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Abstract of Thesis

Actin-myosin interactions play central roles in cellular force generation, which is intimately
associated with multiple cell processes, including cell migration, morphogenesis, and cytokinesis. It has
been widely reported that the conventional myosin Il monomers can form thick filaments to achieve
sustained force generation. However, this thick filament structure varies substantially depending on
myosin isoforms and other conditions including ionic concentration and the pH value. The influence of
thick filament structures on generating contractile force is still elusive. Meanwhile, unlike the striated
muscle cells, myosin thick filaments are more randomly distributed and their contributions to the cell
mechanical adaptation still require a compelling explanation. In this study, an agent-based computational
model, incorporating cytoskeletal elements of filamentous actins (F-actins), myosin thick filaments, and
actin cross-linking proteins (ACPs), is invoked to investigate the impacts of actin-myosin interactions on
cellular force generation systematically and quantitatively. We first applied it to a general disorganized
actomyosin structure and determined that the density of thick filaments and their spatial distribution have
an inextricable influence on the contractile force. Additionally, we demonstrated that the increase of the
total myosin monomers in a thick filament and the existence of a central bare zone are indispensable for
enhancing cell force generation. Furthermore, our simulation has revealed that actin-myosin interactions
are the linchpin of cell mechanical adaptation, which is consistent with our pre-conducted in vitro stretch
experiment of the ventral stress fiber. The buckling of the actomyosin bundle after compression is mainly
related to the unbinding events of myosin and ACPs. The following recovery can be ascribed to the actin-
rebinding of myosin and its walking rate along the F-actin. Striking, initial mechanical properties of
actomyosin bundles such as the bending stiffness of F-actin and the bundle thickness cannot alter this
mechanical adaptation significantly. Based on these findings, our study can provide insights into a
comprehensive understanding of how myosin thick filament structure and its dynamic interactions with
actin contribute to cell force generation and its mechanical adaptation.
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