The basic stages of mitosis can be seen live under a microscope and we now have a detailed general description of the process. However, our understanding of mechanisms involved in cell division is incomplete. In particular, there is no explanation for how the overall geometry is determined.

In this work, we use a mathematical model of a paranematic liquid crystal for the cytoplasm of the cell and show that the geometry of cell division can be explained using liquid crystalline phases. In the mitotic cell, the cytoplasm is both liquid and aligned. This is, in fact, a basic property of liquid crystals, for they have the mobility of a fluid and the structural order of a solid. The centrosomes and the nuclear envelope are both treated as bodies submerged in the liquid crystal medium.

The geometries considered are 3D and novel for liquid crystal systems. Initially, the cytoplasm lies between two spherical shells (the nuclear envelope and cell membrane) and the centrosomes appear. Homeotropic (perpendicular) boundary conditions are introduced for the directors on the surface of centrosomes (small spherical inclusions in our model) and the centrosomes are shown to repel one another. The spatial director field mimics the arrangement of microtubules observed in the mitosis and it provides a pattern for the spindle to fit like a hand into a glove. Then the nuclear membrane is allowed to dissolve and the movement of centrosomes towards their equilibrium positions at opposite poles is calculated.

Our numerical results indicate that the liquid crystal system reproduces the main features of cell division: the centrosomes move towards the positions of minimum energy and the director field between the centrosomes resembles the arrangement of the spindle. This is consistent with the hypothesis that the director field orients the microtubules so that they lie parallel to the directors without distorting the director field, thus minimising the free energy.

The liquid crystal medium exerts stress on the cell membrane that acts on it at the poles (these lie on the line coming through the two centrosomes). The forces on the cell membrane are such that they strive to extend the cell uniaxially in normal direction and to stretch it sideways in other tangent directions at the poles. The deformations that these forces inflict on the membrane in the final phase of division would draw the material of cell membrane from the equatorial plane inwards, thus, initiating the formation of a furrow.


