
Mechanobiochemistry of Motile Actin Networks
Branched networks of actin filaments, nucleated by the Arp2/3 complex, generate forces that move membranes. Cells have evolved to harness these forces to drive many important processes, including endocytosis, phagocytosis, and locomotion. Recent work has identified signals that control network assembly and molecules that modulate network architecture, but little is known about how motile, dendritic networks, with physiologically relevant geometries, respond to applied forces. We combined micropatterning, atomic force microscopy, and multi-color TIRF imaging to create an experimental system that enables us to simultaneously: (1) visualize the force-generating surface of reconstituted, dendritic networks; (2) applied defined forces to the networks; (3) and measure their growth velocities and mechanical properties. Our measurements reveal that growth of dendritic actin networks is highly sensitive to load. The network growth velocity decreases exponentially with applied force —even more sharply than the overall polymerization rate. This mismatch produces a higher density of actin at the force-generating surface and dramatically increases the mechanical stiffness of the network. Stiffness can increase by more than two orders of magnitude. Interestingly, the rate of filament capping decreases with applied force, meaning that, while filament density increases, the average filament length in a network is insensitive to load. These results reveal that the mechanical response of dendritic actin networks depends critically on network geometry and may help explain increased actin network densities observed when crawling cells encounter obstacles. 

