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Controllable Ultrahigh-Affinity Molecular
Recognition Explained Through ‘Molecular
Velcro’
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recognition—the ability of one

molecule to ‘recognize’ another

through weak bonding interactions,” said Linus Pauling, a two-time Nobel Prize winner. In
biological systems, high-affinity molecular recognition is essential for biomolecules in the
generation of life-like complexity and functions, ensuring system’s robustness under complex
conditions. To mimic part of this natural complexity, supramolecular chemists have developed
numerous artificial recognition pairs. In a review article published in Supramolecular Materials, a
group of researchers put forward a novel concept named “controllable ultrahigh-affinity
molecular recognition” (CUAMR).

“Aqueous-phase molecular recognition carries the mysteries of life activities. Supramolecular
chemistry is driven by a crucial mission: to aid in comprehending, simulating, and intervening in
biological processes,” says corresponding author Dr. Cai Kang, a professor at Nankai University.

In recent decades, supramolecular chemists have developed diverse host-guest recognition pairs
with broad structural and functional diversity. Increasingly, attention is being focused on the
biological applications of host-guest systems. An emerging concept, CUAMR combines high
binding strength for system robustness with stimuli-responsive features—such as light, pH, or
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redox triggers—for controlled guest release.

“These systems are like molecular Velcro: strong when needed, releasable on demand,” explains
Cai. "CUAMR systems offer exciting possibilities for applications in drug delivery, biosensing and
biotechnology.”

Notably, CUAMR provides a dual advantage: first, ultrahigh binding affinity provides exceptional
stability—comparable to covalent bonds—making it effective even under highly diluted or
complex physiological conditions; second, their stimuli-responsiveness to “switch off” this
binding on demand enables precise control for guest release.

However, challenges remain. Current examples of CUAMR are limited, mainly involving
calixarenes and cucurbiturils. “Designing and synthesizing such host-guest system requires
considerable effort, and scaling up for cost-effective production and real-world application poses
significant hurdles,” says Dr. Guo “Nevertheless, we believe CUAMR represents a a promising
foundation for next-generation smart materials and biomedical technologies.”
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