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Preface to the fourth issue of The Annual Report

The Faculty of Pharmaceutical Sciences at the Kagawa Campus was founded in April, 2004. Our purpose is to
educate students to become professional pharmacists and basic scientists with sufficient knowledge of
chemistry, biology, and pharmaceutical thought to practice with humanity and a high sense of ethics and social
responsibility. In April, 2005, the Kagawa School of Pharmaceutical Sciences was established with masters
and doctoral programs. The undergraduate course of the Kagawa School of Pharmaceutical Sciences was
reorganized in April, 2006, into two departments, the Department of Pharmacy (with a six-vear training
program} and Pharmaceutical Sciences (with a four-year training program). The mission of the Department of
Pharmacy (the six-vear program) is to train highly qualified pharmacists who are knowledgeable about
advanced medical treatment, and who also can contribute to the prevention and treatment of diseases.
Society’s view of pharmacy education has changed, not only in medical fields but also in other fields, to the
fostering of a healthy and safe society. In order to fulfill this mandate, the Department of Pharmaceutical
Sciences (the four-year program) educates students to become key members of society who can play an active
part in all social fields with their broad background in pharmacy, and who can become outstanding life
scientists by making signal contributions to basic science.

Guided by these principles, we laid the foundation for the Kagawa School of Pharmaceutical Sciences and
dedicated ourselves to this effort, OQur vision of the Kagawa School of Pharmaceutical Sciences was
accomplished in March, 2006, with the construction of 18 planned laboratories and one research institute. In
addition, the SENKA Endowed Chair for "Practical Drug Discovery and Development” was established by
SENKA Pharmacy Co. Ltd., in QOctober, 2006 and can be regarded as evidence that the research and
technological development of the Kagawa School of Pharmaceutical Sciences is highly valued. The research
institute (Institute of Neuroscience) was reorganized in April, 2007 and has now been expanded into four
divisions in April, 2007. We published the first issue of The Annual Report of the Kagawa Schoel of
Pharmaceutical Sciences, highlighting our educational, research, management, and philanthropic
achievements, by looking back upon the past three years of our activities, in 2006. We are now publishing the
forth issue of the Annual Report by looking back upon the past five vears of our activities. I would like all of
the staff to utilize these issues to perform a self-assessment and to look forward to the future development of
their activities. In addition, 1 expect that this issue will assist our staff in expanding both intramural and
extramural interdisciplinary exchanges.

The Kagawa School of Pharmaceutical Sciences is always making progress on the road toward realizing
our goals. T would be very grateful if all the people who read this annual report would kindly give me their
opinions and/or comments with a view toward continuing to improve the Kagawa School of Pharmaceutical
Sciences.

Yuji Makino, Ph.D., Dean
Kagawa School of Pharmaceutical Sciences

Tokushima Bunri University
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A Short History of The Kagawa School of Pharmaceutical Sciences

Sai Murasaki founds a private vocational school in the city of Tokushima.

Tokushima Women’s University is founded.

Faculty of Home Economics admits its first students.

Faculty of Music admits its first students.

Tokushima Women'’s University is renamed Tokushima Bunri University.

Faculty of Pharmaceutical Sciences admits its first students.

The Kagawa Campus of Tokushima Bunri University opens.

Faculty of Literature admits its first students on the Kagawa campus.

Faculty of Engineering admits its first students on the Kagawa campus,

The 100™ anniversary of the founding of the Murasaki Gakuen.

Faculty of Policy Studies admits its first students.

Faculty of Pharmaceutical Sciences at Kagawa Campus admits its first students on the Kagawa
campus; the Department of Pharmaceutical Technology opens 10 laboratories.

The rooms for teaching staff open on the fourth floor of the Research and Media Library.

The office of the Faculty of Pharmaceutical Sciences at Kagawa Campus opens on the first floor
of the Lecture Building.

The Kagawa School of Pharmaceutical Sciences is established on the Kagawa campus.

Masters and doctoral programs begin at the Kagawa School of Pharmaceutical Sciences.
Pharmaceutical Sciences Research and Laboratory Buildings are completed.

The Center for Instrumental Analysis opens in the Pharmaceutical Sciences Research Building.

The Center for Radioisotope and Laboratory Animals opens in the Pharmaceutical Sciences
Laboratory Building.

The Medicinal Plant Garden is established.

The 110" anniversary of the founding of the Murasaki Gakuen,

The six-year undergraduate program in the Department of Pharmacy, Kagawa School of
Pharmaceutical Sciences accepts its first students.

The four-year undergraduate program in the Department of Pharmaceutical Sciences, Kagawa School
of Pharmaceutical Sciences accepts its first students,

A mock pharmacy opens in the Lecture Building for student training.

The construction of eighteen laboratories and one research institute for the Kagawa School of
Pharmaceutical Sciences is completed.

SENK A Endowed Chair for "Practical Drug Discovery and Development” was established.

The research institute (Institute of Neuroscience) was reorganized and expanded into four divisions.
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Research

L.

transport by interaction with dietary supplements
(Nakatsuma A.)

An

Modulation of multi-drog resistance related protein

interaction is taken to be the situation in which
administration of a drug or substance induces changes in the
pharmacokinetics of another simultaneously administered drug —
by increasing either the plasma or intracellular concentration of the
latter. and thus giving rise to the possibility of an adverse reaction.
The ABC-transporter superfamily, which functions as a drug
efflux pump. is known to limit the absorption of a variety of drugs.
We investigated the effects of food extracts on anticancer drog
transport by the multi-drug resistance related proteins (MRPs).
MRPs are etflux transporters expressed in human glioblastoma cell
line T98G. The ettects on MRP mediated transport were also
evaluated using calcein. which is the substrate of MRP. Acute
exposure to kaempferol caused a concentration-dependent decrease
in the extracellular etflux of caleein compared with the control As
for the simultaneous exposure to kacmpferol and cisplatin, the
cytotoxicity of cisplatin was expected to be potent because MRP
and glutathione S-transferases (GST) are both inhibited by
kaempfercl. However, the cytotoxicity of cisplatin decreased
Western blot analysis and reverse transcription—polymerase
chain reaction {RT-PCR) showed that treatment with 10 and 20
pPM kaempferol for up 10 72 hr was able to significantly lower
MRP2

concentration-dependent on GST mRNA and protein levels.

expression, whereas  increased  expression im a

Furhermore, GST was strongly activated in T98G cell treated with

kaempferol.
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The results of the study also point to possible kaempferol-drug
interaction, especially when the cytotoxicity of anticancer drugs are
dependent on  glutathione S-transferases and MRP-mediated
transport processes. Hereatter, these possible efficacies need to be

examined under in vivo conditions in detail.

2. Individual perceptions of medication therapy and the
patient-healthcare professional relationship {(Iihara N.)

Patients may accept or retuse their medication therapy based on
their personal beliefs, circomstances, and information available to
them. In turn. patient perspectives on medication therapies can
influence the effectiveness and safety of their treatment. We
addressed the relationship between patient’s perceptions of
medication therapy and their adherence to medication regimens.
We also investigated the comelation between the individual
perceptions and preferences for medication therapies and their side
effects spanning a range of severities.

We found that adberence to medication regimens among
Japanegse patients with chronic diseases was associated with their
beliefs,
demographic factors, the same as reported for Western patients. We
that

with internal factors being more important than

alse  noted intentional non-adherence and unintentional,
forgetful non-adherence may be related to different factors. Our
studies that aim to forge good patient-healthcare professional
relationships are useful for producing more desirable patient
outcomes.

3. Development of a regional healthcare network system
working alongside electronic prescriptions (Iihara N.)

We are developing a regional healthcare network system that
works alongside the transmission of electronic prescriptions that
sends, in one direction, a patient’s healthcare record such as
diagnosis and clinical laboratory information along with the
electronic  prescription  from  hospitals  and/or clinics to  the
In

information for the prescription, including generic equivalents and

community  pharmacy. the return direction, supporting
pharmacists’ advice such as potential adverse events is sent to the
prescriber. This system enables healthcare professionals ko more
effectively share patients’” medical infonmation for increased
medication efficacy and safety.

4. Development of an educational program to enhance
pharmacist recognition and reporting of adverse reactions
(Tihara N,)

We are developing an e-learning educational program for
pharmacists to enhance their recognition and reporting ot adverse
reactions in patients. Usually, healthcare professionals need to

clucidate the occurrence of adverse reuctions from patients” words
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and clinical laboratory informaticn and interview them to confirm
the possibility. Our educational program will help healthcare
professionals to more accurately detect adverse reactions earlier in

the course of communication with patients.
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Hashimoto K., Ohnishi T, S, Yamaguchi M. (2006). Royal
jelly prevents osteoporosis in rats: beneficial effects in
ovariectomy model and in bone tissue culture model.
Evidence-based Compl Alt Med, 24 April.
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supplementation on redox state of human serum albumin
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physiol 11, 109-113.
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187-243
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the scenario in the medical communication education
utilized  simulated  patients” Trends in  Medical
Education—2008 Winter, Sankeisha, pp. 71-74

3. Nakatsuma A. (2008). “Farumashia Topics : Can flavonoid
prevent the diabetic?” FARUMASHIA  44{11), pp.
1104-1105
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Research

We conduct chemical and biological research on the components of
medicinal plants and crude drugs in order to advance the
development of therapeutic pharmaceuticals. The lab focnses on
determining the structure of potential compounds, the relationship
between that structure and their biological activity, and the role of
genes in the biosynthesis of compounds and their function in
human physiclogy. In addition, new avenues in systems biology
and metabolomics are being explored and there 15 ongoing research
on the prevention of illegal drug circulation and use, and on the
evaluation of drug quality,

L. The behavior study of atkaloids in medicinal plants

For the vse in the field of life science and the field of materials,
mass production development of "N is started. As the part, we
perform a use study to the medical herb cultivation and elucidation
of alkaloids biosynthesis.

II. The search of the Alzheimer therapeutic drug from natural
resources

Dionepezil hydrochroloride of the choline esterase inhibitor is used

as Dementia and Alzheimer therapeutic drag. Galantamine, the

159

metabolite of the Amaryllidaceae plant acts in similar mechanism,
and approval in the country is examined. In addition, Kampo
medicine nominates an effect for condition improvement. We
perform construction pro-screening to search for the therapeutic
drug from a cmde drug and a medical plant.

111. The study of anti-Leishmaniasis therapeutics

Leishmamasis is a parasitic disease caused by species of the genus
Leishmania. Over 20 of which are known to be pathogenic to
humans, and the disease 13 endemic in some tropical and
subtropical regions of the world. Leishmaniasis is transmitted by
small biting sandflies {Phlebotomus spp.), causing a disease which
currently atflicts twelve million people in 88 countries. Leishmania
major, the causative agent of cutaneous leishmaniasis, is a
digenetic parasite that exists as an extracellular promastigote within
the insect vector (sandily)., and as a nonmotile mtracellular
amastigote within the phagolysosome of macrophages and other
cells of the reticuloendothelial system of the mammalian host.
Treatment options for leishimaniases include pentavalent
B

pentamidine as second-line drugs. However, these drugs are

antimonials as first-line drugs, and amphotericin and
extremely toxic and usually too expensive for general use, and
more economical and less toxic drogs are thus being sought,
We have been searching for plant compounds that are active
against L. major, L. panamensis, L. guyvanensis, and L. peruviana,
exhibited significant activity against the pathogenic protozoan, and
newly assay method.  Recently, we i1solated leishmanicidal
benzoquinones and hydroquinones from DNospyros burmanica.

IV. Research on Medicinal Plants and Traditional Medicines
Based on Biotechnology and Metabolomics

Plants produce various chemical compounds, which have been
excead 200,000 metabolites. The

metabolites isolated from medicinal plants have been used for the

estimated to secondary
treatment of discase and the maintenance and improvement of
health in man and animals. In the Far East, medicinal resources
including plants, and their mixwres are known as “traditional
Chinese medicine”, or “Kampo medicines” in Japan. They have
been used as drugs because they have pharmacological effects due
to the various biologically active metabolites they contain.

The Ephedra plant, or *Ma Huang' of traditional Chinese medicine,
is one of the oldest medicinal plants known to mankind. More than
45 species of Ephedra plants exist and are indigenous to regions of
Asia, North, Central and South America and BEurope. Several
Ephedra species {e.g. E. sinica. E. intermedia and E. equisetina)
contain ephedrine alkaloids as their principal metabolites. It is well
known that (-}-ephedrine. which is a major isomer in ephedrine

alkaloids, is pharmacologically a sympathomimetic agonist at both
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¢ and f-adrenergic receptors, resulting in an enhanced cardiac rate
and contractility, peripheral vasoconstriction, bronchodilation and
central nervous system (CNS) stimulation. ‘Ma Huang' itself has
also long been vsed as traditional medicines becavse it has
pharmacological effects caused by the ephedrine alkaloids and
other metabolites contained in Ephedra plants.

1. Molecular Cloning and Characterization of the Gene Involved in
Ephedrine Atkaloid Biosvinhesis

COhur research aim 15 to clarify ephedrine alkaloid biosynthesis, both
meolecularly, genetically and biochemically. Ephedrine alkaloids are
biosynthesized from L-phenylalanine. In the primary step, -Phe is
converted into rrans-cinnamic acid. Subsequently, trans-cinnamic
acid is converted into benzoic acid or benzoyl-CoA. These C,-C,
units or their alternatives react to pyruvic acid, which is a donor of
the C, umt; through this condensation, the basic skeleton of
ephedrine alkaloid is biosynthesized. We are focusing on molecular
cloning and characterization of the genes involved in this
biosynthesis. By utihzing the results obtained from these studies,

we expect to create more vseful medicinal plants via molecular

engineering.

2. Metabalomics of Medicinal Plants and Traditional Medicines:
Metabalite  Fingerprinting  and  Identification  of Marker
Merabalites by  Comprehensive  Metabolite  Analysis  and

Multivariate Analyvsis

Metabolomics is comprehensive and global analysis of diverse
metabolites produced in cells and organisms and has greatly
expanded the metabolite fingerprinting and profiling, and the
selection  and  identification of marker metabolites. The
methodology of metabolomics typically employs the two principal
analysis techniques. One is the analytical chemistry aiming at
comprehensive, simultanecus, high-throughput and accurate
metabolite analysis. The other is the computational sciences of the
multivariate analysis to statistically process the massive amount of
analytical chemistry data, and the bicinformatics for numerical
analysis to assign apalytical chemistry data 1o known metabolites
and chemical structures, In our current research. the comprehensive
metabolite analysis has been demonstrated to several Ephedra
species which contain different amounts of ephedrine alkaloids.
LC-MS system was mainly used for metabolite analysis, and the
analyzed data were then hierarchically processed using multivariate
analyses such as principal component analysis (PCA} and
self-organizing map (SOM} analysis. By a metabolomic approach
to medicinal plants and traditicnal medicines, we hope that the
correlation between the chemically diverse metabolites and the
pharmacological  effects and  biclogical  activities  was
comprehensively elucidated and explained.

V. Research on the chemical components of illegal drugs of plant
origin

1.

Khat s a fresh leaf of evergreen shrub Carha  edulis

(Celastaceae) that grows naturally or is grown in Ethiopia, East and
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Southern Africa, and Yemen, etc., and a lot of people in Africa and
Arabia nations use this leaf traditionally as a stimulant biting, and,
as a result, it 15 assumed (o obtain the feeling of well-being at the
same time as hungry and tiredness’ softening. The stimulating
component of Khat was believed to be d-norpseudoephedring until
cathinone was identified as a main active constituent at the end of
1970's. This cathinone is regulated as narcotics and psychotropic
drug. and there is an action similar to (+)-amphetamine that is the
synthetic central nervous system stimulation medicine and the
strength is assumed to be this level. I synthesized cathinone and
ephedrine as an authentic sample to vse tor the analysis of the drug.
¥1. Research on development of preparative separation method of
biologically active natural products by centrifugal partition
chromatography

The roots of Codonepsis sp. (Campanulaceae) have been nsed in
folk medicine in China, Korea, and Japan for the treatment of
bronchitis, cough, spasm, and inflammation. Recently, it was
demonstrated that a hot water extract of C. lanceolata roots
promoted spermatogenesis and improved sexual motion. Moreover,
three phenylpropancids were identified as the active compounds
that promoted spermatogenesis, while several saponins, including
lancemaside A, were isolated, and lancemaside A was 1dentified as
the active compound that improves sexual motion, Although it is
assumed that C. lancealara roots are highly safe since they have
been used for a long time, general and specific toxicity tests for
safety assurance of the active integrants are required. In general, a
large amount of purified compounds is required to assess the
effectiveness and to perform safety tests. Therefore we attempted to
develop a simple and efficient method for the preparative isolation
of lancemaside A from the hot water extract of C. lanceelaty roots,
and resulted in the successful preparative separation of lancemaside
A along with two other saponins from the saponin fraction of C.

fanceclata by CPC.

Publications
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Research

Laboratory of Analytical chemistry has designated that
it contributes to pharmaceutical technology with analyzing
molecular structures, physical properties, chemical
reactivity, and functions. The connection between
dynamic behavior of biomolecules and its
reactivity-function relationship as well as the detection of
unstable reaction intermediate in solution are our major
subjectzs. We have been engaped in the study to produce
new analysis method, which reveals the generating
mechanism of the outstanding functionalities and the
physical properties of the materials in solution based on
We also develop
the analytical and chemical technique in solution that 1s
based on quantum mechanics and statistical mechanics.
These results might be applied to pharmaceutical organic
synthesis.

microanalysis in the atomic resolution.

Development in the field of mass spectrometry:

In the laboratory, we have succeeded in the development
of the 'Cold-Spray Ionization (CSI) method. CSIis
designed for mass spectrometric detection of labile organic
species. It may be an appropriate method to analyze in
solution the structures of biomolecular complexes, labile
organic species including Grignard reagents, asymmetric
catalysis, and supermolecules. The method, a variant of
Electrospray ionization (ESI»-MS, operates at low
temperature, allow gimple and precise characterization of
labile non-covalent complexes that are difficult or
impossible to observe by conventional MS techniques,
including fast atom bombarment (FAB), and matrix
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assisted laser desorption ionization {MALDI), as well as
ESIL.

Biopolymer analysis:

The behavior of important in vive molecule such as
protein, nucleie acid, and lipid, will be made clear by using
our newly developed method CSI mass spectrometry.  The
structure of multistranded DNA of duplex, triplex and
quadruplex DNA have been examined by electrospray
ionization (ESI} MS. However, non-covalent complexes of
multiply stranded DNA are difficult to observe by
conventional methods, because of their low melting
temperature {Tm). The characterization of triple- and
quadruple-astranded oligodeoxynucleotides was carried out
by means of C8[-MS. In consequence. it is proved that
DNA has been made clear to take hyper-stranded
structures combining various multiply stranded helical
components.

Analysis of organic reaction mechanism:

A new CSI mass spectremetric procedure RTS (reaction
tracking system), which can trace the time-dependent
simultaneous change of the raw materials, products and
inter mediates in an organic reaction under CSI condition
has been developed. It would be expected that behavior of
each component becomes clear and that the appropriate
design become possible to make the reaction more
efficiently.
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Research

Spontaneous Resolution of Optical Activity

The spontaneous resolution of an  achiral compound (total
asymmetric transformation) has been of great interest in connection
with the origin of life. This phenomenon also holds potential in that
the spontaneously resolved chiral crystals could find application as
chiral sources in asymmetric synthesis to produce compounds with
the the

sterecchemistry of aromatic amides or sulfonamides, we found that

fixed chirality. Duoring course of our study on
several groups of compounds with a common skeleton showed

spontangous  resolution more  frequently than other achiral
compounds. We also have developed an effective screening method
for spontaneous resolution of aromatic sulfonamides, which relies
on parallel syntheses and solid-state CD measurements. We are
now exploring a photoreaction in the chiral crystalline state of
achiral compounds which will produce high enantioselectivities.
Furthermore, conformational chirality, which is retained when
chiral crystals are dissolved at low temperature. will be utilized in
diastereoselective syntheses. Another approach is to utilize the
spontangously resolved chiral crystals as catalytic ligands to

produce chiral compounds with fixed chirality.

Functionalized Cyclic Compounds with Molecular Recognition
Ability

Macrocyclic structures with a cavity are often seen in compounds
that bave molecular recognition abilities. In the course of our
studies on the stereochemistry of aromatic amides, we found that a
cyclic structure could easily be constructed using conformational

alternation by N-alkylation of aromatic amides from trans to cis.

171

Using this structural Froperty, functionalized
3-(methylaminobenzoic acids are coupled with itself by a one-step
reaction using dichlorotriphenylphosphorane to give a mixture
consisting mainly of cyclized trimer of the monomer. The trimer
has a bowl-shape with a small cavity, which may be suitable to
construct a molecular recognition site. These cyclic aromatic
amdes would be classified as "calixamide” and are a suitable
skeleton for producing a new class of cyclic oligomers toward

molecular recognition.

Construction of Nano-scale Structures Using Macrocylic
Framework as Molecular Block

The construction of nano-scale structures has recently drawn muoch
attention. Nano-scale coordination networks based on organic
ligands and metal cations are being actively investigated as a
subclass of molecular networks. To construct a coordination
network, the ligand requires a multiple bonding site, appropriate
symmetry, and a rigid backbone. The cyclic aromatic amides are
suitable for this purpose because the carbonyl oxygen atoms of ¢is
amides form an exo-mulitopic coordination with metal cations. We
are studyving on the construction and structural analysis of
coordination network of a macrocyclic aromatic amide with various
metal cations. We expect that the difference in the coordination
number of each metal can control the form of the coordination

network in the crystals.
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Effect of uracil analog against HIV {Maruvama)

Human immunodeficiency virus type 1 (HIV-1) containg un
important enzyme, reverse transcriptase (RT), which catalyzes the
conversion of the viral genome RNA into the double-stranding
DNA. Since this process is essential for viral replication, many
drogs targeting this enzyme have been developed. Within the class
of the anti-HIV agents which inhibit reverse transcriptase,
non-nucleoside reverse transcriptase inhibitors (NNRTIs) are
rapidly increasing. Tt is interesting that some NNTRIs have an
aromatic group at the 6 position of uracil, Under the background of
these reports, we undertook a search for an ant-HIV agent by the
SAR of the 1,3-disubstituted wracil. Two compounds showed
excellent anti-HIV-1 activity with moderate cytotoxicity.
Stimulator of angiogenesis (Maruyama)

Stimulators of angiogenesis are sometimes desired for clinical
treatment of diseases evoked by an impaired blood supply

meluding  ulcers  associated with diabetes or bum  wounds.
However, availability of stimulators is few till date because of their
size. Most of the stimulators known are endogenous large
molecules like VEGF and FGF. Those are expensive proteins, hard
to synthesize, and not 5o stable. We developed 2-C1-C.OXT-A as a
stable candidate compound. This compound strongly stimulates the
tube formation of HUVEC. Tts maximun potency at 100pM was
stronger than VEGF (10ng/mL}. 2-CI-C.OXT-A will be applicable
to medicine instead of endogenous growth factors such as VEGF

and/or FGF.
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Functional regulation of proteins by post-translational
moditications
{Ohshima)
Post-translational — modifications  such  as  ubiquitination,
phosphorylation, and acctylation rcgulate the function of many
proteins. Recently, a number of ubiquitin-like proteins (Ubl} have
been identified that are covalently linked to lysine residues in target
protcing. Ong Ubl, SUMO-1, also known as PIC1, UBLI, sentrin,
GMPI, and SMT3, is an l1-kDa protein that is structurally
homelogous to ubiguitin, SUMO-1 modification plays an important
role in altering the function of modified proteins, including
transcriptional activation, nuclear localization, and decreased
twrmover. SUMO-1 is conjugated to proteins through a series of
enzvmatic steps. Initially, the ATP-dependent formation of a
thioester bond between SUMO-1 and the El enzyme complex
{SAEL/Uba2) is formed, and SUMO-1 is then transferred to the
E2-conjugating enzyme Ube?. Finally, SUMO-1 is conjugated
from Ubc9 directly to 4 lysine residue of target proteins. The E3
ligase that conjugates SUMO-1 to target molecules in vitro and in
vivo has only recently been identified. One group of such E3
ligases, protein inhibitor of activated STAT (PIAS) family proteins
homelogous to the yeast Siz family protcin, has a conserved
RINGi-finger domain, which regulates transactivation of many
transcrption  factors by conjugating SUMO-1. In order to
vnderstand the molecular mechanisms by which transcriptional
through  SUMO-1 the

transcription {co)factors involving in cell growth, differentiation,

regulation madification, we focus
immortalization and attempt to define the biological significance of
sumoylation in carcinogenesis.

Furthermore, we have been also analyzing the molecular
mechanisms by which human T-cell leukemia virus type-1
{HTLV-1) infection is the cause of morbidity and mortality in adult

T-cell levkemia (ATL).

Studies on anti-Alzheimer's activities of Neotrofin derivatives
{Sakakibara)

Neotrofin is a hypoxanthine derivative with neuroprotective and
neotropic effects. Tt stimulates release of nerve growth factors and
in the brain, and is wunder

enhances survival of neurons

development as a potential treatment for neurodegenerative
disorders such as Alzheimer's disease. However, the therapeutic
value of the clinical trials has been compromised largely due to
adverse effects.

Therefore, we embarked upon systematic investigation of

Neotrofin derivatives and/or analogs in the hope of developing of
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effective anti-Alzheimer's dmgs, and these stdies are still in

progress.
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Research

1) Synthesis of heterocycles wsing a Pd-mediated aryl-aryl
conpling reaction involving regioselective C-H activation

Palladium-mediated biaryl coupling reactions have been used to
synthesize many polycyclic aromatic compounds. Our recent
reports showed that the intramolecular biaryl coupling reaction of
2-halo-N-arylbenzamides to  (benzo[c]iphenanthridoncs  using
palladium reagents was a convenient and versatile method of

synthesizing condensed aromatic lactams, some of which could be

transformed  into  polycyclic  aromatic  alkaloids  such  as
{benzo[c])phenanthridines. Moreover, benzonaphthazepine, which
is a new skeletal compound, and pyrrolophenanthridine

{Amaryllidaceae) alkaloids were successtully synthesized utilizing
a Pd-mediated biaryl coupling reaclion with regioseleclive C—-H
activation via the mtramolecular coordination of an amine to Pd.

Subsequently. preliminary synthetic studies of toddaquinoline, a
alkaloid,

benzene-pyridine coupling reactions using a Pd reagent and Cu

benzo[#]quinoline were  cxamined.  Intramolccular

gave the desired product. Steganone and altermaniol were
synthesized by the biaryl coupling reaction using Pd.
2) Design and synthesis of the novel vitamin D receptor ligands
We have been interested in functions of the nuclear receptors
modulated by small molecules, which can be critical to certain
disease states. In particular, novel analogues targeled o vilamm D
receptor (VDR) were designed and synthesized to understand how
the subtype-free, singular VDR can deliver the diverse biological
aclivilies vitamin D, as well as o allow the development of
poetential therapeutic agents with selective activity profiles for the

treatment of cancer or ostcoporosis. Syntheses of the analogues

were carried out by a convergent method using a palladium catalyst.

Separate preparation of the requisite A-ring enyne precursors has
developed from the 3-buten-1-ol derivatives. Medification in the
A-ring, as well as in the side chain of vitamin D, resulted in
exceptionally potent compounds with unique activity profiles.

3) Development of C-H bond functionalization and its
application to the synthesis of biclogically active compounds
the reactions  utilizing C-H bond

Recently, organic
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functienalization have attracted much attention in terms of atom
economy. Among these, we arc interested in the concise and
readily scalable reactions as well as the reactions that can be
applied to the synthesis of natural products or biologically active

compounds.
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Research

To clarify the mechanisms of immune cell differentiation and
immune system development is our main theme. Especially, we
study roles of nuclear receptor ligands including various hormones
and vitamin A & D in regulating immune functions. By pursuing
these biologically fundamental questions, we set a goal to establish
a solid basis of new remedies and drug discovery for various
diseases.

Lymphocytes patrol the whole body along with the blood
vessels and lymphatic vessels. However, they cannot migrate into
non-lymphoid tissues before they are activated with antigen in the
secondary lymphoid organs. Once they are activated and become o
be effector or memory cells, however, they can migrate into
non-lymphoid tissues. They tend to migrate into the tissue that is
associated with the secondary lymphold organ where they are
activated. For example, T cells that are activated with antigen in the
small intestine-associated secondary lymphoid organs, Peyer's
patches and mesenteric lymph nodes. tend to migrate into small
intestinal tissues. The molecular mechanism of the imprinting of
homing specificity on lymphocytes has been a puzzle, We found
that vitamin A-derived refinoic acid is a regolator or “imprinter” of
the gut-homing specificicy on T cells. Dendritic cells in Peyer's
patches and mesenteric lymph nodes were capable of producing
retinoic acid trom vitamin A (retinol}. The refinoic acid-producing
capacity was dependent on the expression of retinal dehydrogenase
(RALDH). Thus. these dendntic cells imprint T cells with the
gut-homing specificity by delivering retinoic acid to T cells during
antigen presentation. The homing of IgA-producing cells into gut

tissues appeared to be dependent on a similar mechanism. Retinoic
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acid produced by dendritic cells was essential for IgA antibody
production itself.

Several groups have reported that retinoic acid produced by
gut dendritic cells is a critical factor to enhance the differentiation
of naive T cells to regulatory T cells and to suppress that to
pro-inflammatery ThI7 cells, suggesting that the retinoic acid
production by these dendritic cells is critical not only for
lymphocyte trafficking but also for the regulation of immune
responses and oral tolerance. Therefore, it is quite important to
determine how gut dendritic cells acquire the capacity to produce
retinoic acid. Thus, we first established a method to estimate the
retingic acid-producing capacity by assessing RALDH activity
using an aldehyde dehydrogenase-dependent fluorochrome and
flow cytometry. We found that 10 - 30% of dendritic cells in
Peyer’'s patches and mesenteric lymph nedes exhibited the activity,
and that the activity was exclusively dependent on the expression
of RALDH2 isoform in specific pathogen-free mice. Then we
searched for the microenvironmental factors in the small intestinal
tissues, which induce the expression of RALDH2 in dendritic cells.
We found that GM-CSF and retinoic acid itself are important
factors for the induction of RALDH?2 expression in dendritic cells.
IL-4 that can be induced in the gut especially during immune
response, also induced RALDH2 expression. TL-4 and GM-CSF
synergistically enhanced the expression. However, analyses with
IL-4 receptor-deficient mice indicated that TL-4-dependent signals
were dispensable for the expression in vivo. Toll-like receptor
ligands that can be brought by intestinal bacteria also enhanced the
RALDH2Z expression.

We also analvzed the molecular mechanism of retinoic
acid-dependent imprinting of gut-homing specificity on T cells and
that of retinoic acid-catabolizing mechanism in T cells.
Furthermore, we found some covironmental chemicals affected the

retinoic acid effects on T cell homing.

Publications

& 2004-21H
[Original papers]
2009
1. Chang, S.-Y., Cha. H.-R., Chang, J.-H., Ko, H.-]., Yang, H.,
Iwata, M. Kweon, M.-N. (2009). Lack of retinoic

acid lcads to incrcascd langcrin-cxpressing dendritic cells in

Malissen, B.,

gut-associated lymphoid tissues. Gastroenterology in press.
. Yokota, A, Takeuchi. H., Maeda, N., Ohoka. Y. Kato, C., Song,
5.-Y., and [wata, M. (2009). GM-CSF and IL-4 synergistically

trigger dendntic cells to acquire retinvic acid-producing capacity.

Int Immunol 21(4}: 361-377. {This article was selected as



Laboratory of Biodefense Research

Featured Article of the Month.)

2008

1. Korostylev, A., Worzfeld, T., Deng, S, Fricdel, R, H., Swicrcz, ).
M. Veodrazka, P., Maier, V., Hirschberg, A., Ohoka, Y., Inagaki,
5., Offermanns, S., and Kuner, R. (2008). A functional role for

scmaphorin 4D/plexin B1 intcractions in cpithelial branching

morphogenesis during organogenesis. Development 135(20):
3333-3343

2007

1. Tezuka, H., Abe, Y., Iwata, M., Takeuchi, H., [shikawa, H.,
Matsushita, M., Shichara, T., Akira, S., and Ohteki, T. {2007).
Regulation of IgA production by namrally occurring
TNFANOS-producing dendritic cells. Nature 448: 929-933,

2. Takeuchi, H., Georgiev, O., Fetchko, M., Kappeler, M.
Schaffner, W., and Egli, D. (2007}, In vivo construction of

transgenes in Drosophila. Genetics 175: 2019-2028,

2006

1. Mora*, J. R., Iwata* M., Eksteen*, B., Song, 8.-Y,, Junt, T,
Senman, B.. Otipoby, K. L., Yokota, A. Takeuchi, H,,
Ricciardi-Castagnoli, P., Rajewsky, K., Adams, D. H,, and von

Andrian, U. H. {2006). Generation of gut-homing [gA-secreting
B cells by intestinal dendritic cells. Science 314: 1157-1160.
(*These authors contributed equally to this work,)

2005

1. Yamada, T., Ohoka, Y., Kogo, M., and Inagaki, S. {2005).

Physical and functional interactions of the lysophosphatidic acid

receptors with PDZ domain-containing RhoGEFs. J Biol Chem
280: 19358-19363.

2. Takeuchi, H.. Rigden, D. J., Ebrahimi, B.. Turer, P. C., and
Rees, H. H. (2005). Regulation of ecdysteroid signalling during

Drosophila development: identification, characterization and
modelling of ecdysone oxidase, an enzyme involved in control of
ligand concentration. Biochem J 389: 637-645.

3. Yokota, A., Takeuchi, E., lizuka, M., Tkegami, Y., Takayama, H.,

and Shinohara, N. (2005}. Prominent dominant negative effect of
a mutant Fas molecule lacking death domain on cell-mediated
induction of apoptosis. Mol Immunal 42: 71-78.

[Review articles)

1. Iwata, M. (2009). Retinoic acid production by intestinal dendritic

cells and its role in T-cell trafficking. Seminar [mmunol 21(1}:
8-13. Epub 2008 Oct 11.

2. Iwata* M. (20{9). The roles of retinoic acid in lymphocyte
differentiation. Seminar Immunol 21(1): 1. Epub 2008 Oct 5.

(Editor's Summary).
(* Iwata served as The Guest Editor of this issue entitled above.}
3. Mora, I. R, Iwata, M., von Andrian. U.H. (2008). Vitamin

effects on the immune system: vitamins A and Db take centre

stage. Nature Rev Immunol 8: 685-698.
4. Iwata, M. (2006). Rolc of vitamin A in T ¢cll homing to the gut.
Curr Tmmunol Rev 2: 343-355.

[Review articles in Japanese]

182

1. Iwata, M. (2009). Regulation of Ilvmphocyte homing and
differentiaton by vitamin A. Vitamins (Japan} 83(8): 441-452 .
2. lwata, M. (2009). Tissuc-specific lymphocyte  homing.

Encyclopedia of Inflammation & Regenerative Medicine.
195-197.
3. Iwata, M. (2008). Vitamin A plays critical roles in the

differentiation and localization of lymphocyies in the intestine.
Japanese Journal of Lymphology (Rinpa-Gaku) 31(2): 33-37.
4. Iwata, M. {2008). The role of vitamin A in gut immunity.

Japanese Journal of Nutritional Assessment 25: 59-62.

5. Iwata, M. {2007). Deployment and functional regulation of

Iymphocytes in the gut by vitamin A. Experimental Medicine
(Jikken lgaku) Extra Edition 25(20): 142(3220)-146(3224).
6. lwata, M. {2007). Regulation of lymphocyte trafficking by

retinoids. Annual Review Immunclogy 2008 154-161.

7. Iwata, M. (2007). Role of vitamin A in the gut immunity.
Journal of lntestinal Microbiology 21: 297-304.

& Iwata, M. {2006). Regulation of gut-specific lymphocyte homing

by retinoic acids. Experimental Medicine (Fikken Igaku) Extra
Edition, Frontiers of Immunological Research 2007 24:
3253-3259.

9. Iwata, M. {2006). Vitamin A is essential for the gut immunity.

Journal of Clinical and Experimental Medicine {Igaku No
Ayumi) 219(10): 795-796.

10, Iwata, M. (2006}, Role and Mechanism of Action of Vitamin A
in Gut Immunity. Seikagaku 78(8): 738-748.

11. lwata, M. (2006). Role of vitamin A in nmnune surveillance:

Regulation of lymphocyte homing. [nfection Lloflammation
Immunity {(Kansen Enshe Men-eki) 36: 22-32.
12, Iwata, M. (2005). Regulation of lymphocyte homing by

retinoic acid. Molecular Medicine Extra Edition Immunity 2006
42:22-28.
13. Iwata, M. (2005}, Induction of T cell homing to the gut with

retingic  acid. Clinical Tmmunology (Rinsho Men-eki) 44:
299-301.

14, Twata, M. (2005). Regulatory mechanism of gut tissue-specific
T ¢ell heming. Pharmacia 41(6): 513-317.




Kagawa School of Pharmaceutical Sciences
Tokushima Bunri University

AN

Laboratory of Molecular and Cellular Neuroscience

Staff

Kouichi Itoh, Ph. D.
Protessor since Apnil 01, 2004,
Ph. D. Showa College of Pharmaceutical Sciences graduate
school of pharmacology, 1983,
Previous occupation: The Tokyo metropolitan organization for
medical research, Tokyo Metropolitan Institute of Medical

Science, the division of pharmacology, Researcher.

Masatomo Watanabe, Ph. D.
Associate Professor since April 01, 2004.
Ph. D. Gunma University graduate school of medicine, doctor's
course completion in March, 1993,
Previous occupation: Dokkyo University School of Medicine,

hygiene, Assistant professor.

Research

[ Research aims]

Brain makes possible to conduct higher-order functions such as
leaning and memory forming a complicated network which is
Our lab
aims to clear the molecular mechanism for the development of
To

achieve this goal, we are working on the cranial nerve functions

composed of hundred billion neuronal and glial cells.
epileptogenesis during the abnormal oevronal activity.

involved in the neuronal activity by basic smudies included the
genetics, the proteomics, the cell biology. and the study of
behavior.

[ Research Scopes]
1. Study on the relation between the mechanism of generalized
epilepsy and nitric oxide.

We previously clarified that excessive NO generated by the
continucus highly expressing neuronal NO (nNOS) is involved
in the development of pentylengtetrazol- kindling as an animal
model of primary generalized epilepsy. We are examining the
mechanism which is involved in NO-nNOS pathway during
abnermal neoronal activity using pharmacological and molecular

biclogical techniques.

. Search for the critical factor related to epileptogenesis,
The excessive amount of NO induction is involved in the
generalized epileptogenesis, suggesting the abnormal function of

proteins  changed by NO. We are focusing on  the
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posttranslational nitrotyrosination and S-nitrosylation modified
by NO and searching for the critical factor in the development of

epileptogenesis.

. Study on the function of cell adhesion molecule {CAM) in
the development of temporal lobe gpilepsy (TLE).

In the temporal lobe epilepsy, an abnormal branching of a
moss fiber {mossy fiber sprouting) is thought to be one of main
causes of the development of TLE. Since the CAM play an
important role in the organization of nevronal circuits and the
functional expression, we are working on the molecular

mechanism of mossy fiber sprouting, focusing on the CAM.

. Application of MRI for small sized amimal te drug
development.

The magnetic_resonance_imaging (MRT} is a powerful tool in
terms of performing spatiotemporal anatomical and functional
observation without invading. MRI is able to obtain the body
information without using the radiation etc, such as CT and PET
by imaging the localization and movement of proton, We are
developing the contrast medium to detect the relations between
the neuronal activity, molecular change in the inside of the body

(especially brain} and pharmacokinetics under no anesthetizing.

. The effect of rare sugar on the central nervous system.
D-Allose, one of rare sugar, has an antioxidative effect. Since
active oXxygen is involved in the epileptogenesis, we are
examining the etfect of D-Allose on the epilepsy. A part of this
study is performed in collaboration with professor Tokuda who
is principal investigator at the Kagawa Rare Sugar Cluster at

Kagawa University.
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Research

1. The role of reactive oxygen species in biolagical systems.
Reactive oxygen species are known to be involved in many
physiological and pathophysiological processes, However, the
mechanismis) of these processes is{are) largely unknown. Qur goal
is to verify the role of reactive oxygen species in these processes
and oltimately 1o develop new classes of pharmaceuticals that will

provide protection against their deleterious eftects.

1. The elucidation of mechanisms of hepatocyte apoptosis under
oxidative stress.

Reactive oxygen species induce cell injury, leading to cell death.
It is generally accepted that the two modes of cell death, apoptosis
and necrosis, are determined by the kind of reactive oxygen species
that is involved. the level of oxidative stress, or both. We found that
sustained and endogenous oxidative stress was induced in rat
primary hepatocytes by inhibiting the antioxidative enzymes
catalase and glutathione peroxidase (Shiba and Shimamoto, Free
Radic. Biol. Med., 1999). This
caspase-independent hepatocyte apoptosis {lshihara et al.. Free
Radical Res. 2003). In addition, Endonuclease G. which is a DNase

localized in mitochondria, was translocated to nuclel during the

oxidative stress  caused

apoptotic process and executed nucleosomal DNA fragmentation
(Ishihara and Shimamoto, J. Biol. Chem., 2006). We are now

conducting experiments to analyze the entire process of this
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APOPtosis.

2.

heparotoxiciry.

The of

verification  of mechanisms guinone-induced

Quinone-based drugs are known to be effective in the treatment
of cancer and malaria. However, their therapeutic use 1§ limited in
some cases becavse of their cytotoxicity. The toxicity of
redox-cycling quinones was thought 10 be induced by increased
oxidative stress due to excess production of reachive oxygen
species. More importantly, hepatocyte toxicity by redox cycling
quinone was further enhanced under cytochrome P450 inhibition
and this enhancement resulted from the potentiation of oxidative
stress (Ishihara et al., Toxicol. Applied Pharmacol., 2006). Since a
wide variety of drugs and foods have the potential to inhibit
P450,

about the

cytochrome this finding aroused concem among

toxicologists use of quinone-based drugs with
redox-cycling abilities. However, this result also provides us with
an important clue for the development of new quinone-based drugs
which may not have adverse effects. We are now doing
experiments to confirm the above in vitro findings in in vive animal

models.

11. The moleculur mechanism of neurotransmitter release.

We are interested in the function of the synaptic contact site
(synapse) between nerve cells. Synaptic communication betwesn
neurons is fundamental to brain function; information transter
occurs at synapses and is mediated by neurotransmitters that are
piacked mside synaptic vesicles. When an impulse reaches the
presynaptic nerve terminal, calcium channels open and the influx of
calcium triggers an exocytotic discharge of the contents of the
Although

neurotransmitter release is very rapid (submilliseconds}, the fusion

synaptic  vesicle into the extracellular space.
of synaptic vesicles and plasma membranes requires a reaction
cascade that involves many proteins.

We are interested in the molecular mechanisms of membrane
fusion; our goal is to understand the role of presynaptic proteins in
this process. We are primarily focusing on the functions of SNARE
proteins and their accessory proteins, including synaphins (alse

called complexins).
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Research

To develop novel drug delivery products, co-operations with other

companies of universities are actively being done. Major activities

include;

1. Development of “KENZAN” type vaccine delivery systems
(20077 METIL project :
Co'ltd. : Makino, Kurita)

Design of novel drog delivery systems composed of newly

with Kagawa Univ. and Medrex

synthesized  depsipeptide  copolymers—PEG  conjugates
(2006-2008 IST project, 2009-2011 NEDO project :
Gunma Univ. and Tokyo CRO Co’ltd. : Makino, Korita)
Development of new enhancement methods for transdermal
absorption (2009-2010 NEDO project : Makino, Kurita with
Dr. Yamanaka of Medrex Co’ltd 3

An program, *“2lth GENNAI
MONOZUKURI JYUKU™ has started in 2008 with Kagawa
Univ and Kagawa prefecture (2008-2012 JST project). For

with

education century

educations of young researchers and technical staffs in the
prefecture, Dr. Sui and Ms. Ishihara of the university joined

our laboratory. {Makino, Kurita)
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memory without aftecting long-term memory in odor
learning in the terrestrial slug Limax valentianus, Leamn
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Research

Theme 1. Quantification of small amount of protein (Etsuro Ito,
Mika Morikawa, Yuki Sakamoto})

We are developing the method to detect and quantify very Tiny
amowont of a given protein in a small volume, such as in a single
cell. We aim at establishing an enterprise to commercialize protein
quantification reagents and kits based on this technigue. Using our
“enzyme cycling method”, it is now possible to detect protein with

ten thousands as high sensitivity as ever. The improved method
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with more sensitivity and easier to handle will be available in the
near future.

Grant Support: Grants from Ministry of Education, Culture, Sports,
Science and Technology, Ministry of Economy, Trade and [ndustry,
Japan Society for the Promotion of Science, Japan Science and
Technology Agency, and some foundations.

Collaborations: With private companies and other universities.

Theme 2. Computer simulation of ligand-receptor binding (Etsuro
Ito)

We are trying to clarify how receptors recognize their specific
ligunds, and the difference in the mechanism of receptor activation
between agonsts and antagonists by means of computer simulation.
This might enables us to pave the way for the new drug
development. We succeeded in the determination of important
physical parameters in the ligand recognition and the receptor
activation. The dynamics of ligand-receptor binding will be
investigated more precisely in the near fotore.

Grant Support: Grants from Japan Society for the Promotion of
Science.

Collaborations: With private companies and other universities.

Theme 3. Expression analysis of nitric oxide synthase in the slug
brain (Ryota Matsuo)

Nitric oxide plays important roles in odor information processing in
the slug. To elucidate the molecular entity of nitric oxide synthase
{NOS) in the slug, we analyzed the expression of NOS of the land
slug Limax. Apart from the NOS that we have previously reported
(ImNOS1. Matsuo et al., 2008), we identified a novel NOS gene
(limNQS2) expressed specifically in the procerebrum (PC) of the
slug. Taking into account our observation that the enzymatic
activity of NOS is the strongest in the internal mass layer of the PC,
IimNQS2 is the NO generating enzyme responsible for the
production of mitric oxide in the PC. These results have been
reported in Biochem Biophys Res Commun (vol. 286, pp 724-728
(2009)).

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 4. Analysis of DNA endoreplication in the slug brain
(Ryota Matsuo, Miki Yamagishi)

Large neuwrons in the brain of mellusks often contain amplified
DNA in their nuclei. This phenomenon is called “endoreplication™
although it is not yet known whether the whole genome is
multiplied or only a part of the genome is amplified as in the case

of a polytene chromosome in a larval salivary gland of Drosophila.
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[t has been hypothesized by Gillette (1991} that endoreplication 18
an adaptive response of motor neurons to adjust their nerve
extendings and protein synthesis ability to an increasing body size
during the growth of an animal. To test this hypothesis, we
prepared the slugs whose body weights were ditferentially
increased or suppressed by providing a plenty of food or depriving
food, respectively, and investigated their brain sizes and DNA
endoreplication. In the weight-increased slugs. subesophageal
ganglia showed a prominent increuse in size while the cerebral
ganglia showed their size increase to a lesser extent. Moreover, in
the BrdU-lubeling experiments. we found that a far larger number
of neurons incorporated BrdU into  their npuclei in  the
weight-increased slugs in comparison to the weight-suppressed
slugs. These results strongly support the notion that DNA
endoleplication is triggered by an increase in body weight.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research,

Theme 5. The effects of deafferentiation and reinnervation of
olfactory inputs on the PC (Ryota Matsuo)

Artificial deatferentiation often brings about structural and
functional changes to the primary and secondary centers. Tentacles
of the slug have been known to regenerate spontancously if they
are  ampulated. Here we analyzed the structural and
electrophysiological changes in the PC caused by deafferentiation
(tentacle amputation), and also by reinnervation (tentacle
regengration). The deafferentiation (15 days following the surgical
removal of tentacles) resulted in the shrinkage of the terminal mass
layer, where the most of the olfactory inputs project. The frequency
of LFP oscillation in the PC was down-regulated, However, at 75
days following the surgery, the volume of the terminal mass layer
recovered substantially, and the oscillatory frequency returned to
the original level. Moreover, the regenerated tentacles were almost
indistinguishable from un-operated ones at this stage. Our results
that the

reinnervation of the afferents to the PC, and also suggest that the

suggest the tentacle regeneration accompanies
oscillatory frequency of LEP is continuously up-regulated by basal
sensory inputs even in the absence of physiological sensory inputs.
Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 6. Role of the glutamatergic neurotransmittion in the
procerebrum of slugs (Ryota Matsuo}

Glutamate is involved in the neurotransmission in the procerebrum
(PC) of Limux. However, neither the distribution nor the functional
role of glutamate 1s understood. We investigated the role of
glutamate in the brain of Limax by immunohistological and
physiological techniques. Most of the neurons in the PC were
immunoreactive to the antibody against glutamate, and were
stained by an antisense cRNA probe against vesicular glutamate
transporter (vGluT) mRNA. In the dissected PC. we observed
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ascillatory acuvity (~0.6 Hz) in the amovnt of the released
glutamate using a glutamate probe EOS2 (glutamate optical sensor
2). The oscillatory frequency was synchronows with the local tield
potential (LFP) oscillation in the PC, and the both shared the same
pharmacological charaeteristics. These results suggest that the LFP
oscillation is driven by the synchronous release of glutamate within
the PC. These results have been published in J Neurosci Res (vol.
87, pp 3011-3023 (2009)).

Grant Support: Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research.

Collaborations: With other universities.

Theme 7. Spontaneous recovery of the procerebrum from injury in
the terrestrial slug (Ryota Matsuo)

The procerebrum (PC) of the slug is indispensable for odor
aversion learning. It is also known that there are progenitor neurons
capable of dividing and creating new neurons continuously in the
PC even in adolt. During the course of the experiments to
investigate the role of the PC in the odor-aversion learning (Kasai
et al., 2006), we happened to observe that slugs could learn
normally after 1 month recovery period from the PC ablation
(Matsue and Ito. 2008). We reasoned that this functional recovery
owes to the progenitor neuwrons in the PC and analyzed the
recovering PC histologically. After 1 month recovery period, the
size of the PC became significantly larger in comparison with that
of the PC with 1 week recovery. We also found that this recovery
was based on the cell division by BrdU-labeling experiments,
Furthermore, we demonstrated that the PC is the memory storage
locus by exploiting its recoverability.

Grant Support; Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 8. Lateralized use of the PC for learning in the slug (Ryota
Matsoo, Miki Yamagishi)

It has been hypothesized that only the unilateral PC 13 vsed for
odor-aversion learning. But this hypothesis is grounded solely on
indirect observations. Here we demonstrated that the number of the
slogs  with intact memory performance was reduced by
approximately fifty percent when the PC was surgically ablated
only unilaterally before or after conditioning. There was no
difference in the memory performance of the right versus the left
PC-ablated slugs. However, memory deficit from unilateral PC
ablation was not observed when the ipsilateral tentacles were also
amputated at the same time. We also showed that there was no
lateral memory transfer from one PC to the other, after up 1o 7 days
post- conditioning. Qur results demonstrated clearly that either the
left or right PC is randomly used for olfactory learning, and that the
side of use is determined at the level of the olfactory ascending
pathway to the PC. These results are published in Neurobiol Learn
Mem {in press).

Grant Support: Japan Society for the Promotion of Science,
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Grant-in-Aid for Scientific Research.

Theme 9. Modulation of oscillatory neuronal synchronization by
neurotransmitter and neuropeptide in odor information processing
(Suguru Kohayashi)

We study GABAergic and FMRFamidergic neurotransmission in
odor information processing in the land slug Limax vafentianus.
GABA neurons are capable of controlling network oscillations and
their patterns in the widely divergent species. Oscillatory activity of
the PC in Lirnax 15 considered to encode the odor information . and
we found that GABA and FMRFamide are present in the PC and
these synaptic transmissions are involved in the oscillatory neural
network of the PC. We uvse electrical and optical recording methods
to understand the role of oscillatory dynamics in odor recognition
and memory storage.

Grant Support: Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research.

Collaborations: With other universities.

Theme 10. Analysis of molecular mechanism for learning and
memory formation in Lymnaea stagnatis (Hisayo Sadamoto)

[n the pond snail Lymnaea stagnalis, we have been working on the
analysis of mechanism for learming and memory formation.
Especially. we are focusing on the molecular events in particular
neurons that are hypothesized to be the sites of long-term memory
formation and storage. Lymnraea can acquire conditioned taste
aversion {CTA) learning and they can keep the memory longer than
one month (long-term memory). Now we confirmed that the
expression levels of several genes, including cAMP-responsive
element binding proteins (CREBs) and serotomin transporter
(SERT). were changed atter learning. The transcription factor
CREBs are known to be the regulator of the gene expression for
memory formation, and SERT plays a key element in the regulation
the synaptic serotonin transmission in the key neuron for CTA
learning.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 11. Mechanism of communication between honeybees
(Ryuichi Okada)

The honeybee is one of the well-known social nsects. We are
interested in the mechanism how honeybees communicate cach
other by biological approaches and computer simulations. We
constructed a Markov model for honeybee foraging behavior and
performed simulation experiments. We found that our model
express actual bee foraging by comparing our results with previous
studies in which actual bees were used for biological experiments.
In addition, our simulation showed that significantly higher namber
of bees of a coleny in which bee dance and transfer positional

information each other visited food sources than bees of a colony in
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which bee did not dance. We are now planning a biological
experiment to compare our simulation results with biological data
obtained from our experiments.

Grant Support: Ministry of Education. Culture, Sports, Science
Tapan, Grant-in-Aid for Scientific Research. Yamada Bee Farm
Grant for Honeybee Research.

Collaborations: With other universities.

Theme 12, The role of the molluscan insulin related peptide I
{MIP II) in the conditioned taste aversion of Lymnaea stagnalis
(Jun Murakami)

It has been known that quantity of mRNA of the MIP II in the
Lymnaea central nervous system (CNS) changes during the
performance of the conditioned taste aversion (CTA). Good
performers express higher MIP 1T than poor performers. But it is
not clear whether MIP IT is directly involved in the performance of
the CTA learning. The aim of my study is to clarify this point. For
this purpose, we first examined which cells expressed the MIP
receptor (MIPR} in the CNS by in sim hybridization and then
determined the quantity of mRNA at the ganglion level by
real-time PCR. MIPR was found to distribute in the whole CNS
including the buccal ganglia, Further, we found that application of
insulin evoked long-term potentiation at the synapses between the
cerebral giant cells and the B1 cells that are buccal motoneurons.
Grant Support. Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research.

Theme 13. Post-synaptic receptors of serotonergic transmission in
the teeding system of Lymnaea stagnalis (Ryo Kawai)

The serotonin receptor types are still unclear at synaptic
transmission between the cerebral giant cell (CGC) and the Bl cell
in Lymnaea feeding system. We examined the CGC-B1 synaptic
transmission by pharmacological manipulations combined with
intracellnlar recording. MDL72222 (100 pM}, the antagonist for
ionotropic  receptors  decreased  amplitude of  excitatory
post-synaptic potentials (EPSPs) and caused delay of post-synaptic
response at the B1 cell. Cinanserin (10 uMj}, the antagonist for
metabotoropic receptors also decreased the amplitude of EPSPs,
but the antagonist did not cause delay of response. These results
suggest that 2 different types of receptors are involved in the
CGC-B1 transmission at least, and they contribute for generation of
postsynaptic responses with different roles, respectively.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid tor Scientific Research.

Theme 14. Characterization of gravity sensing genes of ascidians
(Motoyuki Tsuda)

Approximately 530 genes in human, have been known to be

responsible for genetic hearing disorders. We have identified seven

genes that are homologues of human hearing disorder genes as
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candidates of genes involved in the gravity sensing of larvae of a
simple model chordate, the ascidian Ciona intestinalis. These genes
include tyrosinase, prestin, cadherin-23, TRPA, TRPN. TvrpA, and
TyrpB. Gene expression patterns, protein localization, and functions
these in

of situ  hybridization,

with

genes were analyzed by

immunohistochemistry,  targeting  knockdown antisense
morphiling  oligonocleotides, intracellular calcium  imaging . and
fluorescent X-ray imaging. We have shown that these genes are
specifically expressed in the otolith, the gravity sense organ of the
larva. Functions of gravity sensing genes were analyzed by
combination of behavior analysis and targeting knockdown using
antisense morphilino oligonucleotides. So far, we have knocked
down tyrosingse, twpd, tyrpB, prestin, and CDH23. Function of
tyrosinase was shown to be required for gravity sensing behavior of
the larva.

Grant Support. Grants from the 21st Century COE Program
(University of Hyogo) from Ministry of Education, Culture, Sports,
Science and Technology and Japan Society for the Promotion of
Science.

Collaborations: With other universities.
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Research

We have been mainly investigating the molecular mechanisms of
immortalization of human normal cells, cancerization of human
immortal cells, and ditferentiation of germ cells. The present
research areas of interest, are as follows,

1. Mechanisms of immortalization of human normal cells

1-1

It is widely accepted that telomerase, which compensates for

Control of life span in human fibroblasts and endothelial cells

telomere shortening, govern cellular life span. Telomerase is
activated in most of human malignant neoplasms. And ectopic
expression of telomerase may endow some kinds of human somatic
cells with indefinite proliferation capacity, 1.e., immortality. On the
basis of this strategy, we have transtected hTERT gene into human
normal skin fibroblasts and vascular endothelial cells, and finally
established several immortal cell lines.

To clarify the changes in gene expression rtequited for
immortality, we investigated intrinsic responses required in
acquiring immortality. Thus, we compared by real-time RT-PCR
the changes in the expression levels of the cell cycle and
apoptosis-related  genes in  human normal fibroblasts and
endothelial cells versus hTERT-transfected cell lines. We found

that immortal fibroblast cell lines upregulated cell-cycle promoting
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genes and down-regulated apoptosis-inducing genes at early phase
after transfection. whereas the endothelial cell did not. In addition,
the microarray analysis of the fibroblast cell lines revealed that the
dysregulated genes during cellular immortalization were different
from those found in endothelial cells, which probably have
acquired telomere maintenance ability by expressing exogenous
hTERT. These findings indicate that cell-type specific gene
expression after telomerase expression may be important to acquire
telomere-maintenance  capacity and immortality in  some
non-cancerous human cells. A foture investigation of the cell-type
specific molecules investigated in these process may elucidate the
differences in the capacity of acquiring immortality in cancer and
normal somatic cells.
1-2  EBV-transformed B-lymphoblastoid cells

It is well known that Epstein-Barr virus (EBV} -infected B
Iymphoid cells are maintained in colture for long period, however
only few of which becomes immortal during cell colture passages.
We studied phenotypic characteristics of pre-, post-immortal and
tumorigenic buman B-lymphoblastoid cell lines (LCLs) established
from mnormal B cells with the same genetic background.
Pre-immortal LCLs showed low telomerase activity and a normal
diploid karyotype, while post-immortal LCLs showed much higher
telomerase activity and maintained a clonal aneuploidic state,
Ameng five post-immortal LCLs tested, LCLs NOOOS and N68(3
formed colonies in agar medium and showed a marked aneuploidy.
And N68(3 was transplantable into nude mice indicating that it
gained a complete malignant property, but all pre-immortal LCLs
and the remaining three post-immortal 1LCLs lacked these
The products of
pl&(INK4A) and pRb were downregulated in NOOGS and N68(G3
LCLs, and the p33 gene was mutated in NOOOS LCL. These results

indicated that some pre-inmortal EBV-transformed LCLs can

characteristics. tumor suppresser genes,

become immortal and then, tumorigenic in vitro culture, and that
these LCLs will provide an in virre model of tomotigenesis
induced by EBV.

For further screening of genes involved in immorality and
malignancy in EBV-transformed LCLs, we performed microarray
analysis hetween pre- and post-immaortal LCL and obtained a list of
up- or down-regulated genes during cell immortalization. Cloning
of each genes and elucidation of their role in immortalization is
now under investigation.

1-3  Aim for application to clinical disorders (cell therapy)

The immortal endothelial cell lines obtained in our lab can be
applied for clinical vse of aging-related disorders, such as
atherosclerosis lesions. One of these immortal endothelial cell (EC)

lines, IMEC-I1, retained a normal morphological feature of young
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endothelial cells and proliferated in response to specific angiogenic
factors. such as bFGF. Thereafter, we assessed the carotid balloon
catheter injury model. im which neointima  formation have
developed by denudation of the left common carotid artery, and
examined the effect of implantation of immortal ECs into the
denuded area of mouse carotid artery. Two weeks after the
implantation of IMEC-1, neointima formation was significantly
thiner, compared with that in control carotid injected with saline.
These results suggest that implantation of immortal ECs may be of
potential therapeutic value in wascular injury, and a possible
treatment strategy for the prevention of the progression of
atherosclerosis and restenosis after angioplasty. In this way, our
long-term goal is to improve age-related disorders by replacing
aged, disfunctional cells to immortal. functional cells {that is cell
therapy).

2. Differentiation of germ cells.

We¢ have cloned a novel cDNA encoding a testis-specific
metallothionein-like protein, tesmin, by randomized RT-PCR on
RNA from mouse tissues. Two tesmin-related transcripts (2.2 and
1.8 kb) in mouse and one (2.1 kb) in human were detected and
sequenced. These encode a cysteine-rich 60 kDa protein (475
amino acid residues) that contained a metallothionein-like motf. A
search of databases indicated that tesmin is a member of the
CXC-hinge-CXC family, which is highly conserved throvgh plants,
tetrahimena, C. elegans, mouse and human.

In situ hybridization analysis in adult mouse testis showed that
tgsmin is specifically expressed in spermatocytes. Quantitative
RT-PCR at different stages of mouse postnatal development (days
4,8, 12, 18, and 42) revealed that tesmin is expressed as early as
day 8 and coincides with the entry of germ cells into meiosis.
Furthermore, adult W/Wy sterile mice that harbor the c-kit
mutation was found to lack tesmin expression. The gene is assigned
to mouse chromosome 19B, which translocated {11;19) in male
sterile mice.

An immunohistochemical study indicated that tesmin exhibits
dynamic  changes in  subcellular  localization  during
spermatogenesis. Before meiosis, it was localized in the cytoplasm
of early 1o late spermatocytes and then translocated into the nuclevs
just before meiotic division. After meiosis, it appeared in
spermatids, starting from the acrosomal vesicles, moving to the
nuclear membrane and then to the caudal end as the spermatids
¢longated, and finally relocating into the cytoplasm. Oxidative
stress by cobalt chloride, as well as by diethylmaleate, induced
prematore translocation of tesmin from the cytoplasm to the
nucleus and apoptotic morphologyin spermatocytes. A study on the
mechanism of shuttling of tesmin between nuclevs and cytoplasm
18 now intensively under way in this lab.

We recently observed tesmin is phosphorylated in testis of
mouse and rat. Furthermore, in a cultured germ cell line (GC2
cells) transfected with mouse tesmin cDNA, tesmin was also

phosphorylated. A treatment of the cells with TPA, PKC (protein
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kinase C) activator was found to stimulate phosphorylation of
tesmin. Thus, tesmin is considered to play an important role in

signal  transduction  pathways involved in  the process of

spermatogenesis amd spermiogenesis, possibly multiple stages of

sperm maturation and/or morphogenesis.
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Research

1. Regulation of DNA replication machinery (Hiroshi Miyazawa)
DNA contains the genetic information which can be viewed as
the organism’s vital plan. Maintenance and replication of DNA,
and the expression of the genetic mformation in DNA are the bases
for life. In addition, information units of more than 107 are
packaged and condensed in the nucleus of living cells. The
condensation/decondensation of DNA molecules is dynamically
repeated in growing cells during development and differentiation,
necessitating strict control of the expression of genetic information,
Our purpose is to elucidate the functions of DNA replication
factors and the proteins interacting with replication factors, and to
ask how these factors act in various reactions ocewring in DNA,
such as DNA repair or transcription. We are investigating the
behavior of these factors in nuclear structure, and studying how the

DNA replication machinery is regulated during the cell cycle and
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cell differentiation.

So far, we have found that the second largest subunit of DNA
polymerase ¢ (DPE2) interacts with SAPLE, a polypeptide
associated with the co-repressor protein Sin3. DNA polymerase € is
invelved in chromosomal DNA replication, DNA repair and
cell-cycle checkpoint control in eukaryotic cells. The Sin3 complex
congists of several peptides contaiming the histone deacetylases,
HDAC1 and HDAC2. By deacetylating histones the
chromosome, HDAC condenses chromatin structure, resulting in
The interaction of HDAC
activity with replication factors predicts that DNA polymerase € 15
the

in

the repression of gene expression.

involved In maintenance of chromatin  structure  and
transcriptional silencing during DNA replication. Thus DNA
polymerase € appears to be involved in epigenetic regulation. We
are investigating how the interaction of DNA polymerase £ and the
replication complex with proteins involved in epigenetic regulation
(i.e. DNA methyltransferases, histone acetylases and deacetylases,
and so on) change in the process of DNA replication and cell

differentiation.

. Gene expression analysis of mouse embryonic carcinoma P19
cells induced fo form neural cells. (Rie Komori and Hiroshi
Miyazawa)

Mouse embryonic carcinoma P19 cells are pluripotent cells that
can be induced to differentiate into multiple cell types by cellular
aggregation in the presence of differentiating agents. When
aggregated in the presence of retinoic acid, P19 cells differentiate
mto neural cells (including neurons and glia cells), whereas the
same cells aggregated in the presence of DMSO differentiate into
cardiomyocytes. These cells can simulate the molecular and
morphological  events  occurring  during  early  embryonic
development, and have been used extensively as a model to study
the molecular mechanisms controlling the process of differentiation
into cardiomyocytes or neural cells.

To identify the genes associated with induction of neural
differentiation, we carried out a transcriptome analysis of P19 cells
induced to form neural cells by retinoic acid. We used Serial
Analysis of Gene Expression (Long SAGE) and microarrays to
explore large-scale gene expression and confirmed the sequential
expression patterns of some genes over the course of ditferentiation.
These findings will provide usetul clues to a more comprehensive
understanding of the complex processes involved in the induction
of neural differentiation. We are undertaking additional
investigations to better understand the role plaved by these genes

during the induction of neural differentiation.
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I, DNA Oxidation, Point Mutation and DNA repair. (Katsuhito
Kino)

The genome is constantly assaulted by oxidation reactions that
are likely (o be associated with oxygen metabolism, and oxidative
Such

genotoxin-induced alterations in the genomic message have been

lesions are generated by many of these oxidants,
implicated in aging and in several pathophysiological processes,
particularly those associated with cancer.
1. Guanine Oxidation via Hole Transfer.

Photosensitized  oxidation provides  various
{-0x0G)
imidazolone. Riboflavin {vitamin B2} is known to be an effective
the We
demonstrated: the user-friendly synthesis and photoreaction of a
flavin-linked of

hydroxyethyl-flavin from commercially available riboflavin; and

of guanine

oxidation products, including 8-oxoguanine and

photosensitizer  for oxidation of guanine. have

oligonucleotide, the practical  synthesis

the preparation of a flavin-linked oligonucleotide using a
phosphoramidite of hydroxyethyl-flavin. To demonstrate the
usefulness of this method, the flavin-linked oligomer was
synthesized. The flavin-linked oligomer and its complementary
oligomer containing 8-0x0G were then irradiated vnder UV light
(366 nm) at neutral pH. Enzymatic digestion of the irradiated
mixture indicated that the 8-0x0G residue was oxidized to
imidazolone. These results demonstrated that 8-ox0G is etfectively
oxidized to imidazolone by photosensitization of the terminal
flavin via a hole-transfer mechanism, and imidazolone is formed by
ong-glectron oxidation of 8-0x0G at neutral pH.

2. Point Mutation bv Guanine Oxidation.

The guanine base (G} in genomic DNA is highly susceptible to
oxidative stress because it has the lowest oxidation potential.
Therefore, G-C-->T-A and G-C-->C-G  transversion mutations
frequently occur under oxidative conditions. One typical lesion of
G is 8-oxoguaning {8-oxo(i), which can pair with A, and this
pairing may cause G-C->T-A transversion mutations. Although the
number of G-C-->C-G transversions is rather high under specific
oxidation conditions such as riboflavin photosensitization. the
molecular basis of G-C—>C-G transversions 1s not known.

We have shown that 1z is a key oxidation product of G when
8-0x00G in DNA photosensitized with riboflavin or anthraquinone.
Primer extension experiments have demonstrated that Iz can
specifically pair with G in vitro. Thus, specific Iz-G base pair
formation can explain the G-C-->C-G transversion mutations that
appear under oxidative conditions.

3. Chemistry of flavins

Photoirradiation in the presence of riboflavin led to guanine
oxidation and the formation of imidazolone. Meanwhile, riboflavin
itself was degraded by oltraviolet light A (UV-A) and visible light
(VIS) radiation, and the end product was lumichrome. VIS
radiation in the presence of riboflavin oxidized guanine similarly to
UV-A radiation. Although UV-A radiation with lumichrome

oxidized guanine, VIS radiation with lumichrome did not. Thus,
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UV-A radiation with riboflavin can oxidize guanine even if
riboflavin is degraded to lumichrome. In contrast, following VIS
radiation degradation of riboflavin to lumichrome, VIS radiation
with ribotlavin is hardly capable of oxidizing gvanine. The
consequences of riboflavin degradation and guanine photooxidation
can be extended to tlavin mononucleotide and flavin adenine

dinucleotide. In  addition, we report advanced synthesis;
carboxymethylflavin - was  obtained by  oxidation of
formylmethylflavin  with  chlorite  and hydrogen peroxide;

lumichrome was obtained by heating of formylmethylflavin in 50%
AcOH, by of
formylmethylflavin in M NaOH, followed by isolation by

lumiflavin ~ was  obtained incubation

2

step-by-step concentration.

IV, Identification of novel low molecular compounds that inhibit
binding of NF-x B to DNA (Takanobu Kobayashi)

The nuclear transcription factor-kB (NF-gB) is one of the
central regulators of an organism’s response fo various stress
signals. In response to an extracellular signal, NF-xB translocates
into the nuclews, binds o DNA, and activates the transcription of
specific genes. NF-kB regulates the transcription of a number of
genes involved in immune and inflammatory pathways and in
apoptosis.  Dysregulation of NF-xB contributes te a variety of
pathological conditions. Therefore, the down-modulators of NF-xB
could have important therapeutic implications. One of the strategies
for the down-regulation of NF-xB transcriptional activity is the
specific inhibition of the DNA binding of NF-kB.

We have screened a virtual library using our structure-based
computational screening method, thus enabling us to identify
several compounds that inhibit DNA-NF-¢B interactions. In our
most recent studies, the inhibitory effects of the hit compounds
selected from the virtual library were measured using fluorescence
correlation spectroscopy (Olympus MF2(h and an Electrophoresis
Mobility Shift Assay.
compounds that inhibit the DNA-NF-xB interaction. We expect

Using these methods, we found some

that these compounds may down-modulate the transcriptional
function of NF-xB.

V. The improvement in safety of oysters harvested in Shido Bay
Oysters cultured in Shido Bay are noted products in Sanuki city,
and they are only for cooking. Oysters barvested in bad growing
environment cause gastroenteritis if you gat them without cooking,
The gastroenteritis is due to noroviruses or some kinds of bacteria
contaminated in oyster gastrointestinal organs. To improve safecy
of oysters harvested in Shide Bay. we will research the growing
environment of the oysters and investigate whether the oysters have
pathogenic microorganism such as norovirus. Next, we will
construct the new methods for removing pathogenic microorganism

from oysters.
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Research

L Structural and functional analyses of guinea pig CR3, which
acts as an HA hinding protein.
Investigators: Hiromi Nochi and Koichi Tamoto.

The complement receptor type 3 {(CR3) is a hetero-dimeric
molecule consisting of the ¢ and the ( subunits; it is involved in
leukacyte adhesion reactions through its binding to a variety of
ligand molecules, including iC3b, fibrinogen, factor X, ICAM-1,
b-glucan. lipopolysaccharide, and heparin. Recently, we have
found that guinea pig CR3 can act as an HA binding protein.
However. the localization of the ligand binding site on this
molecule has not been studied. Since the amino acid sequences of
the ¢ and the B subunits were not clear, we first analyzed the
primary structure of the CR3 « subunit and compared it with that
of the human CR3 « subunit. We found that the guinea pig CR3 «
subunit, but not the human CR3 « subunit, possesses a BX,B motif.
The BX,B motif has been known to be involved in the HA binding
activity of the RHAMM molecule. Other HA binding structures
such as the Link module that is shared by most HA binding
proteins was not found on the guinea pig or human CR3 o subunit.
These results suggest the possibility that guinea pig CR3 but not
human CR3 may use the BX;B motif of the « subunit in the
interaction with the HA molecule. To further clarify the correlation
between the function and melecular stmcture of this moelecule,
analysis of total primary structure of the [ subunit is now in

progress,

II. Analysis of the mechanism by which anti-allergic agents
regulate leukocyte functions through giant granule formation.

Investigators:  Yoshimitsu Kiriyama, Hiromi Nochi and Koichi
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Tamoto.

Membrane traffic, such as degranvlation, endocytosis,
exocytosis and vesicle fusion, plays an important role in leukocyte
functions during intflammation and allergic responses. However,
mechanisms of membrane traffic in levkocytes have not been fully
clarified yet. In the course of our investigation of the effects of
anti-allergic  agents on  leukocytes, we found that certain
anti-allergic agents mduced giant granules formation correlated
with inhibition of degranulation in leukocytes. Moreover, we found
that high concentration of these agents induced autopbagy and
apoptosis. Further studies on the mechanism of giant granule

formation and induction of autophagy and apoptosis are under way.

IIL. Tsolation and identification of active components in royal
jelly which regulate cell growth of human ostevsarcoma MG-63
cells.

Investigators: Hiromi Nochi and Koichi Tamaoto.

Royal jelly contains a variety of molecules biologically
active towards various types of cells. We recently found that an
water-soluble extract of royal jelly inhibited COX-2 expression and
cellular proliferation in osteosarcoma MG-63 cells. To identify
active components in royal jelly that regulate cellular proliferation
of MG-63 cells, an water-soluble extract of royal jelly was
separated by HPLC using triflvoroacetic acid contaming a
decreasing concentration of acetonitril as eluate. The molecular
structure of substances thus isolated was analysed by Q-Tof
Micromass and "H-NMR. The structures of 10 substances were
determined. AMP N1-oxide and adenosine ¥'l-oxide were found to
be active component in royal jelly that inhibits cellular proliferation
by inducing G/G, cell cycle arrest in MG-63 cells. These results
suggest that AMP ANl-oxide and adenosine Nl-oxide existing in
royal jelly might be a useful therapeutic agent for treatment of bone
cancer. Further studies on the action mechanism of the compound
are now under way. (Collaborations with Associate Prof. Osamu
Shirota and Prof. Setsuko Sekita at Kagawa School of
Pharmaceutical Sciences, Tokushima Bunri University, and Mr.
Masahiko Sai and Dr. Tatsuhiko Itoh at Institute of Health Cuare,
Morinaga & Co. Lid.)
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Molecular and newral mechanisms of eveblink classical
conditioning

Introduction:  Associative learning is a fundamental form of

Eyeblink

conditioning {EBCC} 1s the form of associative learning that

cognition in humans and animals. classical
has been most cxtensively studicd at the ncurological and
behavioral level. Its basic neural circuitry and neural
mechanisms have been demonstrated to be similar in all

mammals. Since the same paradigm is applicable 1o humans
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as well as non-human mammals, there 18 growing interest in
EBCC for the study of human diseases of motor and memory
impairment, in parallel with detailed studies of the molecular
and ncural mechanisms in animal models.

Typical EBCC experiments use a tone as the conditioned
stimulus (CS), and a periorbital shock or comeal air puff as
the unconditioned stimulus (US). By repeated presentations of
the CS paired with the US, the CS comes to elicit an eyeblink,
which is called the conditioned response {CR}. Previous

studies have indicated that the cerebellum and brainstem are
sufficient for defay conditioning in which the US is delayed
and co-terminates with the CS. On the other hand, rrace
conditioning, in which a stimulus-free trace interval intervenes
between the CS and US, requires other brain regions,
including the hippocampus and the medial prefrontal cortex
(mPFC).
Basic Functions of the Cerebellom and Brainstem: To
investigate the basic properties of the essential neural circuits
in the cerebellum and brainstem, we have developed a
decerebrate guinea pig preparation, in which a section is made
between the thalamus and the superior colliculus and all of the
brain tissue above the section is aspirated. Decerebrate
animals readily acquire the CR in delay conditioning. When a
longer tone CS 15 used, the learning becomes slower. These
CRs are adaptive and appropriately timed relative to the US.
Subsequent CS-alone trials cavse extinction of the CR. These
characteristics of eveblink conditioning are similar to those
reported previously in intact animals of varions species,
sugpesting that the cerebellum and brainstem are sufficient for
this type of learning.

We also study trace cyeblink conditioning in decerebrate
guinca pigs. A 350-ms tone CS is paired with a 100-ms
periorbital shock US with a trace interval of either 0, 100, 250,
or 500 ms. Decerebrate animals readily acquire the CR with a
trace interval of O or 100 ms. Even in the paradigm with a
500-ms trace interval, which is known to depend critically on
the hippocampus in all animal species examined, the
decerebrate guinea pigs acquire the CR, with the adaptive
timing seen in the other paradigms with a shorter trace interval.
However, it takes many more trials to learn when we employ
the  500-ms the

trace-interval paradigms, and the CR expression is unstable

trace paradigm rather than shorter
from trial to trial. When decerchrate animals are conditioned
step by step with a trace interval of 100, 250, and 500 ms {in
that order), they easily acquire the adaptive CR with the
500-ms trace interval. However, the CR% decreases after the

trace interval is shifted from 250 ms to 500 ms, a decrease that
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is not observed with the shift from 100 ms to 250 ms. These
results suggest that the cerebellum and brainstem can maintain
the “trace” of the CS and associate it with the US even in the
530-ms trace paradigm, but that the forebrain might be
required to facilitate the association and stabilization of the

memory.

Cerebellar Cortical Mechanism of EBCC: Long-term depression

{LTDy) at paralle] fiber-Purkinje cell svnapses in the cerebellar
cortex has been proposed as the neural substrate for EBCC.
Since the glutamate receptor subunit 82 (GluR&2) is
selectively expressed at the dendritic spines of the Purkinje
Cell {PC} and is essential for the induction of cerebellar LTD,
GluR&2-null mice {in which cerebellar LTD is specifically
impaircd) provide a uscful means to test the cerebellar LTD
hypothesis. Mutant mice lacking GIluR&2 show severe
leaming impairment in delqy conditioning, but leam normally
in trace conditioning. This surprising finding has now been
confirmed in experiments with another line of mutant mice
lacking phospholipase Cf34 and with wild-type mice subjected
to intracerebellar injection of the NO synthase inhibitor
L-NAME, both of which lack cerebellar LTD. Therefore,
there may be vaniations in the cerebellar neural substrates for
eyeblink conditioning, depending on the CS-US temporal
overlap.

We have recently found that the muscarinic acetylcholine
receptor antagonist scopolamine and the NMDA receptor
antagonist MK-801 impair learning in trace conditioning
experiments with a zero trace-interval (trace 0 paradigm
experiments} in GIUR82™ mice, and that the metabotropic
glutamate receptor subtype 1 outside the cerebellom is
cssential for trace conditioning but not for delay conditioning.
These findings supgest a contribution of the hippocampus to
the LTD-independent learning mechanism. To examine this
possibility further, we have looked at the effects of
hippocampal lesions on learning in GluR$2™ mice. GluR§2™
mice whose dorsal hippocampi were aspirated exhibit severe
lcarning impairment in the trace 0 paradigm cxperiments,
while control GIUR®2™ mice that received a lesion in the
cortex overlying the hippocampus are able to learn promptly.
Wild-type mice do not show such hippocampal dependency in
the trace 0 paradigm. We therefore concluded that the
hippocampus is essential for learning with a trace 0 paradigm
when cerebellar LTD is disrupted. In contrast, GluRS2™ mice
that receive post-training hippocampal lesions retain the
memory as well as the control GluR82™ mice do. The
hippocampal lesion also does not affect memory retention in
wild-type mice. These results suggest that the hippocampus is
not essential for rerention of motor memory with a trace 0
paradigm in LTD-dcficicnt mice. Thus, the present studics
clearly argue that the hippocampus is essential for memory
formation in cerebellar motor learning when cerebellar LTD is

disrupted. These studies suggest that the neural network which
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underlies learning and memory is both flexible and robust.

Reorganization of Brain Circuitry during Memory
Consolidation: Previous studies, including those described
above, have confirmed the time-limited involvement of the
hippocampus in mnemonic processes and have suggested that
there 1s reorganmization of the responsible brain circuitry
during memory consclidation. For temporal characterization
of such reorganization, we carried out EBCC experiments
with a trace interval of 300 ms in rats with ablation of one of
three brain regions: the hippocampus, the mPFC, or the
cerebellum. At various time intervals after establishing the
trace conditioned response (CR), rats receive an aspiration of
one of these regions. After recovery, the animals are tested for
their retention of the CR. When ablated onc day after the
learning, both the hippocampal lesion and the cerehellar
lesion groups exhibit severe impairment in their retention of
the CR, whereas the mPFC lesion group show only a small
decline. As we increase the interval between the lesion and
the learning, the effect of the hippocampal lesion decreases
and that of the mPFC lesion increases. When ablated 4 weeks
after the learning, the hippocampal lesion group exhibits CRs
that are as robust as those of the corresponding control group.
In contrast, the mPFC lesion and cerebellar lesion groups fail
to retain the CRs. These results indicate that the hippocampus
and the cerebellum, but only marginally the mPFC, constitute
a brain circuitry that mediates recently acquired memory. As
time elapses. the circuitry 15 reorganized to use mainly the
mPFC and the cerebellum, but not the hippocampus, for
remotely acquired memory.

Application of EBCC te Studies of Human Memory Loss: In
addition to its grcat advantage as a model system for learning
and memory, EBCC is expected to have wide potential
application to clinical studies, including motor impairment
{e.z. Parkinson’s disease), dementia (e.p. Alzheimer’s
discasc), and other psychopathologics. Such studics using
mouse models of human memory loss (experiments using
aged animals, scncscence- accclerated SAMPE mice, obesc
mice and animals imected with B-amyloid peptide) are

currently under way.
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Research

Since the expansion of the Institute of Neuroscience, Tokushima
Bunri University April, 2007, all the staffs have been appointed
Joint members of the institute and have been involved in a
collaborative research project aiming at ctiology and early
diagnosis of Alzheimer disease based on our expertise described
below.

Our research is focused on four topics in neuroscience. {1) the
cellular and molecular mechanisms underlying plasticity at
inhibitory GABAergic synapses in the central nervous systermn
(CNS}; (23 optical imaging of excitatory and inhibitory synaptic
activities in the brain using voltage-sensitive dyes: (3) the
molecolar  mechanisms for GABA receptor trafficking into
inhibitory synaptic sites; and (4 the search for lead compounds that

have therapeutic potential in the mental disorders associated with
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GABAergic synapses.

Numercus brain functions depend on the balance between
excitatory and inhibitory synaptic activity in the CNS. Any changes
in synaptic transmission therefore seriously affect brain function,
often leading to newrclogical and mental discrders. In particular,
GABAergic inhibitory synapses play a pivotal role in a number of
mental disorders, which is reflected in the fact that one group of
GABA receptor enhancers, benzodiazepines, includes the most
frequently prescribed CNS drugs worldwide. Thus, elucidation of
the mechanisms underlying regulation of the strength of inhibitory
neurotransmission at GABAergic synapses provides not only basic
information about brain mechanisms, but also may suggest critical
strategies in the search for drug targets in mental disorders such as
severe anxiety, depression and cognitive dysfunction.

Recently., we have been interested inm the mechanisms
underlying control of inhibitory neurotransmission at GABAergic
synapses and have found three novel and distinct modes of synaptic
the cerebellar cortex. First. the monoamines

modulation  in

noradrenaline  and  serctonin, released from  afferent  inputs
originating from the brainstem, elicit short-term and long-term
enhancement of GABA release at inhibitory synapses between
cerebellar interneurons and Purkinje cells, the sole output neuron
from the cerebellar cortex. In short-term enhancement, activation of
f}.-adrenergic receptors in the nerve terminal of interneurons by
noradrenaline leads to an acceleration of hyperpolarization- and
eyelie nucleotide-gated cation (HCN) channels and depolarizes
internevrons, which in twrn causes repetitive action potentials and
an increase in the frequency of spontaneous GABA release from
the nerve terminals of intemeurons. In long-term enhancement, the
B .-adrenergic receptor activation couples to stimulation of cyelic
AMP-dependent protein phosphorylation and thereby enhances
action potential-induced GABA release via protein  kinase
A-dependent increases in Ca™ sensitivity of the release machinery,
as well as the size of the readily releasable pool of GABA in the
interneuron nerve terminal (Saitow et al., 2000, 2005). In addition
of GABAergic

neurstransmission. ATP has been shown to enhance GABAergic

te  this presynaptic regulation inhibitory
transmission through a postsynaptic mechanism in which activation
of P2Y-type purinergic receptors by ATP and its metabolites
mcreases the sensitivity of GABA, receptors in Purkinje cells
(Saitow et al., 2004; Ono et al., 2006).

the GABAergic

interneurons and Purkinje cells is under the control of presynaptic

Second, cerebellar synapse  between
inhibition induced by the excitatory neurotransmitter, possibly
glutamate, released from the climbing fiber input {Satake et al.,

2000). The climbing fiber transmitter not only excites Purkinje
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cells but also acts on AMAP-type glutamate receptors in the
presynaptic nerve terminal of intferneurons 1o inhibit GABA release
(Satake et al., 2004, 2006}. The climbing tiber transmitter-mediated
inhibition of GABA release is cavsed by inhibition of voltage-gated
Ca™ channels in the presynaptic terminal following activation of
AMPA receptors (Rusakov et al., 2005).

fiber transmitter glotamate spills out of the synaptic cleft and

Therefore, the chimbing

reaches the presynaptic terminal of interneurons, thereby inhibiting
GABA release through activation of AMPA receptors coupling to
inhibition of Ca™ channels in the nerve terminals.

A third form of novel synaptic mechanism that we found
around cerebellar GABAergic synapses is cross-talk between
GABA, receptors and Group 1 type metabotropic glutamate
receptors (mGIuR1); GABA released from interneurons acts on
GABA receptors expressed in the periphery of nearby excitatory
synapses (peri-synaptic regions) between parallel fibers and
Purkinje cells and enhances mGluR1-mediated slow synaptic
excitation in Purkinje cells {Hirono et al., 2001). Theretore, under
certain circumstances, GABA appears to elicit an excitatory action
following cross-talk between its own receplors and metabotropic
glutamate receptors. Furthermore, because mGluR1 is critically
involved in synaptic plasticity, it is highly likely that a combination
of GABA, receptors and its selective ligands is a promising
therapeutic target for cognitive dysfonction.

As exemplified above, the strength of inbibitory
the CNS

modulated by multiple regulatory mechanisms., which will likely

neurotransmission  at GABAergic  synapses  in is
yield clues for developing therapeutics for the treatment of CNS
diseases. Based on these findings and considerations, our aims
include: (I} to further elucidate the cellular and molecular
mechanisms that underlie synaptic modulation of inhibitory
GABAergic wansmission, and (2} 1o devise a drug screening
system to search for potential lead compounds that fit the profile of
GABA synapse enhancers. We are utilizing three approaches: (1}
thin brain slices from rats mice combined with electrophysiological
techniques using patch-clamp recordings, allow us to study the
properties of GABAergic inhibitory synapses, both physiologically
and pharmacologically; (2) optical recording of neuronal activity in
the brain using VS8Ds (voltage-sensitive dyes), provides not only
spatial information about brain activity but also a powerful means
for screening neuron/synapse-acting compounds; and {3) primary
cultures of neurons dissociated from the brain combined with
confocal imaging and ¢lectrophysiology, which allow us to study
the molecular mechanisms of GABA. receptor delivery into
inhibitory synaptic sites.

Combining these three different experimental approaches, we
are now characterizing the synaptic mechanisms associated with
the control at GABAergic inhibitory synapses as well as the neural
mechanisms of leaming and memory fonmation in the brain. We
are pursuing the four research projects described above in order to

gain further understanding of the brain mechanisms. which may
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lead to drug therapies for neurological and mental disorders cavsed

by dysfunction of central GABAergic inhibitory synapses.
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Research

In the laboratory of radiochemistry, there are three main research
projects; two by Taniguchi and onc by Ucki. The outline of cach

research project will be described in the following section.

Radiation chemical study of aqueous solutions of biomolecular
and related compounds  {(by Taniguchi}
Spin trapping-ESR studies of unstable radicals  (by Taniguchi)

Main research fields of Taniguchi belong to radiation chemistry
of aqueous solutions of biomolecular and related compounds and
physical chemistry of structure and reaction of short-lived radicals.
In his early stage, unstable radicals formed in aqueous
biomolecular solutions by irradiation of electron beam and gamma
ray are detected and identified using ESR(electron spin resonance}
absorption spectroscopy. The aim of these studies were to clanfy
the mechanism of radiation damage to a human body.

Hydroxyl radicals - OH are considered to play much more
important rele in the radiation damage than hydrated electron €.
To pursue the reaction of -+ OH, the following methods of * OH
formation are utilized: chemical reagent systems (T, Fe™ + H,0,
— + OH + QH + Ti*, Fe™), UV irradiation system (H,O + hv—
2 - OH), and gamma- or electron- irradiation systems (€74 + N2O +
H;O — « OH + N2 + OH in NyO-saturated aqueous solutions).

More recently, he is engaging in the collaborative research with
Notre Dame Radiation Laboratory, U.S. using their in situ
radiolysis- steady state and time-reselved ESR method.

In this method, direct information can be obtained about the

short-lived radicals produced in electron irradiated aqueous
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selutions,

Spin trapping method 1s also introduced to irradiated aqueous
systems to detect unstable radicals rather indirectly. Kinetic
information is indispensablc to the strict application of spin
trapping technique to the irradiated systems and some necessary

information is added using time-resolved ESR.

The Study of the structure and the dynamics of proteins by
{by Ueki)

The spin label reagent attached to cysteine residue tells us its

means of site-directed spin-labeling ESR

environment and the structural information of the protein through
the ESR spectrum. [n other words, the spin label acts as a reporter.
In the case of two spin labels introduced into a protein, we can get
the distance between two labels by the spectrum. The mert of
this method is that we can monitor only the spin label whatever the
sample condition is. So we can measure the membrane protein
lipid for example, that is difficult to measure by other spectroscopic
method.

Now we study the structure and the function of a protein called
troponin on muscle thin filament, which controls the calcium
induced muscle contraction. Cardiac troponin is a important protein
in connection with heart failure. We especially nvestigate the
relationship between the structure and the phosphorvlation of
cardiac troponin. The phosphorylation of cardiac troponin is a key
mechamsm of beta-adrenergic regulation in heart function.
Recentry, we focus on the study of the PKA phosphorylation of
N-terminal domain of troponim L. and the consequential change of

the interaction and the structure in troponin complex.
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Research

1. Integrated study on pharmacokinetics and pharmacodynamics
for efficient drug discovery and on the optimum drug therapy

. Basic and clinical analysis of drug-metabolizing enzyme and
transporters  influencing pharmacokinetics and pharmaco-
dynamics

. Basic research on the toxicity mechamism of drugs. xenobiotics

and their active metabolites

The elucidation of relationship between pharmacokinetics (PK)
and pharmacodynamics {PD) of drugs is critical not only for the
discovery of novel drugs but also for their optimum uses in clinical
settings. The effects of clinically used drugs are influenced by
drug-metabolizing enzymes and drug-transporters.  Therefore, one
of our major research projects is to push an integrated analysis of
PK and PD for investigational drogs by characterizing in vive
drug-metabolizing  enzymes and  dmug-transporters  under
physiological and pathological conditions.

We are also conducting the research of mechanism(s) for the
decrease m levels of serum thyroid hormones by xenobiotics and
the

extrapolation to human in these compounds-induced alteration of

their active metabolites, and species  difference  and
the hormone levels.

In addition to these projects, we have also focused on
simultaneous determination of polybrominated diphenyl ethers
(PBDEs), hydroxylated (OH-) and methoxylated (Me()-) PBDEs
found in marine sponge by atmosphere pressure chemical
iomzation tandem mass spectrometry (APCI-LC/MS/MS), and
immunoetargeting of liposome to tumor and endothelial cell
type-1  matrix

expressed  membrane

(MT1-MMP).

metalloproteinase
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Observation of the giant molecules by means of mass
spectrometry:

Mass Spectrometry (MS} has been developed and adopted to wide
varicty of analytical chemistry in recent years.

Although MS was basically developed for high molecular weight
substances in the field of biochemistry, the measurement of huge
molecules over 10k Da is still very difficult.  This is caused by the
ionizing problems, stability of the compounds and the existence of
various impuritics.

We develop some new techniques to overcome these problems by

using newly equipped FT-1CR mass spectrometer.
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History

Joint research with Senka Pharmacy Co., Ltd was
started for development of new drug in April, 2004.
Structure determination of some micro bivactive
substances, which Senka had continued searching for
The
laboratory of analytical chemistry, which was engaged in

many years came to the final stage in those days.

the precise structure determination of the bio-micro active
materials taken out from natural product, accomplished
this study made full use of a analvtical instrumentation
installed in this faculty. Furthermore, the synthesis of
this compound was completed by a team of the laboratory,
and biological activity of thiz lead compound was finally
confirmed. The study was forward in the project by
Yamaguchi, Danjyo and Sei in the laboratory of analytical
chemistry. Later, Kanagawa and Yoshida were joined
from Senka Pharmacy as the new members for the project,
and finally established the new laboratory in the
pharmaceutical science at Kagawa Campus, which

superior facilities and researchers for new drug discovery.

Purpose

Although remarkable development of the drug discovery has
been made, an all around anti cancer drug with a few side effects is
not yet obtained.  In this project. we perform the research to find
curatives which are effective for treatment and the prevention ill
such as cancer therapeutic drugs based on organic chemistry,
Project
(I Search of bivactive substances came from natural

products and synthesis of candidate compounds.
(@ Development of high throughput screening.
(@ Development of new analytical methods and

mechanistic study of the candidate compounds.

221

To achieve this, we establish a new assey system for the
candidate compounds and accomplish high throughput screening.
Furthermore, we make full use of the latest analytical
instrumentaticn in this faculty to promote swift and acurate
structure determination. We also expect carrying out systermatic
strocture investigation of highly acoive candidate compounds in
detail.
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Research

Recent progress in life science markedly affected medical
rescarches with respect to the identification of responsible genes
and the understanding of molecular pathophysiology of various
human diseases. which were described as unknown etiology in a
textbook published only ten vears ago.  There is ne doubt that the
future direction of the life science is “the development of
therapzutic method of human diseases based on the understanding
of pathophysiology at molecular level”. Our final goal is the
integrative understanding of the pathogenesis of homan diseases
from molecular to individual level.  To pursue this task. progress
in molecular biological techniques have enabled us to vse quite
highly beneficial experimental tools such as gene-targeted mice and
transgenic mice. From the analyses of these gene-manipulated
animals. we have a chance to combine analyses of molecular and
cellular level with clinical changes at individual level. Further,
these animals are valuable, because we can obtain most carly
changes in the pathogenesis of diseases, which are hardly examined
in human patients. Thus one of the main methods of our division
is histopathological analysis of these gene-manipulated animals as
well as traditional experimental animal models. These analyses
systemic approaches from macroscopic

requirg anatomy,

conventional  histological methods, immuno- and i situ
hybridization histochemical methods using light microscopy and
electron microscopy.  We also pursue cooperative research
projects with medical institutions outside our university for
analyses using human matenials that fulfill ethical criteria,
depending on the progress in each research project. These trials
using good animal models for human disease are expected to
contribute o the better understanding of the pathophysiology of
human disease. Following are the detailed information of each

research project.
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| 1. Expression of Lanosterol 14- & Demethylase in the brain and

its changes during myelination and remyelination.
l4w-Demethylase (LDM. CYP51} demethylates

lanosterol, catalyzes its metabolism to follicular tlvid meiosis-

Lanosterol

activating sterol {FF-MAS) and is an essential enzyme of
cholestero] synthesis in eukaryotes. Inhibitors of LDM are known
to decrease cholesterol synthesis and expected to work as drugs to
lower serum cholesterol level. The expression of LDM was
confirmed in various organs of mature rat by Western blot analysis
of extracted proteins from them. The expression of LDM was
high in the liver, adrenal gland, testis and ovary. Moderate
expression was confirmed in the cerebrum. cerebellum and sciatic
nerve, but functional roles of LDM in the nervous system remain to
be clarified. Immunohistochemical analyses of mature rat brain
using anti-LDM antibody indicated that LDM-immunoreactivity
was co-localized with 2', 3'-cyclic nucleotide 3'-phosphodiesterase
(CNP)-immunoreactivity, a marker of oligodendroglia, or with
myelin basic protein (MBP)-immunoreactivity, a marker of myelin
sheath. LDM- immunoreactivity was also detected in neurons of
newbomn rat, though the immunoreactivity decreased during
postnatal development. Cerebral cortex and white matter of 0 - 8
(LCM}

microscope. Western blot of extracted proteins from these samples

weeks rat brain by laser capture microdissection

indicated that LDM-immunoreactivity in the cerebral cortex was
stably expressed until postnatal 2 weeks, gradually decreased
thereafter and only trace amount was detected at postonatal 8 weeks.
On the other hand, LDM-immunoreactivity in the white matter was
detected at low level at birth, increased during the postnatal
development and reached a peak at postnatal 2 - 3 weeks, then
decreased similarly as in the cerebral cortex. Immunchistochemical
analysis of  rat cercbrum revealed changes in
LDM-immunoreactivity during postnatal  development, which
The brain

of Mongolian gerbil was loaded with ischemic insult for 10

correlates with those findings of Western blot analysis.

minutes by clipping of a unilateral common carotid artery, then,
reperfused. More increased LDM-immunoreactivity was detected
in the cerebral white matter of the ischemic side than contra lateral
control side.  Further, LDM-immunoreactivity was decreased in
the cerebral white matter of ICR mice during the progress in
demyelination induced by the treatment with cuprizone, then,
increased during the process of remyelination induced by changing
normal diet.  Such a change in LDM-immunoreactivity was
grossly comrelated with that of MBP-immunoreactivity. These
data suggest that LDM may be involved in de nove myelination
and remyelination.  Now we are examining the functional roles of

LDM in aggregate culture system composed of neurons and glial
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cells where i{n vitro myelination can be observed clearly.

2. Expression of Stearoyl-CoA desaturase isoforms in the brain
and their changes during the processes of experimental
demyelination and remyelination.

Stearoyl-CoA desaturase (SCD) is an enzyme involved n the
synthesis of monounsaturated fatty acid such as oleic acid from
saturated fatty acid such as stearic acid. Two isoforms (SCDI and
SCD3) and four wsoforms (SCD1 — 4) were identified in human and
mice, respectively. Expression of these isoforms was examined in
mice brain by PCR using ¢cDNAs synthesized from total RNA
isolated from mice cerebrum and specitic primers for each isoform.
SCD1 and SCD2 were mainly expressed in mice brain. Western
blot analyses using anti-SCD antibody identified a 40kDa protein
in the mouse and rat brain. It has been reported that the expression
of the SCD1 protein and SCI1 mRNA was

axotomized neurons, suggesting that SCD1 may be involved in the

increased in
recovery processes from neuronal injury.  On the other hand, oleic
acid is a major component of the myelin sheath and SCD, a key
enzyme of its synthesis, may be involved in the formation and
regeneration of myelin sheath. Experimental demyelination can be
induced in ICR mice by feeding with cuprizone containing diet for
6 weeks and remyelination oceurs by changing to normal diet.
[mmunohistochemical analyses of these animals using antibody
specific for SCD1 and SCD2 indicated that SCD-immunoreactivity
was markedly increased in the hippocampal CAl region. cercbral
cortex and cerebral white matter at 6 weeks after cuprizone
treatment and relatively higher expression was also observed
during the processes of remyelination at 5 weeks after changing to
normal diet.  Increased SCD-immunoreactivity was observed in
the cytoplasm of neurons of the cerebral cortex and hippocampus.
Increased SCD- and MAP2-immuonoreactivity was colocahized in a
part of CA1 region, suggesting that SCD-immunoreactivity is also
increased in a part of dendrites. SCD-immunoreactivity was
colocalized with S100-immunoreactivity in the cerebral white
matter of mice treated with cuprizone, suggesting that astrocytes
express SCD. In accordance with this finding, in situ hybridization
histochemistry using DIG-labeled RNA probe for SCD2 mRNA
detected specific positive signal in the white matter, which was
colocalized with GFAP- immunoreactivity. We are examining
quantitative change in the expression of SCD mRNAs during the
processes of cuprizone-induced demyelination and following
remyelination by real-time PCR uvsing multiple intemal controls.
The brain of Mongolian gerbil was loaded with 1schemic insult for
10t minutes by clipping of a unilateral common carotid artery, then,
reperfused.  More increased SCD-lmmunoreactivity was detected
in the cerebral white matter of the ischemic side than contralateral
control side. These data suggest that the expression of SCD is

increased when the brain is damaged by various tissue injuries.

3. Functional diversity of Bent family genes, and intracellular
localization of ancestral Bent in the nervous system.

Benr (bent™ ) gene is ubiquitously conserved beyond species from
yeast to mammals including mouse and human, while bent™™,
which is considered to be produced by the duplication of bemr gene
and insertion of a retrotransposon. 15 ruminant specific genes.
Recently, we identified and reporied bone™ 2, which is generaied by
duplication of fcat™. In evolution. gain of new function{s) is
important for those generated genes to be conserved in the genome.
However. functional differences of these genes and their correlation
are not clear to date. In the expression analyses of the proteins
encoded by these three genes in adult-goat, all of Bent family
proteins were expressed in the brain and testis. Especially in the
brain, p45Bcnt, p97Bcnt, and p97Bcnt-2 were localized in
cytoplasm, nuclei, and axen of neuron, respectively. These distinet
localizations of each protein may reflect their functional differences.
suggesting that acquisition of new function(s} is essential for
molecular diversity in biological evolution.  On the other hand, in
cur previons studies to transfect a transgene of p45Bent and
fluorescence protein in primary cultured astrocytes, p35Bent was
localized in nuclei. Therefore, we assume that p45Bcnt is subject to
nucleocytoplasmic  shuttlhing through an interaction with other
molecules. Presently, we are trying to establish anti-p45Bent
antibodies that are necessary for detailed functional analysis, and to
identify protein{s) that interact with p45Bcnt by yeast two-hybrid

method.
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