanding about the expression of N-glycan on cell 

surface. In consideration of the abnormal expression of the N-glycan on the surface of 

cell with pathological changes, the proposed PEC biosensor opens a new promising 

platform for glycomics studies in clinical diagnostics and drug screening. 
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