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Experimental section

Reagents and materials. SPCE were purchased from Ningbo Yuangan Biotechnology Co., Ltd. 

Chloroauric acid trihydrate (HAuCl4·3H2O, ≥99%), polyacrylic acid (PAA), polyethyleneimine 

(PEI), ethylenediaminetetraacetic acid (EDTA), boric acid and mercaptohexanol (MCH) were 

purchased from Sigma-Aldrich (USA). The TMB-H2O2 mixed solution was purchased from 

Shanghai Niujin Biotechnology Co., Ltd. Disodium hydrogen phosphate dodecahydrate 

(Na2HPO4·12H2O, ≥99.0%), sodium dihydrogen phosphate dihydrate (NaH2PO4·2H2O, ≥99.0%), 

magnesium chloride (MgCl2), sodium chloride (NaCl) and trishydroxymethyl aminomethane (Tris) 

were purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). The DNA and RNA 

sequences required in the experiment were synthesized by Takara Biotechnology Co., Ltd. 

(Shanghai, China), which was listed in Table S1. LwaCas13a was purchased from Guangzhou Bio-

Lifesci Co., Ltd., which was recombinantly expressed in E. coli. H7N9-crRNA-LwaCas13a ternary 

complex consisted of 50 nM LwaCas13a, 50 nM crRNA, and varying amounts of target H7N9 in 

reaction buffer (10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2, pH 8.3).

Apparatus. The morphology of SPCE-HFGNs was characterized by scanning electron microscope 

(SEM). Cyclic voltammetry (CV), chronoamperometry (i-t) and differential pulse voltammetry 

(DPV) were performed on the CHI660D electrochemical workstation (Shanghai Chenhua 

Instrument Co., Ltd.). The working electrode (WE), reference electrode (RE) and auxiliary electrode 

(CE) of a typical SPCE was carbon, Ag/AgCl and carbon, respectively. CV and i-t were performed 

at room temperature in TMB-H2O2 solution. CV measurement was performed at a potential window 

ranging from -0.2 to 0.6 V with a scan rate of 100 mV s-1. I-t measurement was performed at a fixed 

potential of -50 mV and recorded within 100 s. DPV was performed with the potential window 

ranging from -0.45 to 0.1 V in 1× PBS buffer.

Assemble of HRP on HP2 and HP3. HP2 and HP3 were purchased from Takara Biotechnology 

Co., Ltd. (Beijing, China). HRP enzymes labelled with hairpin DNA strands (HP2 and HP3) were 

prepared according to a protocol described previously1-3. Briefly, 20 μM HRP enzyme solution was 

added into the solution of 50-fold excess bis (sulfosuccinimidyl) suberate (BS3) and reacted for 2 h 

in phosphate buffer solution (10 mM, pH=7.4), allowing one n-hydroxysuccinimide (NHS) ester 

group of the BS3 to react with the lysine residues on the enzyme surface. In the meantime, the 

amino-modified hairpin DNA strands were annealed from 95°C to room temperature in two hours 
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to form hairpin structure. Subsequently, the BS3 modified enzyme solution was mixed with 10-fold 

excess amino-modified hairpin DNA strands. In this regard, the other NHS ester groups of the BS3 

will react with the amino of hairpin DNA strands. After purification, HPR-labelled HP2 and HPR-

labelled HP3 were obtained.

Preparation of SPCE-HFGNs. SPCE-HFGNs were prepared according to our previous work.4 

Briefly, the SPCE was washed with ethanol and ultrapure water three times, respectively. After 

drying, the SPCE was alternately immersed 6 times into 20% PAA and 20% PEI solution to form a 

polyelectrolyte multilayer and to obtain shape-controlled gold nanostructures. Using HAuCl4 (0.4 

mM) as the precursor solution, well-defined hierarchical flower-like gold nanostructures-decorated 

SPCE was obtained at -0.3 V for 30 min.

Construction of electrochemical biosensors. HP1 contained LwaCas13a cleavage site 

(AUAUAU) was assembled on SPCE-HFGNs surface via Au-S bond, named as HP1/SPCE-

HFGNs.5 Subsequently, MCH was used to reduce non-specific adsorption of HP1/SPCE-HFGNs. 

After the addition of H7N9, the specific binding of crRNA, H7N9, and LwaCas13a increased the 

cleavage activity of LwaCas13a,6, 7 changing the structure of HP1 from hairpin to double-strand. As 

a result, the cleaved probe DNA exposed a special sequence, which initiated an HCR reaction in the 

presence of HPR-labelled HP2 and HPR-labelled HP3. Expectedly, ultralong dsDNA structures 

loaded with large amounts of HRP were formed on the surface of SPCE-HFGNs to efficiently 

amplify the electrochemical signal in the TMB-H2O2 mixture solution.
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Figure S1. The DPV curves of sensing platform with or without the incubation of H7N9-crRNA-

LwaCas13a ternary complex.

Figure S2. Schematic illustration and gel image of the cleavage effect of Cas13a on HP1. 
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Figure S3. CVs of (a) SPCE-HFGNs, (b) HP3/HP2/crRNA-LwaCas13a/HP1/SPCE-HFGNs and 

(c) HP3/HP2/H7N9-crRNA-LwaCas13a/HP1/SPCE-HFGNs.

Figure S4. The effects of (A) cleavage time, (B) cleavage temperature, and (C) HCR reaction time 

on electrochemical responses for 1 fM H7N9 detection. 

Figure S5. Comparison of detection performance with (red curve) and without HCR (green curve). 
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Figure S6. Chronoamperometry curves of this sensor for ZIKA, DENV, H1N1 and H7N9 

detection at the same concentration (10 pM).

Figure S7. (A) i-t curves of this sensor for different concentration of H7N9-Long detection in the 

range of 100 aM-10 pM. (B) The linear range of this sensor for H7N9-Long detection. (C) 

Comparison of the performance of this sensor for H7N9 and H7N9-Long detection.
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Table S1. DNA and RNA sequences required in the experiment (5' to 3' ends). 

Name Sequence

HP1 SH-TTTTTAATTCAGCACAATCTATAUAUAUGCTG

crRNA GAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACGAUUGAC

CCAGUCAAACUAAGCAGCGGC

H7N9 GCCGCUGCUUAGUUUGACUGGGUCAAUCU

H7N9-Long CAACCUCCAGCCGCUGCUUAGUUUGACUGGGUCAAUCUAUG

GUCGUGAG

ssDNA SH-TTTTTTAUAUAU-MB

HP2 HRP-ACAATCTATTCTGAAACATAGATTGTGCTGAATT

HP3 GTTTCAGAATAGATTGTAATGTCTCACAATCTAT-HRP

ZIKA AGCAUAUUGACGUGGGAAAGAC

DENV UGGUGCUGUUGAAUCAACAGGUUCU

H1N1 GGAAAGAAAUGCUGGAUCUGGUA

Table S2. Comparison of the analytical performance of other biosensors.

Amplification strategy Linear range Detection limit References

LRET 10 pM-10 nM 7 pM 8

DNA tetrahedral 120 fM-1.2 nM 100 fM 9

EXPAR and HCR 5 pM-100 pM 9.4 fM 10

optical trapping and bead-based 

fluorescence

10 pM-1 nM 1 pM 11

HCR and DNA triplex assembly 0.2 nM-100 nM 0.14 nM 12

exonuclease III-assisted cycling 

amplification

1 fM-100 pM 31 aM 13

CHA and imaging array 0.5 nM-25 nM 141 pM 14

modular DNA circuits 0.1 pM-100 nM 24 pM 15

MoS2-Au@Pt and CHA 10 pM-50 nM 2.8 pM 16

CRISPR, HCR and enzyme 100 aM-10 pM 58 aM This work
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catalytic reaction

Abbreviations：

[LRET] luminescence resonance energy transfer, [EXPAR] isothermal exponential 

amplification,

[HCR] hybridization chain reaction, [CHA] catalytic hairpin assembly.
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