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Construction of a “repair enzyme-initiated” tetrahedral
DNA framework-enhanced hybridization chain reaction
circuit and its application in cellular imaging research
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Abstract Tetrahedral DNA framework-enhanced hybridization chain reaction (THCR) has recently been
developed. However, currently the initiators of THCR are predominantly limited to nucleic acid mole-
cules, which restricts their application in biosensing. In this work, a "repair enzyme-initiated" THCR (RI-
THCR) nanosystem was designed and its operation was reported for amplified imaging of DNA repair en-

zyme activity in live cells. Apurinic/apyrimidinic endonuclease 1 (HAP1) was selected as the model DNA
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repair enzyme. The RI-THCR nanosystem was constructed by linking a dsDNA (containing AP sites and
trigger strand) , two hairpins to different vertexes of tetrahedral DNA framework. The nanosystem could
independently enter into live cells. Upon repair action of endogenous HAP1 to AP sites, THCR reaction in
the nanosystem was initiated efficiently, generating amplified fluorescence signal. The nanosystem provid-
ed a detection limit of 0. 00018 U/mL for HAPI and achieved the amplified imaging of intracellular HAP1
activity. The designed RI-THCR nanosystem provided a promising tool for the research of basic biology of
intracellular DNA repair enzymes and their clinic correlations.

Keywords tetrahedral DNA framework; DNA circuit; DNA repair enzyme; cellular imaging
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Tab.1 DNA oligonucleotide sequences used in this work

A F# 51

AAGGAGATGGTGGATGTAGTGTTATTTATCACCCGCCATAGTAGACGTATCACCAGGCAGTTGAGACGAA
PO A R A

CATTCCTAAGTCTGAA
) ACATGCGAGGGTCCAATACCGACGATTACAGCTTGCTACACGATTCAGACTTAGGAATGTTCGTTTAGATG
DU A A B
GAGTGTGGTGTGAAG
i C ACTACTATGGCGGGTGATAAAACGTGTAGCAAGCTGTAATCGACGGGAAGAGCATGCCCATCCTTTTTTTT
LgE C

TTTTTTTTTTTT
DU T A B D ACGGTATTGGACCCTCGCATGACTCAACTGCCTGGTGATACGAGGATGGGCATGCTCTTCCCG
HEE R TCT/idSp/CATCAG/idSp/ TTGATTTTAAAAAAAAAAAAAAAAAAAA
J& AP fii ;5 nR TCTTCATCAGTTTGATTTTAAAAAAAAAAAAAAAAAAAA

fih & 45 T TAGCTTATCAAACTGATGAAGA

N CACTACATCCACCATCTCCTTTTTTTTTTTTCTTCATCAGTTTGATAAGCTAACGTACTAGCTTATCAA
Jk HL ACTGA

Sk 12 BHQ2-TAGCTTATCAAACTGATGAAGATCAGTTTGATAAGC/iCy5dT/AGTACGTTTTTTTTTTTCTTCA-

CACCACACTCCATCTA
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I
1.6 RI-THCR @9k 2 S AL 41 HAPL 5Pk
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Fig. 1 Working principle of the RI-THCR nanosystem for imaging HAP1 activity
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Fig.2 (a) Characterization of RI—THCR nanosystem formation by agarose gel electrophoresis;

(b) Fluorescence spectral response of the RI—THCR nanosystem to HAP1 (1 U/mL)
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AF RFRFHESAFTE HAPL B, WK RGTE 662 nm LT BENEE
Fig.3 (a) Fluorescence spectral response of the RI—THCR nanosystem to different concentrations of HAP1;
(b) Correlation curve between AF and HAP1 concentration (inset shows linear relationship). AF represents the

difference in fluorescence intensity of the nanosystem at 662 nm in the presence and absence of HAP1
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