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1. Molecular mechanisms of vesicle formation and fusion in the secretory pathway

Selective protein export from the ER is mediated by COPII vesicles. We developed a method for direct observation of
fluorescently labeled cargo molecules reconstituted in a horizontal planar bilayer membrane by TIRF microscopy during
COPII vesicle formation. Our data shows that Sarlp GTPase cycles play a role in cargo concentration into COPII vesicles.
With laser confocal scanning microsope, we visualized the COPII budding site on the ER membrane. Through the
observation of the sec and SARI mutants defective in ER-to-Golgi transport, we suggested the existence of the structure
that is equivalent to the ER exit sites (ERES) in Saccharomyces cerevisiae. Moreover, we found that the localization pattern
of the ERES was important for formation of the Golgi cisternae.

2. Mechanisms of protein sorting during membrane trafficking

Rab GTPases are crucial regulators in various stages of vesicular traffic. These activities are regulated temporally and
spatially in living cells. To understand the traffic mechanisms from the Golgi apparatus, we visualized the interaction of
Ypt31p, the yeast GTPases and its effecter, Sec2p by FRET-based imaging technique. Ypt31p interacted with Sec2p at the
tip of small bud early in the cell cycle and at the division septum late in the cycle. In order to understand the molecular
mechanisms of TGN dynamics, we carried out the imaging of the GFP- and mRFP- fusion proteins. Especially we focused on
TGN proteins and proteins located on secretory vesicles.

The vacuolar-type ATPase (V-ATPase) is a multi-subunit proton pump that acidifies various endomembrane compartments
in eukaryotic cells, including the Golgi apparatus, endosomes, and lysosomes. The assembly of V-ATPase complex is
thought to occur during its biosynthetic transport through the ER and the Golgi, and in yeast, several non-subunit proteins
(assembly factors) have been identified to be required for that process. We cloned animal and plant cDNAs coding for
proteins similar to the yeast assembly factors (15~20% identities), and found that Vma21, one of the ER-resident chaperone
for the V-ATPase, is conserved among different species.

3. Roles of membrane traffic in physiology and development of higher plants

To understand the roles of vesicular traffic in the establishment and maintenance of polarity during development in plants,
we analyzed Arabidopsis thaliana Rab11l GTPases, which are known to regulate the polarity of mammalian cells. Among 25
members of Rab1l GTPases in A. thaliana, RabAli was localized at c¢/s-Golgi and its knockout mutants showed abnormal
cell division during embryogenesis leading to the arrest in development.

We have identified a putative subregion in vacuolar membrane, bulb, and characterized its complex three-dimensional
configuration and intriguing features. For visible screening, we generated a mutant pool from bulb-visualized Arabidospsis
GFP marker line by EMS mutagenesis. We harvested M2 seeds from each M1 plant independently, and in the course of
harvesting, we isolated >240 M1 plants that showed macroscopic phenotype.

In plant cells, it has been indicated that the active transport driven by the motor protein “myosin” plays important roles in
regulation of membrane trafficking. In A. thaliana, there are 13 members of myosin XI. Detailed examination of functions
and relationships between these members are essential for revealing regulation mechanisms of membrane trafficking by
myosin XlIs. We cloned full length DNAs of 7 members of myosin XI. In order to visualize them in the cells, fluorescent
proteins were fused at N-terminus of motor domain where the motile activity of myosin XI would not be affected.

4. Control of cell differentiation by the endoplasmic reticulum
Apoptosis of myoblasts during myoblast differentiation is regulated by an autocrine growth factor and an anti-apoptotic
protein.

5. Analysis of abscisic acid response mechanisms
To understand the signaling pathway of phytohormone, ABA, we are studying several Arabidopsis mutants that show
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abnormal ABA response. We identified the AHG12gene that encode a subunit of 19S proteasome complex. We established a
proteome approach for AHG1, AHG3 PP2C target analysis. We started screening chemicals that affect ABA signaling
pathway and obtained a candidate that inhibits it. We performed a microarry analysis of the afg2-1 mutant and obtained
several putative candidates for PARN. We analyzed metabolic pathways of ethanol in an Arabidopsis ethanol hypersensitive
mutant.
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