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Table S1. Sequences of synthesized DNA probes

Name

Sequence (5°-37)

I,
H,

H,

Hla

HZa

H2c

Hayq

Iy

Iz

Y,

Y;

CGACATCTAACCTAGC TCACGGA

TCCGTGA GCTAGGTTAGATGTCG CCATGTGTAGA
CGACATCTAACCTAGC

AGATGTC GTCTACACATGG CGACATCTAACCTAGC
CCATGTGTAGAC

TGTCATCTAACTAGT TCACGGA
TCCGTGA ACTAGTTAGATGACA CCAATCTGTAC T
GTCATCTAACTAGT

AGATGAC AGTACAGATGG TGTCATCTAACTAGT C
CATCTGTACT

AGTTAGAT GACAGTACAGATGG TGTCATCTAACTA
GT CCATCTGTACTGTC

TAGTTAGA TGACAGTACAGATGG TGTCATCTAACT
AGT CCATCTGTACTGTCA

CTAGTTAG ATGACAGTACAGATGG TGTCATCTAAC
TAGT CCATCTGTACTGTCAT

Biotin-TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTT TT TCACGGA

TGTCATCTAACTAGT TTTTTTTTTTTTTTTT
ITTT TTTTTTTTTTTTTTTTTTTT-Biotin

Dig-TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTITTTTT
TT TT TCACGGA

TGTCATCTAACTAGT CTTTTTTTTTTTTTTTTI
TTTT TTTTTTTTTTTTTTTTTTTT-Dig

AGCCTCGTCGATCTCCACC TTTTT TCCGTGA ACT(F
AM)AGTTAGATGACA CCAATCTGTAC TGTCATCTA
ACTAGT(BHQI1)

AGCCTCGTCGATCTCCACC TTTTT CTAGTTAG ATG
ACAGTACAGATGG TGTCATCTAACTAGT CCATCTG
TACTGTCAT

GGTGGAGATCGACGAGGCT GGAAGTGACTCATGTT
AGCAGGTCTGTAAGTA

GGTGGAGATCGACGAGGCT TACTTACAGACCTGCT
A CATCCTGACAACTTAGT

GGTGGAGATCGACGAGGC TACTAAGTTGTCAGGAT
G AACATGAGTCACTTCC
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Fig. S1. Agarose gel electrophoresis image to test the efficiency of initiator triggered
CHA between different hairpin probes in 1x HEPES buffer (20 mM HEPES, 12.5
mM MgCl,, pH 8.0) at 37 °C for 4 h. (A) H, and Hy. (B) Hy, and H,,. (C) Hy, and H,,
(B) Hy, and H,..
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Fig. S2. The secondary structures and free energy (AG) values of hairpin probes were

estimated (37°C) by NUPACK analysis.
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Fig. S3. (A) Principle illustration of the traditional CHA using hairpin H;, and Hyq. (B)
Agarose gel electrophoresis image to test the efficiency of initiator triggered CHA

reaction between hairpin H;, and H,4in 1x HEPES buffer at 37 °C for 4 h.
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Fig. S4. (A) Principle illustration of the traditional CHA using hairpin H; and H,. (B)
Agarose gel electrophoresis image to demonstrate the efficiency of initiator triggered

CHA reaction between hairpin H; and H, in 1x HEPES buffer at 37 °C for 4 h.
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Fig. S5. Agarose gel electrophoresis image the assembly process of Y-shaped DNA
using Yy, Y,, and Y3 in 1x HEPES buffer at 37 °C for 1 h, the reaction conditions

were shown in panel.
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Fig. S6. The T,, values were estimated by UNAFold under a condition of 10 mM
NaCl and 12.5 mM MgCl,. The hairpin I;:I, with 6-base stem domain and 80-base

poly-thymine loop domain was used to simulate the affinity complex.
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Fig. S7. Signal-to-background ratios of SA-responsive CCHA reaction under 3 nM

SA, 30 nM split initiators (I,; and I;), and different concentrations of hairpin trimers

HY  HY. . o
1 and ""2) in 1x HEPES buffer at 37 °C for 4 h.



3.5

3.0

2.5
} I I I
1.5

5 10 20 30 40

Concentration (nM)

F+SAIF-SA

Fig. S8. Signal-to-background ratios of SA-responsive CCHA reaction in the presence

Y Y
of 3 nM SA, 80 nM hairpin trimers (H, and H; ), and increasing concentrations of

split initiators (I, and Iy,) in 1x HEPES buffer at 37 °C for 4 h.
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Fig. S9. Linear fitting curve of the fluorescence signal change versus the

concentrations of SA.
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Fig. S10. Linear fitting curve of the fluorescence signal

concentrations of biotin.

change versus the
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Fig. S11. Real-time fluorescence signal of programmable CCHA reaction under
different experiment conditions, the emission wavelength was fixed at 520 nm with

480 nm excitation wavelength.
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Fig. S12. Signal-to-background ratios of Anti-Dig antibody initiated CCHA reaction

under varying concentrations of split initiators (Ip; and Ip;) plus 100 nM Anti-Dig

Y Y
antibody, 80 nM hairpin trimers (Hy and H; ) in 1x HEPES buffer at 37 °C for 4 h.



g
(4]
1

-Anti-Dig

F+Anti-DiglF
g

-
a
1

1.0
80 100 120 140 160 180

Concentration (nM)

Fig. S13. Signal-to-background ratios of Anti-Dig antibody triggered CCHA reaction

Y Y
with varying concentrations of hairpin trimers (H; and H 2) plus 100 nM Anti-Dig

antibody, 80 nM split initiators (Ip; and Ip,) in 1x HEPES buffer at 37 °C for 4 h.
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Fig. S14. Linear fitting curve of the fluorescence signal change versus the

concentrations of Anti-Dig antibody.
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Fig. S15. Linear fitting curve of the fluorescence signal change versus the

concentrations of digoxigenin.



Table S2. Recovery experiment of proteins, SA (number 1 to 3) and Anti-Dig

antibody (number 4 to 6), in 10 % human serum sample.

Samples Spiked Protein Found Protein Recovery RSD
(nM) (nM) (%) (n=3, %)
1 1 1.10 110.0 4.2
2 2.5 2.46 98.4 4.8
3 4.5 4.59 102.0 3.7
4 25 24.59 98.4 3.8
5 60 63.57 106.0 4.2
6 120 122.04 101.7 3.9




Table S3. Recovery experiment of small molecules, biotin (number 1 to 3) and Dig

(number 4 to 6), in 10 % human serum sample.

Samples Spiked Small Found Small Recovery RSD
Molecule Molecule (%) (n=3, %)
1 1 nM 1.07 nM 107.0 3.6
2 2 nM 2.20 nM 110.0 4.1
3 5nM 4.68 nM 93.6 2.9
4 0.2 uM 0.22 uM 110.0 4.9
5 0.5 uM 0.47 yM 94.0 4.0
6 0.8 uM 0.84 yM 105.0 3.5




Table S4. Comparison of the detection performance toward proteins with different

methods.
Technique Target Detection Sensing strategy Reference
limit
Fluorescence Streptavidin 0.47 nM Magnetic separation and copper 1
nanoclusters
Fluorescence Streptavidin 1.07 nM Sterically and allosterically 2
tunable hybridization chain
Fluorescence Streptavidin 2.93 nM Protein-induced fluorescence 3
enhance
Fluorescence Streptavidin | 0.27 nM Sterically tunable nucleic acid 4
hyperbranched rolling circle
amplification
Electrochemistry | Streptavidin 3.67 Nucleic Acid Nanostructure 5
Electrochemistry Anti-Dig 1.23 Nucleic Acid Nanostructure 5
antibody
Electrochemistry Anti-Dig 9nM Multiplexed DNA Circuits 6
antibody
Fluorescence Anti-Dig 5.6 nM Steric hindrance inhibition of the 7
antibody DNA strand displacement
Electrochemilum Anti-Dig 0.72 nM S-doped yttrium oxide ultrathin 8
inescence antibody nanosheets
Fluorescence streptavidin 48.8 pM Programmable catalytic This work
molecular nanomachine
Fluorescence Anti-Dig 0.85nM Programmable catalytic This work

antibody

molecular nanomachine




Table S5. Comparison of the detection performance toward small molecules with

different methods.
Technique Target Detection limit Sensing strategy Reference
Fluorescence Biotin 3.1nM Magnetic separation and 1
copper nanoclusters
Electrochemistry Biotin 3.57 uM Nucleic Acid Nanostructure 5
Fluorescence Biotin 13 nM Antibody-Bridged Beacon 9
Electrochemistry Dig 177 nM Nucleic Acid Nanostructure 5
Fluorescence Dig 28 nM Antibody-Bridged Beacon 9
Fluorescence Dig 60.5 nM Small-MoleculeLinked 10
Hybridization Chain Reaction
Electrochemistry Dig 10 nM DNA-Based Immunoassay 11
Fluorescence Biotin 0.89 nM Programmable catalytic This work
molecular nanomachine
Fluorescence Dig 9.5 nM Programmable catalytic This work
molecular nanomachine
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