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Abstract: Biosensors play an indispensable role in clinical diagnostics, food safety analysis, and
environmental monitoring, and the analytical application of DNA aptamers as signaling molecules in
biosensors is rapidly evolving. However, when analyzing complex matrices and heterogeneous tar-
gets, traditional monovalent DNA aptamers often suffer from limited binding affinity and susceptibili-
ty to microenvironmental interference. In recent years, driven by the rapid evolution of structural
DNA nanotechnology, multivalent DNA aptamer-based sensing strategies have emerged, offering a
novel paradigm to overcome these technical bottlenecks. This review systematically summarizes the
recent progress in high-performance biosensing strategies utilizing multivalent DNA aptamers. First,
it delves into the core mechanisms by which multivalent nanoscaffolds precisely regulate interfacial
spatial configurations, overcome steric hindrance, and significantly enhance target binding affinity
via multi-site synergistic effects. Second, it systematically analyzes the pivotal role of multivalent
systems within signal transduction and cascade amplification networks, elucidating their signal ampli-
fication mechanisms as clustering platforms for signaling molecules and dynamic reaction engines.
Furthermore, this paper outlines the cutting-edge application paradigms of this technology across
three mainstream sensing platforms—electrochemical, biomimetic, and optical—with particular em-
phasis on its exceptional analytical performance in profiling complex biological samples. Finally,

this paper summarizes the core advantages and current challenges within this field, and explores its
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developmental potential in point—of—care testing (POCT) and intelligent integrated theranostic plat-
forms, thereby providing a theoretical foundation for the construction of next-generation, high-perfor-
mance biosensing platforms.

Key words: multivalent DNA aptamer; biosensor; DNA nanotechnology; cascade signal amplifi-

cation; complex biological samples
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Fig. 1 Design strategies and sensing platforms of multivalent DNA aptamer sensors
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Fig. 2 Schematic diagrams of the recognition and signal amplification principle of multivalent DNA aptamer

electrochemical sensors
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Fig. 3 Schematic diagrams of the recognition and signal amplification principle of multivalent DNA aptamer biomimetic sensors
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Fig. 4  Schematic diagrams of the recognition and signal transduction principle of multivalent DNA aptamer optical sensors
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