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Abstract. A sensitive electrochemical aptasensor for detection of thrombin based on target 

protein-induced strand displacement is presented. For this proposed aptasensor, dsDNA which is 

from immobilized probe DNA (IP) which has a hybridized with aptamer(Apt) initially was 

immobilized on the Au electrode through thiol group of IP，while a DNA labeled with PdS 

nanoparticles was used as a detection probe (DP-PdS). When Au electrode immersed into solution 

which contain target protein and DP-PdS, the aptamer preferred to form G-quarter structure with the 

present target protein and dsDNA was released into immobilized probe DNA (IP) which could be 

hybridized with DP-PdS. After dissolving PdS from electrode, a mercury-film electrode was used for 

electrochemical detection of these Pd
2+

 ions which offered excellent electrochemical signal 

transduction. Detection of thrombin was specific without being affected by the coexistence of other 

proteins such as BSA and lysozyme, and as low as 2.3×10
-11

 mol/L of thrombin was detected.  

Introduction 

  With the increasing applications of proteomic strategies, protein assays are of great importance in 

medical and biological fields. To date, the antibody-based immunological assays are commonly used 

to detect proteins for disease diagnosis, drug screening and bio-defense [1]. But the methods used for 

protein detection are not as sensitive and specific as those for detection of specific nucleic acids 

sequences.Aptamer-based protein de-tections have been illustrated in connected to colorimetric[2], 

fluorescence [3], quartz crystal microbalance and electrochemical detection [4-6]. 

  In this paper, thrombin with aptamer binding sites acted as a target protein, a 15-bases DNA 

sequence as thrombin aptamer (Apt), and an 18-bases NH2-DNA labeled with PdS nanoparticles 

(DP-PdS) as a detection probe. A 24-bases immobilized probe DNA (IP) was firstly hybridized with 

Apt by 15 complementary bases. Such-prepared dsDNA was self-assembled onto a gold electrode via 

Au-S binds, then the electrode was incubated into the solution containing thrombin and DP-PdS. Apt 

could remove from dsDNA because it tended to bind the present thrombin, thus released IP could be 

available for hybridizing with DP-PdS. PdS nanoparticles dissolving from electrode were determined 

through first electrochemical deoxidation to Pd and then oxidation to Pd
2+

, and a current of Pd 

oxidation was obtained via differential pulse voltammetry immediately performed at a mercury-film 

electrode. Due to the PdS contribution, as low as 2.3×10
-11

 mol/L of thrombin could be 

distinguishingly detected.  
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Fig.1 Schematic representation of the procedure of preparing electrochemical aptasensor for 

determine of thrombin via target protein-induced strand displacement and hybridization. 

Experiment section 

Preparation of nano PdS. Pb(NO3)2 and Na2S solutions were filtered through a 22 µm microporous 

membrane filter prior to use. PbS nanoparticles were prepared according to the literature[7] by using 

mercaptoacetic acid as the stabilizer. In brief, 9.22 µl mercaptoacetic acid was added to 50 ml 0.4 mM 

Pb(NO3)2 solution, and then the pH was adjusted to 7 with 0.5 M NaOH. The solution was bubbled 

with nitrogen for 30 min, followed by the slow addition of 1.34 mM Na2S to the mixture solution. The 

molar ratio of Na2S to Pb(NO3)2 was kept at 2.5. The reaction was carried out for 24 h under nitro-gen 

protection and then gradually a brown colloid which is the PdS nanoparticles covered with a carboxyl 

group was obtained. As TEM images show, the diameter of PdS nanopatricles was about 7 nm (Fig. 

2). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 TEM image of the synthesized  PdS nanoparticles 

 

Preparation of DNA–PdS conjugate. 200 µl of 0.1 mol/L imidazole was added to 2OD of 

5-amido-capped detection probe DNA (DP).  After stirred for 30 min, 100 µl of 0.1 mol/L EDC and 5 

ml of PdS colloids were added to the mixture. The resulting mixture was stirred for 12 h at room 

temperature and then continued to centrifugate for at least 25 min at 14,000 rpm to remove the 

excessive DP. The yellow DP-PdS precipitate was washed with 0.1 mol/L PBS and re-dispersed in 

0.1 mol/L PBS. Then, the resulting solution was stored in the refrigerator for further use.  

Preparation of the dsDNA of IP hybridized Apt. To ensure all IP could be hybridized with Apt, 

100 µl 2×10
-6

 mol/L IP was added to 100 µl of 6×10
-5

 mol/L Apt, and the mixture was stirred for 5 h 

at 37°C. The resulting solution was stored in refrigerator for further use.To ensure all IP could be 

hybridized with Apt, 100 µl 2×10
-6 

mol/L IP was added to 100 µl of 6×10
-5

 mol/L Apt, and the 

mixture was stirred for 5 h at 37°C. The resulting solution was stored in refrigerator for further use. 
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The DNA were obtained from Sangon Biotechology Inc.(Shanghai, China) with the following 

sequences: 

Immobilized Probe DNA (IP): 5’-HS-C6-ATA CCA ACC ACA CCA ACC ATG CTC 

Detection Probe DNA (DP): 5’-NH2-C6-ATA GAG CAT GGT TGG TGT 

Aptamer (Apt): 5’-GGT TGG TGT GGT TGG 

Apparatus. Differential pulse voltammetry (DPV) measurements were performed using a CHI 660 

Electrochemical Analyzer (CHI Instrument Inc., USA). The three-electrode electrochemical 

detection system consisted of a Au working electrode with sensing area of 3.14 mm
2
, a Ag/AgCl 

reference electrode (saturated KCl) and a platinum wire counter electrode. The detection was carried 

out in a 5 ml electrochemical cell containing a mercury-coated glassy carbon working electrode (2 

mm diameter), an Ag/AgCl reference electrode, and a platinum wire counter electrode. 

Displacement and hybridization reaction. Fig.1 represents the procedure of preparing 

electrochemical aptasensor for thrombin determination via target protein-induced strand 

displacement and hybridization. The displacement and hybridization reactions were done by 

immersing the dsDNA-modified Au electrode in the prepared solution containing appropriate 

thrombin and 600 µl of 10
-6 

mol/L DP-PdS, and then incubated at a certain temperature for 120 min 

with stirring. During this time, Apt that initially hybridized with IP preferred to form G-quarter 

structure with the target protein and dsDNA changed into IP. Subsequently, IP was hybridized with 

DP-PdS in prepared solution. The amount of thrombin could be indicated by the signal of DP-PdS 

hybridized with IP which came from thrombin-induced dsDNA dissociation. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3 (A) DPV response of the aptasensor in the prepared solution containing 600ul of 10
-6 

mol/L P1 

(a) in the presence of thrombin (c =2.6×10
−9 

M) (b) without thrombin. (B) Comparison of the signal  

of dsDNA modified electrode when incubated in prepared solution contain  10
-6 

mol/L PdS 

nanoparticle-labeled DNA probe with (a) without thrombin,(b) with 3.0×10
−7

 M of lysozyme, (c) 

with 2.5×10
−8 

M of BSA, (d) with 2.15×10
−10 

M of thrombin. 

Results and discussion   

  In the experiments, the Au electrode modified with dsDNA was incubated with the target protein of 

different concentrations in the presence of DP-PdS. As shown in Figure 6, the peak currents increased 

with the thrombin concentration increasing and a good linear relationship was displayed between the 

peak currents and the thrombin concentrations in the range of 7.3×10
−8

 ~ 7.3×10
-11

 mol/L with a 

correlation coefficient of 0.989. As low as 2.3×10
-11

 mol/L of the target thrombin could be detected 

exhibiting the thrombin-analyzing sensitivity of this method comparable to current DNA detection 

using PdS nanoparticles. 

In order to confirm the specificity of the aptasensor to thrombin, control experiments were performed 

using  BSA and  of lysozyme respectively to replace  thrombin. As shown in Figure 5 (a–d), only 

thrombin induced a marked response, while the other two proteins had almost negligible responses. 

These results showed that an extraordinary specificity of the detection system to the target protein 

could be obtained.  

Advanced Materials Research Vols. 753-755 2115



 

Conclusions 

  The present study has introduced a new electrochemical aptasensor based on target protein-induced 

strand displacement for thrombin detection and other proteins such as BSA and lysozyme didn’t 

affect the detection. Furthermore, other proteins could be detected at high sensitivities using 

appropriate aptamers. In conclusion, this method of protein assay based on the varied DNA structure 

is expected to offer exciting studies for aptamer-based electrochemical biosensors in future. 
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