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The human erythrocyte demonstrates extraordinary ability to undergo 
reversible large deformation and fluidity. Such mechanical response cannot be 
consistently rationalized on the basis of fixed connectivity of the cell 
cytoskeleton that comprises the spectrin molecular network tethered to 
phospholipid membrane. We present a coarse-grained cytoskeletal dynamics 
simulation with breakable protein associations to elucidate the roles of shear 
stress, specific chemical agents, and thermal fluctuations in cytoskeleton 
remodeling. We demonstrate a clear solid-to-fluid transition depending on the 
metabolic energy influx. The solid network’s plastic deformation also manifests 
creep and yield regimes depending on the strain rate. This cytoskeletal
dynamics model offers a means to resolve long-standing questions regarding 
the reference state used in red blood cell elasticity theory for determining the 
equilibrium shape and deformation response.
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