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Drought and salinity are major environmental stresses that are commonly encountered by
plants. Propyzamide hypersensitive 1 (PHS1) was discovered in Arabidopsis thaliana to link
hyperosmotic stress to cytoskeleton remodeling. PHS1 consists of a tubulin kinase domain and
a phosphatase domain. Under unstressed conditions, the phosphatase suppresses the tubulin
kinase activity. Upon hyperosmotic stress, the tubulin kinase is immediately activated and
phosphorylates Thr-349 of a-tubulin, thereby converting it to a polymerization-incompetent
form and subsequently leading to microtubule disassembly. Microtubules repolymerize after
few hours even when the stress persists. However, it is not known how such transient
microtubule disassembly affects plant performance under stress, and whether PHS1-mediated
stress responses occur in other plants, especially in aquatic non-land plants.

I first surveyed the occurrence of PHSI genes in the sequenced plant genomes. PHS! is
present in land plants and aquatic plants belonging to the phylum Charophyta, but are absent in
Rhodophyta (marine red algae). In my study, I chose the model green algae Chlamydomonas
reinhardtii (fresh water algae of the phylum Chlorophyta). A T-DNA insertion knock-out strain
and its complementation strain were generated. Chlamydomonas cells were synchronized by
alternating light and dark periods. .

Interphase cells of wild type and the complemented strain responded to 0.2-0.3M sorbitol
by phosphorylating Thx349 of a-tubulin within 10 min, while the tubulin phosphorylation level
returned to a non-stressed level after 1 hr under continued stress conditions; cytoplasmic
microtubules were transiently depolymerized. Mitotic cells also induced tubulin
phosphorylation within 10 min of sorbito! stress, which was maintained for 1 hr. Tubulin
phosphorylation and microtubule depolymerization were not observed in the phs/ mutant cells
with or without osmuotic stress. Therefore, hyperosmotic moderate stress triggers
PHS1-dependent transient tubulin phosphorylation, which manifests as transient microtubule
disassembly in both interphase and mitotic cells. Cell growth in interphase was reduced by
sorbitol but was not affected by PHS1. Application of sorbitol just before mitosis delayed cell
cycle progression, which was partly dependent on the PHS1 function.

In conclusion, the fresh water green algae C. reinhardtii possesses a functional PHS1
tubulin kinase that is activated immediately and transiently after mild-hyperosmotic stress.

This ancient cytoskeleton modulation may be involved in cell division control under acute
stress.
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