Niigata University of P y f o j
Pharmacy and ﬁ a 5 B J: —~E O 1
Applied Life Sciences . X

AT TAN T 2 l

Annual Resedrch report 2017

Applied Life Sciences

~ =
%ﬁ} T %*ﬂk? Niigata University of Pharmacy and Applied Life Sciences

SRR Faculty of Applied Life Sciences






—_ o~ o = 3] K o = = 7 = = = R = %
i)
iR
=
Z L
WooW W =R :
15 NG < NI <N R OOKR M F OB W : i
E B B ¥ B B K K EH H £ K : 15N
oAb 2 <~ | I | = E & H = = <N ) i)
H = H E 2 8 O O K OB O OF N M Z B < N <N
2 & ZE ¥ ¥ = = & W H B Rz = =
g ¥ E H T = & H . . ¥ & 5 K H i
F & & ® ® ® m M D3 8 D DB TN
moodH B O OKR K OB & Kk & & € &« I H O H K
| | | | [ | | | | [ |






Pl T 2A i FE =

Laboratory of Animal Cell Engineering
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established small molecule inhibitor of Janus kinase/STAT3 pathway inhibits ceramide glucosyltransferase activity

Biochem. Biophys. Res. Commun. 491, 265-270
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Research projects and annual reports

1) Studies on sphingolipids.

Glucosylceramide synthase (GIcT-1, EC.2.4.1.80) catalyzes the first step in glycosphingolipid synthesis. The
enzyme transfers glucose from UDP-glucose to ceramide, generating glucosylceramide. Overexpression of
glucosylceramide synthase is one of the causes of multi-drug resistance of cancer cells and insulin resistance of lipid
cells. Thus, inhibitors of glucosylceramide synthase have potential for therapeutic use for these diseases. In this study,

we searched novel glucosylceramide inhibitors.

A) STATS3 inhibitor, WP 1066, inhibits ceramide glucosyltransferase activity

WP1066 is an inhibitor of the JAK/STAT3 signaling pathway. By a screen of known small molecule inhibitors of
various enzymes and protein factors, we identified WP1066 as a glucosylceramide synthase inhibitor. We found that
WP1066 inhibited the activity of glucosylceramide synthase with an IC, of 7.2 1t M. Inhibitory activity of WP1066
was independent of JAK/STAT 3 pathway blockade. Moreover, the mode of inhibition of glucosylceramide synthase was

uncompetitive with respect to both substrates, C.-NBD-cermide and UDP-glucose.
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B) Nuphar japonicum leaf extract inhibits glucosylceramide synthase activity

Nuphar japonicum is an aquatic plant found in Japan. We found that Nuphar japonicum root and leaf extracts had
inhibitory activities on glucosylceramide synthase activity. We mainly used Nuphar japonicum leaves because they are
easily available. The dried leaves were grounded with a blender and extracted with diluted hydrochloride
solution (pH3.0) at 60°C for 1h. The resulting extract showed strong inhibitory effect on glucosylceramide synthase
activity and the it was dose dependent. The inhibitory effect of the extract was selective to glucosylceramide synthase
because it did not inhibit sphingomyelin synthase. An active component in the extract had permeability to cells since it

could inhibit intracellular glucosylceramide synthase activity.

WP1066 and an active component in Nuphar japonicum root and leaf extracts may serve as the basis for new types

of drugs to treat diseases caused by the aberration of GSL metabolism including.

2) Studies on fatty liver disease.

Fatty liver is a condition where lipid droplets accumulate in liver cells. These lipid droplets were mainly composed of
triglyceride. The main cause of fatty liver is excess calorie consumption. Fatty liver induces inflammation and may
finally cause cancer. Thus, chemical compounds which inhibit the formation of lipid droplets are of great importance.
A screen of inhibitors with known biological activities identified four compounds that inhibit lipid droplet formation
in oleate treated mouse hepatoma cell line, Hepa 1-6. We focused our studies on PKR inhibitor C16 since other
inhibitors have relatively broad specificity. The decrease of triglyceride content was observed in the cells treated with
C16. In addition, C16 treated cells lowered expression levels of DGAT1 and GPAM mRNA. However, suppression of
the lipid droplet formation was not caused by the inhibition of PKR since another PKR inhibitor, PKR inhibitor III and
knockdown of PKR by siRNA had no effect. We are now searching for a target protein of PKR inhibitor that may

regulate lipid droplet formation.

3) Studies of TCTP that suppress oxidative stress induced cell death

Reactive oxygen species (ROS) are generated by normal cell metabolism such as mitochondrial electron transport
and various oxidase reactions, and by environment stresses. Oxidative stress caused by excessive ROS injures cell
components and induces cell death. We have previously identified a protein, translationally controlled tumor protein
(TCTP), that suppress oxidative stress induced cell death by functional cloning. TCTP has been reported to inhibit
apoptosis. Since oxidative stress induced cell death inhibited by TCTP was not typical apoptosis, we studied types of cell
death in this study. TCTP overexpression in CHO-K1 and HEK293T cells led to elevated resistance against hydrogen
peroxide and menadione toxicities. The cell death induced by hydrogen peroxide is necrosis since the cell death was
inhibited by a necrosis inhibitor, IM-54. In contrast, menadione-induced cell death was partially inhibited by an
apoptosis inhibitor, while IM-54 had no effect. These data suggest that TCTP could inhibit both necrosis and apoptosis

induced by oxidative stress.
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Research projects and annual reports

1) Umami receptor structure was constructed based on glutamate receptor structure.
2) Sweet receptor complexed with a natural sweet molecule was constructed.
3) A synthetic route for D-ring-less steroid has been established.

4) Odorant receptor ligand was successfully synthesized.




5) odorants involved in fermentation products were analyzed by GC-MS

6) An effective synthetic route for THB from DOI has been established.
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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 agronomic 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.

2) Development of PCR based markers for easy selection in barley breeding field

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. In this study, we have
characterized sucrose:fructan 6-fructosyltransferase gene (6-SFT) in four Japanese barley cultivars, which shows
different winter hardiness. Based on SNPs and Indels information, we developed three DNA markers. These markers

can be useful for rapid identification of winter hardiness in large scale barley breeding programs.

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. To explore the mechanisms of
heteromorphic, SI transcriptomics analyses of short or long-morph flowers were performed to identify gene expressed
specifically in each morph. We identified eight genes that only exist in S-haplotype. The mutant show loss of male
determinant function was used to investigate how these eight genes are involved in self- pollen recognition. The results

indicated that two of the suitable candidate genes for the control of self-pollen recognition.

11



12

il

Osamu YATOU, Hideyuki AOKI, Jotaro AIl and Hiroshi TANAKA, Selection of Novel Non-lethal, Low Phytic Acid

Mutants and Evaluation of their Agronomic Traits/Mineral Compositions in Rice (Oryza sativa) JARQ 52 (1), 39 -
47 (2018) https://www.jircas.go.jp
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Research projects and annual reports

I. Availability of additives and their impurities in polymer materials in recycle process
For toxic additives and their impurities contained in automobile tires, the availability for oral ingestion was evaluated.
The toxic substances in three types tire rubber have higher availability in this order, where 'the recycled rubber chips
made from waste tires', 'the waste tires', and 'the new tires'. The availability of harmful additives and their impurities
increased during the use of tires and recycling processing.
For flame retardants contained in vibrationproof materials made from recycle materials, the flame retardants were
derived from soft urethane in recycled raw materials. On the other hand, the fibrous raw materials were not involved in

any flame retardants.

I. Behavior of pesticides applied to paddy fields
Behavior of herbicides pyraclonil and flucetosulfuron 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.

IT. 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 cluster analysis using metal

composition in silt fraction. Loading of silt through drainage of tide embankment construction at inner part and south
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part of the bay was on a downward trend every year. On the other hand, loading of silt from outside of the bay has a

trend to increase every year.

IV. Phosphorus resource recycling system in paddy field using primary industrial waste.

A known method for preparing a phosphorus adsorbent by adding calcium to rice husk was improved. This method
requires high temperature (650 “C) and pretreatment of oyster shell with nitric acid and it was difficult to operate in
paddy fields. The established method can prepare the phosphorus adsorbent at low temperature (400 “C) without
pretreatment with nitric acid by using preheated oyster shell. This method can be expected to operate in paddy fields.

V. Effect of dissolved organic matter on adsorption behavior of cesium on clay minerals
The cesium adsorption amount on vermiculite decreased in the presence of humic acid due to the association of
cesium and humic acid prevents adsorption to frayed edge site. On the other hand, the cesium adsorption on

montmorillonite increased in the presence of humic acid due to co-adsorption of cesium and humic acid.
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L-Ribose Ph » Ph 12
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DEAD, Ph;P @ . (o] oH 11 steps 2. O
> z (;) (R) > z P (S)
THF .
o OBz OBz HO OH 3.1 % overall yield OBz OBz
yeau (2R,3R)-9 D-Ribose (25,35)-9
Natural: [a], +34.8 (¢ 1.0, CHCL;) Synthetic: [a]p +33.8 (c 0.21, CHCly)
Synthetic: [a]p -39 (c 0.17, CHCly)
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WRZEEDT 2Ry S IVF I XL TH %,

2 steps 1. DPPA, Et;M
Pd(PPh3)4 Cul p 2. BnOH, CucCl
| THF Eth HOZC one-pot CbzHN
CO,Me 40 °C CO,Me CO,Me CO,Me
1 3 4
HZN/\/© -
1M LiOH aq. steps
B _ COMU, TMP _ CozhN ey Vo
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COOH (o] N
H
5 mollecarbamate A
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mollecarbamate B
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4) Thalassotalic acid BO£ &M

Thalassotalic acidf813 I K H O #IEG TAF Lz T LRV TH % Thalassotalea sp. PP2-459 D 1548
WS HEESNAN-Y Ve O FOs 28R TH 5, WEFE, (E)-#ERAHorner- Wadsworth-
Emmons/% Jitr 2 % )2 Jits & U Tthalassotalic acid AECO 2GR ZEIT D /2. T, FMEDHIETHRETZ1TW,
thalassotalic acid BO &Gk & L7z (1056 5 TR, #ILEL5%).
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MOMO

Il
o ¢ 9 (MeO)ZP\HJ\OMe Tetramethylguanidine
(MeO),P. = B —
OMe 7 HN THF
NHCbz 71/\/\/\( , 20 h
(0]
1
2
(0] O
HN HN
MOMO M HO \H/\/\/Y
(0] (6]
3 thalassotalic acid B

5 steps, 55% overall yield from 1

Research projects and annual reports

1) First total syntheses of calceolarioside C and lugrandoside

Phenylethanoid glycosides are isolated from the roots, bark, and leaves of medicinal plants. Most of them possess
diverse and interesting biological activities. The intriguing structure and characteristic biological activities of
phenylethanoid glycoside have stimulated interest in the synthetic community. Recently, we achieved the total syntheses
of forsythoside A, forsythenside K, and purpureaside D by using Knoevenagel condensation as a key reaction. In this
year, we attempted to synthesize calceolariaoside C and lugrandoside. The precursors 4 and 5 were prepared in 6 steps
using donors 2 and 3. The carboxyacetylated disaccharides 4 and 5 were reacted with 3,4-dihydroxybenzaldehyde (6)
in the presence of piperidine to give the desired compounds 7 and 8 in 94% and 67% yields, respectively.

2) Total syntheses of (2R,3R)- and (2S,3S)-grandiuvarine A and determination of absolute configuration
of naturally occurring grandiuvarin A
Grandiuvarin A was isolated from the bark of Uvaria grandiflora. The relative configuration at C-2 and C-3 in the
compound were determined as 2R*, 3R* by 1D and 2D NMR spectroscopic analysis. We accomplished the first total
syntheses of (2R,3R)- and (28§,3S)-grandiuvarine A in 11 steps from D- and L-ribose, respectively. By comparing the
optical rotations of both enantiomers with those of the natural product, the absolute configuration of the naturally

occurring grandiuvarine A has been determined to be 2§, 3S.

3) Total synthesis of marine natural products mollecarbamates A and B

Mollecarbamates A-D are a family of compounds that possess repeating o-carboxyphenethylamide units isolated
from the extract of a sample of the tunicate Didemnum molle (MAY13-117) collected in Mayotte. The total synthesis
of mollecarbamates A and B were accomplished in nine and ten steps and 2% and 1% overall yields respectively, from
methyl o-iodobenzoate. The key features of the synthesis include Sonogashira cross coupling reaction and one-pot

Curtius rearrangement of carboxylic acid.

4) Total synthesis of thalassotalic acid B
Thalassotalic acids and talassotalamides are N-acyl dehydrotyrosine derivatives isolated from the culture solution of

Thalassotalea sp. PP2-459, a Gram negative bacterium obtained from a marine bivalve aquaculture facility. Total



synthesis of thalassotalic acid B was achieved using (E)-selective Horner- Wadsworth-Emmons reaction of as a key

reaction ( 5 steps, 50% overall yield from 1).
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Research projects and annual reports

High fermentative production of chemicals from glucose using recombinant Escherichia coli
2-Deoxy-scyllo-inosose (DOI) is a unique cyclitol with six-membered carbocycle structure, which was found only in
the biosynthetic pathway of clinically important 2-deoxystreptamine (DOS)-containing aminoglycoside antibiotics.
DOI is a valuable material because it is easily converted to carbasugar derivatives and aromatic compounds such as
catechol, hydroquinone and trihydroxybenzene by chemical reactions. DOI can become an industrially useful
compound as an intermediate raw material for medicines, cosmetics, and chemicals. Additionally, DOI derivatives may
have greatly expanded the use of DOL. Therefore, we came up with the isolation of DOI-assimilating microorganisms
to find a useful DOI derivative. We isolated yeast strains capable of assimilating DOI as a carbon source from soil in

Niigata. One of these strains, Cryptococcus podzolicus ND1, mainly converted DOI to scyllo-quercitol and (—)-vibo-



quercitol. Recently, it has been reported that inositol analogues have significant physiological roles in various biological
systems and physical properties. (—)-vibo-quercitol, one of deoxy analogues of myo-inositol, has been reported to be
an effect on hypoglycemia in mouse experiments. (— )-vibo-Quercitol is also an excellent heat storage material, as it has
both heat resistance and repetition stability. In addition, (—)-vibo-quercitol derivatives have been reported to act as
inhibitors of glucocerebrosidase activity. Glucocerebrosidase activity inhibitors is expected to serve for further drug
development for the treatment of Gaucher's 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.

To establish the efficient scyllo-quercitol or (—)-vibo-quercitol production system in recombinant microorganism,
we tried to obtain the DOI-converting enzyme, which converts DOI into scyllo-quercitol or (—)-vibo-quercitol from C.
podzolicus ND1. We performed in vitro biotransformation of DOI with crude enzyme extracts of C. podzolicus ND1
with or without a hydrogen donor (NADH or NADPH). GC-MS analysis was performed to investigate the metabolites
formed during DOI biotransformation. We confirmed the correspondence of the two peaks to (—)-vibo-quercitol and
scyllo-quercitol, only in the presence of a hydrogen donor (NADH or NADPH). These results suggest the existence of
an NADH/NADPH-dependent DOI reductase in crude enzyme extracts of C. podzolicus ND1.

The keto group in DOI may be reduced with NADH/NADPH as the hydrogen donor via an NADH/NADPH-
dependent DOI reductase. The reduction of scyllo-inosose is catalyzed by the B. subtilis inositol dehydrogenase (IolG,
IolX, IolW) with NADH or NADPH oxidation. Therefore, we hypothesize the existence of a DOI reductase that shares
similarities with inositol dehydrogenase. Degenerate primers were designed from Aspergillus niger, Fusarium oxysporum,
C. neoformans, and C. gattii myo-inositol dehydrogenase, which has NADH or NADPH-dependent ketone reductase
activity. A part of a myo-inositol dehydrogenase gene homologue was amplified from C. podzolicus ND1 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 ND1 total RNA. Protein BLAST analysis revealed that DOI reductase is a putative member
of the MviM superfamily. PFAM domain assignment showed that DOI reductase contains a GFO_IDH_MocA domain
and GFO_IDH_MocA_C domain.

An NADH-dependent DOI reductase coding gene, DOIR, from C. podzolicus ND1 was ligated to the expression
plasmid vector and was transformed into Escherichia coli DHS «. C. podzolicus DOI reductase expressed in E. coli was
purified and characterized. The purified protein catalyzed the irreversible reduction of DOI with NADH and converted
DOl into (—)-vibo-quercitol. The enzyme showed a strong preference for NADH and showed no activity with NADPH.
The enzyme had an optimal pH of 8.5 and optimal temperature of 35°C respectively. The kcat of this enzyme was 9.98
s, and the Km values for DOI and NADH were 4.38 and 0.24 mM, respectively.

In our previous study, we constructed the metabolically engineered E. coli strains by disrupting the genes for
phosphoglucose isomerase, glucose-6-phosphate (G6P) dehydrogenase, and phosphoglucomutase (pgi, zwf, and pgm,
respectively). DOI production of the E. coli mutant strain ApgiAzwfApgm into which the DOIS gene (btrC) from B.
circulans SANK7207 3 was introduced showed strongly enhanced DOI productivity (99% yield). We then constructed
the E. coli mutant strain ApgiAzwfApgm co-expressing DOI synthase gene and DOI reductase gene and cultured in 2 x
YT medium containing 3% glucose and 4% mannitol. This recombinant was achieved to produce 26 g/L of (—)-vibo-

quercitol (26 g/L) from glucose (30 g/L) (96.5% yield).
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This research focuses on the physiological activity of inositol analogues and can be the basis for building a platform

for producing useful cyclic polyols such as quercitol.

TR XX

1) Nomura K, Hoshino H, Igoshi K, Onozuka H, Tanaka E, Hayashi M, Yamazaki H, Takaku H, Iguchi A and

Shigematsu T. Brewing characteristics of piezosensitive sake yeasts. High Pressure Res., 38(2):165-176 (2018)
2) Ara S, Yamazaki H, Takau H. Isolation of 2-deoxy-scyllo-inosose (DOI)-assimilating yeasts and cloning and

characterization of the DOI reductase gene of Cryptococcus podzolicus ND1. ] Biosci Bioeng, 125(4):397-406
(2018)

3) Sagehashi Y, Takaku H, Yato O. Partial peptides from rice defensin OsAFP1 exhibited antifungal activity against
the rice blast pathogen Pyricularia oryza. ] Pestic Sci 42(4), p172-5, (2017)

4) KR OEL & TEBE HT AR ERERIEFmEEE AN LT HERIHE B O R &2 oR
1> b HABEHSHE 112(10) 675-682, (2017)

(&B54]

1) Kazuki Nomura, Hirofumi Hoshino, Kazuaki Igoshi, Haruka Onozuka, Mayumi Hayashi, Harutake Yamazaki,

Hiroaki Takaku, Akinori Iguchi, Toru Shigematsu. 2017 Brewing characteristics of piezosensitive Sake yeasts,

European High Pressure Research Group (EHPRG2017), Adam Mickiewicz University in Poznan, September 3-8.

(EmW]

1) WHEMET, wm Fd, Wi BL EE T, NER B, KB wRE RR B, sA TE
WE : JHNEEERE Lipomyces starkeyi DIMASAKZEFEZ BAR O HUG M O 2 OMIEEREME QM © HARZ YR
2018 E R (FK¥) FERk304FE 3 A

2) HE FE, M ObBM Ak 8E o R Wi B Rl T, NER B RiE TORE,
HxO—8 e ER, R FEE S R L SREAMIEEERE Rhodosporidium toruloides DIHIfIE & &
AR D HUS K O OMIEERIE DT © HARZEER2018FE R (FBIKYE) FER304E 3 A
3) BE OMRE, R A iR L EHE S, MNMEE B KRB wEE AR KM mA TE
Bt 5 T\ DR & I AN AEEERE Lipomyces starkeyi D 5 HIIEEERHR DB ; HA R
LER2018FE RS (FIKRYE) ERR304E 3 A

4) HH EZE WE4 OhE w FE Wl L EEOES, NERE W RE R &
—gt, e A, TR B, mA TEE  WASERRE Lipomyces starkeyi (D MG 5 H A BAK O BUS
FOMIEEHEZEEE T ORE ; HABZEER2018FE RS (BIRKY) FE30E3 A

5) MR &, mili B, fk # R EE EATEEE KB SRR WilERERE Lipomyces starkeyi
Ddelta 12-fatty-acid desaturase DFEREAFHT 1 H AR FAR2018FE RS (KRS FR30E3 A
6) Khanh Dung Pham, Yosuke Shida, Harutake Yamazaki, Kazuki Mori, Sachiyo Aburatani, Kasuke Tashiro, Satoru

Kuhara, Hiroaki Takaku, Wataru Ogasawara: Study of the expression of carotenoid biosynthesis genes in wild type

and hyper carotenoid strains of the yeast Rhodosporidium toruloides; 551 2[BIH A J LAY FRES GLED



R FRk304E 3 A

7 ) Kota Oshiro, Takanobu Iwamoto, Takeru Takamizawa, Yoshiyuki Suzuki, Harutake Yamazaki, Hiroaki Takaku,

Yosuke Shida, and Wataru Ogasawara: Comparison of Transformation Method in Rhodosporidium toruloides; The
6th International GIGAKU Conference in Nagaoka (EEMEI#KRYE) FAk29410H
8) Khanh Pham Dung, Atsushi Miyata,Yosuke Shida, Harutake Yamazaki, Kazuo Masaki, Kazuki Mori, Kosuke

Tashiro, Satoru Kuhara, Wataru Ogasawara: Analysis of carotenoid production in the yeast Rhodosporidium
toruloides by light response. The 6th International GIGAKU Conference in Nagaoka (XA FEKRF) SFpk
294104

9) EA —fef, 2EE vES, JREC AR, N K M EiSE, e RESC m TEBE RO SR
T, HEfr F, HABEOEFEBEGENC T 2 & & D00 7 SEERHRA O E RV DN 5 LG R
DOfEt, FRR29EE HABGEF2RE, At Fli294E10H

10) Khanh Pham Dung, Atsushi Miyata, Yosuke Shida, Harutake Yamazaki, Kazuo Masaki, Kazuki Mori, Kosuke

Tashiro, Satoru Kuhara, Wataru Ogasawara: Analysis of light response mechanisms in carotenoid synthesis of the

yeast Rhodosporidium toruloides. 55690l H AR &Y T2 Re (RRHKRY) FEk294 9 A

e el ]

BN VEBE SRR HRE LR RESL RFRE2018-034748 (iR mEAERE, MR SRRk A s T 5 5,

WiEm&ERRZ N CHIEZH-ET 2753, KU, WiE&s&EMkomitiy) HEA - 304 2 A28H

TOMHZIES)

EA TEE
€3 &6

1) The Journal of General and Applied Microbiology & 3 &t 2
2) Bioscience, Biotechnology, and Biochemistry & 3 & @t 2 {1

3) Journal of Bioscience and Bioengineering i X &t 1 1

Lol R 5L
(FRXXE

Bioscience, Biotechnology, and Biochemistry it 1

NEES

(R ]

1) @A VEBE (BFFERER) © B (C) SEFES15K07372 NI OMIEEEA N Z X LD
fRBH | SRR 2 TAEE ~ R 294E

2) 1l WL (FEAREE)  BHFESE (B) EES15K21466 [GOMMLIZHBIT 5T 0 A 7 MERFHEHE
DFRNT] SRR2 T ~ SR 294F

[l

33



34

[ZEMRR - HAHRK]

1) @A PEBE (LR BESC (BF2E4r4EE) @ NEDOZGFEHEE TJEnT &My bk b i EhE 7 ot 28
hiBATE) GRESA : KRENA A 205 OEMERER O —BHE T 0t XA OM%)  SER25EE~
SRR 294 JiE

2) B TEWE LI BESL (F2E4r4E3E)  NEDOZRGLHE¥ TR O£ W) % W\ 7= m b HE T A pE H Al
DOHFE) GRES @ mAEEEMEMAIRICE T S BRI S A T L OB  H28FE~HI24 %

3) EA TEBE (LR L (BFFEHE) ORISR R R Y —RAEEE EHENRERE - B
SEMEE OBHBEEK 7O o7 b)) TEFINWERSEHMN 2 W28 U WSakelZ & % H A FE R H O 2
¥y VRk284 B~k 304 B

(Bhrk&]
gy B WFFERERE) - ARMTEEANE TRV F =R A IRER F SERR29F B s 2 Bhak
[E B RELipomyces starkeyi D I 25 FEHSAE O f i ~BERHIC K S MIEAEZ HfE L T~

FIEE

mA TEBE

[F4iEH]

1) HAEZE LS

2) HAEMTHA

3) BT S

4) PR GEEEZE, 25D
5) NA A AFNEAMES (#F)

6) HEIRILF—F2N\1 4T A

(50 EE) (RRIHEED)]
RMOKEEBFNES 1R Ei) BEEMMEE (BMKE - BihERRINIREGH )

(ZDHFINES HSEHEEF)]
1) HiskaEse 6 HI6H HFiFEHEEAK
2) kiR 10A19H T HETESEEK

SN
(€29rT )|
1) HARZHR
2) HAEMILSER
3) BEREMILATZE S
4) HERBERTE R
5) BREERET +— T A



B ApsEE
Laboratory of Food Analysis

m & & % B B A Professor Shinji SATO, Ph.D.
[ R A AR B Research Lecturer Masatoshi KUBOTA, Ph.D.
H Y F g Ex = Research Associate Misato SAKURAI

/ AEBBRTHMNREE T SHEEEER AT & HAERTM

312@ - TR - M#EfE L FEHINR - IEEA#HSLKEDR - SeEEUEMR
- BREETER Y AR

MRE

s|llE

BERIE, &IE, @IEMESRED AT RY v 7 CEEEER) 2T 57201203, NigENE
RO TNEEE] OFIEZTHL, 12X ARFIEOEEZHIET 5 2 ENEFICTEETH D, A
Tl fE FE, EEAHREYGE, mE EFNSNCRERE T2 aRRTERE L, B
LRV ORERERHE 238 L T A YR Y v Z e TSRt & OB ITERYT, BAFE S N7 BRerE & O
REFHG 2175 &2 HWEL T b,

INETHRZERQ TS BB TITINA, HelEEEERKTE L THARAANDOERTHD Y 2N
BEAREE U TOERBEMRIIZFEAEFHINTIRN ST KY NI EITHERZ YT, TOMEEMEZ A
&Ry JREGEE TR 20 TR/ < RITHT 2B ElRA <A ZERTHD, S 5ITEFEHZR
&N 7EEE L THFAWITIERZHED D Db Dgreen protein, TOHTHZ OL FIZDNTHHEREMIC
B9 SMEHTINA, B EMCHB L2 AR ZES 2 L2 HNE U THIEMEICEET 2t H1iT> T a,

TH29FEDHRAR

1. Z7AR7 +—IVOBRENEE & EBHRICKRIT T RRIFEF DOFE

AIRREREE & U C— I SN TV S 70R 7 + —)Ud, #@EICE > TREMNEEL 256, H
MED O ZEFEOMR, FHICHT DUBEBNBEE /8> TWD, JHFTFEEES 232D W TIIIRIHALE 2 2
W59 2 2 ETERNPKESI NS Z L (Lipid Sink Theory) 235 I N TS, £I T, JORT 4 —
IV DIRNEEE & FRIE SR BTSRRI AR O BIZ DO W THE 217> /2. T OFER, FEIHFALA 2 EEEA
L=Ba ot 70 R 7 » —VIRER, BHAAIZEAL TORWHEHOEICHRTH 2 HIC /T2 2
EMHEMEIR STz, e, BIRNTOR T + — )VIBEZEBIRNIBEOMICENTH S FEm<, JoR
T A=V LD R ENTWD 2 &) AR E N/, HROBBIZDOWTIIMmEIC K E /2%
RBOENT, BHAANI O T 7 + =V OSMHMEFEICKESEET LI ENHS M ER oz, EFKHEA

B B =
43> B0l

35



36

WELZEETOmMEF 7O0R 7 +—)VBEIZIEHAR 2 EHEA LSS, KESEATEHIENHS
mERS T, —F, MEHKOEEICIIAEEEIEDNT, BRSO 77 +—)L OFEHERICE
B NEIINT ENHSNEES T,

2. 7’ART +#—IVDFERNEE L RBDRICRITTBEIEEZEOTE

BRI & U T MRS N TWS TOR 7 +—)UE, #EICK > TEBAGEIEL 285, R
MEDOZFHOME <, PHERICHTDUEBNHEE 2> THB0, £z, IEEEDREITB W THEEEEOZ)
BN T D ENMESINTND, BEEESY 1 Ty MIFIKO T FRIVF—Td 2HE OB Z M
FR L7251 Ty b Th D720, HFRRMRERICERT 28y ORMBRICEEL KT TN H 2,
T, BEHEEEOBIICK > TEESNZEm T v FZ2HAWT, J0R 7 +—)LV ORNBEE & FRER)HR
DEBTDNWTHRHAZEIT > /2. TOFER, TOR T 4 —)VERIRNE R 5% OFIRF 708 7 + —)VIRE
13, BIIRFIBEICHARTH S &<, TR 7 +—)IVST R0 HEnwHEINTWwWas Z &) 2RI N
2o KetBFEDEIRNIREIZContTEDMEICHARE <SRBT H I ENHE N ER >, TS OFERIT, KHE
HAHOBRICEZ > TEREINZMEET OB TOR T =BT L2720l AETHEEX 5N,
RRR#ABE BT D KetFE O R EERFIY, ContBf DMEICHANARICKE S, BEBEMEOEIUCEL> T, JOR
7+ — )V ORRRRNR DTS B T ENH SN ETR S Tz,

3. ERBETIVS v MITXT B Lactobacillus sakei UONUMA D #HE 4 5T

AR, BERIE S IBNERERICIZBIEME D 2 LWV D T EMMEINTH O, FICTIBNMEEIC X 2 HNER
BEOZLNECCRERER, REHEERR ERRA BRBIRICODRMN D T ENHEINTNWS, FIFEEOIKXD,
HEBAEBHBEICE > THNMEEZ L 2Z &S, AR TIIALBRER HHOARIEEITHW s N
Lactobacillus sakei UONUMA 3 #k£Z2 Wy, A NL 7 MY b2 (STZ)BFMMEIRIF 7 v MITHd 2 HEREMEE
MiziT>7z. ZDFER, STZHEGH TIIERE DM < HH S, SHEICETED S5 Tz, I
WAEFREORER, TAXIBETIIRT S AROENMMIOSTZE G- L D SEHEAN R 5N, HER
BERFICE > TEESINZIZRIVF—EERNEZ M D vREEIVRR SNz, X7z, HbALdI A X< B
THLDSTZEF S U TIREZ /R L 22 &S, UF X Y- 2 BROBEIIEE SN RI 2 BT 550 RIT#
DHENIENHDD, GO 7 LAILIZHL THERTE20TIRRWNEEZ SN,

4. SHERAE S aEREES v MICHIT 32 EEASE/KEYE S OHMBER

BEASHEIIMBETRAINZFHEORMAFT /I THO, PBILIERACRERIEER, PRz
ALTWSZENHIOGNT NS, FEEEE TOWFSEN S B A S/KMHIE 12D W THEMRIR, NiRiE
BHEREIEIN R, RS EDIREB L TWD I ENHS MRz, & 2 TAUIE TIIE S EH /K
HyzEISIZhE L, SESOPEmSREERET Lz, TOMKE, KEIIEZEASEKMEYS AR

(BX-E, BX-R, BX-Ac, BX-W) TRtz L7z, F7z, BX-ERf, BX-WEEII AT E &, AST, ALT, LDHMEK(HE %
RU, R T 2692 2 EAURE S Nz, NIEIEIEIC D W T HBX-ER, BX-WHE THAME MY R
53, FFICBX-WHTEL <AL TWz, JHOIFEHREIZ8E A FEKMHY & H # 4 THHFHS
HEOBHEL, FICBX-WHTRBEML T, BLENS, #EHSE OMAEMER 7 3/KEEDE WY
BThdZENRBINz,



5. iAFRY v I RO-—AKBEZETI2RADHEAEDE K ZHEMBRDROKRET

IR REFEMORE O ) Sk & IEREERFAPBEE SN TWD A, D% < DEEOMAEN: 5 & A
b, HIHEDRZIH-> TV, LML, HEEEEREHEAGDE S Z LICX2HMERERRIZDON
TR L TWRHIZIEEA LR, AR TIEHRORLE - FIREGR e E L THOW . RER
FIARIEZ K DHEEEMZAE L TWEENHASNTRSTBD, NS OHEMZ2EDEAERRRIZZ N, &
B E L TTRERDFERTHHREDHS, ERFHKDOAZA, ZDDRMOMAEDOENATRY v
7Y RO—LMCH L EDMREELZKEFTNITONT, @EiEliEs afiate s v b2 W TR 21T
foo ZORER, EHHEMEMIED OB EIIRIER, A REZBIIBVLWTHERAETED SN
7o PREOHR TIZHFHSEE, ZRIERE FIABICBVWTRHBEEOHEB TH-> - —F, BAKBETIIMEE
73580 6NTz. F/z, HEEEINS A —F THDAST, ALTICOWNWTHRAXHTRMEZ =L, HiENDIE
BHEROIHEMED 6Nz, BEFICBIT2BEEREGARTELS, BARXREZEBNTLZLickDE
faifid > a WEEEHC KX 2 e 2 1§ 2 2 EAVRM I Nz, DLEN S, RKRIAHKRTIIARMIRIC
BIFBAZRY w72 RO—LITHTHHRIIFN>726DD, TNEERET DI & THEAEMER
AL, KO IRIHERECRE NN DHEEREMEDS I | U 72 EoRB S 7z,

6. F7TIr (E4IVB) DHANBELCKIITEEREREROZE

EICHEE S 2 IR L 2B ETH D, BFETEY ATy PHEELTHIERSNTNVS
N, EREBEMINTVDS, HARANORFEIUEE (B45@%E, 2015 ks &, EFEEEROT
B EIEL TR D720 IZIE TRV F—DKI50~65 %Z R/AKIEYN SBIT 5 EMNEELNEINTSH
O, RS AR E QIR - 72 BRFITERN T O - RIL - AHITEZEZ T L hn
T, EFEICBEBEEREZEBNSEZ T Y b TR, BEHEANDOEFLWIEEENRED 5N Z MG S
NTHD, IFEAHCHEEAHR EDEERNTORBITN L TREEEE RITITRRENH 2, £IT
ABFETIE, BEEEEOEIUC X DEMTICIEENEE LTy h2HWT, KEEOEYI > THD
F7 22 ORNBREIC KT TEBEHEEEOFBICONWTHRNETT o /2. TOME, KetHEOF 7 I 2 #k
NG OIMIEHRF7 2 2 IREIXCont HEDMEIZ IR, AREICE SR T LI ENHENITR S, HIT,
HORGREOMBES T 7 I VREICDNVTOHKet HEDOMEN Cont HOMEIZH NG SHBE T L ENH 6N E
I2ofze UZEN2HEMGE LT YIERY VRIZEINECERTE RO —EORBETH D, o
T, BEHEEEOEEICX > TSRS EOBEABICEEZ XTI T EAVRB E NIz,

7. BEFEHIEBETIVIURICEITZKREE - KiES /NI EOMEEER

TEMBE OS> TWHERESEBOERO 1 DE LT, AESERBEEROBEMMNET NS, T4t
TEEER ORENREEE TR TH O, = OMHNEEESEOIHIZ O DN LHfFINTVnS,
INE TS LI XA ZMNRICHIERERICET 2MEANMTONTHBD, HAANCZESD THROER
ISREMINES >IN EIRTH K5 >IN EIZDONWTH, FilEilERICBET 2HENGEE D DDH 208D
MREHI T SIdW ARV, 2 T TAMIETIE, KIEEL - KBS > N7 BEIDIEWIC 5 A 52 8ITDONWT
BHoNMIT DI EaHME L, TORR, FEMEIMINCH &, HCHOM THIEREVWNA LN, &EiF
it > a BEEREHC K 2 I OFE N R SN, —F, SlENiE S a WA CIIHCH & ik L T, BP
HTOAABRARERDNA SNz, KREBMEFERICHETER OBPH TOARA RN A SN,
FBPEEERIIBPHTARICK 3 GEMEZRL, BB NOFEHRMNTUEL TH S A[EEEIVRE N
o U EOKFED, BEFEEEEET IV T ZICBWTKESY > N7 EnPilmEER 268 L T\ws 2

Bt & =

2
g;
i
+

37



38

EAVREN, TOMEMIZET\OIREMTEE LT3 iR R S N,

8. Lactobacillus sakei UONUMAIS T U RABERICEZ 552

FRIEOEEMNS B 7212 FEH Z 7= Lactobacillus sakei UONUMARKE 3 flild, KI5 28 5E 4 o 46 B8 25 40 il
REDKMEAL TS ZENHENER S TNDD, ERITHT 5 EA I AENE TR T 21951317
DTV, I TAIMIETIE I N S5 UONUMAE 3 DB EEREE 2 A T2 2 L Z2HMIZ, <
UARIER, BT UINF—ICEADEEIIOVWTRHAZT o2, AR TIET LILVF—ICHT 2%
AT 572012, BG4 BRI O HEICEBENICTY LIV > BRO7 P aN> RERE5T5T7LIIVYT
CEMEETIVY T AW THEMOMERRET o, TOME, BG4 (7 LIVE CBMERD B
KU THEHBIZBWT, MHIgGLEEE I A)JLS—T (Th2)M A IR E OIREED 1 D), IgG2algfE (
RIAJVS—T (ThD) MR HI IR E DIEED 1 D) IFBEM TERBREHNALNT, NS HIgGH
TEZA TRENSHEH I N 51gG2a (Thl)/IgGl (Th2) Ik b HEREEHNASNIEN DTz, S HIZBYT L
VF—FIE iR D EERPUA T H 2 P HRIgE, iR RIIgEREL, 7 LILT VBFLIIZ K 2 BRI
HHENTZHOD, BRHR THEERELEHIIER TCERMhok. LLEOHREID, AHABRSIHETIE
UONUMARKIZ X BT LIV F—1EHIIME TS s o 7,

Research projects and annual reports

1. Effects of the koji amazake and its lactic acid fermentation product by Lactobacillus sakei UONUMA
on defecation status in healthy volunteers with relatively few stool frequencies.

To clarify the effects of the koji amazake and its lactic acid fermentation amazake by Lactobacillus sakei UONUMA
(LFA-amazake) on the defecation status, a double blind parallel group comparison test in healthy volunteers with
relatively few stool frequencies was conducted. The subjects ingested the koji amazake or the LFA-amazake for 1 week
one bottle (108 mL, 118 g) once a day every morning. The subjects filled out daily questionnaires concerning their
defecation conditions for the entire 3 weeks. The study duration of 3 weeks was divided into 3 periods. First, second
and third periods were the pre-test non-intake, the test food intake and the washout periods, respectively. It was found
that the defecation frequencies in the koji amazake group at second and third periods was significantly increased
compared with that at first period. These results indicated that the koji amazake might be a food material with

constipation relieving effects.

2. Effect of Grifola frondosa on Postprandial Glycemic Response and Second-meal Effect in Humans
Grifola frondosa is one of the food items that are rich in dietary fiber and it has been reported that it can reduce blood
glucose and improve lipid metabolism. This study looked into the effects of taking in Grifola frondosa with cooked rice
on the postprandial glycemic response and the second-meal effect. In this trial, 13 healthy subjects (eight males and five
females) went through a crossover test by taking in three different types of test meals for breakfast (cooked rice 152g,
cooked rice 152g & Grifola frondosa 60g and Grifola frondosa 60g), followed by a common meal (cooked rice 200g)
for lunch three hours later. The results show that the peak blood glucose level after breakfast is significantly lower for
the cooked rice & Grifola frondosa group than the cooked rice-only group (p<0.05). Furthermore, the blood glucose
level after lunch tended to be lower for the cooked rice & Grifola frondosa group than the cooked rice-only group. The

above indicates that taking in Grifola frondosa with cooked rice is useful in regulating postprandial blood glucose



elevation.

FilTEm X

W. Kupkanchanakul, M. Kadowaki, M. Kubota, O. Naivikul. (2018) Effect of pre-germination at varying
stages of embryonic growth length on chemical composition and protein profile of Thai rice (Oryza sativa
L.). Agriculture and Natural Resources, 52, 59-65.

The effect of pre-germination at varying stages of embryonic growth length (EGL) (0.5-7 mm, for 30-56 h of pre-
germination time) on the chemical composition and protein profiles were investigated in three different Thai rice
cultivars —SPT1 (waxy), PTT1 (low amylose), and PNL2 (high amylose). Pre-germination at 0.5-1 mm of EGL (first-
stage) of all rice led to a significant change in most of the total starch, crude protein, and crude fat contents except in
the crude protein content of PNL2 and the crude fat content of SPT1, which significantly changed at 3-7 mm of EGL
(malted-stage) and at 2-3 mm of EGL (third-stage), respectively. Analysis of protein profiles from all rice samples
indicated that glutelin molecules existed in subunits linked by disulfide bonds. Pre-germination to the second-stage of
SPT1 and PTT1, and to the first-stage of PNLZ caused the cleavage of proglutelin (~51.6 kDa) into acidic-glutelin (
~31.9 kDa) and basic-glutelin (~17.8 kDa) and also increased the relative concentration of 13 kDa prolamins. Pre-
germination of these three rice cultivars at 30°C for 32-48 h clearly indicated the function as bio-modification of rice

proteins, particularly in the reduction of glutelin disulfide bonds.

1) Masatoshi Kubota, Takuya Kamada, Takashi Hara, Yuki Higuchi, Mikio Fujii, Shinji Sato, Shinobu Fujimura, and

Motoni Kadowaki, “Beneficial effect of rice endosperm protein on IgE production”, 21th International Congress
of Nutrition. Buenos Aires, Argentina, October 15-20, 2017.
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Research projects and annual reports

1) Functional study of prebiotics and probiotics.

@® Influence of fructo-oligosaccharides on growth and metabolism of intestinal bacteria.

@  Effect of fructo-oligosaccharides administration on DSS-induced inflammatory bowel disease model mouse.
2) Development of new Polyphenol rich food ingredient.

(D  Increase of cacao polyphenol content and antioxidant activity by laccase derived from basidiomycete.

@ Comparison of anthocyanin content among strawberry cultivars and evaluation of anthocyanin absorbability

in rats.

®  Anti-glycation activity of edible flower extract
3) Functional study of food-derived polyphenol component

@  Search for vasorelaxant components contained in Blackcurrant polyphenol extract.

@  Study on the anti-obesity effect of black ginger anthocyanin fraction using 3T3-L1 cells.



® Protection of PC12 cells from A 8 25-35-induced apoptosis by Blackcurrant anthocyanin.
@ Bioavailability study of functional ingredient cyanidin-3-xylosyl-galactoside contained in Acanthopanax

sessiliflorus fruits.
FilTam 3L
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Research projects and annual reports

(1) Development of novel quality assay method of rice

It became possible to estimate fatty acid composition of japonica rice by applying RVA pasting property test which

had been developed by S. Nakamura in our laboratory.
(2) Evaluation of palatability of various japonica rice all over Japan and world.

We evaluated palatability of various kinds of japonica rice cultivars in Japan, China and Korea.
(3) Development of rice products promising for the prevention of diabetes and dementia.

Anti-oxidative capacity, inhibitory activity against 3 -secretase of the various kinds of agricultural products were
assayed and black rice and super-hard rice were evaluated as promising. Effects of high-pressure treatment on the bio-
functionality and physical properties of the promising materials were investigated. Cooked rice products developed
with food industry were subjected to the animal feeding test and single-time human test and black rice products showed
high probability in terms of the prevention of diabetes and dementia.

(4) Evaluation of bio-functionality of the fermented rice products

Fermented rice products developed by Niigata Prefectural Agricultural Research Institute and food industry were
subjected to the assay of anti-oxidative activity and ACE inhibitory activity, and the most suitable material rice cultivar
and fermentation condition were selected.

(5) Characterization of high-moisture treatment brown rice flours

High-moisture treatment brown rice flours developed in National Institute of Technology, Nagaoka College, Niigata

Prefectural Agricultural Research Institute, and food industry were subjected to the evaluation of starch properties,

pasting properties, and storability.
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1) Nakamura, S., Hara, T, Joh, T., Kobayashi, A., Yamazaki, A., Kasuga, K., Ikeuchi, T., Ohtsubo, K. 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) Nakamura S., Okumura H., Sugawara, M., Noro, W., Homma, N., Ohtsubo, K. Effects of different heat-moisture
treatments on the effects on the physicochemical properties of brown rice flour., Biosci. Biotechnol. Biochem.,
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Research projects and annual reports

1) New brewing process of Japanese rice wine (sake) with pasteurization by high hydrostatic pressure

(HHP)

We are developing a new sake-brewing process integrated with HHP technology, instead of thermal pasteurization.
This process can increase shelf life of the produced sake while retaining the original sensory properties of nama-sake
(unpasteurized sake).

After fermentation in a conventional sake brewing manner, the fermentation mash (moromi) was filtered and put into
PET bottles mixed with roughly filtered moromi. The secondary fermentation was then performed in the bottles and
subjected to HHP treatment at 400 MPa at ambient temperature for 10 min. By this brewing process, we successfully

produced the prototype HHP-sake “AWANAMA.” Before HHP treatment, yeast and bacteria were detected at 106~107
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cfu/ml and approximately 10* cfu/ml, respectively. However, no microorganisms were detected after HHP treatment.
In corroboration with our Department of Life Sciences Business, AWANAMA was displayed at some domestic and
international exhibitions for questionnaire survey in marketing research. At all exhibitions, AWANAMA got a high
evaluation by the participants.

The enzyme activities of @ -amylase, glucose-producing enzymes including glucoamylase and « -glucosidase, and
acid carboxypeptidase of the AWANAMA, which was treated at 400 MPa at ambient temperature for 10 min, were
equivalent with those of the AWANAMA without HHP treatment. Thus, AWANAMA without HHP was subjected to
HHP treatment for 10 min at pressures of 200 to 600 MPa and at temperatures of with temperatures of 15 to 50°C.
After HHP treatments at 200 to 600 MPa at 15°C, activities of the three enzymes in the samples were roughly
equivalent to those in the untreated control. When the temperature during HHP treatment increased, the activities of
the three enzymes decreased depending on the pressure levels.

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. After the saccharification
process, the activities of enzymes, « -amylase and acid carboxypeptidase, was remarkably decreased. This result
suggests that the inactivation process of enzymes is not required in the single plural fermentation process.

2) Screening of food additives with a synergistic effect on high hydrostatic pressure inactivation of
microorganisms

We analyzed the inactivation of microorganisms by synergistic effect of additive substance and pressure treatment
combined with S. cerevisiae strain H12 which does not cause growth delay under certain pressure conditions and viable
cell countbased onliquid culture (HT-PIKAS) method. Asaresult,ahigh synergistic effect was found in t-cinnamaldehyde
(CIN), allyl isothiocyanate (AIT), shown to have synergistic effects with pressure treatment in some bacteria. Also,
synergistic effect was observed in benzoic acid, adipic acid, sorbic acid, caproic acid, adipic acid and sorbic acid,
approved as food additives.

3) 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 two peaks, hereafter peak 1
and 2, which would be correlated with the antioxidant activity. The compound of the peaks in HPLC analysis were
separated and analyzed by NMR. The compound for peak 1 was suggested to be eugenol. The other compound detected
ass peak 2 could not show a NMR spectrum sufficient for further analysis.

4) Effect of cell wall treatment using high pressure on CARD-FISH method

We investigated the effect of cell wall treatment utilizing high pressure on the CARD-FISH method against Escherichia
coli and Rhodococcus equi cells as a Gram-negative and Gram-positive bacteria respectively. As a result, fluorescence
signals from both E. coli and R. equi cells could not be confirmed under almost all conditions with high pressure
treatment alone. However, it was revealed that by combining high pressure treatment with enzyme treatment such as
lysozyme and achromopeptidase, a higher fluorescence signal can be obtained than each treatment alone. It is possible
to obtain a strong fluorescent signal even for microorganisms with different cell wall structures by carrying out cell wall
treatment with appropriate conditions such as pressure level, treatment temperature, enzyme concentration. It was
shown that high pressure treatment can be applied as a versatile and effective cell wall treatment in the CARD-FISH

method.



5) Research on methane fermentation of municipal solid waste (kitchen garbage) using bags made of

biodegradable plastic

To develop a treatment process for municipal solid waste (or kitchen garbage) together with bags made of
biodegradable plastics, a methane fermentation process degrading a biodegradable plastic poly (3- hydroxyl-butyrate-
co-3-hydroxyhexanoate) (PHBH) was constructed. The resultant microbial community, which was enriched in the
methane fermentation process, did not show degradation ability of the PHBH sheet developed for a verification test.
This PHBH sheet contains another biodegradable plastic, poly(butylene adipate-co-terephthalate) (PBAT). We thought
PBAT would be a reason why the microbial community did not show degradation of the PHBH sheet. Thus, a methane
fermentation process, to which a synthetic wastewater contained suspended PHBH and PBAT was continuously
supplied, was constructed. The constructed methane fermentation process maintained sufficient organic matter
degradation ability. No inhibitory effect of PBAT addition was observed against the microbial community.
6) Construction of continuous culture system for anaerobic decomposition of n-alkane and its degradation

mechanism

In order to elucidate the microorganisms directly involved in the degradation of octadecane in anaerobic condition
and to clarify the biological n-alkane degradation mechanism in the reactor, we constructed a methane fermentation
reactor for analyze microbial community structure by next-generation sequencing and estimate octadecane
decomposition pathway by batch culture experiment. As a result, in the methane fermentation reactor supplying
octadecane, bacterial family Rikenellaceae, genus Bacteroides, Kosmotoga were specifically detected, suggesting the
possibility that these bacteria directly participate in decomposition of octadecane. Also, in the batch experiment, in the
culture with methanogen inhibitor (sodium 2-bromoethanesulfonate), n-alkane has been reduced. This suggests that
anaerobic alkane decomposition may occur, not via alkyl-succinate with methanogenic archaea.
7) lIsolation of microorganisms with uncultured phylotypes frequently detected in anaerobic wastewater

treatment processes

Isolation of uncultured bacteria was performed to elucidate the function of bacteria belonging to the candidatus
Cloacimonetes (WWEL) which is frequently detected from the anaerobic wastewater treatment process and bacteria
belonging to the uncultured group (WCHB1-03) of the Caldiserica in the wastewater treatment process. As a result, we
successfully obtained a pure culture of candidatus Cloacimonetes, named strain NY-MAS. In addition, enrichment
culture of Caldiserica (WCHB1-03) composed of 96.8% of all prokaryotes was obtained. Since the growth of NY-MAS
strain was promoted by adding sucrose and yeast extract, it was suggested that sugar was used as a substrate and yeast
extract was used as an auxiliary substance. On the other hand, it was considered that Caldiserica (WCHB1-03) may use
thiosulfate as an electron acceptor.
8) The effect of intake of lactic acid bacteria and lactic-acid-fermentation-amasake on intestinal flora

The influence of the lactic acid bacteria strain Uonuma 1 to 3 on intestinal flora of diabetic rats was investigated by
16S rRNA gene amplicon sequence analysis. As a result, diabetic rats without feeding of Uonuma strains (controls) and
feeding Uonuma no3, bacterial class, considered a bad bacterium, dominated in the intestine. On diabetic rats fed
Uonuma 1 and 2 strains, Bifidobacterium remarkably increased in 1-2 months after feeding and the proportion of
Clostridia was kept low. The fed Uonuma strain was sterilized, suggesting that the Uonuma 1 strain and 2 strains
improved the intestinal flora in a prebiotic manner. Whole genome analysis of 3 strains of lactic acid bacteria (Uonumal
to 3) was carried out. As a result, Uonuma 1 strain was shown to be a different species from the known species

Lactobacillus sakei.
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9) 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. A new experiment system for assaying the colony forming
abilities of strains, by microplate liquid cultivation combined with spot test on agar plate. The developed experiment

system showed a good potential to screen mutants deficient of colony forming ability in a high throughput manner.
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Research projects and annual reports

1. Investigation of antibacterial substances in rice grains.

The antibacterial substances could be extracted from rice powder into organic solvent fractions. NMR analyses were
in progress.
2. Development of skin sanitizers effective on norovirus.

We found some effective chemicals on feline calicivirus, a norovirus surrogate. Some of them were not generally

recognized as sanitizers. The synergistic effects were investigated in the combination of these chemicals and already-
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known sanitizers.
3. HACCP plans applicable to multiple food products.

HACCP plan is difficult to create in the industries that produce various kinds of foods, because conventional HACCP
plans must be created for individual products. Thus the manufacturing processes were divided into several small
modules that can be shared among the multiple products and HACCP plans were made for the modules. A large
number of products could be covered by combination of a small number of the module plans. This was compared with
another method, in which efforts are concentrated on the common CCPs among the multiple products, such as cooking

and metal detection, then the other product-specific CCPs are controlled distinctively.
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Research projects and annual reports

Resarch 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 analyze the structures and the functions
of miraculin-like proteins (MLPs) from various plants.

I. 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 resistant mechanism is the production of 3 -lactamases, the enzymes that
hydrolyze and inactivate (3 -lactams. In decades, the 3 -lactamases have evolved to hydrolyze wider range of (3 -lactam
antibiotics. We perform structural and kinetic studies of several S -lactamases to investigate their substrate-recognition
mechanism.

II. Analysis of D-amino acid producing enzymes from lactic bacteria.

D-amino acids have been known as components of the peptidoglycan cell wall of bacteria. Recently, developed



analytical techniques have shown that D-amino acids exist in animals too. Since the foods fermented with lactic bacteria
are known to contain high concentration of D-amino acids, we study the enzymes related to D-amino acid production
in Lactobacillus sakei Uonuma strains.
IV. Infection mechanisms 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. We try to
analyze the structures of cysteine dioxygenase (CDO) and keratin-hydrolyzing proteases to investigate the infection

mechanism of dermatophytes.

Annual reports

I. Characterization of miraculin-like protein (MLP): We performed kinetic analysis to reveal that the recombinant
MLP from grape, with or without (His), tag, have moderate inhibitory activity toward trypsin. The result of size-
exclusion chromatography analysis indicated that this MLP exists as monomer in solution, with or without the tag.

II. Kinetic analysis of SO2030 inhibitory activity toward MOX-1, and the structural analysis of MOX-1-S02030
complex: SO2030 synthesized by the group of Prof. R. Bonomo is a candidate inhibitor of class A and C 3 -lactamases.
This year, we have performed kinetic analysis to investigate the inhibitory activity of SO2030 toward class C
B -lactamase MOX-1, and also analyzed the crystal structure of MOX-1-S02030 complex.

Il. Cloning of alanine racemase genes from L, sakei Uonuma strains: We tried to clone the genes of D-Ala racemase
from L. sakei Uonuma strains. We have decided whole gene sequences coding the enzymes in two of three strains.
IV. Crystallization of metallo-protease MEP4 and cysteine dioxygenase (CDO) from Arthroderma venbreuseghemii.:
Using the E. coli over-expression systems of metallo-protease MEP4 and cysteine dioxygenase (CDO) from
Arthroderma venbreuseghemii that were constructed previously, we screened crystallizing condition of these proteins.

However, no crystal suitable for X-ray crystallographic analysis was obtained.
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Research projects and annual reports

Several (3 -aryl ethyl cobaloxime complexes coodinated with di(4-fuluorophenyl)glyoximes as in-plane ligand were
synthesized. Solid-state O,-insertion reaction with isomerization reaction were occured by irradiation of visible light.
@ -Aryl ethyl peroxy complexes were obtained. Irradiation to the crystals with chiral crystal lattice afford chiral
peroxy ccomplexes. The reaction was controlled by crystal lattice. Chemical yields were~ 75 % and stereo selectivities

were~ 15 %ee.
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