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Abstract 

The variation of I27L gene closely relates to increasing risk of type 2 diabetes, 

thus it is greatly significant to develop various methods for its identification or 

monitoring. We report here a novel label-free electrochemiluminescent (ECL) 

biosensor for simple and effective determination of I27L gene based on Au 

nanoparticles functionalized ITO electrode. The ECL technique is employed to 

monitor the hybridization of DNA strands by measuring the changes of its intensity. 

Here, the ECL signal was quenched by blocked access of probe (luminol anion) 

owing to the electrostatic repulsion of negatively charged sensor surface and the space 

resistance. The quantification of target strand can be directly realized by calibrating 

the quenched ECL signal toward its logarithm concentration in good linearity within 

the range from 1.0 × 10−11 to 1.0 × 10−7 M and a detection limit of 8.1 × 10−12 M. In 

addition, the biosensor exhibited good stability, excellent reproducibility and 

outstanding selectivity against one-base mismatched strand. What’s more, the simple, 

low-cost, sensitive device could be easily miniaturized, makes it as an attractive 

candidate for integrating into portable platforms for point-of-care molecular 

diagnostics. 

Keywords: Diabetes; Genovariation; I27L; Electrochemiluminescence; Luminol; Au 

nanoparticles 
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1. Introduction 

Diabetes is caused by complex interplays including genetic or environmental 

factors [1]. On account of the statistics of International Diabetes Federation (IDF), 

there are 415 million of persons living with diabetes in 2015, and will rise to 642 

million by 2040 if we do nothing. Especially distressing matters are a 5 millions of 

mortality and greater than 673 billions US$ of the healthcare spending per year by the 

end of 2015 [2]. Diabetes and its complications not only cause serious injury to 

physical and mental health of patients, but also make a heavy burden to themselves, 

their families and society. Now, it has turned into one of the greatest global health 

problems of the 21st century, including about 110 millions crowd of diabetics in 

China [2, 3]. 

Type 2 diabetes mellitus (T2DM) is the most prevalent form of diabetes, 

accounting for >90% of cases [4]. Chiu et al have indicated that the HNF1α p.I27L 

(rs1169288) variation had not only reflected the B cell disability, but also played a 

distinct role in the pathogenesis of insulin resistance [5-6]. Holmkvist et al have then 

confirmed that the I27L variation was related to increasing risk of type 2 diabetes with 

odds ratio of 1.5 [7-8]. Thus, the studies focusing on the sensing technics for I27L 

have been put on the agenda for early diagnosis of the disease to prevent possible 

complications; and also helpful for understanding the disease pathogenesis or for 

evaluating the pharmacological efficiency of therapeutic drugs [9]. 

Recently, there has been a great interest in developing various DNA biosensors 

to monitor the DNA hybridization, based on the signaling of radiochemistry, 

enzymatic catalysis, fluorescence, optical or acoustic techniques etc [10-13]. They 

have achieved high sensitivity and selectivity, but still face some imperfect issues as 

the requirement of tedious labels, costly polymerase, time consuming / complex 
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operation, or expensive instrumentation [14-16]. Therefore, more effective and 

accurate techniques for specific DNA assay are still in expectation. The 

electrochemiluminescence (ECL), a promising approach with admirable versatility, 

high sensitivity, good controllability, simple operation and installation, has attracted 

considerable attention [17-21]. Up to now, the ECL sensing has been attempted in 

DNA analysis owing to these merits [22-26]. 

Nano-sized metal materials have attracted considerable interest for their large 

surface area, good conductivity, striking catalytic activity and good biocompatibility 

[27, 28]. Among them, the gold nano-particles (AuNPs) is an outstanding one and 

easiest for mass-production (MP) with uniform performance. It ensures a strong 

interaction with biomolecules via Au-N or Au-S bonds or electrostatic interaction [29-

31] to immobilize biomaterials without the loss of their bioactivity. It has already 

been demonstrated to be useful in the construction of those electrochemical sensors or 

biosensors as “electron antennae” to efficiently channel the electrons [32–34]. Thus, it 

is utilized as an intermediator to immobilize biomaterials to build high performance 

electrochemical biosensors [35], including DNA biosensors [36-39]. However, how to 

control the size, monodisperse, morphology, surface chemistry and the assembly of 

AuNPs on electrode surface is still a great challenge for its real application [40, 41]. 

In this work, with indium tin oxide (ITO) glass as the conductive substrate, the 

AuNPs have been assembled on its surface via the adhesion of hydrolyzed polymer of 

(3-aminopropyl) trimethoxysilane (APTMS) to prepare the Au plate electrode with 

nano-characteristic. After optimized all of the parameters, the electrode exhibits 

excellent electrochemical activity and catalysis. Thereafter, a novel label-free genetic 

biosensor was built up for rapid qualitative and quantitative discrimination of I27L 

mutation. Here the AuNPs/ITO base electrode was obtained by a simple two-steps 
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drip-coating procedure and the single-stranded oligonucleotide as capture probe (CP) 

was immobilized via Au-S bond directly. By using the quenched ECL of luminol as 

indicator, the hybridization between probe and target strand (TS) can be assessed. 

Originally, the sensor response is triggered by transfer dynamics of ECL probe but not 

any chemical reaction. This new mechanism is beneficial for more sensitive, stable 

and reproducible sensing performance. And meanwhile the preparation of proposed 

sensor is easily operated, low cost, excellent reproducible and has great potential for 

industrial MP, which meets the need of clinical usage as disposable device and 

especially for point-of-care test (POCT). 

2. Experimental 

2. 1 Reagents and materials 

All oligonucleotides (including capture probe, CP; target strand, TS; 1-base 

mismatched target strand, 1MT; 3-base mismatched target strand, 3MT and 

noncomplementary sequence, NC, listed in Table 1) were synthesized and purified by 

high performance liquid chromatography (HPLC) by Shanghai Sangon Biotech Co., 

Ltd. (Shanghai, P. R. China). The ITO glass (from Nippon Sheet Glass Electronics 

Co., Suzhou, P. R. China), cut into 1.0 cm × 5.0 cm pieces, are used as working 

electrode (with 0.5 cm2 of effective electrode area). Luminol was purchased from 

Fluka (USA). Tris (2-carboxyethyl) phosphine hydrochloride (TCEP) were from 

Shanghai Macklin Biochemical Co., Ltd (Shanghai, P. R. China). 3-

aminopropyltrimethoxysilane (APTMS) and tris (hydroxymethyl) aminomethane 

(Tris-HCl) were purchased from Aladdin Industrial Co., Ltd. (Shanghai, P. R. China). 

All of other chemicals were obtained from Sinopharm Chemical Reagent Co., Ltd. 

(Shanghai, P. R. China). All chemicals are of analytical grade and used as received 

without further purification. Ultrapure water is obtained from an ALH-6000-U water 
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purification system (Aquapro, P. R. China). The buffers and solutions involved in this 

work are: Immobilization buffer (I-buffer; 10 mM Tris-HCl, 1 mM EDTA, 500 mM 

NaCl, 10 mM TCEP, pH=8.0), Hybridization buffer (H-buffer; 10 mM Tris-HCl, 1 

mM EDTA, 500 mM NaCl, 1 mM MgCl2, pH=8.0), ECL buffer (E-buffer; 0.02 M 

phosphate buffer solution (PBS), 5×10-8 M luminol, pH=8.0). 

 

Table 1 should be placed here 

 

2. 2 Instruments 

The ECL experiments were carried out on our lab-built installation as reported in 

previous paper [42]. The measurements of electrochemical impedance spectroscopy 

(EIS) and cyclic voltammetry (CV) were performed on an RST-5200 Electrochemical 

Workstation (Risetest Instruments Co. Ltd., Suzhou, P. R. China). Scanning electron 

microscope (SEM) (S-4700 scanning electron microanalyzer, Hitachi, Japan) and 

transmission electron microscope (TEM) (FEI, USA, at an accelerating voltage of 200 

KV) were used to observe the size and morphology of nanomaterials. 

2. 3 Preparation of the AuNPs 

AuNPs were prepared according to the literature [43]. Briefly, under vigorously 

magnetic stirring and heated to 100 οC, 4.5 mL of 1 % sodium citrate solution was 

added into 100 mL of 0.01 % HAuCl4 solution, and allowed the reaction until the 

color of solution changed to wine red. The obtained AuNPs colloid was centrifuged at 

3000 rpm for 10 min to eliminate those larger or agglomerated AuNPs. Thereafter, 3.5 

mL of the supernatant was centrifuged again at 10,000 rpm for 30 min to condense the 

AuNPs by discarding supernatant liquid, and then the concentrate was re-dispersed 

with water to 250 µL. 
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2. 4 Fabrication of the genetic sensor 

The fabrication process of the genetic biosensor is shown in Scheme 1. In order 

to enhance the electron transfer and to improve the biocompatibility, a functional 

layer of AuNPs was deposited on the surface of ITO glass (“a” to “c” in Scheme 1). 

At first, a flake of ITO was ultrasonically washed with 1:1 (v/v) ethanol / NaOH (1 M) 

mixture, acetone, ultrapure water (20 min each) in sequence, then immersed in 30% 

NH3·H2O for 12 h to acquire a hydrophilic surface with dense -OH groups. Thereafter, 

the APTMS solution (0.01 % of anhydrous ethanol, v/v) was scattered on it. After the 

volatilization of ethanol in an equilibrium environment with saturated ethanol vapor, 

the ITO flake was transferred into a hygrothermostat to ensure the complete its 

hydrolysis (at 25 °C, for about 1 hour). Then, this flake was thoroughly flushed with 

ethanol to remove physically adsorbed APTMS, and dried with nitrogen stream. 

Subsequently, 50 µL of condensed AuNPs dispersion was dropped onto its surface in 

quiescence in 4 °C refrigerator for a period of 2.5 h to deposit the AuNPs. At last, it 

was rinsed with water and dried with nitrogen blowing. 

 

Scheme 1 should be placed here 

 

In order to prepare AuNPs/ITO electrode with good performance, a Taguchi 

orthogonal array L16 (4
3) (three parameters, four levels) was designed for optimization 

of important parameters including the concentration of APTMS, amount of AuNPs 

and the length of period, as listed in Table 2A. 

The step “d” in Scheme 1 illustrates the process of capture probe immobilization. 

10 µL of I-buffer solution containing 5 µM of the thiolated CP was dropped onto the 

AuNPs/ITO electrode, and incubated for 4 h at 35 οC. During this period, the CP are 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

8 

 

covalently linked onto the surface of the AuNPs/ITO via Au-S binding with thiol 

groups at 5’end of strand. It was then rinsed with PBS (5 mM) to remove adsorbed 

strands and dried in nitrogen atmosphere. 

2. 5 The course of ECL sensing 

The ECL detection was performed in a homemade ECL cell, and a conventional 

three-electrode system was used including an Ag wire as reference electrode, a 

platinum wire as auxiliary electrode. When a pulsed electrolytic potential was exerted 

on the sensor, the ECL signal of luminol was generated and recorded (step “e” in 

Scheme 1). Afterward, 10 µL of H-buffer containing TS or MTs was pipetted onto the 

sensor surface, incubated for 2 h at 35°C to ensure their hybridization with CP, and 

rinsed/dried. With the ECL emission of luminol on CP/AuNPs/ITO as background 

signal (the inserted B in Scheme 1), the delta of ECL intensity (∆I) was recorded as 

the sensing signal. 

3. Results and discussion 

3. 1 The optimization of the conditions for sensor 

The AuNPs functionalized substrate electrode is the critical role in sensor 

construction to ensure its high performance. By the analysis upon the results of 

orthogonal experiment (see Fig. 1) with designed parameters as listed in Table 2A, the 

fabrication conditions of this substrate electrode were optimized. Within the scopes of 

those parameters, the ECL intensity varied from 0.499 to 2.50 (see Table 2B), thus the 

A2B3C2 was decided as the best acceptable option for optimal ECL behavior (CAPTMS 

= 0.05% (v/v), t = 2.5 h, nAuNP = 1.7×10-6 moles). 

 

Table 2 should be placed here 

Fig. 1 should be placed here 
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Here the time-consumption of the steps “b” and “c” are both temperature 

dependent. The experimental results indicated, the step durations can be shortened to 

less than half-hour if heating-up to 55 °C for step “b” or 25 °C for step “c”. But, 

considering better reproducibility of this substrate electrode, we prefer to control the 

temperature at 25 °C and 4 °C, respectively, to ensure a slower but reproducible 

procedure. 

Thereafter, the merits of sensing output of resultant biosensor is dependent upon 

the immobilization of CP on abovementioned substrate electrode. The conditions for 

self-assembling of CP are all required to be optimized including the CP concentration, 

temperature and duration. Fig. 2A reveals that the ECL intensity dropped drastically 

with the increasing concentration of CP and then remained steady at 5 µM, indicating 

a saturated bonding of CP on AuNPs/ITO electrode. Subsequently, the influences of 

temperature and time for self-assembly were also examined, as shown in Fig. 2B and 

2C. It is closely related to the temperature, reached to maximum at 35 οC, and a period 

of 4 h is sufficient. 

 

Fig. 2 should be placed here 

 

Under these optimized conditions, the sensor was prepared successfully. Fig. 3 

displays the SEM images of bare ITO (Fig. 3A), AuNPs/ITO (Fig. 3B), and the 

resultant sensor (Fig. 3C) respectively. It shows that an orderly and uniform AuNPs 

(the TEM image of AuNPs is displayed as the insert in Fig. 3B, with the size of 16 ± 2 

nm) monolayer was dispersed on the surface of ITO by the adhesion of hydrolyzed 
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APTMS. Fig. 3C shows that the CP was evenly coated on the surface of AuNPs, 

resulted in some degree of agglomeration of those AuNPs. 

The conditions for sensing implement were also optimized as: 35°C of 

temperature (Fig. 2D) and 2 h of time (Fig. 2E) for hybridization between CP and TS. 

By the comparison between the SEM images C and D in Fig. 3, it makes clear there 

were denser adherends (ds-DNA, image D) on the sensor surface, indicating the 

successfully hybridization of TS on CP. 

 

Fig. 3 should be placed here 

 

3. 2 The electrochemical investigation of AuNPs decoration 

In 0.1 M KCl solution containing 5 mM Fe(CN)6
3−, at the scan rate of 50 mV·s-1, 

the bare ITO showed a couple of well-defined reversible redox peak of Fe(CN)6
3− on 

cyclic voltammogram (CV) (curve a in Fig. 4A). When APTMS was applied on, 

however, the decrement of peak current was observed (curve b in Fig. 4A) because of 

the obstruction of those nonconductive macromolecules for electron transfer. 

Following the decoration of AuNPs, the peak current (curve c in Fig. 4A) obviously 

improved (greater than bare ITO), indicating an excellent function of AuNPs for 

offering an electron transfer channel for redox of Fe(CN)6
3−. Meanwhile, the EIS 

could provide further information on the impedance changes of electrode surface 

during the process. In EIS, the electron-transfer resistance (Ret), which is represented 

by a diameter of the semicircle in the Nyquist plot, is the most directive and sensitive 

parameter responding to the changes of electrode interface. In Fig. 4B, the Ret 

increased when APTMS film was covered on bare ITO (see curves a and b). However, 

a much smaller Ret was observed (curve c), following by the decoration of AuNPs on 
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the electrode, indicating that AuNPs effectively accelerated the electron transfer. Fig. 

4C exhibits the CVs of various electrodes in a PBS solution containing 2.5×10-5 M 

luminol. As we can see, compared with bare ITO (curve a) and APTMS/ITO (curve b), 

the peak currents highly increased on AuNPs decorated electrode (curve c), 

demonstrating the excellent feature of AuNPs for the oxidation of luminol. 

Furthermore, as displayed in Fig 4D, a very clear oxidation peak of luminol emerged 

at the potential of about 0.45 V on AuNPs decorated electrode (curve a), other than 

nothing on bulk Au electrode (curve b). It manifested that the AuNPs greatly 

facilitated the electron transfer of luminol to electrode, which increased its oxidizing 

rate. These results have clearly demonstrated the high performance of AuNPs/ITO to 

act as an excellent sensing platform. 

 

Fig. 4 should be placed here 

 

3. 3 ECL quenching mechanism of the sensor 

To clarify the quenching mechanism of this sensor, the characteristics of the 

immobilization and hybridization of DNA were studied by CV and EIS with 

Fe(CN)6
3− as probe. As can be seen in Fig. 4A and 4B, when the CP was immobilized 

on the AuNPs/ITO, the redox peak current of probe decreased obviously and the Ret 

value increased greatly. These results can be introduced to confirm the electrostatic 

repulsion of negatively charged CP toward Fe(CN)6
3− and blocked electrode surface 

by the CP. Then the specific interaction of TS on CP will further boost it, similar as 

the description in references [44-47]. 

In order to further clarify the ECL quenching mechanism of this sensor, with 

luminol as probe, the CVs in PBS solution (Fig. 4C) demonstrated the decreased 
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redox currents when CP was assembled on AuNPs/ITO and further hybridization with 

TS. 

These results have made it clear that the ECL signal of luminol is quenched by 

two main forces (see Scheme 1). Firstly, the electrostatic repulsion is one of them. 

The phosphate groups in backbone of DNA strand have been negatively charged 

because of hydrolysis at pH 8.0 [48], meanwhile the molecules of luminol forms a 

negatively charged anion (Lum‾) by deprotonation in this condition [49]. Thus there 

must be electrostatic repulsion between them. So the resultant sensor will repel the 

Lum‾ probe to result in descending luminescence. The second factor is the space 

resistance. As shown in Scheme 1, as biological macromolecules, DNA has a large 

space steric hindrance that baffled the Lum‾ probe to approach the electrode surface. 

These two forces hindered the Lum‾ transfer to the electrode surface, so the route of 

forming exciting state of luminol (Lum*) was blocked to induce the quenched ECL 

signal. 

3. 4 The optimization of ECL detecting conditions 

The potential and period of pulsed electrolytic power play important roles in 

ECL analysis. Fig. 5A reveals the optimal pulse period of 3 s. Fig. 5(B, C) illustrate 

the ECL intensity dependent upon the limiting potentials of the pulse. It is clear that 

the highest ECL response was obtained at -0.3 V of lower limiting potential and 1.2 V 

of upper limiting potential. In addition, buffered pH of supporting solution on the 

sensing output was also studied (Fig. 5D). The optimal pH for the biosensor response 

should be a compromised result between the activity of oligonucleotides and the 

luminous behavior of luminol. A condition of pH 8.0 is the best choice. Under these 

optimized conditions, the ECL signal of electrodes are displayed in Fig. 5E. 

Obviously, the AuNPs functionalized electrodes (c) exhibited 27-fold higher ECL 
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signal than bare ITO (a), and even greater than APTMS/ITO (b). Although the 

sulfhydryl is easily oxidized to form the disulfide through S-S bonding at the potential 

about 0.7 V, it is clear that the immobilized CP on electrode surface was stable 

enough (d, give a RSD of less than 1%) owing to the CP was captured by AuNPs via 

Au-S bond, there are no -SH anymore.  Also the output of the sensor responding to TS 

(e) is still stable enough. This electrode also exhibited excellent reproducibility. The 

relative standard deviation (RSD) for seven electrodes was 3.2 %. 

 

Fig. 5 should be placed here 

 

3. 5 The sensing performance of resultant sensor 

The sensitivity of the sensor was assessed by monitoring the ECL response at 

different concentration of TS under optimal conditions. Fig. 6A exhibits the real maps 

of ECL emission on sensor at different TS concentrations. It could be found that the 

decreased ECL intensity was related to the concentration of TS. Fig. 6B shows that 

the responding signals increased along with the rise of TS concentration from 0 to 10 

µM. The inset in Fig. 6B demonstrates that the responding signals of the sensor 

exhibited a linear correlation to the logarithm of TS concentration ranged from 0.01 

nM to 10 µM with an equation of ∆ECL = 2.15 + 0.19 lg C (M) (R = 0.994, SD = 

0.029) and a detection limit of 8.1×10-12 M (S/N=3). 

 

Fig. 6 should be placed here 
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By comparison with other reported DNA biosensors as listed in Table 3, the 

resultant ECL sensor shows a lower detection limit and wider dynamic detection 

range for the target DNA assay. 

 

Table 3 should be placed here 

 

To evaluate the specificity of the sensor, four different sequenced 

oligonucleotides were chosen for investigation, including TS, single-base mismatched 

target (1MT), three-base mismatched target (3MT), and totally noncomplementary 

sequence (NC). The response signals of the blank sample or these four strands are 

showed in Fig. 7A. From it we can see significantly different responses within those 

sequences, here the quenched ECL signal of TS is obviously larger than that of 1MT, 

3MT, and NC. In addition, CV and EIS were also used to further verify it. The peak 

current of NC, 3MT, 1MT and TS gradually decreased (curves a to e in Fig. 7B), the 

Ret of NC, 3MT, 1MT and TS gradually increased (curves a to e in Fig. 7C), entirely 

consisted with the result of ECL. The results demonstrate that the resultant sensor has 

selective recognizing ability for TS from NC, 3MT and 1MT. By this means, it might 

be expectable to effectively discriminate different DNA sequences. 

 

Fig. 7 should be placed here 

 

Meanwhile, Fig. 7D, after a 15 days period, displays about 92 % of remained 

response of its initial value, stored in PBS at 4 οC when not in use, implying a 

satisfactory long-term stability. The reproducibility of the sensor was investigated by 
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detection of a 1.0×10-8 M TS solution using five parallel sensors. The RSD was 3.4%, 

implying that the proposed sensor is reliable. 

 

Conclusion 

This work has designed a new and simple biosensor for rapid recognition and 

quantification of genic segment by employing AuNPs to functionalize the substrate 

electrode and load the capture oligonucleotide. This biosensor works in label-free 

manner, requires no labeling process. Under the optimal conditions, the quenched 

ECL intensity linearly relates to the logarithm of the target concentration from 

1.0×10−11 to 1.0×10−7 M, with a detection limit of 8.1×10−12 M. The sensor has the 

ability to discriminate the diabetes related I27L genetic sequence from even single-

base mismatched strand. This sensor is suitable for disposable use as in point-of-care 

testing and can be easily transformed for other genic sensing by immobilizing other 

probing strand. To fully assess the potential application and to reflect its value, future 

research will focus on integrating it with PCR technique for detection of I27L gene 

mutations in real patient samples, such as the samples extracted from cells, or 

hyphenating to separation systems as chromatography or electrophoresis. 
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Figure Captions 

 

Scheme 1. Fabrication and detection process of the biosensor 

 

Fig. 1 The results of orthogonal tests 

 

Fig. 2 The effects of (A) the capture probe concentration; (B) the temperature for 

SAM; (C) the time of SAM; (D) the temperature for hybridization and (E) the time of 

hybridization on the ECL intensity of resultant sensor 

 

Fig. 3 The SEM images of (A) ITO; (B) AuNPs/ITO, here the inserted one is the 

TEM image of AuNPs; (C) CP/AuNPs/ITO and (D) hybridized with TS 

 

Fig. 4 The (A) CV (50 mV s−1 of scan rate) and (B) Nyquist plot of electrodes in 0.1 

M KCl containing 5 mM Fe(CN)6
3-. Electrodes from curve a to e are ITO, 

APTMS/ITO, AuNPs/ITO, resultant sensor and hybridized one, respectively. The 

insert in B is the equivalent circuit. (C) The CVs of 2.5×10-5 M luminol on (a) ITO, (b) 

APTMS/ITO, (c) AuNPs/ITO, (d) resultant sensor and (e) hybridized one in PBS 

(pH=8.0), 50 mV s-1 of scan rate; (D) The variation of redox performance of 2.5×10-5 

M luminol on (a) AuNPs decorated ITO and (b) a commonly bulk Au electrode, CV 

with scan rate of 50 mV s−1 in PBS (pH=8.0) 

 

Fig. 5 The effects of (A) pulse period and (B, C) lower/upper limiting potential on the 

ECL response of resultant biosensor toward TS, C Luminol=1×10-7 M, pH=8.0; (D) The 

effects of pH on ECL response of resultant biosensor toward TS; (E) The ECL curves 

of (a) bare ITO, (b) APTMS/ITO, (c) AuNPs/ITO, (d) resultant biosensor and (e) the 

response toward TS in PBS (pH=8.0) 

 

Fig. 6 (A) The ECL responses for different target strand concentrations, C luminol 

=5×10-8 M, pH=8.0; (B) The relationship between the responding signals and TS 

concentration, the insert is the linear regression of responding signals upon logarithm 

of the target strand concentration 
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Fig. 7 (A) The ECL responses of the sensor upon different strands, including NC, 

3MT, 1MT and TS, Cluminol=5×10-8 M, pH=8.0; The (B) CV and (C) Nyquist plot of 

(a) resultant sensor and to sense with 1.0×10-8 M of  (b) NC, (c) 3MT, (d) 1MT or (e) 

TS, in 0.1 M KCl solution containing 5 mM Fe(CN)6
3- 
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Table 1 The sequence of designed oligonucleotides used in this work 

Oligonucleotides Sequence (from 5′ to 3′) 

capture probe (CP) SH-(CH2)6-AAAGAGGCACTGCTCCAGGCACTGG 

target strand (TS) CCAGTGCCTGGAGCAGTGCCTCTTT 

single-base mismatched target (1MT) CCAGTGCCTGGATCAGTGCCTCTTT 

three-base mismatched target (3MT)     CCACTGCCTGGATCAGTGCCTGTTT 

noncomplementary sequence (NC)        GGTCACGGACCTCGTCACGGAGAAA 
* TS is completely complementary with CP. The underlined are the mismatched bases in 1MT or 3MT. 
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Table 2A The controlling factors and their levels of orthogonal test L16 (4
3) 

Factors 
Levels 

1 2 3 4 

A CAPTMS / % (v/v) 0.01 0.05 0.1 0.15 

B t / h 0.5 1.5 2.5 12 

C nAuNPs / mole 1.21×10-6 1.70×10-6 2.83×10-6 8.50×10-6 

 

Table 2B The results of orthogonal test 

Experiment NO. 
Parameter and level Results 

CAPTMS / %(v/v) t / h          nAuNPs / mole ECL Intensity 

1 0.0100 0.500 1.21×10-6 0.50 

2 0.0100 1.50 1.70×10-6 0.95 

3 0.0100 2.50 2.83×10-6 1.52 

4 0.0100 12.0 8.50×10-6 1.69 

5 0.0500 0.500 1.70×10-6 2.50 

6 0.0500 1.50 1.21×10-6 1.83 

7 0.0500 2.50 8.50×10-6 2.46 

8 0.0500 12.0 2.83×10-6 2.27 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

9 0.100 0.500 2.83×10-6 1.02 

10 0.100 1.50 8.50×10-6 0.90 

11 0.100 2.50 1.21×10-6 1.77 

12 0.100 12.0 1.70×10-6 1.63 

13 0.150 0.500 8.50×10-6 0.50 

14 0.150 1.500 2.83×10-6 1.10 

15 0.150 2.50 1.70×10-6 1.36 

16 0.150 12.0 1.21×10-6 1.21 
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Table 3 Comparison of linear ranges and detection limits of the different electrochemical DNA sensors. 

Modified electrodes Detection technique Linear range (M) Detection limit (M) References 

ZrO2/Au DPV 2.25×10-10-2.25×10-8 1.0×10-10 [50] 

CeO2/CHIT/GC DPV 1.59×10-11-1.16×10-7 1.0×10-11 [51] 

Ga2Se3/3MPA/Au EIS 1.4×10-8-2.0×10-8 6.6×10-10 [52] 

MWCNTs/Ptnano/GCE DPV 2.25×10-11-2.25×10-7 1.0×10-11 [53] 

Au–MPA–Zr(IV) EIS 1.0×10-10-1.0×10-6 8.5×10-11 [54] 

Au DPV 5.0×10-9-2.5×10-7 5.6×10-10 [55] 

GCE DPV 1.55×10-7-2.02×10-6 3.1×10-8 [56] 

4-ATP/NG/Au DPV 1.4×10-11-2.0×10-9 9.5×10-12 [47] 

MWNTs–COOH/GCE DPV 2.0×10-10-5.0×10-8 1.0×10-10 [58] 

AuNPs/ITO ECL 1.0×10−11–1.0×10−7 8.1 × 10−12 This study 
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Research Highlight 

 

► A label free biosensor for I27L gene variant (diabetes) with 

electrochemiluminescence of luminol as output signal 

 

► The Au nanoparticles (AuNPs) decorated ITO acted as the substrate 

 

► The biosensor exhibited high sensitivity, stability, excellent 

reproducibility and outstanding selectivity against mismatched DNA 

 


