
Creation of an aptamer nanobiosensor for  
ultra-sensitive detection of heart failure 

 
Marion Darnaud, Alastair Ricketts, Duncan Graham* 

Centre for Molecular Nanometrology, WestCHEM, Department of Pure and Applied Chemistry, 
University of Strathclyde, 295 Cathedral Street, Glasgow, G1 1XL, Scotland UK. 

*fax: 0044 141 552 0876, telephone: 0044 141 548 4701, email: duncan.graham@strath.ac.uk 
 
This study focuses on discovering a new aptamer sequence that binds specifically and with high 
affinity to brain natriuretic peptide (BNP), which is indicative of the early stages of heart failure. A 
library of random DNA sequences was generated synthetically, amplified by the polymerase chain 
reaction (PCR) and evaluated for specific binding to BNP using an in vitro selection technique known 
as systematic evolution of ligands by exponential enrichment (SELEX). The selective process was 
performed using BNP immobilized on an affinity chromatography column. Interacting aptamers were 
recovered, amplified by PCR using a 5’-phosphorylated reverse primer, and submitted to an enzymatic 
strand-separation reaction with lambda exonuclease before reiterating the process. After 10 and 15 
SELEX cycles, selected aptamers were cloned, sequenced and their affinity and specificity with BNP 
investigated. Finally, the best aptamer was characterized by measuring its binding constant with BNP 
using surface plasmon resonance, and the structure of the complex is underway. In the future, this 
aptamer will be conjugated to nanoparticles and the resulting nanobiosensor used to devise a new 
detection method of BNP by surface enhanced resonance Raman scattering (SERRS), offering a top 
quality diagnosis and thus, allowing a faster initiation of appropriate treatment for heart failure. 
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1. INTRODUCTION 
 
Heart failure is a leading cause of death worldwide, partly 
due to the complexity of its diagnosis. Indeed, prognostics 
drawn up from cardiac tests and symptoms interpretation 
predict heart failure just as well as other heart dysfunctions 
or even other related diseases. However, following the 
discovery of the first serological marker of heart failure, 
brain natriuretic peptide (Figure 1), by Sudoh in 1988 [1], 
diagnostics have improved. 
 

 
Figure 1: Human 32-amino acid BNP 

Amino acids conserved within the natriuretic family 
 

BNP is specially secreted by the left ventricle when the 
heart is unable to pump blood efficiently. BNP dilates blood 
vessels and promotes sodium and water loss, reducing fluid 
load on the heart and improving cardiac performance. BNP 
has been detected so far by several immunoassays using 
fluorescence and chemiluminescence [2, 3]. 
 
On the other hand, a new class of molecules that rival 
antibodies, notably in diagnostic applications, has been 
reported in 1990 [4, 5]. Aptamers are single-stranded 
nucleic acids that bind specific targets in ways similar to 
antibodies [6], but as they are made synthetically, they offer 
advantages in terms of reproducibility, cost and flexibility in 
production. Aptamers can adopt a myriad of shapes and 
consequently, bind any kind of target molecules. In addition, 
they can be labelled without affecting their effectiveness and 
chemically modified to reduce sensitivity to enzymatic 
degradation, thus improving their stability. Since their 
discovery, aptamers have grown in popularity for uses in 
many fields such as analysis, diagnostics, therapeutics and 
biosensors. 
 
SELEX, also introduced in 1990 [7], is a combinatorial 
technique that allows a whole library of nucleic acids to be 
assessed simultaneously for the selection of aptamers that 
bind with high affinity a specific target molecule. 
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Here we report a new aptamer biosensor that specifically 
detects BNP with high affinity and offers improvements in 
term of sensitivity and cost. 
 
 

2. RESULTS AND DISCUSSION 
 
2.1. Selection of BNP aptamers by SELEX 
 
A library of about 1015 random DNA sequences was 
generated synthetically by PCR. The starting single-stranded 
DNA (ssDNA) pool contained a central region of 60 
randomized nucleotides flanked by constant sequences at 
each end (Figure 2), necessary for PCR amplification. 
 

 
Figure 2: Randomized aptamer template 

 
 
 

Aptamers were selected by affinity chromatography (Figure 
3) using an epoxy-activated Sepharose 6B matrix derived 
with the peptide BNP. The ssDNA pool was first incubated 
in a blank column of epoxy-activated Sepharose 6B derived 
with ethanolamine in order to discard the molecules with 
affinity for the resin, and the part not retained by Sepharose 
was applied to the BNP resin (a). Only a tiny percentage of 
individual sequences (successful aptamers selected by 
SELEX usually represent between 1 in 109 and 1 in 1013 of 
the starting library [8]) will interact with the target and will 
stay bound to the immobilized target molecule during 
washing (b). Following extensive washes to remove 
unbound and weakly bound oligodeoxyribonucleotides (b’), 
aptamers were eluted by free BNP (c). 
 
The solution of eluted enriched aptamers was concentrated 
by evaporation through vacuum, and then resuspended with 
the enzyme proteinase K allowing the digestion of insoluble 
proteins. Aptamers were purified with a DNA cleaner from 
Bioline, which precipitates DNA and thus isolates it from 
impurities before being amplified by PCR using a 5’-
phosphorylated reverse primer. The resulting pool was run 
on an agarose gel and extracted using columns. Finally, 
lambda exonuclease, an enzyme that digests the 5’-
phosphorylated strands, allowed separation of the strands 
and isolation of the aptamer library for the next SELEX 
cycle. 
 

 
Figure 3: SELEX carried out by affinity chromatography 
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Figure 4: Selectivity throughout the SELEX process 

 
 

Selectivity was enhanced all along the SELEX process 
(Figure 4). Counter selection on resin derived with 
ethanolamine was done before beginning the selection 
process and repeated at regular intervals with increased 
concentrations of ethanolamine in order to eliminate 
aptamers with affinity for the resin. Then, selection 
stringency was increased by applying the aptamer library to 
lower concentrations of BNP. Finally, negative selection 
was done after several cycles, to remove aptamers with 
affinity for other ligands structurally or physiologically 
similar to the target. Between binding and elution, the 
aptamers immobilized on the resin coupled with the first 
ligand (BNP) were incubated with a second ligand. Two 
negative selections were carried out in parallel, one with 
bovine serum albumin (BSA) and the other one with bovine 
serum (BS). Sequences with affinity for the second ligand 
were washed away, and the remaining bound aptamers 
removed with free BNP. 
 
Once SELEX was wholly completed, selected BNP 
aptamers were cloned and sequenced. No strong 
conservation was noticed in the resultant consensus but 
sequences were rich in guanine (G), and could potentially 
form G-quadruplex structures. 
 
 
2.2. Evaluation of affinity & specificity 
 
Looking for the best BNP aptamer, the 52 aptamers selected 
through SELEX were evaluated for affinity towards BNP 
using an enzyme-linked immunosorbent assay (ELISA) 
similar to the ELISA sandwich (Figure 5). Detection was 
done with para nitrophenyl phosphate (pNPP) reacting with 
the enzyme alkaline phosphatase (AP). 

 
Figure 5: BNP affinity assay 

 
The 8 aptamers binding BNP with the highest affinity were 
assessed by enzyme-linked oligonucleotide assay (ELONA) 
for specific binding (Figure 6). Human atrial natriuretic 
peptide (ANP), bovine serum (BS) and human sera (hS) 
were used as negatives. 

 
Figure 6: BNP specificity assay 
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Eventually, the aptamer MD6 showed both the best affinity 
(Figure 7a) and specificity towards BNP (Figure 7b). 

 
Figure 7a: BNP affinity assay results 

 

 
Figure 7b: BNP specificity assay results 

 
 
2.3. Characterization of the BNP aptamer 
 
Structural study by circular dichroism, and determination of 
the stoichiometry and the binding constant between BNP 
and its aptamer using isothermal titration microcalorimetry 
and surface plasmon resonance, are underway. 
 
 
2.4. BNP detection by SERRS 
 
The detection of biomolecules by SERRS has been shown 
recently to be quantitative [9, 10]. This approach is based on 
the use of molecules able to absorb onto a suitable metal 
surface, and containing a chromophore coincident with the 
excitation frequency. The BNP biosensor will consist of the 
aptamer MD6 immobilized onto a dye labelled silver 
nanoparticles. 
 
 

3. CONCLUSION 
 
A DNA aptamer binding specifically BNP in the picomolar 
range has been identified according to the process depicted 
in Figure 8. 

 
Figure 8: Flow chart of the BNP aptamer selection 

 
This successful BNP aptamer will be used to create a 
biosensor for detection of very low concentrations of BNP 
by SERRS, and consequently to diagnose heart failure at 
earlier stages. 
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