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Study of Label-free Bi—analyte Detection Aptamer Biosensor
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Abstract A highly sensitive label-free electrochemical aptasensor has been constructed for the electrochemical detection of
thrombin (TB) and adenosine (AD), where nickel hexacyanoferrate (NiHCF) redox probes were immobilized on the electrode
surface by electrodeposition. Through the strong interaction between CN~ (NiHCF) and gold nanoparticles (GNPs), GNPs
were assembled on the NiHCF modified electrode for the immobilization of thiolated thrombin aptamer (APT-1). GNPs ef-
fectively provided many binding sites for the assembly of thiol derivated aptamer and favorable microenvironment for the
aptasensor, which greatly improves the performance of the aptasensor. Then, APT-1 was hybridized with adenosine aptamer
(APT-2). For the detection of thrombin, the modified electrode was immersed in the thrombin solution with different concen-
trations. The APT-1 on the modified electrode could bind the TB onto the electrode surface, which resulted in a barrier for
electron-transfer, leading to decrease of the current of redox probe NiHCF. For adenosine detection, the procedure was
analogous to thrombin detection. Cyclic voltammetry and SEM were used to characterize the electrochemical behaviors and
the morphology of NiHCF film. Electrochemical impedance spectroscopy was used to monitor the self-assembly process of
the aptamer biosensor. The electrochemical behavior of the aptamer biosensor was studied by the cyclic voltammetry and
differential pulse voltammetry for the detection of TB and AD. The biosensor shows a good linear range of 1.0 fgemL ™ '~1.0
pgemL ™" for thrombin, R=0.997, with a detection limit of 0.27 fgemL™'; the biosensor shows a good linear range of 1.0
fgemL ™' ~1.0 ngemL™" for AD, R=0.997, with a detection limit of 0.36 fgemL™'. A comparison of the analytical perform-
ance such as the sensitivity, the linear range, the detection limit, redox probe and electrochemical technique between the de-
veloped aptasensor and other previously reported methods in the literatures has been performed. The biosensor has simple
preparation procedure, high sensitivity, low detection and strong anti-interference ability.
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Figure 1 Schematic diagram of the aptasensor for the sensing steps

452 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2 FR5WE
2.1 NiHCF Ray s TFRFN SEM R1E

W 2 fos, DAEAMRGIEAE 0~ 1.0 V 176 A
DI FACER, ERA TR T, HIL— X5 i J5 g,
I FLBEAG 14 Rl B 3, 40P U PRI i L 3%
K, X AR F AR FA ) R T . AN SC AL
HFNWERFRI RN IR PR G 40 Bl HEIE BRI F9 46
40 8l J5 () NiHCF £ 1.0 moleL ™' NaNO; () pH=7.4 [{]
PBS ZZ il AR ERMR 2 K], A0 A 0.396 V, it
JRUE AT 0.382 V.

100
4 <<
100 \ 3
\ ¢ °
N\ 3
504 / \ ©-100

0.0 02 04 0.6 0.8
Potential/V/

Current/uA
o

-50

-100+

00 02 04 06 08 1.0
Potential/V

B2 iRk s R A IR & 1, B0 GCE/GNPs/NiHCF
HE7E 2 1.0 mol-L ™' NaNOs, pH=7.4 PBS HIffiFF k2. 4933 0.05
Ves ™!

Figure 2 Cyclic voltammograms recorded during the electrodeposition
of nickel hexacyanoferrate. The inset is the cyclic voltammogram of
GCE/GNPs/NiHCF in the pH 7.4 PBS containing 1.0 molsL ' NaNO;.
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Figure 4 EIS response of different electrodes: (a) GCE; (b) GCE/GNPs;
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Figure 5 CVs of GCE/GNPs/NiHCF/GNPs/APT-1/BSA/APT-2 elec-
trode with different scan rate, inset: linear relationship between peak
current and scan rate
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Figure 6 (A) Cyclic voltammetry response of aptamer biosensor to
thrombin, scan rate: 0.05 V/s, inset: linear fitting curve; (B) differential

pulse voltammetry response of aptamer biosensor to thrombin, inset:
linear fitting curve
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Figure 7 (A) Cyclic voltammetry response of aptamer biosensor to adenosine, scan rate: 0.05 V/s, inset: linear fitting curve; (B) differential pulse volt-
ammetry response of aptamer biosensor to adenosine, inset: linear fitting curve
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Table 1 Analytical performance of different aptamer biosensors

Redox probe Analytical method Linear range Detection limit Reference
TB: 1.0 pmoleL '~0.30 nmoleL ' TB: 0.76 pmolsL ™"
CdS/PbS QDs DPV . . . [5]
AD: 0.010 pmolsL "~2.0 nmol-L AD: 8.8 pmol-L
TB: 6~60 nmolsL "' TB: 3 nmolsL
Methylene blue DPV . 5 [7]
AD: 0.01~1 umol-L AD: 10 nmol-L
NIHCF DPV TB: 0.027 fmol-L ™' ~0.027 nmolL " TB: 0.007 fmol-L ™' This work
i is wor
AD: 3.7 fmolsL ' ~3.7 nmol-L ™' AD: 1.3 fmol-L ™
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Figure 8 Response comparison of different substrates
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Table 2 Determination of thrombin added in bovine serum (n=3) with
the proposed aptasensor

Serum . 5 Recovery/
Cadded/(ngemL ) Cround/(ng*mL ") RSD/%

samples %

1 0.50 0.52 3.6 104.0

2 80.0 76.9 5.7 96.1

3 800 846 5.9 105.8

Acta Chim. Sinica 2013, 71,451—456

3 ARSI T ML IR R RNCR
Table 3 Determination of adenosine added in bovine serum (n=3) with
the proposed aptasensor

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Serum . .
Cadded/(pgemL ) Cround/(pgemL ) RSD/% Recovery/%
samples
1 50.0 52.6 4.8 105.2
2 200 228 3.8 114.0
3 500 495 5.1 99.0
3 it
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25 (). % GCE/GNPs/NiHCF/GNPs/APT-1/BSA/
APT-2 &AWL B AR 6 i 2 IR ¥ H I B 40 min
JiiKH CV F1 DPV S THIR43 B sy 1, B i B (1 AS
REFET AR IR RN, AL (AI=1,—1).

ARSI TR 5 340K = R AR R AR HLR R T AE
Hb, Ag/AgCIHEAT KC)HLR A2 L fatlz, H1RE FaAl
HBh A%, EIS /EAEF 0.10 moleL ™' KCI1 (¥ 5.0 mmol/L
K3[Fe(CN)s)/K4[Fe(CN)g] (V@ V=1 I D)AALIL 5 A4
I 73 B (FRIE: 0.005 V, SUERIEHT: 1~100000 Hz),
Fril I ZSimpwin FRAFARAU K.
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