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Research projects and annual reports

1) Studies on sphingolipids.
WP1066, a STAT3 inhibitor, and its analog inhibits ceramide glucosyltransferase activity
Ceramide glucosyltransferase (EC.2.4.1.80) catalyzes the first step in glycosphingolipid synthesis. This enzyme
transfers glucose from UDP-glucose to ceramide, generating glucosylceramide. The substrate ceramide also serves as a
second messenger of cell death. Up-regulation of ceramide glucosyltransferase is known to suppress cell death by
reducing ceramide content. Thus, activation of glucosyltransferase activity is one of the causes of multi-drug resistance

of cancer cells.



STAT3, a transcription factor, is associated with various cancer types and inhibition of the factor often induces cell
death to the cancer cells.

We had searched for ceramide glucosyltransferase inhibitors using a fluorescent substrate C,-NBD-ceramide and
found WP1066, a STAT3 inhibitor, could inhibit this enzyme. WP1066 had no structural similarities with any other
known ceramide glucosyltransferase inhibitors. Surprisingly, mouse melanoma B16 cells treated with WP1066 for 5
h did not reduce glucosylceramide content. In contrast, an increase in ceramide content was observed. The increase of
ceramide content was presumably caused by the inhibition of ceramide glucosyltransaferase actuivity. These results
indicate that WP1066 has ability to inhibit ceramide glucosyltransferase activity in the cells.

We also examined inhibitory effects of WP1066 analogs on ceramide glucosyltransferase activity. AG490 is a
STAT3 inhibitor from which WP1066 was derived. This compound did not inhibit ceramide glucosyltransferase
activity. In contrast, one of the analogs of WP1066 without known biological activity inhibited ceramide

glucosyltransferase activity. Detailed studies on this compound in now ongoing.

2 ) Studies on non-alcoholic fatty liver disease.

Rubus suavissimus leaf extract ameliorates non-alcoholic fatty liver.

Fatty liver disease is a condition where abnormally large numbers of lipid droplets accumulate in liver cells. Fatty liver
disease induces inflammation in the presence of oxidative stress and may finally cause cancer. To find plants that
protect liver from fatty liver, we examined inhibitory effect of the plant extracts on lipid droplet formation. In this
experiments, mouse hepatoma cells were cultured overnight in the presence of 0.6mM oleic acid and of plant extracts
to be tested. The next day, the cells were fixed and lipid droplets formed were visualized by Oil Red O staining. A screen
of various plants identified several extracts with inhibitory effect. One of the extracts, Rubus suavissimus leaf extract,
showed strong inhibitory effect against lipid droplet formation. We also examined major components of the extracts.
Among them, only Gallic acid inhibited lipid droplet formation.

We previously demonstrated that the Rubus suavissimus leaf extract ameliorates high fat diet-induced non-alcoholic
fatty liver without affecting body weight in mice.

Our results suggest that Rubus suavissimus leaf extract could be a promising herb tea that protect liver from fatty liver

disease.
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Takahashi, T., Sugawara, W., Takiguchi, Y., Takizawa, K. Nakabayashi, Y., Nakamura, Y., Nagano-Ito, M. and Ichikawa,
S. Identification of plants that inhibit lipid droplet formation in liver cells: Rubus suavissimus leaf extract protects

mice from high fat diet-induced fatty liver by directly affecting liver cells. Evid. Based. Complement. Alternat. Med.
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Research projects and annual reports

1) Odorant design based on the interactions between steroidal odorants and their receptors.

13-Demethylation was investigated for a synthesis of 13-Norandroatadienone derivatives.

2 ) Analysis of the interactions of volatile compounds on the Umami receptor.

Synergistic volatile compounds for Umami receptor were analyzed in fermented products, and complex model was

constructed to investigate the interactions beteen receptor and ligand.

3) Design and synthesis of non-steroidal ligands for bradykinin receptor.

Based on the analysis of the interactions between steroidal ligands and bradykinin receptor, non-steroidal ligands

were designed for the development of the antagonists.

4 ) Design of agonists for bile acid receptors, TGR5 and LXR.

Bile acid-related steroids were synthesized and were found active on LXR.

5) Chemical transformations of DOI to THB which is converted to a useful chemical.

The conditions for the conversion of DOI to THB and THB to a useful alkylated compounds were investigated.

6 ) Design and synthesis of disaccharide containing carbasugars.

Disaccharides containing carbasugars derived from DOI were synthesized as a potential inhibitors for the sugar-

transforming enzyme.
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in primates to 3 -glycosides.
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Research projects and annual reports

Using rice, Barley 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. Characterization of six low phytic acid mutants in rice

In grains of cereal crops, 65 % to 85% of phosphorus is stored as phytic acid, regardless of the crop species. Because
non-ruminant animals, including humans, cannot digest phytic acid, they are unable to use most of the phosphorus in
grains. Some of the nutritionally important minerals that are stored in phytic acid are not assimilated in these animals
due to its chelating ability. Intending to improve the nutritional value of rice grain in three major cultivars in Japan, we
obtained six non-lethal low phytic acid mutants, in which phytic acid contents were 42.1 to 94.1 % of their original
cultivars. Most of the agronomic traits of the six mutants were comparable to the original cultivars, except for slightly
weak germination ability in two mutants whose phytic acid contents were the lowest among the six mutants. In the
grains of our mutants, the ferrous content was positively correlated and calcium contents was negatively correlated with
phytic acid contents. 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-assisted selection (MAS) provides opportunities 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 147 barley breeding lines evaluated in 2 field trials for maraker-assisted selection of major disease

resistance and chilling requirement genes.
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3. Molecular characterization of important agronomic traits in buckwheat

Common buckwheat, Fagopyrum esculentum, is a heteromorphic self-incompatibility (SI) species. Its yield is relatively
unstable compared to other major self-fertilizing crops due to heteromrphic SI. In this year, we attempted to identify
the genes involved in heteromorphic SI of buckwheat. Noble two genes were found by transcriptome and geneomic
analyses, which were located to the S locus and to be expressed in the short-styled flower. These two genes are suitable
candidate genes for the control of the short-styled phenotype of buckwheat plants. The knowledge obtained from this

study will enable to develop self-fertilizing buckwheat cultivars.

(&B54]

Draft genome sequencing of buckwheat (Fagopyrum esculentum) and application for identifying agronomically
useful genes. Hideki Hirakawa, Yasuo Yasui, Mariko Ueno, Katsuhiro Matsui, Tomoyuki Katsube-Tanaka, Soo Jung
Yang, Jotaro Aii, Shingo Sato and Masashi Mori, International Plant and Animal Genome XXVI, San Diego, CA, USA
(2017)
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Research projects and annual reports

I . Distribution of flame retardants in automotive interior members and their exposure risk

In order to evaluate the exposure of organophosphorus flame retardant in car environment, the transportation of
PFRs in interior member to dust was investigated using simulated dust.

The organic phosphorus flame retardants such as DEG-BDCIPP were observed for sheet urethane and sound
proofing materials. The flame retardant was transported though both volatilization and contact, and the contact was

dominant pathway of the transportation of PFRs.

II.. Behavior of pesticides applied to paddy fields

Behavior of herbicides bromobutide, and ipfencarbazone, 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.

IMl. Recovery process of tsunami devastated tidal flats in 2011 Tohoku-oki tsunami in the Great East Japan
Earthquake
To clarify the cause for disruption of sediment environment in recovery process of tsunami devastated tidal flats,
origin of silt fraction of tidal flat sediment in Hatsutsu-ura bay was investigated by Positive Matrix Factorization using
metal composition in silt fraction. Loading of silt through drainage of tide embankment construction at inner part and

south part of the bay was observed.

IV. Effect of dissolved organic matter on adsorption behavior of cesium on clay minerals
The purpose of this study was to clarify the influence of dissolved organic matter on cesium adsorption to clay
minerals. The cesium adsorption amount on vermiculite decreased in the presence of humic acid. On the other hand,

the cesium adsorption on montmorillonite increased in the presence of humic acid.
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2 ) Thalassotalic acid A & Thalassotalic acid CORFIDEE K

Thalassotalic acids A-C3 & U'thalassotalamides AEBIZ ¥V 2 MUH O EBMEYL TAF LT T LR EE
Thalassotalea sp. PP2-459/WFEAT HN-7 )7 ROF O ViFEKTH 5, Frald, EERAMHorner-
Wadsworth-Emmons S Jix 2 88 TF2 & L CHVY, Thalassotalic acid A & Thalassotalic acid CORFIDEE K% 9
ERbE, 27% 3B K UN34% DRI TR L /=,

MOMO, HO

OH 6 steps 2 steps

O O

HO™ "CO,H
? J PR

R™ N7 CO,Me R” N” “CO,H
H H

R =CH;3(CHy)g  Thalassotalic acid A: R = CHgz(CHy)g (27%)
R =CH3(CHy);  Thalassotalic acid C: R = CH3(CH,); (34%)

3) Forsythoside AES KU Z DEEFEDRYDLERK

Forsythoside A3, Forsythia suspensa Vahl. O RENSHEEI N7 2 =)V T /1 REFERIZET 2 KA
WTdhs, TOMERL, 2-(72Z)NTFIV B-D-Z7)VAET )2 RO 6 FKBRECIL-ZL/ET ) —2
Ma-70) a2 BEGL, 460KBEEEICH 7 B D/KHEG L T %, Forsythoside Ald b b AR f by H Bk
FO5-URF T F—ENEET H5-E ROF-6811L14-T 1 2 F I FEOa MY Z2B,O
Rz BRI E T2 2 & NTESN, JVEmMEDOERIEL L THIREN S, EFEETIZ, AL
RFTTEFINEEETHHEFERESA-PE ROF IR XTI TE REDY X —T 2 F—7IUEH
1725 2 &T, N7 BT AT )V 2 SRR ICHEER T 25 Z LTI L, acteosideDd 5 Rk & /L L 72,
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Research projects and annual reports

1) Development of novel recyclable chiral fluorous organocatalyst

Bifunctional fluorous cinchona alkaloid-thiourea derivative (I) as a novel recyclable chiral organocatalyst was
synthesized and employed for in asymmetric Michael addition reaction of dimethylmalonate to 3 -nitrostyrene. The
organocatalyst I was a highly efficient catalyst for the Michael addition reaction, leading to (S)-adduct with high yield
(86%) and moderate enantioselectivity (62%). The fluorous organocatalyst I was easily recovered by fluorous solid

phase extraction.

2 ) First total synthesis of thalassotalic acids A and C

Thalassotalic acids A-C and thalassotalamides A and B are N-acyl dehydrotyrosine derivatives produced by
Thalassotalea sp. PP2-459, a Gram-negative bacterium isolated from a marine bivalve aquaculture facility. We
accomplished the first total synthesis of thalassotalic acids A and C in 9 steps with an overall yields of 27% and 34%,

respectively, using the (E)-selective Horner-Wadsworth-Emmons reaction as a key step.

3) First total synthesis of forsythoside A, forsythenside K and purpureaside D

Phenylethanoid glycoside, forsythoside A, was isolated from the fruits of Frosythia suspensa VAHL. Forsythoside A
possess a @ -L-rhamnopyranosyl-(1—6)- 3 -D-glucopyranose sugar chain and an ester linkage with caffeoyl moiety at
C-4of glucopyranose. Recently, we achieved the total synthesis of acteoside via condensation of 2-(3,4-dihydroxyphenyl)
ethyl 4-O-carboxyacetyl- 3 -D-glucopyranoside with 3,4-dihydroxybenzaldehyde by decarboxylative Knoevenagel
-type reaction. In the final step of the synthetic route, this condensation gave the desired (E)- ¢, 3 -unsaturated ester
with excellent stereoselectivity. In this year, we attempted to synthesize disaccharide-type phenylethanoid glycosides,
forsythoside A and its analogues, using Knoevenagel condensation as a key reaction. The carboxyacetylated dissacharide
3, which was prepared in 6 steps from D-glucopyranosyl acceptor 1 and L-rhamonopyranosyl donor 2, was treated with
3,4-dihydroxybenzaldehyde (4) in the presence of piperidine to afford forsythoside A (7) in 60% yield. Under same
reaction condition, 4-hydroxybenzaldehyde (5) and vanilline (6) were reacted with 4-O-carboxyacetylated compound
3 to give the desired (E)- @, 3 -unsaturated esters 8 and 9 in 61% and 80% yields, respectively. The 'H and '*C NMR data

obtained from synthetic 7, 8, and 9 agreed well with the previously reported values for the corresponding natural products.
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Research projects and annual reports

1) High fermentative production of chemicals from glucose using recombinant Escherichia coli

Recent studies have shown that inositol analogues have significant physiological roles in various biological systems.
As an example, chiro-inositol as therapeutic agent for polycystic ovary syndrome has already been used. Furthermore
scyllo-inositol as therapeutic agent for alzheimer's disease has been examined in view of practical use. Similarly, vibo-
quercitol, myo-inositol analogue, has been reported to have the effect of hypoglycemia in the mouse experiments. In
addition, vibo-quercitol derivatives have been reported to act as glucocerebrosidase and glucocerebrosidase activity
inhibitors. Glucocerebrosidase activity inhibitor is expected to serve as the elucidation of pathologic characteristics of
Gaucher's disease or Lysosome disease. Thus, quercitol has a lot of valuable bioactivities and physical properties.
However, it is not easy to obtain these quercitol analogues because only a little exists in nature. Moreover, the
stereoselective synthesis and purification of quercitol is very difficult to exist 16 kinds of isomers varied in the position
of hydroxyl groups. On the other hand, we can effectively produce 2-deoxy-scyllo-inosose (DOI), a precursor for
quercitol derivatives, using metabolically engineered recombinant Escherichia coli from glucose. When we tried to
isolate yeasts, which are able to convert DOI into valuable compounds, the yeast Cryptococcus podzolicus ND-1
converting DOI into vibo-quercitol or scyllo-quercitol was isolated. We predicted that the DOI-converting enzymes
recognized DOI as a substrate and catalyzed the oxidation-reduction reaction because the ketone group of DOI was
reduced by C. podzolicus ND-1. For cloning DOI-converting enzyme gene from C. podzolicus ND-1, we constructed
the degenerate primer sets designed against Bacillus subtilis, C. neoformans, C. gattii, Dothistroma septosporum,
Fusarium oxysporum, and F. graminearum myo-inositol dehydrogenase, which has NADH or NADPH-dependent
ketone reductase activity., A part of a myo-inositol dehydrogenase gene homolog was amplified from C. podzolicus
ND-1 genomic DNA using the above degenerated primers. Using the obtained DNA sequence information of C.
podzolicus myo-inositol dehydrogenase gene, full-length cDNA of C. podzolicus myo-inositol dehydrogenase was cloned
by RACE and RT-PCR methods from C. podzolicus ND-1 total RNA. The open reading frame region of C. podzolicus
myo-inositol dehydrogenase was ligated to the expression plasmid vector and was transformed into Escherichia coli

DHS5 « . C. podzolicus myo-inositol dehydrogenase expressed in E. coli was purified and characterized. As a result, the
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enzyme can converted DOI into vibo-quercitol with concomitant conversion NADH to NAD*

2 ) Development of high-value lipid production system by oleaginous yeast

Demand augmentation of oils with worldwide population growth has caused a scramble of oils and erratic fluctuation
of a value. Biodiesel, one of next generation fuels, is mainly produced by alcoholysis of edible vegetable oils. The usage
of edible oils as a biodiesel feedstock is often controversial because of the competition with food production. Extensive
use of edible oils may cause other significant issues such as starvation in developing countries and obstruction of edible
oil import in low oily self-sufficiency countries. The above issue is important for us due to only 13% of oily self-
sufficiency in Japan. Due to the decrease in agricultural population and the extent of land area in Japan, we cannot
expect an increased yield of oil plant. Therefore, we need an original lipid production system in low oily self-sufficiency
countries.
Microbial oils have many advantages over plant oils or animal fats as described below.
. Independence of climate and season
. Ease of scaling up

. High growth rates on various carbon sources

Bow N

. Simplicity of metabolic regulation of lipid producing microbes by genetic engineering tools

Therefore, oleaginous microorganisms with lipids in excess of 20% of their biomass dry weight might become
excellent oil feedstocks. Some yeasts, such as Lipomyces starkeyi, Rhodosporidium toruloides, and Rhodotorula glutinis,
can store intracellular lipids within cells to up to 60% of their cell dry weight. In these oleaginous yeasts, triacylglycerols
(TAGs), which have a fatty acid composition similar to that of plant oils used as food and energy sources, mainly
accumulate as storage lipids. L. starkeyi is one of the most widely known oleaginous microorganisms and is able to
accumulate TAGs to up to 75% of its dry cell weight. Thus, L. starkeyi is a unique yeast strain of great industrial
potential as a lipid producer. The complete genome sequence of L. starkeyi is now available, and genetic tools for the
transformation, multicopy integration, and expression of heterologous genes have recently been reported for this yeast.
However, there are issues of lipid productivity (lipid production rate and lipid conversion efficiency) for commercial
applications.

In this study, we aimed the isolation of L. starkeyi mutants accumulating a high level of lipid. L. starkeyi mutants with
high accumulation of lipid were isolated following mutagenesis with Ethyl methanesulfonate. Since a density of cells
with a high level of TAG was expected to be lower than that of wild-type cells, mutagenized wild-type cells were
subjected to Percoll density gradient followed by collection of low-density fractions to enrich cells with a high level of
TAG. The enrichment fractions were spread on the plates of YPD agar medium. Plates were incubated for 3 days at
30°C to observe the colonies of yeast. After culturing for 3 days at 30°C in S5 medium (5 ml) of each isolate, Flow
cytometry and microscope analysis were performed. Then, we obtained three mutants with a high level of TAG, A42,
E15, and E47.

We compared the growth, glucose consumption rate and lipid productivity of wild-type and mutant (A42, E15,
E47) strains grown in at 30°C in S5 medium (75 ml).

1. Turbidity
There is no difference between wild-type and mutants.
2. Cell concentration

Only the cell concentration of E15 was low compared with other strains.



3. Dry cell weight
Three mutants, A42, E15 and E47, were heavier than the wild-type.
4. Cellsize
Only the cell size of E15 was big in comparison with other strains.
5. Glucose consumption rate
The glucose consumption rates of three mutants were fast more than the wild-type.
6 . Lipid productivity
Three mutants, A42, E15 and E47, have the excellent lipid productivity compared to the wild-type.
The lipid amount of E15 was increased 2-fold compared with the wild-type on day 4.
The lipid content and lipid yield of E15 were elevated 1.6-fold compared with the wild-type on day 4.

Thus, E15 mutant was the most excellent lipid producer.
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Research projects and annual reports

1) Antihyperlipidemic effect of Acanthopanax senticosus (Rupr. et Maxim) Harms leaves in high-fat-diet fed mice.
BACKGROUND: Metabolic syndrome is a major risk factor for a variety of obesity-related diseases. Recently, the
effects of functional foods have been investigated on lipid metabolism as a means to reduce lipid content in the blood,
liver and adipose tissues associated with carnitine O-palmitoyltransferase (CPT) activity. Acanthopanax senticosus
(Rupr. et Maxim) Harms (AS) is a medicinal herb possessing a wide spectra of functions including antioxidant, anti-
inflammatory and anti-fatigue actions. Despite much research being focused on the cortical roots of AS, little
information is available regarding its leaves, which are also expected to promote human health, for example by
improving abnormal lipid metabolism. Here, we explored whether AS leaves affect lipid metabolism in mice fed a
high-fat diet.

RESULTS: The administration of AS to BALB/c mice fed a high-fat diet significantly decreased plasma triglycerides

(TG). CPT activity in the liver of these mice was significantly enhanced by AS treatment.

CONCLUSION: These findings indicate that AS leaves have the potential to alleviate increase in plasma TG levels due
to high-fat diet intake in mice, possibly by increasing mitochondrial fatty acid (3 -oxidation, especially via CPT
activation. Consequently, daily intake of AS leaves could promote beneficial health effects including the prevention of

metabolic syndrome.

2 ) Simultaneous Quantitation of Advanced Glycation End Products in Soy Sauce and Beer by Liquid

Chromatography-Tandem Mass Spectrometry without Ion-Pair Reagents and Derivatization

The aim of this study was to develop a simple and sensitive method to analyze several advanced glycation end
products (AGEs) simultaneously using liquid chromatography-tandem mass spectrometry (LC-MS/MS), and to apply
this method to the quantitation of AGEs in brown-colored foods. The developed method enabled to separate and
quantitate simultaneously seven AGEs, and was applied to the determination of free AGEs contained in various kinds
of soy sauce and beer. The major AGEs in soy sauce and beer were N ¢ -carboxymethyllysine (CML), N ¢ —carboxyethyl -lysine
(CEL), and N ¢ -(5-hydro-5-methyl-4-imidazolon-2-yl)ornithine (MG-H1). Using the developed LC-MS/MS
method, recovery test on soy sauce and beer samples showed the recovery values of 85.3-103.9% for CML, 95.9-
107.4% for CEL, and 69.5-123.2% for MG-H1. In particular, it is the first report that free CML, CEL, and MG-H1

were present in beer. Furthermore, long-term storage and heating process of soy sauce increased CML and MG-H1.

it 5w 3

1) Nishida M, Kondo M, Shimizu T, Saito T, Sato S, Hirayama M, Konishi T, Nishida H.
“Antihyperlipidemic effect of Acanthopanax senticosus (Rupr. et Maxim) Harms leaves in high-fat-diet fed mice.”

J Sci Food Agric. ; 96(11) : 3717-22.,(2016)

2 ) Yuri Nomi, Hironori Annaka, Shinji Sato, Etsuko Ueta, Tsuyoshi Ohkura, Kazuhiro Yamamoto, Seiichi Homma,

Emiko Suzuki, and Yuzuru Otsuka.
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“Simultaneous Quantitation of Advanced Glycation End Products in Soy Sauce and Beer by Liquid
Chromatography-Tandem Mass Spectrometry without Ion-Pair Reagents and Derivatization”

J. Agric. Food Chem. ; 64, 8397-8405, (2016)
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2) Yuri NOMI, Hironori ANNAKA, Akira TANI, Shinji SATO and Yuzuru OTSUKA “Simultaneous Quantification
of Advanced Glycation End Products in Soy Sauce and Beer by Liquid Chromatography-Tandem Mass
Spectrometry without Ion-Pair Reagents and Derivatization”, f# & & 5%I2BE 9 2 HiBEFE #2016, 2016
FILH10~11H, REAyEHRI> N> a2t %—

3) Shinji SATO, Misato SAKURAI, Yuri NOMI and Yusuke KOGA “Antiobesity Effect of Basidiomycetes-X
(Echigoshirayukidake) in High Fat High Sucrose Fed Rats”, f@#5E & & /FICBI 9 % #risE #2016, 2016
FLIH10~11H, KREAvEHEI N> a8 —
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Nomi Y and Otsuka Y: Useful and accurate method for Simultaneous Quantitation of Advanced Glycation End
Products by Liquid Chromatography-Tandem Mass Spectrometry without Ion-Pair Reagents and Derivatization.
IMARS Highlights 2017, in press
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Research projects and annual reports

(1) Development of novel method to evaluate palatability of rice grains

The objective of this research is to develop novel methods, which are simple, low-cost, rapid and highly precise, to
evaluate the palatability of rice grains. As we developed “iodine colorimetric scanning method”, we tried it to apply
for estimation of physical properties of cooked rice grains, and for estimation of fat acidity, indicator of quality
deterioration during the storage. It became possible to develop the estimation formulae by the multiple regression
analyses using novel parameters, such as A max, A A max, New A max. And we carried out validation tests using

unknown rice samples.

(2)  Evaluation of palatability of various kinds of rice cultivars

The objective of this research is to evaluate the palatability and characteristics of Japanese high-quality rice cultivars
and Chinese principal Japonica rice cultivars measuring amylose, protein, oligosaccharides, pasting property, apparent
quality, and physical properties. It became possible to apply our iodine method to Chinese Japonica rice cultivars. They
showed diversified starch properties and contained more proteins compared with Japanese cultivars. Some Chinese

cultivars showed more prolamin contents than Japanese ones.

(3) Investigation on bio-functionality and palatability of rice grains
The objective of this research is to promote both the palatability and bio-functionality of rice grains. We chose two
kinds of mutant rice cultivars, which are “resistant cultivar against high-temperature”, and “Korean specialty rice”.
The former cultivar showed rather harder texture compared with control cultivar, Koshihikari. “Goami2”, one of the
latter cultivar showed harder texture and higher resistant starch content than the Japanese mutant rice
“EM72”. “Seolgaeng”, another cultivar of the latter ones showed soft texture and high breakdown value in the
pasting properties. “Goami2” is promising in terms of bio-functionality and “Seolgaeng” is promising in terms

of palatability.

(4) Development of cooked rice and rice products promising prevention of dementia

The aim of this investigation is to develop the promising cooked rice and rice products for prevention of dementia.
Among the various agricultural products, we selected purple rice and black soybean as materials for rice products
because of high resistance against oxidation and inhibitory activity against (3 -secretase activity. After high-pressure
treatment we prepared aseptic rice, which was subjected to the animal feeding test and human test. The results showed
that it is promising because it was resistant to the postprandial increase of blood glucose and it inhibited the abrupt

increase of amyloid 3 in blood after meal.

(5) Investigation on processing suitability of barley grains
The objective of this research is to clarify the characteristics of rice-barley blended products in terms of physical
properties. It was clarified that barley promotes the hardness and dietary fiber of the blended products. Appearance of

the cooked rice and noodle was deteriorated by the addition of barley to the rice products.
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(6) Investigation on bio-functionality accelerated by processing of rice grains

The objective of this research is to promote the bio-functionality of the rice products by the processing. It was shown
that lipase lost activity and decomposition of fat was inhibited by the heat-moisture treatment. We clarified that
fermentation of rice by Aspergillus oryzae enhanced polyphenol contents and ACE inhibitory activity. Germination of
brown rice in the red-onion solution enhanced anti-oxidation capacity and [3 -secretase inhibitory activity. These
various processing technologies were shown to be promising for the promotion of bio-functionality of the diversified

rice products.
P itr R L
1) S. Nakamura, T. Hara, T. Joh, A. Kobayashi, A. Yamazaki, K. Kasuga, T. Ikeuchi, K. Ohtsubo: Effects of super-

hard rice bread blended with black rice bran on amyloid 3 peptide production and abrupt increase in postprandial

blood glucose levels in mice, Biosci. Biotechnol. Biochem., 81(2), 323-334, 2017.

2 ) Sumiko Nakamura, Jing Cui, Xin Zhang, Fan Yang, Ximing Xu, Hua Sheng, Ken'ichi Ohtsubo: Comparison of

eating quality and physicochemical properties between Japanese and Chinese rice cultivars, Biolsci. Biotechnol.
Biochem., 80(12), 2437-2449, 2016.

(EEZE2]
1) JKFGEE - BRHIEERE S Y 7T —F L KRIE 3064 HAEBIUHERED Y v RZh
KOEROWELFAAYRHM, HERKET, 2016428 H 9 H

2) ALHRREREEIN T s RPE W — : RO &k &2 O, hEERT, 201743 5 H
(BRZER

1) HARESBSETYR KR M—, B8 87, tH502, B BE—, mH R%, 6l
. HIRIE O/KTRBER R [z Bh ) ORIk

2) HABHEER %S K W—, HERAAA, @il ske, &5 O, S G, EaEm
&, Al fE, B RRE, P BT a el ORWRREDRGE

3) HAKREME - BRI XPE M—, T B, THB505, WE -, I 2R, Ak
FIEE © HriR IR OBE A8 s D2 B ) OREIZDNT

4) AARZFR R WF—, BE fbE, PN BT RS Y RFIRIFESE LK ORERIE B KOG
JIAE O FEARE T- B D ml etk

5) HIERKFMUTFEAT S 7 BIEFR S > R 27 A Sumiko Nakamura, Masatoyo Nishizawa, Takeshi Ikeuchi,




Akira Yamazaki, Atsushi Kobayashi, Takashi Hara, Toshio Joh , Ken ichi Ohtsubo: Preliminary test for dementia
prevention by foodstuff and preparation of functional bread, #¥&57, 20174 3 H10H

6) HAHEER = B 7, # & & K B W, & # K - HAEKCHE
BED D ¥ R SR O ERFERE, #&1lr, 201649 H13H

7) AAREEYE BN BT, BN &, BEOIER, K SHEORALE RO YL

FRHE DR, AR, 20174 3 H28H

1) K. Ohtsubo & S. Nakamura: Evaluation of palatability of cooked rice, Advances in international rice research,

pp-91-110, Intech, 2016.

2) R¥F WF—: 888 (R&E : OARMERTER D) R20154E0R), BRMZE, 129(1), ppl8-29, 2016.

3) KREE BF—: k5> 7Ol & KEE:, PFunctional Food, 10(2), 72-77, 2016.

FETERS

R BE—, Bkt E, Al 7R, sEE O RER, LI R - MR 2 ORI L R 0 B
Jitk, AARKFEFHEE051808%, 20164E12H 9 H Rk

HERE L

(B E]
1) RO WE— WFZERESE) - AT (B)  BEHS15H02891 TEWHY, MEFECXLRER
Wk CEEHAEME DI TR ER D B FE S R REFE B RS DRI ) SERR2 TR~ P29 4 [

2) KEE BF— (FF5efiE#) : BOwHmE  REH R 26560043 /S < XFRMICL 2T 0%
I (R RS ORI ) T e 2648 F ~ T 28R g

[ZFEMAR - HAHK]

1) K& wF— (BFERREE), A BT o) « BUHEEAET R > ¥ —FitEE  S0n
BeAfiBa % - BROUEMEE OBy o> 7 b - @58 TEEHEETEZ A 9 5 @ A0 iE a2
KR DB

2) R Wb— WHEpiEE), A B WE04EH) © RUMESRAED SR > 7 — R EHEE IR
1/ N=2a AliE7ar o h (S1P) RIEREMKERANERN TH2 7)) OFRHFEEDH
EM G S S R A RE R BN D Y T > RFT A >, BES - BAE TR ORI N

ol



52

% KRB ORI £ i D B 58

3) RPE Wi— WHEEE), P B WIFinEs)  BUMEREN SR > & —&RFHEE  EHn
BB - BREBUERFEE OB T 02 o7~ DROFRGEEILR O/ Ot 2 B U 7=
BULEREA 1T & 2 RAFIE & AR B ROBERENE DN 7o ZOARKRR BRFE I I 72058 ), S - KOFRBIFRE
JER D7z Otz Hfg U 7o f LB EA 1 K 2 OrAF 1 & AR PEAYBERENE 0D 72 SORKH B 78

4) REE WF— (WHFEn )  FriRRHiEalt - KN TSR EFR TG - EEERIC X 2 K5
FERa OFE ) GLRIPE#E)

5) KR¥E Bi—, A BT REMREDNS OZFEHMTE CRORZIREHH)

6) R Bf—, A BT RE®EEEOKFENIE CKOE M T%E DB 7E)

7) REE R, A BT HRRESER GV RRITIE L 25— 5 OZEENITE CRER DK 7K
SULFR AR B A D NI KIE S 5 B DT

l

(ZDfth]
FHSNILRIBFFE SR © NARRE QR R RS & RZREM DO E D R AT )L DR

FINEE

REE BF—

[(#&iEE)

1) HAKRSE - BRFEREISE
2) DNASEPRESE

3) HAEMEETEREE

4) HARSHEER2GER

5) HARMREMS2AHEE

(ZZ54EE (REHEED]

1) BHKEAREFEEHEMPO

2) HrRVKERAI BN 2 R B
3) kT ESUEANE ok = Bl

4) EIETEM SRS E R R
5) Mk & O EEE B %

(20PN ES HMSBEWKEEHF)]
1) ZEmEEREHREE
2) BAKKLEZRBEREREAR



R T
[#2%8)

1) HAKRSE - RIS

2) AARRBFELIYR
3) AARISHBEER A

03



Qo3+ ERRISRED

B K

o4



ation Technologies

B oz H OB = Professor Toru SHIGEMATSU, Ph.D.

B s H O % Assistant Professor Akinori IGUCHI, Ph.D.

AWFETIE, @EEE FKE) BBl U RN E 2 D0 LT, L WaMLERNZ3CY
ETDRA T THERICEL W ZU =270 A0REEHIEL T Z1T> T3,

(1) EHOFH : 100 MPall L OEEFEZBEEMICHT Z & T, MlaESEARRSOZBINET 5,
CDXOBHGEMHALAAT S 2 ET, EEMERSOENL, HIXRILF—ROH L\ i o
R EZEDTND,

(2) FEREDFIA : FBEIIMAEY OWREZFIA L /28 T3l F — 8o &GS R S NTEREEHAN & A& T
5N %, FEEEGIE O 72D DAY O FEIRERE IC BT D58, BUEYRMHERERICBE T 2078, &5
CRAOHEMOREZFZWML T, MoNS2MEMOHREEZSISHL, KA T7 1 =)L ENDIEH %
HiEd

FR28FEDMFAR

1) BEMZFAALCHRERERET 02 ADORRE

HABED K AN 2@ ELICRE T2 2 & T, ABEFORKTELZTHEEO T REEZ A LS8 2%
BisBaGE N oM Z HiE L e 2o Tn %,

EVEIC O, AR Z W TEELB OZRMA2HE Lz, 400 MPa (=ili) O & ELLE 2 10 minj
TILET, BRCAREIREINGN o7z, —F, JOEELHE TIEERITHRE S N2 s &80
NDMEDEER, FBEBROSBEREENHDET, SROBENZE SN,

HZFEERE DI TR 2 MR B Ra924E1 fR 2 W T, BRIE B RN E N2 2 M 53 2 FEZMFE L 2.
MG B RIKTIRO —~ SR 2 e S B AR 2IEE L, ENRZERZEL Lz, ARZRNT, /W
2 =)V O HAEEEE UMEAR) BEBREIT S EZA, DTNTFH T 7 L —/N—DFAENGRD 5N,

55



g

FEHREH - Bod

)

o6

K74k & 1% 0 e & 7 L 72

FE TR PR 2 L H ARG 7 e 2 252 S € B 7212, KHHIR DM B K O OB
REREHET 52 ENBE L, 20T, KIS E DB TROR, BEHEUMEREELETL,
= DRI E /SRR 20 & LRI 5 7 0t X 25 L, BiL - FBEERE At L 72,

2) SEHEMZEFALEFROZJEZRMTORZRE

RV K 2 W R D 2 D i B Dl A 2 AT U 7o TRV SR U 7z s e L (200 MPa, 25~
65°C, 500 MPa, 40~65C) Zffi L 7= MIIHEIME T L TH O, NEANDKDBRADNRE SN/, H
DFEFITEVRE SN S E T Y 28OS Z T L 72§55, 200 MPa, Eif 5 X TC40C D54 TIE,
FNIDORF LT Y =R L HENAEL, ZORR, WAL TSI Rk EN, —7,
200 MPa, 50CH X UE5C, 500 MPa, 40~65C D EENH TIE, FHIFEL 75 —ITKEF LR Wit EMED
WAONELC TS Z ENRBEINTZ,

3) HEFESOMBANHICRE I IEBFENSELEDE

HEFIERE 2 15 MPaD S ESAF N THIE L /oo ARWBOBDIR s Naho 7z, REE N EHRRTE
U < B85l &7 A FEAE DM & 17z, CE-MSIZ K DM 2 BT L /e & 25, @R ICB W TV a—
AMS T IV A—A-6-1U ZEINAEKRI NS G, 7 T BREIRIZHENTY 2T I)LCoAN S 7 T 2N A Bk
ENDEIEH, TNTNEFICHES N TND I EAREIN,

4) BRELECKDRADHEAEER LCET HMR

INFF12400 MPa (i) OEELHZ 10 minfi L, BREES daysfrff Lz & 25, G tE o,
WOBNTze NFFDAY ) =)L EHPLCIZ K D i L7 & 25, HiBRALIEVE D BEINCHRE I 2 & —
IO LN, ZOE=I 2B LT, HENETHEAI T 1+ 7E— RO 275 72/, m/zfi
485, 325, 3llo1 it Nz,

5) MAEYMOIO=—REIEICET MR

MM DOFEREMTO IO Z— Bl Z RIS 2 2 L2 HIIZ, KR —EBETRIEZ 17 F U (Keio
Collection) Z T IO Z—JERRZMIT L /oo BT RERESRIVEMRT S oydBiE R T DREICKD,
RGO 30 Z—BRRME T U, BAEKRITE L TEARIVORKREZHET 27 2 bU D AZRN
L7iz&lA, LRI —FHRENMIT Lz, BETRERESARIVOKEN IO - —BRICEE 2 EE
ZRY ZEMNRRE N,

6) WAMBKLETOERICEST ZRIERMENDHBHES

BESUME B K AL L1k 20 A 5 2 RSB T B Caldiserical™ 2 J&9 % A 26MIEE (OPSHIE)
J UfCandidate phylum WWELIZJ& 9% A 2641 (WWELPI4IE) 0B 2R A2, TN E TOERD
5 OPS P B BER I I BERE 2 T 5 2 EAURIE S N T W70, BEBLUA —A RIZ AT K
BRI E U TR R AL £ 2 B 21T 5 7o, SRIEIERITH L TR S — 4 > ZMATIC &
2 B RS R TS AT A L 7 455, R ES 3ROPSHIE 35 & WWEL P A8 2 2 & 1k 0 30.9%,
08.5% % THE 59 5 B AR E155 2 LM TE/,



7) IR IBEA BN ENET SMEYO N BIZTE S MAEYBEBIERT

FEINCHE T 5 aMOEMUIE T Ov 2 OMLZ2 B L, #idt) 1A 0yE g 83 O ) IR e
DI R B 59 2 AL AW O 43 BiEES 25 5 K O AE M BEEAE S AT 2217 > 7= Fid) 1 E WE A3 D 55y
THDEATHTH 2 ETM & UREREME T TR A 7 5 5 5 2 0 R O 5y B 2% 217 5 - 4
R, 12HOMEE0#ET 2 Z &M TE, TRIBEARY 7 U5 —& AWk &MA 7 5 5 71 > o gt i
DEFEEE DR, BABEMITH L TI26%DREREZA T HRGEEREHDL LN TS, HHKH
T RICBEE T AT IV FIL AN B ERRIES Z O — KT DassAJEIA T ORFLPEIT D#E R, ZHk7z
HIRREE /NS — 2RI SN/ 2 &S, BERE QBB 7 IV 71 > A DEE S 2 2 SR S Nz,

8) tBE L% I A L /=Catalyzed Reporter Deposition (CARD) -Fluorescence in situ hybridization;Z i F D
7= DHARAEE AL IR DA% 5T

CARD-FISH{E S, @ H OFISHE & U CamRE RN alge & 7225 —75, BE X737 18 OHRP
(Horseradish peroxidase) i 7 10— 7 & Fl ) % 7= O MBI N OEE DT <, 55 U7 720 fel BE QLI 22 A B2 &9
7, ETOWMAEWIZEL <EH TREALHEGIERIEE SN TV, AFJEIL, CARD-FISHIEIZ BT
DRI BELEE ik & U CEERNIC#E H L, CARD-FISHEEIC B1F %56 H vl etk 2 £ )LIEY T
BB RIGHEMIEZHWTHRGEE L 7z, SELAMEEB I CEESRE T ICB T 2RESEEZRFLZER, &
JEALEEASCARD-FISHIEIZ B D AIfEEELEE & U TR RIEE T dd 5 nl RN LI S 172,

9) T/KALEDHSU T U4 —(CHEFTZHKEBZNFERBB VA IV AREHRECEADFE

& B ENZE A PTRE /R F/KLEREEAl & U CRRAIS N ADHSY 7 7 4 — 28T 5, FARHITHELET 5 b M
QT AV ADBREMRREEZHAS NI 2 Z L2 HWIZ, DHSY 7 7 & —I2B1T 2 /K2R R RFfE (HRT)
MIA I ABREMRRICKIT T B E Lz, 10O b MERMED A )L X 2 [ I27E & 7] H872MFQ-
PCRILZREEL, T/KBIUDHSUHKD T A )L ARE Z#ERFICEZS Y 27 L, &R, HRTZIER
T2EFETAIAREMEREIELM LT 2 ZENM S M ERo Tz,

10) AEBEEEBEHEOCERNS v FOBANHMERICSASFE

AT HEZ BT S I LK 5B OBENMEHENDOFEZI6S IRNABLATY > 7 a2 —7
SARHIC RS THE L 2. MR, ABRFEMRHEZEEL/ZT Y MTBWT, &l (3 7 H) BT
INHH B 52 D UGE RN R 2 R 9 D U E RS R LIRS e o 7228, JEHIE (1 7 A) TOEEIZB W TR
T & OBHHE D X 31T W B Allobaculum B DA, B8O #IZBE 59 5 &% 2 5 31 5 Bacteroidesg,
HHEA OO I 073 E 5 A R 5 DB VRIR S Tz,

Research projects and annual reports

1) Development of a new Sake-brewing process integrated with high-hydrostatic pressure (HHP) technology
We are developing a new Sake-brewing process integrated with HHP technology, instead of conventional thermal
pasteurization. This process can increase shelf life of the produced Sake while retaining the original sensory properties
of Nama-Sake (unpasteurized Sake).
The samples of Nama-Sake were subjected to HHP. After HHP treatment at 400 MPa (ambient temperature) for 10

min, viable counts of yeasts and lactic acid bacteria were not detected. In contrast, some bacteria (possibly spore
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forming bacteria) and enzyme activities were detected even after the HHP treatment. Further optimization of HHP
treatment conditions is still undergoing.

A method was developed for generation of pressure sensitive (piezosensitive) strains of budding yeast Saccharomyces
cerevisiae using the piezosensitive strain a924E1. Using this method, we generated a piezosensitive strain from Sake
yeast strain K7. The resulting strain was used for a Sake-brewing process in our laboratory and showed approximately
comparable fermentation ability with strain K7, although it produced compounds generating off-flavors.

To develop the new Sake-brewing process with the piezosensitive yeast strain, it is important to inactivate of bacteria
and enzymes from the rice Koji. For an alternative process, a single plural fermentation process was considered, which

consists of saccharification, sterilization and subsequent fermentation processes, separately.

2 ) Development of inactivation technique of bacterial spores by HHP technology

The mechanism for decrease in thermotolerance of Bacillus subtilis spores by HHP was investigated. After HHP
treatment conditions (200 MPa with 25 to 65°C, 500 MPa with 40 to 65°C), the densities of the spores decreased,
possibly due to the integration of water. Analysis of the emission behavior of dipicolinic acid (DPA) from the spore
suggested that HHP at 200 MPa with 25 to 40°C could lead spores to germinate via functions of germination receptors,
resulting in decreased thermotolerance. In contrast, HHP at 200 MPa with 50 and 65°C and 500 MPa with 40 to

65°C were suggested to lead spores decreased thermotolerance without functions of germination receptors.

3) Influence of sub-lethal pressure on metabolisms of budding yeast Saccharomyces cerevisiae

S. cerevisiae was cultivated under pressure at 15 MPa. Although no decrease in viable count, remarkable suppression
of growth and gas generation was observed at 15 MPa, compared with cultivation under atmospheric pressure. Analysis
of metabolites using CE-MS showed that the following reactions were significantly inhibited: synthesis of glucose-6-

phosphate from glucose in the glycolytic pathway and synthesis of citric acid from acetyl-CoA in the citric acid cycle.

4) Research on improvement of food functions by HHP

The antioxidant activity of banana was increased by HHP at 400 MPa (ambient temperature) for 10 min and
subsequent storage for 3 days. The HPLC analysis of methanol extract of banana revealed HHP-dependent increase
of a compound, which would be correlated with the antioxidant activity. The compound was separated and analyzed by

MS/MS with negative mode. Three anions with the m/z values of 485, 325 and 311 were detected.

5) Research on mechanism for colony-forming in microorganisms

To investigate the mechanism of microbial colony-forming on agar media, the colony-forming abilities of some
mutants in Escherichia coli Keio Knockout Collection were analyzed. As the results, the deletion of cydB gene, which
encodes a subunit for the complex IV in the electron transport chain, was shown to decrease the colony forming ability.
Cultivation of the wildtype E. coli strain with sodium azide, which inhibits the function of the complex IV, also showed
decreased colony forming ability. The function of the complex IV in the electron transport chain was suggested to be

important for colony forming of E. coli on agar medium.

6 ) Enrichment of uncultured microorganisms abundantly detected in methane fermentation process treating

municipal wastewater.



We tried to isolate yet-to-be cultured microorganisms that frequently detected in anaerobic wastewater treatment
processes. Our previous experiments suggested that uncultured OP5 bacteria, belonging to the phylum Caldiserica,
might decompose acetate syntrophically with hydrogenotrophic methanogen. To isolate of these uncultured microbes,
serial dilution culture method with a medium containing acetate and limited yeast extract as major carbon sources was
performed. As a result, we successfully enriched not only the uncultured OP5 bacteria but also a WWE]1 bacterium,

belonging to uncultured linage at the phylum level.

7 ) Prokaryotic community analysis of crude oil artesian area and cultivation of indigenous aerobic-anaerobic

petroleum degrading microorganisms

In order to develop a biological treatment process for artesian crude oil in Niitsu river, microbial community analysis
and isolation of crude oil degrading bacteria in oil contaminated soil and sediment on the river site were conducted.
Regarding isolation of aerobic oil-degrading bacteria using agar medium containing octadecane as a major component
of the crude oil, we could obtain several types of bacteria belonging to various taxonomic groups. By the cultivation of
anaerobic octadecane-degrading bacteria using an anaerobic completely stirred tank reactor (CSTR), we successfully
constructed a biological octadecane-degrading process, with 92.6% COD removal efficiency on influent organic
matter. PCR-RFLP analysis for assA gene encoding alkyl succinate synthase, involved in anaerobic alkane-degradation,

suggested that wide variety of anaerobic alkane-degrading bacteria were present in the reactor.

8 ) Investigation of microbial cell wall treatment by high pressure technology for catalyzed reporter
deposition-fluorescence in situ hybridization (CARD-FISH).

Although a CARD-FISH technique allows specific detection of target microorganisms with high sensitivity compared
with a conventional FISH, it uses an HRP-labeled probe with a high molecular weight, so it has low permeability to
microbial cells and requires proper cell wall treatment. In this study, we focused on high-pressure technology as a new
cell-wall treatment method in terms of the CARD-FISH. Applicability in the CARD-FISH was verified using Escherichia
coli cells as a model microorganism. As a result of verification for high-pressure and temperature treatment conditions,

the possibility that high-pressure treatment could be applied as the cell wall treatment for the CARD-FISH was found.

9) Influence of the operating conditions on the removal efficiency for human-infectious-viruses in a DHS reactor

To clarify the removal efficiency of human infectious viruses present in municipal wastewater using a DHS reactor,
the virus removal performance of DHS reactor was investigated. MFQ-PCR method, capable of simultaneously quantify
10 types of human infectious viruses, was constructed and virus concentration of raw sewage and DHS effluent was

monitored. As a result, it became clear that the virus removal performance improves with longer HRT.

10) The influence of intestinal bacterial flora with intake of lactic acid fermented Amazake

The effect of lactic acid fermented Amazake on the intestinal bacterial flora was investigated by 16S rRNA gene
amplicon sequencing analysis. As a result, in the rats fed with lactic acid fermented Amazake, with long-term (3 months)
test did not show the composition of microorganisms suggesting the effect of improving intestinal flora. It suggested
improvement of intestinal bacterial flora, such as decrease of Allobaculum sp., related to obesity and increase Bacteroides

sp., thought to be involved in decomposition of fat for short term (one month) test.
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Research projects and annual reports

1. Investigation of anti-Clostridium botulinum substances in rice.
The active substances in amylase-digested rice powder were found to be soluble in organic solvents. We are trying

to isolate the substances in a silica gel chromatography.

2 . Development of a skin disinfectant effective to noroviruses.
Effective ingedients that have been found so far were erosive to human skin. We are examining synergies of these

agents at low concentrations.

3. Aecrotaxis of Listeria.
We found that Listeria has an aerotaxis toward 18% oxygen in soft agar. Listerial motility will be analyzed by this

method.

4 . HACCP technics suitable for food industry producing a wide variety of products.
Flow diagrams used for HACCP plans could be divided into several modules, even if the diagrams were complex.
Each module was universal in many of diagrams. Thus the hazard analysis of a wide variety of products could be done

by combination of these modules.

NEpES

(ZEEMH - LRHR]
RRE®RE 14 GLFEPFEE)

(BRZHH2]
EF‘a‘ﬁi% L (WHFEBIRR)

FIEE

(250 EE (REHEED)]

1) HBIRIC blﬁviﬁ@%é\ C RIDEHERER
2) iR RO EE AR EER

3) ﬂéﬁ/f%ﬁiHACCPjt&ﬁLLa‘%’rﬁ%mxu%zﬁ

4) FRIRHACCPE Lt ERFMRRAR

5) MiRIRHACCPY 1 X & — & HHE R F#hl

(ZDthFHEE HREHKESHF)]

1) HARHACCP L —=> 7Vt 4 —HEE
2) HAVEHPEERLHRER

3) BOEARFMPERZE TRME R DHEE)



4) FRNA TV —FN—7 B Z2HM - BRtETOHEI IV T 2T
5) HIRNA U T —F/)X—7 BALEHM - HACCP1HGEE &

6) HAHACCP KL —=>%7t>%— +« HACCPO—F 1 % —4% — O— ZiikHii

7) B2 EEMEERARIHES TRPHFIZ/REE IS - HACCP &I

g
R

69



4 of % <H Db
-3 S

70



BRI R
Laboratory of Food Enzymology

B2 H 4w =B T Professor Akiko SHIMIZU-IBUKA, Ph.D.

gz i JII HAREK Assistant Professor Nayuta FURUKAWA, Ph.D.

7 MAEBERTE SUBRFNBIRFEZAVCERBES VNI E - FREBKS /N0 E
DHERERE A

’7? . ﬂjkﬁﬂ%ﬁfﬁg s//\"ag . Eﬁ-@- * ﬁﬁum‘l‘i-@-

1. REEMHS /NI BOEE EHEEDRER

WRAEEG S >N B (BRikE HIRICAM T SHEEZ R DY NI HE) ThHII77 U %, MikAsy >
INTEDORBEEENHEL W m T L X)L TOMENEAL TR, —F, WREEMEEIZZVWHDOD
SOUERMULEY N VEROBEENN SN THBD, I “2 527U EMY NI E
(Miraculin-Like Protein, MLP)” &EIFINTW5, Fxld, MIRAY DNV ERBNESERDIT 7Y
SRS DN BERFIHREL, WRREMEERBEIA N AL OFHEEIEL TV,

I. BEEOREA N =X ADHERA

FEER SIS EEE, BfE (—RICIKBREBIFINS) OERETH S, ZOWIE, KE - Nz
EZERNDHNEY DNV BT SF 2 &dERE L THEIET 5, LALEBAS, INERTHREEICD
WTHT LNV TOTNIIEEAEREIN TS ST, BRICH U TREMIEAT2EROHEESINTY
BV, EFEOWEICKD, PATA 2 PFFFF—E (CDO) &2 WIEHEEPELR >~ (Ssul) &
ETERELZABHEERKL, 7 I7TF 2 2RBRELZETNELELRDZ I EMHSNITRS T,
ARFRETE, NSO ONIVEABXOT IF DRty 07y —¥ (7 5 FF—1) NEREEORE -
HICEETH D EEAZ, TOUMRBEZHSNITHILEZHNELTND,

M. B-5049X—EDEELEERRMEDOEE

NAEMEDO M THD B-T 75 LANIBIYEICHRBREAIE L TA<SHEHSNTWDH, TFEEID
FANH T DIMEENZ < HBL, BROBBTRMEELZ>TWS, MENB-T 75 LAANITKHT % #
HlMif 2 5T 2 AN A LDOHTROZNDIX, B-T7 5 LFIIHRBER(B-Z7 79X —B)DERETDH
Do HAFHCERILDRZDH U WERDHTE - A SNSEIC, MEOBEEN " TiEL” L, #if
B-2 7% NEN U CORIEME 215D “IERRMIR -5 7 &~ — X7 2B PET 2 FAMMERE R 2
EHBLTWD, F&E, B-T78 LAKGREENSHEISNIZENEET 2EBOL-Z 753 —E%

71



72

KREL, XipismiG i, 2RISR Z W B R R RAT, e M-SR A I O FH B i dT 217 5
TWnha,

Fr28FE DM AR

1. 2500 VLS N EOBERIA

AWIZEETIE, 257U VMY N8 (MLP) ORTHEICI 27U > &7 2 7 BESHEME N
W7 RD, A X, F2I3TF> 2 3 THRMLP BTl Z2RE L TWa, REER, FifFEIC S
TR - BB DMENT 21T 5 7= 7 K7 HIEMLP OXHks S ST 2170y, 1.3A M RAE D TIAMEE %
RIAL oo 72, MLPIZ 7077 — O N 7 2 2HET L5 NIV EEOBEUMENE NI &5,
A XHKRMLPE 7 BT HRMLPO b 7> VHEERZREL, NS5 OMLPYY N 7> D IHEREMZ
BITHZEEWHEMTL T

I. BERBARAZO7O0T7—tEELV L RTA U 2FF 25 F—EDHIKEHR

FE 8 Arthroderma venbreuseghemiifis DAY O 7O T 7 —VY RN ATA > A F X F—YDREFH
R EEEFMOMLZIT O Tz SATA TP F T FTA—BIZDNWTIE, FiFEE £ TIIEEEOREMN
M LIRS TWeZ &G, pHEEN, 1REREMHSOEARWZMREN 21D 7z, CDOIZDNWTI,
IEPERIESRME DR 217D &312, HPLCZ H W= RINERY OFE 2175 7=,

M. B-5 44—t VIM-280D 3 {F+&iEfEH

7S ABIZEHEINDAY O B-5 75 —FVIM-28DHE K BV 2 BRI 5720, FDOXERHE ks
% 1.5 A fRAE CTIRE LU 7z R2ARMISHEEIIBERI O 7 & ZABEE R EFBIL TH O, RERZERIIA SN S
77o VIM-28 D3t 217\, 7 X/ BES O M RED E W O VIMBIEESE O R /)N T A —4 &
g L=2EZ s, —HOPEMBITDONWTOAREGR/NT A—FITEWNE SN2/, SHREERTTO
BREGDETERET >,

Research projects and annual reports

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. Recently, it
was discovered that the growth of dermatophytes is largely affected by the loss of two genes that encodes cysteine
dioxygenase (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.

B -Lactam antibiotics represent the most widely used clinical antibiotics due to their efficacy and safety. Among
Gram-negative bacteria, the most important mechanism is production of [ -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 . Structural analysis of miraculin-like protein (MLP).

We performed X-ray crystallographic analysis of MLP from Vitis venifera (grape), and solved its structure at 1.3 A.

II. Characterization of metallo-protease MEP4 and cysteine dioxygenase (CDO) from Arthroderma
venbreuseghemii.
We constructed over-expression system of metallo-protease MEP4 and cysteine dioxygenase (CDO) from
Arthroderma venbreuseghemii. Basic characterization of these enzymes was performed, including the analysis pH
stability, temperature stability, pH optimum, and temperature optimum. Condition for CDO activity assay was

optimized, and the product of the reaction was analyzed by HPLC.

IT. Crystal structure of Mox- 1

In order to understand correlation between substrate specificity and three-dimensional structure of a class B
f3 -lactamase VIM-28, we determined the X-ray crystallographic structure of this enzyme at a 1.5-A resolution. The
overall structure of VIM-28 3 -lactamase resembled that of other class B enzymes. We also performed kinetic analysis
of VIM-28. Comparison of the kinetic parameters with those of other VIM-type enzymes revealed that there is a

significant difference only for certain [3 -lactam antibiotics.
A e A
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Research projects and annual reports

Solid-state Reaction of Alkylcobaloxime Complexes

1) 8 Complexes coordinated with chiral pyridines were synthesized.

2) Yields of O, insertion products obtained by irradiation of visible light under air were 20-75%. Enantio

selectivity was very low.

Natural Products Chemistry

(E)-octadecyl 3-(3,4-dihydroxyphenyl)prop-2-enoate was isolated from Stem of Pueraria lobata.
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