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Table S1. All the sequences are listed as below (from 5′ to 3′): 

Name Sequence (5′-3′)

template TACTAAAGTACGTGTGCGACTGATGGTTTACCTCAGCTC
AACATCAGTCTGATA AGCTA 

cDNA TGAGGTAAACCATCAGTCGCACACGTACTTTAGTA

pyrene-labeled probe AGTACGT(pyrene)GTGCGACTGATGGTT

target DNA TAGCTTATCAGACTGATGTTGA

1MT-DNA TAGCTTATCAGACTGATGTTCA

2MT-DNA TAGCTTATCAGACTGATGTACA

Random DNA N22

miRNA-21 UAGCUUAUCAGACUGAUGUUGA

1MT-RNA UAGCUUAUCAGUCUGAUGUUGA

3MT-RNA UCGCUUAUCGGACUGAUCUUGA

Random RNA AAUAUAUCUGCUGAGGAUCAGA

Nucleotide mismatches were marked in red and indicated as italic letters.
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Analytical data for the pyrene-labeled probe

As shown in Fig. S1 A, the m/z difference between before labeling and after labeling of DNA 

probe is about the molecular weight of pyrene. It means that pyrene was successfully labeled on 

the DNA. In addition, the purity is rather high after purification from the high-performance liquid 

chromatography characteristic spectrum for the pyrene-labeled probe as shown in Fig. S1 B. (Note: 

All the analytical data for the pyrene-labeled probe were provided by TaKaRa Bio Inc.).

After labelingBefore labelingA

(m/z) (m/z)

Fig. S1  (A) Mass spectra for the pyrene-labeled probe. (B) HPLC characteristic spectra for the 

pyrene-labeled probe. 
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Characterization of -CDP

As shown in Fig. S2 A, the FTIR spectra showed that most absorption bands of -CD were still 

present in spectrum of -CDP. Due to the cross-linking reaction of -CD, the absorption bands of 

stretching vibration of C-O-C at 1070~1160 cm-1 were broadened as shown in the spectrum of -

CDP. The 1H NMR spectra showed that most bands of -CD at 4.0-3.4 ppm were broadened in the 

spectrum of -CDP (Fig. S2 B).
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Fig. S2  (A) FTIR spectra of -CD monomer and -CDP. (B) 1H NMR spectra of -CD 

monomer and -CDP. 
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Fig. S3  The effect of different conditions for target DNA detection based on host-guest 

interaction between -cyclodextrin polymer and pyrene. (A) Different concentrations of pyrene-

labeled probe, the concentrations of target DNA, Exo III, template and -CDP were 10 pM, 0.05 

U/L, 50 pM and 2 mg/mL respectively; (B) Different concentrations of Exo III, the 

concentrations of target DNA, pyrene-labeled probe, template and -CDP were 10 pM, 150 nM, 

50 pM and 2 mg/mL respectively; (C) Different concentrations of template, the concentrations of 

target DNA, pyrene-labeled probe, Exo III and -CDP were 10 pM, 150 nM, 0.05 U/L and 2 

mg/mL respectively. The excitation/emission wavelength was set at 345 nm/380 nm. Error bars 

indicated the standard deviations of three experiments.
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Fig. S4  Response of pyrene-labeled probe to various concentrations of SDA products. The 

curves from a to e contain target DNA with 5 pM, 1 pM, 0.15 pM, 0.1 pM and 0 pM, respectively. 

The fluorescence intensity of the system reached 95% of the maximum in 900 seconds. 



S-7

Concentration of target cDNA  (nM)

Fl
ul

re
sc

en
ce

 in
te

ns
ity

 (a
.u

.)

2000

4000

6000

8000

Fl
uo

re
sc

en
ce

 in
te

ns
ity

 (a
.u

.)

500

1000

1500

2000

2500

Wavelengh (nm)
380 400 420 440 460 480

Fl
uo

re
sc

en
ce

 in
te

ns
ity

 (a
.u

.)

0

2000

4000

6000

8000

500 nM

0 

A

0 0.40.2 0.6

0 300 400 500

R2=0.9940

B

100 200

Concentration of target cDNA (nM)

Fig. S5  (A) Fluorescence spectra of the CEA method based on host-guest interaction between-

CDP and pyrene over a range of target cDNA concentrations. (B) Plot of target cDNA vs 

fluorescence intensity. Inset is the calibration curve for concentrations of target cDNA from 0 to 

0.5 nM. The concentrations of pyrene-labeled probe, Exo III and -CDP were 150 nM, 0.05 U/L 

and 2 mg/mL, respectively. Error bars indicated the standard deviations of three experiments. The 

detection limit of CEA method based on host-guest interaction between-CDP and pyrene is 3 

pM (three times the standard deviation of the blank solution). 
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Fig. S6  Fluorescence spectra of the multiple amplification method based on host-guest 

interaction between-CDP and pyrene over a range of target miRNA-21 concentrations. The 

concentrations of template, pyrene-labeled probe, polymerase, nicking enzyme, Exo III and 

-CDP were 500 pM, 150 nM, 0.15 U/L, 0.1 U/L, 0.05 U/L and 2 mg/mL, respectively. 
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Table S2. Comparison of the new method with other multiple amplification strategies.

Style Detection limit Output Target References

MB-symmetric split 1 pM Colorimetric Disease-related gene S1

MB-SDA 176 fM Fluorescence DNA S2

MB-Exo-CRA 0.1 pM Colorimetric DNA S3

CHA-HCR-DNAzyme 5 pM Fluorescence DNA S4

TR-RCA 0.1 pM Fluorescence DNA /microRNA S5

RCA-AuNPs 70 fM Colorimetric SNP S6

Exo-Cascade-DNAzyme 8 fM Chemiluminescence DNA S7

MB-Endo-CESA 1 fM Fluorescence DNA S8

EASA-AuNPs 15 pM Colorimetric DNA S9

MB-SDA-GO 4 pM Fluorescence DNA S10

CEA-GO 9 pM Fluorescence microRNA S11

This method 41 fM/~10 pM Fluorescence DNA/microRNA

MB=molecular beacon strategy, Exo=Exonuclease, Endo=Endonuclease, SDA=strand displacement amplification, 
TR-RCA=target sequence recycled rolling circle amplification, HCR=hybridization chain reaction, CHA=catalytic 
hairpin assembly, CESA=cascade enzymatic signal amplification, EASA=ExoIII assisted signal amplification, 
CEA=cyclic enzymatic amplification. AuNPs=gold nanoparticles, GO=graphene oxide.



S-10

References 

S1  R. Fu, T. Li, S. S. Leeand and H. G. Park, Anal. Chem., 2011, 83, 494.

S2  A. R. Connolly and M. Trau, Angew. Chem. Int. Ed., 2010, 49, 2720.

S3  S. Bi, L. Li and Y. Cui, Chem. Commun., 2012, 48, 1018.

S4  Y. Jiang, B. Li, X. Chen and A. D. Ellington, Molecules, 2012, 17, 13211.

S5  Y. Long, X. Zhou, D. Xing, Biosens. Bioelectron., 2013, 46, 102.

S6  J. Li, T. Deng, X. Chu, R. Yang, J. Jiang, G. Shen and R. Yu, Anal. Chem., 2010, 82, 2811.

S7  Y. Gao and B. Li, Anal. Chem., 2014, 86, 8881.

S8  B. Zou, Y. Ma, H. Wu and G. Zhou, Angew. Chem. Int. Ed., 2011, 50, 7395.

S9  L. Cui, G. Ke, W. Zhang and C. J. Yang, Biosens. Bioelectron., 2011, 26, 2796.

S10  Z, Li, W, Zhu, J, Zhang, J, Jiang, G, Shen and R, Yu, Analyst, 2013, 138, 3616.

S11  L. Cui, X. Y. Lin, N. H. Lin, Y. L. Song, Z. Zhu, X. Chen and C. J. Yang, Chem. Commun., 2012, 48, 194.


