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Figure S1. Secondary structures of anti-nucleocapsid (N) protein aptamers predicted using

the NUPACK software (http://www.nupack.org).
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Figure S2. Binding affinities of the anti-N protein aptamers (A48 and A58). a) sodium

A

s

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of the N protein of the wild-
type (WT) and Omicron variants. b) Western blot of the two anti-N protein aptamers.
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Figure S3. Secondary structures of anti-N protein beacon aptamers (NBAs) predicted using

the NUPACK software.
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Figure S4. Schematic illustration of the fuel-stimulant powered (FSP) amplification. Initiator-
triggered cascade reaction via toehold 1-mediated strand displacement. The fuel DNA
hybridizes with the linker DNA via a toehold 2-mediated strand displacement. These reactions

induce signal amplification through initiator recycling.
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Figure SS. PAGE analysis of FSP amplification products. a) Lane 1: fluorescein amidite
(FAM)-tagged stopper 1 (FS), lane 2: stopper 2, lane 3: initiator (I), lane 4: linker (L), lane 5:
fuel (F), lane 6: fuel-linker, lane 7: (FS—linker), lane 8: (FS—linker)—fuel, lane 9: (FS—linker)—
initiator, lane 10: fuel-stimulant-powered (FSP) FS—S2—linker, lane 11: FSP—fuel, lane 12:
FSP—initiator, and lane 13: FSP—initiator—fuel.
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Figure S6. Fluorescence intensity measurements of the FSP solution containing 10 nM
initiator, 10 nM fuel, and both after 2 h of incubation at room temperature. The data are
presented as the mean + standard deviation (SD) of three independent experiments. **p

<0.005.
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Figure S7. Calibration curve of the dual-structure-switching aptamer-mediated signal

amplification cascade.
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Figure S8. Fluorescence intensity of the dual structure-switching aptamer-mediated signal
amplification cascade with various concentrations of SARS-CoV-2 incubated for 15, 30, 60,
and 120 min, respectively. The data are presented as the mean + SD of three independent

experiments. **p < 0.005, *p < 0.05.
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Figure S9. Quantification of the nucleocapsid protein using the ELISA assay.
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Figure S10. Receiver operating characteristic (ROC) plot of the detection system with

negative (n = 10) and positive (n = 25) nasopharyngeal swab samples.
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Table S1. Sequence information for the oligonucleotides used in this study.

Name Sequences of oligonucleotide (5 to 3")
NP-A48 GCTGGATGTCGCTTACGACAATATTCCTTAGGGGCACCGCTACATTGACACATCCAGC*
Anti-
nucleocapsid NP-A58 GCTGGATGTCACCGGATTGTCGGACATCGGATTGTCTGAGTCATATGACACATCCAGC*
(N) protein Biotin-NP-A48 Biotin/GCTGGATGTCGCTTACGACAATATTCCTTAGGGGCACCGCTACATTGACACATCCAGC
(NP) aptamer
Biotin-NP-A58 Biotin/GCTGGATGTCACCGGATTGTCGGACATCGGATTGTCTGAGTCATATGACACATCCAGC
NBAS 0 ATCCAGCCGCAAGCATATCATTGCGCTTGCGGCTGGATGTCGCTTACGACAATATTCCTTAGGG

Anti-N protein

structure-

GCACCGCTACATTGACACATCCAGC

Biotin-NBA-S10

Biotin/ATCCAGCCGCAAGCATATCATTGCGCTTGCGGCTGGATGTCGCTTACGACAATATTCCTTA
GGGGCACCGCTACATTGACACATCCAGC

switching NBAS 12 CCAGCCGCAAGCATATCATTGCGCTTGCGGCTGGATGTCGCTTACGACAATATTCCTTAGGGGC

beacon ACCGCTACATTGACACATCCAGC

aptamer T
Biotin/CCAGCCGCAAGCATATCATTGCGCTTGCGGCTGGATGTCGCTTACGACAATATTCCTTAG

(NBA) Biotin-NBA-S12
GGGCACCGCTACATTGACACATCCAGC

NBAS 14 AGCCGCAAGCATATCATTGCGCTTGCGGCTGGATGTCGCTTACGACAATATTCCTTAGGGGCAC

CGCTACATTGACACATCCAGC

Stopper Stopper 1 CTCTCGCCAGTCGGGATCC
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Fluorescein amidite (FAM)-

tagged stopper 1 (FS)

CTCTCGCCAGTCGGGA[FAM-dT]CC

Stopper 2

CCCTACCAGCCGCAAGCAT

Quencher-tagged stopper 2 (QS)

CCC[BHQI1-dTJACCAGCCGCAAGCAT

Fuel-30 bp AGTCGGGATCC CCCTACCAGCCGCAAGCAT
Fuel-32 bp CCAGTCGGGATCCCCCTACCAGCCGCAAGCAT

e Fuel-34 bp CGCCAGTCGGGATCCCCCTACCAGCCGCAAGCAT
Fuel-36 bp CTCGCCAGTCGGGATCCCCCTACCAGCCGCAAGCAT

Malachite green aptamer (MGA)

GGATCCATTCGTTACCTGGCTCTCGCCAGTCGGGATCC**

Initiator

CCAGCCGCAAGCATATCATTGC

Linker

GCAATGATATGCTTGCGGCTGGTAGGGGGATCCCGACTGGCGAG

Ref*, Zhang et al., 2020; Ref**, Woo et al., 2020
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Table S2. qRT-PCR analysis of clinical samples used in this study (N: negative, W: wild type, D: delta, and O: omicron).

Label Positive/Negative Ct ORF Ct N Ct S Ct_RdRP Ct E Sample type
N1 N - - - N/A N/A nasopharyngeal swab
N2 N - - - N/A N/A nasopharyngeal swab
N3 N - - - N/A N/A nasopharyngeal swab
N4 N - - - N/A N/A nasopharyngeal swab
N5 N - - - N/A N/A nasopharyngeal swab
N6 N - - - N/A N/A nasopharyngeal swab
N7 N - - - N/A N/A nasopharyngeal swab
N8 N - - - N/A N/A nasopharyngeal swab
N9 N - - - N/A N/A nasopharyngeal swab
N10 N - - - N/A N/A nasopharyngeal swab
Wil P 32.2 31.2 27.07 - - nasopharyngeal swab
W2 P 27.3 22.5 29.2 - - nasopharyngeal swab
W3 P 29.95 29.16 28.73 - - nasopharyngeal swab
W4 P 26.3 254 25.2 - - nasopharyngeal swab
W5 P 31.43 32.1 32.7 - - nasopharyngeal swab
D1 P - - - 18.26 19.25 nasopharyngeal swab
D2 P - - - 21.06 21.23 nasopharyngeal swab
D3 P - - - 13.72 15.13 nasopharyngeal swab
D4 P - - - 13.86 14.42 nasopharyngeal swab
D5 P - - - 27.48 24.73 nasopharyngeal swab
D6 P - - - 15.06 15.17 nasopharyngeal swab
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