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Abstract: A bottlebrush polymer consists of a long linear backbone densely grafted with many relatively short side 
chains. Unlike classical linear polymers, mechanical, biophysical, and biochemical complexities can be independent-
ly encoded into the molecular architecture of bottlebrush polymers. This feature enables bottlebrush polymers to 
emerge as a platform for soft (bio)materials design and innovation. In this talk, I will describe my lab’s recent efforts 
to understand and apply bottlebrush polymers. First, I will introduce a new theoretical framework for the molecular 
structure of bottlebrush polymers. Corroborated with experiments, we discover that, in some instances, the bottle-
brush backbone can fold to store length, a phenomenon opposite to the prevailing understanding of bottlebrush 
polymers. Second, I will demonstrate that using this so-called foldable bottlebrush polymer as a network strand pro-
vides a universal strategy for decoupling stiffness and extensibility of single-network elastomers, the fundamental 
component of all kinds of polymer networks. Further, I will discuss using bottlebrush polymers as a platform to engi-
neer modular biomaterials for therapeutic delivery. Finally, I will share our recent effort in the development of a 
voxelated bioprinting technology for engineering 3D tissue mimics for basic and translational biomedicine. 
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