Establishing direction during chemotaxisin eukaryotic cells
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Abstract

Amoeboid cells of Dictyostelium discoideum respond to the chemoattractant cAMP by rapid
trandlocation of PH-domain proteins to the cell membrane where these proteins participate in the
modulation of the cytoskeleton and relay of the signal. In a natural field of aggregation
competent cells, in which pulses of CAMP are released periodically, and in experiments where
CAMP isreleased from a pipette the localization is found predominantly on the proximal side
(the front). We propose a simple mechanism in which a second messenger, generated by local
activation of the membrane, diffuses through the interior of the cell, suppresses the activation of
the back of the cell and converts the temporal gradient into an initial cellular asymmetry. This
asymmetry may be critical for dispersed cells in shallow gradients to establish long lasting
polarity in spatial gradients. The plausibility of the inhibitory mechanism is demonstrated via
numerical simulations and its sensitivity to fluctuations in model parameters is determined. We
propose dual stimulus experiments that can discriminate between the mechanism in our model
and more exotic possibilities. Available evidence suggests that the internal inhibitor may be
cGMP which accumulates within less than a second following treatment of cells with external
CAMP.



