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Stable shapes in the discocyte-equinocyte transition of the Red Blood Cell
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Red blood cells are essential cells in our life since they
are the unique oxygen transporters.They have a well de-
fined stable shape, the biconcave discocyte. Their amaz-
ing mechanical properties allow them to undergo very
large deformations while flowing across the thinnest capi-
laries, and they are able to resist to high turbulence flows
in the main arteries as well.

If the membrane elastic properties are changed then
the shape also changes and its functionality will be affect-
ed. There are many agents able to induce these changes:
an increase in the pH of the surounding fluid, the deple-
tion of ATP, etc... It has been demonstrated that inde-
pendtly of the agent acting, the new shapes are always
the same and are usually known as the ”stomatocyte-
discocyte-equinocyte”transition of the red blood cell.

This transition was first studied in the 80’s1, but until
now one-cell experiments were not possible and specif-
ic studies of the RBC membrane properties have been
developed very recently2,3.

In order to understand the physical principles that gov-
ern this transition, different elastic energies describing
the membrane have been proposed. Some consider the
bending of the membrane as the driven force and others
focus on the elastic in-plane properties of the cytoskele-
ton. The most succesful is the area-difference elasticity
model (ADE)4,

HADE =
κB

2

∫
(J − co)2dA +

κ̄Π
2AD2

(∆A−∆ A0)2

(1)

where the first term is the usual Canham-Helfrich free
energy which penalizes the membrane bending and the
second term accounts for the effects of the diference in
area between the inner and the outer leaflet.

The equinocyte shape is asociated with a relative ex-
cess density of lipids in the outer monolayer of the mem-
brane, after the action of some agent that induce a difu-
sion of lipids from the inner monolayer. Since the diffu-
sive time of the lipids from one leaflet to the other are
tipically of 20 hours, it is difficult for the cell to relax and,
in this sense, the equinocyte can be seen as a metastable
state.

In our experiments we show how the cell can recover -
in a short period of time- its initial shape using an atomic
force microscopy tip. The tip produces a puncture in the
cell membrane breaking the hydrophobic barrier that in-
hibits the spontaneous lipids diffusion. For that reason,
when the AFM tip is inside the membrane, lipids can
diffuse freely and the rearrangement of lipids allows the
cell to relax to a lower energy configuration.

We fit the observed shapes by using the modified Cassi-
ni ovals, a family of curves that are known to reproduce
the cross section of the discocyte. From here we can com-
pute the energies of these shapes and obtain the energy
landscape of the transition. This allows us to identify the
relevant terms of the Hamiltonian (1) and its dependence
on the control parameters.

Results show that the equinocyte-type shapes are local
minima for high spontaneous curvature c0 and prefered
area-difference ∆A0 , but as expected the global minima
is the discocyte.

Figura 1. Discoequinocyte, comparison of experimental
and analytic shapes.
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