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Fig S1. QUEST reaction at 37 °C. FEN1 was active enough to result in high signal for the 
pre-concatenated TSP (100 nM) (Signal-to-noise ratio (SNR) = 32.4). Pre-concatenated TSP 
is TSP appended with telomeres ((TTAGGG)12) (Table S2). 

Though FEN1 is known to have the optimal activity at 65 °C, it retained significant activity 
even at 37 °C as evidenced by high SNR (32.4). This is consistent with the previous 
literatures.1–4



Fig. S2. Verification of FEN1-catalyzed cyclic cleavage reaction. (a) Compared to the one-to-

one cleavage reaction, where a single cleavage event of RP-Q/F takes place for a single pre-

concatenated TSPmini, the FEN1-catalyzed cyclic cleavage reaction induces multiple cleavage 

reactions on RP-Q/F. Intact RP-Q/F displaces the cleaved RP-Q/F to initiate another round of 

cleavage reaction, thereby switching on a number of fluorophores. (b) Oligonucleotide 

sequences used in the experimental verification of FEN1-catalyzed cyclic cleavage reaction. 

(c) The result supported the cyclic cleavage reaction of FEN1. Signals (∆F) of the FEN1-

catalyzed reaction were significantly higher than those of controls in which concentration-

matched RPcut-F samples were included to assume the one-to-one cleavage reaction (*p < 

0.005). RPcut-F is the expected form of cleaved RP-Q/F. ∆F = F - F0, where F0 is the 

fluorescence signal in the absence of pre-concatenated TSPmini (in FEN1-catalyzed reaction) or 

RPcut-F (in Control) at 522 nm.



Fig S3. Optimization of reaction concentrations. Varying concentrations of key assay 

components were tested in the absence and presence of HeLa cell extracts (104 cells). We 

compared signal-to-noise ratios (SNRs) and selected optical concentrations of RP (a), IP (b), 

FEN1 (c), GO (d), and dNTP (e).



Fig S4. Optimization of reaction times. To minimize the assay time, we tested different times 

in the absence and presence of HeLa cell extracts (104 cells). Comparing SNRs, we found 

optimal times for QUEST reaction (a) and GO-aided BG filtering (b).



Fig S5. TRAP for telomerase activity assay for various cell lines. The telomerase activities in 

various cell lines were analyzed by TRAP, the standard method for telomerase activity assay. 

The results matched with those in Fig. 3, supporting the reliability of QUEST. [Cell extract]: 

104 cells. BL: Blank, where cell extract was not added.



Fig S6. Effect of AZT on QUEST reaction. (a) To make sure that AZT does not affect other 

parts of QUEST from telomerase activity, we investigated the QEUST reaction in the 

presence of AZT (10 nM). For this, we used the pre-concatenated TSP (100 nM), which is 

TSP appended with telomeres ((TTAGGG)12), while excluding TSP and HeLa cell extract. (b) 

SNRs were obtained from the results in (a) and normalized to directly elucidate the effect of 

AZT on QUEST reaction. The effect was negligible as indicated by p value higher than 0.05.



Fig S7. GO Characterization. (a) AFM image and (b) topographic profile of GO.



Table S1. Comparison with previous telomerase activity assays.

System Mode Time 
(min) LOD Cost 

($/assay) Characteristics Ref

Proximity-
induced DNA 
walker

Electrochemilumi
nescence 160 16 cells/mL > 8.45

• Electrode preparation
• Nanomaterial preparation and its 

modification with DNA probes
• Washing/separation

5

Catalytic 
hairpin 
assembly 
(CHA) for Au 
nanorod 
etching

Surface plasmon 
resonance 175 15 cells 1.97 • Preparation of nanomaterial

• Several steps 6

Entropy-
driven circuit 
reaction and 
CHA for 
SERS 
detection

Surface enhanced 
Raman 

spectroscopy
200 1 cell 4.84

• Film fabrication
• Nanomaterial preparation and its 

modification with DNA probes
• Several steps accompanying 

washing/separation

7

DNA network 
formation Electrochemistry > 190 20 cells/mL > 60

• Electrode preparation and 
modification with DNA probes

• Several steps accompanying 
washing/separation

8

Dual-DNA 
walkers on 
CHA and 
DNAzyme

Fluorescence 180 7 cells/mL 1.86 • Nanomaterial preparation and its 
modification with DNA probes

9

3D-bipedal 
DNA walker Fluorescence 160 5 cells/mL 11.0

• Nanomaterial preparation and its 
modification with DNA probes

• Intracellular imaging
10

Tetrahedral 
DNA 
nanoconjugate

Fluorescence 60 6 cells N/A
• Nanomaterial preparation and its 

modification with DNA probes
• Intracellular imaging

11

Molecular 
machine Fluorescence 180 510 cells/mL 25.8 • Extensive labeling with F and Q

• Ratiometric signaling 12

DNA 
tetrahedron 
FRET sensor

Fluorescence 60 1 cell 303.8 • Dual probe labeling with F and Q
• Intracellular imaging 13

Strand 
displacement 
amplification 
and rolling 
circle 
amplification

Fluorescence 120 60 cells/mL 3.62 • Likelihood of non-specific 
reactions

14

Stem-loop 
primer-
mediated 
exponential 
amplification

Fluorescence 105 103 cells/mL 1.52
• Likelihood of non-specific 

reactions
• Complicated DNA probe design

15

CRISPR/Cas 
assay for 
TRAP product

Colorimetry 180 1 cell > 2.47
• Need of thermocycling and 

relevant instrument
• Nanomaterial preparation and its 

modification with DNA probes

16

Elongation-
triggered 
CRISPR/Cas 
reaction

Fluorescence 60 260 cells/mL 11.5 • Dual probe labeling with F and Q 17

Lateral flow 
analysis of 
CRISPR/Cas 
reaction

Colorimetry > 65 104 cells/mL 4.58

• Need of costly, laborious LFA 
toolkit

• Subjective, qualitative LFA 
result

• Several manual steps

18

QUEST Fluorescence 70 2 cells 0.73 - -



(Our work) (36 cells/mL)



Table S2. Oligonucleotide sequences used in this work.

Purpose Probe(a) Sequence (5’—3’)
TSP AAT CCG TCG AGC AGA GTT
RP FAM-AAG CCC TAA CCC TAAQUEST
IP(b) CCC TAA CCC TAA G

Gel electrophoresis RP-Q/F(c) BHQ1-AAG CCC T(F)AA CCC TAA

Effect of inhibitor 
on QUEST

Pre-concatenated 
TSP

AAT CCG TCG AGC AGA GTT AGG GTT AGG GTT 
AGG GTT AGG GTT AGG GTT AGG GTT AGG GTT 
AGG GTT AGG GTT AGG GTT AGG GTT AGG G

(a) The colors of oligonucleotide sequences correspond to those of the domains depicted in Scheme 1.
(b) Underlined base invades the junction site (light gray box, Scheme 1).
(c) F indicates an internal fluorophore in which FAM was used.
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