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High affinity DNA aptamers against C-reactive protein (CRP) were
obtained using microfluidic chip. The aptamers were then used for
the construction of Au nanoparticle enhanced surface plasmon
resonance biosensor, which was introduced for the detection of
CRP at concentrations ranging from 10 pM to 100 nM in diluted
human serum.

During the past two decades, the number of proposed and
validated biomarkers has increased dramatically. An ability to
assay such biomarkers is of obvious profound value in early
and potentially lifesaving diagnosisl. Human C-reactive protein
(CRP) is a major acute-phase reactant protein produced in the
liver, and is composed of five monomeric subunits®. It is a
general inflammatory biomarker and useful in diagnosing
inflammatory responses in cancer, cardiovascular diseases
(CVD) and neurological disorders®®. The basal CRP levels in
normal healthy subjects are below 10 mg/L (~87 nM).
However, it has been found that serum CRP levels above 3
mg/L (V26 nM) are associated with an extended risk of a
cardiovascular event. Levels between 1 and 3 mg/L are
associated with medium risk of a cardiovascular event,
whereas levels below 1 mg/L (~¥8.7 nM) are indicative of low
risk. It was also reported that CRP levels in serum can increase
more than 1000-fold in response to inflammation or injurye.
The most commonly CRP diagnostic methods are the
antibody-based assays7'9. Currently, some aptamer-based
methods have been developed for CRP detection, such as
electrochemical*® 11, fluorescence®® 13, chemiluminescence“,
surface plasmon resonance™™ and isotachophoresis”.
Aptamers, which were obtained by using an in vitro process
named systematic evolution of ligands by exponential
enrichment (SELEX)IS'ZO, are potential candidates to replace
antibodies in therapeutics diagnostics and drug
developmentn'B. There are several advantages to the
development and use of aptamers. Firstly, aptamers are more
stable and resistant to a harsh environment. Be different with
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antibodies, aptamers can survival many cycles of denaturation
and regeneration. It allows aptamer-based sensing platforms
to be recyclable and reusable®®. Secondly, aptamers can be
modified at specific locations in the sequence and there is no
batch-to-batch variation in their quality due to efficient
purification techniques, because they are produced by
chemical synthesiszs. Thirdly, since aptamers perform
significant conformational changes upon target binding,
aptamers offer great flexibility in design of novel biosensors®.

Surface plasmon resonance (SPR) biosensing, which
monitors the change in refractive index near the surface that
occurs during complex formation or dissociation, is an
attractive technology for sensitive, label-free, and real-time
detection of biomolecular targets 2728 SpR sensors have been
employed for the detection of proteinszg, nucleic acids*> > and
small molecules® 3, However, it is necessary to point out that
SPR assays generally suffer from low signal intensity and
nonspecific binding, which has impeded further application of
SPR in proteomics and disease diagnostics, especially for the
detection of trace targets in complex biological samples. To
overcome this drawback, a variety of amplification
approaches, such as gold and magnetic nanoparticles have
been explored“' % For decades, the sandwich assay has been
a mainstay in the fields of biodetection, clinical diagnostics,
environmental monitoring, and quality control in various
industries. By eliminating the requirement of labeling the
molecular targets, the sandwich assays usually require the
simultaneous binding of the recognition probe and signaling
probe, which makes them extremely specific36.

Herein, we present a highly sensitive and selective Au
nanoparticles (AuNPs) enhanced SPR biosensor for CRP
detection based on aptamer-antibody sandwich assay (Fig. 1).
The novel aptamers against CRP were selected using
microfluidic chip, and were immobilized on Au surface to
construct SPR biosensor. Next, CRP was added, and the
immobilized aptamers can capture CRP on the Au film by
specific binding. Then, signal enhanced after the addition of
anti-CRP coated AuNPs. Furthermore, three CRP measurement
strategies, direct measurement, aptamer-antibody sandwich
measurement and AuNPs enhanced aptamer-antibody
sandwich measurement were compared. Significantly, this
sensitive SPR biosensor also be applied to the specific
detection of CRP in diluted human serum.
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Fig. 1 Schematic illustration of the AuNPs enhanced SPR biosensor with an aptamer-
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antibody sandwich assay.

We selected high affinity and specificity aptamers against
CRP. After 10 rounds of selection, eight aptamers named 6th-
18, 6th-62, 6th-125, 8th-91, 8th-93, 10th-16, 10th-30 and
10th-33 were chosen for further binding affinity studies based
on the repeated sequences and similarity of secondary
structure. After the affinity and specificity determination, the
aptamer named 6th-62 with high SPR signal and specificity was
selected and the dissociation constants (Ky) was 22.1 nM. In
consideration of blocking the primer-binding sites in the
process of selection, 6th-62 was optimized by cutting
nucleotides of the two constant regions. Therefore, a shorter
aptamer with Ky 16.2 nM was obtained, which contained only
40 nt and named as 6th-62-40. See details in ESI.

Aptamers are usually immobilized on the surface of
supports during the construction of biosensors. In the
aptamer-target-antibody configuration, the immobilization of
aptamer will not affect its interaction with the epitope on the
target. Additionally, using an aptamer to capture the target
offers the advantage of reusability, as the aptamer can be
reused to capture a subsequent target. Aptamer immobilized
SPR chips have been previously reported to exhibit better
resistance to nonspecific adsorption than antibody-coated
surfaces®” %, Thus, we investigated the ability of the
immobilized aptamers to bind CRP using SPR analysis. Four
biotinylated aptamers 6th-62-5’, 6th-62-3’, 6th-62-40-5’ and
6th-62-40-3’ (sequences see Table S4, in ESI) were designed for
this examination. The results indicated that the immobilized
6th-62 and 6th-62-40 still preserved the affinity to CRP.
Meanwhile, 6th-62-40-3’ immobilized on the Au film showed
most significant change of resonance angle (Fig. 2).

Five control proteins including human immunoglobulin G
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Fig. 2 The change of resonance angle of the four immobilized aptamers at
various concentrations of CRP. Error bars showed the standard deviation of
measurement taken from three experiments.

2| J. Name., 2012, 00, 1-3

Page 2 of 4

View Article Online
DOI: 10.1039/C5CC10486F

(IgG), human serum albumin (HSA), hemoglobin (Hb),
transferrin (TRF) and myoglobin (Myo) were chosen to
selectivity investigation, which based on the possible
interference to CRP in practical usage. It is clear that the
immobilized aptamers 6th-62 and 6th-62-40 specifically binds
to CRP against control proteins (Fig. S5, ESIT). Therefore, the
aptamers can serve as candidate recognition element for
biosensor applications.

According to the SPR analysis result, 3'-thiol-modified 6th-
62-40 (5'-CGA AGG GGA TTC GAG GGG TGA TTG CGT GCT CCA
TTT GGT GTT TTT TTT TTIT T-SH-3') was chosen to be
immobilized on a bare gold chip to construct biosensor. The
AuNPs enhanced SPR biosensor measurements were
performed with EC-SPR1010 device (Changchun Dingcheng
Technology, China). Firstly, the aptamer (6th-62-40) was
immobilized on SRP chip (Au film). Next, CRP was added, and
the immobilized aptamer can capture CRP on the Au film by
specific binding. Then, signal enhanced after the addition of
the anti-CRP coated AuNPs. The result showed in Fig. 3
demonstrated the feasibility of our desired biosensor for CRP
detection. In addition, the concentration of anti-CRP coated
AuNPs was optimized as 200 nM (Fig. S6, ESIf). There are two
major advantages through Au-S bond immobilization method.
First, it is a simple and low cost immobilization method, which
just need SH-DNA and 6-mercapto-1-hexanol (MCH) in all two
process. Moreover, this method offers the advantage of
reusability by robust Au-S bond.

In order to detect CRP target at human serum levels using
SPR biosensor, it is necessary to obtain correspondingly low
detection limit. Herein, the detection limit of three SPR
biosensor measurement strategies, direct measurement,
aptamer-antibody sandwich measurement and AuNPs
enhanced aptamer-antibody sandwich measurement were
compared. Different concentrations of CRP solution were
reacted with aptamer which was modified on Au film, then the
Au film was washed with binding buffer repeatedly and the
resonance angle was recorded. Then, anti-CRP coated AuNPs
were added, washed with binding buffer repeatedly and the
resonance angle was recorded. The relationship between AB
and CRP concentrations have obtained. The result showed that
AuNPs enhanced aptamer-antibody sandwich strategies have a
largest measurement range and lowest detection limit (Fig. 4).
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Fig. 3 SPR spectra of binding buffer (a), SH-aptamer modified Au film (b),
blocking Au film by MCH in order to reduce nonspecific binding (c), the modified
aptamer binding 50 nM CRP in the present of 200 nM anti-CRP coated AuNPs (d).
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Fig. 4 The relationship between A8 and CRP concentrations by using different
sensing strategies. Direct measurement (a), aptamer-antibody sandwich
measurement (b), AuNPs enhanced aptamer-antibody sandwich measurement

(c).

The detection limit of above three strategies was 1 nM, 0.1 nM
and 10 pM, respectively. Therefore, the AuNPs enhanced SPR
biosensor was suitable for the determination of CRP in diluted
human serum. As presented in Table S5f, CRP detection
performance of our strategy was comparable to most of
previous aptamer-based works.

Besides sensitivity, the selectivity of this aptamer-based
SPR biosensor was also investigated. Five proteins, 1gG, HSA,
Hb, TRF and Myo were used as contrast. The results in Fig. 5
implied that this sandwich biosensor showed high selectivity
for CRP detection.

Aptamer immobilized sandwich SPR chips have advantage
of regeneration, therefore, the regeneration of the biosensor
chip was also investigated. After a sample was detected, the
Au film surface could be regenerated using 0.1 % sodium
dodecyl sulfate (SDS) / 10 mM NaOH for the next round of
analysis. When this SPR biosensor was used to detect 50 nM
CRP in the present of 200 nM anti-CRP coated AuNPs, only
slightly signal degradation was observed during the 5 cycles
shown in Fig. S7 ESIf, implying that this SPR biosensor
exhibited appreciable regeneration.

This biosensor was also used to detect CRP in human
serum. The human serum was diluted 100 times using binding
buffer. Next, the CRP-spiked serum samples were prepared by
adding CRP in 1:100 diluted serum samples. As shown in Fig. S8
ESIt, the signal caused by CRP in human serum was similar to
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Fig. 5 The specificity investigation of the SPR biosensor. The change of resonance
angle was obtained with 50 nM control protein and are shown relative with the
CRP results, in the present of 200 nM anti-CRP coated AuNPs.

This journal is © The Royal Society of Chemistry 20xx

that in buffer, suggesting that the other components of the
serum did not interfere significantly in this assay.

In conclusion, we present a highly sensitive and selective
AuNPs enhanced SPR biosensor for CRP detection with an
aptamer-antibody sandwich assay. The new aptamers
exhibited good affinity and specificity toward CRP were
selected by ourselves, and SPR analysis results showed that
6th-62-40-3’ immobilized preferable to construct aptamer-
based sensors for CRP detection. Then, we developed an
AuNPs enhanced SPR biosensor with an aptamer-antibody
sandwich, which obtained target concentrations ranging from
100 nM down to 10 pM. In addition, this nanoparticle
enhanced SPR biosensor could also be applied to the specific
detection of CRP in diluted human serum. The excellent result
of our method for CRP detection in human serum
demonstrated its potentials for practical applications in
disease diagnostics.
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Foundation of China (21190040, 21175035, 21375034), and
International Science & Technology Cooperation Program of
China (2010DFB30300).
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