
S2_Text. Mechanical properties of reticulocyte model

The deformability and stability of reticulocytes increase as they mature (1; 2; 3). Maturing 

reticulocytes have been classified into different stages (4), which are featured with different 

morphologies and membrane shear moduli. Enucleation of late stage erythroblasts generates 

nascent reticulocytes, which are motile, multilobulated cells (R1 stage). As reticulocytes mature, 

they lose motility and transform to asymmetrical “deep dish” shaped cells with refractile ring and 

visible granules (R2 stage). During the subsequent maturation, the visible granules inside the 

reticulocytes disappear (R3 stage). Eventually, these “deep dish” shaped cells assume a biconcave 

shape. The shear modulus measured from the reticulocytes at different stages of maturation shows 

that the value of the shear modulus decreases from 11.4 µN/m (R1 stage) to 8.6 µN/m (R2 stage) 

and to 6.1 µN/m (R3 stage) (3). It is noted that the shear modulus of late stage reticulocytes (R3) 

is similar to the shear modulus of 3.7±2.3µN/m for mature RBCs (5). Although reticulocytes at 

R1 and R2 stages are stiffer than erythrocytes, they are less stable

as reticulocytes break into fragments in the micropipette and ektacytometry experiments (1).

The shear moduli of the surface membrane of reticulocytes have been systematically studied in 

our previous study in (6). As displayed in S1 Fig , we show that the extended cytoskeleton in the 

reticulocyte membrane caused by excessive surface area of reticulocytes is responsible for its 

increased shear modulus. As the reticulocytes mature, the magnitude of its shear modulus reduces 

with the decreasing level of extension due to loss of surface area. We have validated these 

simulation results with data obtained from micropipette experiment performed in (5). In S1 Fig, 

we also show that the reduced actin-spectrin connectivity results in decreased reticulocyte 

rigidity. However, we note that the impact of extending the cytoskeleton on increasing the shear 

modulus in reticulocytes overwhelms the effect of compromised actin-spectrin connection on 

reducing the shear modulus, leading to more rigid reticulocyte membrane than the normal RBCs 

(see S1 Fig (D)). Similar observations are made in the malaria-infected RBCs where the adhesion 

of spectrin filaments to knobby area on the lipid membrane causes an enhanced stretch of 

cytoskeleton and thus results in an increased shear modulus although the actin-spectrin 

connectivity is reduced due to the loss of actin oligomers (7; 8).
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