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

To identify novel factors that participate in or facilitate
COPII vesicle formation, we isolated high-copy suppressors
of the sec24™ mutant defective in COPII vesicle formation
at the restrictive temperature. One of them was identified
as SMY?2, which encodes a protein of unknown function
and exhibits a strong genetic interaction with SEC24. Bio-
chemical analyses revealed that Smy2p is tightly associated
with the cytosolic face of the ER and co-localized with
COPII components, but is not incorporated into COPIIL
vesicles. Moreover, specific co-immunoprecipitation be-
tween Smy2p and COPII components was observed in the
sec24™ background, this interaction was found to be a
requisite for the suppression of the sec24™ phenotypes by
overexpression of SMY?2. These results suggest that Smy2p
facilitates COPII vesicle formation through direct interac-
tion with COPII components.

To isolate components that regulate the pleiotropic
roles of Arflp, we screened multicopy suppressors of these
arfl mutants. We obtained GLOS3, encoding an Arf
GTPase-activating protein (Arf GAP), as a multicopy sup-
pressor of the arfi-16 allele. Other Arf GAPs did not
suppress the ts phenotype of arfi-16. We identified a C-
terminal region of Glo3p that is important for the speci-
ficity of its suppression activity and is conserved among
Glo3p-like Arf GAPs of eukaryotes.

To understand the molecular mechanism of vesicular
transport between ER and Golgi apparatus from the view-
point of structures, a variety of molecular components of
yeast traffic machinery have been purified and some are
now under X-ray crystallographic analysis. This year, we
determined the crystal structures of Sec12p, Emp46p and
Emp47p. We are also characterizing the function of a novel
member of the yeast p24 family, biochemically and genet-
ically. This protein appears to be associated with other
members of the p24 family, as well as COPI and COPII
components. This work is in part in collaboration with
Professor Soichi Wakatsuki and his colleagues (High En-
ergy Accelerator Research Organization, Institute of Ma-
terials Structure Science).

2. Mechanisms of protein sorting during mem-
brane trafficking

Secretory proteins are transported from the ER in vesi-
cles coated with COPII. We used a fluorescence resonance
energy transfer (FRET)-based method for monitoring the
kinetics of COPII coat complex assembly and disassem-
bly in reconstituted proteoliposomes. Our data indicate
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that the Sarlp GTPase cycle regulates cargo sorting into
transport vesicles.

In an attempt to understand the sorting mechanism
of membrane lipids in yeast, we found that novel types
of vesicles conveying Dpm1p (dolichol-phosphate mannose
synthase) are formed from the ER membrane in an estab-
lished cell-free assay. We further showed that (1) Dpmlp
localizes in lipid particles as well as the ER membrane, (2)
these novel vesicles are of low density and not sedimented
even at 200,000 xg, (3) the budding efficiency of the vesicles
is enhanced by the addition of substrates for triglyceride
synthesis. We suggest that these vesicles are the precursor
of lipid particles.

Rab GTPases are crucial regulators in various stages
of vesicular traffic. To understand the traffic mechanisms
from the Golgi apparatus, we focused on Ypt31lp/Ypt32p,
the yeast GTPases that locate and probably function at
the late Golgi. First, we biochemically isolated complexes
containing Ypt31p/Ypt32p and RabGDI. Second, we car-
ried out real-time analysis of the Golgi dynamics by ob-
serving GFP-fusion proteins of Ypt31p/Ypt32p, SNARES,
and cargo proteins.

Yeast V-ATPase mutant (vmalA) missorts several
plasma membrane proteins to the vacuole, and one such
protein, the plasma membrane ATPase (Pmalp), is ab-
normally ubiquitinated in the mutant cells. We found that
the bull A bul2A mutation inhibits the ubiquitination of
Pmalp. We also found that the bull A bul2 A restores tryp-
tophan auxotrophy of vmal A cells, which is caused by in-
efficient cell surface expression of the tryptophan permease
Tat2p, however, the mutation did not correct the targeting
of Pmalp. These results suggest that an additional molec-
ular mechanism is involved in mistargeting of the protein.

As an approach to understand the mechanisms of
plasma membrane protein localization, we characterized
three predicted membrane proteins (Ylrd13p, Ylrd14p
and Ykl87p), which show weak similarity to mammalian
claudin and 25-50% amino-acid sequence identities with
each other. We found that GFP-tagged proteins are local-
ized mainly to the plasma membrane, and that HA-tagged
proteins receive N-glycosylation and ubiquitination. This
work is done in collaboration with Professor Shoichiro
Tsukita (Kyoto University).

To elucidate the mechanism of Golgi cisternal forma-
tion, we are pursuing a live imaging approach. We tagged
cis and trans cisternae with GFP and mRFP and observed
their dynamics in living yeast cells under the newly devel-
oped Nipkow-disk confocal laser scanning microscopes with
high-sensitivity and high-speed camera systems. By 3D
analysis, we could observe a dynamic “cisternal take-over”
process, in which a cis cisterna changes its nature to trans
by acquiring trans membranes and discharging cis mem-
branes. This work is in collaboration with Yokogawa Elec-
tric Corporation, NHK Engineering Service, NHK Science
and Technical Research Laboratories, and Hitachi Kokusai
Electric.

3. Roles of membrane traffic in the morphogen-
esis of multicellular organisms

(1) Studies on plant membrane traffic

We carried out genetic analyses of Arabidopsis mutants
defective in the endocytic pathway and found genetic inter-
actions between members of the Rabb family and SNAREs.
Live imaging of endosome dynamics enabled us to observe
“kiss-and-run”-type endosomal fusion.

We isolated and characterized an Arabidopsis gene
harboring the Vps9 domain, which is conserved among
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guanine-nucleotide exchange factors (GEF) for Rab5. The
gene product binds Rabb specifically and enhances the
GDP-GTP exchange reaction on Rab5b in vitro. A T-DNA
insertion mutant of this gene showed an embryonic lethal
phenotype, indicating that it is essential for embryo devel-
opment.

To understand the molecular mechanism of plant en-
docytosis from the viewpoint of structures, a variety of
molecular components of plant traffic machinery have been
purified and some are now under X-ray crystallographic
analysis. This year, we determined the crystal structure
of Ara7 GTPase (GDP form). This work is in collabo-
ration with Professor Soichi Wakatsuki and his colleagues
(High Energy Accelerator Research Organization, Institute
of Materials Structure Science).

We expect that abnormal structures of endsomes are
a good indication of their malfunction, as is the case of
gnom mutant cells. We are now screening for Arabidopsis
mutants that show abnormal endosome structures, hoping
to elucidate the roles of endocytosis in plants.

The Golgi apparatus in plant cells has many unique
features in its structure, localization pattern, and func-
tion. To investigate its function and the mechanism of bio-
genesis, we screened for Arabidopsis mutants that showed
abnormal Golgi morphology. We succeeded in isolating
several putative mutants, and their genetic analysis is now
underway. We are also constructing transgenic Arabidop-
sis expressing cisterna-specific markers (cis, medial, trans,
and trans-Golgi network) to characterize cisterna-specific
events.

It has been suggested that vacuolar biogenesis of higher
plants is important for their growth and morphogenesis.
To investigate molecular mechanisms of vacuolar biogen-
esis, we analyzed Arabidopsis homologues of yeast class
C-VPS genes, which play roles in yeast vacuolar morpho-
genesis. We revealed that AtVAMG6 possesses a guanine-
nucleotide exchange activity to the AtRab75 GTPase, and
suggest that it is an important factor regulating vacuolar
biogenesis.

During formation of a mature tracheary element (TE),
a component of the plant vascular system, vacuole rupture
triggers the execution of programmed cell death. To clar-
ify the mechanism of vacuole rupture in TEs, we have an-
alyzed vacuolar membrane dynamics using an Arabidopsis
cultured cell line expressing GFP-AtRab75 and its molec-
ular mechanism with a focus on the function of Rab GT-
Pases during cell death. An expression profile of Rab GT-
Pases showed that at least 2 Rab GTPase genes are ex-
pressed in the vascular system.

In higher plants, tapetum cells play an important
role in pollen development. They provide pollen wall
constituents and shift their intercellular structures dy-
namically, resulting in cell death. To observe each or-
ganelle behavior in a living tapetum cell of Arabidopsis
thaliana, we used several sequences that are expected to
drive gene expression in tapetum cells as promoters. The
promoter-conjugated GFP clones were stably transformed
into plants. Confocal laser scanning microscopy demon-
strates that each promoter sequence drives GFP expression
at a particular stage of development.

In order to reveal physiological functions of inositol
1,4,5-trisphosphate (IP3) in higher plants, we generated
transgenic Arabidopsis that express the IPs binding re-
gion of the mammalian IP3 receptor. Although transgenic
plants developed roots, stem and leaves, they showed a re-
markable growth defect. This suggests that IP3 is involved
in the regulation of plant cell division and/or growth.

BRI 724 4

(2) Studies on endocytosis in C. elegans

We have studied the molecular mechanisms of receptor-
mediated endocytosis in C. elegans. Among the rme mu-
tants that show a defect in yolk uptake by oocytes, we
first studied the rme-8 mutant. The rme-3 (b1025) mu-
tant showed a temperature sensitive defect in yolk uptake
by oocytes and ts embryonic lethality. Cloning revealed
that rme-3 (b1025) is a temperature sensitive allele of the
clathrin heavy chain (CHC), the first temperature sensitive
CHC mutant in a higher eukaryote. Interestingly, rme-3
(b1025) also shows severe defects in neuro-muscular func-
tion. We also studied the rme-6 mutant. RME-6 has a pre-
dicted Vps9 domain at its C-terminus and a RasGAP-like
domain at its N-terminus. The Vps9 domain is a known
motif conserved among guanine-nucleotide exchange fac-
tors (GEFs) of the small GTPase Rab5. GFP::RME-6
shows a significant spatial overlap with clathrin and a-
adaptin, suggesting that RME-6 is a new regulator of Rab5
on clathrin coated pits. This work is in collaboration with
Professor Barth Grant and Dr. Miyuki Sato of Rutgers
University (New Jersey, USA).
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