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Abstract

Life is distinguished by its dynamic, non-equilibrium nature—constantly consuming energy 

to maintain structure and function. In contrast, most synthetic biomaterials are static and 

passive, limiting their ability to interact with living systems. This presentation outlines our 

approach to bridging this gap by engineering "active" biomaterials that mimic the autonomy 

of life. We focus on two key strategies. First, to simulate the mechanical activity of life, we 

developed light-responsive polymer actuators. These molecular tools allow us to exert precise 

forces on cells, enabling the regulation of cell behavior and fate. Second, to mimic the 

metabolic-like evolution of life, we constructed autonomous chemical reaction networks. 

These systems can self-regulate and evolve over time, creating dynamic patterns similar to 

those found in biological tissues. By integrating these physical and chemical approaches, we 

aim to create a new generation of materials that are not just passive scaffolds, but active 

participants in biological processes.
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