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Research projects and annual reports

1) Identification of novel ceramide
glucosyltransferase inhibitors.

Ceramide glucosyltransferase (EC.2.4.1.80) is the
enzyme that catalyzes the first glycosylation step of
glycosphingolipid (GSL) synthesis. Ceramide
glucosyltransferase-overexpression is one of the causes
of multi-drug resistance of various cancer cells. The
last year, we showed that HA14-1, widely used Bcl-2
inhibitor, had ability to inhibit this enzyme. In this year,

we identified two novel ceramide glucosyltransferase
transferase inhibitors. These compounds had no
structural similarities with previously known ceramide
glucosyltransferase inhibitors. One compound had
been known as a transcription factor STAT3 inhibitor.
This compound could induce apoptosis on cancer cells
by inhibiting STAT3. No bioactivity had been reported
on the other compound. Both compounds could inhibit
the enzyme activity in cells. The compound with STAT3
inhibitor activity could be a unique lead compound for
cancer treatment, since the compound could induces

cell death to multi-drug resistant cancer cells.

2 ) The Inhibition mechanism of TCTP on oxidative

stress-induced cell death

We have previously identified proteins that inhibit
oxidative stress-induced cell death. One of the proteins,
TCTP has been reported to inhibit mitochondrial
pathways of apoptosis. In this year, we obtained
preliminary results suggesting that TCTP could inhibit
oxidative stress-induced cell death without affecting

mitochondrial pathway.

3) Plantand food extracts that prevent fatty liver

Fatty liver is a condition where lipid droplets accumulate
in liver cells. Fatty liver induces inflammation and may
finally cause cancer.

We screened plant and food extracts for inhibitory
effect on the lipid droplet formation in cultured liver
cells. A mouse hepatoma cells were cultured overnight
in the medium with high concentration of oleic acid,
and plant and food extracts to be tested. The next day,
the cells were fixed and lipid droplets formed were
visualized by Oil Red O staining. In this year, we screened
130 extracts in total. Among them, a mushroom extract
showed strong inhibitory activity. Detailed mechanisms

are now under examination.
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Research projects and annual reports

1. Development of therapeutic sgRNA for multiple

myeloma

We performed mouse xenograft experiments to
examine how a cocktail of the highly efficacious
heptamer-type sgRNAs H11247, H15540, H15603,
and H15860 can reduce the growth of human myeloma
KMM-1 cells in vivo. KMM-1 cells were implanted
subcutaneously into SCID/NOD mice, and the sgRNA
cocktail was subsequently administered locally once
every 2 days in a total of 3 times. Median survival
periods of the sgRNA cohorts in the Kaplan-Meier
curves were greater than those of the saline control
cohorts by 11 days. This observation suggests that the

sgRNA cocktail works in vivo, albeit moderately.

2 . Analysis of type I toxin-antitoxin modules in

E. coli

We constructed a pAZ3-IdrD plasmid which includes
IdrD gene region under arabinose promoter in E. coli.
Using the plasmid as a template we made various
mutations by site-directed mutagenesis to investigate
IdrD gene expression regulation. It was revealed that
IdrDX which locates upstream of IdrD was important

for expression of ldrD toxin.

3. Development of gene silencing system by using

antisense RNAs in E. coli

We developed a novel gene silencing system that 24-
nt antisense RNAs was induced from an arabinose-
controled plasmid for regulating lacZ and phoA genes
simultaneously. We showed that the silencing was not
dependent on Hfq RNA chaperon protein. This
inducible knockdown system can be used for functional
study of bacterial essential genes, which are not possible

with knockout analyses.

4 . Analysis of mouse sperm-enriched small RNAs

By next generation sequencing, we identified several



small noncoding RNAs including miRNA, piRNAs and
sRNAs derived from telomeric repeat RNAs in mature
sperm. We analyzed their physiological functions and
found possibly important roles for gamete-specific

small RNAs in early embryogenesis.

5. Identification of RNA editing sites in (pre-)
miRNA in human brain
We were able to obtain much more sequencing reads
corresponding to pre-miRNAs using DNA/LNA oligos
in RT reaction. Many A-to-I RNA editing sites on
human brain pre-miRNAs and snoRNAs were identified

by deep sequencing and bioinformatics analyses.
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Research projects and annual reports

1) Design and Synthesis of Nucleic Acid Peptide

Along with the results of computational simulations
on NAP-DNA/RNA double helical complexes, we have
developed a synthetic method of the artificial nucleic
acid peptide (NAP) unit, having amino acid residues
other than glycine and applied to the design of the

magnetic sensitive devise.

2 ) Synthesis of Steroidal Bradykinin Receptor Ligands

D-ring secosteroids such as vertinol, illustrol and
argeloside have unique oxygenated cage-like structure.
The synthetic route of veltinol A and argeloside aglycon
that we have developed previously were successfully
applied to the synthesis of illustrol and its glycoside.
Biological activity of the argeloside aglycone and

illsutrol are now under investigation.

3) Mechanistic Study on the Molecular Recognition

of ATR

The extracts from the lignan-rich fruit of Schizandra
chinesis have been used in Chinese and Japanese
traditional medicine as an antitussive and a tonic and
nearly forty dibenzocyclooctadiene lignans were
isolated from the plant. Among those, Gomisin N was
found to be a specific inhibitor of the ATR, a member of
the  phosphatidyl-inositol ~ 3-kinase (PI3-kinase).
However, the binding site of this lignan at the enzyme is
not known since the enzyme constitutes kinase domain
as well as DNA-binding domain. Thus, we have been
developing the synthetic methods for the preparation of
radio-labeled Gomisin N. Unfortunately, the previous
methods for the synthesis of Gomisin N inevitably
produce the wuseless diastereomer. Thus, more
stereoselective methods have been investigated and we
finally developed the stereoselective synthetic route for
Gomisin N. Synthesis of radio-labeled Gomisin N is

now under investigation.

4) The Sweet modification Mechanism of Sweet-
modifying Protein, Neoculin and Miraculin.

The molecular dynamics (MD) method which



we have developed in the analysis of the mechanism
of sweet taste modification by neoculin and
miraculin was applied to the analysis of the
mechamnism of the enhancement of the enzymatic
activity of DOI synthetase mutants. The dissociation
of the two units of DOIS to single unit which should
be active entity of this enzyme occurs at a higher
temperature or specific point mutations in the MD
calculations. This dissociation can explain the
results of kinetic experiments on the native enzyme

and the mutants.
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Research projects and annual reports

Using rice and buckwheat as the main experimental
materials, we are investigating the molecular mechanism
of important agronomic characteristics, such as
environmental stress, plant reproduction system and
plant structure. Research activities also cover the
improvement of agronmic and physiological
characteristics and the development of crops adapted to

low-input management and high-quality crops.

1) Genetic characterization of a low phytic acid

mutant in rice

Phytic acid is the most abundant form of phosphorus
(P)bin cereal grains. In addition to being essential for
normal seedling growth and development, phytic acid
plays an important role in human and animal nutrition.
Previously, low phytic acid rice mutants were isolated
by using a forward genetics approach. Those mutants
are caused by single gene, recessive non-lethal
mutations. DNA marker analysis revealed that one
mutant was likely to be mapped in chromosome 12 as a

novel locus in phytic acid metabolism.

2 ) Allelic variations of 6-SFT among Japanese
barley cultivars
Allelic variations of 6-SFT were investigated for ten
Japanese barley cultivars. By the combinations of four
SNPs and two INDELSs in ca. 560bp partial sequence of
6-SFT gene, the cultivars were classified into four types.
All the five cultivars having superior wintering ability

belong to ‘Miyuki-oomugi type .

3) Molecular characterization of a dwarf mutant in
buckwheat
Brassinosteroids (BRs) are steroidal plant hormones
that are essential for growth and development. In
common buckwheat (Fagopyrum esculentum), more
than 40 dwarf mutants have been described, but little is
known about the role of BRs, except for the identification

of BRs from pollen. A spontaneous dwarf mutant, d34,

A ATG (1) TAA (2667)
= =
WT CTAAGA | ————mmmmmmmmmmm e TGGAAT
363bp
d34 CTAAGA |GCATGA-—======~ CTAAGA | TGGAAT
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449 465
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was isolated from self-pollinating buckwheat breeding
lines. Plants of d34 show strong dwarfism with dark
green rugose leaves. The phenotype was rescued by the
application of brassinolide, a bioactive BR, indicating
that d34 was a BR deficient mutant. The accumulation
profile of BR compounds in the d34 suggested that this
mutant might be deficient in the activity of BR C-6
oxidase. We cloned a D34 gene that encodes cytochrome
P450 classified in CYP85A. The d34 plants exhibited
a 363-bp insertion sequence in first exon resulted in
the creation of a stop codon, and d34 phenotype co-
segregated with its insertion sequence. These results
indicate that d34 is caused by a loss of function of a C-6
oxidase in BR biosynthesis. On the basis of these
findings, we also discuss the BR biosynthesis pathway

in buckwheat.

4) Characterization of T2/S-RNase genes in

buckwheat

Self-incompatibility (SI) is a genetic mechanism to
prevent self-fertilization to keep variability of the genome.
In genus Fagopyrum, of which self-incompatibility
mechanism is sporophytic but different from the typical
one and thought to be RNase regulated from its self-
pollen rejection behavior, ironically the major crop E
esculentum is self-incompatible and dimorphic, while a
wild species E homotropicum is self-compatible and
homomorphic. To understand of the molecular basis of
the dimorphic sporophytic self-incompatibility (SSI),
three T2/S-RNases, FE1, FE2 and FH were cloned and
characterized from the self-incompatible and self-
compatible species in genus Fagopyrum, respectively.
The deduced amino acid sequences of them shows
highly similarity, 70~63%, to acidic plant S-like
RNase that previously reported as involved in plant
defense mechanism. The expression patterns of the FEI
reveal that expressed specifically in the flower organs,
especially in the stigma of the pistil. Comparison of
deduced amino acid sequences, FEI, FE2 and FH,

showed significant polymorphism that located

hypervariable region (RHV) which might be concerned
to allele-specific pollen rejection in S-RNase mediated
SI system. Although the FEI, FE2 and FH were not
linked to the S-locus, reveals that they do not have
direct role in self-pollen rejection. In this study, we
describe the potential importance of these genes for the
understanding of the dimorphic SSI system on its
unique expression pattern and the significant

polymorphism of their amino acid sequences.

FR

B A B8 B, MIEWCRER, HY FE T
FLFDTIVTH G kR BE Fsucrose: fructan
6-fructosyltransferase (6-SFT) J& {1~ O [ F [ 28 2 |
JbREEY 2 49: 48 - 50 (2014)
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Yasuo Yasui, Masashi Mori, Jotaro Aii, Shingo Sato,
Ohmi Ohnishi, Tomoko Abe, Yoriko Hayashi, Daiki
Matsumoto and Tatsuya Ota. Intact S-ELF3 is exclusive
to heteromorphic SI specices in Fagopyrum. The 12"

international symposium on buckwheat, Slovenia,
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Research projects and annual reports

I. Study on Photochemical Decomposition of
Perfluorooctanoic Acid (PFOA) by Iron Catalyst
Two iron immobilized carbonaceous materials Fe-

BC and Fe-F400 were produced with ferric iron using

a bamboo porous carbon activated by KOH (AcBC)

and a coal-based activated carbon Filtersorb F400,

respectively. The Fe compounds in the carbonaceous
material were identified from the XRD pattern. The
performances of the carbonaceous materials were
examined for adsorption and photochemical
decomposition of PFOA in aqueous solution. The
adsorption of PFOA on the carbonaceous materials
increased as the the increases in surface area and the
total pore volume of the materials. Moreover, the
chemical structures of Fe compounds can affect the

decomposition of PFOA.

II. Study on emission behavior and risk assessment
for breakdown products of condensed phosphoric
ester flame retardants
Content ratios of 17 phosphate flame retardant

plasticizers (PFRPs) in the interior parts and cabin

dusts of end-of-life vehicles were determined. Some

PFRPs in the vehicle interior materials could be derived

from recycled raw materials.

IIT. Behavior of pesticides applied to paddy fields
Behavior of the insecticide dinotefuran in waters and
soils from two paddy fields after aerial application to

paddy fields was investigated as well as in river water.

The runoff ratios of dinotefuran from the paddy fields
and the mean half-lives of dinotefuran in the paddy

water and soil were calculated.

IV. Study on origin and recycling capability of Tsunami
deposit from Great East Japan Earthquake
Characteristic distributions of metals, ignition loss

and silt content were investigated in the tsunami

deposits from the Great East Japan Earthquake sampled
at two areas bordering the Ishinomaki bay, Miyagi

Prefecture. The tsunami deposits in one of the

investigated area appears to originate from the sea

sediment, whereas those in the other area from both the
sea sediment and the land soil. Among the investigated
metals, Mo could be an important index for the origin

estimation of tsunami deposits.
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up to 97% yield
syn/anti = up to 97/3
up to 96% ee
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Fluorous Solid
(o) phase Extraction

é 2 (20 mol%) ©\OM9

+ benzoic acid (10 mol%)
OMe - NO,

“UNO; H,0,0°C
syn

1st: 13 h, >99%, syn/ant/= 96/4, 95% ee
2nd: 13 h, >99%, synlanti= 95/5, 95% ee
O, 3rd: 21 h, >90%, synlanti= 95/5, 94% ee

o Ho 4th: 24 h, >99%, synlanti= 96/4, 93% ee
e} 5th: 26 h, >99%, synlant/= 96/4, 93% ee

)< 6th: 30 h, >99%, syn/anti= 96/4, 94% ee

N -H “0 7th: 38 h, >99%, syn/anti = 96/4, 93% ee

8th: 48 h, 96%, synlanti= 96/4, 93% ee
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Fluorous Solid
phase Extraction

O
3 or 4 (20 mol%)
ij benzoic acid (20 mol%) o ':Dh
+ neat for 3 H
hexane for 4
Ph/\/NOZ rt syn
CF3 CF3
FsC—1 FsC—1 Q.
3 /\, CF,4 8 /\/ - CF,
o © CFsO\/O
N 7LCF3 N 7L0F3
H H
3 4

1st: 24 h, 99%, 93%ee
4th: 48 h, 70%, 93% ee

1st: 24 h, 96%, 92%ee
4th: 50 h, 90%, 93% ee

Research projects and annual reports

1) Development of environmentally friendly chiral
organocatalyst starting from D-glucose.
3,6-dideoxy-3,6-iminohexafuranoses derived from

D-glucose have been developed as organocatalyst for
the asymmetric Michael addition reaction of
cyclohexanone to nitoroolefins. Under the optimal
conditions, 3,6-dideoxy-3,6- glucofuranose 1 leads to

Michael adducts in high yields (up to 97%) with high

excellent diastereoselectivities (up to 97:3 syn/anti)

and excellent enantio- selectivities (up to 96% ee).
In addition, 3,6-dideoxy-3,6-gluco- furanose 5-O-
fluorous benzoate 2 catalyzes the Michael addition

reaction in water, leading to the synthesis of

corresponding syn-adducts in high yield with up to
95% ee. The fluorous catalyst is easily recovered by
fluorous solid phase extraction and can be reused up to
seven times without significant loss of the catalytic

activity.

2 ) Development of recyclable fluorous organocatalytic

reactions.

2,4-Bis (perfluoro tert-butyloxymethyl) - pyrrolidine
as a novel recyclable fluorous catalysts 3 and 4 were
synthesized and employed for in enantioselective
Michael addition reaction of cyclohexanone to
nitroolefins. The fluorous pyrrolidine catalysts were a
highly efficient catalyst for the Michael addition
reaction, leading to syn-adducts with high yields,
diastereoselectivities, and enantioselectivities.

Both the fluorous catalysts were simply separated
and recovered by fluorous solid phase extraction, and
reused repeatedly at least four cycles without significant

loss of activity and enantioselectivity.

FR

1. “A small molecule inhibitor of Bcl-2, HA14-1,
also inhibits ceramide glucosyltransferase” Satomi

Niino, Yutaka Nakamura, Yoshio Hirabayashi,

Michiyo Nagano-Ito, Shinichi Ichikawa, Biochem.
Biophys. Res. Commun. 2013,433(2),170-174.

2. “A Concise Total Synthesis of (+)-Pancratistatin
from D-Glucose Featuring the Henry Reaction”
Shoji Akai, Masaru Kojima, Sunsuke Yamauchi,
Takahiro Kohji, Yutaka Nakamura, Ken-ichi Sato,
Asian J. Org. Chem. 2013, 2, 299-302.
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Research projects and annual reports

1) Analysis of molecular mechanism of the plant
defensing AFP1

Plant defensins, which possess antifungal and/or
antibacterial activity, are small (45 to 54 amino
acids), basic, and cysteine-rich peptides. Plant defensins
are part of the innate immune system of plants, and
they function in the protection of plants against fungal
and bacterial pathogens. By last year, we purified and
characterized AFP1, a plant defensin from Brassica
juncea. We produced the functional recombinant AFP1
(rAFP1) using the yeast Pichia pastoris heterogous
expression system and purified. Recombinant AFP1
(rAFP1) inhibited the growth of yeast species
Kluyveromyces lactis, human fungal pathogen Candida
albicasns. The biological function of rAFP1 was found
highly stable in extremes pH (range from 3 to 11)
and temperature (upto 100 °C) conditions.

Only alimited number of defensins have been studied
in detail. RsAFP2 of Raphanus sativus interacted with
glucosylceramide (GlcCer) on target fungal membranes
and cell walls, and induces membrane permeabilization
and ROS production. Since AFP1 shares 94% amino-
acid sequence identity with RsAFPZ2, it is probable that
AFP1 also interacts with the GlcCer of the target fungi
and induces membrane permeabilization and ROS
production.

We constructed the C. albicans GlcCer synthase gene
(HSX11I) disruption mutant (Agcs). The Agces cells
showed the low AFP1 sensitivity, compared to wild-
type cells. We also observed rAFP1-induced membrane
permeabilization and ROS production, which correlated
with the growth inhibition, in C. albicans cells, but did
not in the Ages cells. These results demonstrated that
the presence of GlcCer on target pathogens is an
important factor in rAFP1 sensitivity in fungi.

We have notably focused the structure of GlcCers
that interact with AFP1. AFP1 is non-toxic to human

cells containing GlcCer. A methyl residue and a double

bond exists at the 9th carbon and A8 region of the
sphingolipid base moiety of GlcCer, respectively, in
fungal cells but not in human cells. To determine the
functional role of these structures, we constructed C.
albicans mutants containing a methyl residue and/or a
double bond-defect. However, the amount of GlcCer in
the Amtsl and Asld1 cells was significantly lower than
that in the wild-type cells. Therefore, we constructed
Amtsl, Asldl, and the corresponding wild-type cells,
which overexpress the HSXI1 gene. The amount of
GlcCer in these mutant cells was almost same as that of
the wild-type cells. We were able to compare the effects
of the structural differences in GlcCer on rAFP1
sensitivity without considering the amount of GlcCer.
The concentrations of HSXII overexpressed cells
treated with rAFP 1 were significantly higher than those
of the wild-type cells. We observed that the Asld1 cells,
which lack the 9th methyl residue and trans-A8 double
bond of the GlcCer sphingoid base moiety, exhibited
rAFP1 resistance, but the extent of rAFP1 resistance of
the AsldI cells was the same or slightly lower than that
of the Amtsl cells, which lacks only the 9th methyl
residue of the GlcCer sphingoid base moiety; however,
the reason for this phenomenon remains unknown.
Considering together, these results demonstrate that
the 9th methyl residue, but not the double bond at the
A8 region, of the sphingolipid base moiety of GlcCer is

important to AFP1 sensitivity in C. albicans.

2 ) Development of the edible oil production system
using oleaginous yeast Lipomyces starkeyi from
food and shochu residues
We are in the face with the exhaustion of fossil fuel

resources and environmental problem. Some plants,
such as oil palm and rape, have been used for production
of biodiesel but it is difficult to use these plants
continuously due to competition with human food
requirement. Moreover, we also suffer from the scarcity
of edible oil from plants. To overcome these problems,

we have focused on using an oleaginous yeast, Lipomyces
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starkeyi, to produce triacylglycerol (TAG) from
nonedible biomasses.

Lipid droplets (LDs) are spherical organelles that
consist of neutral lipids, mainly TAG and sterol ester
(StE), covered with a phospholipid monolayer. Neutral
lipids start to accumulate between phospholipid bilayers
of endoplasmic reticulum and bud to the cytoplasm
later with the phospholipid monolayer. Recent studies
for LDs formation in mammalian adipocyte and yeasts
Saccharomyces cerevisiae and  Schizosaccharomyces
pombe have uncovered many factors important for LDs
formation. However, how and when LDs are formed are
still largely unknown. We addressed the detailed
expression pattern of genes responsible for LDs
formation in L. starkeyi. DGAI and LROI encoding
enzymes that catalyze diacylglycerol to TAG are highly
expressed in early to late log phase. Genes responsible
for acetyl CoA and fatty acid synthesis, ACLI, ACCI,
FASI and FAS2 are highly expressed transiently in early
log phase but not in late log phase. TGL3 and TGL4
encoding enzymes that degrade TAG to DAG and free-
fatty acids are continuously expressed in log and
stationary phases, suggesting that the amount of TAG is
controlled by TAG synthesis but not by TAG
degradation. From these results the constitutive
expression of acetyl CoA and fatty acid synthesis gene is
expected to lead to efficient accumulation of TAG in

yeast cells.

FRFIL

1. TAntifungal activity of plant defensin AFP1 in
Brassica juncea involves the recognition of the methyl
residue in glucosylceramide of target pathogen
Candida albicans] Oguro Y, Yamazaki H, Takagi M,
Takaku H Curr. Genet. 60:89-97(2014)

2. 177 FRHEMHEET + 72 > EAE
AFPID RIGHEAEPEEIEE A i) 128
FEIE, MR A, JIH T, B TEBE,

KRG HOREUIZEHRS  19:1-13 (2013)

BEHEHE, YRV LAE

EA VEBE TR KIGEE 2RI L7205 0
ERL GBI O FEEE B E ] HBS1E I /N A
FRU R ERUNA Aty —>
T L, HE LSRRG ESEE Y —
201347 A (4AfsasiE)

ERZER

1. IXtA 7oA ickal) 7= 8% H
LU A YT BEREKRELEPIC BT 5
BT RBUSE M NG 2E, G
Befkd, AKH VRS, 8BRS % NH OB, 7
gEOBF=, Ll mESL, S TEBE NAEIR
W OEESHHAEM TR KRE, BE, 9H
18H, 20134

2. [DOI Rk RAE R BT 2 LR EiEED
FHBEMERT | RAREZ, e HEN, HE 2,
A TEWE, AR HRE, A5 B B4l

[EEIE AR S >R A e, 1L 7 H,
20134¢

3. [Candida albicans\iZ BT 25 «+ 7 = > >
AFPIOE B fg i) /AN J5 s, 1L
L, @A IEE, mA B HARZEMS
220144 K%, AH, 3 H29H, 20144

4. THIEEE A EAFPLO A R EY R L UL I
KB R0 D B ORGANHIN R OMEE) 12
E trE, FE RN, B B R 6
HARZ(EFR2014EE R, AH, 3 30
H, 20144 (HARZLFERPE Y 7 AH)



T DY EIR

1) S\&RES

it

= E (B)

AR BT BRI O T 0 X T MERAHERE O fiE b
WF7eARE 1l g

HAEE (B)

AES  ATRIHEHR T 2 > O NOEFEE O fR e
E M PRI~ D i

WFEREE - A B

BFSE- 3 - P &, A TEBE, HE 5,
Ly i

FAIL RS EERR AR ST B AR B S 1B B 2 CUERRI 2 A)
() Tf ) BLEIIZEIC & 2 Kk AR AEM: &
BSOS &, T DERE - [EFFENDIGH
D7=d DRBEIRIERR (FFFE7 855 B E
(754 7 IHIVEROMAEYERE ] WA IF
ME, LR RESC (WF9RAREREE /NP A

R /HEHRE (RED
M FEBE 14

ZOMHRE

1. BEMKER BMKESR - BEERRF
BN HEE R R (S — XAIHAT—2)
A RS - BER S s OmmE
= B RE TR 2B PE 1T A1 7= BRI 5%
WFZEAREE - S TEBE

WHFEr a3 CHR RIS © il #5350

2. NEDOZEZGFtHE v BVEREY) Rk 5
BT O AN, TRENA A AR5 D
HHREERIEE O —BRE T 0t X OB )
e aE CGiRERRY) « @A RN, =
I e, L S

3. REE REEMIROHEE RS

A A ZEFA L N1 v 2 F
J JBEE IR S DAL F T RFRVERES 2T LD
5 )

WIEEE - B FEBE

WHgEmrEE - L Sk

4. JST WRFERCA G2 BFFE R A Ji2 Bl S 5%
a2z 7/, (ASTEP) 74— EUT 1 A%
T4 [FS] ZA5—2
WFFERRE - KR Ftt 22 HiF L 2 RKIBREICK
LHEMNS OB EFBRT I 2 RIERE DO FEEEEFE |
R « A TFElE
WFgE i ¢ i B SC

5. WREHE S R A 2y — FEkMTE - 7 I 1
T > ABERESE DUSRREZAEEOHELE ST
T > RBER O FH¥E )

W7eEE - | B
WHZEsrHE & TEBE

2) FHEH

FRIEE
HARZLER, HAREY ISR, BREERS
74— L, METER, HEXBRES GE
BRE, REFH, N1 A ZRNEAFES (#8BF)

e BE 5L HARZE RS, HAEY ¥R,
BERREIRYE T +— T L, BERHIIOWIZE S, e
BRI 7S 2

FONEE (REVHEED)
BEMKERRANES 1R GH) FEEMF
i (RAKEE - Bl P BA R B 7 )

FHEY (ZTDfth)
EN TEEE
L. WL mCEERE (RMEANRER)

2. SSHEREEAN CHTRFdmifR)

(I .
S HEERES

35



H
JESHE RS

)

36

3. SAPREMHY TRIE TALRARER DR &
FORIES), 20134 11H30H, $REAAY

4. sk (7 H220, HEHGER)
5. iR (7 A25H, MlkEHre b S 8H AR
e B E

Bioscience, Biotechnology, and Biochemistry D 7 ¢ 3

f:



B IrAprses

Laboratory of Functional and Analytical Food Sciences

B & £ B B B
W oy sk R ok

A=

1. AFRD Y JEREETH - MEREZIFOR
mEM, BFOHMR

BERWE, SIUE, @IRMESRED AR v o
SEMRE (EIEEER) 2 T3 257201203, Nk
MEMfZErRRL D THEE) OFIEZTHHL, 1A
D AP OEE ZHIES 2 2 EMIERICHET
H Do AHFZETIIMBE MR B K ONEEACH 5w
SEEICERT 2 &M T, FM o8, Mgl N
)V DORERERHIl 2l L T ALY R Y v 7 e T Bt
REAMOBFEICET 5. 1 >R ARFIEITE R
BRREN R T 2 Z &I THESND
72, BROMHEDOALS 2 X 0 EEICERT S
ZENE LD, BERORBSMEED £
ZHHIL, 122U APt oEEZHIET 58
i DB FE 2 2EEHE T, HREHLI 217 D &3tk
2, BRI IR ERFICHET LR
DHERSIEEA 2D % 6

2. BRERA S — RRICERYDIEIE & B
20

BEROMT - FAMRFITE Z 5 BRI D O &
DI, 7IJHETNARDINFEEDORITE Z 5 A
1 I7—RRNH 5., ZDORINNIIEBERNEE

Prof. Shinji SATO, Ph.D.

Assist. Prof. Yuri NOMI, Ph.D.

;}9 EEEBRTHMNRZEZE T SMENRERRAR L
A T — RRICERYIDOEE & BIRERER

5?3 - TR - M#EfE LS HHER - ME_EFHEER
JVEIVIAMOTYIR AT = RRIS

RIETHO, BEHORLBSCEEERK, FEkL S
RE, BRMOMBIIRESHEETLIENHMON
T3,

A T — RO REAE (pH, iR E, B2 78
E) KO ERMIMES T~ T £ T Ek
BT 2IEHITEMIRIETH O, AR D1L
FREGE MBS NZR S T2 DI, AP T
WA T — R OMRIZHIEL T, B0
EFINIBPEBEOEMZEHNT, ElInsg A
1 T — BROSERY) DI FHE 2 OBRE, PR
ZHSMZLTWL,

2013FEDMHIRKE

1. Sy bMIEIFEAMYTIF 10— ADHERE
e R

A7 D= ADBERMEARTHLAYSIVTF 2
O—21%, NETO-> <D EHEINHHEEEL
THISGNTWD, EETENITITR 2 /KR
Do TWDN, B OXENRD OHEHE S8
AR & OREMIC DWW TIZ S M Tz
W, £Z7T, v FOBETEHICKIITIVYIIL
F1O—ZADEBIIOWTHRIEIT> . 2Dk
B, AN F 20— AHFGH24ARMOEEEZE
MO TR F —EBEEIX, T2 ho—)LEIck

37



38

NEBIZEDTLZZENHSNERS Tz, £,
HNAEWPEHGEE T T > FO—)VEICHANE TR
HIEMICH O, IMUEHE S g1 > 2D D EED
FRERA 7 O—= 2B ENERICHHE S Nz, B
ORI, WEEEDENL Y RILF 20—
Ml E R S E 2 1EH 2RI L 2RLT
B0, A&k bO—ILIZHEHTH 5 iTREMEIR
XN,

Research projects and annual reports

1. Sustained effect of isomaltulose on a feeling of
satiety in rats

Isomaltulose, which is a structural isomer of sucrose,

is digested slowly in the small intestine. Although
various factors are concerned with feeding behavior, the
relationship between the digestion rate of the nutrients
in food and feeding regulation is unknown. We
examined the effect of isomaltulose on feeding behavior
inrats. The food and total energy intakes were measured
during the light (7:00-19:00) and dark (19:00-
7:00) periods after the administration of test sugar at
7:00 and 19:00. The results showed that the food and
total energy intakes during 24 hours were significantly
decreased in isomaltulose group compared with control
group. We also measured gastric emptying rate and
blood components after the administration of test
sugar. Gastric emptying rate in isomaltulose group had
a tendency to be slower than that in control group.
Isomaltulose group was significantly lower plasma
glucose and insulin levels than sucrose group. From
these results, it was suggested that isomaltulose had the
prolonged effect of the satiety and would be likely to be

beneficial for appetite control.
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Research projects and annual reports

1. Persimmon Leaf Flavonols Enhance the Anti-
Cancer Effect of Heavy Ion Radiotherapy on Murine
Xenograft Tumors.

The cell cycle checkpoint system play a pivotal role in
the cellular DNA damage response, and the discovery of
check- point inhibitors is expected to sensitize current
cancer therapies. Checkpoint signaling cascades are
critically modulated by ATM (Ataxia telangiectasia-

mutated) and its related molecules. Generally, ATM

primarily responds to ionizing irradiation-induced
DNA double-strand breaks. Heavy ions from an
accelerated carbon ion beam have been used to cure
cancer because they are more effective than ionizing
irradiation such as X-ray and 7 -radiation in terms of
biological damage. In a previous study, we demonstrated
that a persimmon leaf flavonol (PLF) promoted the
cytotoxic effect of chemotherapeutic agents on cancer
cells through inhibition of checkpoint activities,
especially in the ATM dependent pathway. The present
study investigated whether PLF inhibits checkpoint
activity during the DNA damage response induced by
heavy ion irradiation. Treatment with PLF significantly
increased the cytotoxicity of heavy ion irradiation in
A549 adenocarcinoma cells. The phosphorylation of
checkpoint proteins such as p53, SMC1, and Chk1 was
increased by heavy ions. PLF reduced the
phosphorylation of checkpoint proteins. Pre-treatment
with PLF significantly prevented the decrease of mitotic
cells in heavy ion-exposed cells. We further evaluated
tumor volume in SCID mice inoculated with human
lung adenocarcinoma A549 cells. The combination
treatment of PLF and heavy ion resulted in a decrease of
tumor volume compared with controls, although PLF
itself did not exhibit any effect. These results indicate
that PLF inhibits tumor growth through modulation of
the DNA damage response. PLF may be useful for
clinical application in combination with heavy ion

radiotherapy.

2. Differential effect of Schisandrin B stereoisomers
on ATR-mediated DNA damage checkpoint
signaling.

We have previously reported that schisandrin B
(SchB)isaspecificinhibitor of ATR (ataxia telangiectasia
and Rad-3-related) protein kinase. Since SchB consists
of a mixture of its diastereomers gomisin N (GN) and
7 -schisandrin (7 -Sch), the inhibitory action of
SchB might result from a stereospecific interaction

between one of the stereoisomers of SchB and ATR.



Therefore, here we investigated the effect of GN and
7 -Sch on UV (UVC at 254 nm) -induced activation
of DNA damage checkpoint signaling in A549 cells.
UV-induced cell death (25-75 J/m2) was amplified
by the presence of the diastereomers, especially GN. At
the same time, GN, but not 7 -Sch inhibited the
phosphorylation of checkpoint proteins such as p53,
structural maintenance of chromosomes 1 (SMC1)

and checkpoint kinase 1 (Chkl) in UV-irradiated
cells. Moreover, GN inhibited the G2/M checkpoint
during UV-induced DNA damage. The in vitro kinase
activity of immunoaffinity-purified ATR was dose-
dependently inhibited by GN (IC50: 7.28 ;M) but
not by 7 -Sch. These results indicate that GN is the
active component of SchB and suggest that GN inhibits
the DNA damage checkpoint signaling by

stereospecifically interacting with ATR.

3. Inhibitory effects of low molecular weight
polyphenolics from Inonotus obliquus on human
DNA topoisomerase activity and cancer cell
proliferation.

Low molecular weight (LMW) polyphenolics
containing a polyhydroxylated benzyl moiety are
abundant in medicinal plants. In the present study,
we report on the activities of seven LMW
polyphenolics isolated from Inonotus obliquus, a
medicinal mushroom. The isolated compounds
included caffeicacid (CA), 3,4-dihydroxybenzalacetone
(DBL), gallic acid, syringic acid, protocatechuic acid,
3,4-dihydroxybenzaldehyde and 2,5-dihydroxyterephthalic
acid. We analyzed their inhibitory effects on DNA
polymerase (pol) and DNA topoisomerase (topo),
and their effects on human cancer cell growth. All
isolated compounds inhibited human topo II activity;
the most potent were DBL and CA, which contain a
catechol propanoid moiety. CA other compounds had
no effect. No compound modulated the activities of 11
mammalian pol species or other DNA metabolic

enzymes, including T7 RNA polymerase, mouse IMP

dehydrogenase (type II), T4 polynucleotide kinase
and bovine deoxyribonuclease I. CA and DBL markedly
suppressed the proliferation of human colon HCT116
carcinoma cells with an LD50 of 70.0 and 49.4 M,
respectively, and halted the cell cycle in the GZ2/M
phase. The suppressive effect of these compounds on
cancer cell growth correlated with their ability to inhibit
topo II. These results suggest that CA- and DBL-
dependent decreases in cell proliferation are due to the
inhibition of cellular topo II. The mechanism of action
of these catechol propanoid compounds and the
implication for their use as anticancer agents are

discussed
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Research projects and annual reports

In our laboratory, we have carried out research
projects for the novel uses of high hydrostatic pressure
over 100 MPa on food processing and fermentation
control technologies. Moreover, we have investigated
on detection, separation and analysis of the uncultured
microorganisms related to methane fermentation
processes. The summarized result of each project was as

follows:

1) Food processing technologies wusing high

hydrostatic pressure

In order to develop food processing technologies
using high hydrostatic pressure (HP), the following
studies were carried out. Barely starch could be
efficiently gelatinized by a HP treatment at 600 MPa
(at ambient temperature) for 2 h. Using this treatment,
anovel shochu- brewing process without heat treatment
for gelatinization was successfully established. The
activity of polyphenol oxidase (PPO), which causes
brown discoloration, in pear fruits “Le Lectier” could
be suppressed by HP treatments over 300 MPa (over
500C).

2 ) Microbial inactivation using high hydrostatic

pressure

For the novel use of pressure on fermentation control,
pressure inactivation behavior of the pressure-sensitive
and resistant mutants of budding yeast S. cerevisiae was
analyzed. The analyses on inactivation kinetics against
temperature-pressure, as well as metabolites, revealed
that the mutant strain was deficient in the metabolic
functions for aerobic respiration and therefore showed
sensitive against high temperature and pressure. Using
the relationship between aerobic respiration deficiency
and pressure sensitivity, a pressure sensitive mutant of a
halophilic yeast Z. rouxii was screened. Moreover, by
screening of HP treatment for efficient inactivation of
spores of B. subtilis, HP condition at 200 MPa (65°C)

for 6 h could achieve 7-log inactivation.

3) Researches related to methane fermentation

processes

To develop a novel methane fermentation process
and to investigate microbes in methane fermentation
processes, the following studies were carried out. To
develop a treatment process for municipal solid waste
(or kitchen garbage) together with bags made of
biodegradable plastics, a methane fermentation process

degrading a biodegradable plastic Poly (3- hydroxyl-



butyrate-co-3-hydroxyhexanoate) (PHBH) was
constructed. The microbial community structures
were analyzed.

Uncultured bacterial species belonging to candidate
division OP5 is frequently detected in UASB processes
treating domestic wastewater. A laboratory scale UASB
process was constructed and operated. Using real time
PCR method targeting the 16S rRNA gene of bacterial
species of OPD, the species belonging to OP5 was
successfully detected and quantified in the process.
Using batchwise cultivation and OP5 rRNA
quantification experiments, some substrates that

facilitate the growth the species were detected.

4) Development of separation and isolation
techniques for uncultured microorganisms
A phage display technique was applied for
development of separation and isolation for uncultured
microorganisms. A high throughput screening of
specific peptides targeting a palladium accumulating
bacterium Shewanella algae strain ATCC 51181 was

successfully established.
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Research projects and annual reports

The most serious threat in food safety is not
pesticide residue, radioactive substances nor food
additives, but pathogenic microorganisms. Our
studies therefore focus on protection of foods from

the microorganisms.

1) Controlling the heat-resistance of bacterial spores.

Some bacteria produce a resistant form of the cells
called “spores.” The spores are highly resistant to
heat. Clostridium botulinum produces toxins in foods,
one gram of which kills millions of humans and their
spores are the most heat-resistant among the pathogenic
bacteria. Temperature as high as 120°C is needed to
kill the spores. We, however, found some factors in

foods to reduce the heat-resistance. The spores are
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killed 1,000 times faster when cooked with rice than
when heated in water. We are seeking the factor (s) in
rice to know the mechanism reducing the heat-
resistance.

The spores germinate when pressurized at several
hundred mega Pascals in some conditions. The
germinated spores lose their heat-resistance and are
easily killed at cooking temperature. We found that
nutrient conditions are important for germination
under the pressure. Controling the germination of the
spores, we could prepare long shelf life foods without

harsh heating.

2 ) Development of sanitizers effective against
norovirus.

Approximately one out of 40 Japanese are infected
with norovirus every year. One of the reasons for this
serious number of infections is a lack of effective
sanitizers. We already found the effectiveness of sodium
hypochlorite at a concentration lower than 5 ppm. It
used to be thought that hypochlorite was effective only
when the concentrations are higher than 100 ppm.

We are developing effective sanitizers by dispending
several ingredients in a cooperative study with a
company. Our goal is sanitizers that can be used in
safety in a kitchen and used for human skins.

Because Human norovirus cannot be cultivated in
vitro, feline calicivirus (FCV) and murine norovirus
(MNV) are widely used as surrogates. We examined
commerciallyavailable sanitizers that claim effectiveness
on human norovirus. Some were effective enough to
inactivate FCV and MNYV, but some were not. One
sanitizer showed significant difference between the
effectiveness against two viruses provably because of its
acidic pH. MNV is more resistant in acidic environment
than FCV, because MNV infects through stomach, but
FCV through the respiratory tract. This suggested that
MNYV is a better surrogate for human norovirus that
also infect through the digestive tract. However MCV

changed its apparent infectivity depending on the

condition of host cells, such as cultivation density.

3) Validation of safety of high pressure treatment of
foods.

We are involved in a grant-in-aid project for
utilization of the high pressure technology of food
industries. Our participation is a validation of safety of
pressurized foods. Though toxic substances such as
carcinogens are not likely to occur if foods are
pressurized, it will be required to confirm the safety
when the pressurized foods will be on the market. We
are feeding the foods to mice and cultivating bacteria

and animal cells with extracts of the foods.

4 ) Research and education of HACCP

HACCP (Hazard Analysis and Critical Control
Point) is known as the most useful tool to produce safe
foods. The number of the countries is increasing that
mandate food industries to adopt HACCP, and several
international organizations require safety control by
HACCP for international food trade. We keep a
research of HACCP that appears to change.

HACCP was originally developed for food industries.
It is therefore required some changes to be adopted to
food services, such as restaurants and catering. FDA
published a modification of HACCP system to the food
service settings, however it is still difficult for small
scale food services to utilize HACCP. We compare
modified HACCP systems proposed by the others than
FDA, and are trying to propose another modification of

HACCP system.
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1. Transovarial transmission rates of Orientia
tsutsugamushi in naturally infected Leptotrombidium
colonies by immunofluorescent microscopy. H.
URAKAMI, K. OKUBO, H. MISUMI, M.
FUKUHARA and M. TAKAHASHI. Med. Entomol.
Zool. 64 (1):43-46, 2013.



2 . Prevalence of Orientia tsutsugamushi in trobiculid
mites (Acari: Trombiculidae) in the endemic area
of tsutsugamushi disease in Japan, with the
determination of vector mites. Misumi, H., H.
Urakami, S. Nakajima, S. Yamamoto, K. Takahashi,
and M. Takahashi Ann. Rep. Ohara Hosp. (K
FiFE bR . 52: 35-59.2013.
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Research projects and annual reports

1. Study of milk oligosaccharide for use as anti-
infection materials.

Oligosaccharides isolated from bovine colostrum
were separated to neutral and acidic oligosaccharide
fractions. Both fractions of neutral and acidic
oligosaccharide were confirmed to inhibit the

Salmonella to attach to Caco-2 cells in vitro.

2 . Antioxidant activity of chondroitin sulfates.
The antioxidant activity of chondroitin sulfate was
reconfirmed to vary with the difference of its counter

ion on the sulfate group.

3. Elucidation of unique substrate specificity of the
marine bacterial ¢ 2,3-sialyltransferase

Generally, the « 2,3-sialyltransferase has strict
substrate specificity toward an acceptor. Therefore, the
sialosides could be synthesized in enzymatic method
were natural type in most cases. However, the marine
bacterial « 2,3-sialyltransferase from Photobacterium
sp. JT-ISH-224 that we utilize has had very unique
substrate specificity. For instance, it recognized a
mannose residue and several inositols as an acceptor
substrate and the sialyl mannose and several sialyl
inositols were synthesized.

Therefore, in this year, we examined «2,3-
sialyltransferase reaction toward three kinds of
carbasugar (carba- 3 -D-Gal, carba- 3-D-Man, carba-
a-D-Glc), which had 1,2-cis-diol structure
corresponding to the 3- and 4-positon of the galactose
residue that is a typical acceptor. As a result, all of
carbasugars were recognized by « 2,3-sialyltransferase.
The synthesis of sialyl- ¢ 2,3-carba- 8 -D-Gal, sialyl-
a 2,1 3 -carba- B -D-Man and sialyl- @ 2,2-carba- 3 -

D-Glc were achieved.

4 . Synthetic study on carbasugars by utilizing the
random pivaloylation of 6-O-acetyl-carba- §-D-
glucose
Recently, the production of 2-deoxy-scyllo-inosose

(DOI) in practical scale was accomplished by the

bioconversion using metabolically engineered E. coli.

DOI which is cyclohexanone derivative having four OH

groups is suitable as a precursor of carbasugars. In this

year, we attempted to the synthesis of carbasugars
featuring the random pivaloylation of 6-O-Ac-carba-

B -D-Glc, by which partially protected products are

obtained at a time.

As a result that reaction conditions of random
pivaloylation of 6-O-Ac-carba- 3 -D-Glc, which was
easily synthesized from DOI in practical scale, were
optimized, three kinds of tri-O-Piv derivatives

(1,2,3-tri-O-Piv, 1,2,4-tri-O-Piv, 1,3,4-tri-O-Piv)
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were obtained at a time under these condition that used
10 equiv. of PivCl in pyridine at 80°C. Then, we
achieved synthesis of carba- 3 -D-Gal, carba- 3 -D-All,
and carba- 3 -D-Man from these three partial protected

compounds.

5. Study of the synthesis of dicarba- 8 -D-isomaltose by
usinga coupling reaction between two carba- 3 -D-glucoses
under high concentration condition
Dicarbaglucobioses, having no acetal and hemi-

acetal structures are very stable compounds under both
hydrolysis and glycation conditions. Therefore these
disaccharide mimics are expected to utilize as molecular
tools to elucidate the function of oligosaccharides in
vivo. However the reported coupling reaction between
two carbasugars are inefficient. Therefore, we attempted
to the optimization of the reaction conditions for
coupling between carbaglucose donor and acceptor,
and the synthesis of dicarba- 3 -D-isomaltose.

First, carbaglucose donors 1-7 and carbaglucose
acceptor 8 were synthesized from carba- 3 -D-glucose
as a starting material. Next, the coupling reaction
between carbaglucose donors and acceptor were
attempted by using NaH and 15-crown-5 ether. As a
result, we found that the coupling reaction between
triflate 6 and acceptor 8 under high-concentration
condition at 0°C is gave the coupling product at 47%
yield. By deprotection of benzyl groups of
dicarbaglucobiose derivative, we achieved synthesis of

the carba- 3 -D-isomaltose.
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1) Solid-state reaction of alkylcobaloxime complexes
Alkylcobaloxime complexes coordinated with di  (4-
fluorophenyl) glyoximes reacted with oxygen in solid-

state and oxygen insertion products were obtained.

2 ) Bioactive natural products
The antimicrobial activity was found from the

extract of fat of ostrich.
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