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ABSTRACT

The biconcave disk shape and deformability of the mammalian red blood cell
(RBC) is vital for its circulatory function and relies upon a specialized cytoskeletal
structure called the membrane skeleton. This membrane skeleton consists of a
two-dimensional, viscoelastic network of membrane-associated actin filaments
(F-actin) interconnected with long, flexible spectrin molecules. Previous models
have proposed that elastic network properties together with network linkages
to transmembrane proteins are sufficient to explain RBC shapes. Recently, we
discovered that RBC biconcave shape depends on the contractile activity of
non-muscle myosin lIA (NMIIA) using super-resolution microscopy, biochemistry
and biophysical assays. The NMIIA molecules assemble into bipolar filaments
: ‘, with actin filament (F-actin) binding motor domains at their ends that exert
forces on the membrane skeleton F-actin to control RBC biconcave disk shape
\lElIl\ FUW[ER and deformability. Inhibition of NMIIA leads to reduced filament association with
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contractile forces and their interplay with membrane tension in determining RBC
biconcave shape. We propose that the mechanisms by which NMIIA contractility
regulates membrane stiffness to control RBC shape and deformability may apply
to control of micron-scale membrane curvature by spectrin-based membrane
skeleton networks in other metazoan cell types.
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