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1. Sequences of DNA used

Table S1  Sequences of DNA used 

Types Sequences of DNA

H1 5′-
TTAACCCACGCCGAATCCTAGACTCAAAGTAGTCTAGGATTCG
GCGTG-3′H2 5′-pyrene-
AGTCTAGGATTCGGCGTGGGTTAACACGCCGAATCCTAGACTA
CTTTG-3′Target DNA 5′-AGTCTAGGATTCGGCGTGGGTTAA-3′

Mismatched DNA 5′-AGTCTAGGATTCAGCGTGGGTTAA-3′
Deleted DNA 5′-AGTCTAGGATTC GCGTGGGTTAA-3′
Inserted DNA 5′-AGTCTAGGATTCTGGCGTGGGTTAA-3′

The underlined parts in Mismatched DNA, Deleted DNA and Inserted DNA were the mismatched, 
deleted and inserted parts respectively.
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2. Synthesis and properties of -cyclodextrin-tethered cationic polymer 
(cationic poly-CD)

The cationic poly-CD was synthesized according to the literature1 and the scheme 

was shown in Fig. S1. Briefly, 0.2 mL of 10% poly(allylamine) hydrochloride (PAH) 

was diluted by 1 mL water and small portions of 0.17 g CDOTs were added while 

stirring at 75 °C. When the solution turned clear again the next portion was added. 

After addition of the last portion the solution was stirred for 12 h at 75 °C. Finally, the 

reaction mixture solution was diluted 10 times and then was dialyzed (MWCO 

5000~8000) in water for 7 days. The dialysate in the dialysis tube was dried at -60.oC 

under vacuum overnight. Thus the white water soluble cationic poly-CD was 

obtained.

The FTIR spectra (Fig. S2) showed that most absorption bands of CDOTs were 

still exist in spectrum of cationic poly-CD and the absorption bands of stretching 

vibration of C-O-C at 1070~1160 cm-1 were broadened in the spectrum of cationic 

poly-CD due to the cross-linking reaction of cationic-CD. The 1H NMR spectra 

(Fig.S3) showed that the bands of -CD at 3.4-4.0 ppm and the CH2 bands of PAH at 

1.0-2.5 ppm were coexited in the spectrum of poly-CD. FTIR and 1H NMR 

measurement proved the successful synthesis of cationic poly-CD.

We also measured zeta potential of cationic poly-CD and electroneutral poly-

CD, and proved that the zeta potential of the cationic poly-CD was +29.2 mV (Fig. 

S4 A) and for electroneutral poly-CD was +0.0373 mV (Fig. S4 B). 
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Fig. S1  Synthesis of cationic poly-CD
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Fig. S2  FT-IR spectra of PAH, CDOTs and -cyclodextrin-tethered cationic polymer (cationic 

poly-CD)
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Fig. S3  1H NMR spectra of PAH and cationic poly-CD
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Fig. S4  Zeta potential of (A) cationic poly-CD and (B) electroneutral poly-CD
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3. Synthesis and properties of -cyclodextrin-tethered negatively-charged 

polymer (negatively-charged poly-CD).

The negatively-charged poly-CD was synthesized according to the literature2 and 

the scheme was shown in Fig. S5. Briefly, 0.81 g (11.3 mmol of COOH groups) of 

polyacrylic acid (PAA) of 240 K was dissolved in 30 mL of N-methyl-2-pyrrolidone 

(NMP) at 60 °C for 24 h. Then, 3.5 g (3.3 mmol) of monoamino--cyclodextrin 

(dissolved in 60 g of NMP) and 0.10 g (0.48 mmol) of dicyclohexylcarbodiimide 

(DCC, dissolved in 2.0 g of NMP) were introduced into the PAA solution under 

vigorous stirring. After a reaction for 48 h at 60 °C, the system was cooled to room 

temperature, followed by addition of 35 mL of 40 wt % NaOH aqueous solution to 

precipitate the polymer. The precipitate was washed twice with 15 mL of hot NMP 

(60 °C) and then with 20 mL of methanol at room temperature. After filtration under 

vacuum, the solid product was dissolved in 12.5 mL of deionized water and 

precipitated in 100 mL of methanol (twice).

Finally, the product was dissolved into 20 mL of deionized water and dialyzed 

(MWCO 5000~8000) against deionized water until the conductivity of water outside 

the tube remained constant. The final dry product was obtained by freeze-drying.

The FTIR spectra (Fig. S6) showed that most absorption bands of CDOTs were still 

exist in spectrum of negatively-charged poly-CD, which proved the successful 

synthesis of negatively-charged poly-CD. We also measured zeta potential of 

negatively-charged poly-CD, and proved that the zeta potential of the cationic 

poly-CD was -50.3 mV (Fig. S7).
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Fig. S5  Synthesis of negatively-charged poly-CD
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Fig. S6  FT-IR spectra of PAA, monoamino--CD and negatively-charged poly-CD
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Fig. S7  Zeta potential of negatively-charged poly-CD
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4. Optimization of experimental conditions

Some factors, such as the concentration of cationic poly-CD, NaCl, H1/H2 and 

the reaction time of HCR process, would affect the performance of the detection 

method, thus the effects of these factors were investigated in order to obtain high 

effective analysis performance for target DNA assay. (F0-F)/F0 was used here and 

other place in this work, where F0 and F were the fluorescence intensities of the 

detection system without and with target DNA respectively.

The concentration of cationic poly-CD was a crucial parameter for target DNA 

detection. Adding appropriate amount of cationic poly-CD can gain favorable 

fluorescence enhancement, which is conducive to produce obvious response signals. 

Excess cationic poly-CD may cause strong background signals, so the concentration 

of cationic poly-CD was optimized. As shown in Fig. S8, (F0-F)/F0 achieved 

maximum when the concentration of cationic poly-CD was 0.5 mg/mL, which was 

selected for further studies.
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Fig. S8  The effect of different cationic poly-CD concentration for target DNA detection. The 

concentration of NaCl and H1/H2 was 300 nM and 100 nM respectively. The reaction time of 

HCR process was 60 min. The excitation/emission wavelength was set at 345 nm/380 nm. Error 

bars indicated the standard deviations of three experiments.
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The concentration of NaCl was also a crucial parameter for target DNA detection. 

Since ion was indispensable in HCR process for shielding the negative charge on the 

hairpin probes, and it was import factor to adjust the interaction between positive 

cationic poly-CD and negative hairpin probes. As shown in Fig. S9, (F0-F)/F0 

achieved maximum when the concentration of NaCl was 300 nM, which was selected 

for further studies.
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Fig. S9  The effect of different NaCl concentration for target DNA detection. The concentration 
of cationic poly-CD and H1/H2 was 0.5 mg/mL and 100 nM respectively. The reaction time of 
HCR process was 60 min. The excitation/emission wavelength was set at 345 nm/380 nm. Error 
bars indicated the standard deviations of three experiments.

The reaction time of HCR process and concentration of H1/H2 also influenced the 

performance of this method. The effect of reaction time of HCR process on (F0-F)/F0 

was examined, and the results are shown in Fig. S10, (F0-F)/F0 increased with 

increasing reaction time of HCR process, and then almost kept constant after 60 min, 

which was selected as reaction time for further studies. The effect of concentration of 

H1/H2 from 20 nM to 500 nM was also studied. As shown in Fig. S11, (F0-F)/F0 

achieved maximum when the concentration of each hairpin probes was 100 nM, 

which was selected for further studies.

S-10



 

Reaction time of HCR (min)
0 15 30 45 60 90 

(F
0-

F)
/F

0

0.0

0.2

0.4

0.6

0.8

1.0

Fig. S10  The effect of HCR time for target DNA detection. The concentration of cationic poly-
CD, NaCl and H1/H2 was 0.5 mg/mL, 300 mM and 100 nM 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. S11  The effect of H1/H2 concentration for target DNA detection. The concentration of 
cationic poly-CD and NaCl was 0.5 mg/mL and 300 mM respectively. The HCR process time 
was 60 min. The excitation/emission wavelength was set at 345 nm/380 nm. Error bars indicated 
the standard deviations of three experiments.
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5. The fluorescence of H2 in the presence of poly(allylamine) hydrochloride 

(PAH)

As control, we also measured the fluorescence of pyrene attached on H2 after 

addition of PAH, and found the fluorescence was scarcely changed (Fig. S12), 

which proved that PAH could not obviously influence the fluorescence of pyrene 

attached on H2.
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Fig. S12  The fluorescence spectra of pyrene-labelled H2 in the presence or absence of PAH. The 

concentration of H2 was 100 nM, and the concentration of PAH was 0.5 mg/mL.
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