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Introduction

Phosphorylated phosphoinositides play a crucial role in a variety of distinct cellular processes
including cell signaling, cell growth, membrane trafficking, transcription, and actin cytoskeletal
arrangement. The major phosphoinositide PIP, is a substrate for phospholipase C, yielding two
essential second messengers, IPs and diacylglycerol. In mammalian cells, IP; binds to specific
receptors and induces the release of calcium from intracellular stores, whereas diacylglycerol
activates PKC. We have been studying the phosphoinositide signal transduction pathway in fission
yeast S. pombe. We have developed a genetic screen that utilizes the immunosuppressant drug
FK506 and have searched for ifs mutations that display immunosuppressant- and
temperature-sensitive phenotypes. By this genetic screen in our previous study, we have isolated
its3" gene which encodes a PIP5K. The ifs3-1 mutant had only low levels of PIP,, consistent with
the defective PIPSK activity. To unravel the signaling pathway regulated by the Its3 PIP5K, we
searched for a novel phenotype of the its3-1 mutant and found that the mutant was sensitive to
micafungin, a (1,3)-beta-D-glucan synthase inhibitor, suggesting a cell wall integrity defect. In this
study, we found that the overexpression of the plc/” gene encoding a phospholipase C, but not that
of other genes encoding putative components downstream of PIP5K, suppressed the phenotypes of
the its3-1 mutant. Unexpectedly, PKCs are not involved in the suppression. These findings suggest
that Its3 regulates cell integrity through a Plcl-mediated PKC-independent pathway, in addition to
the Rgf1/Rho pathway.

Materials and Methods
Gene Expression - For ectopic expression of proteins, we used the thiamine-repressible nmtl
promoter. Expression was repressed by the addition of 4 pg/ml thiamine to EMM, and was induced
by washing and incubating the cells in EMM lacking thiamine.
Assays and Miscellaneous Methods - Techniques in light and fluorescent microscopy such as
DIC microscopy and the localization of GFP-tagged proteins were performed as described
previously. Actin staining using rhodamine-labeled phalloidin was performed as described
previously. Tetrad analysis to examine the genetic interaction of its3-/ mutant with other mutants
was performed as described previously. IP; receptor-binding assay was performed as described
previously.

Results

The its3-1 Mutant and PKC Mutants Showed Hypersensitivity to Cell Wall-Damaging Agents -
The ifs3-1 mutant showed hypersensitivity to micafungin, an inhibitor of (1,3)-beta-D-glucan
synthase. We then examined the effect of micafungin on the mutants of putative downstream
components of PIPSK signaling, phospholipase C (Aplcl), and PKCs (Apckl and Apck2). At low
concentration of micafungin (0.3jg/ml), the growth of Apck2 and its3-1 mutant cells were markedly
inhibited as compared with those of the Apck! cells which were significantly inhibited but to a
lesser extent. On the other hand, the growth of Aplc] and wild-type cells was not affected by the
micafungin at low concentration.

The bgs1-i2, a Mutant Allele of the (1,3)-beta-D-Glucan Synthase Gene was Synthetically Lethal
with its3-1 Mutation - The bgsi-i2, a mutant allele of the bgs!” gene isolated as an its mutant
showing immunosuppressant- and temperature-sensitive phenotypes in our genetic screening, was
synthetically lethal with its3-/ mutation. In wild type cells, GFP-Bgsl localized to the septum
during cytokinesis and to one or both tips during cell growth. However in its3-/ mutant cells,

GFP-Bgs1 was observed only at the ring area and was no longer observed at the cell tips.

Lack of RgfI-GFP Localization at the Cell Tips in its3-1 Mutant - In the wild-type cells,
Rgf1-GFP localized to the septum ring and to the cell tips. In its3-/ mutant cells in contrast,
although Rgf1-GFP could be detected in the ring area, it was hardly observed at the cell tips.
Overexpression of Plcl, but not That of PKCs, Suppressed the its3-1 Mutant Phenotypes - The
its3-1 mutants grew equally well as compared with the wild type cells at 27°C, but showed high
temperature sensitivity at 33°C and could not grow on the plate containing FK506 (0.5ug/ml) or
micafungin (0.6ug/ml) at 27°C. The overexpression of Plcl, but not that of Pckl or Pck2,
suppressed these phenotypes. In addition, the overexpression of Rhol, Rho2, Rgfl or Pckl/Pck2
failed to suppress these mutant phenotypes.

PKCs are not Downstream of Plcl in Fission Yeast - We examined whether the overexpression
of Plcl could suppress the micafungin-sensitive phenotype of Apck2, and whether the
overexpression of the PKCs could suppress the zinc- sensitive phenotype of Aplci. Results showed
that there was no suppression of the phenotype in each case. We then examined whether or not
Pck2-overexpression would cause toxicity in Aplcl and its3-1 mutant cells. Results showed that the
overexpression of Pck2 caused growth defects in Aplcl as well as in its3-/ mutant cells to the same
extent as that observed in wild-type cells. The micafungin sensitivity of the Apck2Aplcl double
mutant was strongly suppressed by the overexpression of Pck2, and was also significantly
suppressed by the overexpression of Pckl. However, with the overexpression of Plc1, no change in
the micafungin sensitivity of the double mutant was observed. These findings support our
hypothesis that PKCs are not downstream of Plc! in fission yeast.

Deletion of Pckl or Pck2 Could not Abolish the Effect of Plcl Overexpression on its3-1 Mutant
Phenotypes - We then examined the effects of the overexpression of Plcl on the temperature
sensitivities of the ifs3-1Apckl and its3-1Apck2 double mutants. The temperature sensitivity of both
double mutants was suppressed by Plcl overexpression. Taken together with the above data
showing that PKCs are not downstream of Plcl, the findings suggest that the suppression of the
its3-1 mutant phenotype by Plc] overexpression is not mediated by the activation of PKCs.

Two Distinct Cell Integrity Signaling Pathways Downstream of Its3 PIPSK - The above results
indicate that proper PIP, level is important for cell integrity. The overexpression of Its3 from the
attenuated nmt/ promoter completely halted the growth of bgsi-i2 cells, suggesting that this cell
integrity mutant is sensitive for the increased cellular PIP, level. Also, the bgs1-i2 cells
overexpressing Its3 PIPSK showed extremely aberrant morphology with elongated, swollen and
branched cells. On the other hand, the overexpression of Plcl had no effect on the growth of both
cell types, suggesting that the growth inhibitory effect of Its3 PIPSK overexpression is directly
mediated by PIP, and is not due to Plc1 activation.

Discussion

This study demonstrates for the first time the evidence in identifying a novel function of PIP5K
that regulates fission yeast cell integrity through a phospholipase C-mediated PKC-independent
pathway. The presence of PKC-like proteins in fission yeast such as Pck1 and Pck2 suggests that the
PKC-mediated phosphorylation pathway, activated by diacylglycerol or Ca®* in the mammalian
cells, is conserved from yeast to human. However, our present in vivo study shows that the fission
yeast PKCs are not downstream of Plc1, known to generate diacylglycerol, which activates PKC in
mammalian cells. It is suggested that lower eukaryotic PKCs are more functionally similar to the

mammalian PKN/PRK protein kinase subfamily, rather than to the conventional PKCs which are
activated by diacylglycerol and Ca®*.
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