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Research projects and annual reports

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

Ceramide glucosyltransferase (EC.2.4.1.80) catalyzes
the first glycosylation step of glycosphingolipid (GSL)
synthesis. Over-expression of ceramide glucosyltransferase
is one of the causes of multi-drug resistance of various
cancer cells. In the course of searching ceramide
glucosyltransferase inhibitor, we found that a Bcl-2
inhibitor, HA14-1, widely used for studies of apoptosis
had ability to inhibit this enzyme. This compound had
no structural similarity with previously known ceramide
inhibitor. IC of the

glucosyltransferase value

50
compound against ceramide glucosyltransferase is
4.5 M which is lower than reported that of Bcl-2.
This compound could be a unique lead compound for
cancer treatment, since the compound induces cell

death to multi-drug resistant cancer cells by affecting

two different apoptotic signal pathways.

2 ) Characterization of transgenic mice expressing a
gene against oxidative stress

Akane Koike, Shinichi Ichikawa, Michiyo Nagano-Ito

We have used expression cloning to identify genes
that inhibit cell death induced by oxidative stress. One
of the genes (hereafter designated as gene A) identified has not
been reported as an antioxidative stress-associated gene

previously. In the present study, we report creation and



characterization of transgenic mice expressing gene A.

The cDNA of gene A was inserted into pBROADZ-mcs
vector containing a promoter to drive ubiquitous transgene
expression. The construct was introduced into C57BL/6N
mice and transgenic mice were created.

Southern blot analysis revealed that a transgenic mouse
carried multiple copies of gene A. The expression of gene
A in the transgenic mouse was confirmed in all tissues
analyzed by RT-PCR. The gene A transgenic mice look
apparently normal, however, the mice have a tendency

to develop cataracts.

3) Plant extracts and chemicals that prevent fatty liver
Tomohiro Takahashi, Yuya Takiguchi, Kento Takizawa
Wataru Sugawara, Michiyo Nagano-Ito and Shinichi

Ichikawa

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

We screened plant extracts and chemicals 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 oleate, and plant
extracts or chemicals to be tested. The next day, the cells
were fixed and lipid droplets formed were visualized by
Oil Red O staining. Among the samples, 4 plant extracts
and 3 chemicals showed inhibitory effect on the lipid
droplet formation. One of the extracts which showed strong
inhibitory effect was further assessed by mouse model
of fatty liver. In the mouse experiment, intake of the

plant extract effectively protected mice from fatty liver.
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Michiyo Nagano-Ito and Shinichi Ichikawa.

“Biological effects of mammalian Translationally
Controlled Tumor Protein (TCTP) on cell death,
proliferation, and tumorigenesis”, Biochemistry Research

International (2012) Article ID 204960, doi:10.

1155/2012/204960.
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Research projects and annual reports

1. Development of therapeutic sgRNA for multiple
myeloma
We analyzed the mechanism to induce apoptosis by a
candidate therapeutic heptamer-type sgRNA, H15540,
for multiple myeloma. In order to examine if the ability
of the sgRNA 15540 to efficiently induce apoptosis in
RPMI-8226 cells is due to cleavage of the target mRNA
by tRNase ZL, we performed a 3"-RACE experiment
and determined a cleavage site of the cellular target
mRNA. The 3 terminal sequence corresponded to a
sequence slightly upstream to the expected cleavage
site, suggesting that the cleavage of the target mRNA is
by tRNase ZL.

2 . Functional analysis of noncoding RNAs in E. coli

Noncoding RNAs which were transcribed from an
antisense strand of ribosomal protein operons in E. coli
were analyzed by molecular microbiology approaches.
The regulatory region of one of the antisense RNA gene

(rpsS-rpIB) was investigated by using various
transcriptional fusion plasmids/lysogens and beta-
galactosidase assay at variety conditions. The 5’ and
3’ends were determined by RACE and sequencing.
Those results show its promoter sequences and indicate
that the antisense RNA gene is induced with RpoS at

early stationary phase.

3. Analysis of sperm-enriched small RNAs

We used high-throughput, large-scale sequencing
technology to analyze sperm RNA. The RNA sequences
generated were diverse in terms of length and included
mRNAs, rRNAs, piRNAs, and miRNAs. We studied two
small noncoding RNAs enriched in mature sperm,
designated sperm RNAs (spR)-12 and -13. They are
both encoded in a piRNA locus on chromosome 17,
but neither their length (20-21 nt), nor their
sequences correspond to known piRNAs or miRNAs.

They are resistant to periodate-oxidation-mediated



reaction, implying that they undergo terminal post-
transcriptional modification. Both were detected in
sperm and ovulated unfertilized oocytes, present in
one-cell embryos and maintained in preimplantation
stages, but not at later differentiation stages. These
findings offer a new perspective regarding a possibly
important role for gamete-specific small RNAs in early

embryogenesis.

4 . Identification of RNA editing sites in (pre-)

miRNA in human brain

pre-miRNA deep sequencing has not yet been done
at high density and sensitivity by anyone because
abundant rRNA and snoRNA, which are similar size to
pre-miRNA (~70 nt), can be mainly sequenced when
the corresponding small RNA library (cDNA) bands
are gel-purified. We were able to obtain much more
sequencing reads corresponding to pre-miRNAs when
bands of cDNA products which are derived from such a
major RNAs disappeared on a PAGE gel using 88
different DNA/LNA oligos in RT reaction. A-to-I RNA
editing sites on human brain pre-miRNAs were
identified by deep sequencing analysis with HiSeq
2000 sequencer. This technique can be applied for
reducing abundant undesired cDNA products to study

lowly expressed transcripts by deep sequencing.

F&R

1 . Norihiro Watanabe, Miwako Narita, Akie Yamahira,
Tomoyo Taniguchi, Tatsuo Furukawa, Tetsuo Yoshida,
Tatsuya Miyazawa, Masayuki Nashimoto, and

Masuhiro Takahashi. (2013) Induction of apoptosis

of leukemic cells by TRUE gene silencing using small
guide RNAs targeting the WT1 mRNA. Leukemia
Research 37, 580-585.

2. Masayuki Takahashi, Reyad A. Elbarbary, Aiko
Nakashima, Mayumi Abe, Norihiro Watanabe, Miwako

Narita, Masuhiro Takahashi, Masato Tamura, Tetsuo

Yoshida, and Masayuki Nashimoto. (2013) A naked
RNA heptamer targeting the human Bcl-2 mRNA

induces apoptosis of HL60 leukemia cells. Cancer

Letters 328, 362-368.

3. Masayuki Takahashi, Reyad A. Elbarbary, Mayumi
Abe, Mari Sato, Tetsuo Yoshida, Yoji Yamada, Masato
Tamura, and Masayuki Nashimoto. (2012) Elimination
of specific miRNAs by naked 14-nt sgRNAs. PLoS
ONE 7, e38496.

4 . Kawano M. Divergently overlapping cis-encoded
antisense RNA regulating toxin-antitoxin systems
from E. coli: hok/sok, 1dr/rdl, symE/symR. RNA Biol.
2012;9(12):1520-7.

5. Kawano M, Kawaji H, Grandjean V, Kiani ],
Rassoulzadegan M. Novel Small noncoding RNAs in
Mouse Spermatozoa, Zygotes and Early Embryos.
PLoS One. 2012;7(9):e44542.

H R PE SR B I AR T RO SR MBS T

6 . Burroughs AM*, Kawano M*, Ando Y, Daub CO,
Hayashizaki Y. pre-miRNA profiles obtained through
application of locked nucleic acids and deep
sequencing reveals complex ©5'/3'arm variation
including concomitant cleavage and polyuridylation
patterns. Nucleic Acids Res. 2012;40(4):1424-37.
L
Featured Article|Z3EIX 4, F DH D FEM 2> 7=,

Ando Y, Burroughs A, Kawano M, M., de Hoon, M.
J., and Hayashizaki, Y. Targeted Methods to Improve
Small RNA Profiles Generated by Deep Sequencing.
Regulatory RNAs: Basics and Applications. 2012; 253-
72.

i
il
nE

%
=




EZEe
Kawano, M., and Burroughs, M. Pre-miRNA deep
sequencing: Cell Symposia: Functional RNAs, December

2-4, 2012, Sitges, Spain.

ERZES

1. Masato Tamura, Masayuki Nashimoto [ Involvement

of an intracellular vesicular transport process in
naked-sgRNA-mediated TRUE gene silencing |
20124E12R1, W8S AAL LFRARE, @i

2. JII¥y St HL Burroughs Maxwell [DNA/LNA
71 O % W /zpre-miRNA(Ddeep sequencing T+
EfET) WE3SE A A D TAEMFERFER, fE
Es s, 20124E12H11-14H

3. )18 S, v AT x) e Na—X
[pre-miRNA (D deep sequencing T & AT | 56
145 H ARNAZE R 2, RALKRFEEHEEL S
2fg, 201247 H18-20H

T DI EIR

1) S\EpES

EioteE

HAEWITE (B)

A - ZFEIEE BTSN s e RN A DR JE
WEREE  BA Bz

WFZEsr 3 - )IEF e

PR 25T

S, tRNaseZLDOsgRNA L5 RN
A DRI X DN AJRRE & DBEGR D fET

e EE A EZ

BT (C)
ARRE4, . TRUE gene silencingi#: 12 & % BE §8 BB % 14
FEAN DA A

WF7E A AL E R ¥ - [REUIFERE - #EHIR
il Rz
WresiaE Ak EZ

PREREI BRI

MY REZWOFHNA A~ — I — D%
Hig U 7= i b O K5 FRNAD IR
MRREE  Fra RS - BRER - 8 &6
SELEE]

Wi - Bk EZ2

AW (B)

AR L Wit 7 )L &9 U e B & i sl e il
HOMAM T v b T —27 Oor 11k

e LR - SAUEIERt - i W
M IEA

WH7esr i 3A Bz

EFE (B)

REA YA 7 O R N ARGERIR DY) 753 H
FIPRE F 15k OB FE & B gt

WF7eR&E @ I e

PRI A ZET S

MEY  AEFTF - aT 7Y — LR EEE A
LU 7= BT RO 0 T O R & B T R B E
WFFEAREET - AtiEE R - BAptsert - 8% H
IEA

WFgE s ¢ )IE e

ZDMHARE

HARRN AR - LPFREN] SEp 244 22
rhIF 7 o B 5 <

AL 4, - TRUE silencingyk % Beflg & U 7= iR 55 Au
TRIEEE D B FE

roeREH - AR Bz

2) FETHEE
L. FEE  BA Bz, A HEIENER
FHAR EREBTIRER R, Te bR As AH



OT K= AZHET HoNT I AT~
WA R, %RE2011-176322, i H
20114E8H11H, PCT/JP2012/070509, [H &
HFE 2012468 H10H, WO0/2013/022092,
[EIFR B H 201342 A 14H

2. FEHFE  BUA IEZ, EfE 85, BRHZER
T, EHH OCEES, mEE b, HBEA  ERE
NFRBEE A RN ER R, BN R AE
ANHIB K%, Te FHIIFEMEO 7R k— 2
EHETHNT I —RIZAE—)IVITA SR,
BE2011-185594, HiEE H20114 8 H29H,
PCT/JP2012/071503, [E P2 H FE H201245 8 A
24H, WO0/2013/031704, [E /N H20134E
3H7H

3) FHNEH

FRE

FA  1EZ : Oligonucleotide Therapeutics Society,
RNA Society, HARNA%:%:, HAAL(LFS Gk
B), HAGTAEYYR

JNE el HAD T EYES,
HAACES, HABRE ¥R,
T 7 AWFFER

HARNAZ:Z,
HATLE Y %

FONEE (ZDfth)

A B2 BRSSPI CHIE S, B
IS ESSHE X OEHEIEERE, Hrilm &K 1
ERREL O — ASSIREHUAFAE, S pl244F FESSHAE £
WFFTFE R Gl aT#, SRR 244F BE R EE X P 2
6 0I5 5 U e ARG R, SRR 2A4F B H A [ S
)75 S5 51 il 2 BT Ik S BB AIHIE 225 i,  PLoS ONEG

YA B, Journal of Nucleic Acidsim 34 B

JEF SEB : YIERBEFRRE CUUFER RS,
FHEBIREVHE [FEBET -V avy T G
WRF), FREE UL R I Ehak i

4) ZDfth

L. B IEZ ¢ JSTHRFF SRR HIE BRIR (&
NS ARIIED 7 R b —3 A ZFET HAT
& —BIZE—IAA REEE, HEES R
2011-176322)

2. K IRz JSTHRREFHIBESCRMIE £/ (&
FEIMERIRDOY R~ — A &F 8T HN\T S
N—HZAE—ILITA PR, HEES  KE
2011-185594)

3. JI¥F JEHL : Uncovering the role of sperm RNA
RIKEN RESEARCH 2013;8(2):12

&

It

i\
=
%
o
#i
]
=




10



EWHEIL AT FE =

Laboratory of Chemical Biology

W o o BOE B
Prof. Masaji ISHIGURO, Ph.D.

W oUE H = =z
Assist. Prof. Minoru TAMIYA, Ph.D.

3%@ -aAybEa—4%2ab—-3ar
- S N BERBIERN

MABI=E

EYIRSRE(L =R E TR, [hS e FaAn
T, NNV EOWREEZ LB A 5] TEEMED
HEL, aEa—4>3Ial—Talhakk
Bt T E LTI 2D TN D,

1) FBRKEBRTF R (NAP) DL ZDHA
BB L 7= XTF R, Wb D N T
TFREFTH AL, TOHEZI 1 —F
Ral—Ta itk TPHILAEERIEEICX
0, BEEYTIVA LT > REBRKR LIS 2EE X
TF RE2ABRL TEOHEEEZISHT 5,

2) 73 OFUBIZBEROBBER

BEFE, “EIEAIE, FEW, MBS TR E
AN DRI EREE RPN T 2T I 0F 2
ZRMRBIR) X, G¥ > )\ 7 8 H %R 2 51K
(GPCR) D—D T, ZOZHEKRIEHT 2 A0
1 RBEARZHNVNWTCI E2—¥3Ial—T 3
> EEHEB AL X — 2T U T REfRIT 21T D 6

3) A7« FF—TFATRO D FRHEE
ARTORNSHEEI N 7 F D EHO M
T, IINPATRZHET S Z ENHHSMNMIC

“
ol

/ AVEa—F LT ab— 2y EAREEOFRE A SRR DR

d.

- BRAENILE

INTWVWDB, ZIT, FOEEERM R TilaE
X2 TI T ONBEIORZFDOREHE S N)UIK, FiE
KOERZRLURHT 5,

4) 230V OHKIEEERDOBBRET

FONATFHROMM E T H1 7Y B OS5
TNENHEt SNy NV E, A7 ES
71203, BHEICBWTHRZZ2 T2 I &4
LENTVWS, A2EF1—¥TIal—3a itk
0D, pHOEWIZXAMY > /N7 E DOWEZ %
THIL, ez R kY >NV EERBIKRT 2.

20125 EDOMERRE

1) &BEERTF K (NAP) DERHAE

72 BRMHD AR TS 7=
CHERET D OMRTF REG LD RT T
RE2121Zw b ETHBRTF R (NAP) 2
el REBR_E I OMEERKRTASI 2O
Ea—42Ial—2a itk 7L, GCGCGCGC
DEHN ZH T HNAPDO G RIEZ L L 7o, BIFE,
ZDOXONRIZERFEZEHRFT D ELEBIT,
ISRIZMTTE o R5>Ialb—2a Uz
fIoTnb,

11



12

2) 75 CFZUBIZRBEOBEERT
X704 RO—FTdb Svelutinol A7NIEN
TF RIEDO KRR & U TBIRIZH T D HEHUER A
HBHZENHENTEHD, BEIZZ Dvelutinol ADF)
DEFRITHEINL TWD, ZOERREEZFRIHL
TE®d 51 X5 01 RargelosidedD & % 12 fi%
L, BIROKERERRHT DY — )L INE SIZIAMN D 2

3) 7’OF « »FF—EATRO D FRHEE
ATRBEZE X T & 5 Gomisin N F 44 ik % B
FLTHBD, ZOGHREEZHWTRICATRE D
EaZERT 207V =)L &L THEHRZ NILL
DA T2, RALEBET R 7 AT
%38 A L 7= GomisinN D & hlfR & 2 WENT L 7=,

4) 250U COEKRIERIERDKE
WMIFRBICBNTHRA T Y N3E D BIROf#E
BEREEDY, HETIEZERERD, BETIIHEE
e, HEZRTHHRIEHEEE L TRL
ro ZTIZTHRBOIERZRT IV IZDNT
O TSR K DRI 26l A, REZAE
DITTY BV THRBOFEBEEZ R Z
EMTET

Research projects and annual reports

1) Design and Synthesis of Nucleic Acid Peptide
According to our computational simulations and the
development of the synthetic method of the artificial
nucleic acid peptide (NAP) , we focus on the application of

this method 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.
Among them, argeloside is a steroidal glycoside whose
aglycone structure is not available from the original
plant. The synthetic route of vertinol which we developed
previously was successfully applied to the synthesis of

argeloside aglycone. Biological activity of the aglycone

is 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 developed the
synthetic methods for the preparation of radio-labled
Gomisin with tritium or “C. The use of this labled

lignan would reveal the Gmisin N-binding domain.

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

The sweet-modification mechanism of Neoculin was
proposed through the molecular dynamics study of
Neoculin in water. In the simulation, the monomer
structure showed little structural change within 5 nsec
at pH7 and pH3. However, the dimeric structure of
Neoculin showed the dissociation to monomeric
structure at pH3 but not at pH7. This result suggests
that the formation of the dimeric structure masks the
receptor-binding surface at its interface and the acidic
conditions unmask the receptor-binding surface to

enable the binding to the receptor.
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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 theimprovement
of agronomic 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) in 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 ) Precision breeding for novel starch variants in

buckwheat

Chemical mutagenesisis a rapid method of generating
new alleles, but it can be difficult to identify the precise
mutations efficiently in large plant populations. To
develop a High-throughput mutation detection system,
as the first step, a total of 10,000 M2 plants were screened
for EMS-induced mutations of the GBSS1 (granule-
bound starch synthase 1) encoded by the waxy gene,
which determines the synthesis of amylose. We have
identified 12 low amylose mutants in EMS-induce mutant
population. These mutants are useful for breeding materials

to develop a novel variety in buckwheat.

3 ) Molecular characterization of the S locus in
buckwheat.

Self-incompatibility (SI)is an important reproductive
system that prevents inbreeding in flowering plants.
Particular attention has focused on heteromorphic SI, in
which a supergene complex is thought to regulate flower
morph and SI response simultaneously. However, genes
that control heteromorphic SI have not been identified.
In buckwheat (Fagopyrum esculentum), dimorphic
flowers (short- and long-styled flowers) are linked with
the SI response, which is triggered between plants bearing
the same flower morph, but not between plants bearing
different flower morphs. In this study, we identified
S LOCUS EARLY FLOWERING 3 (S-ELF3), which

was present in short-styled plants and absent in long-
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styled plants, in buckwheat and other Fagopyrum
species. Disruption of S-ELF3 in closely related self-
compatible species indicates that this gene plays a

significant role in heteromorphic SI.
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Research projects and annual reports

I. Study on Photochemical Decomposition of
Perfluorooctanoic Acid (PFOA) by Iron Catalyst
Perfluorinated compounds including perfluoro-

octanoic acid (PFOA), which have been detected globally

in the environment and in wildlife, have recently

received a great deal of attention as environmental
contaminants because of their specific characteristics.
PFOA also has high water solubility compared to
perfluorooctanesulfonic acid. In this study, the effect of
pH and coexisting ion on the decomposition of PFOA
was evaluated under a combined treatment of ferric ion
and ultraviolet radiation. The defluorination of PFOA
was accelerated with dissolved iron. The increases in
concentration of dissolved ironincreased decomposition
rate constant of PFOA. The decomposition rate of
PFOA significantly affected to molar ratio of Fe/PFOA,
but no significant effect of the ratio was observed above

Fe/PFOA > 0.21.

II. Study on emission behavior and risk assessment
for breakdown products of condensed phosphoric
ester flame retardants
Recently, the uses of condensed phosphoric ester

flame retardants (CPFRs) have been increased. It is

reported that parts of CPFRs were decomposed during
the usage to their degradants including semivolatile
phenols. In this study, bisphenol-A bis (diphenyl
phosphate) (BDP) used in resin product was evaluated
under conditions of usage, dumping and recycling.
Preparation of bisphenol-A and phenol was observed
under usage condition. In this case, significant emission
of phenol was also observed. In the case of dumping
condition, preparation of bisphenol-A and phenol was
observed. The emission potential of bisphenol A was
more significant than that for phenol. Preparation of
bisphenol-A and phenol was also observed in the
condition of RPF production process. In this case,
significant emission of phenol into cooling water was

observed.

II. Behavior of pesticides applied to paddy fields
Variations of fungicides and insecticides in surface

water of the Nodai River (Niigata) were investigated

to evaluate their behavior in a small river flowing

through cultivated areas. The pesticides were detected
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during April through September. Some aerially applied
pesticides increased markedly in concentration after
the applications. The differences in the variations
depended on their application periods and application

methods as well as precipitation.

IV. Study on origin and recycling capability of Tsunami

deposit from Great East Japan Earthquake

No significant contamination of heavy metal was
observed with environmental quality standards for soil
and tsunami deposits were capable for recycling. For
physico-chemical characteristics, positive correlation
among silt contents, moisture contents, electric conductivity
and ignition losses. Contents of Mn, Co, Pb correlated
positively with silt contents. Mn correlated positively
with silt contents. From these reasons, content of silt
and Mn involving their entrainment were important
indicator of the recycling capability of deposits. On the
other hand, origins of tsunami deposits were difficult to
evaluate based on Mn composition profiles. But origins
of tsunami deposits were able to evaluate based on Pb/

Mn, Co/Mn composition profiles.
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PN Tsyn-( Itk 2 5 2 7z,

TIVFE T A MBS R A EEE TR > T
B - NS, RIETH 3EETEEE DT > T
TERME RS T Em<HEFEHTE .

N .
é 3 FaC CF;3 filtrate
(20 mol%) O Ph
+ benzoic acid (20 mol%) . NO
oo 2
NG NO, C,F3CF(OCH;3)C5F7 If/'_V\/
rt syn

1st: 99%, syn/anti = 96/4, 92% ee
2nd: 94%, syn/anti = 95/5, 91% ee
3rd: 90%, syn/anti = 95/5, 90% ee
4th: 85%, syn/anti = 94/6, 89% ee

Research projects and annual reports

1) Total synthesis of microcyclamide GL546B by
fluorous mixture synthesis.

Microcyclamide GL546B is cyanobactin cyclic
peptide isolated from cyanobacteria. Fluorous mixture
synthesis of the diastereomers of microcyclamides
GL546A and GL546B was achieved. Since one of the
diastereomers exhibited identical physical properties to
those reported for natural microcyclamide GL546B,
the correct structure for micro microcyclamide

GL546B was corrected to be 1 7R-form.

2 ) Development of recyclable fluorous organocatalytic
reactions.

Perfluoro tert-butyloxymethyl pyrrolidine as a novel
recyclable fluorous catalyst was synthesized and employed
for in enantioselective Michael addition reaction of
cyclohexanone to nitroolefins. The fluorous pyrrolidine
catalyst was a highly efficient catalyst for the Michael
addition reaction, leading to syn-adducts with high
yields, diastereoselectivities, and enantioselectivities.

The fluorous catalyst was simply separated and
recovered by filtration, and reused repeatedly at least
three cycles without significant loss of activity and

enantioselectivity.
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Research projects and annual reports

1) Analysis of molecular mechanism of the plant
defensing AFP'1

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 Rs-
AFP1 (rRs-AFP1) 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. We also
reported that the fungal sphingolipid glucosylceramide

(GlcCer) is essential for AFP1l-mediated growth
inhibition of yeast C. albicans.

In this year, to understand the physiological effects of
rAFP1 treatment, we observed the fluorescent levels of
DiBAC4 (3)and DCFHDA, which are indicators of
membrane permeabilization and ROS production,

respectively, after the treatment with rAFP1. The



fluorescent levels of DiBAC4(3) and DCFHDA
significantly increased with the rAFP1 concentration,
which correlated with the growth inhibition and the
loss of cell viability, demonstrating that membrane
permeabilization and/or ROS production induced by
rAFP1 treatment causes C. albicans cell death.

To clarify whether membrane permeabilization or
ROS production directly affects cell viability, we used
CCCP and ascorbic acid, which prevent membrane
permeabilization and ROS production, respectively.
The growth of cells treated with 4 ;- M CCCP or 100mM
ascorbic acid was almost same as that of non-treated cells,
indicating that both reagents do not affect the growth of
C. albicans cells. We observed that 4 ;4 M CCCP or 100
mM ascorbic acid treatment repressed the effect of
rAFP1 on cell growth and cell viability. While CCCP
significantly reduced the fluorescent level of the
DiBAC4 (3) - and DCFHDA-stained cells treated with
rAFP1, ascorbic acid significantly reduced only that of
the DCFHDA-stained cells. These results demonstrate
that after rAFP1 treatment, plasma membrane
permeabilization induces ROS production but not vice
versa, and that ROS production but not membrane

permeabilization does affect the yeast cell viability.

2 ) Metabolic Engineering of Escherichia coli for
Enhanced Production of 2-Deoxy-scyllo-inosose (a
Precursor for Aromatic compounds) from Glucose
2-deoxy-scyllo-inosose (DOI) is a six-membered

carbocycle formed by the multi-step direct cyclization

of glucose-6-phosphate (GEP) catalyzed by 2-deoxy-
scyllo-inosose synthase (DOIS), a key enzyme in the
biosynthesis of aminocyclitol antibiotics in Bacillus
circulans and is valuable as a precursor for aromatic
compounds. DOI can also be conveniently converted by
rather simple chemical reactions into benzenediols
such as catechol and hydroquinone, which are important
industrial chemicals. By last year, we reported that
metabolically engineered recombinant E. coli strain

(ApgiAzwfApgm /DOIS) could produce DOI at 45.1

g/L from glucose 50 g/L under the optimum conditions.

In this year, we tried to obtain the DOI synthase with
high activity for shortening the culture time. To screen
the mutated DOIS with high activity, a screening system
for mutational analysis of DOIS was developed by
combining PCR random mutagenesis with measuring
the DOI production level of recombinant E. coli. When
E. coli Apgi was transformed with the plasmid of mutant
library, 1107 clones were measured, and the DOI
productions of seven clones were higher than that of
wild-type clone, respectively. The highest clone in the
DOI production has the substitutions of natural residues
Trp293 by arginine (W293R). Mutant enzyme W293R
was overproduced in E. coli cells and purified to give a
single band on the SDS-PAGE. The kinetic parameters
of the mutant enzyme for the synthesis of DOI are
shown in Table 1. The Km value of W293R was larger
than that of wild-type enzyme by 1.9-fold, while the
Kcat value of W29 3R was larger than that of wild-type
enzyme by 4.0-fold. These results indicate that enzyme
activity is enhanced by the improvement of catalitic

efficiency, not substrate binding affinity.
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Research projects and annual reports

The effect of a hot water-soluble extract of Grifola
frondosa, rich in dietary fiber (YM-11), on defecation
in 37 female volunteers (age 36.8+ 7.2 years) with a
tendency to be constipated.

We examined the effect of a hot water-soluble extract
of Grifola frondosa powder, containing 64 % dietary
fiber (YM-11), on defecation in 37 female volunteers

(age 36.8+7.2 vyears) with a tendency to be
constipated. The subjects were divided into four groups:
control group (placebo diet only) [CG], low-dose
group (YM-11 1.56 g/day) [LG], middle-dose group
(YM-11 3.12g/day) [MG] and high-dose group (YM-
11 6.24g/day) [HG]. The study duration of 6 weeks
was divided into 4 periods. First period [ I ] was pre-
test non-intake period [one week]. Second period [1I ]
was placebo diet intake period [two weeks]. Digestible
dextrin was given as a placebo diet. All groups were
given a placebo diet for two weeks. Third period [II]

was a washout, non-intake period [one week]. Fourth

period [IV] was test diet intake period [two weeks] for
CG, LG, MG and HG. The subjects filled out daily
questionnaires concerning their defecation conditions
for the entire six weeks. It was found that the number of
days with defecation in the MG group was significantly
increased during period IV when compared with CG.
No deleterious effects were recognized during the
studies. These results suggested that YM-11 is a food

material with constipation-relieving effects.

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. Manipulation of DNA damage checkpoint
signaling in cancer cells by antioxidant biofactor
(AOB).

Antioxidant biofactor (AOB) is one of the fermented grain
food supplements commercially available in Japan and
other countries. Herein, we investigated the effect of
AOB on the UVC (254 nm)induced DNA damage in
A549 cells. Both distilled water and MeOH extracts of
AOB did not show any significant cell toxicity. However,
the UV (25-75 ] m(-2)) induced cell death was
amplified in the presence of these extracts, especially
the MeOH extract. When the DNA damage was
evaluated by comet assay, the AOB water extract
prevented the UV induced DNA damage at the initial
stage but significantly inhibited the repair process,
especially in the cells exposed to a high dose of UV. The
retardation of DNA repair was significantly higher in
the presence of the MeOH extract, concentrating such
components as caffeine and polyphenols, and thus the
damage was enhanced both in the cells irradiated by
low and high doses of UV. The DNA damage profile
was consistent with the inhibitory profile of ATR, a key
kinase of DNA damage checkpoint signaling. The AOB
MeOH extract markedly reduced the phosphorylation
level of the checkpoint proteins activated by UV, such as
po3, SMC1 and Chkl, together with ATR. The
inhibitory effect of the AOB water extract was less
effective as compared to the MeOH extract, but was
dose-dependent both in the cells irradiated with high
and low doses of UV. The dual role of AOB as an
antioxidant and a checkpoint modulator suggests its
beneficial use in complementary medicine as a potential
sensitizer of anticancer treatment.

2. Amadori-glycated  phosphatidylethanolamine
up-regulates cellular telomerase activitiy in PANC-
1 human pancreatic carcinoma cells..

Several lines of experimental data have highlighted a

key role of Amadori-glycated phosphatidylethanolamine
(Amadori-PE) in the development of diabetic complications.
Recent epidemiological studies suggest that diabetes mellitus
could be a risk factor for some cancers. A characteristic
of cancer cells is their immortal phenotype, and the
enzyme telomerase contributes to the infinite
replicative potential of cancer cells. The purpose of this
study was to obtain new information about the effect
of Amadori-PE on the regulation of telomerase in
PANC-1 human pancreatic carcinoma cells. Amadori-
PE enhanced cellular telomerase in a time- and dose-
dependent manner by up-regulating hTERT expression
through induction of c-myc. These results provide
experimental evidence for a novel role of Amadori-PE

in linking diabetes and cancer.

3. Non-thermal DNA damage of cancer cells using
near-infrared irradiation.

Previously, we reported that near-infrared irradiation
that simulates solar near-infrared irradiation with pre-
and parallel-irradiational cooling can non-thermally
induce cytocidal effects in cancer cells. To explore these
effects, we assessed cell viability, DNA damage response
pathways, and the percentage of mitotic cancer cells
after near-infrared treatment. Further, we evaluated the
anti-cancer effects of near-infrared irradiation compared
with doxorubicin in xenografts in nude mice by
measuring tumor volume and assessing protein
phosphorylation by immunoblot analysis. The cell
viability of A549 lung adenocarcinoma cells was
significantly decreased after three rounds of near-
infrared irradiation at 20 J/cm(2). Apoptotic cells
were observed in near-infrared treated cells. Moreover,
near-infrared treatment increased the phosphorylation
of ataxia-telangiectasia mutated (ATM)at Ser (1981),
H2AX at Ser(139), Chkl at Ser(317), structural
maintenance of chromosome (SMC) 1 at Ser (966), and
po3 at Ser(15) in A549 cells compared with control.
Notably, near-infrared treatment induced the formation

of nucleic foci of ¥ HZAX. The percentage of mitotic



A549 cells,as measured by histone H3 phosphorylation,
decreased significantly after three rounds of near-
infrared irradiation at 20 J/cm (2). Both near-infrared
and doxorubicin inhibited the tumor growth of MDA-
MB435 melanoma cell xenografts in nude mice and
increased the phosphorylation of p53 at Ser(15),
Chkl1 at Ser(317), SMC1 at Ser(966), and H2AX at
Ser(139) compared with control mice. These results
indicate that near-infrared irradiation can non-
thermally induce cytocidal effects in cancer cells as a
result of activation of the DNA damage response
pathway. The near-infrared irradiation schedule used
here reduces discomfort and side effects. Therefore, this
strategy may have potential application in the treatment

of cancer.
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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 using high
hydrostatic pressure
The effect of pressure on enzymatic reactions in food
materials was analyzed. Pressure could (i) alter the
composition of parsley flavonoids, (ii) improve sugar
production of barley grains and (iii) improve impregnation
of ethanol into grape. Moreover, the effect of pressure
treatment and pH on brown discoloration of pear fruits

was analyzed.

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 functions for recovery after pressure
treatment and aerobic respiration could be key factor

for sensitivity and resistance against pressure. A

pressure sensitive mutant of a halophilic yeast Z. rouxii
was screened. Pressure resistance of E. coli with salt
solution was demonstrated to correlate with certain
ion-transport proteins. Moreover, pressure treatment
could increase thermal inactivation of spores of B.

subtilis.

3) Analysis on uncultured microorganisms related

to methane fermentation processes

To investigate uncultured microbes reside in methane
fermentation processes, we analyzed bacterial and
aechaeal community based on conventional culture
approach and 16S rRNA gene approach. In order to
estimate functionsoftarget-uncultured microorganisms,
we applied to the section-FISH method for granular
sludge in lab-scale UASB reactor. From the spatial
distribution of methanogenic archaea and target
microorganisms in granular sludges, the target
microorganisms likely to be symbiotically decomposed
peptides and amino acids with methanogenic archaea.
To establish the high-throughput cultivation method
for uncultured anaerobic microorganisms by using a
96-well microplate, we constructed by restriction
fragment length polymorphism (RFLP) method for

distinguish the different spices of methanogenic archaea.
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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
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
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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.

R

1. Synergistic Effects of High Hydrostatic Pressure,
Mild Heating, and Amino Acids on Germination and
Inactivation of Clostridium sporogenes Spores.
Takateru Ishimori, Katsutoshi Takahashi, Masato
Goto, Suguru Nakagawa,a Yoshiaki Kasai, Yukifumi
Konagaya, Hiroshi Batori, Atsushi Kobayashi, and
Hiroshi Urakami. Appl. Environ. Microbiol. 2012,
78(23):8202-8207.

2 . Transovarial transmission rates of Orientia
tsutsugamushiin naturally infected Leptotrombidium
colonies by immunofluorescent microscopy. Hiroshi
URAKAM]I, Koji OKUBO, Hitoko MISUMI, Masahiro
FUKUHARA and Mamoru TAKAHASHI Med.
Entomol. Zool. 2013. 64(1): 43-46.
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1. 7th International Conference on High Pressure
Bioscience and Biotechnology, 2012/10/29-11/2,
Piazza Ohmi (Otsu, Japan), Food constituents and
food additives facilitate the inactivation of spores of
Clostridium sporogenes by hydrostatic pressure.
Takateru Ishimori, Katsutoshi Takahashi, Yuya
Nakagawa, Shinya Naganuma,Yoshiaki Kasai,
Hiroshi Batori, Yukifumi Konagaya, Hiroshi Batori,

Atsushi Kobayashi, Hiroshi Urakami.

2. 7th International Conference on High Pressure
Bioscience and Biotechnology, 2012/10/29-11/2,
Piazza Ohmi (Otsu, Japan), Mutagenicity survey of
high-pressurized pork, rice flour, and egg white.
Yoshiaki KASAI, Yunjung KIM, Kaneto KOBAYASHI,
Masafumi SAITO, Tadayuki NISHIUMI, Hiroshi
NISHIDA, Toru SHIGEMATSU, Mari WATANABE,
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Research projects and annual reports

1 . Enzymatic synthesis of glycopeptides.

Gal 3 1-3GalNAc- o -DMT was turned out as a new
donor in the enzymatic synthesis of O-linked
glycopeptides with the aid of endo a-GalNAc’ ase.
Gal 8 1-3GalNAc- @ -DMT can be easily synthesized
from Gal 3 1-3GalNAc and DMT-MM in the presence

of lutidine.

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

Oligosaccharides were isolated from goat milk, and
were further 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 study.

3. Antioxidant activity of various sulfated
polysaccharides.

Various fucoidans were isolated from 7 kinds of
brown seaweed including mozuku, nagamo, and kelp.
Three kinds of antioxidant activity; DPPH radical
scavenging activity, SOD activity, hydroxyl radical

scavenging activity, were measured and compared.
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However major difference in antioxidant activity was
not observed between the different origin of brown
seaweeds.

The antioxidant activity of chondroitin sulfate was
found to vary with the difference of its source. Moreover
interestingly, its antioxidant activity differed with the

difference of counter ion on the sulfate group.

4 . Evaluation of the marine bacterial

a 2,3-sialyltransferase activity toward inositols

Sialyltransferases transfer N-acetyl neuraminic acid

(NeuAc) from the common donor substrate of these
enzymes, cytidine 5’ -monophospho- N-acetylneuraminic
acid (CMP-NeuAc), to acceptor substrates. To date,
we have demonstrated that marine bacterial
sialyltransferases show broad acceptor substrate
specificities. For instance, the o 2,3-sialyltransferase
from Photobacterium sp. JT-ISH-224 can transfer
NeubSAc residue to both the 3-OH and the 2-OH
groups of lactose simultaneously; and gave 2,3 -disialyllactose
as the reaction product.Furthermore, the sialyltransferase
reaction towards the mannose as the substrate gave the
sialylmannoside in which the «-NeuSAc residue is
coupled to the anomeric position of mannose via
S -form .

The novel substrates, the « -glucopyranose and
3 -mannopyranose have a 1,2-cis-diol structure
corresponding to the 3- and 4-positon of the
galactopyranose, which is typical acceptor toward the
sialyltransferases. To elucidate the limitation of unique
acceptor substrate specificity of the marine bacterial
o 2,3-sialyltransferase from Photobacterium sp. JT-
ISH-224, we investigated o 2,3-sialyltransferase reaction
toward inositols with 1,2-diol and 6-membered ring
structure. As the results, myo-, 1D-chiro- and muco-
inositol with a 1,2-cis-diol were recognized by the
«a 2,3-sialyltransferase [3]. The sialyltransferase reactions
toward the neo- and cis-inositols having two or three
1,2-cis-diol gave both monosialoside and disialoside

simultaneously.

5. Astudy on synthesis of Sa-carba - 8 -D-mannopyranose

from 2-deoxy-scyllo- inosose

Carbasugars, in which the ring oxygen atom of the
parent sugar moiety has been replaced by a methylene
unit, are a family of carbohydrate mimics. The feature
of carbasugars to mimic the size and polarity of parent
sugars and to be stable in vivo toward sugar metabolizing
enzymes make them potential candidates of glycosidase
inhibitor and biochemical tools to elucidate the
mechanism of carbohydrate-related enzymes.

Therefore, the various approaches to synthesis of
biological significance of carbasugars and their
derivatives have been achieved. However, it is still
difficult to synthesize them in a large scale due to
requiring multisteps and time-consuming preparation.
For that reason, we have developed the facile and
systematic method for the synthesis of carbasugars
from 2-deoxy-scyllo-inosose (DOI), which is suitable
in preparative scale. Herein we report the modified
synthetic routes of Sa-carba- 3 -D-mannose, featuring
selective triflation of 1,3-di-O-pivaloate, followed by
displacement with acetate. Though the selective
triflation of 1,3-di-O-pivaloate in 2-position was
smoothly proceeded, the 2-O-Tf derivative was very
labile compound. Therefore, after triflation of 2-OH
group selectivity, acetyl group was introduced at
4-position. Following inversion reaction with CsOAc
gave 2-epi-DOI derivative in 56 % yield over 3 steps.
Finally, we achieved the synthesis of 5a-carba- f3-D-

mannose in 18 % yield over 12 steps from DOI.

S

K. Ajisaka, M. Yagura, T. Miyazaki, A novel two-step
synthesis of ¢ -linked mannobioses based on an acid-

assisted reverse hydrolysis reaction. Carbohydrate

Research, 347, 2012, 147-150.
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Research projects and annual reports

1) Solid-state reaction of alkylcobaloxime complexes
Alkylcobaloxime complexes coordinated with bulky
substituents on in-plane ligands reacted with oxygen

and oxygen insertion products were obtained.

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

extract of fat of ostrich.

FH&RR

Solid state and crystalline state-specific (w— @)

photoisomerization-linked dioxygenation reaction of
(w -substituted alkyl) cobalt complexes, Y. Ohgo, H.

Shimizu, Y. Saigoh, K.Ikeda, K. Komori-Orisaku, Y.

Arai and K.Hamada, Tetrahedron Lett., 53, 6552-
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