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Abstract

During infection, tissue injury, and cancer therapy, biomaterials are required to achieve precise
regulation within complex and dynamic biological microenvironments. However, conventional
static materials often fail to simultaneously satisfy the demands for spatiotemporal responsiveness,
therapeutic efficacy, and biosafety. This review highlights the development of intelligent biomateri-
als thatintegrate photochemical and supramolecular chemical regulation, with a focus on three rep-
resentative platforms: dynamic hydrogels, active biointerfaces, and artificial ion channels. The cen-
tral scientific challenge lies in converting external light stimuli or pathological microenvironmental
cues into molecular reactions, conformational transitions, or alterations in supramolecular assem-
bly, thereby enabling the regulation of network architectures, interfacial behaviors, and transmem-
brane transport processes for applications in drug delivery, antimicrobial therapy, cancer treat-
ment, and tissue regeneration. We compare diverse photoresponsive mechanisms, dynamic assem-
bly strategies, and ion transport pathways, emphasizing the interconnections among mechanistic
validation, spatiotemporal control, and biosafety assessment. Furthermore, key challenges are dis-
cussed, including deep-tissue activation, long-term stability, selectivity, standardized evaluation
protocols, and clinical translation. Future advances in intelligent biomaterials will require a para-
digm shift from optimizing isolated functions toward the development of dynamically regulated sys-
tems with experimentally validated mechanisms, scalable manufacturability, and adaptability to
authentic biological environments.
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Figure 1. Unified research framework for the synergistic regulation of intelligent biomaterials by light and su-
pramolecular interactions
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Figure 2. Cross-scale functional transfer driven by photochemical and supramolecular interactions
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Figure 3. Network construction, stimulus response and functional output of dynamic hydrogel
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Table 1. Design mechanism and application comparison of representative dynamic hydrogels
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Figure 4. The temporal evolution of the anti-infection interface towards immune regulation and tissue integration
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Figure 5. Molecular architecture, gating mechanism, evidence chain, and biological effects of artificial ion channels
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