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INTRODUCTION

Thrombin is a specific serine protease of the blood

coagulation cascade that cleaves circulating fibrinogen to fibrin

monomer and then polymerizes to form fibrin1. In addition to

clotting disorders, thrombin can be used as a biomarker for

tumor diagnosis2. Thrombin also plays a major role in

vasospasm, which can often result in cerebral ischemia and

infarction. Therefore, it is of great significance to develop a

sensor toward thrombin detection with high sensitivity and

selectivity for research and also clinical diagnosis applications.

Aptamers, artificial nucleic acid ligands, are short, single-

stranded oligonucleotides (RNA or DNA) that are highly speci-

ficity and have considerable affinity with target proteins3,4.

They are also easy to synthesize, store and label at almost any

desired site without loss of activity5,6. For these reasons, aptamer

has been used to replace antibodies as a recognition element

for the design of biosensors7-9. In recent years, the aptamer-

based sandwich-type electrochemical sensors have been

reported, which are labeled with enzymes including HRP7,

streptavidin-alkaline phosphatase10 and pyrroquinoline quinone

glucose dehydrogenase11 and quantum dots12,13. However, these

aptamer-based analyses are tedious and time-consuming

because of the labeling and separation steps required. There-

fore, it is necessary to develop label-free electrochemical

aptamer sensors for sensitive thrombin detection. Recently,

nanomaterials of noble metal such as Ag14, Pd15, Au16 and Pt17

Detection of Thrombin Using Label-Free Electrochemical

Aptamer Sensor Based on Bimetallic Pd-Au Nanoparticles

G.Y. SHEN
*, S.B. ZHANG, X. HU and A.G. XIAO

College of Chemistry and Chemical Engineering, Hunan University of Arts and Science, Changde, P.R. China

*Corresponding author: Tel: +86 736 7186115; E-mail: sgyrab@163.com

Received: 24 February 2014; Accepted: 13 May 2014; Published online: 6 November 2014; AJC-16203

In this paper, we reported a novel label-free electrochemical aptamer sensor based on the catalytic activity of Pd-Au nanoparticles towards

H2O2 for the thrombin detection. In the sensing strategy, the Au electrode was first modified with Pd-Au-chitosan film and then the

aptamer was immobilized on the surface of Pd-Au nanoparticles. In the presence of thrombin, the aptamer on the surface of the modified

electrode would capture thrombin on the electrode interface, which makes a barrier to electro-transfer, resulting in the decreased cyclic

voltammetry signals. Using this strategy, thrombin was detected within the range from 0.1 to 25 nM with a detection limit of 0.06 nM

(S/N = 3). The aptamer sensor had a good specificity, stability and reproducibility. This simple strategy may pave a way to fabricate a

simple aptamer sensors in clinical application.

Keywords: Pd-Au nanoparticles, Aptamer sensor, Label-free, Thrombin.

have been regarded as excellent substitutes for label materials

such as enzyme due to their catalytic activities, stability and

convenience of electron transfer. Furthermore, the addition of

the second metal brings about strategic variations in particle

size, shape, surface-morphology, composition, chemical and

physical properties, bimetallic nanoparticles are of better

catalysis and electrocatalysis as compared to the separate com-

ponents18-21. This characteristic makes a promising prospective

for developing novel enzyme-free biosensors. For example, a

label-free electrochemical immunosensor based on the Pt-Au

alloy nanotube was fabricated for the detection of human

chorionic gonadotrophin22. Using Au-Pd nanocrystals with

enhanced significant catalysis towards hydrogen peroxide,

Zhao and coworkers constructed an enzyme-free electro-

chemical immunosensor for sensitive detection of alpha

fetoprotein23. With this notion in mind, we prepared bimetallic

Pd-Au nanoparticles to fabricate a label-free aptamer sensor

for the determination of thrombin. The Au electrode was first

modified with Pd-Au-chitosan film and then the aptamer was

immobilized on the surface of Pd-Au nanoparticles. The

schematic diagram of the stepwise procedure of the aptamer

sensor was shown in Fig. 1.

EXPERIMENTAL

HAuCl4, K2PdCl4, ascorbic acid, chitosan (chit),

poly(vinyl pyrrolidone), mercaptopropionic acid, human

thrombin, bovine serum albumin, human immunoglobulin
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Fig. 1. Schematic illustration of aptamer sensor based on the Pd-Au

nanoparticles for the detection of thrombin

G (IgG) and lysozyme were purchased from Sigma-Aldrich.

Dilute solutions of H2O2 were freshly prepared daily. 0.1 M

phosphate buffer solution (PBS, pH 7) was prepared using

Na2HPO4 and NaH2PO4. All aqueous solutions were prepared

with doubly distilled water. The aptamers used in this study

were obtained from Takara biotechnology (Dalian, China) Co.

Ltd. and have the following sequences: 5'-SH-(CH2)6-TT TTT

GGT TGG TGT GGT TGG-3'.

Cyclic voltammetry (CV) experiments were carried out

with a CHI 660A electrochemistry workstation (Shanghai CH

Instruments, China). A conventional three-electrode cell,

consisting of a Pt electrode as counter electrode, a saturated

calomel electrode  (SCE) as reference electrode and an Au

electrode modified with Pd-Au-chitosan film as working elec-

trode, was used. The sizes of the Pd-Au nanoparticles were

estimated with transmission electron microscopy (TEM).

Preparation of bimetallic Pd-Au nanoparticles: The

bimetallic Pd-Au nanoparticles were synthesized by using

coreduction of HAuCl4 and K2PdCl4 method developed by

Lee et al24. with a slight modification. Typically, 1 mL of a 5

mM aqueous solution of HAuCl4/K2PdCl4 mixtures in molar

ratios of 1/1 was added to 47 mL of purified water. Then,

ascorbic acid (100 mM, 50 mL) was added into the mixed

solution. After 15 s, an aqueous solution of poly(vinyl pyrroli-

done) (5 mg/mL, 1 mL) was added dropwise with vigorous

stirring. After addition, the mixture was kept stirring at 25 °C

for another 1 h. The obtained bimetallic Pd-Au nanoparticles

were collected by centrifugation at 12000 rpm for 10 min and

washed three times with ultrapure water. Then the product

was redispersed into water for further use. Before the prepa-

ration of bimetallic Pd-Au nanoparticles, all the glass materials

were cleaned with aqua regia. The TEM of bimetallic Pd-Au

nanoparticles was shown in Fig. 2.

Preparation of the aptamer sensor: A gold electrode

(4 mm in diameter) was polished repeatedly with 0.3 and 0.05

µm alumina slurries sequentially, followed by successive

sonication in bi-distilled water and ethanol. Prior to the experi-

ment, the gold electrode was cleaned with hot piranha solution

(a 3:1 mixture of H2SO4 and H2O2, v/v) several times and then

continuously scanned over a potential range from -0.3 to +1.5

V in freshly prepared 0.5 M H2SO4 until a voltammogram

characteristic of a clean gold electrode was established. A 5

mg/mL chitosan solution was prepared by dissolving 10 mg

chitosan in 2 mL of 0.1 M acetic acid. The composition of

the Pd-Au nanoparticle-chitosan mixture (Pd-Au-chit) was

Fig. 2. TEM of bimetallic Pd-Au nanoparticles

optimized to maximize the sensor response. Pd-Au nano-

particles (2 mg/mL) and chitosan (5 mg/mL) were mixed

thoroughly (in a volume ratio of 1:1) with ultrasonication for

1 h to get a homogeneous suspension and then 10 µL of this

homogeneous solution was placed on the surface of the cleaned

gold electrode.

10 µL of 1 µM aptamer solution diluted in 50 mM tris-

HCl buffer (140 mM NaCl, 1 mM MgCl2, pH 7.4) was dropped

on the modified electrode. When the electrode was incubated

with aptamer solution overnight at 4 °C, the blocking reagent

mercaptopropionic acid (10 µL, 0.5 µM) was added to the

surface of the gold electrode to react for 4 h in order to avoid

the non-specific adsorption.

RESULTS AND DISCUSSION

Characterization of the modified electrode: Electro-

chemical impedance spectroscopy is a powerful tool for studying

the interfacial properties of surface-modified electrodes.

Generally, the semicircle diameter represents the electron-

transfer resistance25. Fig. 3 shows the Nyquist plot of electro-

chemical impedance spectroscopy for the modified gold electrode

in 10 mM K3Fe(CN)6/K4Fe(CN)6 solution. As can be seen from

Fig. 3, the bare gold electrode had a small semicircle diameter

(curve a), implying low resistance to the redox probe dissolved

in electrolyte solution. After gold electrode was stepwise

modified with Pd-Au-chit film (curve b), aptamer (curve c),

mercaptopropionic acid (curve d) and thrombin (curve e), the

semicircle diameter increased step by step. The results were

consistent with the enhanced electron-transfer barriers

introduced of these layers26.

Cyclic voltammetric response characteristics of the

aptamer sensor: The catalytic activity of Pd-Au nanoparticles

was demonstrated by CV experiments in 0.1 M phosphate

buffer solution (pH 7.4). As can been seen from Fig. 4, CV of

the electrode modified with Pd-Au-chit film in the absence

of H2O2 was no characteristic peak (curve a). However, when
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Fig. 3. Nyquist plot of electrochemical impedance spectroscopy for the

modified gold electrode in 10 mM K3Fe (CN)6/K4Fe(CN)6 solution:

(a) the bare electrode, (b) the modified electrode with Pd-Au-chit

film, (c) with aptamer, (d) with mercaptopropionic acid and (e)

with thrombin step by step. The concentration of thrombin is 5 nM
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Fig. 4. Cyclovoltammetry of the electrode modified with Pd-Au-chit film

in phosphate buffer solution without (a) and with (b) 5 mM, (c) 10

mM H2O2. The concentration of thrombin is 5 nM

H2O2 (5 mM) was introduced into phosphate buffer solution,

CV of the electrode modified with Pd-Au-chit film showed a

characteristic peak (curve b). Moreover, the reduction current

increased with the increment of H2O2 ( 10 mM) concentration

(c). Fig. 5 showed the typical cyclic voltammograms of as-

prepared aptamer sensor in phosphate buffer solution

containing 5 mM H2O2. As seen from Fig. 5, the concentrations

corresponding to curve a, b and c is 5, 15 and 25 nM, respec-

tively, the aptamer sensor exhibited a sensitive response and

the response current decreased with the increasing concen-

tration of thrombin.

Optimization pH of phosphate buffer solution: The

peak current of the aptamer sensor in 0.1 M phosphate buffer

solution containing a fixed concentration of 5 mM H2O2 at

different pH was studied from 6.5 to 8. The experimental results

showed that the optimum pH is 7.4. Therefore, pH 7.4 was

selected.

Calibration of the aptamer sensor:  When aptamer/Pd-

Au-chit-modified electrode was incubated with thrombin solu-

tion, specific reaction will take place between aptamer and

C
u
rr

e
n

t 
(

A
)

µ

Potential (V)

40

20

0

-20

-40

-60

-80

-100
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

Fig. 5. Cyclovoltammetry of the aptamer sensor for the varied concentration

of thrombin in phosphate buffer solution containing 5 mM H2O2:

(a) 5 nM, (b) 15 nM and (c) 25 nM

thrombin and form the complexes on the surface of the

electrode to obstruct the catalysis of Pd-Au to the reduction of

H2O2. As expected, the peak current decreased with the increase

of thrombin concentration. The calibration curve for the

detection of thrombin with the proposed aptamer sensor was

illustrated in Fig. 6. The linear range covered from 0.1 to 25

nM with a detection limit of 0.06 nM in terms of three times

standard deviation.
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Fig. 6. Calibration curve of the proposed aptamer sensor with different

concentrations of thrombin, error bars represent standard deviation,

n = 3

Specificity, reproducibility and stability of the proposed

aptamer sensor: The specificity of the proposed aptamer

sensor was studied in this work. Three non-specific proteins

(lysozyme, bovine serum albumin, human IgG) mixed with

thrombin respectively were tested following the same experi-

mental procedures. As shown in Fig. 7, the peak current res-

ponses of the aptamer sensor corresponding to the addition of

bovine serum albumin (50 nM), lysozyme (50 nM) or human

IgG (50 nM) causes insignificant current changes compared

with that of the aptamer sensor corresponding to the thrombin

(5 nM). The results demonstrated that the proposed aptamer

sensor was specific to thrombin with high selectivity. The
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Fig. 7. Peak current of the proposed aptamer sensor corresponding to 5 nM

thrombin (a ), 5 nM thrombin + 50 nM lysozyme (b), 5 nM thrombin

+ 50 nM bovine serum albumin (c), 5 nM thrombin + 50 nM IgG (d),

respectively. Error bars represent standard deviation, n = 3

reproducibility of the proposed aptamer sensor was examined

by running six parallel experiments for 5 nM thrombin and a

relative standard deviation of 8.8 % was obtained, indicating

satisfactory reproducibility of the method.

The stability of the aptamer sensor was studied by the

successive assays. After 50 times of CV measurements in 0.1 M

phosphate buffer solution (pH 7.4) containing 5 mM H2O2,

the current change of 4.6 % was acquired.

Analytical application of the aptamer sensor: Thrombin

is not present in the blood and plasma of healthy subjects when

coagulation is not occurring27 and the physiological concen-

trations of thrombin in activated blood range from the grade

of nanomole to micromole28. The practical applicability of the

proposed aptamer sensor was studied by detecting thrombin

in human serum samples. According to the standard addition

method, a series of different concentration of thrombin were

added into human serum samples. As shown in Table-1, the

relative deviation were acceptable, suggesting that the proposed

aptamer sensor has potentiality in detection of thrombin in

real biological samples.

TABLE-1 
DETERMINATION OF THROMBIN ADDED IN HUMAN 

SERUM WITH THE PROPOSED APTAMER SENSOR (n=3) 

Samples Added (nM) Founded (nM) 
Relative 

deviation (%) 

1 0.5 0.47 -6.0 

2 5 5.20 4.0 

3 10 9.18 -8.2 

 

Conclusion

In summary, we have successfully developed a label-free

electrochemical aptamer sensor based on Pd-Au nanoparticles

for the detection of thrombin. The determination of thrombin

was based on its obstruction to the electrocatalytic reduction

of H2O2 by Pd-Au nanoparticles after thrombin was bound to

the surface of electrode through specific reactions. Obviously,

the process of preparation of the aptamer sensor is simpler

than that of conventional methods. With the work presented

here, we have demonstrated that the proposed aptamer sensor

possesses high sensitivity, good reproducibility and stability.

We anticipate that this method can be extended for the quanti-

fication of other proteins and have a potential value in clinical

application.
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