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Abstract.

Nucleic acid is the major physical basis of genetic information for storage, replication and transmission. Realizing

accurate and sensitive detection of nucleic acid plays an important role for DNA lesion analysis, gene therapy, mutation

analysis, bacterial infection, R&D of drugs, clinical diagnosis and so on. DNA sensing has a wide range of applications,

such as environment, biomedicine, pharmaceutics, food, forensic medicine and other fields. Traditional methods mainly

include optics, piezoelectric deoxyribonucleic acid sensing, electrochemical deoxyribonucleic acid sensing and surface

plasmon resonance. With the rapid developments of genetic engineering technology, many new interdiscipline analytical tools

in the field of life science have attracted widespread attentions.

As a high-sensitive single molecule detection technology,

nanopore sensing technology has got a fast development pace. Nanopores, with its unique physical and electrical properties,

detect bio-molecules rapidly without labeling or amplification, and have been proven to be very useful. The progress of nano-

pore-based sensing technology for nucleic acid detection about DNA sequencing, DNA methylation detection, DNA lesion

detection, Protein-DNA interaction, hevay metal ion detection, RNA and virus detection are reviewed.
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B AEGORAL T BT & BOAHET DNA JUFF R s (a) MspA 15 phi29 DNA AL G, SEMpSEMALODRAL, A R Bl i 40K AL,
(b) R BRI GE S A HE, () DNA # phi29 DNA RG A LR IR, (d) fiifE 55 DNA JFFX
Fig. 1 Synthesis method used in nanopore for DNA sequencing'>'!; (a) Crystal structure of M2—NNN MspA nanopore; (h) DNA passed through

nanopore firstly and then went opposite direction by synthesis and the current signal of the whole process; (c¢) Illustration of DNA being

dragged by phi29 DNAP during synthesis; (d) Typical current trace associated DNA sequence
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Fig.2 DNA methylation detected by nanopore!>!; (a) Chemical structure of cytosine, 5—methyleytosine, and 5—hydroxymethyleytosine ;
(b) Schematic illustration of a typical MspA—phi29 DNA polymerase ( DNAP) experiment; (c) A typical current trace of DNA
being pulled through MspA by phi29 DNAP; (d) Top down view of methylated DNA-MBD complex; (e) Comparisons of translocation
signatures for methylated DNA and methylated DNA—MBD complex through a 12 nm pore
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Fig. 3 Specific DNA probes being designed for sensing heavy metal ions; (a) ~ (c) Three different probes for sensing Hg?* %
(d) The principle of detecting Ph** and Ba** with G—quadruplex DNA; () Representation of the translocation

time expanding of Ph** —induced G—quadruplex through a single a-HL nanopore *®]
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Fig. 4 DNA probes being used to detect miRNA molecule; (a) Molecular diagram of a micro RNA (red) bound to a probe (green) bearing

signal tags on each end; (b) Sequence of nanopore current blocks in the presence of 100 nM miR-155 and 100 nM P155 in the cis

solution, 100 mV; (c¢) Translocation dynamics of miR-155-P155 complex and Multi—level current generated by the unfolding process

le2]

(d) Different PEG molecules were treated as barcodes for multiplex detection of miRNA molecule!**!



1 TESRSEA o AR LA IR B A T A% BRI 52 ke 65
4 FHERN 5 % iE

3 3 AT A KL 5 A S B 2 P A S T LA
AT ROBALAE BT, RSF R/, TESL. 450, AT
PhFRAE4E KL I R i 3 3 i [ ) 1) R AiF 44 oK 9k
4 R R P T R Z R S I B4 Fo B4, X T
TR/ TR UL DNA) | HC7 5 T ik T B fry 2
TR BLEHT . SR LI H AR UL, Horp— A Je 3
BRI PR AE BE A% DNA 4 758 3 40 K AL 3 25 2 e,
B HEFE DNA PR 2. $IHAT AL, PFRExs
YA TR AR ALY & AT MR R 2 B b, X —
JrL, AR BT -4 —Fh ) B i — e 2 TR
FITE ) KIEATARFLIIBRFT

McMullen' ™' i FiI 44 >k 7L 4% BE fd. MI3 %5 7.
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8, M T AL, XCRLR IS B A AR, R I 75 D
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(9 HIV 57 . Yao 25" {1 ] o-HL 4K LG HBV (1955
5 DNA, HAGI R AT K % 10 pmd/L, Lin'™ 5% fd
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Fig. 5 Three typical models of translocation events of the fd virus:

(a) The square-like current change of single fd virus
translocation event; (b) The fd virus interacted with the
nanopore before translocation; (¢) The fd virus touched

the mouth of the nanopore but failed to pass through!”
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