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The main aim of our laboratory is to understand the

molecular mechanisms underlying diverse biological

events using
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insects as model systems. Insects, which comprise more than 70% of all animal species, provide unique and useful systems
to analyze fundamental biological events at the cellular, tissue, and individual organismal levels. Using these insect
systems, we are elucidating, from various aspects, the molecular mechanisms underlying specific biological events that are
exhibited by insects. These findings can then be applied to the agricultural, environmental, industrial, and/or medical
science fields.

1. Molecular mechanisms underlying fundamental biological events exhibited by insects

(1) Bombyx mori homologs of STIM1 and Orail play a role in the PBAN-induced influx of extracellular Ca?*.

Sex pheromone production in most female moths is dependent on the presence of extracellular Ca?*, suggesting that PBAN
regulates Caz* influx. We recently provided the first direct demonstration of this critical event via fluorescent Caz*
imaging and showed that it proceeds via store-operated Ca2* (SOC) channels. We further showed that transcripts
encoding Bombyx homologs of STIM1 and Orail are expressed in the pheromone gland. When transiently expressed in
Sf9 cells, Orail localized to the plasma membrane while STIM1 moved from the ER complex to the plasma membrane
where it co-localized with Orail following depletion of ER Ca?* stores. RNAi-based knockdown of STIM1 and Orail in
pheromone glands resulted in significant reduction in bombykol production but had no effect on GAPDH or catalase
activities suggesting a direct role for the SOC proteins.

(2) Isolation and characterization of intracellular proteins that are phosphorylated in response to PBAN stimulation.
Because PBAN signaling induces an influx of extracellular Ca2* into the pheromone producing cells, it is suggested that a
series of phosphorylation events are involved in the PBAN intracellular signal transduction cascade. To identify proteins
that are phosphorylated in response to PBAN, we performed immunoblots with three types of antibodies against
phosphorylated amino acids. To date, five immunoreactive bands (35, 42, 45, 72, 160 kDa) have been detected. One of
those bands (42kDa) has been identified as Lipid storage droplet protein 1 (Lsdp1l), a protein that associates exclusively
with the surface of the lipid droplet and regulates lipolysis.

(3) Screening and functional analysis of pheromone gland-specific genes in Bombyx mori
We have screened for EST clones that are potentially involved in the sex pheromone biosynthetic mechanism of Bormbyx
mori. Using RNAiI methodologies, 7 EST clones were selected from 88 EST clones. One of those has high homology to the
fatty acid transport protein (FATP), which acts during lipogenesis. Suppression of FATP gene expression prevented
accumulation of the triacylglycerols (TGs) that are mainly composed of the Cis unsaturated fatty acyl groups (i.e., linoleic
acid and linolenic acids) necessary for synthesis of the lipid droplets in the pheromone gland. Consequently, we concluded
that FATP plays a role in the importation of the dietary lipids that are required for TG storage in the bombykol
biosynthetic pathway.

(4) Comparative analysis of the sex determination mechanism using Bombyx mori as a model organism.

We have identified BmPSI as a frans-acting factor that negatively regulates splicing of Bmdsx female exons. Northern blot
analysis showed no differences in the expression patterns of BmPSI mRNAs between male and female cells, while Western
blot analysis using an anti-phosphoserine antibody resulted in female-specific serine phosphorylation of BmPSI. We tested
the RNA-binding ability of the phosphorylated BmPSI and found that the phosphorylation status of BmPSI did not affect
its ability to bind RNA. Treatment of female cells with staurosporine, INK inhibitor 11, and PD98059 had little or no
influence on the sex-specific splicing of Bmdsx mRNA. Thus the female-specific phosphorylation of BmPSI may be
irrelevant to the sex-specific regulation of Bmdsx mRNA.

(5) Analysis of Drosophila nucleolar GTP binding protein 1(dngbpl).

At the time of pattern formation, body planning is needed for a precise developmental program. We have established a
mutant that shows abnormal phenotype in the adult eye, and isolated a novel specific gene, Drosophila nucleolar GTP
binding protein 1(dngbpl). The dngbp1 null mutants are lethal, but the hypomorphic allele has partial loss of function of
dngbpl. The DNGBPL1 protein is ubiquitously expressed in the nucleolus, and its precise function depends on the binding of
GTP to its GTP binding domain. The loss of function of dngbp1 causes cell death that is independent from the caspase
dependent pathway. We are planning to isolate the interacting molecules and analyze its function in detail.

2. Molecular interactions between insect viruses and their hosts

(1) Molecular mechanisms underlying host regulation by baculoviruses.
We identified 3 additional host clones as BmNPV ORF8 interacting partners from cDNA libraries of infected insect larvae.
The interaction between ORF8 and each host clone was confirmed using a yeast two-hybrid assay, which also showed that
the N-terminal region of ORF8 is important for the interaction with most host clones. Homology search using deduced
amino acid sequences and western analysis suggest that these host factors are either membrane bound proteins or secreted
proteins. Further analysis, including RNAI and inhibition of the Notch signaling pathway, suggested that these host
factors may be involved in the entry of BmNPV.

(2) Development and application of baculovirus vectors
In baculovirus infection, viral DNA replication and nucleocapsid assembly occur within a subnuclear region, the virogenic
stroma, while intranuclear envelopment and polyhedra formation occur within another subnuclear region, the peristromal
region. To investigate whether formation of these virus-induced subnuclear compartments affects the nuclear architecture
of host cells, we examined the intracellular localization of DsRed-tagged histone H4 and GFP-tagged viral proteins.
Microscopy of virus-infected cells expressing these proteins clearly demonstrated that host cell chromatin is relocated to
the nuclear periphery in association with expansion of the two discrete virus-induced subnuclear compartments.

3. Development of gene transfer/targeting systems in insects
(1) Establishment of a gene analysis system in Bombyx mori PG.
To understand the molecular mechanisms of sex pheromone production, 312 independent EST clones have been obtained



from pheromone glands of the silkmoth, Bombyx mori. However, the functions of most of the clones remain unclear because
in vivo gene analysis in B. morihas not been fully developed. In this study, we established a transgenic gene analysis
system in the pheromone glands of B. moriby using the piggybac transposon and the upstream region of a pheromone
gland-specific gene, desatl. Furthermore, we have determined that we could use the Gateway system in silkmoth
pheromone glands.

(2) Development of gene targeting techniques by homologous recombination in Bombyx mori.

We performed gene targeting experiments using Bombyx cultured cells to rapidly confirm whether targeted gene
disruption can occur in Bombyx cells according to Golic's method by co-transfecting BmN cells with the targeting donor
vector and FLP-1-Scel expression plasmid. PCR-based assays demonstrated that the Fib-L loci was disrupted by insertion
of the targeting donor vector in the expected manner. Visualization of targeting events using a targeting donor construct in
which EGFP was fused in-frame to the Fib-L gene fragment revealed that the targeted disruption occurred at a rate of
~1/20,000 cells.

Staff

Head
Dr. Shogo MATSUMOTO

Members

Dr. WonKyung KANG

Dr. Toshihiro  NAGAMINE
Dr. Masataka SUZUKI
Dr. Kazuhide TSUNEIZUMI
Dr. Ken-ichi MOTO

Mr. Shinji ATSUSAWA
Ms. Kazue TOKUDA

Mr. Masaaki KURIHARA
Mr. Katsunori ICHINOSE
Dr. Jimmy Joe HULL 1

Dr. Atsushi OHNISHI 1

1Contract Researcher

in collaboration with
Dr.Hiroyuki KOSHINO (Advanced Development and Supporting Center Molecular Characterization Team)
Dr.Shunya TAKAHASHI (Advanced Development and Supporting Center Molecular Characterization Team)

Visiting Members
Dr. Noriko MATSUDA (JSPS)

Trainees

Ms. Kana HASHIMOTO (Graduate School of Engineering, Hosei Univ.)

Ms. Eriko MATSUO (Graduate School of Science & Engineering, Saitama Univ.)
Ms. Misato KAJI (Graduate School of Science & Engineering, Saitama Univ.)
Ms. Emiko ITO (Graduate School of Science & Engineering, Saitama Univ.)

Mr. Atsushi ABE (Faculty of Life Sciences, Toyo Univ.)

Mr. Kenta SUGITANI (School of Agriculture, Meiji Univ.)

19



