Summary of the thesis

The presented work explores the function and regulation of intracellular signaling that
utilizes phospholipase D (PLD) and phosphatidic acid (PA), especially in the context of
cellular morphogenesis of plants. PLDs cleave membrane phospholipids to phosphatidic
acid, which has important biophysical and signaling role in many contexts, such as stress
response, regulation of cytoskeletal dynamics and vesicular transport. Vesicular transport is
essential in focused tip growth of plant pollen tubes and root hairs. Part of the work deals
with NADPH oxidases, that are an emerging counterpart of PLD/PA signaling.

Tobacco pollen tubes served as the main experimental model, as it enables assessing of
changes in secretory pathway after pharmacological or genetic treatments. A technique
utilizing antisense oligonucleotides was used for selective knock-down of PLD isoforms,
NADPH oxidase and newly studied family of lipid phosphate phosphatases (LPPs) in
pollen tubes. This enabled to assess functions of individual isoforms.

For studying of selected gene families, various bioinformatic tool were utilized, such as
dendrogram construction, analysis of available expression data and creating of virtual
proteome. These tools together enabled to select potentially important genes for further
experimental work.

Putative inhibitors of PA degradation known from mammalian and yeast studies were
applied on pollen tubes. These inhibitors were able to stimulate pollen tube growth rate,
which is in agreement with previously established role of PA in pollen tube secretory
machinery. Further work concentrated on membrane lipid phosphate phosphatase (LPP)
family as potential negative regulators of PA signaling. LPP4 isoform was selected based
on dendrogram and expression data as candidate for this negative regulation if pollen
vesicular traffic. All “eukaryotic” LPPs from tobacco were cloned and NtLPP4 was
suppressed by antisense oligonucleotides. This treatment again stimulated pollen tube
growth. Tagged NtLPP4 localizes to puctuate structures in cytoplasm of tobacco pollen
tubes. These results suggest that LPP proteins downregulate PA signaling in secretory
pathway.

Further research of angiosperm LPP phylogeny showed unexpected dynamics of monocot
sequences.

Arabidopsis plants with mutated AtPLDP1 gene showed decreased sensitivity to abscissic
acid.

Arabidopsis plants treated with inhibitor of PA degradation showed sudden change in root
direction.

The presented work shows the importance of PLD/PA signaling in both cellular a
organismal level.
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