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Advances in materials science and biology have become increasingly intertwined, with progress in one field influencing the other. The central theme of the MRSEC at Brandeis, with the single IRG "Emergent Properties Due to Constraints", is the development of this relationship between biology and materials science using two complementary approaches. In a “bottom-up” approach, this MRSEC is exploring how the addition of constraints typically found in biology–confinement, crowding, and local forces that compete with and sometimes frustrate long range order–leads to emergent properties, in the realms of both structure and dynamics. In a complementary “topdown” approach, this MRSEC studies functional cellular components, which are complex combinations of materials with specific constraints. Center scientists make qualitative and quantitative analyses of their structure and properties, and then deconstruct these “devices” by modifying or removing constraints, to understand just how the combination of materials and constraints leads to biological function. These dual approaches constitute a transformative program of research which changes our view of materials as incorporated in biological systems and likewise our view of biological systems as material structures. It will establish a new understanding of both how functioning biological systems are built from their carefully constrained material components, and how to design and control material constraints, to copy nature and build synthetic functional nano-systems.
This IRG includes three thrust areas and three seed projects. The first thrust deals with constraints on individual molecules—to study the effects of localization of biopolymers both in vivo and in vitro,

bridging the gap between traditional biological and physical studies. The second with the structure of large condensed arrays of molecules—to study the effects of chirality in frustrating long range order in both crystals and membranes, resulting in complex new structures. The third with the spatial and temporal organization of “active matter,” dynamical arrays of interacting objects—to focus on two example dynamical systems are capable of producing similar spatial and temporal patterns. In addition, this MRSEC include seed projects that begin to “pick apart” important functional components of cells to understand their structure and function in terms of material properties and constraints. All are vital to understanding living systems, and combined, they have the potential for creating novel nano-structured material systems.

