The formation mechanism and applications of α-La@cAMP hydrogel
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Functionalized protein hydrogels, characterized by their excellent biocompatibility, biodegradability, and low toxicity, have demonstrated significant advantages in the fields of tissue engineering, drug delivery, and wound dressing. Cyclic adenosine monophosphate (cAMP), a crucial "second messenger" within cells, is involved in a variety of physiological processes, including cell differentiation, proliferation, apoptosis, metabolic regulation, neural signal transduction, and immune modulation. In this study, α-lactalbumin was mixed with the small molecule cAMP, and a transparent hydrogel was formed under heating conditions. Transmission electron microscopy (TEM) observations revealed that during gel formation, proteins aggregated into worm-like fibers, indicating that the formation of the hydrogel network is closely related to protein aggregation. ThT fluorescence experiments showed that the gel formation reached a plateau within 2 hours, revealing the rapid formation characteristics of the hydrogel network. ANS fluorescence probe experiments found that as the hydrogel forms, the hydrophobicity of the protein surface increases, indicating that conformational changes in the protein during gel formation expose hydrophobic groups, thereby promoting the formation of the protein hydrogel. ITC experimental results indicated that there is a strong interaction between the protein and the small molecule, with the binding process being driven by both enthalpy and entropy changes. The negative ΔH value and positive ΔS value suggest that the binding process is exothermic and entropy-increasing, further confirming that hydrophobic interactions play a key role in hydrogel formation. Meanwhile, leveraging the hydrogel's high surface hydrophobicity can significantly enhance the water solubility of the hydrophobic small molecule curcumin. This study lays the theoretical foundation for the design and development of new functional hydrogels and provides new ideas for the development of novel biomaterials and drug delivery systems.
