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The development of multicellular and many unicellular organisms depends on a controlled program of cell
differentiation. Many differentiation processes are subjected to sensory control by external stimuli originating
from their micro- or macro-environment. Thereby, animals, plants and microorganisms are able to adapt to a
continually changing environment and to respond to stress or insult. These responses are mediated and
controled by intelligent regulatory networks made up by the funcional interaction of proteins and other
biomolecules. We have developed a new experimental approach to the analysis of the structure and
function of such molecular networks: Time-resolved somatic complementation analysis is based on the
fusion of mutant cells at different states of activation and subsequent cytoplasmic mixing. As exprimental
system we are using plasmodia (giant single cells) of the lower eukaryote Physarum polycephalum  which
spontanesously fuse with each other upon physical contact.

Plasmodia sense visible light, starvation and heat shock through specific receptors (e.g. phytochrome and
cryptochrome) and integrate them by a branched signal transduction pathway which finally controls the
developmental decision to sporulate (Fig. 1). In plasmodia committed to sporulation, morphogenesis starts at
about nine hours after induction, proceeds through a sequence of distinct morphogenetic intermediates and
finally results in the formation of fruiting bodies that contain ripe, haploid spores (Fig. 1, lower part).

Fig. 1: Sensory control of sporulation in Physarum polycephalum  plasmodia.
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A. Time-Resolved Somatic Complementation Analysis of Mutants 

Mutants defective in certain steps of the pathway mediating sensory control of sporulation were isolated and
are analyzed by time-resolved somatic complementation. In a typical experiment, the signaling pathway is
activated in one plasmodium and allowed to proceed for a defined period of time. The induced plasmodium
is then fused to a second, genetically different plasmodium that has not been induced (Fig. 2). Whether the
two plasmodia are able to complement their defects in sporulation may strongly depend on the state of
activation of the signaling pathway and hence on the period of time elapsed between receptor activation and
cytoplasmic mixing. This effect allows the quantitative and time-resolved detection of the activity of signaling
intermediates that determine the cellular commitment to sporulation. By time-resolved somatic
complementation analysis, mutants can be easily characterized and those selected for molecular analysis
that display a well-defined regulatory function within the network.

Fig. 2: Time-resolved somatic complementation analysis of sporulation-deficient mutants by plasmodial
fusion. 

B. Isolation and Functional Analysis of Early Developmentally Regulated Genes 

Sporulation is driven by a cascade of differentially regulated genes that encode structural proteins and other
factors required for fruiting body formation which starts at about 11 hours after induction (see Fig. 1, lower
part). By differential display RT-PCR have found that few early genes are differentially regulated already at
six hours after induction. At this time the plasmodial cell is irreversibly committed to sporulation. These early
genes are interesting because their regulatory elements define targets in the central part of the network and
because they might encode regulators of downstream processes.

The expression of one of these genes, LIG1 , is associated with the developmental switch from the
vegetative stage to sporulation and its expression level correlates with the probability of the plasmodial cell
to sporulate. LIG1 is homologous to HUS1, a cell cycle regulator in fission yeast and to proteins from mouse
and human. We think that LIG1 may be involved in the coordination of the developmental decision to
sporulate with the cell cylce control during morphogenesis. 
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