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Table S1 Sequences of the ssDNA used in entropy-driven DNA timer fluorescence sensor

Name Sequence (5'-3")

S-C GCAGCAGTACGCACACAATC
S-OP ATTCAATTCTAGGCACTTTCTCCATCC
S-SB TAGATTTAATGTGCCCGCAGCAGTACGCA
S-S GATTGTGTGCGTACTGCTGCGGGCGTGGATGGAGAAAGTGCCTA
S-F TAGGCACTTTCTCCATCCACGCCCGCAGCAGTACGCA
S-MB HEX-CCGCCAGCGGGCACATTAAATCTTGGCGG-Dabceyl
F-C GCCCAGTGAGCGAGGACTGCA
F-SB TGAGCGAGGACTGCACTGGTATAATTAGCTA
F-OP GGCTGCTGACATGACCTGATCTATATGA
F-S CAGGTCATGTCAGCAGCCTACCAGTGCAGTCCTCGCTCACTGGGCTCACTATTC
F-F TGAGCGAGGACTGCACTGGTAGGCTGCTGACATGACCTG
F-MB 6-FAM-CGGCCTAATTATACCAGTGCGGCCG-Dabcyl
F-Br GAATAGT(8-0x0-dG)AGCCCAG
R-C GAGGTAGCTCCAGAATACAGG
R-SB GATTAAAATAGACGAGGTAGCTCCAGA
R-OP TAAGCGATGGCAGGTAGTGAGAGGATCG
R-S CTCTCTTATCCTGTATTCTGGAGCTACCTCGTCATCGATCCTCTCACTACCTG
R-F CAGGTAGTGAGAGGATCGATGACGAGGTAGCTCCAGA
R-MB ATTO 425-CGCCGTACCTCGTCTATTTTAATCGGCG- Dabcyl
R-Br A(2'-deoxyuridine) ACAGG(2'-deoxyuridine) AAG(2'-deoxyuridine) AG(2'-deoxyuridine)G




Table S2 Comparison of the sensitivity of the proposed fluorescence sensor with other methods for
detection of SARS-CoV-2, RSV, and Flu A

Virus Strategies Ana.lytlcal LOD Ref.
time
Electrochemic
SARS-CoV-2 al 30 min 2.5 pg/mL 1
RT-LAMP

SARS-CoV-2 CHA-ELISA 2h 1 nM 2
SARS-CoV, Flu A,
and RSV RT-PCR-SPR 2h 2 M 3
SARS-CoV-2 LSPR 15 min 0.22 pM 4

Microfluidic .
Flu A array LAMP 60 min 2 pg/mL 5
Flu A & RSV CHA-LFIA 30 min 5pM 6
SARS-CoV-2, IVA, . .
IVB, and RSY RT-LAMP 30 min 35 copies/uL 7
SARS-CoV-2, Flu A, . . .
and RSV DNA timer 45 min 4.8 pM This work
SARS-CoV-2, Flu A, RT-PCR ’h 500 copies/mL (Sansure Biotech

and RSV

Inc.)

Notes: RT-LAMP, reverse-transcriptase loop-mediated isothermal amplification; CHA, catalytic hairpin
assembly; ELISA, enzyme-linked immunosorbent assay; RT-PCR, reverse transcription-polymerase
chain reaction; SPR, surface plasmon resonance; LSPR, localized surface plasmon resonance; LFIA,

lateral flow immunoassay.

Table S3 Sequences of the DNA oligonucleotides used in specificity assessments

Name Sequence (5'-3")

F-L1 GCCGAGTGAGCGAGGACTGCA
F-L2.1 GCCCAGTGAGCCAGGACTGCA
F-L2.2 GCGGAGTGAGCGAGGACTGCA

S-L1 GCAGCAGTACGCACAGAATC
S-L.2.1 GCAGCACTACGCACACAATC
S-1.2.2 GCAGCAGTACGCAGAGAATC

R-L1 GAGGTAGCTCCAGAATAGAGG
R-L2.1 GAGGTAGCTGCAGAATACAGG
R-L2.2 GAGGTAGCTCCAGAATAGACG

Notes: mismatched bases were highlighted in red



Table S4 RT-PCR results! for clinical samples (n=3)

Ct value
Clinical Samples

SARS-CoV-2 RSV Flu A
1 UD UD 35.72
2 UD UD 37.28

3 UD 35.89 UD

4 UD UD UD

5 UD UD UD

6 36.24 UD UD

7 UD uD UD

8 UD 35.37 uD

9 UD uD UD

10 UD UD UD

11 UD UD UD

12 35.30 UD UD
P-QC 32.85 33.02 36.61

Notes: UD, undetermined; P-QC: positive quality control.
I: The RT-PCR assay was conducted using a commercially available kit (Sansure Biotech Inc), following

the manufacturer's instructions strictly.
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Fig. S1 Structural simulations of substrate probes in (a) traditional EDC and (b) gap EDC using

NUPACK.
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Fig. S2 Electrophoretic validation of traditional EDC system (lane 4~6) and gap EDC system (lane 7~9).

MFE proxy structure at 37°C
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Fig. S3 Stability assessment of DNA timer biosensor: fluorescence signals were quantified weekly over
four weeks. All experiments were performed in triplicate, and error bars represented standard

deviations.
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Fig. S4 Time-dependent fluorescence intensity profiles for detection of three viruses in 12 clinical
samples and positive quality control of SARS-CoV-2 (S), RSV (R), and Flu A (F). Positive samples are
identified by characteristic fluorescence signatures at virus-specific time points. All experiments were
performed in triplicate.



Text S1 Optimization and Characterization of the EDC systems

The molecular beacons (strand MB) were well designed to serve as the signal
transduction component of the systems. Computational analysis using NUPACK
confirmed the formation of a stable hairpin structure, which effectively minimized
background fluorescence signals (Fig. S5). Experimental validation demonstrated that
the fluorescence emission from strand MB occurred exclusively in the presence of
target molecules, confirming the system's specificity and robustness (Fig. S6).
Furthermore, control experiments established that strand MB maintained its structural
integrity and signal generation capability without interference from other system
components, consistently producing strong, target-dependent fluorescence signals (Fig.
S7).
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Fig. S5 Secondary structure predictions of molecular beacon strands generated by NUPACK software:
(a) S-MB, (b) R-MB, and (C) F-MB.
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Fig. S6 Polyacrylamide gel electrophoresis (PAGE) analysis of strand MB opening mediated by strand
SB. (+): added; (£): not added. All experiments were performed in triplicate.
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Fig. S7 Fluorescence analysis of strand MB interaction with strand SB and potential interference from

strand F. All experiments were performed in triplicate, and error bars represented standard

deviations.
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