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Laboratory of Animal Cell Engineering
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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 in
glycosphingolipid (GSL) synthesis. The overexpression
of ceramide glucosyltransferase is one of the causes of
multi-drug resistance of various cancer cell types. In
the last year, we identified two novel ceramide
glucosyltransferase inhibitors. One of the inhibitor had
been known as a transcription factor STAT3 inhibitor.
This inhibitor had a novel structure as a ceramide
glucosyltransferase inhibitor. Thus, we focused on this
inhibitor and analyzed its properties. The ICs, value of
this inhibitor against ceramide glucosyltransferase was
7.3 1t M. B16 cells treated with the inhibitor for 1h did
not reduce the glucosylceramide content. In contrast,
an increase in ceramide content was observed. These
results indicate that the inhibitor has ability to inhibit
ceramide glucosyltransferase activity in the cells. Thus,
derivatives of this inhibitor could provide unique lead
compound for cancer treatment, because this inhibitor
might elevate ceramide levels and induce death in

multi-drug resistant cancer cells.

2 ) The Inhibition mechanism of TCTP on oxidative

stress-induced cell death

We have previously found that TCTP known as a
protein that suppresses cell-death could also inhibit
hydrogen peroxide-induced cell death. Although
several mechanisms of TCTP s anti-cell death
activities have been reported so far, our preliminary
results suggest the presence of novel mechanisms that
have not been studied previously. Thus, in this year, we
over-expressed TCTP in HEK293T cells and examined

phosphorylation labels of signal proteins. The TCTP



¢DNA in a mammalian expression vector was transfected
into HEKZ293T cells and TCTP was expressed transiently.
The transfected HEK293T cells were harvested and
subjected to Western blot analyses. The analyses
detected alteration of phosphorylation levels of several
signal proteins. The mechanism how TCTP control
phosphorylation states of each signal protein is now

under examination.

3) Studies for preventing nonalcoholic fatty liver
disease

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

We have tested plant and food extracts, and chemical
compounds for inhibitory effect on the lipid droplet
formation in cultured liver cells. A mouse hepatoma
cell Hepal-6 cells were cultured overnight in the
medium with high concentration of oleic acid and a
sample (a plant or food extract, or a chemical
compound) 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 focused on chemical
compounds that can prevent the lipid droplet
formation. Four compounds tested positive for
inhibition of lipid droplet formation induced by oleic
acid. In addition, three out of four compounds reduced
triglyceride contents in the cells. Most of these
compounds have been known as their inhibitory
activity against phosphokinases. This fact suggests that
phosphokinases are involved in lipid droplet

formation.
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1. Hikaru Katano, Kousuke Sato, Ryo Imai, Satomi
Niino, Yoshio Hirabayashi, Michiyo Nagano-Ito,
Shinichi Ichikawa, STAT3 inhibitor WP1066 also

inhibits ceramide glucosyltransferase
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Laboratory for Gene Regulation Study
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Research projects and annual reports

1. Analysis of type I toxin-antitoxin modules in E.
coli
We constructed a pAZ3-1drD plasmid carrying ldrD
gene region under arabinose promoter in E. coli. Using
the plasmid as a template we made various mutations by

site-directed mutagenesis to investigate IldrD gene

expression regulation. It is revealed that ldrDX which
locates upstream of ldrD is important for expression of
IdrD toxin. We also indicate that RdID RNA represses
the translation of IdrDX through base-pairing.

2. Development of gene silencing system by

antisense RNAs in E. coli

We developed a novel gene silencing system that 24-
nt antisense RNAs induced from an arabinose-inducing
promoter plasmid for regulating lacZ and phoA genes
simultaneously. We showed that the silencing was not
dependent on Hfq RNA chaperon protein. We carried
out gene silencing assay by using the plasmid to repress
translation of genes which involved in biofilm formation
and replication repair. This inducible knockdown
system can be used for functional study of bacterial
essential genes, which are not possible with knockout

analyses.

3. 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. Two of them were highly
enriched in sperm and detectable exclusively in germ
cells. Designated ‘spR-1Z2and-13" for ‘sperm RNAs’,
they are encoded in a piRNA locus on chromosome 17.
After fertilization, they were maintained in low copy
numbers in the egg and the dividing blastomeres. A
strict nuclear localization was evidenced by
microinjection of fluorescence-tagged RNAs into the
male pronucleus of one-cell embryos. While, under
these conditions, other small RNAs such as microRNAs
were immediately excluded from the nucleus and
disappeared within the first hour after microinjection,

spR-12 and spR-13 were partitioned between the male

and the female pronuclei. Stably maintained during the



preimplantation period, they were equally distributed
between blastomeres at cell division, remaining strictly
localized in the nucleus until the blastocyst stage at

which they were not detectable.

4 . 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.

The adult brain library does not appear to hold any
strong editing sites in the pre-miRNA hairpin, while the
infant brain library holds at least three miRNAs (let-
7b, mir-664a, and mir-421). We suspect the potential
editing sites from fpRNA and ppiRNA may represent
vestiges of editing events in pri-miRNA transcripts;
suggesting some small fraction of edited pri-miRNA
transcripts may be still be processed by the RNAi
machinery. The vestige presence of U-tailing in some
mature miRNAs might represent an analogue, as it is
clear that atleast a small number of U-tailed premiRNAs

are processed by DICER.
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Research projects and annual reports

1)  Synthesis of Steroidal Bradykinin Receptor

Ligands

We completed the syntheses of bradykinin Bl
receptor (B1R) antagonist velutinol A, a seco-pregnane
with a cage-like framing in DEF rings, argeloside
aglycon, and illustrol, the analogs of velutinol A, last
year. Thus, we have been focusing on the synthesis of
pentalinonside aglycon, the remaining seco-pregnane
congener to be synthesized, since last year. After the
unfruitful investigations, we realized that utilization of
the 14,15,16-triol derivative, the intermediate for the
synthesis of velutinol A, enables us to access
pentalinonside aglycon effectively. Evaluation of the
biological activity of the argeloside aglycon, illustrol,

and pentalinonside aglycon is now under investigation.

2) Mechanistic Study on the Molecular Recognition of

ATR

Since enantio-selective total synthesis of gomisin N,
dibenzocyclooctadiene type lignin, was accomplished
last year, we investigated the preparation of radio (**C) -
labeled gomisin N for elucidating the binding domain
of gomisin N in ATR in this year. Thus, after 14-O-
demethyl gomisin N, the precursor of radio (**C) -labeled
gomisin N, was synthesized by utilizing the synthetic
route to gomisin N, the precursor was treated with
4C-labeled Mel in the presence of NaH to afford
“C-labeled gomisin N. Determination of the gomisin

N-binding domain of ATR is now under investigation.

3) Structural Basis of pH Dependence of Neoculin, a
Sweet Taste-Modifying Protein

We have been investigating the molecular mechanism

ofthe pH dependent sweetness of neoculin by molecular
dynamics (MD) calculations. The MD calculations for
the dimeric structures of neoculin and His11 mutants
showed no significant structural changes for each
monomer at neutral and acidic pH levels. However, the
dimeric structure of neoculin dissociated to form
isolated monomers under acidic conditions while it was
maintained at neutral pH. On the other hand, the
dimeric structure of the Hisl11Ala mutant, sweet at
both neutral and acidic pH, dissociated at both pH 3
and 7. The His11 residue is located in close proximity
to the Asp91 residue of the other monomer of the
dimer. The MD calculations for the dimeric structures
of His1 1Phe and His1 1Tyr mutants demonstrated that
the dimeric structures was maintained at neutral pH
and dissociated to the isolated monomers. The
dissociation of the dimer caused a flexible backbone at
another dimeric surface. The MD calculations on the
tetrameric structure of neoculin found in the crystal
structure suggested that the dissociation of the dimer
affect the further dissociation at the other dimeric
interface under acidic conditions. These results suggest
that His11 plays an important role in the formation of
oligomeric structures at pH 7 and that the isolated
monomer of neoculin at acidic pH is responsible for its

sweetness.

4) Synthetic study on carbasugars by utilizing the
random pivaloylation of 6-O-acetyl-carba- [3 -D-
glucose
Recently, we examine a cancer cell increase suppressant

effect of the carbasugars, in which the ring oxygen atom

of the parent sugar has been replaced by a methylene.

Therefore, in this year, we attempted to synthesize the

various carbasugars featuring the random pivaloylation

of 6-O-Ac-carba- 3 -D-Glc, which is easily synthesized

from 2-deoxy-scyllo-inosose (DOI) over 7 steps. As a

result that reaction conditions of random pivaloylation

of 6-0O-Ac-carba- 3 -D-Glc were optimized, three kinds

of tri-O-Piv derivative were obtained at a time in good yield

11
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[1,2,3-tri-O-Piv(36%),1,2,4-tri-O-Piv (24%),1,3,4-
tri-O-Piv(24%)]. After triflation of 1,2,3-tri-O-Piv
derivative, the protected carba- 3 -D-Gal was obtained
via intramolecular nucleophilic attack of 3-O-Piv group
to the C-4 atom with triflate group. By the removal of
the protective groups, the synthesis of the carba- 3 -D-
Gal was accomplished in the 14% yield over 11 steps
from DOI. Additionally, 1,2,4-tri-O-Piv-Gal derivative,
which was synthetic intermediate of carba- 3 -D-Gal,
was triflated, followed by inversion at C-3 with Cesium
formate to give the carba- 3-D-Gul derivative. After
deprotection, the carba- 3 -D-Gul was obtained in the
10% yield over 11 steps. Furthermore, the synthesis of
carba- 3 -D-All and carba- 3-D-Man were achieved
from mixture of 1,2,4-tri-O-Piv derivative and 1,3,4-tri-
O-Piv derivative (1/1)in similar to synthetic route of
carba- 3 -D-Gal described above (4.2% over 12 steps,
3.8% over 12 steps, respectively).
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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)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 ) DNA marker-assisted selection of important

agronomic traits in barley

Marker-assistedselection (MAS) providesopportunities
for enhancing the response from selection because
molecular markers can be applied at the seedling stage,
with high precision and reductions in cost. This study
leverages the breeding data of 252 barley breeding lines
evaluated in 2 field trials for maraker-assisted selection
of major disease resistance and chilling requirement

genes.

3 ) Molecular characterization of a dwarf mutant in

buckwheat

Brassinosteroids (BRs) are steroidal plant hormones
that are essetial 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,
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
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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.

4) A dimorphic self-compatible mutant in
Fagopyrum esculentum that could be mediated by
breakdown of dominance relationships between
self-incompatibility pollen part alleles
Self-incompatibility (SI) is an important reproductive

system that prevents self-pollination in numerous flowering

plants. In buckwheat (Fagopyrum esculentum), dimorphic
flowers, (short-styled and long-styled flowers) are
associated with a type of SI named heteromorphic SI,
and two alleles (S and s alleles) at SELF-INCOMPATIBILITY
complex locus (S locus) are thought to regulate the
dimorphic flower morphs and intra-morph SI response.

A spontaneous self-compatible mutant, TPIB, was

isolated from common buckwheat breeding lines. A

spontaneous SC mutant, TPIB, was able to be self-

pollinated in only thrum flower morphology that shows
heterozygous for the S locus (Ss) even though unable
to be in pin (ss) morph. To maintain the TPIB, self-
pollination was performed, showed a pollination
response and seed set comparable to those normally
observed in compatible crosses between dimorphic SI

plants. Because of thrum shows heterozygous for the S

locus (Ss), two selfed progeny lines, TPIB1 and TPIBZ

were used for further analyses to investigate the mode
ofinheritance of the SC trait and the flower morphology.

In TPIB1 total 19 selfed progeny plants were segregated

13 thrum plants and 6 pin plants. Studies on self-

compatibility showed that all thrum plants were self-

compatible but all pin plants were self-incompatible.

Tested against an expected ratio of 3: 1, 3 ?=0.158,P<

0.750 and to ratioof 2: 1,toa 2: 1 ratio, 2= 0.007,

0.900 < P. In TPIBZ total 31 plants were showed 20

thrum plants and 11 pin plants, identically to TPIB1 all

20 thrum plants were self-compatible but 11 pin plants
were self-incompatible. The segregation corresponds to
a 3:1ratio, 2=1.301,P<0.500 and toa 2: 1 ratio,
% %=0.005, 0.900 < P. In order to clarify whether SC
of thrum plants in TPIB was caused by loss of S function
in pollen or style, or recombination in the S allele, reciprocal
and cross-pollination test were performed between
TPIB2 (thrum and pin) and the SI c. v. Koto (thrum and
pin). When the SI c. v. Koto pollens were used for as
paternal, all the legitimate cross, thrum X pin or pin X
thrum, were cross-compatible but cross-incompatible
in illegitimate cross. By contrast, when the SC TPIB2
thrum pollens using as paternal all cross pollination
were compatible, but the pollens form pin of TPIB were
showed same manner as SI c. v. Koto as described in
above. These results indicate that TPIB is caused by a

loss of function of pollen part of gene.

R

1. TA dwarf mutant, d34, of buckwheat is caused by
a loss of function of a C-6 oxidase in brassinosteroid
biosynthesis | Taketo Funaki, Jotaro Aii, Kaoru
Yamamoto, Mamiko Sakai, Kenta Nishi, Mio
Nagano, Clayton Campbell, Suguru Takatsuto, Ichiro
Honda, Noboru Hiraoka, Hiroshi Tanaka
Fagopyrum Vol. 32, (2015)

2. THRTs B G TER R A O Pk
M osifr, fex 35, tR ¥, MRS
ERESRFSE 16: 53-60 (2014)

EREs

1. RNA-seqf@#Tiz & % INEBAER H FK AR
GYEOREMER T OERER ) HHAHORES, g &
&, W& ¥ K% EH FryoNL JL
1>, &I R, & OEZ, KH Eh,
He Frl H126mHAFMEES, =ik, 9



H26 - 27H, 20144

2. Tdenovo7 > 7 UESZR WY vy Y
INPIEVEZE Bk sda® [ KB AR TR O PR |
P RS, AR BN, gaK EERS, K
HiE, FHFEWCORER, HH Frl H126[EHA
HHEE, S, 9 H26-27H, 20144

3. 1A E—LHEHEKY v & 2 NFEENE
R FARsdb D RMALS — 7 > — 2 Hl W72 5
et AR SEME, PR MUK, MEA BEED,
fie A EA, &RT BRI, $R EEK, JEK
Wi3E, HABORES, M &w] H126EHA
HREER, Bk, 9H26-27H, 20144

4. MET 1 F 2B FRRERAKORE LB R
FHUENT) PR BEE, R A<, g BE,
REH iR, MHRWORER, HE FE] HE126[H
HABMEES, =iF, 9H26-27H, 20144F

TDMAFICEIR

1) S\EBES

g

g (C)

B ) NNIZBT L BRI OREMER T O
[l 5E

WFZEAREE « AH SRR

PRERAY I IFITSE

B T NI RRBRERBRT AT ) —=
> IEDRFE
WIEARERE « 5URRS: - AR - BhE &It
EFS

WFSEo- 3 © A IO ES

FAST K ER R AR ST B AR A IR B R CUBR RN 2 E)
M) M& ) REIIFEIC &2 RIEAT R RRE &
FIFEEMR DML &, T DER - EEEE\ DI
D7z DRI W75 85E) BT [

TUA 2T H T 1 7 AT KB IVF E AN
VNORIFE ) B FA], MHIFEEOKES (WFFEftE
FoEH WmE

2/ HAMRE (REZ%)
m Fal o 14

ZOMARE

L. BHMOKESR BMKESE - RiEER AN
e HE e = 2

MY HiREE LR A DN - £
AT AR ERE S OF & KX
HEINFZEE AR RS

2. SHE AR EE LR DTS S I #

At EEERLEEIC X DT T 2 REEE O
PHFE 2RI U 72 Msdm Vi L &R A F LAFHED
A

W7eEE - Hh B

3. SRRl AL R RS S )

AR - BHERRILICEL D < FEE O RS H
it D BA 78

WFFEARERAE © AR AR

4. REVFERFEBRETTE R B S5%

R 1 TR S F VBRI BT B IERE
DIy 1 HERE

WHFEor 08« AHFHEHORER

2) #HMES
FRIEE
H o HARZ(LFR2EB, HAFREER

=B, HAEINERREA

N
ﬁ
S
=
HE

FAFFBORER « HABME SR, BIin¥
FR, R NFER

19



I
JEH S

20

FHEE (DRIRE)

He Fa

1. XSRS A TR A RS O % —
FRIRR O HEE IR T 2 3 B © OB FLIE

e

2. BMkELE RiE7oP s b IGMOY X
T8 T RNAHTY—FE

3. HHRIR SRR GWUIFIITE S TR X R

2RAR

i

\

=

4. EREE A IR A

bl

5. HREIXEMEKGEERERERR

6. FrRmREREEE e > Y

Ba%EE

I
o
12f
&
o
KA

7. HAEINEREM TERRRRER

8. EfE#MEMHY I —HEHKR

9. FrEn—yYU—r I T7RE, EFIHER

10. RREXHTHEMELBAZRE

AHFHORER
1. HEBMEEEIF—HEEA

i

2. AAFHEFRE]128MEHS MR E

/

3. BEEOMA T +—F LENA

4 . Breeding Science XX HFH (1 %)

5. Fagopyrum ZX(#FHE (1 #)

6. Euphytica #x#&& (1 #H)

7. FRIERFM Thiro&hiroDFiE A FF %7 0
Frar) IVF R

8. WO —5 Y —2r J 7 EpI =Gk



BRET LW

Laboratory of Environmental Engineering

moEE ) oWm R W
W OfEBdR N WA T

F—
”2@ AeEmE - URY

A=

1. BREREDRHPOHREI DN T ETDRE

i

Bl B O PN A UV B G B R U R D
BRI O AT 5N TEBD, > — M
o — R L& i EDO—HNEILIMIZBNT
PIFLUa-))VEXY2- 004 O
JVIRA T = — b e E QEIRFNT K 2B 20 L7 e
INTND, —HBOAHERFRERAN N KBRS
MHEF A RABITL, ¥ A NEfREL TANICRE
INBHZENHSENTHD, HENEEIZBWTIH
PRICHRA OBITROBENE Z 5N 5,

T THNEBREICBU 26 o RERA O
B aTHEd 272012, RS EEHEO RS
IZIH 9 B PEERA, R DY A b ORI DS A
~ZEREL L, PFRsOD NZEFRA T 3517 2 HEPRH Ak
ODHEZTINEY A SNOBITERE L 72,

I. #8Y VBT AT IVEHBRE DODEERYD
B EEN & ) R A

TLE, Y O EDBEBLENOHRILITIT,
% < D & W EHRE R R 2 1D R 3B R EHRA
(BFR) MEH I N T/, LA L7/ SRoHSER
HICEKDBRYRFEN D T 2L T—F )L OHHNIC

- RCIRAEAR

Prof. Kuniaki KAWATA, Ph.D.

Asssociate Prof. Tomohiro KOSE, Ph.D.

/ LR2ETIZZEZERELTHENEOREAEEREZZBULRIEOUE LREDIZOHDHR

- IRIRENAE - BERE

A, ANFH>r7070% B35 52 HPOPsEHK
BT 2EENRME ET2>TWb, NSO
flick v RELREDONDOF > % W WEEBRATA
DODREIEA TN D, fERK D —HBEHE DR L
CHWENTEAKY 2B bY T A5 )L
(OPEs) &, HEBMEIERICmMA Tr¥{LiER &
T 5 OWMBHE OB ENE T I 5, £
OPEsiISVOCIZHET 2 fEFEM: 269 5 7= O KA
IS BRI R DMERF TR TR D 1 E D), BENZEZRD
BREERDZEDHEEINS,

HEINS DRERE LA >R ORI
ThdMEe BT AT )VEBMRA (CPFR) @
FHAENEML T\, CPFRIZY > KU X
FIVDIZATIVEEE GG ZEAL, 4
IX—bL@EnTROEBRATHD, sTaEan
REWZDEFEMENE <, BHEZE TR L 78\,
ULINUIRINS IR EEEZET S5 2 ETHISNS
OPEs& AP DT ATIVIEGEAT D720,
BTG O ZEE L ERETITBNWTDH
[FRE DK MESRAE Z % Z & PRI TN
b, HRAERYICIZT /) — VIR EDVOCIZ
BT LEREEZ B DIEMDBDEENTVND I &N
5, EEPREBIEERR, BRIV YA U OILRHTIE S
BHEd ZENEaInd, = I TARIIE TITH
mfE R M O REEBEAVWTEZ 7 2/ —JLA

21



22

EA-P7xZ)ViRA 77—k (BDP) KUZD
SRR DERL, S ZMBAL, U AV
fizfr> 2 &EEHINWE Lz,

I. /KAICHAINEEBEDREH)
LRELHROBINERE, BEINTHBD, WFE
HOBRBRLEREEDOHIT, FICEMHHTHMA S
NTN5, FRITKHIZHAM S NZREL, —Hn
PR E EBITHNNTIRAT D ATREMEN D B 720
FINDOERRNDZE L EHIZ, H/KLEIZB
% BRI EOMENAEL TWD, KHEICHA
SN EET, KHEBIIBITITSEEBIT, &
Wi o3 oAb 2 E R o R 52 T LT < &
EBABADMN, TOEHIOVTIETomIHIN
TV, E/z, HfEERE TET 2504 D
HEETOVWTHARALRENZ N, 2T, KHIZ
B SN2 BESZ DO RAERM ZWNREL T,
/K &K EEIC B 2 EE 2005 M
U, HE7KIZHE> TR 9 % BREOEIG 25
id 2 &&EHIT, FINTBT 2 EEOEEITDON
THHSMNZI L T,

V. RAXKEBXKICH(TSZEHBYOIRREEE
BERLICET 2K

HHAREBRIZBIT DEBITR 0 A4 U7 Hp it
FEYNZ, TRSOVEIRITINA THEK B3k D 5350
WOERZEZATND Ly, HEROUIEIETUEET
=9, HEMHBAETHZ, ZOZEMS, £
ST T IR IR A 2 T R BT 35 W R HERE )
ZEREL, ZoEbAREB IO eEZAEED
BEt a7 o7z, FoN&BEEED OB HEE
MOBEEZBE L, HEEY O AR O RTRENE
A L7z, F=BIEHLAL & MIRALE R O MRS
ZIRHTL, BAEBRE L TORM &G 32 0k
LoD SHEEBEEEERZ L2, MATREMRD
FRAT N 5 EE HERE M D RLIR D HEE 2 il A 7=

2014 EEDMERER

. BRIEANEBMPOHERTIONHETDRE
B2

HEIEHENEM R OHENSY A S ORIUEEfL,
PSR AT DXREZ3 4T 35 K OV FR IR A OO B /0 #r
1o, ZORER, AHREFZIERABIOE
Y > RERAOEHEERNHS M ERD, U
RTIIEICEHFAR ) O RBRANERTH S
ZENHERI Nz, MATEEEMREY P BT
7 )L HEEEIRF T & % DEG-BDCIPP AN 5% D 4 71
5% —4—TEHEINTHBO, HRELEHWTO
FRNHSNETRS T2,
$Wﬁxh$@5m<9@®%%ﬂ®§ﬁﬁ%
WEIN. BRCEEEY OB N X5 )VEIC
WTIINZEERM R & & 2 SR I AHBI Y AL
53, WEEHMMNS Y X S NOBITH MRS NT=,

I. &Y VBT X7 IVEHBRE DN BERYD
MEEEN & ) RO 5Tl
BET 5 AF v 7 HITE N5 HRAIRR DS,
HUgE T T FEEAREL (RPF) OBLE TR/ EDY H
47»I&K£mfmmﬁ%?%$ﬁ%%ém
o MUKIROFER, BEEOEWT =/ —)VHE
@iﬁiﬁ%a INZED, U BRI ATIVEESMN
B4 AR 538 U 7= Fp R A ) O AR R DR
N7z,

. KEICEH ENZBEDES)

KHEIZZEHR i S NRERE S 7 02)), 7
oy 2o, KOAZY 2L 7o, &l
o575, MCEREAFA 77— KA
FILIZDWT, KHEFIZBITDHEEEKHNS D
MHEEEENZBH SN T HEEHIZ, WIINTBITS
HWEZEZMH Lz, 205 OEED/KEHMNS OFH
FEKMIZBT 2 2B TE /=,

V. RAFKBRXICET D ZRHBEVORRLE
BFREICEET 2%
YRR AEISICH 2 2 s TEREL L 7=



RPN DWW THE R O ORIR OHEE Z ik 2 /2.
ZD55, 1 M TR IRE Z Hk
ETBHEEA SN, MO TR
WRELICHRT 200 LR EICHEKT 5 H DN
BT 2 EEA N, HEYORFREOHEICH
WTMoMEHEBIHETH 2 EEA 5N,

Research projects and annual reports

I . Distribution and behavior of organophosphorus
flame retardants from in vehicles interior.

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 interior materials could be derived from
recycled raw materials through material recycle process.
Some low morecular weight PFRPs transfer from interia

materials to cabin dusts

I. Study on emission behavior and risk assessment
for breakdown products of condensed phosphoric
ester flame retardants
Hydrolysis of condensed phosphoric ester flame

retardants (CPFRs) in waste plastic was observed

during recycle process such as RPF production process.

As aresult of the hydrolysis, preparation of phenols and

intermediates was observed.

IT. Behavior of pesticides applied to paddy fields
Behavior of herbicides pyraclonil, propyrisulfuron,
and metazosulfuron, an insecticide dinotefuran, and a
fungicide thiophanate-methyl 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 from the paddy fields and the mean half-lives of
the target pesticides 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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retardants used as alternatives for PBDEs, Science of
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Bominated flame retardants and related substances
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grassypeptolide A: 7R,11R,25R,29R, R4=H, R,=Et, R3=i-Bu, R4=OH
grassypeptolide B: 7R,11R,25R,29R, R4=H, R,=Me, R3=i-Bu, R4=OH
grassypeptolide C: 7R,11R,25R,29S, R1=H, Ry,=Et, R3=i-Bu, R4,=OH
grassypeptolide D: 7R,11R,25S,29S, R1=Me, R,=Et, R3=i-Bu, R4,=OH
grassypeptolide E: 7S,115,25S5,29S, Ry=Me, R,=Et, R3=i-Bu, R,=OH
grassypeptolide F: 7R,11R,25R,29R, R{=H, R,=Et, R3=Bn, R;=Me
grassypeptolide G: 7R,11R,25R,29R, R4=H, R,=Me, R3=Bn, R4=Me

Figure 1. Structures of grassypeptolides A-G
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Scheme 1. Synthesis of Southern tetrapeptide fragment of
grassypeptolides A, C, and F
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Scheme 2. Total synthesis of acteoside

Research projects and annual reports

1) Synthetic studies on grassypeptolides using

hydrophobic tag method

A synthesis of a southern tetrapeptide fragment
towards the total synthesis of grassypeptolides has been
achieved using a new hydrophobic thiol protecting
group, 4,4’ -bis(dococyloxy) trityl group ("Tr). The
synthetic "Tr protected intermediates were easily
isolated by precipitation with polar solvent such as
acetonitrile. The target tetrapeptide was obtained in 63
% overall yield and high purity from Fmoc-Cys ("Tr) -
OAll (6steps) without

column  chromatographic

purification.



2 ) Total synthesis of acteoside, a phenylethanoid 2. Vx—TxF—ITIMEEERNET ST

glycoside ZIVIE J A RECHEAD AR, NE B,
A practical total synthesis of phenylethanoid iy 8, HE33MHAREE ERESR, (k26
glycoside, acteoside has been developed. Key F8 HI0H~12H, AHEKRF)
reactions are regioselective  glycosylation of
4,6-0-methoxybenzylidene- 3 -D-glucopyranoside 3. ZRBROUHBAF KA EFDOHRMF T )L
acceptor with L-rhamnopyranose donor, and a B« > 770y 7 OERME, M HEK,
Knoevenagel condensation for constructing of a NI Th, AR g, R BB, NS
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Biochem. 2014, 115, 151-160.
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Research projects and annual reports

1) High efficient production of 2-deoxy-scyllo-
inosose in recombinant Escherichia coli
2-deoxy-scyllo-inosose (DOI) is a six-membered

carbocycle formed by the multi-step direct cyclization

of glucose-6-phosphate 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 direct precursor for the
aromatic compounds. DOI can be conveniently converted
by rather simple chemical reactions into benzenediols
such as catechol and hydroquinone which are important
industrial chemicals used as antioxidants and starting
materials for fragrances, and into medical and
agricultural agents, and other useful compounds. We
constructed a metabolically engineered Escherichia coli
strain by introducing a DOIS gene (btrC) and by disrupting
genes for phosphoglucose isomerase, glucose-6-phosphate
dehydrogenase, and phosphoglucomutase (pgi, zwf
and pgm, respectively), which relate to the glucose-6-
phosphate metabolism. The small scale fermentation of

DOI by recombinant E. coli mutant ApgiAzwfApgm/

btrC was done using 500 ml buffled flasks. We were

able to obtain DOI at 29.5 g/L from glucose 30 g/L

under the optimum conditions (almost 99% yield) .
To conduct a practical application of DOI (DOI

productivity; 100 g/L/day), there are some tasks that

we must resolve.
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1. Improvement in the function of DOIS

2. Molecular breeding of DOI producing
recombinant E. coli

3. Improvement of DOI productivity by

fermentation technological method

1)— 1 improvement in the function of DOI

synthase

In the screening for DOI synthase mutants with high
activity, we obtained three mutants (L214M, W293R,
L214M/W293R). These mutants have the DOI
synthase with high activity, which enhance the DOI
productivity. These mutant enzymes may contribute
enhance the DOI productivity because of shortening

the culture time and acceleration of DOI production.

1)— 2 molecular breeding of DOI producing

recombinant E. coli

To conduct a practical application of DOI (DOI
productivity; 100 g/L and over), DOI-resistant E. coli
mutant is required for the high DOI accumulation in
culture medium because of the sensitivity of E. coli
against DOL The Keio mutant collection (3,823
mutant strains) was screened for DOI-resistant and -
sensitive strains in the 6% DOI containing medium. We
obtained AargO as the DOI-resistant mutant strain and
ArffC, Agor as the DOI-sensitive candidate mutant
strain. The DOI-resistant mutant strain, AargO, may
contribute to accumulate the high concentration of
DOI in the culture medium, which leads to enhance the

DOI productivity.

1)— 3 improvement of DOI productivity by
fermentation technological method.

To improve the DOI productivity by the control of
temperature, pH, aeration and agitation in a jar
fermentor, we firstly examined the effects of temperature

(0, 20, 35,50C) and pH (3.0, 5.0,7.0,9.0) on
the DOI stability. DOI is stable under low temperature

and acidic conditions. Next, Considering the growth

temperature conditions of DOI producing recombinant
E. coli and the chemical property of DOI, the examination
of optimal condition of DOI productivity should
perform on the basis of this condition (35°C, pH 5.0).
We investigated the effects of temperature (27, 30,
33, 37°C) and pH (5.0, 5.5, 6.0, 6.5, 7.0) on the
DOI productivity of DOI producing recombinant E.
coli using 500 ml buffled flasks. We were able to obtain
DOI at 27 g/L under the optimum conditions (30 or
33C, pH 6.0, almost 100% vyield). Finally, We
examined the DOI productivity by the control of
temperature, pH, aeration and agitation in a jar
fermentor. We determined the optimal batch culture
condition (temperature, 30°C; pH, 6.0; agitation speed,
1,000 rpm; aeration, 5 L/min; growth carbon,
mannitol; initial glucose concentration, 5%) and fed-
batch culture condition [temperature, 35°C to 28°C;
pH, 6.0; agitation speed, 450 rpm; aeration, 10 L/min;
feeding medium (250 g Glucose, 250 g Glycerol, 30 g
Yeast extract, 470 g H,0), 0.3 g/min]. Those condition
cultures indicate 41.5 g/L/36 hand 116.0 g/L/60 h of
DOI productivity, respectively. Especially, fed-batch
culture method may be an important contribution

because the DOI productivity is over 100 g/L.

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 are also facing the serious
problem of self-sufficiency rate for edible oil. To
overcome these problems, we have focused on using
oleaginous yeast, Lipomyces starkeyi, which is a good
producer of triacylglycerol (TAG) from non-edible
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 accumulate between phospholipid bilayers of
endoplasmic reticulum and bud to the cytoplasm later
with the phospholipid monolayer.

Genetic and metabolic engineering approaches to L.
starkeyi are used as cell factories for storing and
producing huge amounts of lipid. However, methods
for molecular breeding have not been established for L.
starkeyi. Therefore, gene expression patterns of lipid
accumulation, biosynthesis and degradation response
of the oleaginous yeast L. starkeyi are still unknown.

In this study, we addressed the detailed expression
pattern of genes responsible for lipid accumulation,
biosynthesis and degradation in L. starkeyi. ATP citrate
lyase (ACL) that catalyzes the conversion of citrate to
acetyl CoA and oxal acetate is present in oleaginous
yeasts, but not in non-oleaginous vyeast. Genes
responsible for fatty acid synthesis, ACL1, ACC1, FASI
and FAS2 are highly expressed transiently in early log
phase but not in late log phase. However, the expression
of MAEI encoding for malic enzyme as the provider of
NADPH for fatty acid synthesis did not alter during
culture period. DGAI and LROI encoding enzymes
that catalyze diacylglycerol to TAG are highly expressed
in early to late log phase but not after carbon starvation.
The expression pattern of PAHI encoding phosphatidate
phosphatase also resembles those of DGAI and LROI.
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. Taken together, these results suggest that
the constitutive expression of acetyl CoA and fatty acid
synthesis gene leads to efficient accumulation of TAG

in yeast cells.
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Research projects and annual reports

1. Elimination of Acrylamide by Moderate Heat
Treatment below 120°C with Lysine and Cysteine
Acrylamide is a toxic compound generated in

processed foods prepared at high temperatures. To

explore means by which food processing can reduce the
acrylamide content in foods, we studied the reaction of
acrylamide with lysine and cysteine, which carry
nucleophilic functional groups, at temperatures below
the initiation of acrylamide generation. The amino
acid-mediated reduction of acrylamide content
followed first-order reaction kinetics in aqueous
solution below 120°C. The profile of acrylamide
decrease correlated well with the formation of a 1:1
adduct of acrylamide with the respective amino acid,
indicating that these amino acids reacted directly with
acrylamide. The reactivity of acrylamide toward both
amino acids was pH-dependent. In particular, the
reactivity of cysteine toward acrylamide was remarkably
enhanced by an increase of pH. These findings
suggested the possibility of reducing acrylamide levels
during food processing by treating foods with the
appropriate amino acid(s) at moderate temperatures

below 120°C.



2 . Analysis of the formation mechanism for the

Maillard reaction product derived from
pyridoxamine and xylose

Vitamins containing amino group, such as thiamin
and pyridoxamine, is effective in inhibiting the progress
of the Maillard reaction. Although these vitamins are
expected to react with carbonyl compounds, the
structural data on the Maillard reaction products
formed from these vitamins has been very few.

As a result of the search for the Maillard reaction
products derived from vitamins and carbonyl
compounds, the major reaction product derived from
pyridoxaime and xylose, named XP-1, was identified.
In this year, we developed a determination method for
XP-1 using LC/MS/MS, and clarified the factors
affecting the formation of XP-1.

After the preparation of standard XP-1, the MS/MS
parameters were optimized with standard XP-1 under
positive ion electrospray ionization, and then
determination method for XP-1 was developed using
LC-MS/MS with MRM mode. Using this method, we
investigate the effect of pH, temperature, DTPA and
kinds of sugars on the formation of XP-1. We observed
that XP-1 was formed under weakly acidic and neutral
conditions and that XP-1 production was markedly
increased when heated at the temperature above 50°C.
These findings suggested that XP-1 was likely to be
produced in food processed at the high temperature. In
addition, it was suggested that XP-1 could be degraded
in the presence of metal ion, because the addition of
DTPA, a strong metal chelator, resulted in the increase

of XP-1 production. Moreover, we confirmed that XP-1

was formed from not only pentose but also hexose.
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Research projects and annual reports

1. Synergistic inhibition of cancer cell proliferation
with a combination of 0 -tocotrienol and ferulic
acid.

Rice bran consists of many functional compounds
including tocotrienol (T3), ferulic acid (FA) and
ceramide, and thus much attention has been focused on
the health benefits of its components. We previously
demonstrated that T3 has potent anti-tumor activity,
and that § -T3 has the most potent anti-cancer activity
of the four T3 isomers. FA is receiving widespread
attention owing to its therapeutic effects against cancer
and neurodegenerative disorders. Here, we investigated
the synergistic inhibitory effects of its components,
particularly ¢ -T3 and FA, against the proliferation of
an array of cancer cells, including DU-145 (prostate
cancer), MCEF-7 (breast cancer), and PANC-1

(pancreatic cancer) cells. The combination of § -T3
and FA markedly reduced cell proliferation relative to
0 -T3 alone, and FA had no effect when used alone.
Although ¢ -T3 induced G1 arrest by up-regulating
p21 in PANC-1 cells, more cells accumulated in G1
phase with the combination of ¢§-T3 and FA. This
synergistic effect was attributed to an increase in the
cellular concentration of §-T3 by FA. Our results
suggest that the combination of §-T3 and FA may
present a new strategy for cancer prevention and
therapy.

2. Metabolism and  cytotoxic  effects  of
phosphatidylcholine hydroperoxide in human
hepatoma HepG2 cells.

Oxidized low density lipoprotein (LDL) contains
predominantly oxidized phosphatidylcholine (PC),
which is hypothesized to play a role in the promotion of
atherosclerosis. During the course of LDL oxidation,
PC is primarily oxidized to PC hydroperoxide

(PCOOH), while further modification of PCOOH

yields various secondary products such as PC hydroxide



(PCOH). Among these oxidatively modified PCs,
PCOOH was thought to be the most causative agent in
terms of atherosclerosis, but which oxidized PCs show
cytotoxic, apoptotic and atherogenic effects remain
unclear. In this study, we investigated cellular uptake
and metabolism of PCOOH in human hepatoma HepG2
cells by high performance liquid chromatography-
tandem mass spectrometry, and then evaluated whether
PCOOH or its metabolites cause pathophysiological
effects such as cytotoxicity and apoptosis. In HepG2
cells, PCOOH is actually taken up and metabolized to
PCOH, rather than other oxidized PCs. PCOOH
significantly reduced cell viability, whereas no decrease
was observed for PCOH-treated HepGZ cells. The
viability was markedly decreased in PCOOH +
BSO (an inhibitor of glutathione production) -treated
cells, and the cytotoxicity was attenuated by
a -tocopherol (an antioxidant) treatment. Therefore,
although most PCOOH was converted to PCOH in
HepG2 cells, the remaining PCOOH would be a
particularly biologically active molecule, and PCOOH-
induced cell death could be closely related to changes in
cellular oxidative stress levels. Hallmarks of apoptosis

(e.g., lower mitochondrial membrane potential and
higher level of phosphorylated p38) were observed
especially in PCOOH + BSO-treated cells. However,
decreased expression of p53 and accumulation of cells
in the G2/M phase were detected. These results suggest
that PCOOH induces cell death via an unusual apoptosis

pathway.
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Research projects and annual reports

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 mainly
related to methane fermentation processes. The

summarized results of our projects were described as

follows:

1) Food processing technologies using high
hydrostatic pressure (HP)

Effect of HP on antioxidant activity and phenolic
compounds in banana (Musa spp.) fruit was analyzed.
The antioxidant activity (as evaluated by ORAC
value) increased in 2.5-fold by 1-day incubation after
HP treatment at 500 MPa (ambient temperature) for
10 min. HP treatment was demonstrated to increase
antioxidant activity as well as phenolic compounds
concentration.

Effect of HP on sweet potato (Ipomoea batatas)
starch and subsequent saccharification by internal
enzymes were analyzed. The reducing sugar
concentration of sweet potato, after HP treatment at
500MPa (70°C) for 10 min,wasroughly comparable
with that after thermal treatment at 80°C (atmospheric
pressure) for 10 min. HP treatment was demonstrated
to cause gelatinization of starch and subsequent
saccharification by internal enzymes in sweet potato.

To develop a barley shochu brewing, gelatinization
and saccharification processes of barley starch were
developed. ~ Water-soaked barley grains (Hordeum
vulgare L. cv. Yukimi-rokujo) were subjected to HP
treatment at 600 MPa (ambient temperature) for
120 min. After HP treatment, rice koji was added as an
amylase source. As a result, non-thermal gelatinization
and saccharification process of barley starch was
developed. By combination of this process with ethanol
fermentation, ethanol production from barley grains
was successfully observed. Moreover, malt made from
Yukimi-rokujo was applied as the amylase source. Thus,
the alternative non-thermal saccharification process

without rice koji was developed.

2 ) Microbial inactivation using high hydrostatic
pressure
To manufacture a raw miso, which could be

distributed at ambient temperature, a novel process

ol
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with non-thermal fermentation control technique by
HP treatment was investigated. A non-flocculation
mutant strain RE4-23Ft was obtained by aerobic
respiration deficient mutants of Zygosaccharomyces
rouxii strain S-96, which is used as a standard strain for
miso manufacturing. The HP inactivation behavior of
strain RE4-23Ft showed 1.3 to 1.6 fold larger
inactivation rate constants under HP at 200 to 300
MPa (ambient temperature), indicating this strain was
a pressure sensitive (piezo-sensitive) mutant. Obtain
of this mutant strain would lead us to develop a
fermentation control technology by HP at lower
pressure levels.

We have obtained piezo-sensitive and resistant
mutants from Saccharomyces cerevisiae strain KA31a.
Strain al210H12 showed piezo-resistant and piezo-
sensitive behaviors depending on the pressure levels.
The inactivation behavior was analyzed under HP
treatment at 175 to 250 MPa with 4 to 40°C. The
inactivation rate constant in relation to temperature
and pressure, summarized in a temperature-pressure
diagram, showed the temperature dependence of
pressure inactivation as contour lines. The inactivation
rate constant of the strain showed the minimum value
at 30°C at 175 MPa and increased with elliptical
curves. The activation volumes of the strain during
inactivation reactions showed larger than those of
parent strain KA3la, suggesting the inactivation
mechanism of strain al210H12 was different from
that of KA31a.

Sterilization technique of bacterial spores under
lower temperature is one of subjects in food
manufacturing with great concerns. Thus, inactivation
of Bacillus subtilis spores by combination of HP and
thermal treatments was investigated. At ambient
temperature, HP at 200 to 600 MPa for 10 min was
applied on the spores. As a result, the thermotolerance
of spores at 80°C demonstrated to be significantly
decreased after 60 min incubation after HP at 200

MPa, resulting in approximately 2-Log loss in viability

during the total process. In contrast, when the
temperature during HP treatment was increased, HP
treatment at 500 MPa (65°C) showed significant
decrease of thermotolerance of spores, resulting in
approximately 5-Log loss in viability during the total
process. The temperature during HP treatment was
demonstrated to remarkably effect on the damage and

thermotolerance of spores.

3) Research related to fermented foods

By the collaboration with Yamazaki koujiya and the
Liaison center for R&D promotion, the function in rice
koji was investigated. The water extract of rice koji
showed a high antioxidant activity (as evaluated by
ORAC value), as well as high phenolic compounds and
flavonoids concentrations. By HPLC-UV/VIS analysis,
several compounds, which absorb UV with 280 nm.
One of the compounds was separated and subjected to
MS/MS analysis, suggesting that the compound

contains a palatinose-like structure.

4) Researches related to methane fermentation

processes and  analysis on  uncultured

microorganisms

Uncultured bacterial species belonging to candidate
division OP5 1is frequently detected in Upflow
Anaerobic Sludge Blanket (UASB) processes treating
domestic wastewater. To investigate functions of the
uncultured OP5 species, batchwise cultivation and
OP5-rRNA  quantification experiments using a
quantitive RT-PCR were conducted. To attempt
isolation of OPS species, successive cultivation of OPS
species has become possible by using defined substrate.

In order to biologically remediate the petroleum
pollution flowing to Niitsu river, A laboratory scale
Completely Starred Tank Reactor (CSTR) process
feeding Octadecane, a key ingredient of petroleum
pollution in Niitsu river, was constructed and operated.

The CSTR process successfully treated Octadecane in

anaerobic condition. Also we could isolate a novel



microorganism belonging to uncultured clade from the
constructed CSTR process.

An anaerobic cultivation and method using
microplates was applied for separation of
microorganisms with syntrophic association between
acetate oxidizing bacteria and hydrogenotrophic
methanogens from and acetate-fed methane
fermentation process. A PCR primer set targeting the
16S rRNA genes of hydrogenotrophic methanogens,
belonging to the order Methanomicrobiales, was
designed and used for detection of hydrogenotrophic
methanogens in the culture broth in microplate wells
after cultivation. ~As a result, hydrogenotrophic
methanogens were detected in several wells, indicating
that the microplate anaerobic cultivation and separation
method was available for separation of microorganisms
with the syntrophic association.

Recently, certain microorganisms cannot reportedly
form colonies on solid media under specific
physiological conditions. The existence of such viable
but non-culturable (VNC) microorganisms inhibits
the development in microbiology. Towards elucidation
of colony-forming mechanism of microorganisms, the
relationship between colony-forming ability of
Escherichia coli and the kind and concentration of the
gelatinizing reagents in the solid medium was
investigated. The viable cell numbers of E. coli strain
BWZ25113, counted by liquid cultivation and colony
counting, respectively, was used for calculation of
colony-forming ratios. Using agar and purified
agar (Agar Noble) as the gelatinizing reagents, the
colony-forming ratio increased with decrease in their
concentrations. In contrast, using gellan gum, no
apparent decrease as well as increase in colony-forming
ratio was observed with decrease in the concentration.
As a result, the optimal gelatinizing reagent for colony
formation of strain BW25113 was demonstrated to be
agar or purified agar at 0.5% in concentration, with 60

to 80% colony forming ratios. Gellan gum would not

be suitable for colony formation of this strain.

Construction and optimization of PCR based
detection of active-infectious-viruses method combined
with Propidium monoazide (PMA) was conducted.
M13 bacteriophage, model infectious virus, was used
and correlation of active M13 phage (pfu) with
quantitive DNA copies number calculated with qPCR
or PMA-qPCR was investigated. Initially we could not
find the coloration between active M13 phage number
and PMA-qPCR based phage number in conventional
PMA-qPCR condition. Finally, we can optimize the
PMA-gqPCR condition by an adjustment of PCR
fragment length.
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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.
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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. Controlling 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
MNV 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. To understand the
difficulty we started a consultation for food industry,
and found a new idea to adopt the HACCP concept to

food industries selling hundreds of products.

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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Analyses of antigenic types of Orientia tsutsugamushi
in naturally infected Leptotrombidium colonies by
improved immunofluorescent microscopy using

monoclonal antibodies. Hiroshi Urakami, Koji Okubo,

Masahiro Fukuhara, Hitoko Misumi and Mamoru

Takahashi, Med. Entomol. Zool., 2014, 65 (2) :73-77

EE2B LV

INEAEER, ATHACCP 201542 1 A% HEW
AR EZTT OO EEIH

~ N S MEYREZIGD D RN EE T RE
e~

ERF¥S

1. GHUREER AN (FHEl) MNEHEMITRS
W VYT LSOMINSD—ER EiE ST,
=M ZF, hig e, L 5k HE21E
Uy F7ES, 2015/11/20-21

2. 1 F avilils OPIEIEMERY ) NERER
fil  H107[E AA RS A SR AIHEES
p264E 5 H16H & U —R—) Ui (x50

TDMAFICEIA

1) S\&RES
R/ HRME (RE)
b s5h: 2 fF

2) F4\ 58
FHEE (ZDfh)
Wk 8.

L. FEt BoReEZRShs EE
2. FBR - BOLE - ROEFER EA

3. HBEEARER BOReGHEHEHE
HBEE O OTT—R5 4 72 AOBIREXH)

4. HAHACCPh L —= Tt 24—
it i

HELR

5. A—F 14 %x—¥— - TJ—=ravy7 il

6. 7—R T4 T A-TU—=ravs #l
G A

7. Ea—s 1 x—4—-T—=ravT Hl
G

8. WANAFUT—F/)N—=2r (Kk) BEMLEZEEL
PR R

9. HACCPAM T —27 > awv>r #HiEH A5«
VA

10, WEERE Tt > & —FR 264 R i -
EEBER I F— THACCPOE 2 /R HRIED

FANIZDNTY

11. International Conference on Food for Health in

Niigata 2014 J>F 3>t 3I+— Gl &
R4 & BB
INERAEE

1. HAHACCP b L —Z=2 7t 25 —H%H

[ I

63



4 of I <H Db
B K M

64



BB R AL

Laboratory of Food Enzymology

B ot W oW T

DHERERE A

2@ CREEHS K

A=

I. BREEHS /NI EDEE S HEEEDRRA

BRFAEEG S > N7 (IR 2 HIRICZE S S 1
BEEFRFDY NIE) i3I0 ExA T
CO2REENAISNTND, Xz, KRREEAEE
WFRNWD, 2571 2EY 2 BREAIOMHREA
WY N EBOFEENH SN THD, 257
) 2L > )\ 7 'E (Miraculin-Like Protein, MLP)”
EMHINTNVWD, Fxld, MRASY > X EDHE
BN ASIRERDI 7)) S >IN
B R e U, WREMEMEFIE A 1 =X L
DT LNV TOMAZHIEL T2,

I. BBEOREAH =X LADHREHA

B EIHEN 2 Hibld, B (—RIZi3K®R
EBIND) EVWSERYEDFKE CTH S,
DEE, B - IR EITG E N80 REs >N
DETIF o agERE L TTHEYT %5, LinL
Mo, INETHRMEIIOWTHTLXILTOfE
MIFEEAERINTEST, ARITH L TRE
FNZER T 2 EATHBFE S TR0,

EEOHRBWETRICRD, AT IFF
7 F—E (CDO) & % WLt Bk A > 7 (Ssul)
BIETERBLUZAERKT, 7I7F 2 2REHE

-HH®KS NV H - BEE

Prof. Akiko SHIMIZU-IBUKA, Ph.D.

7 MAEBERTE SUOBRFMNBIRFEZAVCERBES VNI E - FREBKS /N0 E

- ERI IR

LG EDEENE L ELSRDLZENHSMNIZ
Bolz. BrlE, TNSOY NI EBLUOT S
Fonfterosy —t (X 7FF—18) 2EEE
B OG- BVHICEE Th D EEZ, XA
WERITICR D Z DG ZAS NI S 2 &2 HIY
ELTWa,

M. B-504X—EDBELEERRMEDEE
PUEMV B IRSME (S AR 33K & UTA <A
SNTWD, B-T7F LANGRZY ATHE
SNDHVEMETH L, EFN ORI THE
A PR <HBT K DI > TE /e, Ml
MB-F 2% LFNTK T 2 HANME 2 G T 2 A
AZA LB O DB SN TNWDA, ZDOHT
b B-7 75 LAl ER TR ZVWDNE-F 2
5 LERERR (B-F 0 9 —E) DEETH 5.
EABHOERED R S8 L WEXIDBAFE -
MEnsEIC, MEOREREN L™ U, HHB-
Z 08 LAWK LT fRiEt e R D “AE R R
AR -5 75 —E" ZEET D EAIHMEEE
RA EHBL, EERE TIIME L 2> Tnd,
L&, B-T0 5 LARGEENS B SN
EAEET HHBDB-F 75 —EEHREL,
X G T, AR RIMEESR 2 W o B R B
PEfRAT, Bl g ME- SR AT E D AHBI @A 217> T

65



66

W,

2014 EEDMERR

I. 2SSO VELUY VNIV EODRKERFARIEE

AWFEETIL, 2 27U LS > X7 8 (MLP)
DODHTHRICI TV > ET 2/ BRECHIFHFEPEN
BWT Ry, A4 X, FIATHF 2T ayHREMLP
BT Z2RAE L TWD, REEIZT RUHK
MLP OHBRMEEZIT> . KR TOHRB %
AT & 25, pColdz ANz RITHWTHIEM
B REOHMSY >INV EN GOSN T, BERT
DNWTH, pPICZaCXRY % —7%FIF L Pichia pastoris
GS115ZzfEE L LB RZ/MEL, HIY >N
2 DA DU ER S Nz,

I. BBEHER RATA U PAFI5F—E DR
MAREE
HFEMIHEE TH SRR FEERTE >
& — - IUH  RIHEEERD S ERT Otz 21T,
FiE 8 Arthroderma venbreuseghemiinNr = F > % 5%
BRELTEBTTHDICHERBES AT1 >
FTFITF—EOREHIREHEL =,

M. B-544<—tEMOX-10D I KB EMRIT
Mox-1Id 7' I A 2 MeEED Y S ACB-5 7 %
X—ETHO, EWHFDLB-T 75 LFEIITXHL
IRREEHET D, ZOXIRAZ— 7 I B KR
2R 5 7=012, ARPFSE=E TldMox-1 DX
fhuiEE 2 LSA D MEETIRE Lz, 2K HE
EIIBEHI D7 5 ACREF SFPI L TW=hY, Mk
Dt 2 i 2 &, W OO EOR#MN
MBIz, T 12013, FHOBTEEN, Q
NW—TD—EEB3 B-A T > RONKGHEITH
ABIMOIZEVNDIRTH D, ZORERIT, I
5 OEEAHBRIE X LT WIREEICH D T L aoR
L THD, I OMERNRED Mox- 10 H B Ry
MICHEL TWDAREEDN S 5,

Research projects and annual reports

Research projects

I . Structures and Functions of taste-modifying
proteins.

Miraculin and neoculin are taste-modifying proteins,
which have taste-modifying activity to convert sourness
to sweetness. In order to reveal the taste-modifying
mechanism of miraculin, we are now trying to give
taste-modifying activity to miraculin-like proteins

(MLPs) from various plants.

II. Pathomechanisms of dermatophytes
Dermatophytes are responsible for millions of
superficial mycoses, including common diseases such
as athlete’s foot and nail infections. These fungi
exclusively infect keratin-rich host structures such as
hair, nails, and skin. The pathomechanisms of these
filamentous fungi have remained largely elusive, due to
the fact that they have not much studied at the molecular
level. However, recently, it was discovered that the
growth of dermatophytes is largely affected by the loss
oftwogenesthatencodescysteinedioxygenase (CDO)
and sulfite efflux pump Ssul. We try to analyze the
structures of these proteins and keratin-hydrolyzing
proteases to investigate the infection mechanism of

dermatophytes.

II. Structure-function correlation in B -lactamases.

(3 -Lactam antibiotics represent the most widely
used clinical antibiotics due to their efficacy and safety.
In bacteria, resistance to (3 -lactams occurs by several
mechanisms. Among Gram-negative bacteria, the most
important mechanism is production of f3 -lactamases,
the enzymes that hydrolyze and inactivate (3 -lactams.
As clinical use of new [3 -lactam antibiotics increased,
enzymes have evolved to hydrolyze wider range of
3 -lactam antibiotics. We perform structural study of
several [3-lactamases to investigate their substrate-

recognition mechanism.



Annual reports

I . Over-expressionofMiraculin-likeprotein (MLP).
This year, we tried to over-express MLP from Vitis

venifera (grape). In the E. coli expression system, we

obtained the recombinant grape MLP in soluble fraction

using pCold vectors. In the case of the yeast, soluble

recombinant protein was detected in the medium, using

pPICZ o C vector in Pichia pastoris GS115.

I . Over expression of cysteine dioxygenase (CDO).

The CDO gene from Arthroderma venbreuseghemii
was provided by our co-worker, Dr. Tsuyoshi Yamada
from Teikyo University Institute of Medical Mycology.
We constructed over-expression system of cysteine
dioxygenase in E. coli, using pCold vectors. The enzyme

was purified with TALON resin.

IT. Crystal structure of Mox- 1

Mox-1 is a unique plasmid-mediated class C
(3 -lactamase that hydrolyzes wide range of (3 -lactams,
including the expanded-spectrum cephalosporins
cefepime and moxalactam. In order to understand the
unique substrate profile of this enzyme, we determined
the X-ray crystallographic structure of Mox-1
B -lactamase at a 1.5-A resolution. The overall
structure of Mox-1 [ -lactamase resembled that of
other class C enzymes, with some notable exceptions. In
Mox-1, the main-chain electron density is not observed
in two regions, one in the Q loop and the other in the
N terminus of the B3 3 -strand. It suggests that there is
significant structural flexibility of these regions, a
property which may impact the recognition and binding

of substrates in Mox-1.

fRM

Oguri T, Furuyama T, Okuno T, Ishii Y, Tateda K,
Bonomo RA, Shimizu-Ibuka A.

“Crystal structure
of Mox-1, a wunique plasmid-mediated class C

(3 -lactamase with hydrolytic activity towards

moxalactam.” Antimicrob Agents Chemother. 58,

3914-3920 (2014).
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Research projects and annual reports

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. And, Chiral oxygen insertion reaction
controlled by chiral Crystal lattice was occured by

irradiation of visible light.

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

extract of fat of ostrich.
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