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1. Mathematical Formulation to compute the Gaussian Curvature and the Mean Curvature
Differential geometry can be used to analyse and compute the curvature bending energy of a red blood cell (RBC) surface. Four primary curvature descriptors are usually used in 3D differential geometry: Gaussian curvature (KG), mean curvature (KM), maximum principal curvature (k1), and minimum principal curvature (k2) [1]. The scheme proposed by Goldman[2] to compute k1, k2 KM, and KG for implicit surfaces is used in the present work. 
A continuous degree-4 surface equation for a RBC is given by,
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where  
The cell shape is constrained by three principal dimensions: the diameter (d), the minimum thickness (hmin) and the maximum thickness (hmax). d = 8.0 µm,   = 1 µm, and  = 2 µm gives an RBC shape with a volume of 92 fL and a surface area of 135 µ. The values of ,  and  are adjusted to be , , , respectively. 
The Goldman scheme[2] for the derivation of KM, and KG requires the following operations on : 
(1) The gradient of F, denoted as , is defined as the vector of partial derivatives of F with respect to the Cartesian coordinates x, y, and z.
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(2) The Hessian matrix of F, denoted by H(F), is a 3×3 matrix composed of the second-order partial derivatives of F.
	
	(3)


  				             	 
(3) The adjugate matrix (or cofactor matrix) of H(F), denoted adj(H(F)) or , is defined as:
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The cofactor matrix Cofactor(), where a, b ∈{x, y, z}, is constructed by computing the determinants of the minors associated with each second-derivative component ​ in the Hessian matrix (Eq. 3).
(4) The trace of the Hessian matrix is determined by summing the three diagonal entries of H[F] (Eq. 3), resulting in the Laplacian of F.
Gaussian curvature : The Gaussian curvature is expressed through the partial derivative vector, its transpose, and the cofactor matrix of the Hessian.
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Mean curvature . The mean curvature is given by,
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It should be noted that KG does not depend on the direction of the unit normal, whereas KM depends on the direction of the unit normal. In the present computation, the unit normal to the RBC surface is chosen in the outward direction. 
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