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1. The sensing of nutritional status and the relationship to
filamentous growth in Saccharomyces cerevisiae

t is essential for all micro-organisms to be able to sense the availability of nutrients in

their surroundings and to respond rapidly to changes in this nutritional status. It would,

for example, be detrimental to the organisms’ survival to engage in energetically
expensive cellular processes or to attempt proliferation when nutrients are limiting or absent.
Therefore, the cell must be able to perceive how much of a required nutrient is available in
its immediate surroundings (sensing), transmit this information to the nucleus (signalling) and
switch specific sets of genes on or off (transcription) to initiate cellular programmes that will
allow the cell to deal with specific conditions. In the yeast Saccharomyces cerevisiae, cellular
programmes such as pseudohyphal growth (reviewed in Kron, 1997; Banuett, 1998; Madhani
and Fink, 1998) or sporulation (reviewed in Mitchell, 1994) are well-characterised responses
to nutritional signals that allow yeast cells to survive changes in their environments.

Pseudohyphal differentiation and the related phenotype, invasive growth, are hypothesised
to be adaptations that allow S. cerevisiae to grow towards nutrient-rich and therefore more
optimal growth substrates (reviewed in Kron, 1997; Madhani and Fink 1998; Borges-Walmsley
and Walmsley, 2000; Pan et al., 2000; Bauer and Pretorius, 2001; Gancedo 2001). Although
both these phenotypes have been described by several research groups in haploid as well as
diploid yeast strains, some differences between the two cell types have been observed.
Haploid yeast cells can grow invasively on nitrogen-rich media, whereas diploids cannot
(Mosch et al., 1999). Also, haploid invasive growth does not require the BUD genes, whose
encoded products regulate the budding patterns of haploid and diploid cells (Mosch et al.,
1999). Essentially, all other factors, mutants or genes identified in playing a role in the one
phenotype were also shown to play a role in the other. For the purpose of this literature
review, therefore, the term filamentous growth will be used to describe both haploid invasive
and diploid pseudohyphal growth, unless otherwise stated.

The switch from the round or ovoid cell shapes that are usually associated with
S. cerevisiae, to the filamentous invasive and pseudohyphal forms in response to specific
signals, became topical research subjects for a number of reasons. This dimorphic transition
is an important virulence trait of many human pathogens, including Candida (Lo et al., 1997a)
and Cryptococcus spp. (D’Souza and Heitman, 2001), and insight into the mechanisms and
regulation of the phenotype, gained from research on the genetically more tractable and
easier manipulated S. cerevisiae, can be applied to combat the incidence and severity of
infections caused by these organisms. The underlying mechanisms of the dimorphic switch in
S. cerevisiae, specifically the reorientation and polarisation of the actin cytoskeleton in
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