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4.7 Sensor control experiments 

 

4.7.1 Sensor control experiments using SWV 

Control experiments were performed in order to investigate the selectivity of the QDs 

based genosensor towards complementary ssDNA (target analyte). Figure 38 below shows 

the SWV response of the probe ssDNA/3MPA-In2Te3 QDs/AuE to 10 nM of complementary, 

3-base mismatch and non-complementary ssDNA in 0.10 M TE buffer solution, pH 8.00, 

respectively. The results shown in Figure 38 indicate that when comparing the anodic 

oxidation signal of non-complementary ssDNA with that of probe ssDNA/3MPA-In2Te3 

QDs/AuE there was no significant change in the signal. This observation suggests that 

hybridization did not occur since the non-complementary ssDNA exhibited non-specific 

adsorption. However the anodic oxidation signal of 3-base mismatch ssDNA was lower 

compared to that of non-complementary ssDNA but higher than that of complementary 

ssDNA which indicate that some degree of hybridization occurred. This phenomenon was 

observed because the bases do not match absolutely; therefore hybridization cannot be carried 

out thoroughly (Lan et al., 2010). These experimental results indicate that the 3MPA-In2Te3 

QDs based genosensor is highly selective to the complementary ssDNA. 
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Figure 38: Anodic SWV response of the probe ssDNA/3MPA-In2Te3 QDs/AuE to 10 nM of 

complementary, 3 base mismatched and non-complementary ssDNA in 0.10 M TE buffer 

solution, pH 8.00 at 10mV/s, respectively. 

 

4.7.2 Sensor control experiments using EIS 

The selectivity of 3MPA-In2Te3 QDs based genosensor was investigated by 

incubating it in 0.10 M TE buffer solution, pH 8.00 that contained 10 nM of complementary, 

3-base mismatch and non-complementary ssDNA, respectively. EIS technique was used and 

the results were expressed as the relative Rct variation between the values obtained for the 

different hybridization experiments (complementary, 3-base mismatch and non-

complementary) and Rct value due to the bare electrode (Bonanni et al., 2009). These relative 

variations are represented as a ratio of delta increments and is given by the following 

equation below, 
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    (      )

    (     )
    (4.7.2.1) 

Where,     (      )      (      )     (              ) and     (     )  

    (     )     (              ), respectively. If the value of ΔRatio is greater than 1 it 

implies that hybridization process took place and if the value of ΔRatio is close to 1 it implies 

that no hybridization process occurred (Bonanni et al., 2009). The results shown in Figure 39 

indicate that hybridization occurred between probe ssDNA/3MPA-In2Te3 QDs/AuE and 

complementary ssDNA since the ΔRatio value was greater than 1. The 3-base mismatch 

ssDNA hybridization experiment gave a much lower ΔRatio value than the complementary 

ssDNA hybridization experiment. This was attributed to the fact that the bases do not match 

absolutely; therefore hybridization cannot be carried out thoroughly. However, since the 

ΔRatio value of 3-base mismatch ssDNA hybridization experiment is slightly higher than that 

of non-complementary ssDNA hybridization experiment it indicates that a certain degree of 

affinity interaction did take place. Similar degree of hybridization was observed for control 

experiments done by SWV. 
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Figure 39: ΔRatio values obtained after hybridization of probe ssDNA/3MPA-In2Te3 

QDs/AuE with 10 nM complementary, 3-base mismatch and non-complementary ssDNA, 

respectively. 
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CHAPTER 5 

Chapter overview 

This chapter gives a brief overview of the main objectives achieved and discusses the 

advantages of the 3MPA-In2Te3 QDs based genosensor. It also outlines future 

recommendations for optimizing the performance of the QDs based genosensor by focusing 

on improving the genosensor’s design. 

 

5.0 CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion 

In conclusion, we have reported for the first time the successful fabrication and 

implementation of highly sensitive 3MPA-In2Te3 QDs based genosensor for detection of 

telomerase biomarker. The proposed 3MPA-In2Te3 QDs based genosensor is a simple, 

inexpensive, easy to use genosensor that was highly sensitive and selective towards its target 

analyte. The colloidal poly-dispersed 3MPA-In2Te3 QDs introduced into the genosensor 

system were successfully synthesized by a simple, inexpensive and reproducible aqueous 

method. HR-TEM studies revealed formation of small sized QDs about 6 nm in diameter 

while UV-VIS studies of the QDs showed presence of absorption peaks in the ultraviolet 

region (100-400 nm) which confirmed the formation of these small sized QDs. The 3MPA-

In2Te3 QDs showed interesting electro-catalytic properties which allowed them to act as a 

mediating platform between DNA and the AuE. The successful detection of telomerase was 

achieved by allowing hybridization process to occur between the probe ssDNA drop coated 

on the 3MPA-In2Te3 QDs/AuE surface and its complementary ssDNA in biological buffer 

solution (0.10 M TE buffer solution, pH 8.00). Three analytical techniques were used to study 

the performance of the 3MPA-In2Te3 QDs based genosensor towards different concentration 

 

 

 

 



93 
 

of complementary ssDNA. It was observed that all three analytical techniques exhibited good 

linearity since their R
2
 corresponded to 0.99. However,  it was observed that EIS was the best 

technique for the detection of telomerase compared to both CV and SWV since it showed a 

higher sensitivity (2.44 Ω/nM) towards detecting telomerase with a detection limit as low as 

0.00014 ng/mL. Control experiments were also carried out by monitoring the hybridization 

process in the presence and absence of complementary ssDNA and it was determined that the 

QDs based genosensor was highly selective towards complementary ssDNA. In view of the 

attractive analytical characteristics and advantages, the ultimate goal of the developed QDs 

based genosensor is to apply it in real clinical samples of cancer cells or bodily fluids of 

cancer patients for the detection of telomerase cancer biomarker.  

 

5.2 Recommendations for future study 

Further studies of the QDs based genosensor design and application is discussed 

below. 

 

 It is proposed that the mediating platform must be stabilized to allow lower detection of 

telomerase at much lower concentrations. 

 More in-depth research in novel nanomaterials must be done since it is the coupling of 

these nanomaterials to the genosensor that increases its sensitivity as well as specificity.  

 It is suggested to make use of real sample (cancerous cells) from various tumours and 

body fluids of cancer patients instead of using standard telomerase solutions for the 

detection 

 It is also suggested to focus on more than one cancer type (oral, prostate and bladder etc.) 

since 85% of more than 950 primary tumours express telomerase activity. 
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 Various detection methods (e.g. 12-multichannel robotic electrochemical analyser, 

electrochemiluminescence (ECL), electrochemical quartz crystal microbalance (EQCM), 

optical (UV-vis) and photoluminescence) must be studied in order to determine the best 

technique for telomerase detection. 
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