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DNA aptamer-based surface plasmon resonance 

sensing of human C-reactive protein 

Xiaohai Yang, Yaning Wang, Kemin Wang*, Qing Wang, Pei Wang, Min Lin, Nandi 

Chen, Yuyu Tan 

Human C-reactive protein (CRP) is a powerful predictor and 
risk factor of the inflammation and cardiovascular disease. We 
have obtained high-affinity DNA aptamers selected by 
immobilization-free screening method, and the lowest Kd value 
of aptamers is 3.9 nM. The affinity and specificity of aptamers 
have been further investigated using aptamer-based SPR 
analysis, which will be benefit for constructing DNA aptamer-
based sensors for CRP detection. 

Human C-reactive protein (CRP) is a major acute-phase reactant 
protein produced in the liver, and is composed of five monomeric 
subunits.1 CRP is an inflammatory marker that is currently used 
in clinical assays to predict the risk for cardiovascular disease 
(CVD), and has also been implicated in the pathogenesis of 
CVD.2, 3 The most commonly used diagnostic methods are the 
antibody-based assays.4, 5 Nowadays, some researchers try to 
isolate aptamers and develop the aptamer-based CRP sensors for 
diagnostics.6 Compared with antibodies, aptamers exhibit 
advantageous features:7 comparable affinity, easy in vitro 
synthesis, better stability and easy tagging with other 
functionalities. These advantages make them very promising in 
analytical and diagnostic applications.  

Conventional methods for aptamer selection mainly rely on 
immobilizing targets or ssDNA library on solid supports to 
isolate target-binding aptamers from the random library.8-11 
However, the immobilization of ssDNA library may cause steric 
hindrance to affect the binding to targets, and immobilization of 
targets may induce their conformational change. It was reported 
that the two aptamers,12, 13 a 44-base RNA and a 40-base ssDNA 
selected by surface immobilization of CRP, specifically bound to 
monomeric but not pentameric form of CRP.14 Hence, there is an 
urgent need to isolate aptamers specific to CRP by adopting 
immobilization-free selection methods.  

Some immobilization-free selection methods were developed 
to avoid the conformational change of targets, such as membrane 

filtration and capillary electrophoresis.15, 16 However, filtration 
based methods suffer strong nonspecific binding toward targets 
and oligonucleic acids, and are limited to large target 
molecules,17 while capillary electrophoresis based methods 
usually need specialized instruments. Nevertheless, Park reported 
an immobilization-free selection method assisted by graphene 
oxide (GO-SELEX).18 It allowed the binding between target and 
ssDNA library in the homogeneous solution, and separated 
unbound DNA by the non-specific adsorption of ssDNA library 
on GO. The method not only avoids the immobilization of target 
or ssDNA library, but also overcomes the above described 
drawbacks of membrane filtration and capillary electrophoresis. 

Here, a modified immobilization-free GO-SELEX strategy was 
applied to select aptamers target to CRP. The affinity and 
specificity of the aptamers were characterized by surface plasmon 
resonance (SPR). Our work not only isolated CRP-specific 
aptamers for constructing aptamer-based sensors of CRP 
detection, but also verified that the GO-SELEX strategy could act 
as a flexible aptamer selection platform against other targets. 

The individual steps involved in one modified GO-SELEX 
round are illustrated in Scheme 1. In the first step of positive 
selection, the DNA library was firstly mixed with GO. This step 
would allow the library molecules to be absorbed on GO via - 
stacking. Then the mixture was incubated with the target protein 
(CRP). The potential aptamers for CRP are released from GO 
while unbound DNA and weakly bound DNA remain on GO. 
Subsequently, the released DNA/CRP complex was isolated by 
centrifugation, and the precipitate with DNA bound GO was 
discarded. The collected DNA/CRP complex was desalted and 
then amplified by PCR, and the ssDNA was generated from 
dsDNA PCR product by biotin-streptavidin separations for the 
next round of selection.19 In addition, counter selection was 
simultaneously performed from the 7th round to eliminate false 
positive binding of targets which are more likely to be present in 
serum. The counter-SELEX step was conducted by mixing the 
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counter targets, including bovine serum albumin (BSA), human 
serum albumin (HSA) and myoglobin, with DNA library from 
the previous round and then incubating the mixture with GO 
solution. Any DNAs absorbed on GO during this process are 
likely to be specific aptamers for CRP. The potential aptamers 
absorbed on GO were collected by centrifugation and directly 
used to the positive selection. The modification for GO-SELEX 
method was aimed at improving the affinity of the selected 
aptamers, because the weakly bound DNA was firstly absorbed 
on GO and hard to form the DNA/CRP complex. However, for 
this method, isoelectric point (PI) of target proteins must be 
neutral or closer to the pH of binding buffer in order to minimize 
polar and charged interaction between protein and GO, since the 
GO is negatively charged due to the presence of the carboxylic 
acid and phenolic hydroxyl groups. 

ssDNA
generation   

Counter 
proteins

Graphene oxide

Remove bound DNA    
Target protein

Remove unbound DNA

DNA library

PCR
 

Scheme 1 Schematic illustration of the steps involved in the modified GO-SELEX 

procedure of aptamer identification. 
 

In this process of selection, the DNA library was composed of 
40 bp random region in the central and two 20 bp constant primer 
regions at both ends. Two short 20 bp DNA strands were 
designed to block the primer-binding sites and limit their 
involvement in the large conformational change in specific 
response to CRP binding. The sequences of DNA library and 
primers used in this selection were listed in Table S1 of 
Electronic Supplementary Information (ESI). In order to enhance 
the stringency of the selection, the adsorption ratio of DNA 
library on GO was investigated as shown in Fig. S1. The 
adsorption ratio was found to be 0.25 nmol mg-1 of GO, which 
was saturated to absorb any ssDNAs in the DNA library. 

For monitoring the progress of selection, enrichment assays 
from the 3th round to the 10th round were conducted by SPR as 
shown in Fig. S2a of ESI. In brief, adding the prepared ssDNA 
library of each round to the CRP-immobilized Au film induced 
the change of resonance angle ().  was significantly 
increased with increasing of the SELEX round (Fig. S2b). In the 
7th round of selection, the change of resonance angle attained the 
biggest value. The result indicated that the DNA specific to CRP 
was dominated in the DNA library. A further three rounds of 
selection could not increase the change of resonance angle. 
Hence, the recovered and purified ssDNAs from the 7th round 

selection were subjected to high-throughput sequencing.  
According to the result of high-throughput sequencing, the top 

20 highest repeated sequences were chosen and classified into 
nine groups based on their similarity of secondary structure as 
shown in Fig. S3 of ESI. One sequence from each group was 
chosen as the candidate aptamer according to the repetitions of 
sequences for affinity determination. Finally, 9 full-length 
candidate aptamers were identified for affinity by SPR. As shown 
in Table 1, four aptamers CRP-80-2, CRP-80-5, CRP-80-13, and 
CRP-80-17 exhibited the apparent affinity for CRP, and their 
dissociation constants (Kd) were 1.3 M , 24.8 nM, 40.7 nM and 
3.9nM, respectively. Aptamer CRP-80-17 was chosen as a 
representative of the selected aptamers for further study due to its 
lowest Kd. The full-length CRP-80-17 has 80 bp, but not all 
nucleotides are necessary for direct interaction with the target or 
for folding into the structure that facilitates target binding.20 In 
consideration of blocking the primer-binding sites in the process 
of selection, CRP-80-17 was optimized by cutting nucleotides of 
the two constant regions. Therefore, a shorter aptamer sequence 
with a Kd value of 16.2 nM was obtained, which contain only 40 
bp and named as CRP-40-17. These results indicated that both 
the full-length aptamer CRP-80-17 and the shorter aptamer CRP-
40-17 could bind to CRP with high affinity. 

Table 1. Dissociation constants (Kd) of the selected candidate aptamers 

Name Sequence of random region (5 to 3)* Kd 

CRP-80-1 TTTTAGATTTAGCTCTTATTTGTTCGAGCAATCCCAAAGA  

CRP-80-2 TACGAGCGGTGGTTTTACCCTGCAATACTTTTGGCTGTTA 1.3 M 

CRP-80-3 TCCATTATCAGGTTCTTTATTCTGTTGTTCAACTTATTAA  
CRP-80-4 GGATCTTCCCTCAATGTTTATTGTATATCTGTACTCGTAA  
CRP-80-5 TACTTATGCATTTCCTCCCACGATCTTATTTGAGAGTGAC 24.8 nM

CRP-80-6 TCCAATTCAATTCATTTCTGAACTTAGTCGGCACTTTGAC  
CRP-80-7 TATACTTCTAAAATTTGTTTGTATCTACGATGTTCTTCGT  

CRP-80-13 GCCGGATCGCGCCCCCCGTGTAAGAGGCACCCCCGGTCCC 40.7 nM

CRP-80-17 CCCCCGCGGGTCGGCTTGCCGTTCCGTTCGGCGCTTCCCC 3.9 nM 

* The total sequence of candidate aptamers was 5-AGC AGC ACA GAG GTC 

AGA TG-N40-CCT ATG CGT GCT ACC GTG AA-3. Only the random regions 

were listed in the Table 1. 

Aptamers are usually immobilized on the surface of supports 
during the construction of sensors. Thus, we investigated the 
ability of the immobilized aptamers to bind CRP using aptamer-
based SPR analysis. Four biotinylated aptamers (Table S2), CRP-
80-17-5' biotin, CRP-80-17-3' biotin, CRP-40-17-5' biotin and 
CRP-40-17-3' biotin, were designed for this examination. Firstly, 
biotinyl-ated aptamers were immobilized on the avidin coated Au 
film surface through biotin at theirs 3' or 5' terminus. Then, 
different concentrations of CRP flowed over the aptamer-
immobilized Au film surface. The aptamer specifically bound to 
CRP and caused a change of resonance angle. All the four 
aptamers showed apparently binding to CRP no matter which 
terminus was immobilized on the Au film (Fig. 1). These results 
indicated that the immobilized CRP-80-17 and CRP-40-17 still 
preserved the affinity to CRP. Among the four immobilized 
aptamers, CRP-40-17-3’ biotin showed the best response to CRP 
with a linear range of 0 - 12.5 nmol/L (y=0.0106+0.0044x), and a 
detection limit of 0.35 nmol/L (S/N=3). 
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Furthermore, the change of resonance angle was more 
significant when immobilizing the two aptamers through 3' 
terminus than 5' terminus. It may be attributed to the steric 
hindrance. The secondary structure of CRP-80-17 and CRP-40-
17 has the apparent difference (Fig. S3 Group9, and Fig. S4 of 
ESI), and the residual ssDNA length at 3' terminus was longer 
than 5' terminus. Thus the aptamers immobilized through 3' 
terminus were easier to form 3D structures for binding CRP.  

Since the change of resonance angle was more apparent when 
immobilizing aptamers through 3' terminus, the specificity of 
aptamers CRP-80-17 and CRP-40-17 was examined by 
immobilizing aptamer through 3' terminus on the Au film. Five 
control proteins including human immunoglobulin G (IgG), HSA, 
haemoglobin, BSA and myoglobin were chosen, which based on 
the possible interference to CRP in practical usage. As shown in 
Fig. 2, it is clear that the aptamers CRP-80-17 and CRP-40-17 
specifically binds to CRP against other control proteins, therefore, 
can serve as candidates for sensor applications. 
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Fig. 1 The change of resonance angle of the four immobilized aptamers at various 

concentrations of CRP.  
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Fig. 2 The specificity of aptamers CRP-80-17-3’ biotin and CRP-40-17-3’ biotin 

for CRP by SPR. The change of resonance angle were obtained with 50 nM 

protein solutions at 25 oC and are shown relative with the CRP results.  

Conclusions 

In conclusion, we successfully selected and identificated the 
ssDNA aptamers for CRP using a modified immobilization-free 
GO-SELEX. This method avoids the conformational change 
induced by immobilizing CRP on a solid surface and improves 
the affinity of the selected aptamers. The lowest Kd value of the 
aptamers is 3.9 nM. Moreover, a shorter aptamer CRP-40-17 was 
obtained and exhibited good affinity and specificity toward CRP. 
The immobilized aptamer CRP-80-17 and CRP-40-17 also 
showed apparently binding to CRP. Thus, the results will be 
helpful to construct aptamer-based sensors for CRP detection.  
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