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[Purpose and Background of the Research]

Our recent studies indicate a novel defense
strategy, which is associated with the fusion of
vacuolar membrane and plasma membrane,
resulting in releasing anti-bacterial defense
proteins to abolish propagation of bacteria on
the outside of cells!”! (Fig. 1). This novel defense
system to attack bacterial pathogens outside the
cells is contrasted with a VPE-mediated
vacuolar-collapse system to kill viral pathogens
inside the cells (Science, 2004). We also
discovered a secretory signaling factor
responsible for development of stomata, through
which bacteria invade!?. The aim of this project
is to understand the molecular mechanism
underlying the differentiation of the ER and
vacuolar membranes in response to pathogen
and environmental stresses.
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Figure 1. Membrane fusion-mediated plant
immunity. Bacteria infection induces fusion of
vacuolar membrane with plasma membrane (EM
pictures). Membrane fusion triggers discharge of
vacuolar content outside the cells (lower right).

[Research Methods]

This project focuses on four subjects (Fig. 2).
Specific aims are to genetically and
biochemically identify factors that participate in
the inducible differentiation of the wvacuolar
membranes and endoplasmic reticulum and to
address how the membrane dynamics support
the defense strategy against various pathogen
and environmental stresses.
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[Expected Research Achievements and
Scientific Significance)

Evidence from our studies provides an idea that
plants have evolved the ER and vacuolar
system as a defense strategy against pathogen
and environmental stresses. This project is
based on our findings on the diversity of plant
endomembranes as described above. We believe
that this research will give novel and valuable
insights into the field of plant science.

Figure 2. Conceptual diagram of this project.
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[Purpose and Background of the Research]
Since E. Jenner first applied vaccination to
small pox, vaccines against wide variety of
diseases have been developed. As a result
human beings almost completely succeeded in
avoiding fatal causality by infectious diseases.
Effective vaccination depends on generation of
antibodies with memory. For a long time, it was
a total mystery how vaccine (or antigen
memory) is printed in antibodies. In 2000, we
discovered that activation-induced cytidine
deaminase (AID) is the enzyme that engraves
antibody memory in the genome. AID
introduces alterations in the immunoglobulin
gene by changing the base sequence in the
antibody binding site (somatic hypermutation)
as well as replacing the constant region gene to
diversify antigen processing mechanisms (class
switch recombination). Furthermore, aberrant
expression AID causes tumor by introducing
genetic alterations in oncogenes. The purpose of
this investigation is to understand how AID
introduces DNA  alterations in the
immunoglobulin gene. In addition, we
investigate why other oncogenes are also
mutated by AID expression.

[Research Methods]

Last year, we found topoisomerasel (Top1) that
regulates the superhelical structure of DNA is
reduced by AID, resulting in DNA cleavage of
the immunoglobulin gene. Reduction of Topl

induces the structural alteration of the
immunoglobulin gene, which causes
irreversible cleavage by Topl. We will

investigate how AID reduces the Topl protein
amount. Our hypothesis is AID suppresses Top1
mRNA translation. Our hypothesis is that AID
edits small molecular RNA to convert C to U.
The resultant small molecular RNA will change
the translation efficiency of Topl mRNA.
Therefore, we investigate small molecular RNA
that was edited by AID by large-scale DNA
sequencing. We also isolate RNA and protein
that associate with Topl mRNA. Furthermore,
we will investigate DNA sequences cleaved by
AID and their DNA structure by whole genome
sequencing.
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[ Expected Research Achievements and
Scientific Significance]

To understand the molecular mechanism of AID
and elucidation of the mechanism for antibody
memory generation will help not only the
development of effective vaccine but also
elucidation of the tumorigenesis mechanism by
AID. There are reports that AID is involved in
gastric cancer, hepatoma, lymphoma, and
myloid leukemia. To understand the molecular
mechanism for AID to cleave DNA will facilitate
the discovery of the method to regulate its
function and consequently to prevent
tumorigenesis.
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