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Abstract: This study aimed to establish a label-free nanopore single-molecule detection method for
the topological recognition of G-quadruplexes (G4s). First, using the parallel vascular endothelial
growth factor (VEGF) promoter G4 sequence as the test target, we compared the detection perfor-
mance of three nanopores: Mycobacterium smegmatis porin A(MspA ), aerolysin(Ael.), and a-he-
molysin(HL), and selected a-hemolysin as the optimal nanopore for subsequent experiments. Subse-
quently, parallel-type c-Myc proto—oncogene 27 bp sequence(c-Myc27bp) , antiparallel-type throm-
bin—binding aptamer(TBA ), and hybrid-type human telomeric DNA G4 sequence (H24A ) were cho-
sen as representative G4 models. Their topological conformations were verified by circular dichroism
(CD) spectroscopy, and discriminative detection was achieved at the single-molecule level using the
a-hemolysin nanopore. To address the issues of long dwell time and low translocation efficiency of c-
Myc27bp, we constructed ¢-Myc77bp by introducing 25 adenine (A) residues at both ends of the
original sequence, which optimized its translocation behavior. The results showed that the ac-hemoly-
sin nanopore could effectively distinguish single-stranded DNA (ssAf17) from G4 molecules with
three distinct topological types. Notably, the optimized c-Myc77bp exhibited characteristic two-step
signals during translocation, which significantly enhanced both signal discriminability and transloca-
tion efficiency. These findings confirm that the oc-hemolysin-based nanopore single-molecule sensing

system can be applied to the label-free recognition of G4 topological structures. This work provides a
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novel technical strategy for the analysis of higher-order nucleic acid structures, and offers method-
ological support for investigating the mechanisms of G4-related diseases and developing targeted thera-
peutics.

Key words: nanopore technology; G-quadruplex; single-molecule sensing; topological discrimi-

nation; a-hemolysin
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