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How do cells break their symmetry? A simple reaction-diffusion mechanism for cell
polarization during asymmetric cell division.
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Symmetry breaking processes not only occur in physi-
cal and chemical systems. In biology this effect is encoun-
tered in many different circumstances either inside single
cells or in hole organisms. One example of a symmetry-
breaking process occurring inside cells takes place during
the phenomenon called cell polarization. Polarity, the
asymmetry in shape present in many cells, is a common
feature of many different cell types. The initial establish-
ment of cell polarity can be considered as a symmetry-
breaking process and has attracted much attention dur-
ing the last years.

Cell polarization happens, e.g., when cells divide asym-
metrically during the development of most organisms and
is an important mechanism to achieve functional special-
ization. This process has been intensively studied in em-
bryos of the worm Caenorhabditis elegans1,2 where, prior
to the first cell division, the distribution of some char-
acteristic proteins becomes asymmetrical (see Fig. 1).
This asymmetric distribution of proteins in distinct ante-
rior and posterior domains is responsible for the different
fates that each daughter cell has after the asymmetric
cell division.
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Figura 1. Example of polarization of the one-cell embryo
of the C. elegans worm. Red indicates a high concentration
of the protein PAR-6 and green PAR-2 (schematic on the
left and experimental data on the right) for three subsequent
stages: (i) initial (unpolarized), (ii) transitory and (iii) final
(polarized) state.

Motivated by recent experimental evidence1–3, we
present and study a simple two-variable, reaction-
diffusion system that describes the asymmetric distribu-

tion of the characteristic proteins in the cell membrane4.
The model exhibits a symmetry-breaking mechanism
that leads to protein segregation and accounts for many
experimental observations done in the worm C. elegans
and other organisms4. We show that this spontaneous
symmetry breaking is induced by a mechanism similar to
a Turing instability (see example in Fig. 2). However, in
our model the wavelength of the fastest growing spatial
pattern is always equal to the system size.
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Figura 2. Example of a numerical simulation of the reac-
tion-diffusion model illustrating the symmetry-breaking phe-
nomenon occurring during cell polarization. A space-time
plot of the concentration of PAR-6 (red) is shown in (B) and
in (A) the initial and final profiles of proteins PAR-2 and
PAR-6 in the cell membrane are displayed.

We also derive a minimal mathematical model (an am-
plitude equation) that describes polarization in a vast
number of biological systems. We find that the topology
of the bifurcations present in the parameter-space of our
minimal model is equivalent to the parameter-spaces of
a number of more realistic reaction-diffusion models pro-
posed in the literature. The minimal model also suggests
that the instability mechanism leading to polarization is
generically subcritical and leads to a typical coexistence
between the homogeneous- and asymmetric-states.

1 Grill, Gonczy, Stelzer and Hyman, Nature 409, 630 (2001).
2 Grill, Howard, Schaffer, Stelzer and Hyman, Science 301,

512 (2003).
3 Goehring, Chowdhury, Hyman and Grill, Biophys. J. 99,

2443 (2010).
4 Goehring, Khuc-Trong, Bois, Nicola, Chowdhury, Hyman

and Grill, submitted (2011).

Junio de 2011, Barcelona Pruebas de la contribución1


