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Supplementary Tables

Table S1 The DNA sequences used in the research. *

DNA name DNA sequence (5’ to 3°)

TTTTTTGACCATGCGCGCAT-(FAM)-GGTCAAAAAAAAAAAAGACCAT-(BHQI)-

" GCGCGCATGGTCTTTTTT

1 AAAAAAGACCATGCGCGCATGGTCAAAAAA

Isa AAAAAAGACCATGCGCGCATGGTCAAAAA

Lia AAAAAAGACCATGCGCGCATGGTCAAAA

Lia AAAAAAGACCATGCGCGCATGGTCAAA

La AAAAAAGACCATGCGCGCATGGTCAA

Lia AAAAAAGACCATGCGCGCATGGTCA

Toa AAAAAAGACCATGCGCGCATGGTC

Mismatched I AAAAAAGACCATGTGCGCATGGTCAAAAAA

H1 TTAACCCACGCCGAAT-(FAM)-CCTAGACTCAAAGTAGTCTAGGAT-(BHQI1)-TCGGCGTG
H2 AGTCTAGGATTCGGCGTGGGTTAACACGCCGAATCCTAGACTACTTTG
Incr AGTCTAGGATTCGGCGTGGGTTAA

Mismatched Ijcr AGTCTAGTATTCGGCGTGGGTTAA

Trigger-Aptamer (TA) AAAAAAGACCATGCGCGCATGGTCAAAAAAACCTGGGGGAGTATTGCGGAGGAAGGT

TAm AAAAAAGACCATGCGCGCATGGTCAAAAAAACCTGGGGGAGTATTGCGTAGGAAGGT

TAxm AAAAAAGACCATGCGCGCATGGTCAAAAAAACCTGGGGGAGTATTGCGTATGAAGGT

Blocking probe (BP) CCCAGGTTTTTTTGA

BP-3’-1 CCCAGGTTTTTTTG
BP-3"+1 CCCAGGTTTTTTTGAC
BP-3’+2 CCCAGGTTTTTTTGACC

* The red sequences are indicating those bases were changed compared to the determined sequence; The purple sequences represent
trigger DNA; The green sequence in TA is ATP-binding aptamer.



Table S2 Quantitative calculation of gray values and relative yields of each lane in gel

electrophoresis image (Figure 1D) of the SHCR nanowires.

Lane 1 2 3 4 5 6 7 8 9
Gray value of H

158685 150588 128126 73321 72166 79315 125828 174776 218397
hairpin dimer
Gray value of H by-

134952 137289 137490 136829 135830 135412 136300 133495 134387
product
Gray value of the

566231 590837 694987 797342 819848 863282 919257 891917 834049
SHCR nanowires
Total gray value of
the SHCR 859868 878714 960603 1007492 1027844 1078009 1181385 1200188 1186833
nanowires
Relative yield of the
SHCR nanowires

0% 7.87%  32.6% 52.4% 54.9% 58.0% 57.4% 51.4% 43.2%

(including by-
product)
Relative yield of the
SHCR nanowires 0% 14.0%  50.1% 75.9% 77.8% 78.9% 73.7% 65.1% 55.1%

(without by-product)




Table S3 Comparison of kinetic parameters and signal-to-noise ratio between the HCR

and SHCR nanowires.

HCR SHCR
Reaction time to plateau 100 min 60 min
Maximum background leakage rate (V) ma)* 6.36x10" M-s™! 9.03x10"" M-s™!
Leakage rate constant (k;) 2469.78 M5! 395222 Mgt
Maximum reaction rate (V. u)* 1.72x10"" M-s™! 1.31x10"°M:-s!
Forward rate constant (k,, 7¢) 1908.29 M5! 510.56 M5!
Reverse rate constant (ky7oc) 8.28x102% ™! 2.22x102 ¢!
Branch migration (k) 1.23 s 1235
Signal-to-noise ratio** 51.6 102.7

* Vimar and V, qr are the peaks of the corresponding reaction rate curve (Figure S7A, Figure S7B), namely the maximum values

[].

** Signal-to-noise ratios were calculated from the linear portion of each fluorescence curve (Figure 2B) [2].



Table S4 Standard free energy (AG) for each reaction process of HCR and SHCR

calculated by OligoAnalyzer Tool (Integrated DNA Technologies, Inc.).

Reaction process Reaction equation AG/keal-mol”!
HCR: H;+H,— H-H, 2.58
Background
SHCR: H+H — H-H -5.29
HCR:  Iycr + Hy — lucr-H; -23.42
Initiating
SHCR: I+H—I-H -13.58
HCR:  Iycr-H; + Ha — Iucr-Hi-H, -22.29
Circuit
SHCR: I-H+H — I-H-H -34.01




Table SS Summary and comparison of different sensors for ATP detection.

Strategy Signal readout Linear range Limit of detection Ref.
Graphene oxide aptamer Beacon Fluorescence 0.125 ~2 mM 19 uM [3]
Conjugated polymer Fluorescence 0~ 180 mM 2.5uM [4]

DNA triangular prism Fluorescence 0.03 ~2 mM 30 uM [5]

Carbon dots Colorimetry 0.05~04mM 9uM [6]

DNA nanolantern Fluorescence 0~1mM 8.3 uM [7]

SHCR Fluorescence 0~150 pM 0.368 pM This work




Table S6 Quantitative evaluation of ATP concentration based on the fluorescence

intensity in Figure 5B.

Relative fluorescence

ATP concentration ATP concentration

measured by the in the original RSD%
unit
SHCR nanowire* supernatant®*
4T1 cell + SHCR 12405 23 uM 46 uM 5.02
4T1 cell + X-ray +
40201 296 uM 5.92 mM 5.24
SHCR
BxPC-3 cell + SHCR 13157 5.7 uM 114 uM 8.35
BxPC-3 cell + X-ray
42591 419 yM 8.38 mM 295

+ SHCR

* The sample solution with a final volume of 100 puL was prepared by combining 95 pL of the SHCR nanowire with 5 puL
supernatant, and the relative fluorescence unit of the SHCR nanowire was measured and fitted to the curve shown in Figure S14

for determining ATP concentration.
** ATP concentrations in the original supernatant were calculated according to the ATP concentration measured by the SHCR

nanowire, where the value of the former is 20 times greater than that of the latter.



Supplementary Figures

A AG = -28.72 kcal/mol
Tm=89.7°C  »"™

B AG = -28.65 kcallmol
Tm=741°C
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Figure S1 (A) The secondary structure (left) and tertiary structure (right) of H principal
product. (B) The secondary structure (left) and tertiary structure (right) of the H by-
product. In the tertiary structure, red is the toehold, yellow is the stem, and blue is the
loop. (C) The H hairpin dimer structure. (D) Two I was combined with H to form an

H-2I structure.
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Figure S2 (A) Gray values of each lane in gel electrophoresis image (Figure 1D): (a)
gray values of the band corresponding to H hairpin dimer, (b) gray values of the band
corresponding to by-product, (c) the difference in gray values between the band area of
the SHCR nanowires and the same area in lane 1. (B) Relative yields of the SHCR
nanowires: (d) the relative yield including by-product, (e) the relative yield without by-

product.
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Figure S3 AFM images and cross-section analysis of (A) before and (B) after adding

I into the SHCR nanowire.
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Figure S4 (A) Gel electrophoresis image of H reacting with different I (Ioa, Lia, L2a, I3a,
I4a, Isa and I). The subscript number of "I" represents the number of A bases at 3” end
of [, and T'has 6 A bases at 3' end. (B) Relative fluorescence intensity changes with the

increasing numbers of A bases at 3” end of 1.
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Figure S5 (A) Gel electrophoresis image of annealed H with different concentrations.
Lane 1: 500 nM; Lane 2: 1 uM; Lane 3: 10 uM; Lane 4: 20 uM. (B) Fluorescence
intensity of annealed H with different concentrations. The samples were diluted into the

same concentration (500 nM) when fluorescence intensity was measured.
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Figure S6 Gel electrophoresis image of the SHCR nanowires in the absence (lane 1
and lane 5) and presence (lane 2-4 and lane 6-8) of 50 nM I at different temperatures

(25 °C and 37 °C) for different reaction times (6 h, 12 h and 24 h).
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Figure S7 (A) The fitting curve (black line) and background leakage rate curve (red
line) of the normalized fluorescence values of the HCR and SHCR nanowires. (B) The
fitting curve (black line) and reaction rate curve (red line) of the normalized relative
fluorescence intensity of HCR and SHCR. H1, H2, H, and bare H Concentration: 150

nM. Concentrations of Igcr and I: 50 nM.
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Figure S8 The reaction rate of HCR and SHCR from Figure S7B correspond to the

reaction process according to the comparison of standard free energy variations (AGucr

and AGsHCR).
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Figure S9 Optimization of the SHCR nanowire for ATP detection. (A) Ratios of BP to
TA (BP/TA), (B) the length of BP, (C) reaction time, concentrations of (D) TA, (E) H
and (F) Mg?* in Tris buffer.
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Figure S10 (A) The effect of ATP analogous molecules on the selectivity. The
concentrations of ATP, CTP, GTP and UTP: 100 uM. (B) The effect of mutated TA on
the SHCR nanowire. Data are shown as mean values + s.d. (n=3). p-values were

determined by one-way ANOVA with Tukey’s post hoc test.
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Figure S11 Cell viability of 4T1 cells incubated with different concentrations of H (0,
25, 50, 100, 200, 300, 400 nM) for 24 h, respectively. In the SHCR nanowire, the

concentration of TA-BP is one-third that of H.

18



TA-BP + H TA,,-BP +H TA,,-BP + H H

FAM Hoechst

Overlay

Figure S12 CLSM images of ATP in different systems (TA-BP+H, TAim-BP+H,
TAom-BP+H, and H) in 4T1 cells.
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Figure S13 The statistical analysis of the gray value of fluorescence intensity. Data are
shown as mean values + s.d. (n=8). p-values were determined by one-way ANOVA

with Tukey’s post hoc test.
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Figure S14 CLSM images of ATP in 4T1 cells under different treatments. All scale

bars are 20 um.
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Figure S15 Relative fluorescence unit of the SHCR nanowire in responding to different
ATP concentrations. ATP concentration: 0, 0.1, 0.2, 0.5, 1.0, 1.5, 2.0, 5.0, 10, 30, 50,
80, 100, 150, 200, 300 and 500 uM.
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Figure S16 (A) Absorbance signal of 4T1 and BxPC-3 cells by CCK-8 before and after
X-ray irradiation. (B) Cell viability of 4T1 and BxPC-3 cells before and after X-ray
irradiation was calculated using formula (9). Data are shown as mean values + s.d. (n=5).

p-values were determined by two-tailed Student’s 7 test.
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