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Abstract

One of the structures seen during the course of Dictyostelium discoideum development is the loose aggregate or early
mound structure. In this work, we attempt to simulate the formation of this three-dimensional mound by a model which
incorporates cAMP chemical signaling and resultant cell motions due to chemotaxis. Simulation results are compared to
measurements of the mound morphology as determined by confocal fluorescence microscopy. Good agreement is obtained
only if the cells exhibit an adaptive response to high cell density and change their basic motion patterns. We argue that
in the actual biological system, this occurs because the high resting value of cAMP in the mound can effectively saturate
the high-affinity receptors responsible for aggregation stage dynamics. Tests of our ideas using mutant cell lines are briefly

discussed.

1. Introduction

The morphology changes that result from the
starvation-induced development of Dictyostelium
discoideum are truly remarkable (see [1]).1 Under
the influence of an unfolding genetic “program”,
this system progresses in a period of 24h from
a set of weakly interacting solitary amoebae to a
fully differentiated fruiting body. Along this de-
velopmental path, the morphology changes from
a uniform two-dimensional density to a set of in-
coming streams to a three-dimensional mound; this
mound then exhibits tip elongation, slug forma-

* Corresponding author.

lFor a general introduction see Loomis (1992) and Bonner
(1967) in [1]; for other reviews see Devreotes (1989). Newell
(1981) and Darman and Brachet (1978) in [1].

tion, and eventually reaches the aforementioned final
state.

Much is understood about the early stages of this
pattern formation process. In particular, cells are sig-
naled to move towards nascent aggregates by waves
of cAMP [2].2 Once cell motion becomes domi-
nated by chemotaxis towards the cAMP wave source,
the cell density field undergoes a transverse clump-
ing instability which drives stream formation [3-5].
Of course, there is work still needed on formulating
quantitatively reliable models, especially the manner
in which positive feedback from the signal recep-
tors affects further genetic expression. However, it
is fair to say that we have in hand a qualitatively

2 Other researchers have inferred the existence of cAMP wave
by its effect on the cell image in a dark-field microscope setup,
see e.g. Alacantra and Monk in [2].
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