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Research projects and annual reports

1) Studies on glycosphingolipids (GSL)

GSL are lipids composed of a lipid ceramide and sugar chains. GSLs are ubiquitously present in membranes of animal
cells and their metabolic disorders cause various diseases. Glucosylceramide (GlcCer) is the simplest GSL composed of
ceramide and glucose. Most of GSLs are synthesized from GlcCer. The GlcCer-degrading enzyme glucocerebrosidase
deficiency leads to the accumulation of GlcCer and is manifested as Gaucher s disease.

Chemical compounds that inhibit glucosylceramide synthase (EC 2.4.1.80, GIcT-1) are of great importance since
they are drug candidates for treating Gaucher's disease. Currently, two GIcT-1 inhibitors are used for the treatment of
Gaucher's disease. None of them, however, show any significant effect on neurological symptoms of Gaucher s disease
since it cannot cross blood-brain barrier. Therefore, the development of new drugs is highly desired. We found inhibitory
activity of GIcT-1 in N. japonicum which is an aquatic plant native in Japan. The acidic water (pH 3.0) extract of N.
japonicum leaves had strong inhibitory activity against both mouse and human GIcT-1 activities. It seems that the
inhibition is rather selective since it does not inhibit sphingomyelin synthase lactosylceramide synthase. Inhibitor in the
extract is cell membrane permeable since it can inhibit intracellular glucosylceramide synthase activity. GlcT-1
inhibitors in the extract of N. japonicum leaves can be lead compounds for developing drugs treating GlcT-1-related

diseases. We are trying to isolate the inhibitors by solvent extraction and silica-gel chromatography.



2) Studies on non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) is a condition in which excess triglyceride (TG) are accumulated as lipid
droplets in liver cells. The cause of NAFLD is excessive caloric intake. In recent years, NAFLD has been increasing in
people in developed countries.

NAFLD induces inflammation and may finally cause cancer. Thus, it is important to search chemical compounds
that inhibit lipid droplet formation in liver. In our previous studies, we had found double-stranded RNA-activated
protein kinase (PKR) inhibitor C16 had an inhibitory effect on lipid droplet formation in mouse hepatoma cells.

In this year, we analyzed the inhibitory mechanism of lipid droplet formation by C16. The decrease of TG content
and free fatty acid uptake were observed in the cells treated with C16. In addition, C16 treated cells lowered expression
level of mRNAs of SREBP-1c¢ a regulator of fatty acid and lipid production, of enzymes related to TG synthesis including
GPAM and DGAT1, and of fatty acid transport proteins such as CD36, FATPZ and FATP5. However, suppression of
the lipid droplet formation was not caused by the inhibition of PKR since treatment with another PKR inhibitor, PKR
inhibitor Il (7-DG) and knockdown of PKR by siRNA had no effect. We are now searching for a target protein of C16

that may regulate lipid droplet formation.
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Research projects and annual reports

1) Development of the human monoclonal antibody preparation method using a carba-oligosaccharide chain

We investigated the effective synthetic method of the carba- 3 -D-galactose donor to introduce into the non-reducing
end of 2 core 2 oligosaccharide. The 2,3,4,6-O-tetra-Bn-carba-D-galactose was already synthesized from carba- 3 -D-
glucose in our laboratory in 201 7. However, the synthetic route had many numbers of steps and was a low yield (0.5%,
12 steps). Therefore, we drew up the second generation of synthetic route (8 steps) in which the benzylation under the
neutrality or the acidity condition is a key step. The benzylation under the neutral condition was examined using DPT-
BM, and that under the acidity condition using Benzyl 2,2,2-Trifluoro-N-phenylacetimidate or TriBOT. The
benzylation was confirmed in all three kinds of reagents, but the yields were low (14%, 31%, 43%, respectively). In the

reaction under the acid condition, it was confirmed to occur deprotection of the benzylidene group.

2) Synthetic study of capsaicin glycosides

The capsaicin which is a representative pungent substance has various physiologies such as energy hypermetabolism
action, an antioxidant action, antibacterial action, painkilling action. However, it is hard to often use it to food because
the solubility of capsaicin is too low. Therefore, we investigated the synthesis of the dihydrocapsaicin glycoside to

expand the applied range to food. The coming problem is to establish the purification method to isolate only « form.

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

The bradykinin receptor has two subtypes, referred to as bradykinin B1 receptor (B1R) and B2 receptor (B2R),and
these subtypes differ in their level of expression and their binding to ligands. We achieved the syntheses of velutinol A
and the structurally similar compounds sharing a highly oxygenated seco-pregnane cage-like structure. The syntheses
of these aglycon derivatives may be useful for the structure-activity studies of non-peptide ligands for the bradykinin
B1 receptor (B1R). 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) Odorant design based on the interactions between steroidal odorants and their receptors.
Odorant receptors constitute more than 350 G protein-coupled receptors (GPCRs), which have shown to be

expressed not only at nasal cavity but also at other organs. Among the odorant receptors, bionone receptor ORS1EZ is

HRBSH

expressed at odorant and prostate cells. Recently, a steroidal derivative, androsta-1,4,6-triene-3,17-dione (ATD), was
found to be a ligand for ORS1E21. We designed 18-nor and 18-nor-D-homo steroid derivative, synthesized from
epiandrosterone using Baeyer-Villiger (BV) oxidation, hydroboration (HB), and ring-closing metathesis (RCM) as key

steps. 18-Demethylation was investigated for a synthesis of 18-Norandroatadienone derivatives.

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

Umami is one of the 5 basic taste qualities. The umami taste receptor is a heteromeric complex of 2 class C G-protein-
coupled receptors, TIR1 and T1R3. We propose a cooperative ligand-binding model involving the Venus flytrap
domain of T1R1, where L-glutamate binds close to the hinge region, and 5’ -ribo- nucleotides bind to an adjacent site
close to the opening of the flytrap to further stabilize the closed conformation. We predicted the interaction of the key

residues for L-glutamate and for IMP binding.
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Research projects and annual reports

1) 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: sucrose- 1-fructosyltransferase (1-SST), sucrose:fructan 6-fructosyltransferase gene (6-SFT) and
fructan: fructan- 1-fructosylferase (I-FFT) in four Japanese barley cultivars, which shows different winter hardiness.
Based on SNPs and Indels information, we developed three DNA markers. Also, we have characterized end- 3 -1,
4-glucanase and 3 -amylase to develop useful DNA markers for MAS of (3 -glucan content in barley breeding lines.
Based on sequence polymorphisms, we developed two useful DNA markers. These markers can be useful for rapid

identification of winter hardiness and also high 3 -glucan plant in large-scale barley breeding lines.

3) Molecular characterization of important agronomic traits in buckwheat (Fagopyrum esculentum)

Fagopyrum esculentum is a heteromorphic type self-incompatibility (SI) mechanism with outbreeding crops, and
fertilization is established only between different flower types. The floral morphology and intra-morph incompatibility
are both determined by a single genetic locus named the S-locus. Plants with short-styled flowers are heterozygous (5/s)
and plants with long-styled flowers are homozygous recessive (s/s) at the S-locus. Despite recent progress in our
understanding of the molecular basis of flower development and plant SI systems, the molecular mechanisms underlying
heteromorphic SI remain unresolved. To understand of the molecular basis of heteromorphic SI in buckwheat, screening
of specific expressed genes from the S locus was attempted. Four candidate S genes in heteromorphic SI were found
(HSIG-3~7) . HSIG-3 and HSIG-5 were specifically expressed in short-styled flower morph, but a world land race was
defective in those genes and designated as S del-1. It was revealed that S del -1 exhibits SI in the Long-homostyle
flowers, which shows the same length of stamen and pistil. Pollen tube elongation tests demonstrated that S del-1 pollen
could be pollinated with both of short and long styled flower morphs. As a result, there is a possibility that SC has
become due to an abnormality on the pollen side. S del -1 was revealed that the length of the pistil and diameter of the
pollen would be controlled by HSIG-3, HSIG-5 or defective of its S haplotype region because of HSIG-5 (S-ELF 3) its
flower type changes to a short-styled flower morph by introgression of wild S haplotype region. We will elucidate the
functional of HSIG-3 and HSIG-5 (S-ELF 3) through reverse genetics analysis and evolutionary analysis.
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Research projects and annual reports

I . The distribution of toxic additives and their impurities in waste tire recycling products in Japan was investigated.
Several polycyclic aromatic hydrocarbons, such as Benzo[a]pyrene were detected from some tire recycle products at
excess concentration of REACH Restriction. Several heavy metals such as lead were also detected at concentrations
within the concentration of RoHS directive. Even in bedding cushions using chip urethane, which is a recycled material,
the inclusion of flame retardants derived from recycled urethane as a raw material has been confirmed, and there is
concern about the risk of indoor exposure.

Several furniture such as beddings and cushions using recycled chip urethane contains flame retardants derived from
the raw material recycled urethane, and there is concern about the risk of flame retardants exposure in the indoor

environment.

II. Recovery process of tsunami devastated tidal flats in 2011 Tohoku-oki tsunami in the Great East Japan
Earthquake
The secular change in the origin of silt in the sediment of the tidal flat in Hatsutsu-ura Bay was investigated by cluster
analysis and primary component analysis based on metal composition. As a result, the dominant origin of silt in the
tidal flats was is mainly from the embankment constructiona in Hatsutsu-ura inner bay, and embankment constructions

in the outer bay and surrounding sea area. The impact of coastal seawall construction in the outer bay and surrounding
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waters is increased after the completion of the inner bay.

IT. Construction of an innovative membrane water treatment system

Reverse osmosis membrane treatment is widely used as a desalination and water resource reuse technology for
seawater, groundwater, and secondly effluent water. In the membrane treatment, fouling of the membrane due to the
mineral scale caused by inorganic components and the biofilm of microorganisms is an inevitable problem. As a
conventional fouling control method, acid washing using citric acid has been applied for mineral scales, and in recent
years, chlorine washing using sodium hypochlorite has been studied for biofilms. However, as water sources diversity,
biofilms and mineral scales are easily formed on membrane simultaneously and cause combined fouling in the treatment
of seawater with high density of microorganisms such as coastal area and secondary effluent water with high salinity. It
is suggested that conventional method makes control difficult. Therefore, in this research project, we applied membrane
cleaning using citric acid and chlorine to control combined fouling, and evaluated the washing effect.

As a result, it became clear that the combination of mineral scale and biofilm makes it difficult to control fouling by
washing with citric acid or chlorine. In addition, when cleaning with chlorine and citric acid simultaneously was
examined, it was found that the pH value in simultaneously washing affects the fouling control effect, and the maximum
control effect is obtained at pH 10. It was possible to control of combined fouling by applying a new washing method

by simultaneously washing with citric acid and chlorine.

IV. Construction of circulation paddy field system for phosphorus as resource using biomass

Rock phosphate is an exhaustible resource and depends on imports. On the other hand, phosphorus contributes to
eutrophication in the environment. Especially, farmland is a non-point source of phosphorus, so phosphorus recovery
and reuse in farmland is important from the viewpoint of water quality conservation and resource security. Woody
carbonization is used as a method for recovering phosphorus in water, and phosphorus recovery capability can be
improved by combining calcium (Ca). Moreover, rice husks generated in paddy rice cultivation have been reduced to
paddy fields because they contain silicon, and Ca-loaded carbonaceous materials using rice husks as a raw material is
possible to achieve both reduction of phosphorus load to the environment and resource circulation while adopting the
conventional farming method. In addition, oyster shells are also generated in large quantities as waste in the primary
industry and require a large amount of cost for their disposal. Therefore, in this research project, for effective utilization
of rice husks and oyster shells, we developed phosphorus recovery materials under production conditions that can be
carried out even in paddy fields, and tried to evaluate the reducing effect of phosphorus resources.

As aresult, it was clarified that high capacity for phosphorus adsorption was obtained by changing the chemical form
of the oyster shell from its main component CaCO, to Ca(OH), by decarboxylation at 900°C and hydration treatment.
In addition, it can be produced even at the conventional temperature (400°C) for producing the rice husk charcoal on
the paddy field. Furthermore, when all of annual generation amount of rice husk is carbonized, it was estimated from
the saturated adsorption amount for phosphorus that c.a. 28% of the import amount of rock phosphate was reduced by

application of this materials.

V. Study on dynamics of light environment and its influencing factors in enclosed coastal sea
Photosynthesis is indispensable in primary production that supports marine resources. However, light in the water

is attenuated by some factors such as the inflow of total suspended solids (TSS) and colored dissolved organic matter



(CDOM) from the land or production of CDOM inside the ocean, and phytoplankton growth is limited. In particular,
it has been suggested that bivalves that are actively cultivated in inner bays also excrete CDOM, but the amount of
emission and the effect on the light environment have been not clarified. Therefore, in this research project, We
evaluated the influence of CDOM derived from cultured oysters on the light attenuation in Lake Kamo, Sado which is
a typical eutrophic sea area with strong closure and thriving oyster culture.

As a result, the concentration of chlorophyll a in Lake Kamo (0.5-19.8 12 g L) is also higher than that in Hiroshima
Bay (1.5-3.9 1 gL"')in 2016, where oyster farming is thriving, and it was seems that Lake Kamo have a high primary
production. In the seasonal variation of the spatial distribution of water quality in Lake Kamo, the CDOM and protein
concentration suddenly increased in the middle layer in June, September, and October, and the light attenuation became
remarkable. These variations in water quality may have originated from oyster farming, and it was suggested that light

attenuated due to these variations.
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U7z.  hinduchelin AOFEXNAELE, SRRSO IEIET —F ITE DN TRIZEBIES N,
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hinduchelin A
revised structure
(5 steps, 18% overall yield)

hinduchelin A
proposed structure
(5 steps, 34% overall yield)
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2) AMIZ—RRIGZEFRALZEO—-ILTZIAOA FOERK

Eo—)b-2- )LV R (Ea—)b7)bhaAa B) &, BE, WMEY, Rl Okkx s KRRER
MOHEEINTWS, BfIAE, #MREGEDRZEITLH2EOD—)L7)LAHOA K, phelebopines A & BAS, &
F 5/ O Phelebopus portentisusi» 5 SN TS, BICHEET I DHDO AN T — RRIGE#HRIEE LT,
phelebopines A & B, gonodeerma alkaloid A, inotpyrole A, jiangrine E35 & UNsinopyrine CO & B i & pk % 12
U7z (1THE, I0ER9-41%).

RNH,
D-Glucose COOH \/U\/

or
D-Rib DMSO
P95€ 90 or 120 °C R
NK( N N N
K( 5\ s
phelebopine A phelebopine B ganoderma alkalois A HN
41% 38% 28%
inotopyrrole B
9%
o [\ o / \
N\ H \S
WNHAC
sinopyrine C jiangrine E
14% 12%

3) NFRAMY FADOREBEDEERK

INF R Y > FEREY) Berchemia Pakistanica D A% J — )UAHHEIN S BB ERE S NZNF A MY R A (D)
BLUBIE, a-ZNady—t, URFIIF—FYHEEEBIXUOHRBRILERZE TSI N6 EE
mDU — RMEBGYE L THIRE S NS, 2N 5 OREER, 4-(20-X2VA)V-B-D-Z)aAET J 2 FF)
LR D6 KIEEE & TIVRF D EDBIKMES LB ORR - ERERZFS, 1134 (K§HEIC
TWA—=AMNB-7) 3T BiEE, 2182)-6-FFV-4-NTT VBN IATIVEES LD REIRT )
dRTHD, I T, )8F AN R ABIUBDOFFAR ARG AR 217D -0 OilkHitia 2 HIg & L,
TINS RIRW DINHRAIRE BAREE DRENT 2 il A 7z,

£9, YU a-D-ZIVIAET T RE)NS 7T TETHERICHY T 24-(B-D-Z)VIET J IV AF
V) REFMFLGERT ZHR Uz, DWT, 7 O6'KEEH &)V R F 5 & OE RN 7 Bk #E & 2
152 ETNHNFARY RABXUBOERRIAKR LS BRI 2 EGM LTz, DEIT, &K 9 LHEitS
w10&ED 7Y a)Ul, DO IREEDREZITD T LT, RI12THE, #HIEE6.6% TEE@&@‘%/\*X
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R RAZESZ. L, ARMEDHNMRT—ZIZ KRR E B Loz, UEOXSIT, Ml
3 8 & H W= AL IR AR SR & ROMI I ICETT L, NF AR B ABXUBOHE A 9 21 %
BL<BEHZ LTI L. 51T, NFZXANY R ADEHIOEGREZERLZHDD, FRMDARY K
WTF—F NS REHEEISERD THDH I E2HENITL =,
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| o__0
CHj, [e) [e) OBn
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[ _— > —» Pakistolide A (1)
y. 78% y. 50% proposed structure
(0) (0]
o o 12 steps

6.6% overall yield
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g OMOM OMOM
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Research projects and annual reports

1) Total synthesis of novel catechol derivative hinduchelin A
Hinduchelins are a class of noncytotoxic catechol derivatives from Streptoalloteichus hindustanus, and modest iron-
chelating ability. Their structures and absolute configuration were elucidated by a combination interpretation of
spectroscopic data and quantum chemical ECD calculations. A total synthesis of the originally proposed structure for
hinduchelin A (S-form) and its enantiomer has been achieved. The absolute configuration of hinduchelin A was revised

to be R on the basis of optical rotation data for the synthetic compounds.

2) Total synthesis of pyrrole alkaloids using Maillard reaction

Pyrrole-2-carbaldehydes (pyrrole alcaloid) have been isolated from a wide variety of natural sources, such as fungi,
microorganisms, and fruits. For example, pyrrole alcaloid, phelebopines A and B, exhibit neuroprotective effects, were
isolated from edible mushroom Phelebopus portentisus. A short step synthesis of phelebopines A and B, gonodeerma
alkaloid A, inotpyrole A, jiangrine E, and sinopyrine C were achieved, using a Maillard reaction of carbohydrates and

amines as a key reaction.
3) First total synthesis of the proposed structure of pakistolide A

Pakistolides A (1) and B (2) were isolated from Berchemia pakistanica. These natural products show « -glucosidase,

lipoxygenase inhibitory activities and antioxidant potential. These have structure of common 4-(2’-O-benzoyl- 3 -D-
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glucopyranosyloxy)benzoate cyclic dimer. In addition, D-glucose or (Z)-6-oxo-hept-4-enoic acid connected to hydroxy
groups at C-4’ of the sugar via 3 -glycosidic linkage or ester linkage. We tried to efficient total syntheses of pakistolides
A and B to examine further biological activities of these natural products. The total synthesis of the proposed structure
of pakistolide A was achieved using regioselective dimerization of 4-( 8 -D-glucopyranosyloxy)benzoic acid derivative

7 as a key reaction. However, the '"H NMR data of synthetic pakistolide A differed from those of natural product.

MAERRAER

1) EgME (BEHRMAE)
* Ken Takakura, Shouhei Takatou, Ryoichi Tomiyama, Thuong Manh Le, Dinh Thi Nguyen, Yutaka Nakamura,

Tetsuya Konishi, Seiichi Matsugo, ©Osamu Hori, Inhibition of nuclear factor- K B p65 phosphorylation by
3,4-dihydroxybenzalacetone and caffeic acid phenethyl ester, Journal of Pharmacological Sciences, 137(3), 248-
255,2018/07
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iEEEYE >4 —, 2018/08/29
CIHE E, NS B TR B OSFRX Y FAO AR, H37EHABEEAES, IBEEE
> —, 2018/08/29
NG B, T OER, PN B (D-BRUO-T T VTN AD LA R &R T ARELE O R E
BIOIE AL EMRERE TS >R A - () 22RO L —, RMEMBFERT
2018/12/01
<l ', NS B RERIRZ U 3T R - NFZ MU RABXUBOA RIS, ARG F T 2 > —,
REBEFE A%, 2018/10/20
TN ER, NG B BEERHEMEETEZN LA SR T @Y H K Dseco-> 7 mAF &
MOGIZE, WERSEYIF—, RB%E %, 2018/10/20
SN B W B, A B ONF AN RAOIRREHEE O A K, S T6IEE A Rt F 1 B
X R T T L FE (&M 2RI T LA, 2018/12/01
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Laboratory of Applied Microbiology/Laboratory of Gene Regulation

BB o&m A B Professor Hiroaki TAKAKU, Ph.D.

B # b W OB L Assistant Professor Harutake YAMAZAKI, Ph.D.

/ RSB A\ SRR E S R T ADIBE

.
Uﬁ - hiEEE S - Lipomyces starkeyi -hUTNTUEO—IL - BERAE

MRE

;:h

THIEEERE 2 W T liE A2 RE S A T s DR

2018FEE DI TR

MIEEBZRAWVHEEES R T LADEE

HARIZEHMED BERMEW =0, Ml EAEL, RENICHGET 208N H 2, LN LHATIZIN—
Lis E Ok 2 KB T 2 I3 KABENRE TH D720, /O XS ITHKETEY ) S RN G 2 4
IT5ZELIERNETH S, £ THRAIIMIBBERZHWEMEEEZBREL TWa, MilEEERELipomyces
starkeylIMIPENICHIIE TH S U 7 IV U0 —)b (TAG) Z&EEIC EEEAREREDT5%L L) i
THIENARETHD, TOMBIIHERIEDIMELU TSI EnSERAMEL THETHS, £iL
starkeyilZIE V] BEDRERNA A AHROPELIRZE(LL THIEEZEETE 2 205, HMIBAEEICS
WTHBNA AR X EDOHEZEBTZ ZENAEETH D, LLENS, ZOMIEHEZELEFHT S~
DT, WAEAEM DA (il 7= 0 OiEE R, WA R E, RBEVEDN S HIEN DR DM k)
MBETHDHEZEZLNTWVND, HAIEINE TITEHAEML starkeyi CBS180THRICA RIFEE 2 L /214,
Percoll B EAIELE MCHE L, BEOBEWE)ZH0TL, TOHSZHERETL L2 0RT &K
D, WIEEEEEHERGES L, ZUIMIEZ 2 <ERE L ZMIIEE S TRV TEENME <
3% EEZSND I EEMHLMERBEELREKRORMETDH 2, TOREEL TI20DEMKD S 6
BROMIESEREAERKEZIE T2 Z EITHIL Tz, 56 DO¥EEA33, A42, AS3, E15, E16, EA7 &
%LUz,

AEEIS S ICHRIMEEREEL AR EZTSE T 5 HEEZRE Uiz, Hi7z T8 RIFE U 7= 85 A RIL.
starkeyi CBS1807 D Z, PercollE )AL= LEICH L Tl S EEEMA R 2 S D EE A 5N 5 H
SERBEMHLUZE, o)lan=—zZzFkdtE, 2010 —0H THIRD D %mucoid colonyZ fii T
IMfEoao=— (K4-K14) Z2Ev 277 v 7L T, REGEERICTAGREZHIE L £, TORER, 11EOF
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RS N T ARRL D H L <, MEL7Z0 ODTAGEZBHEL TWA ZENHENER Sz, 2D EMn
5, Percoll & LBl INEIC K DG = B EE A BARORMEIZ, mucoid colonyZ Bk < Fiklx, WlEE
AL AMZRIST 2 ETHEEICEDBHETH D EEZ 60T,

I5IIT, INETEHESN-MIEEEELEIKASS, A42, A53, E15, E16, E47 &, AEEESN-MES
LR RMRKA-K14D /N5, A42, E15, E47, K13, K140 5 #f LB ARk 2 R R U, 2 ORI 2 it
Uiz TOFER, 1HIMEYSZ0 OTAGE (B&EMH) 13, BAERKA4.1 £ 0.5 mg/10°cells (day 8) GRZEIX
MR 2R T, UFRRME.) THDDITHL T, A42735.1 + 0.2 mg/10° cells (day 6), E15736.6 + 0.2
mg/10° cells (day 5), E477%35.7 £ 0.3 mg/10° cells (day 7), K137%35.8 &+ 0.1 mg/10° cells (day 6), K147435.7
+ 0.2 mg/10° cells (day 8) & 7210, E1SHMIfY -0 OMilEZRH £ <, T L THL, EMT 2 NP5
METRSTze TR ILDHIZD DTAGOENENTNOMR TR OE SRR ELRZEIA, TXTO
s S HERAERRTEHAEMNKZ LRS> 2, SHICHEELILHZD DTAGOEN RO H RO TU Y
WNG D ZABRELLEDA, HETII—ARITHT 5AEETAGED IIE, X T OGS EREA MK
THARKZ ERl> k. EREEVINI—AEITHT 2 EEAKEREOHIIELIS O AN AR Z LR 5
oo SHICEEMERKDTAGZEZ RS D NEIABEHL 2 B ETIRR & ik L2 & 25, A42, E15, K14 T/N
W F UM, AA2TH LA VD, TNENHERMBID DLW ENHENER SN, NIV F >
WEA LA BRNTAGZEZHR T 2 EERENE THD ZEITEDLDITRM >, Do ZENS, BFEL
B LS THUS L mE A RKIITNT, ZOP THRIZELSE, FARKID HL < DTAG
ZHIEANICEREL, YHOHMNTHDBMMOEREICHEL TWSZEERLTNWS, £EMELLLEE
BOBRLUHAWD ZET, LHEAMEITHEL L. starkeyiD/EHDIWEETH % EE Z 5Nz,

Research projects and annual reports

Development of oil production system using oleaginous yeast L. starkeyi

Production of oils by microorganisms are becoming next attractive alternative to petroleum because it does not affect
food supply and does not cause deforestation. The oleaginous yeast Lipomyces starkeyi is an attractive organism for the
industrial production of lipids; however, the amount of lipid produced by wild-type L. starkeyi is insufficient. We aim
to obtain L. starkeyi mutants that rapidly accumulate larger amounts of triacylglycerol. Mutagenized yeast cells at early
stages of cultivation were subjected to Percoll density gradient centrifugation; cells with increased production of
triacylglycerol were expected to be enriched in the resultant upper fraction because of their lower density. Among 120
candidates from the upper fractions, we have isolated six mutants, designated A33, A42, A53, E15, E16, E47, that
accumulated higher amounts of triacylglycerol. Moreover, when omitting cells with mucoid colony morphology, we
succeeded to quite effectively (100%) isolate 11 objective mutants (K4-K14) from 11 candidate from the upper
fraction. Of total 16 mutants obtained, we performed detailed characterization of five mutants (A42, E15, E47, K13,
K14) and revealed that five mutants achieved about 1.5 to 2.0 times triacylglycerol concentration (4.7 to 6.0 g/L) as
compared to the wild-type strain (3.6 g/L) at day 5. Among these five mutants, strain E15 was the best for industrial
use because only strain E15 showed both significantly higher triacylglycerol concentration and significantly higher
degree of lipid to glucose yield and biomass to glucose yield. The fatty acid profiles of TAG in L. starkeyi were resemble
to Palm oil, in which palmitic acid and oleic acid are major. The degrees of palmitic acid of strains A42, E15, and K14
and oleic acid of strain A42 were significantly higher and lower, respectively, than that of the wild-type strain although

the major fatty acids were still palmitic acid and oleic acid in these mutants, suggesting that TAG accumulated in these



mutants are used for the substitution of vegetable oils. In conclusion, we established an efficient method to isolate L.

starkeyi mutants accumulating large amount of TAG by enriching low-density mutagenized cells with Percoll density

gradient centrifugation subsequently omitting cells with mucoid colony morphology. We expect that by repeating this

procedure as part of a yeast-breeding program, we can easily and effectively obtain L. starkeyi mutants suitable for

industrial lipid production.

MAERRAER

1)

2)

3)

EfEMEE (BHRMAE)

« Tomohiko Matsuzawa, Tomoko Maehara, Yasushi Kamisaka, Satoshi Ara, Hiroaki Takaku, Katsuro Yaoi,

Identification and characterization of A 12 and A 12/A 15 bifunctional fatty acid desaturases in the oleaginous

yeast Lipomyces starkeyi., Appl Microbiol Biotechnol., 102(20), 8817-8826, 2018

* Kazuki Nomura, Hirofumi Hoshino, Kazuaki Igoshi, Haruka Onozuka, Erika Tanaka, Mayumi Hayashi,

Harutake Yamazaki, Hiroaki Takaku, Akinori Iguchi, Toru Shigematsu, Brewing characteristics of piezosensitive

sake yeasts, High Pressure Research, 38(2), 165-176, 2018
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T-WEAEDREYE—, 2018/06

FR, YURIVLAETORRK

SR OBE, MR AE S EA iR RESL EHE T, NERD B KB TORR, AR —#L

WA ER, AR HHE, mA TEEE BG T RBEAENTIC X S MEEROMIESEEEEEE T O
E, AABZEFE2019FE RS, HEL, 2019/03/26

CREEEOMER, s PR, mAL FEBE LR HSSC, rREFRHC BT D RAEMA RO E 2

J LEFTIC K 2T OEEELRTORE, HARZEFR20194FEE AR, WA, 2019/03/26

SRR ERAE, R SR, il BRSO SR, EBHE T, MR ¥ RIE TORE, AR

M, SEIE WA, A TEWE  IEEERELipomyces starkeyi®D 7 )L CoA D BRI D & FEIIC X D g
EEMOM E, AARIEFER2019FEE RS, AL, 2019/03/26

SNER BT, R BRAE, TROAE, e RESL, EH SR, EBH T, AR B KB W

BB, A i, B A, &N TEBE  WIEEERELipomyces starkeyi®D IR 5 BRI 5 O = FE
WK BMIEAEESE DM L, HABZEFER2019FE KE, HE, 2019/03/26

NERROIK MR m, BRAT B BAR RIK M & &M ok o R B E

I BESL, @A CEE, 1STEBLREEEEE 1 7 IV E A ES RO EUS & @, HABRZ(H22019
FEERE, ®E, 2019/03/27

CWREEE T, BIER R0, SR A, e BESC, GRH PR, NSERD ¥ ORIE ERE, A —

e =R, wAR HkE, B RS, S TEBE JMASEERELipomyces starkeyil G (KB FEZS AR D
JRRE AT ORE &R, HABZFR2019FE RS, B, 2019/03/27

cEA FEE, @R, Pham Khanh Dung, &H AT, Ji &, e RS, mA FEBE /)N
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SR ¥, Rhodosporidium toruloidesD R IR INE AT, BET0RIH ALY T4 Rey, KRBk, 2018/09/05

- BRI, Pham Khanh Dung, &M #/7, e RS, #&x  FIff, B S, AR #, &A

TEBE, /NEJR ¥, Rhodosporidium toruloides® 71015 /) A R A pERITIRERE DT, 251 1EAERES RN
{F2 2RI L, 2018/10/26
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m oy F B H X Research Associate Misato SAKURAI

/ AEBBRTHMREE T SHEEER R & HEAERTM

33%@ - FUREEMR - M#EfE L FEHINR - lEEABSREDR - BiGER
- BREETER S AR

MRE

;:h

BEIRWE, @ILE, SIEMAER ED ALY RY v ZERE (CEEEER) 2 TPd 27201203, NEEE
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MWz, ZO#ER, PROBEMBLEHAERICHNWT, #IRNPROEE IZEIRNPROFEEICHARTH 2 f5m < #E
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IR, N, MBS P LEVOIRE IIINENAANIZE LW I ENH 5 E/a> 7, PROELEVOZ fif
M5 U256, LEVOIRIMAEFPROJBE ICIIHEZ KT I RWD, ERRKMHERBNEET S 2 & &
IEM S HHERRE DI NPROJEE DMK 725 T ENHS M L8> Tz, TOREFIILEVOD 512k > T
PROD RN RN I N D Z & 2R L T, PROELEVOZ f % 5 L 72 5 & OINTRARE O If 4
PROJEEIICONTRH DMEIZ LR EF 9 573, NPROJEE L, CONTHE OfE &I AEZEILHD 5 Niah > 7z,

2. NAFLD/NASHEF/IVS v MIHT BT IF 43R4 » RUOBAEOKEEME M
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JET IV O — VARG 261259 2 ERGOBEREMEIC D W T T 5 & & HiT, ERGESHTHAEHE LD
EfTO ZEEHME L, BElEIY & L TNAFLD/NASHE T )L Z v b TdH %SHRSPS/Dmerz 1Y, #d
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OEMHEABRETV, (KE, FHEEE BERH, REX—T—ICOWTOMNZ2{To7/z. TOME, b
M OB &K MREOHERBIC D W TEBICHRRZIRD 5NN > Tz, MREFRAEDORER, I
BE~Y— I —IIHFCHE & R L T U > FF, Y1 & 78, ERGHOWTNOAELREIROSNT, AR
IZB W TR OB HUZ X DNAFLD/NASH TR RIZIEE A ER S N>z, LnL, ERGHT
Wi 3 L X570 —)LIZEAERDED Sz iE s, HEhoaL Ao —)l&nFRICES L. Bk
DT EMS, ERGIZHEHAEME S L TH SN TV A HEBLIEELINC, ARNO L 27 0 —)U I
S OIER & BAF T rTREME AR X 7z,

3. IKHHBIZRDIREZEY ERAROBEMERVSFER S O LIRS

ZHRII 7T Morus albaL.) kR OFDOFE|BHEY ORENS )7 REFWTEHEBEIE/-ZHDTHD,

AARKBHICNEH SN TS ERKTH D, EHKE L QIERIIREITU T I N, TOMIIHE DR
BRI SN TS, —HTEAKRZEDOICEAETHZEZOMEIMD WD VLEND D 7-D% 1)
WInBIEN, HETHHIN TWSZEAKOFREZHENS O AICE> T\, AL TIS/KREE S
MM EI NZFZMICER Uiz, ABERESIC L o TEEI NS ZRIIRAKL 2152 -0 OFBHIFEE D50
ERIEREBEN 2 RISDENS, BN OEH BEOHREMEICEN D RN E V. 22T, Kbk
H R & S B DORERENE S OBEBETE R T I DWW T 217 5 7z AKFFRE MK USRHKZT0% A Y/ —
JVTHI L, BEICEFEE T F )L R OUK T L7z, BERetE D ik & U TREE THEREME DA S N T S ik
LGt Fo - —vHEEEE, o- 7N Y—EHBEEICDOWTHEMZIT> 2. £z, KRR
WO FEER D & E RS 272DICLC/MSH T 21T 7z KRS SZIBORARY 7 2/ —IVEIFT0% A 5/ —
IV, EiEE TFOVE Sy, KROKEDWTNSHRAK EIEL THREICE <, HPLCIZX 5 0Hh 5

IRBFRRBE SARIT A & g U CTHBMMAEORWRY 7 2 /= )VHE L < EAL TWD Z ENH LM
12572, BEREMEIIHERE TF )V 53 >T70% A %/ — LAl > 7K E 7 DINEICHEREM AT <, AR R OEAR
D EESHEREVE R SRR T F IV ICE R T2 Th 5 2 EARB I N, BT FIVEFIIE T L
ZITIRIARTH2EIN T ) VENREENTHBD, ZMMOERZIRITT LNV T IR A



ROMEEICL 2 DD ERBINZ, L EOENS, AHEEZEBIZZARU EO#ERZEL TR, =
WWIFZHNE L TEHT 2EFHENDORHANHETE 2,

4. BHERVIABREBEHEICLSS Y NOTFTFRA NS UREET MU U ASBREXRBRICHT 5 FH%

RO%EH

AR, bR & 78R S B NEREDICIZRIRBAR D B 2 S MIT/8> TH D, BNREOWENFER DO T
BICEEMN 2 EWOMFERER D IME SN TS, BHEIE <2 SWEFSHEIE L THRL ENTWD,
BIGERSCENDIRREEZA T HHEEEMRE L THEHINTWS, £z, BHBEOEKCHERENEZ [
LSR5 DICHABAER I B EHBE TREINS KL DICR >k, £ T, AWML TIIHMHBESCAMEICXK
LEGERICERL, TFA T MRS FU DL (DSS) ARMEEBERBRETIVN Y hZ2HANWTH
WNEREE DHEALITH T 2 TRAZIRIC DO W TR 217> 7. il E & U T 8 s O Wistar R BEMEZ v b 2 H
W, AREREEE U CEALE (Normal) #f, FEZEREL (DSS) B, BHE (A) B, ABMFEEHHTE LA B
FLBE T Lactobacillus sakei Uonuma (L) #EZF%VT, Bk 2 4 #5552 72H &, 7K Z2.0 % DSS/KIA K
YDA 14H R L TRER EEE S B BMEH 2175 72, DSSEGHIRIHE, Disease Activity Index

(DAD A7 ZHWTKRGROIREZHM L, AHEIE, KERAE, MEEEZT-> THEERD R
ROFMETTS Joe T ORER, DALA O 7 1EDSSH TNormal i & [z UARICHINL /= —7, AR, LA
LTI A REEMNRO soNah> /. £z, MEREGEIE OFEHR, B8H 1 M OVFLER 78 B H 1 O /e 72
BIRAKRBRICHED Mz 2 Z EAVRB SN, BIZ, AR, LABHCBWTRBRICE D2 RIBDE
i 2 B9~ 2 A28 5NTc. L EDOFEMNS, B U 72508 DMk 9 7 B HUAY K 4 O AL 2 H U,
FRICAMBARBMHHEICBOVWTEOMHEMNEE TH > NS, BREHEYDEEEICTFSEL TS
DERBRENT,

5. IINIFARAVDERAPMEICRIETIAFTRA I F/ S A NOEE

RAFAAFF ) I AMIZIAMRBENTFT ) A—RIVBETHBH I EEZR/RHELTHD, —R7sm
EaR DI A b TIENBEVWERORICETHER LEETLIEEASNTVWS, /I A MDREEIZTES>T
HAE D RIE TS & RN TE 2210 Tha<, EWis EOWINRE LRI B2t I h
TWa, TIVIFFFA > (ERG) BFESFEOEHY X /B THD, WILFBRIEEZEGL TWaHE
DHISNTWS, ERGIFAERNIZIH W THAE LB 7R & Dlfas I EIREIC AL, T OMBBITIITEHK
NFF>RTUAR—F —THDHOCINAEEL TWD I ENWEINT WS, I T, AW TIXERG
DENFREICKIFTYA T AA A>T /) I A MOEEZEZHASNITT DI EE2HME L, EREMEL T
WistarliPE 5 v b &2 Wz, BBREEIEINESS S A MRED O > b O —)VERIRINEE 58 (Cont. IVEE) &%
O 58 (Cont. POR), YA FAAF>F /I X NBBZEOFHIRNEZGH (/2 A RIVED) ERROKS
B (/AL PORD) 1207z, ZNTHNODI A M 1 RFRIBER, ERGZEFIRNIR S 21305
(10mg/kg) U 7=%%, EFNCHRIMZ1T > 7z MR T)V TFF 21 2 IREDORIEIZLC - MS/MSZE F W /=,
ZOREE, BRI S BICAEIC ER L2 mEHERGIEREL, 15BMBICIZERIREDOMIC/RD, 6K
METIEEAERFLIRWZ ENHO N ER S, ZOREIT, HERICEIT UZZERGHH UMK HIZRE %
EOICET D EEZ SN, FFHEIEERICE ST, BROBGZOMEHERGEEIZIZFEAE LA LA
WZEPMHHLee RAFTAAF 2T/ I A OFEBEFHFOMBEFERGIREX, I bO—)LEHITHAR LR
TLHIENHLMNER ST, TNHDRERIE, YA FAAF 2T/ I AN, ERGOKNENREIZZEZ K
L TWBbZEERL TN,

S

37



ESFS B0

38

6. KiES NIVEOHEBIERE LV ZDER A H =X ADRE

M ATEEER OERKFTH D, ZOIHNIIAEEERTHICTFSGTLEEZA6N TS, 20X
DIRTEMS, INETS LI LB ZMRITHHEIERICET 2mEMThNTHD, KOs >
INTEIZDWTH INETOMADNSHIEEEHZE L TWS AN RENDDH D, AFFETIELD
SR TSPUBTE RN A S NToKE Y 2N B Z2MRIZ, TORRS ZH5NTT 5 &2 HNITKES
SNIBEOY 2 BMHRICIERL, 07 2 BRI SR 5B DOWTHRE ETT o 7z, BiidE)
W& UT6 Al DMEMECSTBLI6IN Y A& Wz, B E L TEE & a1 > (HO B, =iE
fids afikiEsy > X728 BP) B, ®iEMES afEy 2 JBRIEGY (AA) B, FfEHIE1 > (NO) B
REL, 12HMORBZT o/, BT I JBRIEAYEL, KMY NI EDY I/ B & [F—IT7

HEDITHEREY R JBERAGLEZDOEH W, B TEANICEDREINZTTY, EFEEOMTICAL
7o E7zilBAE TRRIZIMIED K OKMIEES 2RI L, £/NT A=~ OHlE fkEERE, RS EEE
=HHIE, MKERFENT A= DHIERE) 217>/, TOFER, HCHE S HB LU TNCHTIIE LW RE
BEMOMHN A SN, EiEiE S a FEEEHERUC X 2 EH7AE 0 i S Nz, HCREE iz U TAARETI
BERBAEEMOEHIASNRNS>ZHDD, BPHETHERKREEMOMGINA SN, T DEREDHE
WENCEEIZEFBEETH > k. ERBHERIIEREEMEFERIC, HCH LKL TAAR TIIAERE
BIASNBMNo 72N, BPHTARERKMEZ R L. D EOBREFTLD, Ky >\ 78 OHiERER-T
ZO7 I R TIRR L, Mt - BIGARE TAHELCZXTF RIGERT 5 il R S Nz,

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 and intestinal microflora, 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. First, second and third periods were the
pre-test non-intake, the test food intake and the washout periods, respectively. Although there was no significant
change in intestinal microflora, 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. The effect of high hydrostatic pressure on acrylamide generation in aqueous reaction systems using asparagine
and glucose
The effect of high hydrostatic pressure (HHP) on acrylamide generation was studied using an equimolar asparagine-
glucose model system that was dissolved in ultrapure water or buffer at initial pH values of 5.0 and 9.0. The
concentrations of acrylamide and melanoidins were determined after treatment at 120 “C for 60 min within a range
of 100 to 300 MPa. The pH prior to and after treatment was also measured. The generation of acrylamide in all model
systems was significantly suppressed under elevated pressure conditions. The strength of correlations among pressure

value, acrylamide and melanoidins concentration differed depending on the initial pH condition of the model system.



It was suggested that the suppression of acrylamide generation occurred due to the different effects of pressure, which

depends on the solution pH, on the Maillard reaction involving acrylamide formation. Based on these findings, we

propose that application of HHP to heat processing of foods could be effective to reduce acrylamide content.
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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
®  Effects of Fructo-oligosaccharide Intake on Anthocyanin Bioavailability in Rats
2) Development of new functional food ingredient
@ Investigation of processing method of fig leaf tea focusing on furanocoumarin component
@ New application of 3 -glucan rich barley bran for functional food
3) Functional study of food-derived polyphenol component
@  Structural transition in the neutral pH region of anthocyanins
@  Study on the anti-obesity effect of black ginger anthocyanin
® Pharmacokinetics of strawberry anthocyanin (Pelargonidin-3-glucoside) and its metabolites in rat
4) Study on Maillard reaction products in food
(@ Evaluation of the reaction property of advanced glycation end products (AGEs) in a model system of various
carbohydrates with amino acids
@  Effects of raw materials and the addition of polyphenol components in baked bread on advanced glycation

end products (AGEs) formation
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Research projects and annual reports

(1) Development of novel quality assay method of rice

It was clarified that the retrogradation degree is important in terms of evaluation of rice palatability and “Uonuma
Koshihikari” retrogrades more slowly than other brand rice cultivars.

(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 and China using physical and chemical
measurements.

(3) Development of rice products promising for the prevention of diabetes and dementia.

Cooked rice products developed with food industry were subjected to the long-term human test and black rice
products were proved to be safe and acceptable, and 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 industries 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 long-term storage test, which

showed the effect of high-moisture treatment.
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Research projects and annual reports

1) Research on food processing techniques using high hydrostatic pressure (HHP)

The antioxidant activity of banana was increased by HHP at 400 MPa (ambient temperature) for 10 min and
subsequent storage for 3 days. In other to identify the antioxidant compounds, we conducted optimization of the
procedure for extraction and purification of the compounds within the methanol extract. By optimization of (1)
centrifugal concentration, (2) re-dissolving, (3) ultrafiltration, and (4) chloroform extraction, efficient concentration
of targeting compounds and removal of contaminants were successfully achieved. As a results two peaks of the candidate
compounds were detected by HPLC analysis.

The color of kiwi-fruit after HHP at 200 to 600 MPa (ambient temperature) for 10 min and subsequent storage
were analyzed using L *a ™ b * color space. During storage, A L*and A b*values decreased with increase in pressure
levels. These suppression of changes in color during storage would be caused by inactivation of polyphenol oxidase

(PPO) enzyme by HHP.

2) Research on new brewing process of Japanese rice wine (sake) with HHP

In 2017, we developed a new sake brewing process with HHP treatment as a non-thermal pasteurization. Using this
process, a prototype HHP-treated sparkling type draft cloudy sake, namely AWANAMA, was brewed. This prototype
sake remains the sensory properties like draft sake, but avoiding deterioration by over-fermentation due to inactivation
of yeast. Because the enzymes derived from koji-mold still active, inactivation of the enzymes by HHP was required for
longer shelf-life. We applied HHP at 200 to 500 MPa in combination at — 7 to 50°C on the draft sake sample. HHP
treatment at low and high temperature effectively inactivated enzymes compared with HHP treatment at ambient
temperature.

In order to quantify the fresh flavor and fruity taste of draft sake, we analyzed the antioxidant activities of the draft
sake by DPPH method as well as ORAC method. As a result, the untreated sample and samples treated by HHP at low
temperature showed less decrease antioxidant activities during storage than those of thermal treated samples and
samples treated by HHP at high temperature. The HHP treatment at 500 MPa at —7°C was presently optimum

condition for inactivation of enzymes while retaining the fresh flavor and fruity taste of draft sake.



For HHP with lower pressure levels, we are conducting development of an alternative process, a single plural
fermentation process was considered, which consists of saccharification, sterilization and subsequent fermentation
processes, separately. For another approach, we are conducting generation of pressure-sensitive (piezosensitive) mutant
of sake yeast. From a sake yeast strain derived at Niigata Sake Institute, we successfully obtained piezosensitive mutant

strains screened by deficient in respiratory ability.

3) Research on intermediate metabolites by budding yeast under sub-lethal pressure

When budding yeast Saccharomyces cerevisiae is cultivated under pressure at 15 MPa, no apparent loss of viability is
shown but growth is inhibited possibly due to inhibition of metabolism. By using such sub-lethal pressure conditions,
accumulation of intermediate metabolites in yeast cells. The submetabolome analysis on glycolysis, citrate cycle and
NAD" synthesis pathway were conducted using CE-MS. As a results we found several reaction steps inhibited by HHP
at 15 MPa in these three metabolic pathways.

4) 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 acclimatized microbial community, however, did not show degradation ability of the
PHBH sheet developed for a verification test. The other causes, which inhibited degradation, should be presently

considered.

5) Isolation of microorganisms with uncultured phylotypes frequently detected in anaerobic wastewater treatment

processes

We deposited successfully isolated two strains belonging to Phylum Caldiserica (Strain NY-SETRAS) and candidatus
Cloacimonetes (strain NY-MAS) in the culture collections and investigated their physiological properties. Strains were
deposited with the NBRC, and with the DSMZ in Germany, both of which received accession numbers from their
respective institutes. The physiological properties of NY-MAS and NY-SETRAS were investigated, and optimum culture
conditions were found to significantly increase the growth of NY-MAS and NY-SETRAS. Co-culture with hydrogen-
utilizing methanogenic archaea confirmed that the NY-SETRAS and NY-MAS strains could utilize acetic acid and
propionic acid as substrates, respectively. These results suggest that both strains are adapted to the actual reactor

environment while changing the metabolic mode.

6) Identification of microorganisms capable of decomposing the components of the Niitsu River natural oil
A methane fermentation reactor was constructed to decompose n-alkane in order to clarify the anaerobic

biodegradation mechanism of n-alkane in organic matter decomposition accompanied by methanogenesis. The
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following were carried out: Microbial community analysis by the next generation sequencing and estimation of
octadecane degradation pathway by the batch culture. Based on the results of last year, it was considered that anaerobic
alkane degradation without alkyl-succinate and methanogen occurred in the reactor. Therefore, a methanogenic
inhibitor (Sodium 2-bromoethanesulfonate, BES) was added to the octadecane degradation sludge to identify active
microorganisms. The number of bacteria belonging to Brucellaceae was 15 times higher in the BES-treated group than
in the BES-untreated group, suggesting that this microorganism is involved in the degradation of n-alkanes without

alkyl-succinate and methanogen.

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

The induction of autolytic enzymes by high-pressure treatment and the applicability in cell wall treatment for the
CARD-FISH method using induced autolytic enzymes were verified using Listeria innocua cells. As a result, the
possibility of applying autolytic enzyme to CARD-FISH method was suggested by optimizing the induction condition
of autolytic enzyme and enzymatic treatment condition. As a result of the application to the activated sludge, all bacterial

cells could not be detected. From this result, the optimization seemed to be necessary for every sample.

8) Effect of intake of Koji Amazake and Lactic fermented Amazake on intestinal flora.

The effects of intake of Koji amazake and lactic acid fermented amazake on intestinal flora were investigated by 16S
rRNA gene amplicon sequence analysis. As for the improvement effect of human defecation in amazake intake, the
improvement effect of defecation was significantly shown in koji-amazake, but it did not affect the intestinal flora
significantly. In the colitis model rats, Koji Amazake and lactic acid fermented Amazake tended to suppress inflammation,
but also caused changes in the intestinal flora, resulting in a decrease in the number of Allobaculum bacteria, which

increased as the intestinal environment deteriorated, and an increase in the number of S24-7 bacteria (Bacteroidetes).

9) Screening of food additives that synergistically promote the inactivation of microorganisms by high-pressure
treatment and elucidation of their mechanism.

Focusing on food additives that enhance the inactivation of microorganisms by high-pressure treatment, an analysis
of the inactivation of microorganisms by the synergistic effect of "Additive substances + pressure treatment” and
elucidation of the mechanism were attempted. Since the synergistic effect of high-pressure treatment with benzoic acid,
sorbic acid, and adipic acid was confirmed in the previous study, the behavior of these additives in cells was analyzed
in order to clarify how these additives promote inactivation. As a result, when these substances were added and subjected
to pressure treatment, it was found that these substances did not leak out of the cells and remained inside the cells
compared with the control group without pressure treatment. It was also found that these inactivating effects cause

both lethal damage and non-lethal damage.

10) Isolation of methanogenic archaea that degrade tetramethylammonium hydroxide (TMAH).

Toxic tetramethylammonium hydroxide (TMAH) is contained in wastewater from the electronics industry, whose
emissions are increasing with the recent increase in production of electronic products. The purpose of this study was
to establish a methane fermentation process capable of decomposing TMAH and to isolate and culture methanogenic
archaea involved in the decomposition of TMAH. Using methane fermentation sludge with a capable of TMAH

degradation as the microbial isolation source, the isolation of the target microorganism was attempt by the extinction



dilution method with liquid medium and the colony forming method with gellan-gum solid medium. As a result of
confirming microorganisms cultivated by auto-fluorescence observation of coenzyme Fa2o specific to methanogenic
archaea, fluorescence signals peculiar to methanogenic archaea could be confirmed from some culture liquids, but
there was no culture liquid composed of only one kind of methanogenic archaea. We will continue to apply extinction

dilution and colonization methods to isolate and culture methanogenic archaea with TMAH degradation.
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Research projects and annual reports

1. Investigation of antibacterial substances in rice grains.

We improved a titration method to measure anti-C. botulinum activity in rice to obtain active substances. NMR
and mass spectrography analyses revealed the molecular structures of the active substances.
2. Development of skin sanitizers effective on norovirus.

We found some effective chemicals on norovirus which were not recognized as sanitizers. The synergistic effects
were investigated in the combination of these chemicals and already-known sanitizers.

3. A high efficient procedure was developed to purify neutral and acidic milk oligosaccharides. Inhibition of
Salmonella adsorption onto human intestinal cells was compared in vitro. The differences were not significant and
oligosaccharides from two mammals were promising as potential ingredients of infant formulae or functional foods.
4. Ca*-dependence of Vibrio cholerae chemoreceptor Mlp24.

To elucidate molecular mechanism of the ligand recognition of an amino-acid chemoreceptor, Mlp24 of Vibrio
cholerae, we solved structures of a series of ligand complex of the sensor region of Mlp24. Interestingly, in all solved
structures, Ca”* binds to the same loop of the Mlp24 sensor domain. Following in vitro and in vivo analyses revealed
that the Ca®" modulates the ligand binding affinity of Mlp24p. Although Ca™ itself is not an attractant for Mlp24, we
propose that it works as a signal enhancer that increases the affinity of Mlp24 for the primary signal, thereby

reinforcing the chemotactic behavior of V. cholerae.
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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.

IO. 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 /3 -lactamases to investigate their substrate-recognition

mechanism.

IT. 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.



Annual reports
I . Overexpression, purification, and the structural analysis of miraculin
Generally, miraculin becomes insoluble when it is expressed in E. coli. We tested several E. coli strains, plasmid
vectors, and co-expression with chaperon proteins, to obtain soluble recombinant miraculin in E.coli. We revealed that

this recombinant protein molecule existed as homodimer.

II. Analysis of unknown enzymatic activity of metallo- 8 -lactamase IMP- 1

There are two different catalytic mechanism in 3 -lactamases. Serine- (3 -lactamases utilize a serine as a catalytic
residue, while metallo- 3 -lactamases (MBL) binds zinc ion(s) in the active center to hydrolyze (3 -lactams. MBL has an
overall structure which is called @ 8/ @-sandwich fold” . It is known that there are many other enzymes that has the
same overall structures with different catalytic functions, and MBL and these enzymes are the members of the “MBL
superfamily” . In this study, we investigated unknown enzymatic activity of IMP-1, a wide-spread MBL, to find that

IMP-1 has enzymatic function other than [ -lactamase activity.

I. Characterization of alanine racemases from Lactobacillus sakei Uonuma strains
We constructed overexpression system of alanine racemases (AlaRs) from L. sakei Uonuma strains in E. coli, and
performed basic characterization of these enzymes. We also analyzed the crystallographic structure of an AlaR from L.

sakei Uonuma-1.
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Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for all CTd %,

Energy is central to nearly every major challenge and opportunity the world faces today. Be it for jobs, security,
climate change, food production or increasing incomes, access to energy for all is essential.
Sustainable energy is opportunity - it transforms lives, economies and the planet.

IHIRIZARNF—BEOH AN SILT % & 9 N 1XGoal 12: Ensure sustainable consumption and
production patterns & %.
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In Honduras, 4 women have installed 207 solar panels, improving the quality of life of 54 families.

Each panel generates 85 watts that feed three lamps, a radio, television and also charges cell phones and bulbs.
The Small Grants Program has invested US$ 1 million in support for 28 solar energy projects in 18 countries.
Women have been empowered to provide solar energy to more than 3,778 households, benefiting 22,739
people in 52 districts.
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