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Actin cytoskeleton is a dynamic structural scaffold used by eukaryotic cells to provide mechanical integrity 
and resistance to deformation, while simultaneously remodeling itself and adapting to diverse extracellular 
stimuli. Diverse actin structures utilize these properties to play crucial roles in essential cellular processes. 
For example, actomyosin bundles and networks consisting of actin filaments, molecular motors, and cross-
linkers generate mechanical contractile forces required for migration, cytokinesis, and morphogenesis. In 
addition, the actomyosin machinery plays an important role in cell’s ability to sense surrounding 
environments like mechanical properties of an extracellular matrix. Although molecular and physical 
properties of the key elements in the actomyosin machinery have been characterized well, it still remains 
unclear how microscopic properties of individual cytoskeletal components and their local interactions govern 
force generation process and mechano-sensing behaviors of cells, partly due to experimental limitations. 
Computer simulations can access time and length scales inaccessible by experiments, and thus aid in 
creating a descriptive model of the molecular interactions that evolve into the mechanical properties 
observed on cellular scales. To this end, we have developed a cutting-edge computational model which is 
designed to reproduce the rheological and dynamic behaviors of actomyosin bundles and networks within 
cells with minimal components: actin filaments, passive cross-linkers, and active motors. Our model 
accounts for several key features neglected by previous models despite their potential significance. Using 
the model, we systematically studied how net forces generated in bundles and networks are determined by 
the mechanics and dynamics of actin filaments, the kinetics of cross-linkers, and interactions with molecular 
motors. In addition, we elucidated molecular mechanisms for the cell mechano-sensing based on 
actomyosin contractility. 
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