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Analysis on Mechanical Behaviors and Microscopic Mechanisms of
the Breakage of Cell Pseudopodia

ZHANG Yi', YANG Mei', FANG Zhou', WANG Qianchun®, LI Dechang'*, JI Baohua'"
(1. Institute of Biomechanics and Applications, School of Aeronautics and Astronautics, Zhejiang University,
Hangzhou 310027, China; 2. Wenzhou Institute, University of Chinese Academy of Sciences, Wenzhou 325001 ,
Zhejiang, China)

Abstract; Objective To elucidate the mechanisms of interface disruption between the actin filament and
membrane of the cell pseudopodium that occurs during the breakage of the pseudopodium. Methods Time-lapse
images of the behavior of actin filaments and membranes during the rupture process of cell pseudopodia were
captured using the confocal microscopy. A theoretical model of the fracture of a cylindrical interface was
developed to analyze the interface damage between the actin filament and the membrane during the breakage of
the cell pseudopodium. Molecular dynamics simulations were employed to simulate the breaking process of the
cell pseudopodium for comparison with the theoretical results. A finite element model considering the coupling of
the tensile and torsional deformation of actin filaments was developed to simulate the torsional deformation of actin
filaments under tension, both in the presence and absence of a membrane. Results The theoretical results
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indicated an exponential relationship between the critical load for the broken interface and crack length. The

critical load increased with the interfacial strength. The effect of the fiber diameter on the critical load depended on

the crack length, exhibiting different effects for small and large crack lengths. Finite element analysis suggested

that the membrane substantially constrained torsional movement when the actin filament was extended.

Conclusions

This study revealed the breaking process of cell pseudopodia and the mechanical aspects

underlying the disruption of the interface between the actin filament and the membrane. These results provide

theoretical support for exploring cellular behaviors associated with pseudopodium breakage, such as the release

of extracellular vesicles.

Key words: cell pseudopodia; breakage of cell pseudopodia; interface fracture; actin filament; cell membrane
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Fig.3 All-atom model of actin filaments in membrane tubes and molecular dynamic simulation of the stretch-induced fracture
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Fig.4 Illustration of structure of actin filament and finite element
model (a) Schematic illustration of FEM for actin filament,
(b) FEM of actin filament wrapped by cell membrane
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Fig.5 Finite element analysis of the tensile-torsional deformation coupling of the actin filament wrapped by cell membrane

(a) Load-displacement curve of actin filament rotation, (b) Distribution of circumferential slip along the interface,

(¢) Distribution of circumferential shear along the interface, (d) Axial strain distribution



