
Accepted Manuscript

A chemiluminescence biosensor for the detection of thrombin
based on the aptamer composites

Yanna Lin, Jianbo Li, Yanhui Wang, Yuanling Sun, Chaofan Ding,
Weiyan Sun, Chuannan Luo

PII: S1386-1425(17)30881-8
DOI: doi:10.1016/j.saa.2017.10.074
Reference: SAA 15580

To appear in:
Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy

Received date: 25 May 2017
Revised date: 4 August 2017
Accepted
date:

27 October 2017

Please cite this article as: Yanna Lin, Jianbo Li, Yanhui Wang, Yuanling Sun, Chaofan
Ding, Weiyan Sun, Chuannan Luo , A chemiluminescence biosensor for the detection of
thrombin based on the aptamer composites. The address for the corresponding author was
captured as affiliation for all authors. Please check if appropriate. Saa(2017), doi:10.1016/
j.saa.2017.10.074

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.saa.2017.10.074
https://doi.org/10.1016/j.saa.2017.10.074
https://doi.org/10.1016/j.saa.2017.10.074


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

1 
 

A chemiluminescence biosensor for the detection of thrombin 

based on the aptamer composites 

Yanna Lin, Jianbo Li, Yanhui Wang, Yuanling Sun, Chaofan Ding, Weiyan Sun, 

Chuannan Luo* 

Key Laboratory of Interfacial Reaction & Sensing Analysis in Universities of 

Shandong, School of Chemistry and Chemical Engineering, University of Jinan, Jinan 

250022, PR China 

Corresponding author: Tel.: +86 0531 89736065. E-mail address: 

chm_sunyl@126.com 

Abstract 

An efficient, rapid, simple and ultrasensitive chemiluminescence (CL) approach 

was proposed for thrombin detection based on the aptamer-thrombin recognition. The 

aptamer composites were synthesized in this work using graphene oxide (GO) as the 

backing material. The thrombin was adsorbed on the aptamer composites based on the 

aptamer-thrombin recognition. Thus, thrombin could be quantified by the difference 

value of the CL intensity between supernate of the sample and the mixture which 

composed of thrombin and coexisted substances. The CL intensity exhibits a stable 

response to thrombin over a concentration range from 2.5×10
-10

 to 1×10
-9 

mol·L
-1

 

with a detection limit as low as 8.3×10
-11 

mol·L
-1

, the relative standard deviation 

(RSD) was found to be 4.9% for 11 determinations of 1.25×10
-9

 mol·L
-1

 thrombin. 

Finally, the applicability of the method was verified by applying to serum samples. 

The recoveries were in the range of 90.3-101.0% with RSD of 2.6-3.2%. 
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Introduction 

Aptamers are a kind of DNA or RNA strands selected by the SELEX technology, 

which was set up in the 1990s originally. Aptamers have been applied to biosensing 

[1-4], therapeutics [5,6] and diagnostics [7,8]. Generally, aptamers can play the role 

similar to that of the antibodies in therapeutic applications [9]. Compared with 

antibodies, aptamers have some advantages, such as lower molecular weight, better 

stability, higher binding affinity and cheaper. As we know, G-rich DNA can form a 

G-quadruplex structure [10]. The structure can be stabilized when aptamers were 

bound to specific targets including organic molecules, protein and cell, et al. Thus, 

some electrochemistry [11-12], transistorsensor [13], chemiluminescence [14] and 

colorimetric [15] detection strategies for detection of targets based on G-quadruplex 

structure have been reported. 

Graphene oxide (GO) is a derivative of graphene. It has a large specific surface 

area and many functional groups including epoxy group, carboxyl and hydroxide 

radical. Especially, the applications of GO-based materials have attracted much 

attention in the past few years [16-24]. In addition, the GO-based sensors [25] exhibit 

a number of convenient features for large-scale manufacturing such as transparency, 

flexibility and suitability. 

Thrombin is a kind of serine protease, and plays an important role in molecular 

biology. Thrombin also is the main effective enzyme of blood coagulation cascade 

reaction and has a central role in the initiation and propagation of thrombotic diseases. 

Due to its biological importance, techniques including electrochemistry [26], 
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fluorescence [27], chemiluminescence [28], and surface-enhanced Raman 

spectroscopy [29] etc. have been applied to thrombin detection. For example, Zhang 

[30] constructed an electrochemiluminescence aptasensor and Li [31] developed a 

chemiluminescence aptasensor, all of which were used to the detection of thrombin. 

But in the former electrochemical method, the process of electrode modification is 

slow and time consuming while the latter chemiluminescence method with relatively 

low sensitivity - the detection limit of 1×10
-9

 mol·L
-1

. Modern analytical chemistry 

emphasizes the “3S” principle, that is, sensitivity, specificity, speed. The flow 

injection chemiluminescence only requires simple instruments and operation, and has 

some advantages of speediness and ultrasensitivity. Therefore, it has been applied to a 

variety of analytical tests [32-34].  

Aptamer composites containing magnetic nanoparticles were synthesized in this 

work. The aptamer composites exhibited excellent merits for higher selectivity, better 

stability, and easier separation, etc. The main reasons for higher selectivity and better 

stability are attributed to the aptamer composites and the G-quadruplex structure [35] 

which is formed by aptamer and thrombin. Thus, a novel CL sensor for thrombin was 

prepared, in which the dispose of samples was performed by aptamer composites with 

high selectivity, high absorbance and fast separation. Under the optimal conditions of 

CL, the aptamer composites were applied to the detection of thrombin in serum 

samples with high selectivity and sensitivity, successfully. 

Experimental section 

 Chemicals and materials 
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Thrombin aptamer was synthesized by Sangon Biotechnology Co. Ltd. 

(Shanghai, China). The sequence of aptamer was 

5'NH2-ATAGGTTGGTGTGGTTGG-3'. Imidazole was supplied from Aladdin 

Bio-chem Technology Co; 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (95%) 

and absolute ethanol (A.R) were purchased from Sinopharm Chemical Reagent Co. 

Ltd.. Ltd. The H2O2, FeCl3, FeCl2, NH3·H2O and all other chemicals unless specified 

were of analytical reagent grade and used without further purification. Phosphate 

buffer solution (PBS) and redistilled water were used throughout the work. 

Apparatus 

The IFFM-E flow injection CL analyzer (Xi‟an Remex Electronic instrument 

High-Tech Ltd., China) which consists of an automatic injection system and a 

detection system was used in this work. The schematic diagram of the CL sensor used 

in this work was shown in Fig. 1. In order to obtain a better stability, the instrument 

runs for at least 10 min before the first operation. The CL sensor was used to optimize 

the concentration of reagents and determine the thrombin in the samples. 

 

Fig. 1. The schematic diagram of the CL sensor. P: pump, C: computer, D: detector, W: waste. 

Preparation of aptamer composites 
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The graphene oxide was synthesized by the modified method of Hummers [36]. 

First, 1.0 g of graphite powder and mixed acid were added into a 500 mL flask, and 

then cooled followed by stirring. The mixed acid was composed of H2SO4 and HNO3 

(VH2SO4/VHNO3 9:1). Then, 6.0 g of KMnO4 was added gradually under stirring. The 

diluted suspension was stirred at 90 ºC, followed by addition of H2O2 (30%). Finally, 

the mixture was centrifugalized and washed with 0.2 mol·L
-1

 HCl solution, followed 

by water washing till the pH = 7.0. The GO was obtained as brown powder after dried 

at 60 ºC under vacuum. 

Magnetic graphene oxide (MGO) was prepared according to the methods of 

Kassaee‟s group [37]. The magnetic composite was prepared by added 0.2 g of GO to 

double-distilled water, and the solution was ultrasonically dispersed into a 

homogeneous suspension. Subsequently, 0.2 g of FeCl3 and 0.14 g of FeCl2 were 

added to the GO suspension, and the value of pH was adjusted to 9.0 with NH3·H2O 

under the protection of N2. Finally, the diluted suspension was stirred at 90 ºC and 

refluxed for 0.5 h. The precipitate was isolated in the magnetic field. The obtained 

MGO was washed with 150 mL of absolute ethanol, and then the products were 

air-dried. 

Aptamer composites were prepared according to the previous literature as 

reported [38]. The method was modified as follows:  

Firstly, 0.05 g of MGO was dispersed in 100 mL of PBS, ultrasonic dispersion 

for 30 min. Subsequently, 0.043 g of imidazole, 140 μL of aptamer solution and 0.056 

g of EDC were added into the suspension, respectively. Then, the aptamers were 
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incubated for 8 h at room temperature. Finally, the aptamer composites were isolated 

in the magnetic field. The products were stored in the 100 mL volumetric flask at 4 

ºC.  

The collection of real sample 

Bovine serum, super horse serum and goat serum were purchased from Sangon 

Biotechnology Co. Ltd. and used in this work. These serum samples were treated as 

follows: 

Firstly, the serums were removed from the freezer and placed in a refrigerator at 

4 ºC for about 12 h. Next, the serum samples were regularly shook at room 

temperature to make it fully soluble. Then, the serum samples were centrifugated at 

12000 rpm for 35 min and then the eluents were diluted with PBS buffer solution 

before measurements.  

Results and discussions 

The characterization of GO and MGO 

The morphology and structure of all of the composites were studied by SEM, 

XRD and FTIR. 

From the SEM image (Fig. 2A), the thickness of GO was fold of thin monolayer 

structure and the surface is rough, which increased the specific surface area, 

immensely. While on the surface of MGO (Fig. 2B), as seen, there were multi-layer. 

The surface was rugged and coated by Fe3O4. 
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Fig. 2. The SEM of GO (A) and MGO (B) 

In the XRD patterns (Fig. 3A), there was a narrow and relatively strong 

diffraction peak at about 2θ = 10º, that was the characteristic peak of GO. As seen, the 

diffraction peak at 2θ = 30.2º, 35.5º, 43.2º, 53.6º, 57.1º and 62.7º were the six 

characteristic peaks of Fe3O4, which demonstrated the MGO was synthesized 

successfully. 

The chemical groups on the surface of GO and MGO were investigated by FTIR 

spectra, shown in Fig. 3(B). In the spectrum of GO, the absorption peaks at 1600 - 

1400 cm
-1

 were the characteristics of benzene ring, the absorption peak at 1055 cm
-1 

indicated the C-O group's stretching vibration. As shown, the peak at 620 cm
-1 

was the 

characteristic of Fe3O4, which provided a solid support that MGO was synthesized 

successfully. 
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Fig. 3. The XRD patterns of GO and MGO (A); the FTIR of GO and MGO (B).  

The possible mechanism of the CL seneor 

In the chemiluminescence system, H2O2 can be instantly decomposed into HOO
-
 

in alkaline medium (reaction (1)). Then, the resulting HOO
-
 continues to react with 

H2O2 to produce HOO• and HO• (reaction (2)). The HOO• and HO• could oxidize 

luminol to produce CL. Thrombin is composed of two chains that named A and B, 

respectively. In the structure of thrombin, the prominent loop around K70 is the outer 

binding siteⅠ which contains positively charged amino acid residues (Lys 36, Lys 

149E, Arg 73, Arg 77A), and there also is a positively charged amino acid residue 

region in the vicinity of the C-terminal α-helix of the B chain, the region is outer 

binding siteⅡ [39, 40]. Therefore, we think the possible mechanism is that those two 

positively charged binding sites could combine with HOO
-
 by electrostatic interaction, 

which can lead to a decrease in the concentration of HOO• and HO• in the solution. 

Thus, the CL intensity decreased after the thrombin was added to the solution, as 

shown in Scheme 1., thrombin CL value ΔI = I2 – I1. The experimental results are 

shown in the Fig. 4. 

H2O2 + OH
-
 → HOO

-
 + H2O                                      (1) 

HOO
-
 + H2O2 →HOO• + HO• + OH

-
                              (2) 
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Scheme 1 Schematic illustration of the detection of thrombin based on CL sensor 

 

Fig. 4. CL intensity of thrombin and without thrombin. Experimental conditions: luminol, 

1.25×10
-4 

mol·L
-1

; H2O2, 0.01 mol·L
-1

; NaOH, 0.01 mol·L
-1

. 

The optimization of CL reaction conditions 

To achieve the high sensitivity of the assay, the reaction conditions were 
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optimized in this work. When the main pump speed was up to 30 r·min
-1

, the CL 

signal reached the maximum. In addition, the CL intensity reached the maximum 

when vice pump speed was 35 r·min
-1

. In order to select the optimal oxidant, 

luminol-H2O2, luminol-KMnO4, luminol-Ce(SO4)2, luminol-K3[Fe(CN)6], and 

luminol-KIO4 CL systems were constructed, and the CL intensity of these CL systems 

were measured in alkaline medium in this work, as shown in Fig. 5. The color of the 

solution of KMnO4, Ce(SO4)2 and K3[Fe(CN)6] could interfere with CL, and KIO4 is 

toxic. Therefore, H2O2 is the optimal oxidant in this work. 

 

Fig. 5. CL intensity of luminol-H2O2, luminol-KMnO4, luminol-Ce(SO4)2, luminol-K3[Fe(CN)6], 

and luminol-KIO4. Experimental conditions: luminol, 1.25×10
-4 

mol·L
-1

; NaOH, 0.01 mol·L
-1

; 

H2O2, KMnO4, Ce(SO4)2, K3[Fe(CN)6] and KIO4, 0.01 mol·L
-1

.  

The reagents' optimization results were shown in Fig. 6. Only under the optimal 

conditions, could the CL intensity reach the maximum which was suitable for the 

detection of thrombin. 
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Fig. 6. The option of CL reaction conditions: (A) Effect of H2O2 concentration: luminol, 1.25×10
-4 

mol·L
-1

; NaOH, 0.01 mol·L
-1

; (B) the effect of luminol concentration: H2O2, 0.025 mol·L
-1

; 

NaOH, 0.01 mol·L
-1

 and (C) the effect of NaOH concentration: luminol, 5×10
-4 

mol·L
-1

; H2O2, 

0.025 mol·L
-1

. The standard curve (D): luminol, 5×10
-4 

mol·L
-1

; H2O2, 0.025 mol·L
-1

; NaOH, 

0.025 mol·L
-1

. 

The analytical performance of aptamer composites 

Under the optimal experimental conditions (c(NaOH) = 0.025 mol·L
-1

, c(H2O2) 

= 0.025 mol·L
-1

, c(luminol) = 5×10
-4 

mol·L
-1

), the linear dependence between the CL 

intensity and thrombin concentration was shown in Fig. 6(D), and the liner range was 

2.5×10
-10 

- 1.0×10
-9 

mol·L
-1

, the original experimental data is shown in Table 1. The 

limit of detection of 8.3×10
-11

 mol·L
-1

 can be achieved. A complete analysis, 

including all procedures were performed with a relative standard deviation of 4.9% (n 

= 11). The results were compared with traditional methods shown in Table 2 and the 
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results were satisfied. 

Table 1 The original experimental data for the standard curve. 

Cthrombin/(10
-10 

mol/L) 2.5 4 5 6 7 8 9 10 

ΔI 253 307 380 449 508 576 635 665 

 

Table 2 Comparing results with conventional methods. 

Methods Liner range (mol·L
-1

) Detection limit (mol·L
-1

) 

Fluorescence [41]  7×10
-10

 

FCS [42] 5×10
-9

 - 5×10
-7

 2.6×10
-9

 

EIS [43] 3×10
-10

 - 5×10
-8

 1×10
-11

 

SPR [44] 1×10
-10

 - 1×10
-7

 1×10
-10

 

ECL [45] 5×10
-10

 -2.5×10
-8

 2.1×10
-10

 

This work 2.5×10
-10

 - 1.0×10
-9

 8.3×10
-11

 

Interferences study 

To investigated the selectivity of the CL biosensor for detection of thrombin in 

biology samples, the interferences of some coexisted substances in the thrombin 

standard solution (thrombin: 3×10
-11

 mol·L
-1

) was analyzed under the optimal 

conditions. The tolerable limits of coexisted species were taken as a relative error not 

larger than 5%, the results were shown in Fig. 7.  
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Fig. 7. Interference study of CL sensor that containing composites and without composites. 

1. K
+
; 2. Bovine Serum Albumin; 3. muramidase; 4. L-cystine. 

Application of the CL sensor 

In this study, the feasibility of the CL sensor for thrombin detection was 

investigated. The CL sensor was applied in the detection of thrombin in bovine serum, 

horse serum and goat serum. As shown in Table 3, the recoveries ranged from 90.32% 

to 101.0%, under optimal experimental conditions. Apparently, these results were 

satisfactory, and shown that the CL sensor was of good accuracy and better abilities of 

anti-interfere. Therefore, the CL sensor was feasible to be used in the detection of 

thrombin in biology samples. 

Table 3 Application of CL sensor. 

Samples Content (mg·L
-1

) Found (mg·L
-1

) RSD (%) Recovery (%) 

Bovine serum 10.72 9.66 2.6 90.32 

Super horse serum 10.44 9.97 3.2 95.52 

Goat serum 10.44 10.54 2.7 101.0 
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Conclusion 

In summary, a CL biosensor was fabricated for quantitative thrombin analysis 

based on the aptamer composites. Thrombin can be detected with an ultrahigh 

sensitivity (8.3×10
-11 

mol·L
-1

), and the sensitivity of this method is higher than other 

methods [41-45]. Furthermore, the proposed method showed a high specificity to the 

detection of thrombin in bovine serum, horse serum and goat serum. The obtained CL 

biosensor was proved to be a better potential method for its biology sample 

application with high sensitivity and selectivity.  
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Highlights 

1. The aptamer composites were synthesized using graphene oxide (GO) as the 

backing material. 

2. The coupling of luminol CL detection with aptamer composites can significantly 

increase both the sensitivity and selectivity of the thrombin detection.  

3. The aptamer composites could prove useful in sensitive biosensing applications. 
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