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Studies on formation of the cell polarity in monospores
of the red alga Porphyra yezoensis
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Establishment of cellular and subcellular asynﬁnetries, which is directed by an oriented axis
referred to as cell polarity, is a fundamental cell property essential for differentiation, development
and morphogenesis in unicellular and multicellular organisms. The marine red alga Porphyra
yezoensis has been proposed as a model marine plant for physiological and genetic studies in
seaweed because of its biological and economical importance in East Asia. The asexual spores of P
yezoensis, monospores, represent amoeboid migration, for which an anterior-posterior axis must be
established. However, thé signal transduction pathways involved in the initiation of polarization and
axis formation are still poorly understood, and the relationship between the polarization processes
and early development has never been experimentally demonstrated in the red algae. In contrast, the
molecular mechanisms concerning with establishment of cell polarity in migrating mammalian
leukocytes and Dictyostelium cells have been studied extensively, in which phosphoinositide (PI)
turnover regulated by phosphatidylinositol kinases and phospholipases is critical for the
establishment of cell polarity through regulating cytoskeleton. For instance, polarized distribution

of F-actin is well known to be important in providing the driving force for directional migration.
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Based on the findings, I studied the cell polarization in monospores using a combined
pharmacological and histochemical staining approach focused on the involvement of PI regulated

cytoskeleton.

By observation with staining by phalloidin, F-actin localized asymmetrically at the leading
edge of migrating monospores, while renascent cell wall also was gradually synthesized during the
migration of monospores. Thus, these two phenomena were chose to judge the involvement of
cytoskeleton, cell wall, light irradiation, Ca* influx and PI signaling in the establishment of cell
polarity in monospores. Results indicated that cytoskeleton elements, such as F-actin, microtubules
and myosin, were involved in migration of monospores and affect the polarity establishment of
monospores, although cell wall synthesis plays a role in the maintenance of anterior-posterior axis
in migrating cells during the development of monospores. By further experiments focusing how
F-actin asymmetry is regulated, I found that light triggered the establishment of cell polarity via-
photosynthetic acti.vity but not its direction, whereas Ca®* influx from extracellular space could
counteract the absence of light. Thus, photosynthesis-dependent Ca®* influx is thought to be
involved in the initiation of the cell polarity establishment. Moreover, Ca®* influx also subsequently
activate downstream PI signaling cascades: phosphatidylinositol 3-kinase and phospholipase C
establish the cell polarity through regulating asymmetrical distribution of F-actin, which is required
for migrating monospores, whereas phospholipase D is involved in the maintenance of F-actin
distribution. These findings indicate critical roles of PI signaling cascades in the regulation of
F-actin asymmetry and evolutional conservation of the Ca®*- and PI signaling-&ependent systems in

terms of the establishment of cell polarity in migrating eukaryotic cells.
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