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2.1
Hitachi 2500 ( Hitachi ) 150 W R928F
o 5.0 nm, 495 nm 505 ~650 nm
520 nm o
(20%C)
« ) 1 o
( CDNA)
( ) o 57 5 3 CDNA
o 57 3 FAM DABCYL
o E. coli DNA ( E. coli DNA
10 X E. coli DNA 10 x BSA(0.5%) ) o Phi 29 DNA
Fermentas ( 10 x Phi 29 ) o o
3 =18 MQ * cmo,
30 mmol /L Tris-HCI ( pH 7.8) 300 mmol/L KCl 4 mmol/L MgCl,;
30 mmol/L Tris-HCI ( pH 7.8) 150 mmol/L KCl 4 mmol/L MgCl, 10 mmol/L ( NH,) ,SO,
1.2 mmol/L EDTA 0.1 mmol/L NAD"; 40 mmol/L Tris-HCl ( pH 7.5)
50 mmol/L. KCI 10 mmol/L. MgCl, 5 mmol/L ( NH,) ,SO, 4 mmol/L DTT.
1

Table 1  Sequences of oligonucleotides used in this study

Name Oligonucleotide sequence (5°3°)
Aptamer probe ATCACCATGATCCTGGGTTGGTGTGGTTGG
Padlock probe ;}g}}f}}gg?&lGTTATAAATACAAACATACAAACATAAATACAAACATACATAC
1 Complementary sequence 1 ( CDNA1) TCCAACCCAGGATT
2 CDNA2 TTCCAACCCAGGATTT
3 CDNA3 TTTCCAACCCAGGATTTT
4 CDNA4 TTTTCCAACCCAGGATTTTT
Molecular beacon ( MB) ( FAM) -GTACTCGACAAACATACAAACATAAATACAACGAGTACA DABCYL)

Note: The double underlined portion in aptamer probe is the aptamer sequence of thrombin. The italic and underlined portion in padlock probe is
complementary to the underlined portion in the complementary sequences. The italic portion in the molecular beacon is complementary to each
other to form stem part and the bold portion is complementary to corresponding sequence in the amplification product of rolling cycling amplica—

tion.

2.2
3 pL (60 nmol /L)
30 min; CDNA( 60 nmol/L) 30 min 90 nmol/L
3 L CDNA 30 min. 10 x E. coli DNA
2 nL 10 x BSA 2ul 1 U/pL E. coli DNA 4 uL 37°C 60 min
20 pL °
2.3
2.2 20 pL 10 x Phi 29 4 nL dNTPs (

AT G C 10 mmol/L)4 pL 10 pL 10 U/pL Phi29 DNA 2 L
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40 pL 4  dNTPs 1 mmol /L. Phi29 DNA 0.5 U/pLo
37°C 30 min 0 65°C 10 min Phi29
DNA . 60 wL
30 min o
3
3.1
DNA N DNA
DNA DNA
DNA
.
0 o DNA
mfold 3 15 o DNA
( CDNA) 5 3 0
CDNA DNA CDNA 0
CDNA
CDNA 5 3 o DNA
5 3 o CDNA Phi29 DNA
1 DNA o
gl E‘i, —
i dNTP
R mB
N CDNA
° & Thrombin #: Phi29 DNA polymerase Q Molecular beacon
3.2 CDNA
1
CDNA Fig.1 Schematic diagram of principle of the sensor
CD-  dNTP: deoxy-ribonucleoside triphosphate.
NA CDNA
CDNA o 4 CDNA 1 0
5 3 T CDNA
o 4 CDNA
2 o
2A 4 CDNA1 CDNA2 CDNA3 CDNA4
32.4 nmol /L 0 CDNA1 CDNA1
; CDNA ( CDNA2) ;
( CDNA3 CDNA4) CDNA
2B 4 CDNA1 CDNA2 CDNA3 CDNA4
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) (C ) (D)
Fig.2 Fluorescence response of sensor fabricated with different complementary DNA ( CDNA) ( lines from
bottom to top corresponding to CDNA1 CDNA2 CDNA3 and CDNA4 involved sensors) to ( A) 32.4 nmol/L
target protein and ( B) blank sample and the straight-forward comparison of ( C) fluorescence intensity ( black
column represents thrombin sample and gray column represents blank sample) and ( D) relative fluorescence
intensity of the sensor with different CDNA
2A 2B CDNA
2C o CDNA1
) CDNA3  CDNA4
CDNA2 o CDNA2 o
CDNA o
3 o CDNA
3: 2 o
] CD_
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3.4

600 1 1 1 1 1 L
4A 2 11 32 21 41 61

o CDNA 3 2

1400
13001 3
12001
11001
1000
9001
800
7001

Fluorescence intensity (a. u.)

Molar ration

o 0.067 ~32.4 nmol/L
3 . CDNA 60 nmol/L

520 nm

0.03 nmol/L,

32. 4 nmol/L
30 nmol/L. 60 nmol/L 90 nmol/L. 120 nmol/L
240 nmol/L. 360nmol /L.

F =396.51gC +625. 1
0.9934 3

Fig.3  Effect of concentration of padlock probe. Concentra—
tion of CDNA and thrombin was 60 nmol/L and 32.4 nmol /L
respectively. The concentrations of padlock probe were

30 nmol/L. 60 nmol/LL 90 nmol/L. 120 nmol/L

1011 1213 240 nmol /L and 360 nmol/L respectively.
1400 1400
—~ A —~ B
5 12007 3 1200f
< <
% 1000f % 1000}
£ 800f &
g £ soof
3o T 600
© © -
Z  400f g
% 2000 % 4001
F S o
= =
600 | 1 1 | Il 1 Il Il 0 1 1 | 1 | 1
480 500 520 540 560 580 600 620 640 660 -1.5 -1.0 -05 O 05 1.0 15 20
A(nm) Lg[ Ciumpin (nmol /1) |
4 ( a h: 0.067 nmol/L. 0.2 nmol/LL 0.6 nmol/L. 1.8 nmol/L
5.4 nmol/L 16.2 nmol/L  32.4 nmol/L) (A ) (B ).

Fig.4  ( A) Fluorescence response of the sensor to blank sample and thrombin with different concentrations
(0.067 nmol/L. 0.2 nmol/L. 0.6 nmol/L. 1. 8 nmol/L. 5. 4 nmol/L.  16. 2 nmol/L and 32. 4 nmol/L) ;

( B) Linear regression curve of the proposed hiosensor
14

o Giusto
30 pmol/L. Deng "
20 pmol/L, 3 pl
90 amol o
CDNA
3.5
o 5 32.4 nmol /L (I pg/mL)

1220 a. u. I mg/mL IgG.10 mg/mL antidgG 10 mg/mL BSA
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o (0.2 0.6 5.4 nmol/L)

3 2.1% ~5.7% o
3.6
10
2 98.8% 140
: 2120}
2 £ 100
Table 2 Recovery of thrombin spiked in human serum §
£ 80r
Added Found Recovery g O
Sample ( nmol /L) ( nmol/L) (%) % 6
1 0.067 0.064 95.5 g 40r
2 1.80 1.75 97.2 =200
3 32.4 33.6 103.7 0
Thrombin IgG anti-IgG  BSA
Proteins
4
5 o 32.4 nmol/L N
1 mg/mL IgG.10 mg/mL antidgG 10 mg/mL BSA.
° Fig. 5 Specificity of the sensor.  Conditions:
32.4 nmol/L thrombin 1 mg/mL IgG 10 mg/mL anti—
0.03 nmol/L.  IgG and 10 mg/mL BSA.
CDNA o
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Highly Sensitive Fluorescent Aptasensor for Thrombin Detection
Based on Competition Triggered Rolling Circle Amplification

ZHANG Song-Bai”' ZHENG LiYing' HU Xia' SHEN GuangYu' LIU Xue-Wen' SHEN Guodi’ YU Ru-Qin’
'( Department of Chemistry and Chemical Engineering Hunan University of Arts and Science Changde 415000 China)
*( Department of Chemistry and Chemical Engineering Hunan University Changsha 410082 China)

Abstract  Based on the competition reaction of target protein aptamer probe padlock probe and
complementary sequence a highly sensitive fluorescent aptasensor was developed in this study in combination
with rolling circle amplification. In the absence of target protein the ligation—rolling circle amplification
reaction was repressed because the complementary sequence hybridized with aptamer probe to form double—
stranded duplex. While in the presence of target protein the target molecules bound specifically with aptamer
probe inducing displacement of the complementary sequence and hybridization with padlock probe. The
padlock probe was circularized with the assistance of E. coli DNA ligase and the rolling circle amplification
process could be accomplished by Phi 29 DNA polymerase. The amplification product contained thousands of
repeated sequences which could hybridize with the loop of molecular beacon ( the detection probes) resulting
in a significant fluorescence signal. The effects of length of complementary DNA ( CDNA) sequence and
concentration of padlock probe were investigated. Under the optimized experimental conditions the model
target protein thrombin could be highly sensitively detected by the proposed aptasensing system in a linear
range of 0. 067 — 32. 4 nmol/L with a detection limit of 0. 03 nmol/L ( approximately 90 amol target
molecules) . Moreover the presented sensing method was universal for other target analysis by skillfully design
of the sequence of aptamer probe and related oligonucleotides.
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