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During chemotaxis, a key component of a multitude of biological processes, cells direct their
motion up a chemical gradient. Recent experiments have demonstrated that cells are able to
detect very shallow gradients. For example, the social amoeba Dictyostelium discoideum

can detect a 1% difference in concentration of the chemoattractant between the front and the
back of the cell. Furthermore, this high sensitivity is accomplished over a wide range of average
background concentration levels, resulting in only 10-20 more bound receptors at the front than
at the back of the cell. For such small differences in bound receptors, the question of how noise
interferes with the directional sensing ability becomes important.

In a first step towards determining the role of noise in eukaryotic chemotaxis, we have quantified
the noise level in the number of bound receptors in detailed molecular scale stochastic
simulations using the mathematical package MCell [1]. We investigated simple ligand-receptor
interactions and showed that the residual noise level approaches zero and that the correlation
time, i.e. the waiting time needed to obtain statistically independent data, diverges, both for
large receptor numbers. Next, we calculated the response of cells a simplified one dimensional
geometry which allowed us to treat part of the problem analytically [2]. Finally, we combined the
output of direct MCell simulations with our recently developed model for directional sensing to
calculate the response in a two-dimensional geometry. A typical result can be seen in Fig. 1
where we have plotted the response of our model along the membrane at intervals of 1 s for
different gradient strengths. The front of the cell is at the middle of the perimeter and, as
expected, our directional sensing model is becoming more clearly localized at the front of the
cell as the gradient steepness increases. These results indicate that a spatial averaging
mechanism is needed to produce a significant internal asymmetry and we show that membrane
diffusion is a likely candidate for such a mechanism [3].
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Figure 1. The response of our directional sensing model for different gradient strer
Plotted is the membrane level of the activation at 1s intervals. The background
concentration level is 1 nM, the disassociation constant was taken tobe &8t the
membrane diffusion constant was chosen to beub&s.
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