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Highlights 

 Glucose in single human stomach cancer cells was first determined 

by CE-ECD. 

 CNTs and Pd nanoparticles modified micro-biosensor with CE was 

constructed.  

 BSA and GA provided biocompatible environment and 

immobilized GOx firmly in the film 

 The concentration of glucose was determined with high sensitivity 

and stability. 
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Abstract  

Bioactive species in cells can provide information about signal transduction, cell 

function, and the effects of disease treatment. In this article, a novel micro-biosensor 

was fabricated to detect glucose in individual human stomach cancer cells (MGC80-3 

cells) with capillary electrophoresis (CE). We fabricated the micro-biosensors by 

immobilizing a single-walled carbon nanotube-glucose oxidase (GOx)-glutaraldehyde 

(GA) bio-composite at the palladium nanoparticle (PdNPs) modified Pt electrode. The 

linear concentration of glucose ranged from 2.0 μM to 1.0 mM, with a detection limit 

of 0.5 μM. Using this method, the mean amount of glucose in MGC80-3 cell extracts 

and in single cells was 20.0 fmol and 20±6 fmol (n = 10), respectively. The 

micro-biosensor exhibited high sensitivity, stability, and a long operating life, which 

are likely due to the biocompatible environment provided by BSA and GA, and the  

adsorption and faster electron transfer of SWNTs and PdNPs to GOx.  

 

 

 

Abbreviations: capillary electrophoresis (CE); human stomach cancer cell (MGC80-3 cell); 

single-walled carbon nanotubes (SWNTs); glucose oxidase (GOx); glutaraldehyde (GA); 

palladium nanoparticle (PdNPs); human hepatoma cells (HepG2); capillary electrophoresis 

(CE); CE with electrochemical detection (CE-ECD); ascorbic acid (AA); glutathione (GSH); 

dopamine(DA); microelectrodes (MEs); carbon nanotubes (CNTs); bovine serum albumin 

(BSA); saturated calomel electrode (SCE); Pt micro-disk electrode (PtME); PdNPs modified 

PtME (PdNPME); peak area (Ap); scanning electron microscopy (SEM); peak half-height 

(W1/2); peak current (ip); migration time (tm); theoretical plate number (N); buffer 

concentration (Cb); relative standard deviation (RSD) 
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1. Introduction 

 

Glucose plays an indispensable part in cell growth, nutrition and viability. 

Optimum glucose concentrations are important to the growing of cells for cell growth 

[1]. In free cytosol, glucose concentrations are usually in the millimolar range. 

However, glucose transport inhibitors or reduced extracellular glucose can 

dramatically reduce cytosolic glucose levels [2]. Glucose deprivation can negatively 

impact signal transduction and induce oxidative stress in human cells [3]. 

Determining glucose levels in individual cells can help us understand the chemical 

and biological functions of the cells and aid in the diagnosis and treatment of diseases. 

Recently, fluorescent sensors have offered an attractive approach for determining 

glucose concentration at the cellular level. The glucose content in a single gastric 

cancer cell was detected by laser-induced fluorescence [4]. Fluorescence microscopy 

was used to determine glucose and Ca2+ levels in pancreatic beta cells in real time [5]. 

A highly sensitive apo-GOx-modified gold nanoprobe was developed for quantitative 

detection of glucose in living human hepatoma cells (HepG2) [1]. 

Following the fabrication of the first glucose biosensor, numerous glucose 

sensors, such as fluorescent and electrochemical sensors, have been developed. 

Although fluorometry is highly sensitive, the high cost of optical instruments and the 
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need for chemical derivatization have led to a rise in electrochemical detection 

(especially amperometric detection) as the most common method. Electrochemical 

detection has several advantages over fluorometry, including higher sensitivity, faster 

response, and lower cost. However, to our knowledge, electrochemical biosensors 

have not been used to determine glucose levels in individual cells. 

Capillary electrophoresis (CE) integrated with electrochemical detection 

(CE-ECD) can be used to detect analytes from femto- to atto-mole levels [6]. 

CE-ECD has been used to analyze ascorbic acid [7], glutathione [8], dopamine [9], 

histamine [10], amino acids [11,12], and glucose-6-phosphate dehydrogenase [13] in 

single cells. Almost all of the previously mentioned analytes were electroactive 

substances because carbon fiber microelectrodes (MEs) or modified MEs have 

typically been used in single-cell analysis. To our knowledge, CE-ECD has not been 

used to detect intracellular glucose. Enzymatic glucose electrochemical biosensors 

fabricated by the modification of glucose oxidase (GOx) on various substrates are 

particularly important because of their specific bioaffinity. However, endogenous 

electroactive substances such as DA, GSH, and AA always cause severe interference 

in single-cell measurements, which limits the application of enzymatic biosensors [14]. 

CE-based biosensors can provide accurate measurements of each individual 

component of a group of samples. Therefore, the development of improved 

micro-biosensor fabrication techniques and various modified materials will enhance 

sensitivity and selectivity when these novel micro-biosensors are used as the detectors 

of CE-ECD in single-cell assays.  
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Metal nanoparticles have emerged as a novel type of compound in chemistry, 

physics, biology, medicine, and material sciences due to their unique optical, 

electrical, magnetic, and catalytic properties [15]. Current research on metal 

nanoparticles focuses on the synthesis and application of noble metal nanoparticles 

such as gold, platinum, silver, palladium, and their alloys. Palladium nanoparticles 

(PdNPs), with their relatively high catalytic activity, have been used successfully for 

the measurement of nitrite [16], oxygen [17], microRNA [18], H2O2
 [19], and glucose 

[20]. Meanwhile, carbon nanotubes (CNTs), which have excellent electrical 

conductivity and biocompatibility, are suitable candidates for improving the rate of 

heterogeneous electron transfer. CNTs and enzymes such as GOx are similar in size, 

which can facilitate their interaction [21, 22]. Furthermore, CNTs functionalization in 

acidic solutions creates surface binding sites such as carboxylic and hydroxyl groups, 

which may be favorable for biosensor applications [23, 24]. Therefore, fabrication of 

glucose micro-biosensors with PdNPs and CNTs may improve the detection 

sensitivity and reduce the response time in CE-ECD. 

In this paper, a novel strategy was employed to fabricate a micro-biosensor as an 

electrochemical detector in CE-ECD. We fabricated the micro-biosensor by 

immobilizing an SWNT–GOx–glutaraldehyde biocomposite on palladium 

nanoparticles on a modified Pt microelectrode. The presence of glutaraldehyde (GA) 

and bovine serum albumin (BSA) provided a favorable biocompatible 

microenvironment for GOx and also played a role in reducing GOx loss. Single-wall 

carbon nanotubes (SWNTs) can not only interact with GOx through its binding sites 
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but also promote electron transfer, improve the surface area of the biosensors, and 

enhance catalytic activity in conjunction with PdNPs. Compared with other CE 

electrochemical detectors of glucose, our results demonstrated that the novel 

micro-biosensor exhibited better sensitivity, stability, reproducibility, and 

anti-interference. Glucose concentrations in both single MGC80-3 cells and cell 

extracts were successfully determined without complex pretreatment.  

 

2. Experimental 

 

2.1 Reagents and apparatus 

 

The CE apparatus was assembled in the laboratory. The applied high voltage was 

provided by a 0.0 kV-30.0 kV power supply (Instrument Company of Shandong 

Normal University, Shandong, China). The schemes of the CE-ECD system and 

detection cell (Fig. 1S) were explicitly detailed in our previous work [8, 9]. Briefly, a 

60-cm fused-silica capillary (25 μm ID, 375 μm OD) was set between the 

electrophoresis buffer reservoir and the detection buffer reservoir. The separation 

voltage was fixed at 18.0 kV. A CHI 832B electrochemical workstation (Shanghai, 

China) was used to detect glucose with CE-ECD. A glucose biosensor, a saturated 

calomel electrode (SCE), and a platinum wire were utilized as the working (WE), 

reference (RE), and auxiliary electrodes (AE), respectively. 

D-glucose (>99.8%), GOx (109 U/mg) and cysteine were purchased from 
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Amresco (USA). SWNTs (>90%, 5–15 mm in length, <2 nm in diameter) were 

purified with nitric acid before use [25]. DA, AA, BSA and GA (25%) were 

purchased from Sigma-Aldrich Chemical Company (USA). K2PdCl4 was purchased 

from Shanghai BaoMan Biotechnology Limited Company. A phosphate buffer 

solution (PB, 25 mM, pH 7.4) was chosen as the running buffer for the capillary. 

Human stomach cancer cells (MGC80-3 cells) were purchased from the Chinese 

Academy of Sciences (Shanghai, China). The running buffer was used to dilute 

glucose stock solution (0.1 M) to the desired concentration weekly. Balanced 

phosphate-buffered saline (PBS, 0.2 M Na2HPO4 and 0.162 M NaH2PO4, pH 7.4) was 

used to suspend and clean cells. All solutions were filtered through a 0.22-μm film. 

Double-distilled water was used in all experimental preparations. 

 

2.2 Fabrication of Pt micro-disk electrode and glucose micro-biosensor 

 

The Pt micro-disk electrode (PtME) was fabricated based on our previous work 

[9]. A Pt wire (200 μm in diameter, 5.5 cm in length) was used. The surface of the 

PtME was carefully polished to a mirror-like surface on metallographical sand paper 

and then sonicated in ethanol and double-distilled water for 5 min. PdNPs were 

electrodeposited on the surface of PtME by applying a constant potential of -0.2 V (vs. 

SCE) for 15 s in a solution containing 1 mM K2PdCl4 and 0.5 M H2SO4 [26]. The 

electrode was removed from the solution and washed carefully using double-distilled 



8 

water. The Pd nanoparticle-modified Pt micro-disk electrode (PdNPME) was 

fabricated.  

An enzyme solution was prepared by dissolving 10 mg of BSA and 2 mg of GOx 

in 0.20 mL of PB solution [27]. We thoroughly mixed a 50-μL aliquot of the enzyme 

solution with 10 μL of a 5% GA solution and 0.5 mg mL-1 SWNTs in aqueous 

solution (ultrasonicated for 30 min before use). The rinsed PdNPME was dipped into 

the enzyme solution three times for 15 s. After cross-linking at room temperature for 

30 min, the glucose micro-biosensor was stored in an aqueous solution at 4 °C prior to 

use． 

 

2.3 CE procedure 

 

The CE separations were performed at room temperature (25  2 C). The 

capillary’s injection end and detection end were placed in the electrophoresis and 

detection buffer reservoir, respectively. The capillary’s detection end was horizontally 

aligned with the micro-biosensor with a three-dimensional micromanipulator. To 

clearly visualize the interior of the capillary, approximately 5 mm of the 

polyimide-coatings on both the injection and detection ends of the capillary were 

removed by burning. A stereomicroscope with 40× magnification was used to 

visualize the space and collimation between the capillary and micro-biosensor. When 

the equipment was set up (Fig. 1S insert), the separation voltage and the detection 

potential were fixed at 18.0 kV and 0.80 V, respectively. Electrokinetic injection (5.0 

kV, 10 s) was used to introduce glucose samples into the capillary after a steady 
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current was reached. Electropherograms were recorded at 18.0 kV. The current-time 

curve was calculated on an electrochemical workstation. 

2.4 Cell Culture 

 

MGC80-3 cells were incubated in a 5% CO2/95% air humidified incubator 

(MCO-15AC, SANYO) at 37 °C in RPMI-1640 complete medium (HyClone, Logan, 

USA) supplemented with 100 μg mL-1 streptomycin, 100 U mL-1 penicillin, 10% 

heat-inactivated fetal bovine serum, 0.3 g L-1 NaHCO3, 0.5 g L-1 glucose, and 0.022 g 

L-1 sodium pyruvate. When the cells were grown to a sufficient quantity, 

approximately 0.25% (v/v) trypsin digestion was added into the culture dish. After the 

cells were suspended, trypsin was removed, and 1.5 mL of culture medium was added 

to the culture dish, followed by the collection of the cell suspension in a 1.5-mL 

centrifuge tube. 

 

2.5 Preparation of cell extract 

 

MGC80-3 cells were centrifuged at 1000 r min-1 for 5 min. The supernatant was 

removed carefully, and 1.0 mL of 0.2 M PBS solution was gently added with a pipette 

to disperse the cells. The cell concentration in the MGC80-3 cell extract was 

calculated to be 4.7×105 cell mL-1. The solution was centrifuged and the supernatant 

was discarded. We added 1.5 mL of a 25 mM PB solution to the cells and 

ultrasonicated for 5 min. After the cells ruptured, the MGC80-3 cell extract solution 

was centrifuged at 6500 r min-1 for 20 min. The amount of glucose in the MGC80-3 

cell extract was determined by CE-ECD. 
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2.6 Single-cell injection and data treatment 

 

A homemade injector pool containing approximately 400 μL of PB buffer 

solution was placed on the stage of an inverted microscope, as shown in Fig. 2S(A). 

The capillary injection end was carefully inserted into the sample cell, and it was 

adjusted within the microscope field of view by the three-dimensional 

micromanipulator. Approximately 10 μL of suspended cells were placed in the 

injector pool (Fig. 2S(B)). The injection voltage was set to 3.0 kV, and a whole cell 

was drawn into the stripping-coating capillary tip (Fig. 2S(C)) by the electro-osmotic 

flow. The whole process lasted 1 to 2 min. When the cell settled at the bottom of the 

capillary (Fig. 2S(D)), the capillary’s injection end was removed and placed into the 

running buffer. We applied 18.0 kV for the separation voltage, which lysed the cell 

during electrophoresis. Distinct dilution factors were determined from the amount of 

glucose in the cell samples. Therefore, the peak area (Ap) and the amount of substance 

standard calibration method were used for glucose quantitative analysis. 

 

3. Results and discussion 

 

3.1 Immobilization of GOx and SWNTs on PdNPME  

 

The morphologies of PdNPME (Fig. 1A) and the micro-biosensor (Fig. 1B) were 

determined by scanning electron microscopy (SEM). The aggregates of palladium 

nanoparticles on the PtME surface were homogeneous and had spherical structures 

(diameter: 50-150 nm), which provided an increased effective electrode area for 
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loading some chemical functional groups, such as amines in GOx [28]. Thus, PdNPs 

provided excellent catalytic activity on the surface of PtME. The surface of the 

micro-biosensor was smooth due to the GA/BSA membrane (Fig. 1B). Many 

wire-like substances were homogeneously distributed within the film, which suggests 

that the SWNTs were evenly dispersed throughout the film. The adsorption and 

entrapment of GOx (4–5 nm in diameter) onto the SWNTs cannot be seen directly in 

the SEM images. However, it has been reported that a large number of carboxylic acid 

moieties (–COOH) were introduced at defect sites located at the sidewalls of SWNTs 

purified in nitric acid. GOx was immobilized on the SWNTs by amide linkages [29]. 

Therefore, SWNTs could act as highly conductive nanowires connecting 

nanoparticles and GOx. The schematic interfacial architecture and enzymatic process 

that occurs at the micro-biosensor are shown in Fig. 2. The surface morphology was 

smooth, which suggests that the GOx/SWNT/GA/BSA membrane was uniformly 

coated on the PdNPME.  

The concentration of SWNTs in the film dramatically affected the sensitivity of 

the results (Fig. 3). Carbon nanotubes have a large surface area and fast electron 

transfer speed, which improves the electrode current response and decreases the 

reaction time. At the same time, GOx could be fixed on the surface and the inside of 

carbon nanotubes to maintain its activity and enhance enzyme adsorption in the film. 

Too many SWNTs could cause uneven distribution of the baseline noise and reduce 

the sensitivity of the biosensor. We used 0.5 mg/mL SWNTs for glucose detection 

with good sensitivity. 
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It has been reported that fast heterogeneous electron-transfer reactions on the 

detection electrodes of CE are crucial for high separation efficiency and high 

sensitivity [30]. If more GA and BSA were added to the enzyme solution, a thick film 

would be formed with an increased peak width and a longer peak shape. If less GA 

and BSA were used, the membrane would be too thin to be homogeneous, and the 

reproducibility would be significantly reduced. The presence of GA and BSA may 

have provided a favorable biocompatible microenvironment for GOx and also reduced 

enzyme loss [31]. At the optimum condition of micro-biosensor fabrication, the 

current-time curve was used to measure response time. The micro-biosensor would 

take approximately 2.5 s to achieve 95% of maximum current. The width of the 

electrophoretic peak half-height (W1/2) was approximately 5.3 s under the 

experimental conditions. These findings suggest that the electron transfer in the 

membrane is fast enough to be used for amperometric detection of capillary 

electrophoresis.  

  

3.2 Effects of detection parameters 

 

The detection potential (E) directly influences the sensitivity and stability of the 

micro-biosensor. When E < 0.8 V, ip was progressively enhanced and then slowly 

reduced. The reproducibility and stability were greater and the S/N ratio was largest 

when E was fixed at 0.8 V. 
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The separation voltage controls the separation process and electro-osmotic flow 

and thus influences the peak current (ip), migration time (tm), and W1/2. When the 

separation potential was lower than 18.0 kV, a higher separation voltage was applied, 

resulting in a larger current, narrower peak, and shorter running time. This result 

differed from our previous work [32], as the ip of the Au/Pt/SWNTs/chitosan 

micro-biosensor became smaller when higher separation voltage was used. This 

difference was likely due to the thinner GOx/SWNT/GA/BSA membrane fabricated 

by dipping compared to the GOx/SWNT/chitosan membrane fabricated by 

electrochemical deposition. Thus, the electron transfer speed in the 

GOx/SWNT/GA/BSA membrane was faster than that of the GOx/SWNT/chitosan 

membrane. At 18.0 kV, the peak current and theoretical plate number (N) reached 

their maximum values while W1/2 reached a minimum value. Therefore, 18.0 kV was 

used as the separation potential throughout the remaining experiments. The noisy 

baselines were not noticeably enhanced under a higher separation voltage. The 

modified film may act as a shield against high voltage.  

It is well known that the pH of the buffer is crucial for biosensor and capillary 

electrophoresis. The pH of the 25 mM PB buffer can influence not only the activity of 

biosensor but also ip, tm, and W1/2. In our experiments, the buffer pH ranged from 5.5 

to 8.0 when we measured the glucose content. The peak current improved 

dramatically from pH 5.5 to pH 7.4. As the peak current dropped from pH 7.4 to pH 

8.0, ip became largest at pH 7.4 (Table 1). This result was similar to the previous 

findings from Chen’s group [27], where the GOx/BSA/GA-based biosensor had an 
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optimum pH value of 7.0. The copolymer of GA and BSA supplied a biocompatible 

microenvironment for GOx. Therefore, pH 7.4 was used in the following experiments. 

The influence of buffer concentration (Cb) on tm, ip, W1/2, and N was examined 

from 25 mM to 75 mM. As the concentration of pH 7.4 PB solution increased, tm, N, 

and ip declined gradually, while W1/2 increased dramatically. We chose 25 mM as the 

optimal buffer concentration to obtain high sensitivity, reduce Joule heat in the 

capillary, and achieve the shortest analytical time. 

       

3.3 Determination of standard glucose 

 

Under the optimization conditions described above, the peak area (Ap) had a 

linear relationship with the concentration (C) and mass (n) of glucose in the range of 

2.0 μM to 1.0 mM. Each concentration was tested three times. The standard 

calibration graph was plotted from the peak area for glucose. To improve the accuracy 

of the low concentration, the calibration curves were divided into two parts. The 

regression equation and correlation coefficient of the concentration and amount of 

glucose are shown in Table 2. The detection limit for glucose was 0.5 μM (S/N = 3). 

The mass detection limit was calculated to be 1.0 fmol, with an injection volume of 

2.0 nL. The high sensitivity was attributed to the introduction of the PdNPs on the 

PtME and the adsorption and concentration of SWNTs to GOx. Compared with other 

electrochemical detectors (Table 3) (especially the Cu, Fe, Ni, and Co metal paste 

electrodes recently fabricated to determine glucose levels with CE-ECD), our novel 
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method could provide improved detection conditions, comparable detection limit and 

linear range with a simple electrode preparation procedure. Therefore, this method is 

satisfactory for detecting glucose levels in an individual cell by CE-ECD. 

When ten consecutive injections of 1 mM or 5 μM glucose were performed, the 

relative standard deviations (RSD) of tm and Ap were 1.4% and 3.8% and 1.8% and 

5.6%, respectively, demonstrating the stability of the micro-biosensor under the 

operation conditions. After one month at 4C, the peak current of glucose decayed to 

84% of the original, which demonstrated that the micro-biosensor had good storage 

stability. The good storage stability and durability should be attributed not only to the 

presence of BSA and GA that provided a biocompatible environment for GOx and 

immobilized it firmly in the membrane but also to the adsorption of SWNTs and 

PdNPs to the enzyme.  

 

3.4 Interference 

 

It is well known that some electroactive substances, such as L-cysteine (Cys), 

GSH, AA, uric acid (UA), and DA often coexist with glucose in the biological matrix. 

Thus, the electrochemical behaviors of these five analytes at the micro-biosensor were 

examined (shown in Fig. 4). The results demonstrated that if this biosensor was 

directly used to detect complex samples by ECD, interferences from other analytes 

may not be negligible (the ratio was close to Ref. [27]). However, these substances do 

not interfere with the determination of glucose levels by CE-ECD. There were no 
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significant differences between the electrode responses for glucose before and after 

injection of a mixture of interfering species.  

 

3.5 Determination of glucose in MGC80-3 cell extract and an individual cell  

 

After cleaning in a 0.2 M PBS solution, the MGC80-3 cells were calculated to 

have a density of 4.7×105 cells mL-1, and the cells were centrifuged again for 5 min. 

After discarding the supernatant, 1.5 mL of the running buffer (25 mM PB solution) 

was added and ultrasonicated for 5 min to obtain the extract from the MGC80-3 cells. 

After centrifugation for 20 min at 6500 r m-1, the amount of glucose in the MGC80-3 

cell extract was determined. The electropherograms of the buffer (a), cell extract (b), 

and 20 μM glucose (c) are shown in Fig. 5. Compared with the tm of standard glucose, 

the peaks at 390 s in curves (b) and (c) could be identified as glucose in the cell 

extract. Using the standard calibration method, the concentration of glucose in the 

MGC80-3 cell extract was calculated to be 10.0 μM. Accounting for the injection 

volume of 2.0 nL, the mean mass of glucose in an MGC80-3 cell was 20.0 fmol cell-1. 

The electropherograms of the contents of three single MGC80-3 cells are shown 

in Fig. 6. These three peaks eluted at 390 s had the same migration time as standard 

glucose shown in Fig. 5, curve (c). Therefore, the elution peaks could be identified as 

glucose in single MGC80-3 cells. The large linear range for glucose standard solution, 

together with the reproducible peak intensity, made this method suitable to use 

external standardization for the quantification of glucose in single MGC80-3 cells. 
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The results from ten individual MGC80-3 cells are listed in Table 4. These findings 

demonstrated that the amounts of glucose in individual cells varied from one cell to 

the next. The quantities of glucose in 10 single cells ranged from 12 to 28 fmol cell-1. 

The mean glucose content in an individual MGC80-3 cell was found to be 20 ± 6 fmol 

from the values in Table 4. This result was similar to the 20.0 fmol in the cellular 

extract and to previously published findings (19 ± 8.3 fmol) [4], which verified that 

our method was effective to determine glucose levels within single cells. Compared to 

fluorometric methods that usually require a complex derivatization procedure, the 

most obvious advantage of this method is that glucose levels in single cells can be 

determined directly without the influence of chemical reagents.  

 

4. Conclusion 

 

In this paper, a novel micro-biosensor was applied as the detector of CE-ECD to 

determine glucose levels. Compared with the Cu-, Ni-, and Co-modified electrodes 

used for determining carbohydrate levels, the micro-biosensor provided 

environmentally friendly detection conditions and high sensitivity. The results 

presented here suggest that this technique could also be developed into a useful and 

powerful tool for analyzing other chemical species in single cells when other types of 

enzymes or bioactive substances are used. 
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Captions 

 

Fig. 1. SEM images of PdNPME (A) and the micro-biosensor (B); Accelerating 

voltage: 5000 V, Spray time: 30 s 

 

Fig. 2. Schematic presentation of the fabricated glucose micro-biosensor.  

 

Fig. 3. Effect of SWCNT concentration on peak current. Fused-silica capillary: 25 μm 

I.D. /60 cm; detection potential: 0.8 V (vs. SCE); running buffer: 25 mM pH 7.4 PB; 

injection time: 5.0 kV/10 s, detection times: 3. 

 

Fig. 4. Electropherograms of the standard solution of interferences of DA (0.2 mM), 

glucose (0.6 mM), L-Cys (0.5 mM), GSH (0.5 mM), AA (1 mM), UA (0.8 mM). 

Other conditions as in Fig. 3. 

 

Fig. 5. Electropherograms of PB buffer (a), cell extract (b) and 20 μM glucose (c). 

Other conditions as in Fig. 3. 

 

Fig. 6. Electropherograms of PB buffer solution (a), an individual MGC80-3 cell (b), 

(c), (d). Other conditions as in Fig. 3.  
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Fig. 1. 
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Fig. 3. 
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Fig. 4. 
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Fig. 5. 
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Fig. 6. 
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Table 1 Effect of acidity (pH) on the detection of 1 mM glucose. Other conditions as 

in Fig. 3. 

pH ip/nA   tm/s   W1/2/s   N         

5.5 

6.0 

6.5 

7.0 

13.2 

14.3 

14.9 

16.1 

352 

358 

365 

377 

6.2 

6.0 

5.8 

5.5 

17857 

19723 

21940 

26029 

7.4 17.2 398 5.3 31240 

8.0 15.7 402 5.2 33109 

Table 2 Analytical performance of the proposed method (n = 3) 

 

Linearity range Regression equation R 

60 μM to 1 mM  Ap(nC)=5.989+224.5 C(mM) 

Ap(nC)= 5.989+0.1123 n(pmol) 

0.9970 

2 μM to 80 μM Ap(nC)=0.7487+0.2356 C(μmol/L) 

Ap(nC)=0.7487+0.1178 n(fmol)   

0.9973 
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Table 3 Comparison of different biosensors for standard glucose determination 

 

Electrodes Linearity range LODs（μM） Ref 

copper electrode a  10 μM ~1 mM 6 [32]  

1-Ferrocenylethylamine and 

chitosan modified platinum 

electrode a 

2.5 μM ~2.5 mM 1.2 [33] 

Au/Pt/SWNTs/chitosan/GOx 

micro-biosensor a 
5 μM ~ 1 mM 1 [31] 

CNT-CuNPs hybrid paste 

electrode a 
1 μM ~ 2 mM. 0.4 [34] 

Graphene-NiNPs assembled 

anion exchange resin 

microspheres electrode a 

1 μM ~ 1 mM 0.22 [35] 

GDH/MG/SWNTs-modified 

ITO electrode b 
0.5 mM ~ 10 mM 200 [36] 

graphene–cobalt microsphere  

hybrid paste electrode a 
1 μM ~ 2 mM 0.2 [37] 

GOx-BSA-GA-based 

biosensor a 
2 μM ~ 1 mM 0.5 

This 

paper 

a capillary electrophoresis; b microfluidic chip 
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Table 4 Migration time (tm), peak area (Ap) and amount of glucose (q) in single 

MGC80-3 cells  

 

cell no.  tm/s Ap/nA q/fmol 

1  391 2.0 12 

2  386 3.9 20 

3  388 4.0 26 

4  385 4.6 28 

5  393 2.8 16 

6  384 2.6 14 

7  392 2.7 15 

8  396 3.8 24 

9  387 2.8 16 

10  394 4.1 27 

 

 


