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Abstract

We have developed a method to extract DNA from a traditional Japanese fermented soybean paste (miso) more easily

and quickly than by conventional methods. The extracted miso DNA was used as a template for the polymerase chain

reaction (PCR) to amplify the ITS2 region of ribosomal DNA. We found the PCR sensitivities with the templates extracted

by this new method and by the conventional method to be comparable for the detection of fungal communities. We also

investigated the fungal diversity in miso by using a culture-independent genetic fingerprinting technique known as temporal

temperature gradient gel electrophoresis (TTGE), and then compared the TTGE profiles of 18 miso samples. The TTGE

profile of each miso type could be classified according to the fermentation procedure used during manufacture.

Key words: FTA® card, traditional Japanese fermented food miso, PCR-TTGE, fungal diversity

1. Introduction

Miso is a traditional Japanese fermented salty-tasting
seasoning made from soybeans, rice or barley, and salt.
Analysis of the microflora of miso is important for efficient
quality control in the miso-producing industry. Aspergillus
oryzae digests the grain starch to glucose; halotolerant

yeast species such as Zygosaccharomyces rouxii, Candida

etchellsii, and C. versatilis produce the characteristic flavors
and alcohols; and lactic acid bacteria produce the lactic
acid. The fermentation room of every miso-manufacturing
facility has its characteristic resident flora that impart the
original flavor of the miso produced by each manufacturer.
In addition to the flavor-producing favorable yeasts, the air
can also contain undesirable contaminants such as Bacillus

species.
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The conventional method for analyzing miso
microflora is by the dilution and spread plate method,
which requires several days for incubation and much effort.
Previously, we reported a rapid and direct method for
preparing PCR templates from miso " by using the FTA®
card. In that study, although we successfully amplified the
fungal internal transcribed spacer (ITS) region from miso
samples and observed the ITS DNA fragments by agarose
gel electrophoresis, we could not identify the fungal species
without cloning and sequencing each DNA fragment,
because agarose gel electrophoresis cannot distinguish DNA
fragments of different sequence but same length. Culture-
independent approaches such as denaturing gradient gel
electrophoresis (DGGE) or temporal temperature gradient
electrophoresis (TTGE) have been developed for complex
matrices such as food?and soil¥. The ability of DGGE
or TTGE to separate DNA fragments of the same length
depends on the difference of melting temperature applied
during electrophoresis. Hosoi reported the analysis of
bacterial communities in miso by PCR followed by
DGGE?, and Taiyouji, Ando, and Shima reported the
analysis of lactic acid bacterial communities in soybean
koji¥. The microflora of several Chinese and Korean
soybean pastes were also analyzed by DGGE®”. TTGE is
a simpler technique than DGGE, in that it does not require
a denaturing gradient gel. Instead, the gradually increasing
gel temperature denatures the DNA fragment.

Here, we report on the amplification of the ITS2 region
of fungal rDNA from 18 kinds of miso using the FTA® card
and analysis by TTGE.

2. Materials and methods

2.1. Food samples and strains

Eighteen kinds of miso samples (Al, C1, C2, C3,
C4, D1, D2, El, E2, E3, E4, ES, E6, E7, E8, Fl1, H1, and
I1) obtained from Chuo Miso Kenkyujo (Central Miso
Research Institute, Tokyo, Japan) were frozen at —20C and
stored. Each miso sample name consisted of an alphabet
letter and a number. The alphabet letter shows the category
of the miso (A: white-colored and sweet-tasting type rice
koji miso; C: ocher-colored and salty-tasting type rice koji
miso; D: red ocher-colored and salty-tasting type rice koji
miso; E: brown-colored and salty-tasting type rice koji

miso; F: soybean koji miso; H: barley koji miso; and I:

blend of rice and barley koji miso.) The number reflects
the sample number of this study. Six reference strains
of miso microorganisms (4. oryzae NFRI1599, A. sojae
NFRI1147, Z. rouxii NFRI3471, C. parapsilosis NFRI4051,
C. versatilis NFRI4052, and C. etchellsii NFRI4053) were
obtained from the gene bank of the National Food Research
Institute (Tsukuba, Japan). The fungal species were
maintained on potato dextrose agar for 5 days at 25C. The
fungal species were inoculated into 10 mL of YPD medium
(1% yeast extract, 2% polypeptone, 2% D-glucose) in an
Erlenmeyer flask and cultured at 30°C with 130 rpm rotary
shaking for 1 day.

2.2. Preparation of template genomic miso DNA for

PCR
2.2.1. Conventional DNA extraction

Miso samples (5 g each) were suspended in 20 mL of
10 mM phosphate buffer (pH 6.8) and homogenized for
1 min with a stomacher (MC-D400D; Gunze Sangyou,
Tokyo, Japan). Two milliliters of the resulting suspension
was centrifuged at 14,000 rpm for 3 min. The pellets were
frozen in liquid nitrogen and crushed to a fine powder using
an automatic grinding mill (TK-AM4; Tokken, Kashiwa,
Japan) and approximately 100 mg of the frozen miso
powder was suspended in the AP1 buffer of the DNeasy
Plant Kit (Qiagen, Tokyo, Japan). DNA extraction from
the frozen miso powder was carried out according to the

manufacturer’s protocol.

2.2.2. Template preparation by FTA® card
Template preparation by FTA® card was done
according to a modified procedure of our previous report?.
Approximately 50 mL of each miso sample was picked up
using a disposable plastic inoculating loop and suspended
in 300 mL of TE buffer (10 mM Tris-HCI (pH 8.0), 1 mM
EDTA) and then subjected to filtration through an empty
Micro Bio-Spin chromatography column (Bio-Rad, Tokyo,
Japan) by centrifugation at 15,000 rpm. A large proportion
of the source crop debris is retained on the column filter,
while the buffer and cells of the microorganisms are eluted
in the flow-through fractions. The cells were pelleted by
column centrifugation. The pellets were resuspended in 25
mL of TE buffer and heated three times in a microwave
oven for 30 s each time. In order not to evaporate the entire

bufter, the lid of the tubes was kept firmly closed. Usually,



a small amount of vaporized water would be observed on
the inner wall of the tube after heating. Five microliters
of the preheated samples was applied onto the indicated
FTA® classic cards (Whatman Plc, Brentford, Middlesex,
UK) that were then dried for 10 min at room temperature.
Disks of 3 mm diameter were punched out from the FTA®
card with a paper punch and were washed according to the

manufacturer’s protocol.

2.2.3. DNA extraction from pure cultured fungi by
the conventional method

The fungal culture in YPD medium was harvested by
filtration or centrifugation. Approximately 100 mg of fungal
cells was frozen by liquid nitrogen and crushed into a fine
powder, as described above. Genomic DNA was extracted
from approximately 100 mg of fungal cell powder using the
DNeasy Plant Kit (Qiagen) according to the manufacturer’s

instructions.

2.3. PCR amplification

The forward primer ITS3 (5'-GCA TCG ATG AAG
AAC GCA GC-3")¥ and the reverse primer 1TS4 (5'-TCC
TCC GCT TAT TGA TAT GC-3")® were used. A GC clamp
(5'-CGC CCG GGG CGC GCC CCG GGC GGG GCa
GGG GCA CGG GGG G-3)? was added to the 5’ end of
the ITS3 or ITS4 sequence (ITS3GC, ITS4GC). PCR was
performed using the GeneAmp PCR System 2700 (Applied
Biosystems Japan, Tokyo, Japan) in a final reaction mixture
volume of 50 pL containing 10 uL of 5 x GC buffer, 25
puL of Ampdirect (Shimadzu, Kyoto, Japan), 0.375 M
concentrations of each primer, 0.375 U of Phusion High-
Fidelity DNA Polymerase (Daiichikagaku, Tokyo, Japan),
two FTA® card disks or 20 ng of DNA as template, and 7.5%
dimethylsulfoxide. The following thermal cycling program
was used: 94°C for 5 min (1 cycle), 98°C for 1 min, 48C
for 2 min, and 72°C for 3 min (10 cycles); the denaturing
time was decreased by 3 s (i.e., from 1 min in the first cycle
to 33 s in the tenth cycle); the annealing temperature was
increased by 1C (i.e., from 48 in the first cycle to 57C
in the tenth cycle); and the extension time was increased 6 s
after each cycle (i.e., from 3 min in the first cycle to 3 min
54 s in the tenth cycle); followed by 98C for 30 s, 58°C
for 2 min 30 s, and 72°C for 4 min (40 cycles). The size
and quantity of the PCR products were confirmed by 2%

agarose gel electrophoresis.

2.4. Temporal temperature gradient gel electrophoresis

TTGE was carried out using the Dcode Universal
Mutation Detection System (Bio-Rad). Polyacrylamide gels
(8%) containing 7 M urea (16 cm X 16 cm x 1 mm) were
prepared and run with 1.25 x TAE buffer. Electrophoresis
was performed at a constant voltage of 140 V for 6 h with
an increasing temperature gradient of 2°C /h from an initial
temperature of 48°C to a final temperature of 60°C . The gels
were stained for 30 min with either SYBR Safe (Invitrogen
Japan, Tokyo, Japan) and scanned by the Typhoon9400
scanner (GE Healthcare Japan, Tokyo, Japan), or
with ethidium bromide and observed by an ultraviolet

illuminator.

2.5. Sequencing

TTGE fragments of the miso samples were compared
with the fragments of pure culture reference strains,
and bands unique to the miso samples were selected for
sequence analysis. Materials from the selected bands were
excised using a razor blade, and the DNA fragments were
eluted into 20 mL of sterile water at 4C overnight. From
the eluate, 5 mL was used as a template and re-amplified by
PCR as described above. The PCR products were ligated
into the pCR-Blunt vector (Invitrogen Japan) according
to the manufacturer’s instructions and subjected to the
cycle sequencing reaction using the BigDye® Terminator
vl.1 Cycle Sequencing Kit (Applied Biosystems Japan).
Sequence analysis was performed with the ABI PRISM 310
Genetic Analyzer. The sequencing results were compared

with sequences in the NCBI nucleotide database.

3. Results

In this study, we first confirmed the validity of the
FTA® DNA extraction method, and then investigated the
fungal diversity of miso by the PCR-based method using the
fungal genomic DNA template prepared by the FTA® DNA

extraction method.

3.1. Comparison of the FTA® DNA extraction
method with the conventional method

To confirm the validity of the FTA® DNA extraction
method, we compared the TTGE profiles of the ITS2
region (from four miso samples) amplified from genomic
DNA extracted by the FTA® method with those extracted



by the conventional method. The selected miso samples
represented the typical types: white-colored and sweet-
tasting type rice koji miso, brown-colored and salty-tasting
type rice koji miso, soybean koji miso, and barley koji
miso. To amplify the ITS2 region, the universal fungus-
specific primers ITS3 and ITS4 were used. The GC clamp
was added to the 5’ end of these primer sequences. We
compared the result of PCR amplification using ITS3GC
and ITS4 with that of ITS3 and ITS4GC. ITS3GC and ITS4
amplified PCR products with better intensity than did ITS3
and ITS4GC (data not shown). We subsequently chose
ITS3GC and ITS4 for further experiments. Fig.1 shows a
TTGE gel image, in which Fig. 1A displays results with the
reference strains (see next paragraph) and Fig.1B displays
results of the conventional extraction. The miso genomic
DNA prepared by the FTA® DNA extraction method was
subjected to PCR amplification of the ITS2 region of rDNA
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and separated by TTGE (Fig. 1C). Comparison with the
results of conventional extraction (Fig. 1B) revealed nearly
identical numbers and mobility of bands, indicative of
similar sensitivities. It was noted that in the TTGE profiles
of miso by the FTA® DNA extraction method, some bands
were fainter and others were thicker, relative to the profile

from conventional DNA extraction.

3.2. Fungal diversity of 18 kinds of miso

To determine the standard mobility of the reference
strains of miso microorganisms, the ITS2 region of pure
cultures of miso microorganisms was separated by TTGE.
To investigate the fungal diversity of 18 kinds of miso, the
ITS2 sequences amplified from the miso DNA templates
prepared by the FTA® DNA extraction method were
separated by TTGE. The results are shown in Fig. 2. The
TTGE profiles of ITS2 PCR fragments amplified from

C: FTA® DNA extraction
method
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Temporal temperature gradient electrophoresis (TTGE) profiles.

(A) TTGE profiles of the six miso fungal reference strains used in this study. ITS2 sequences were separated by TTGE. Lane 1:
Aspergillus oryzae; lane 2: Zygosaccharomyces rouxii; lane 3: Aspergillus sojae; lane 4: Candida parapsilosis; lane 5: Candida versatilis;
lane 6: Candida etchellsii. (B) TTGE profiles of the ITS2 region resulting from amplification of DNA extracted from four kinds of miso
by the conventional method. Lane A1: white-colored and sweet-tasting type rice koji miso; lane E6: brown-colored and salty-tasting type
rice koji miso; lane F1: soybean koji miso; lane H1: barley koji miso. (C) TTGE profiles of the ITS2 region resulting from amplification
of DNA extracted from four kinds of miso by the FTA® DNA extraction method. Lane A1l: white-colored and sweet-tasting type rice koji
miso; lane E6: brown-colored and salty-tasting type rice koji miso; lane F1: soybean koji miso; lane H1: barley koji miso.



the reference strains of miso microorganisms are shown
in Fig. 1A. The major bands of each miso sample showed
mobility identical to that of the reference strains; bands 1, 4,
5, and 7 displayed mobility identical to that of Z. rouxii, C.
parapsilosis, C. versatilis, and both A. oryzae and A. sojae,
respectively.

To determine the species of the bands of miso that
were not identical to any reference strain, we excised the
material containing the particular DNA fragment from the
gel and determined the sequence of the DNA fragment
contained in the band. Only the DNA sequence of band 8
was determined, because the ethidium bromide staining
of bands 2, 3, and 6 was too faint to distinguish flanking
bands from each other. We therefore could not separately
excise these bands upon ultraviolet illumination. The DNA
fragments of the excised band 8 and the smear containing
bands 2 or 6 were re-amplified by PCR and cloned into the
pCR-Blunt vector. We failed to amplify the DNA fragment
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in band 3. The sequences of the cloned DNA fragments
were determined and compared with sequences in the
NCBI DNA database. The sequence of band 8 was 100%
identity to Clavispora lusitaniae. The DNA sequences
from the faint smear containing bands 2 or 6 contained
several clones of DNA fragments. Band 2 contained a DNA
fragment that was 99% identical to Z. pseudorouxii. Band 6
contained several DNA fragments that showed low identity
to uncultured mycorrhizal fungi. Band 6 was detected
mainly in the miso of categories C and D. Band 8 was
detected mainly in brown-colored miso (E category). The
TTGE profiles of A-type and F-type miso displayed a few
faint bands of yeast and Aspergillus, that of H-type miso
displayed intense bands of Z. rouxii and Aspergillus and
faint band 6, and that of I-type miso indicated that bands 4
and 5 were appropriately included in the profile of H-type

miso.
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Fig. 2 Temporal temperature gradient electrophoresis (TTGE) profiles of the ITS2 region representing the

fungal community present in 18 kinds of miso.

A: white-colored and sweet-tasting type rice koji miso; C: ocher-colored and salty-tasting type rice koji miso; D: red ocher-colored,
salty-tasting type rice koji miso; E: brown-colored and salty-tasting type rice koji miso; F: soybean koji miso; H: barley koji miso; 1

blend of rice and barley koji miso.



4. Discussion

Traditional Japanese fermented foods characteristically
use koji, grain particles that are fermented by koji
mold and used as an enzyme source. Fungi are the key
microorganisms in traditional Japanese fermented foods and
study of the fungal diversity in fermented Japanese foods is
important.

We developed an easy and quick method to extract
fungal DNA from miso. Generally, DNA extraction from
food samples is laborious and time consuming. Our novel
method does not require any organic solvent, protein
denaturant, or specialized equipment. This facilitates quality
control by DNA analysis in the food-producing industry.
In this study, we compared the FTA® DNA extraction
method with the conventional method and showed that
both methods display almost equal sensitivity with respect
to the number of DNA bands separated. Furthermore, we
tried another two commercial DNA extraction kits that
are widely used in the research of soil microorganism
communities. One method is based on beads beading, and
the other method uses benzyl chloride. The DNA extraction
results from using these kits were low yielding and of
poor quality (data not shown). Generally, in the TTGE or
DGGE methods, biases resulting from the method of DNA
extraction and PCR amplification cannot be completely
ruled out. The simplicity and sensitivity of the method are
inconsistent. In this study, we could detect DNA bands with
mobility identical to that of the relevant reference strain,
indicating that our method is valid as well as sufficient for
the rapid analysis of multiple samples of miso. However, we
must note that TTGE profiles of miso DNA extracted by the
FTA® card method produced some bands that were fainter
or thicker than the corresponding bands obtained by the
conventional method. The significance of these dichotomies
is not presently known.

The TTGE profile of each miso sample reasonably
reflected the fermentation procedure used in its manufacture.
Band 6 was detected mainly in the miso aged for only a
short time (in most cases, the aging process lasts less than
a few months) and in the C and D types. In contrast, band 8
was detected mainly in E-type miso that was older (typically
aged for more than four months). The miso products of

types C, D, and E are made from similar source materials

and using essentially the same procedure, except for the
duration of aging. We have no explanation for the impact of
differences in fungal diversity between C, D types of miso
and E type miso in terms of their quality, taste, and flavor.
The A type has a very short period of aging (less than two
weeks). The aging of A-type miso is different from the other
long-aged types of miso, being aged mainly by enzymes
already secreted in koji by koji mold and not fermented by
living microorganisms. To prevent fermentation, the aging
of A-type miso is carried out at a high temperature (35—
507C). The TTGE profile of the lesser yeast bands, which
displayed only a few faint bands of A type, is therefore
reasonable. F-type miso is produced mainly by anaerobic
fermentation by the lactic acid bacteria and fungi growing
on the surface of the miso. As expected, the TTGE profile
of F-type miso exhibited a few faint bands of yeast. The
TTGE profile of H-type miso exhibited intense bands of Z.
rouxii and Aspergillus, and faint band 6. Unlike the C and D
types of rice koji miso, the H type is made using barley koji;
however, the aging period is the same as the C and D types.
The fungal band 6 is likely characteristic of the short-aged
type of miso. The TTGE profile of I-type miso indicated a
similar profile, with the exception of the existence of bands
4 and 5 in the profile of the H type. These latter bands were
detected in rice koji miso of the C, D, and E types. This
result is reasonable, given that the I type is manufactured
using a blend of rice and barley koji miso. Generally, after
aging, miso is mashed into smooth paste and then packed.
Some consumers prefer intact type of miso that contains
granules of source crops to mashed type miso. The C and
E types used in this study contain mashed and intact types.
There were no significant differences between mashed and
intact types in the results shown in this study.

Conventional studies concerning miso microorganisms
have demonstrated the presence of Z. rouxii, C. versatilis,
and C. etchellsii in the final products, and the frequent
contamination of low-quality miso products by Pichia
membranaefaciens and Hansenula anomala.'”% RFLP
analysis of miso revealed Z. rouxii to be the dominant
species in the final product in the case in which a starter
culture of Z. rouxii was added, whereas P. guilliermondii,
P. triangularis, and P. farinosa were the dominant species
in miso formed without a starter culture'”. These authors
mentioned that miso fermented without a Z. rouxii starter

culture contained a lower level of 4-hydroxy-2 (or 5)-ethy1-



5 (or 2)-methy1-3 (2H)-furanone (generally known as
HEMF) than those with the starter culture. The record of the
manufacturers showed that all 18 kinds of miso investigated
in this study included a starter culture of Z. rouxii. This
explains why we could not detect the Pichia species.
The fungi that were detected in this study have not been
reported by conventional studies on miso using dilution
spread plating. In E-type miso, C. lusitaniae (band 8) was
observed.

We expect our novel DNA extraction method to be a

useful and efficient quality control tool in the food industry.
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Effect of sorghum flour on glutathione-rice bread
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Abstract

Owing to accumulating evidence of the high prevalence of celiac disease and wheat allergy, the development of high-
quality gluten-free foods has become an urgent issue in the food industry. We previously reported that glutathione, a natural
tripeptide, improves the gas-retaining capacity of gluten-free rice batter. In addition, sensory evaluation revealed that it
is better to use “oxidized” glutathione in view of the bread smell. However, several problems remain to be solved before
the practical application of glutathione in batter can be achieved. First, salt, a key flavor of bread, hinders the swelling of
glutathione-supplemented batter. Second, although purified glutathione may be used as a food additive in the USA and some
Asian countries, its use is not permitted in several other countries. In this paper, we sought to overcome these problems.
Microstructure analysis revealed that sorghum flour in the batter resulted in thickened breadcrumb walls. Moreover, the
swelling of the batter was not reduced by salt. Furthermore, a yeast extract containing a high content of glutathione worked
effectively as a substitute for purified glutathione. Thus, the essential ingredients of the bread—rice/sorghum flour, water,
yeast extract, dried yeast, and sugar—were all foodstuffs. In conclusion, a basic practical formulation for a glutathione-rice

bread has been developed in this study.
Abbreviations: GSH, reduced glutathione; GSSG, oxidized glutathione; HPMC, hydroxypropyl methylcellulose

Key words: Bread; Glutathione; Gluten-free; Rice bread; Sorghum

Introduction

The wide prevalence of celiac disease (Mooney and
others 2014) and wheat allergy (Mansueto and others 2014)
has increased the demand for gluten-free foods (Lamacchia
and others 2014). Several approaches have been used
to develop gluten-free rice-based breads, as rice flour is
naturally gluten-free and has a simple and bland taste. The

gluten-free rice breads use synthetic thickeners (Demirkesen

and others 2010), transglutaminase (Renzetti and others
2008), and proteases (Renzetti and Arendt 2009; Hamada
and others 2013; Kawamura-Konishi and others 2013). In
general, rice bread has a palatable chewy texture. However,
the quality of these breads has been insufficient to satisfy
customers’ needs, and thus further research is needed to
develop high-quality gluten-free breads.

Recently, we found that glutathione, a naturally

occurring tripeptide, improved the gas-holding capacity of
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gluten-free rice batter in the yeast leavening process (Yano
2010). The swelling rate was 2.4 times that of the control
bread (without glutathione), and the specific volume was
3.0 cm¥/g. In addition, the use of oxidized glutathione
(GSSG) improved the smell of the bread (Yano 2012).
However, from the viewpoint of practical applications, this
bread prototype required improvement in several areas.
First, salt reduced the ability of the batter to swell and rise
during fermentation. As saltiness is one of the key flavors of
breads (Noort and others 2010), this issue seemed a critical
one to be solved. Second, whereas purified glutathione can
be used as a food additive in the USA and several Asian
countries, its use is not permitted in Europe or Japan.
Therefore, the substitution of a yeast extract for the purified
glutathione is a critical step before the bread can be used
widely. However, although purified glutathione is effective
in improving the specific volume of the bread, the use of
a yeast extract with high glutathione content has not been
successful, presumably as a result of the salt content of the
yeast extract.

In this study, in order to enhance the practical utility of
gluten-free breads, we sought to overcome these associated
problems. In addition, although semisynthetic chemicals
such as hydroxypropyl methylcellulose (HPMC) (Barcenas
and Rosell 2005) or guar gum (Ribotta and others 2004)
are effective for allowing the gluten-free batter to rise
during fermentation, some consumers prefer to avoid such
non-natural materials in foods (Devcich and others 2007;
Varela and Fiszman 2013). We therefore sought to develop
a gluten-free bread made without using any non-natural
additives.

The swelling mechanism of glutathione-rice bread
appears to be different from that of wheat bread (Yano and
others 2013). In the case of glutathione-rice bread, the batter
is liquid and it becomes meringue-like in fermentation.
Thus, the walls of the bubbles in the rising batter should
be more fragile than those in wheat dough. It has been
reported that a mixture of cereal flours improves the quality
of gluten-free bread (Sciarini and others 2010). Moreover,
among cereal flours, sorghum flour is frequently used
for gluten-free foods such as bread (Schober and others
2007; Onyango and others 2011). Thus, in this study, we
investigated the effects of sorghum flour on the properties
of gluten-free bread, such as the rising of the batter during

fermentation in the presence of salt and the fineness of the

breadcrumbs. The replacement of purified glutathione with

yeast extract was also studied.

Materials and Methods

Materials

Rice flour (10.7% moisture, 0.3% ash, 6.2% protein,
0.9% lipid, and 81.9% starch) was obtained from Namisato,
Co., Ltd. (Tochigi, Japan). Sorghum flour (12.4% moisture,
0.6% ash, 9.6% protein, 1.5% lipid, and 73.6% starch) was
purchased from Nakano Sangyo, Co., Ltd. (Kagawa, Japan).
Dried yeast (Nisshin Super Camellia) was obtained from
Nisshin-foods Co., Ltd. (Tokyo, Japan). Purified glutathione
was a product of Nacalai Tesque (Kyoto, Japan). The
GSSG-containing (18%, w/w) yeast extract, YH-D18, was a
gift from Kohjin Life Sciences Co., Ltd. (Tokyo, Japan).

Bread making

Breads were baked in a SPM-KP1 commercial bread
maker (Sanyo Electric, Osaka, Japan) as described in a
previous paper (Yano 2010) with some modifications. In
summary, 160 g of a rice/sorghum flour mixture, 140 g of
distilled water, and 0 to 5 g of glutathione were mixed by
kneading paddles for 20 min in a bread bin of the bread
maker. The batter was left overnight at room temperature.
Then, 15 g of sugar and 2.5 g of baker’s yeast (Nisshin
Flour Milling Inc., Tokyo, Japan) were added and the
batter was mixed for 20 min. Then, 200 g of the batter was
transferred to a square pan case with an 800 mL capacity.
Subsequent fermentation (40°C for 60 min) and baking
(180°C for 24 min) were done using an EMO-C16C electric
oven (Sanyo Electric, Osaka, Japan) by following the

supplier’s recommendations.

Specific volume

The loaves were measured 3 h or later after baking. The
volume, weight, and specific volume were determined using
a laser volume measurement unit (Selnac-WinVM2100A;

ASTEX, Tokyo, Japan) according to the instruction manual.

Microstructure analysis of rice bread

Microscopic observation of the breadcrumbs was
conducted as described previously (Yano 2010). Samples
were taken from the center of the bread and placed on a
cryo-specimen holder (JEOL, Tokyo, Japan). They were

then cryo-fixed in slush nitrogen and transferred to the



cryo unit in a frozen state, where they were fractured and
sublimed. The morphologies of the bread samples were
observed with a scanning electron microscope (SEM;
JSM-5310LV Low Vacuum SEM; JEOL) at 20 kV. The

magnification used was X 100.

Sensory evaluation

Sensory evaluation of the bread was conducted in a
sensory panel room by an analytical panel consisting of 12
assessors. Bread that contained the yeast extract YH-D18
and bread that did not (control) were subjected to paired
comparison tests. First, each panel member compared the
breads in terms of the appearance of the crumb structure
(coarse/fine), and scored the fineness of the YH-D18-
containing bread relative to that of the control bread on a
7-point scale: +3, much finer; +2, finer; +1, slightly finer; 0,
neither; -1, slightly coarser; -2, coarser; -3, much coarser.
Then, the panel masticated the breads and evaluated the
texture of the YH-D18-containing bread relative to that of
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the control on a 7-point scale: +3, much better; +2, better;
+1, slightly better; 0, neither; -1, slightly worse; -2, worse;

-3, much worse.

Results and Discussion

Effect of sorghum flour on the glutathione bread
First, we investigated the effect of sorghum flour on the
glutathione-rice batter in terms of the swelling of the bread.
The total amount of the flour was 160 g with various rice/
sorghum flour ratios. The amount of GSSG and distilled
water was 0.5 g and 140 g, respectively. Figure 1 shows
the specific volume and a cross-section of the breads. The
specific volume was the highest (3.79 + 0.11 cm®/g) and
the crumbs appeared finest when the rice/sorghum ratio was
around 130/30. Raising the portion of sorghum flour further
did not improve the specific volume or crumb appearance

(data not shown).

0 10 20 30 40 50 60 70 80 90

Amount of sorghum flour (g) in the 160g of flour mixture

100/60

Fig. 1

Effect of adding sorghum flour to glutathione bread

A, The specific volume of breads plotted against the amount of sorghum flour. B, Cross-sections of some of the breads. The total amounts
of sorghum/rice flour, distilled water, oxidized glutathione, dried yeast, and sugar were 160, 140, 0.5, 2.5, and 15 g, respectively. The
standard fermentation and baking conditions were 40°C for 60 min and 180°C for 24 min, respectively. Each data point represents the

mean + SD of three independent experiments.
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Fig. 2 Effect of oxidized glutathione on the sorghum/rice bread

A, The specific volume of breads plotted against the amount of oxidized glutathione (GSSG) added. Each data point represents the mean

+ SD of three independent experiments. B, Cross-sections of some of the breads. The amounts of GSSG were 0, 2, 5, and 10 g for a,
b, ¢, and d, respectively. C, Low-vacuum scanning microscopic analysis of the control (a) and GSSG-added breads (). The amounts of
sorghum flour, rice flour, distilled water, dried yeast, and sugar were 30, 130, 140, 2.5, and 15 g, respectively. The standard fermentation
and baking conditions were 40°C for 60 min and 180°C for 24 min, respectively.
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Fig. 3 Effect of sorghum flour on the salt tolerance of the rice bread containing glutathione

A, Cross-sections of the relevant rice breads. a, Rice bread; b, Oxidized glutathione (GSSG)-containing rice bread; ¢, Sorghum/rice
bread; d, GSSG-containing sorghum/rice bread. B, The specific volume of each bread. Each data point represents the mean + SD of
three independent experiments. The amount of GSSG for b and d was 1 g. The amount of rice flour was 160 g for a and b. The amounts
of sorghum flour and rice flour were 30 and 130 g, respectively, for ¢ and d. The amounts of salt, distilled water, dried yeast, and sugar
were 2.4, 140, 2.5, and 7.5 g, respectively, for a to d. The standard fermentation and baking conditions were 40°C for 60 min and 180°C
for 24 min, respectively.
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Much finer

Much better

+3
Finer +2 T Better
Slightly finer +1 Slightly better
None 0 None
Appearance Preference

Fig. 4 Effects of a yeast extract with a high content of oxidized glutathione on the sorghum/rice bread

A, Cross-sections of the control («) and yeast extract-containing (b) sorghum/rice breads. B, Sensory test of the breads with respect to
crumb appearance (/eft) and preference (right). The results of the sensory tests (i.e., the difference in the crumb fineness and preference
of the bread containing YH-D18 compared with the control bread) are shown. The ingredients of the breads were sorghum flour (30
g), rice flour (130 g), water (140 g), sugar (15 g), dried yeast (2.5 g), and butter (2 g). Two grams of the yeast extract YH-D18 had
been added to the batter in panel b only. The standard fermentation and baking conditions were 40°C for 90 min and 180°C for 24 min,

respectively.

Effect of oxidized glutathione on the sorghum/rice
bread

Next, we investigated the effects of GSSG on the
sorghum/rice batter in terms of the specific volume and
crumb coarseness/fineness of the bread. The amount of rice/
sorghum flour was 130 g/30 g, as this ratio provided the
highest specific volume in the previous experiment (Fig.
1). Figure 2A shows the specific volume of breads plotted
against the concentration of glutathione. Interestingly, the
specific volume was relatively high (3.40 = 0.04 cm¥/
g) even in the absence of GSSG. The maximum specific
volume, around 4.1 cm?/g, was obtained with addition
of 1 to 2 g of GSSG against 160 g of the flour mixture.
When the amount of GSSG was 3 g or higher, the specific
volume decreased. Figure 2B shows a cross-section of the
rice/sorghum bread with and without GSSG. The crumbs
appeared coarse in the absence of GSSG but became finer
in its presence. The low-vacuum scanning microscopic
analysis (Fig. 2C) of the control (a) and GSSG-added (b)
breads suggested that the bubble wall was thicker in the
absence of GSSG and thinner in its presence. Thus, it was
speculated that the combined use of sorghum/rice flour

strengthens the framework of the bubbles by thickening

their walls.

The enhancing effect of the use of mixed flours on
the volume of gluten-free bread has already been reported
(Sanchez and others 2002; Sciarini and others 2010).
The mixture of sorghum/rice flour should have a similar
effect. On the other hand, glutathione seems to enhance
the fineness of the crumb structure. Although the swelling
mechanism of the glutathione bread has not yet been
elucidated, we hypothesize that glutathione affects the
structure of the batter proteins by reducing the protein
disulfide bonds (Yano and others 2013). Hamaker and
Griffin (1993) have proposed that an endosperm matrix
protein, or possibly a specific starch-granule-associated
protein, exerts influence on the gelatinization behavior of
rice starch granules. In short, the barrier theory postulates
that disulfide-bound protein polymers in or surrounding the
native starch granule affect the viscoelastic properties of the
cooked grain and flour. When the protein disulfide bonds are
disrupted, rice starch granules swell to a larger size, thereby
increasing the paste viscosity. Therefore, as we discussed
earlier, the addition of glutathione may cleave the disulfide
bonds of the barrier protein, thereby increasing the batter

viscosity as well as the gas-holding capacity in fermentation
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(Yano 2010). Meanwhile, in their report on protease-treated
rice batter, Hamada and others (2013) considered that a
partially denatured protein, possibly glutelin, may work as
a linker to join starch granules. These aggregates of starch
granules, which have a lot of space within them, have a lower
specific gravity and result in slower sedimentation. Hamada
and others (2013) concluded that the aggregates may have
caused a change in the batter rheology, particularly its
viscosity and sedimentation behavior. Our own ongoing
studies, as well as those of other researchers, will reveal the
relations between the barrier protein and starch granule, as

well as the swelling mechanism of the gluten-free bread.

Effect of sorghum on the salt tolerance of
glutathione-rice bread

One of the major challenges in developing glutathione-
rice bread is that salt reduces the swelling of the batter in
fermentation (Yano 2010). This is an important problem
to overcome, since the taste of salt is a key factor in
the preference of bread (Miller and Hoseney 2008). We
therefore investigated whether the addition of sorghum
flour to the glutathione-rice batter would enable the batter
to rise during fermentation, even in the presence of salt.
Figure 3A shows a cross-section of the relevant rice breads
that contained 2.4 g of salt in 160 g of sorghum/rice flour.
Figure 3B shows the specific volume of each type of bread.
Without sorghum flour, the specific volumes of the rice
bread were 2.28 + 0.15 cm’/g and 2.54 *= 0.12 cm?/g in
the absence (a) or presence (b) of GSSG, respectively. On
the other hand, addition of sorghum flour improved the
swelling of the batter during fermentation, increasing the
specific volume of the breads to 3.49 = 0.09 cm*/g and 3.82
+ 0.09 cm?/g in the absence (c) or presence (d) of GSSG,
respectively. The crumbs appeared finer in the presence
of GSSG (compare Fig. 3A ¢ and d), even in the presence
of salt. Conclusively, the addition of sorghum flour to the
glutathione-rice batter was effective in making the bread
swell and the crumb structure finer, even in the presence of

salt.

Substitution of a yeast extract with high GSSG
content for purified GSSG

Next, we investigated whether purified GSSG could be
replaced with a yeast extract with a high concentration of

GSSG. Although purified glutathione can be used as a food

additive in the USA and several Asian countries, it cannot
be used as a food material in Europe and Japan. Glutathione
is produced on an industrial scale by yeast fermentation
(Li and others 2004). Although the commonly used yeast
extracts contain only a negligible amount of reduced
glutathione (GSH) or GSSG, specific yeast extracts with a
high content of GSH or GSSG glutathione are commercially
available. In many countries, it is permissible to use such
yeast extracts as an ingredient in foods. In the following
experiment, we used the yeast extract YH-D18, which
contains approx. 18% (w/w) of GSSG.

Figure 4A shows cross-sections of sorghum/rice breads
with a rice/sorghum ratio of 130/30. No GSSG had been
added to the bread in panel a (control), whereas 2 g of
yeast extract YH-D18 had been added to the bread in panel
b. Rice batter with YH-D18 did not swell in the absence
of sorghum flour (data not shown). The specific volume
of the control and the YH-D18-containing bread was 3.34
+ 0.08 cm’/g and 3.74

results were consistent with the observed effects of purified

= 0.09 cm’/g, respectively. The

GSSG addition, which also increased the specific volume
of sorghum/rice bread (Fig. 2A). It also appeared that the
addition of the yeast extract made the breadcrumbs finer, as
shown by the addition of purified GSSG (Fig. 2B).

Next, the breads were subjected to a comparative
sensory test by a panel of 12 trained tasters employed at
the Japan Food Research Laboratories (Tokyo, Japan), a
foundation that offers analytical services on food products.
Figure 4B shows the difference in the crumb fineness/
coarseness between the bread containing YH-D18 and the
control bread without YH-D18 as judged by the panel, with
the results being scored on a 7-point scale (-3 to +3). The
crumbs of the bread containing YH-D18 were recognized as
being finer than those of the control bread. The difference
was 1.33 £ 0.75 (p < 0.01) between “finer” and “slightly
finer.” Moreover, when masticated, the bread containing
YH-D18 was judged as being preferable (1.42 = 0.76;
p < 0.01) to the control bread; that is, between “better”
and “slightly better.” The sensory tests thus conclusively
demonstrated a clear effect of YH-D18 addition on the
fineness of the breadcrumbs. It was speculated that this
difference was attributable to the GSSG contained in the
yeast extract YH-D18, since the results were consistent with
those obtained using purified GSSG, as shown in Figures
2 and 3. Thus, a yeast extract with a high content of GSSG



or GSH may be useful for modifying the disulfide structure
of food proteins. As disulfide bonds play critical roles in
food chemistry (Yano 2014), this finding may expand the
use of yeast extract in the food industry. Meanwhile, as the
yeast extract contains other components, such as proteins,
amino acids, lipids, and carbohydrates, some of these
components might have exerted a secondary action on the
swelling during fermentation or on the crumb fineness.
Therefore, further studies will be needed to confirm a
causal relationship between the GSSG in YH-D18 and the
improvement of the bread quality.

Collectively, the studies performed in this and
previous reports have completed the basic formulation for
a glutathione-based gluten-free bread. This bread can be
made using foodstuffs only; that is, rice flour, sorghum
flour, yeast extract with a high content of glutathione,
salt, dry yeast, sugar, and water. No specific apparatus is
required other than a commercially available home bakery
and electric oven. Semisynthetic chemicals such as HPMC
or guar gum are not needed. Collaborative studies with
bread makers to improve the quality of the bread and thus
enhance its practical applicability as a food are ongoing
in our laboratory. Hamaker and others (1987) reported
that although cooked sorghum protein is less digestible
than other cooked cereal proteins, cooking sorghum in the
presence of reducing agents such as 2-mercaptoethanol,
dithiothreitol, sodium bisulfite, and l-cysteine increased
the protein digestibility to a level comparable with other
cereals. Thus, studies on the effect of glutathione on the
nutritional value of the bread should also be conducted.
Finally, it will be necessary to verify whether the bread has

reduced malignancy in celiac and wheat allergy patients.

Conclusions

Addition of sorghum flour improves the swelling of
glutathione-rice batter during fermentation. Bread making
with the improved batter is possible even in the presence
of salt. The basic ingredients are all foodstuffs, and no
food additives or synthetic bread enhancers such as HPMC
or guar gum are needed. The bread can be made with or
without salt, so it can be a suitable food for renal patients
or individuals with high blood pressure. Although the
bread is at present just palatable, we are currently working

with bread makers to improve the quality of the bread.
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Additionally, the elucidation of the swelling mechanism,
which is also ongoing in our laboratory, will help to expand

the use of glutathione in the food industry.
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Abstract

The number of stored-product insects captured by traps at the outdoors was examined from mid -April to the end
of October 2014 in Tsukuba. The total numbers of Plodia interpunctella (Hiibner) (Lepidoptera; Pyralidae), Lasioderma
sericorne (Fabricius) (Coleoptera; Anobiidae) and Anthrenus verbasci (Linnaeus) (Coleoptera; Dermestidae) captured by
four traps were 68, 37 and 94, respectively. Although, two traps were placed, no Tribolium castaneum (Herbst) (Coleoptera;

Tenebrionidae) was captured.
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Improvement in the knowledge of self hygiene management for workers

relation with food by holding of the free-workshop (2)

Susumu Kawasaki, Mari Mochida, Yukiko Ohata, Mie Saito,
Hiromi Nozawa, and Yasuhiro Inatsu*

National Food Research Institute, NARO
2-1-12 Kannondai, Tsukuba, Ibaraki, 305-8642, Japan

Abstract

In our previous report, we described the holding free-workshop regarding the food-microbiological techniques for

researchers of the public establishment organizations and staffs of small and medium-sized food companies that were

beginners of food hygiene testing. From the analysis results of questionnaire survey in the last year, this free-workshop was

modified to deepen the understanding of participants. We recognized that the improvement of workshop lecture contributes

to a better understanding of self hygiene management.

Key words: food hygiene, workshop, self-inspection
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Biochemical characteristics and antibacterial sensitivity of enterococci
isolated from soybean curds purchased in Japan.

Yukie Hosotani, Yukiko Ohata, Susumu Kawasaki and Yasuhiro Inatsu s

National Food Research Institute, NARO, 2-1-12 Kannondai, Tsukuba, Ibaraki, 305-8642, Japan

Abstract

Tofu (soybean curds) is one of the traditional processed food and commonly eaten in Japan. In this study, we isolated

enterococci (indicator bacteria of fecal contamination) from 7ofis purchased in Japan, and identified enterococcal species. In

addition, we report the sensitivities to antibiotics of these bacteria.

Key words: enterococci, indicator bacteria of fecal contamination
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Purification of Dehydrin Protein from Buckwheat Seed

(Fagopyrum esculentum cv. Kitawase)

Michiko Momma®

National Food Research Institute, 2-1-12 Kannondai, Tsukuba, Ibaraki, 305-8642 Japan

Abstract

The presence of a dehydrin-like protein in buckwheat seeds had been revealed using an antibody against a Lys-

rich conservative motif sequence for dehydrin. In this study, the dehydrin protein was purified from a Japanese variety

of buckwheat seed (Fagopyrum esculentum cv. Kitawase) through four purification steps: heat treatment, addition of

10—45% saturated ammonium sulfate, ion-exchange chromatography on a HiTrap Q Fast Flow column, and gel filtration

on a HiPrep Sephacryl S-200 column. Results of peptide mapping with trypsin indicated that the purified protein contained

conservative motif sequences and Gly-rich sequences, which are characteristic to dehydrin proteins. The results of the pepsin

digestion experiment showed that the purified dehydrin was promptly cleaved by simulated gastric fluid, and that a 16-kDa

polypeptide that is highly resistant to pepsin digestion was produced.

Key dehydrin; group 2 LEA protein; buckwheat; 16-kDa pepsin-resistant protein

Abbreviations: LEA protein, late embryogenesis abundant protein; PAGE, polyacrylamide gel electrophoresis; SGF,

simulated gastric fluid

Introduction

Buckwheat (Fagopyrum esculentum), a member of the
Polygonaceae family, has a long history of cultivation in
Japan as a substitute crop of rice, owing to its tolerance to
low temperatures and adaptability to sterile soil. It has been
widely used as a food material for noodles, dumplings, and
confectionaries in East-Asian countries, and is also used in
batter for cakes, pancakes, or crepes in Western countries.
Although interest in buckwheat as a health food is growing,

allergic reactions caused by its ingestion, including severe

symptoms called anaphylaxis, are a serious issue.

Dehydrin is a class of late embryogenesis abundant
(LEA) proteins that are expressed in the late stage of seed
maturation in response to water stress and/or formation
of abscisic acid (Kleinwéchter et al., 2014, Radwan et
al., 2014). Based on the conserved motif of amino acid
sequences across species, and the protein’s extreme
hydrophilicity, heat stability, and induction by dehydration,
dehydrin is thought to be involved in the desiccation
tolerance of plants (Close, 1997, Hanin et al., 2011).
However, the function of dehydrin protein is not clear
(Allagulova et al., 2003). We have studied the dehydrin
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proteins in soybean and rice seeds (Momma, 2002, Momma
et al., 1997, 2003) and extended the study to functional
aspects, such as the protective activity against the freeze/
thaw denaturation of enzyme proteins (Momma, 2003a,
2003b).

In a previous paper, the presence of dehydrin-like
proteins in buckwheat and its products were shown for
the first time, by immunoblotting assay using an antibody
against a conservative motif sequence for dehydrin
(Momma, 2009). The possibility that this dehydrin-like
protein in buckwheat seeds might be associated with pepsin
resistance and buckwheat allergy was also implied. In this
current study, the 20-kDa dehydrin-like protein was purified

and subjected to pepsin digestion analysis.

Materials and Methods
Purification of dehydrin protein

Whole grain flour of buckwheat (cv. Kitawase, from
Japan) was supplied by Dr. Horigane at the National Food
Research Institute. Thirty grams of the flour was mixed with
300 mL of 20 mM Tris-HCI buffer (pH 8.0), containing
0.02% sodium azide and 1 mM polymethanesulfonyl
fluoride. The suspension was homogenized in a Hiscotron
apparatus (NS50; Nichi-On, Tokyo) at 10,000 rpm for 10
min and then centrifuged at 10,000 xg for 20 min. The
supernatant was heated in boiling water for 10 min and
centrifuged at the same condition in order to remove major
seed proteins of buckwheat. After adding ammonium
sulfate (10% saturation), the supernatant was stirred on
ice for 10 min and centrifuged at 10,000 xg for 20 min.
Ammonium sulfate was added to the supernatant to a
final concentration of 45% saturation and the mixture was
stirred on ice for 10 min. The precipitate that developed
was collected by centrifugation at 10,000 xg for 20 min
and dialyzed against 20 mM Tris-HCI buffer (pH 8.0). The
dialyzate was centrifuged and filtrated through a 0.45-mm
filter membrane.

Ion-exchange chromatography followed by gel
filtration was carried out with a chromatography system,
AKTa prime (GE Healthcare, Tokyo). The filtrate was put
on a HiTrap Q Fast Flow ion-exchange column (5 mL)
(GE Healthcare, Tokyo) equilibrated with 20 mM Tris-
HCI buffer (pH 8.0). Materials were eluted with a linear
gradient of 0—1 M NaCl. Fractions containing the 20-kDa

protein were concentrated with an ultrafiltration membrane
filter (UltrafreeCL-UFC4, LGC25; Millipore, Bedford, MA,
USA) and applied on a HiPrep 16/60 Sephacryl S-200 HR
gel filtration column equilibrated with the same buffer. The
20-kDa protein was concentrated with the same membrane
filter and kept at -20C or freeze-dried. SDS-PAGE was
carried out by following the method of Laemmli (1970).
Samples were mixed with an equal volume of SDS-PAGE
sample buffer of 2x concentration, boiled for 5 min, and
then loaded onto a 5-20% polyacrylamide gradient gel
(PAGEL, NPG-520L; Atto, Tokyo). Electrophoresis was
carried out at 20 mA for 90 min. The resultant gel was

stained with Coomassie brilliant blue R-250.

Peptide mapping

Purified dehydrin fractions were separated by SDS-
PAGE as described above. Bands of 20-kDa polypeptides
on the SDS-PAGE gel were excised and digested by trypsin
overnight at 35°C after washing twice in distilled water.
The digested polypeptide was separated by HPLC with a
Symmetry C18 column (Waters, Milford, MA, USA). The
N-terminus amino acid sequences were analyzed with a
Procise 494 HT protein sequencing system. In-gel digestion
and subsequent analysis were carried out by Apro Science
Co. Ltd., Tokyo.

Stability against pepsin digestion

The in vitro pepsin digestibility of the purified dehydrin
protein was examined by the method of Astwood et al.
(1996) using simulated gastric fluid (SGF) containing 0.32%
pepsin (from porcine stomach, 3,300 units/mg; Wako,
Tokyo) and 30 mM NaCl. Freeze-dried purified fractions
were dissolved in 200 mL of distilled water and then 10 mL
of the solution containing 6.8 mg of protein was mixed with
40 pL of SGF (128 mg as pepsin) and incubated at 37°C for
0,0.25,1, 2, 4, 8, 15, or 60 min. SDS-PAGE samples were
loaded onto a 5-20% polyacrylamide precast gel (NPG-
520; Atto, Tokyo) and subjected to electrophoresis at 20 mA
for 90 min. The resultant gel was stained with Coomassie

brilliant blue dye as described above.



Results and Discussion

Purification of dehydrin protein

In a previous paper, the presence of a dehydrin-like
protein in buckwheat and its products were revealed for the
first time, using an antibody against a Lys-rich conservative
motif sequence for dehydrin (Momma, 2009). It was also
implied that the dehydrin-like protein in buckwheat seeds
might be associated with pepsin resistance and buckwheat
allergy.

In this study, the dehydrin protein was purified
from a Japanese variety of buckwheat seed (Fagopyrum
esculentum cv. Kitawase) through four purification steps:
heat treatment, 10-45% saturated ammonium sulfate,
ion-exchange chromatography on a HiTrap Q Fast Flow
column, and gel filtration on a HiPrep Sephacryl S-200
column.

As indicated previously, the molecular mass of the
dehydrin-like protein (20 kDa) was close to that of legumin
(22-23 kDa), the major seed protein of buckwheat (Momma,
2009). These proteins were difficult to distinguish in the
SDS-PAGE profile of the extract. Since it is known that
dehydrin proteins are highly heat soluble in general, heat
treatment in boiling water was applied as the first step

of purification. Then, the sample was concentrated and
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subjected to ion-exchange column chromatography. The 20-
kDa polypeptide co-eluted with a 35-kDa polypeptide and
other minor components. These polypeptides were separated
by gel filtration. Consequently, the 20-kDa polypeptide was
purified to one band, as verified by SDS-PAGE analysis
(Fig. 1, indicated by the arrow), although a trace amount of
a 16-kDa band was often associated with it in the series of

purification experiments.

Identification of dehydrin by peptide mapping

In order to confirm that the 20-kDa polypeptide
is indeed the dehydrin protein, bands of the 20-kDa
polypeptide were excised. The polypeptide was digested
in-gel with trypsin, and then the N-terminus sequence
of the fragment was analyzed. The generally accepted
classification of dehydrins is based on their structural
features as Y, S, and K segments (Allagulova et al., 2003).
In particular, the lysine-rich motif structure, called the
K segment and representing a highly conserved amino
acid motif (EKKGIMDKIKEKLPG), has been found in
all dehydrins. Results of peptide mapping with trypsin
digestion indicated that the 20-kDa protein contained two
conservative motif sequences (KIKLPG, DEYGNP) and
Gly-rich sequences that are characteristic to dehydrin
proteins. From the result, it was suggested that the 20-kDa
polypeptide found in buckwheat was one of the dehydrin

group of proteins.

11 12 13 14 15

SDS-PAGE patterns of fractions and purified dehydrin protein from the purification procedure.

M, molecular weight marker; lane 1, extract; lane 2, heated extract; lane 3, sample applied to ion-exchange chromatography; lanes 4-10,
fractions 5, 7, 8, 10, 11, 12, and 14 from ion-exchange chromatography; lane 11, sample applied to gel filtration; lanes 12—15, fractions

17,21, 25, and 28 from gel filtration chromatography.
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Pepsin digestibility of purified dehydrin

The pepsin digestion experiment indicated that the
purified dehydrin was promptly cleaved enzymatically. The
20-kDa band (marked as * in Fig. 3) almost disappeared
within 1 min, producing several intermediate polypeptides
of approx. 17 kDa. These polypeptides were also digested
within 8 min in the course of the experiment, but the 16-
kDa polypeptide (marked as ** in Fig. 3) was found
to be highly resistant to pepsin digestion. Based on the

above results, it would seem that the trace band of 16 kDa
detected in the purified dehydrin (lane 1) was a decomposed
fragment of 20-kDa dehydrin.

In a previous paper, minor components of dehydrin-
like protein were detected in buckwheat flour and its
products by immunoblotting assay using an antibody
against the lysine-rich motif structure of dehydrin (Momma,
2009). It is supposed that those minor components are also
fragmentation products of the 20-kDa dehydrin.

In general, food allergens are considered to be

Fraction No.
PPV S I S S P SO S S N N SRS B S e
0.220 0.0235
Fr.25 IKEKLPGGGGKD
. Fr.22 DHHATTTTTTTT o
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Fig. 2 N-Terminal peptide sequences of fragments from dehydrin proteins.

Profiles of reverse-phase chromatography and N-terminal peptide sequences of fractions 20, 22, 25, 31, and
40 are shown. Conserved motif sequences of dehydrin are shown in bold characters.
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Fig. 3 Pepsin digestion assay of purified dehydrin protein.

M, Molecular weight marker; lane 1, purified dehydrin protein; lane 2, simulated gastric fluid (SGF);
lanes 3—10, dehydrin protein incubated in SGF for 0, 0.25, 1, 2, 4, 8, 15, and 60 min, respectively. The
asterisk marks on the right indicate the 20-kDa dehydrin and pepsin-resistant polypeptide.



stable against various digestive treatments. Lee et al.
(2013) investigated the enzyme-resistant characteristic
of buckwheat protein and its allergenic potential. They
found a 16-kDa buckwheat protein remaining after 30 min
of pepsin treatment on the SDS-PAGE gel, and implied
the allergenicity of its hydrolysate. They also indicated
the allergenic potentials of fragments produced from
buckwheat proteins. In an earlier study, Tanaka et al. (2002)
found a pepsin-resistant 16-kDa protein associated with an
immediate hypersensitivity reaction to buckwheat allergens.
They found that the N-terminal sequence of the 16-kDa
protein (RDEGFDLGETQMSSK) had 80% homology
with Oriza sativa dehydrin (GenBank Accession No.
0OSU60097). A few researchers have indicated that dehydrin
proteins are involved in food allergy reactions. Chung et al.
(2003) suggested that the accumulation of dehydrin in the
peanut seed increases IgE binding and advances glycation
end adducts.

It is of interest how the enzymatic fragmentation affects
the protein structure, including its epitope exposure. It is
also of importance to clarify the involvement of dehydrin in
the allergenicity of crops. Since this protein is induced by
maturation drying, there would be a way to control dehydrin
levels in the course of harvesting and preservation.

In conclusion, a 20-kDa polypeptide in buckwheat
seeds was purified and confirmed to be a dehydrin protein
on the basis of its internal amino acid sequences. In an
enzymatic digestion assay, a highly pepsin-resistant protein

was found to be produced from the 20-kDa dehydrin.
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Characterization of a large glycoprotein proteoglycan
by small-angle X-ray scattering measurement
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Abstract

The chain conformation of intact salmon cartilage proteoglycan in solution was characterized by using small-angle

X-ray scattering measurement. Fractal analysis of small-angle X-ray scattering data revealed that the intact proteoglycan

molecule is a chain with excluded volume (fractal dimension is 1.7) and a rod-like region as a local structure (fractal

dimension is 1). The Kratky plots of the small-angle X-ray scattering data showed that the chain conformation of the

cartilage proteoglycan molecules is an unfolded structure in solution. Moreover, the persistence lengths of the salmon and

shark cartilage proteoglycan molecules are estimated to be 9 nm and 15 nm, respectively.

Key words: food biopolymer, solution property, physicochemical characterization
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Results of the proficiency testing program for determination of total arsenic,
cadmium, lead and essential inorganic elements
in hijiki seaweed powder in 2008

Shigehiro Naito!*, Tomohiro Narukawa? and Akemi Yasui!

! National Food Research Institute, National Agriculture and Food Research Organization,
2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan
2 National Metrology Institute of Japan, National Institute of Advanced Industrial Science and Technology,
Tsukuba Central 3, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8563, Japan

Abstract

National Food Research Institute, NARO provided a proficiency testing program for determination of total arsenic,
cadmium, lead and nine essential inorganic elements in hijiki seaweed powder in 2008. A candidate reference material
produced at National Metrology Institute of Japan was used as this test material. Reported values from 26 laboratories
were analyzed according to the International Harmonized Protocol for the Proficiency Testing of Analytical Chemistry
Laboratories. Total arsenic, cadmium, lead and seven essential inorganic elements except for manganese and phosphorus,
that is, iron, zinc, copper, sodium, potassium, magnesium and calcium had at least one reported value with |z score| > 3. The
largest number (eight) of reported values with |z score| >3 was found for total arsenic and these all values were negatively
biased. Robust relative standard deviations (Huber H15) calculated from reported values of each element indicated that the

reported values of cadmium and lead were more varied than those of other elements.

Keywords: proficiency testing, hijiki seaweed, total arsenic, cadmium, lead, essential inorganic elements
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x1. EFEHOHEMREHAROKER

ey 5 A b i 5 b R
As (mg/kg dw) ” 34.9 0.5 0.5 0.1 0.5 0.7 2.0
Cd (mg/kg dw) 0.80 0.01 0 0.002 0.002 0.01 1.2
Pb (mg/kg dw) 0.44 0.01 0.005 0.003 0.005 0.01 2.5
Fe (mg/kg dw) 277 3 2 1 2 3 1.2
Zn (mg/kg dw) 12.7 0.2 0.2 0.1 0.2 0.3 2.1
Cu (mg/kg dw) 1.44 0.02 0.01 0.01 0.01 0.03 1.8
Mn (mg/kg dw) 12.5 0.1 0.1 0.03 0.1 0.2 14
Na (g/kg dw) 16.0 0.1 0.1 0.02 0.1 0.1 0.7
K (g/kg dw) 47.3 0.2 0.2 0.1 0.2 0.3 0.5
Mg (g/kg dw) 6.77 0.02 0.03 0.01 0.03 0.04 0.5
Ca (g/kg dw) 15.3 0.1 0.05 0.01 0.05 0.1 0.5
P (g/kg dw) 0.945 0.012 0.018 0.003 0.018 0.022 2.3
S (g/kg dw) 13.8 0.2 0 0.1 0.1 0.2 1.6
Cl (g/kg dw) 16.6 0.2 0 0.1 0.1 0.2 14

a) mg/kg dw 13 g/kg dw : ELOKRGERARIE L2 E (ER) 4720 OnREE
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¢) BT R i 25
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x3. HEEHRER

Wikt nrovue pswe SEED, D, LIED, HoRa®) #xa7H GTIE0 1IST S
KE (% CERSE ) (26) (7.00) RHEAT R RHEART R (26) (26) (100)
As  (mg/kg fw)” 18 32.7 0.6 25 7.6 0.8 24 16 67
Cd  (mg/kg fw) 21 0.72 0.02 0.11 15.3 0.9 22 19 86
Pb  (mgkg fw)? (14) (0.43) (0.02) (0.06) (14.0) 0.7 (16) 13) 81)
Fe  (mg/kg fw) 16 277 6 22 79 12 17 13 76
Zn  (mg/kg fw) 17 11.8 0.3 1.1 9.3 0.8 18 15 83
Cu  (mgkg fw)? 13) (1.46) (0.04) (0.13) 8.9 (0.6) an 13) (76)
Mn  (mg/kg fw) 17 125 0.3 1.1 8.8 0.8 17 17 100
Na (gkgfw)® 14) (15.3) FHEAT EHEARW EHEAT EHERW 15) 13) (87)
K (gkgfw) 15 44.7 0.5 18 40 13 16 13 81
Mg  (g/kg fw) 16 6.31 0.05 0.22 35 0.8 17 14 82
Ca (g/kgfw)® 13) (14.3) 0.2) 0.6) 4.2) 1.1 ) a1 (65)
P (gkgfw)® (12) (0.932) (0.009) (0.032) (34) (0.6) (12) (12) (100)
As  (mg/kgdw) 18 35.2 0.6 2.7 7.7 0.8 24 16 67
Cd  (mg/kg dw) 21 0.78 0.03 0.12 154 0.9 22 19 86
Pb  (mg/kgdw) (14) (0.47) (0.02) (0.06) (12.8) 0.7) (16) (13) (81)
Fe  (mg/kgdw) 16 298 6 25 8.4 12 17 13 76
Zn  (mg/kg dw) 17 12.7 0.3 12 9.4 0.9 18 15 83
Cu  (mg/kgdw)? 13) (L57) (0.04) (0.13) 8.3) 0.6 a7 13) (76)
Mn (mg/kg dw) 17 134 0.3 12 9.0 0.8 17 17 100
Na (ghkgdw)? 14) (16.4) FHEORW EHEAW FHREAR 3R 15) 13) 87)
K (g/kgdw) 15 48.1 0.5 18 3.7 12 16 13 81
Mg  (g/kg dw) 16 6.77 0.07 0.27 40 0.9 17 14 82
Ca (ghkgdw)” 13) (15.4) (0.2) (0.6) (3.9 (1.0) a7 11) (65)
P (gkgdw)? (12) (1.00) (0.01) (0.03) (3.0) (0.5) (12) (12) (100)

a) mg/kg fw X gkg fw @ B RICKGEREREZ GOHER (EERE) Y720 ORKIRE,
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) K53 B O Na(mg/kg fw, mg/kg dw) I3 7 — & OHefi, o IC3id Huber DTN M PIgME (H15) %4 5-HICHRA
@) K45 e O Na(mg/kg fw, mg/kg dw) WAEDIEF 1L Huber O T8 2 M ELHER 25 (H15) /) B3 7 — % % % $/

h) K53 OF Na(mg/kg fw, mg/kg dw) DAL ICH 1L Huber O 1 N A b EHE (R 2 (H15) % 7 H

M &247 ) TXTORBREII GO 7= L 0 2 @i
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OITLHF LY HREEIME. LA L, 3% L 728
KA K RS TTE O BRER Y Y Tld, 3 & b F b
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WEMEOIZ S D & (LI E OAHIHEEAMELN S+ F b
U A T76%, 56 %, 29% : #20%, 16 %, 22%) A%
K&, 01l mgkgt —%—Dh K37 20HHENIE
50 (1 E DM EEATED? S 9%, 6%, 8%)
BEREL LD ole. TD720, BEMEN T & 721F28,
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2. ft54dE & ERREED B

C OB CEAT U 22 i B, RE A
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AR X WA TH LY., 22T, iR THREL
TR Y 72 ) DA G IE S E Al & A % L L
72 (K4). BILEON G IS EE & FHED 713,
5B EMOPIEATE? S (F M) ADB%E
EOPIRAFE? X308 AZe L7z) & BGHEDIERAR
e & A LIRS SO TSRy, 1275
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K4, BEERBROMNSERIZSEMEENMI CRM 7405-aDEREEE & D L8
~ ) - E’?ﬂl}
e LAaTI e A 237 HC Fe b1
LR A 7Al RS A TR ZATT|<2 22237 |<3 3<[zX T ?ézx:ﬁwﬂt")
W5 352 13 24 16 0 8
b)
As (mglkg dw) Wil 358 0.9 24 16 0 8
W5 078 0.05 2 19 2 1 2075 21
Cd (mglkg dw) FAEMHE 0.79 0.02 22 18 3 1
BEMW (047 0.03) (16) 13) ) 7) 25) 55 3.1
B
Fb (mg/kg dw) WAME 043 0.03 16 13 0 3
. e d A+ 5-fifi 298 12 17 13 3 1 -28 705 -3.3
¢ (mgkgdw) FaEE 311 11 17 13 2 2
ke d 5l 127 06 18 15 2 1 2345 1.7
n (mghkg dw) Al 134 05 18 15 2 1 17 H 21
Cu (mg/kg dw)® ZE Al (1.57) 0.07) an 13) 0) “4)
gre Pl 155 0.07 17 13 0 4
frof 134 06 17 17 0 0
Mn (mg/kg dw) WAl 141 0.7 17 17 0 0
. ZEAH (16.4) - 15) 13) 0) ) (2.0) 25 2.3
)
Na (ghe dw) Wi 162 0.2 15 12 1 2
W 481 0.9 16 13 1 2 3455 -30
K (ghgdw) WA 475 0.7 16 13 2 1
W54 677 0.13 17 14 1 2
Mg (g/kg dw) ZaE 679 0.10 17 14 1 2
Ca (gkg dw)® BE (15.4) (0.4) a7) (11) 1) () (-3.3) 25 -3.0
gre FiEfE 152 03 17 1 3 3 -31) 25 -2.8
P (ke dw)® Al (1.00) (0.02) 12) 12) (0) 0)
gre FibfE 101 0.03 12 12 0 0

a) mg/kg dw i3 gkg dw © BB OKGEREEZRIE L2 E (ZER) U720 OHiREE
b) s ]_/_%E
o) 5K % A a7 B EED 2D () TRT.
d) #ICFE D LI HE 3 R REE AL, T BHE NMI CRM 7405-a O F8GEfil
e) Kt E D LEIZHABOMN SIS EEOWRAHEL, S (BEHREIX2) |
T B NMIJ 7405-a O FRGHEDILIRAMEA S (A EREZ 2)
f) HILHEO LB, TEBE B ICHBERBRO WAL
o) FILED LB, TEE D ITHRERBO FHEHIZ OV TEE L z 2 3 7 OBES i
hyz A 327 OFHEIHV Bl %2 A G B E Ml HBHMEICE T T 5 2 L1ck % z A3 7 0% L
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LA, [8ED L ]9 5 il ICZB LA HE TdH - 72,
FeRBRTAM A A2 12> S TANHG AL 1, S AN 2 12> & [
BT B2 3ol N5 MENIEISEME
HOWTER LzzA a3 71%, HERiFHlio/zonz2A a7
EPUIE (22303 +3) @ 0.1 T3MHE, z2 a 7R
il £0.2CTUHE, zZA I 7HEFAH 0.3 T3ME, 22 375
S £04TUHE, z2A 3 7HEFAME£05TIHD Y, 9
M5 A ZA a7 OB R S 0.3 L2z 2 a7
Tho-.
zZA AT OFHEI 5O SE 2 -84

AR % V7285800, BREREC B A 5 2 B2 A
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FARYIARE) Y Thot < rH v PAOLTE
1, G IE S L IR T 03N H T
E, FoEWII/ASW, L2 L, F5EESE M
ERRGHED B R T OMIBTE) F MY T AR
Vo Mk, BRI EEE AR 52 522 3T OZEAL
MRDLNL—T, 5T SH A L A %)
KoM B TS ~ v ¥ TR I 2 2 5.
ZBZA AT DB BD LNV, L7zh->T, fi5
VISl & RAME L OEEDOFEL T TIE R L,
BHEEO NS DS D72 ) D RE X b HikE
MR G 2 52 A 3 T B LOF MR T 5.
54 EBEflIZN—FEF A X F7a barlic
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I s R sE & M7= FRE R 12 B 3 A TUPAC/CITAC
A FNE, FEH A A S OB WG L 72
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5.
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AHTH 5.
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S ORI K N E TRz A 3 7| <20 Hii5 il A8
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An Access Analysis Tool Based on an Access Analysis Program Originally
Developed for Food-Insect Site

Yukio Magariyama*, Kumiko Shichiri, Akihiro Miyanoshita, Taro Imamura, Satoshi Furui,
Yuji Wada, and Tomohiro Masuda

National Food Research Institute, National Agriculture and Food Research Organization
2-1-12 Kannondai, Tsukuba, Ibaraki 305-862, Japan

Abstract

We had originally developed a computer program to analyze Food-Insect Site more than 4 years ago, and have been
using and improving the program ever since. By separating the part specified for Food-Insect Site from the computer
program to form a configuration file, we made an access analysis tool that could be used to analyze the other websites more
easily. The tool has the advantage of giving information about a visitor’s movement among webpages in addition to the
number of views of a webpage. To show the value of the tool, we did an access analysis of Radiation-Influence Site. The
results showed that the proportion of visitors who read several pages during one visit of Food-Insect Site was larger than that

of Radiation-Influence Site. The documents about the design of the tool are already available.

Key words: Access Analysis, Food-Insect Site, Radiation-Influence Site, Access Behavior, Website Operation
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Comparative evaluation of ethanol production from xylose by recombinant
Saccharomyces cerevisiae derived from different host strains

Yoshikiyo Sakakibara*, Xiaohui Wang, and Ken Tokuyasu

National Food Research Institute, NARO, 2-1-12 Kannondai, Tsukuba, Ibaraki, Japan, 305-8642

Abstract

In order to produce ethanol from xylose, which was the second most abundant sugar in cellulosic biomass, the xylose
reductase, xylitol dehydrogenase, and xylulokinase genes were overexpressed in three different Saccharomyces cerevisiae
strains, ATCC 24860, InvSc1, and NBRC 0224. The recombinant strain derived from S. cerevisiae ATCC 24860 was
expected to possess the high xylose-fermenting ability owing to its high ability of ethanol production from xylulose, which
was an intermediate of the xylose metabolism. In contrast to the expectation, the recombinant strain of ATCC 24860 did
not show higher xylose fermentation compared to the other recombinant strains. This result suggests that the conversion
efficiency from xylose to xylulose is more critical for conferring the xylose-fermenting ability on S. cerevisiae by introducing
the exogenous pathway consisting of xylose reductase and xylitol dehydrogenase, rather than the xylulose-fermenting ability
of the host cells.

Key words: /X4 #+ T % 7 —)l (Bioethanol). v h It A« L ¥ I L (Saccharomyces cerevisiae), ¥ 3 U—
A5EWE (Xylose fermentation) . F ¥V 10— ZA5EEE (Xylulose fermentation)
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O—AZFEMTHILIRETE RV, —TF, AR
O HEES N TE 2O HIZIE, Scheffersomyces
stipitis > Scheffersomyces shehataek \» - 72 F 3 0 — A
RWMEEEAT 200 RMEhTwaY. 72721, &
NOOBRIEF Yo - 2HICHREZLEE L, BR
FAETFICBWTTY 7 — Vb RFERE LTHELTL
)2 Ehb, INER RIS OB
RS LE L. 2 Fu— 2AEALEOM
W (Escherichia coli®s) DI % ) — IVEFERZHDZD
V. xy ) — WIEHEREDE VI (Zymomonas mobilis
%) xR vu—-2fifkE NS TAY I LIckY, F
Yu—AZBHMEOEL biThTwas. LrLlk

(a) (b)
| A
[ | \
BNAD(P)H (@NAD(P)* BNAD* (BNADH
@ Xylose M @ Xylitol M @ Xylulose @ Xylose

(3)ADP

=

(3Xylulose 5-phosphate

(&) Glyceraldehyde 3-phosphate

®Pi

(5NAD*
C@NADH

(5) 3-Phospho-D-glyceroyl phosphate

®co,

®)Pyruvate

(®)Acetoaldehyde

(®NADH
(5NAD*

® Ethanol

R, ¥ 00— XREBEFE

XR-XDH #%8% (a) i IZ XIREEE (b) # M L7cF B — AN STy ) — UAOHEREZRYT. XRiFvu—AL ¥ 7 ¥ —
¥, XDH: ¥V b= Fe FaFrt—¥ XI:FIEa—-—AAfVYRAT—F, XK:FIraoFr—¥ LEFIIHERIC

BB ENVILERY. BEmNIIE,
13 0.510 g/g xylose & 72 %.

3T DOFIA—ANS55FDILY ) — VAR T 5720, TF% ) —VoOHRIE



xK1. 77147 —DEEES|

Primer Sequence (5" to 3")

PGKp-Smal getctagacccgggagatattataacatetgeataatag
PGKp-Xbal-as  gccgecgtctagatgttttatatttgttgtaaaaagtag
XR-Xbal gggtctagaatgcecttctattaagttgaactetgg
XR-Kpnl ggggtaccttagacgaagataggaatcttgtc
XDH-Xbal ggctctagaatgactgcetaacccetteettggtg
XDH-Xhol ccgetegagttactcagggecgtcaatgag
XK-Xbal ggctctagaatgttgtgttcagtaattcagagacag
XK-Xhol ccgcetcgagttagatgagagtcttttccag
PGKp-Sphl gaccgcatgccacagatattataacatctgcataatag
CYCt-Sbfl agcccctgecaggaagctttgcaaattaaagectteg
PGKp-Sbfl geecctgeaggagatattataacatctgeataatag
CYCt-Sall agccgtcgacaagctttgcaaattaaagecttcg
CYCt-Sacl ggcgagctcaagcetttgcaaattaaagecttcg

A5, MWIET Y 2 — Vit A F S R, W
OWEMEESBR L VS o TBY, =5 ) —VEREH
MAEMOEF L 137> TV,

INFETIZ, S cerevisiaelZl ¥ ¥ 10— AFEEERE % £} 5-
THRADPEEATORTEBY, ZORb KN
Pk, EARHIR 2 XD BRI R o & &
0 — ZRHRO—FEBALTHIDOTH 5™, Mk
Vo ¥y a— 2CHREICIE, Foo— 28 bEER
CHETAF U —ALF¥ 2% —¥ (XR) KUFTY
F—Fk Fa4s+—+E (XDH) 12 & % #%# (XR-XDH
W) &, FICEBAEOF I aO— ARBRKTH S
FIO—AA VAT —F (XI) 12X 5FH (X A
lmonctnwsg (K1), 19934 R CHid ThISE
ENF U0 —RAEEWICHEEET 5S. cerevisiaekk
W&, Sch. stipitistH K ODXREIET (XR) & XDH#EAET
(XDH) 75 ) % XR-XDHAEH A BEA L72b D ThH o 72
MBS, HEOFIVEFF—PRET XK) O
AR BIETAHIEZICEITbRTBY,
MERIRRDS. cerevisiaelZ B HF T vaFF—+¥ (XK)
DN L &2 H# D 720 TH-72Y. ZDOHob DT
X, S. cerevisiaelZ ¥ ¥ 10 — ASSIERE 2 AT 59 B Tk
ELT, BAETHLZLOMRETHHIN TV,

K2R L7z & 912, XR-XDHARH & XIRE I & 13,
FIO—ZANHF I N O —RAICELBEEITERLZLDD
D, FI =205 TFTRoR#ERELETHL. T
VERIDS. cerevisiaeld, F 31— A3FE E&AL L O3
TELVWHOD, FINT—RIRPTEX LI LI
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SNTWh. FI T, S cerevisiaelZ ¥ ¥ 1 — A58
Bt 595 & %12, Fyua— ARBREROE WY
fEE LTHNT 2RADFTHOR TS0 Y
KRR L D AFWREZE T v — ARBEDS.
cerevisiaelf & L TATCC 24360203 1), Z ORI —H#%
72 M3FEERE L D H2R5 DL v F v ov b — 2 5EEERE
RHETAHIENRESRTHRY,

AIFFETlE, BRI Z I L 5 TS cerevisiaelZ F
T u—ARBREET NG T AL, BEOF I LT —2
FEREREDS, TR SN AMIRZ RO F v 10— ARG
RADWEBERRD 72D, Fova— SO E W
ATCC 24860120 2., FEBRERTH SInvScl, ¥/ —
WA E D FE I #R T & HNBRC 0224125 L TXR-XDH
BEEOEA ATV, FBRETHIEZROF > u— 25
FERE L DWW T HHET L 72,

psp:

1. BEBRBEANY Z—DOBE

S. cerevisiaDEFHFRBM SO E— ¥ —Th bR AF
) k) vigFF—¥saE—%— (PGKIp) % Hijk
3 5% 72912, PGKp-Smal 7 7 A ¥ — & U'PGKp-Xbal-
as7 94 ~— (£1) #HWT, S cerevisia InvScl
D) ADNAZ $HIIZ L CPCRZ AT o 72, b7z
PGKIpWi H (0.75 kb) % Xbal Jz O°Smal THAL L 72, K12,
pYPGEI5X 7 ¥ — " % BsrXI T4k, T4 DNAE 1V X
T — BT L% S S ICXbal TIHAL L, TEAFIEL T
V720.27 kb DPGK IpHIs & B2 L7212, ik @0.75 kb
EOPGKIp% #A% L, pYPGEISLEHESE L 72 (1X2a).
B, RUIEIZBITAERT / ADNAD R,
Genk % { ABEREH (#5954 %) VT, A—
H—=OT 0N T=VIHETo 72 Fz, AIFFRICE
\FBPCRIZIZ, NA -7 4 7 7 4 BIODNAKRY X T —
T % PfuUltra II fusion HS DNA Polymerase (Agilent)
A

2. XR, XDH, XK &zZFNHOrO—=>7

Sch. stipitis NBRC 1006304/ ADNA% #1112 L C,
XR-Xbal 75 4 ¥ — FOXR-Kpnl 75 4 v — (1) %
T, XR (0.96kb) ZPCRICX DIMIHL7-. fHo5h
72DNAWTF P % Xbal . OFKpnl THAL L 72, 7 U IR
W23 CHAL L 72pYPGEISLICHAE L, PGKIpk ¥ 7
O—Lc7A V74— A5 —3 2—%— (CYCIt)
& DO MIZXRASIR A & N 72pYPGEISL-XR% 4 L 72
([¥2a). W2, Sch. stipitis NBRC 10063D 7/ A DNA
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2T LT, XDH-Xbal 7 J 4 <% — J " XDH-Xhol 7
S4<— (£1) #H\WTXDH (1.1kb) #PCRIZL Y
HagE L7z, 45 5 L7-DNAWT i % Xbal )t " Xhol THAL L,
] Ul BRE% 3% CIHAL L 72pYPGELSL & ks L, PGKIp
L CYCItE @ [\ ZXDHA i A & 1L 72pYPGELSL-XDH
ZREE L7 (M2a). 2512,
J LDNAZ #RIZ LT, XK-Xbal 7 J 4 ¥ — } UO'XK-
Xhol 794 <%— (F£1) 2HTXK (1.8kb) ZPCRIZ
X HIEL 72, 155 N 72DNAWTH % Xbal & UF Xhol T
HALL, [ UHIREES CTHAL L 7Z2pYPGEISL & A5 L,
PGKIpk CYCIt: O B \ZXK73 i A % L 72pYPGEI5L-
XK % HESE L 72 (M2a).

S. cerevisiae InvScl D 7

3. XR, XDH, XKEEFHERRAT X I FOHBE
¥ 9, pYPGEISL-XK#% $ % 12 L T, PGKp-Sphl”7

(a) Kpnl Xbal
pYPGE15L-XR @l XR (0.96 kb)
Xhol Xbal
pYPGE15L-XDH | e XDH (1.1 kb)
Xhol Xbal

pYPGE15L-XK

e XK (1.8 kb)

Kpnl Xhol Sall
Il Il

BamH| |
EcoRl  Smal  Xbal
L 1 1 1 J

1 ori
pBR322 ori

pYPGE15L
7.0 kb

2 uori

URA3

(b)

K2. 72X FOERR

(a) pYPGEISL X 7 ¥ — @ PGKIp & CYCIt O 12, Sch.
stipitis @ XR ]2 O° XDH, S. cerevisiae Hk D XK % &
Zh s ma—=v2% L, pYPGEISL-XR. pYPGE15L-XDH,
pYPGEISL-XK & L7-. (b) LW H O A~ — 4 —T
& b AurlC % &4 9 % pAURIOL X7 ¥ —IZ, PGKIp-XK-
CYCIt, PGKIp-XDH-CYCIt, PGKIp-XR-CYCIt 5Bl %+ v T
%4 A L7z pAUR-XRXDHXK % fii4E L 7-.

G4 —=RUCYCtSHI7 54 <v— (K1) 2T
PCRIZ & V) HiliE L 72, PGK1p-XK-CYCltil & 8151 (2.9
kb) % Sphi . OSbATIHAL L, [l U BREES CHIL L 7=
pAURIOINRZ % — (% 5554 F) I1Z#HE L, pAUR-
XK% 4 L 72, KIS, pYPGEISL-XDH#% 5 #1112 L
T, PGKp-Sbil7 7 4 ¥ — L U'CYCt-Sall 7 7 £ < —
(#£1) ZJH\WTPCRIZ X ) I L 72, PGKlp-XDH-
CYClLREI BT (2.2kb) % SHAK USall THALL, A
U i) BR % 3 T/ L 72pAUR-XK & # #% L, pAUR-
XDHXK % W4 L 72, & 512, pYPGEISL-XR % #5 %!
12 LT, PGKp-Smal 7 7 4 ¥ — K U'CYCt-Sacl 7" T A
~— (1) #HWTPCRIC X V) H#4iE L 72, PGKlp-
XR-CYCI1tAl & & fn T (2.1 kb) % Smal L OSacl CIHIL L
72. pAUR-XDHXK % Smal CiH§{bi%, Sacl THRHHAL L,
11.8 kb®ODNAKT % F# L, I &PGKlp-XR-CYCIt
A BIn T L 2L, XR, XDHM O'XKILFEH N
2 % —T& %pAUR-XRXDHXK % 4% L 72 (IX12b) o

4. XREEF, XDH EEFRU XK BIZFOERA
DEA

% 1 O B i3 3 EDblel X AHERR Y F 7 4 31912
X o T4 o 7z. S cerevisiae ATCC 24860, InvScl,
NBRC 0224% ZNZNYPDEHL (10 gL 1 — A h =¥
2 52 b (Difco), 20g/L RYNRT b ¥ (HARE),
20g/L 73— RA) TIEH 3%, 1 mlOF A 5K
DB (5,000 xg, 147) WX DR L, 1 mOIKHK
TUEE AR, W, OO0 X DER L. BaWHY
1B1C & ) E8ERIC L 72pAUR-XRXDHXK (1 ng) %10
plOBHEANER L, 10 ploo = Y FFDNA (10 mg/
ml) EEA LA 2500 ulOPLATEA (40 % (w/
V) RVIZFL 7)) a—#000 (FH54FRA7),
0.1 M FEEEY 57 2, 10 mM Tris-HCI (pH 7.5), 1 mM
EDTA) #MZEA L. ZOHEHRTERLOREREA
2L, BT 1 HEHER, SO0 X D ERL,
200 WDIRR K CTHRAAZ & L7z, Z OWKIEEIR%
100 pl 372, 2D YPD-AbATER KM (10 g/L £ — A |k
IFALTZ M, 20gLARYXRT MY, 20g/L 72—
A, 05 pgmL =LA NT I VA (T34 %),
20 g/L /N7 b7 4 — (Difco)) \Z¥Ai L7z, 30 CT3
HEFERSZEL, F—LANY Y VA EZR Lz
o —%HEES 522X D, ATCC 24860, InvScl,
NBRC 0224 £ 4ett Ak 112 PGK Ip-XR-CYCIt, PGKIp-
XDH-CYCIt), 0" PGKIp-XK-CYCItHs §f A & 72 HL i
AMREIE L, &N ZFNATCC 24860-X, InvScl-X,
NBRC 0224-X & iy 44 L 7=.



5. BREEDBIE

XRIEMEDOHE X, BUSIZ & > T & L ANADPH
IZ2oWT, FOLER (HunA 7794 22 A,
UV-3010) % MW T, 340 nm® WS %30 C TRk
BCFHI L, BRI Y20 oMb mERD DL L
W& 4T 7z RIS (100 mM F>u—2A, 0.2 mM
NADPH, 100 mM Tris-HCI (pH 7.0)) H1iZBWTC, 14
121 umolONADPHZ {H#E § 5 Z LT E L H =
#lz=v b (U) LEFKL.

XDHiG DM 1, KIS IC & - TR 2NADH
2DV, EEERNE W T340nmD WG % 30 C
THREREIICERI L, HAZRER 472 ) o RN %2 K 5
ZEICED T o7 OB (100mM 31 b=, 2
mM NAD, 100 mM Tris-HCI (pH 9.0)) HiZBWT, 1
S BIC] umol ONADHZ LK 5 2 L AT X Atk
ZlUut gk 7.

XKIFEMEDOWEIR, FI Vg —Ahs5F I ba—2R
5-U VEBIZY VEREE NS L EIZELBHADPE YL E
YR — X L IR K E IR & O ILBRTUSIZFIA§
5 LI ) AERENANADHIZDWT, 46kEER
Z W T340nmDOWOGREE % 30 C CRIBFIGICERIIL, H
R 24720 OBINEZ RO L EI2E D fro7z. K
JBiE (10 mM F 2 )b a— X, 2mM MgCl,, 5mM NaF,
2mM ATP, 0.2mM NADH, 02mM RAFLT/ =)L
VEVEE, 3mM Z V¥ F 4 v, 10 U FLEEBK HEE %,
10U ENVE V¥ F—+, 100 mM Tris HCI (pH 7.5))
FiZBWT, 14MIC] umolONADHAZ KT 5 Z &
NTELMHEEEIUEEHK L.

S. cerevisiae ATCC 24860-X, InvScl-X, NBRC 0224-
X, ATCC 24860, InvScl, NBRC 02240 %#k%, YPD
Rz T, 30 CT2URIRE ) B Lz HiE
WA S EEIC X DR, Ta7r 7 —EHEEA
(Roche, cOmplete ULTRA Tablet mini, EDTA-free) & U°
100mM VFF LA b=z A EEORRESY ~
237 E i EEE (Pierce, Y-PER Yeast Protein Extraction
Reagent) (ZEERHME %2 % L 72, MR E® %2 ST
205 IR L 72, #OrBEL, £ o B & e
R & L C Rk oREFIEEM @ I H 72, MR T il
IR O# s > X7 HigIE1L, BCA Protein Assay kit —
Reducing Agent Compatible (Pierce) % I\ TR 72,

6. I &/ —IVHEEEDT

S. cerevisiae ATCC 24860-X, InvScl-X, NBRC
0224-X%, YPDE:H1% FH\ T30 C THAMIZ—BRH]
Ri#E L7=#&. 600 nmlZ331F 2 WOHHE (ODgg) % il L
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AR WO WARIRIE % RO 7. AR & =058
IVERL, BHARZEEKTHERGE LK A1 ml
DT AN 7 IV (HEIYLATT, SVG-10) IZA - 722
% (wiv) F¥a—A, BiWwiEb % (wv) ZIVva—A K
2% (wh) ¥ O—2AZEHT 55mOYPEH# (10
gLA—=APZFAITZ b, 20gL RYXT L YV)
2, WIBEHARIEEODg = 1E B X ) I L. N
AT7NEITLERETRD XX v v FTITTEE LR,
30 CTHRE 9 K2 (200 rpm) %4772, JEGHEE (5
E, 20Gx70) Z&HVCTREEEIZSY 7)) v F 2 frn
PRI L 72 WA A & OBl & o THRERE R R % B
7otk Wik s u~ v 75 74— (HPLC) 12 & - C,
RBWICEINDLITY ) — VR OHE O EEH5H %
7o 7z, HPLCEEE (HFBERT, Prominence) (ZHLAL
F#oru~ 757 4 —HAF 24 (Shodex SP0310,
MAE8.0 mm x ]2 E300 mm) % #5#e L, B I BAIK
ZHWT, 0.6 mL/min, # F AJES) CTHOMr %
fTorz. mRERTRRBGZCIVESR 270 Mo
T L5, YT LR ORFRREH K OV — 7
AT 2 EI24), B OLY 7 — VR
HORE R BRI & AT- 72

BRRUEE

1. 20— AREBEHEOER
HEHEBAO T E— ¥ —Th HPGKIp% & &
¥ 7:XR, XDH, XKO 3 FH O #Iin T % Jetofk LI
AR A TE AR TR ZS. cerevisiae?k T & 5, ATCC
24860-X, InvScl-X, NBRC 0224-XIZ2W T, #AA
APRBEETPEHL TWE Z L 2T 572012, +
NENOBERIEEOWEZ T - 72, TOKE, 3HH
DEIAFAIEZRE S, THRTEIRIE I N5 7
XRM OXDHIEME 2 S, EHEE I 5o 3T
F&%Ccdho7z (£2). 72, XKEHIZOWTYH, 3
DOBGFRIE R TIZIZFETH Y, TTHRICHY
S~ AREMES LR LTV (F2). ThH0fE»
5, MMARALZKEETIE, BREAENICBWTHY
WORILTCWEbnLEZ SN PGKIplE, Hiih
HOZN A= ANMWL el b, VA= ZAHET S
LA, BEEEIB L 25K T35 2 &8
MHNTWEAY, ZBETHIEAKIE, Fva—2
PHELTWD EEZ LN LREAUKHIZB VT,
THRE D D EWIETEE A LTz,

ATCC 2486088 1Z F ¥ v 0 — A B O B Wik &
LT SR TWwb 2, XKif 1 12 InvSc] NBRC
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024D FNE RELSEDL Lol 2D LI,
ATCC 248608k D 3 > v 1 — 2SR D & <13, XKIE
TDENZLZHDOTIERL, L) TiRORBHRED
HHERBWI LI EZONL.

2. ¥ 00— ZAEEBEDLILE

39, FU—RAOREERLLIZGEOLY ) —
IVESTERE % Miad 3 5 7200, VERE L 72 fn R 2 bk %
2% (whv) ¥ u—A%&LYPEH 2 v TSI
2T o 72 B TH SInvScl, ATCC 24860,
NBRC 022413V F a0 —A%2FHT 52 0T
Ehahot: (F—yEMK). —F, #ETHEZHRIE
Wy Fya—2AnbT ¥/ —VEAEEL, NBRC
0224-X (4 3¢), InvScl-X (X3b), ATCC 24860-X (X
3a) DIHIZZ Y /) — VRS E» o7, TOLED
g 7 —VIEE (BEINETH 50,51 g/g substratelZ%f
THEE) I, FREN, 49%, 43%, 32%THo 7.
ATCC 248601F F ¥ v 1 — ZAFEFERENS B W 2 & 233
BEIRTBYY, F30—205F Y LH—ZA~D
R % TdH % XR-XDHARE OB A L ) 1R S5
fEFRI 2R, B F o — A RHREZE TS S
EWIEE N FEBIZ, 2% (wiv) FIva—2%
JIWTATCC 248600 F ¥ v 1 — A 55 ERE & ffEZE L 72
L2 A, FEEET2HERTIC BV UNBRC 0224 & 0 2445
WLy ) = VIEER L (F—240K). LaL,
ATCC 24860-X® ¥ ¥ 1 — A 53¢ FEfE1d, NBRC 0224-X
InvScl-X & D b K2 o 72. ATCC 24860-X T, &
MONHENTH LX) F—NVOERL Vo7
Zenn (M3a), MEHANDF YT — 2D AA
RPHEROMREID R VEOMEICLY), Fu—
ZDFHREPE D DL EZ S

3. JIa—2X - 30— AHFEEREDILE

WIZ, Fab o OB 2B LR, T4bb
5% (wiv) ZVva—ZAR0U2% (wh) ¥>a—2ADH
EMERBIILTIY ) —VERBE 1T 7. ATCC
24860-X (X 4 a) J2 O°NBRC 0224-X (|X] 4 ¢) (358 RE1 28
MILAPIZ, InvScl-X (X 4b) 1XFEEE24RE I LA AN
L7z Vva—AnEmaeiHE Lz 261, Fyu—
ADIREFEEE LI EITHN, Fva—ALos
T, WTFNoKRIZBW T F v u—2DFHRED
mELTWwWZ, 3hbb, ATCC 24860-X )z I'NBRC
0224-XTl, ¥ u—AHMILEOLA L, FERET20E
RO HE R ZNENE8 %, 84 %72 -72b D
(KM 3a,¢c), ZVI—ZADFEME Y72 LLNIZT
RTOF =AW EIN (K4a, ). InvScl-X
WZBWTH, Fu—2AHRMOYEIITERT2RHICZH
T A IEEMEBERDPT3%7Z 572000 (X 3b), ZF)va—
ADOFMIEL D F 20— AHEFEHI% F CTHLLA
(X 4b).
FEETERNC BT B L8 7 — VLR G FER IR
1, ATCC 24860-X 13X 82 %, InvScl-X %81 %, NBRC
0224-X1384 % THh o 72. NV a—AOHIFIZ LY, 4
2, ATCC 24860-XI2BWTF o —AHER LT
¥ ) — VAEMRERICHZE M LSRR ON. THRTH S
ATCC 24860Clx, ZVa—2AEFInu—2Dks
ET-oTh, Y00 — ZAHMILEOYA & T,
FINT—APLERLY J — VICROBINGES 5
Lholl EBWEERTWRY, ZoZehs, 7
VI — ZDRIM & 5T, ATCC 24860-XD F > 1 —
AWHF N — ANOMNH I EITRE S N2 L8
AEEND. ZOFEKEE LT, M7V a—2%H
M35Z2I12&), MENOBILETERERT AV

x2. HBABEBRRUTHRICH T SEBREMN

Strain

Activity (U/ mg protein)

XR? XDH" XK
ATCC 24860-X 0.28 = 0.01 1.43 = 0.17 0.78 = 0.03
InvScl-X 0.30 = 0.03 1.62 = 0.12 0.79 = 0.07
NBRC 0224-X 0.35 = 0..02 1.87 = 0.11 0.65 = 0.05
ATCC 24860 N.D. N.D. 0.23 = 0.05
InvScl N.D. N.D. 0.21 = 0.01
NBRC 0224 N.D. N.D. 0.18 = 0.02

WEE 3HTITV, T 71320 Pl £ B RAETET. ND. @ ABH.

Y RUSHNZ B VT, 1 4HIC 1 umol @ NADPH il #§ % 2 LAV C & 2 W% 1U L L7z

Y RSHNICZ BT, 150 1 umol @ NADH 24§54 Z TR AM#EREZ U L L1:

SRIGHIZBWT, ENE VEEFF — X R MBI EREE L OEBUSIZE D, 151 1 pmol ® NADH %13 5 2

ENTE& LW HmE 1U & L7



F—RESWE L, RO ERLRHRHEORIE
EWINL-Z2ENEZLNS.

WA, S. cerevisiae ATCC 248601% F ¥ )V 1 — A 5E%
REPENRLZ LD, ZORICFYO—ADRLF VL
O—Z~NOHBEAZEATLILICID, BnF
O — AFEER ORI E O b0 L HIFF s
72, L L, EEICXR-XDHREM 23 A L 728 (ATCC
24860-X) DFEWERREAFR/I2L T H, Fu— A HMM
RO IIMEL D LTy ) — VIR, 7L
I— R & DOIFEFFEOYE T Ok E DB LTI
SNhdrol. TOZ &I, XR-XDHERZFIH L7
Fou— AT, HEOF VNV T— AFEEREDOHE
I, Fra—2A»5FTa—2A~ORHIC,

(a) ATCC 24860-X
3

N
1

-
1

0 12 24 36 48 60 72
Time (h)

o

Substrate & products (%, w/v)

pd

(c) NBRC 0224-X

w

N
1

-
1

Substrate & products (%, w/v)

O T T T T T T
0 12 24 36 48 60 72
Time (h)

73

VBT LLENSHDLILERLTVD.

Fha— AL OIEEIZ LY, ATCC 24860-X Tl
IF = VRPN Lo, F21) F—=1Lo
R (T2, 2.5 % (wiv)) BHEIL Tz (K4
a). ¥V F—IVOERKIINBRC 0224-XI2BVTHH
b, FEEET2REMIT35 % (wiv) OF 1) b=V H3FE
FERRICER LT/ (K4c). RN DXR-XDHA
DA TIZ, XREXDHE OREEFFERLE (K1) o
WIZER L7, MBNOMEEDT Y NT Y AR LIE
LIZMEE 25, $bb, XRIZHIEFEE LTEIC
NADPH#%, XDHIINAD' ZFIH 52 & 256, BH
WO THIEZEOFAEDEETET, Fuo— A5
PELICHENTHIBEREDOT VN T Y ADRKRELL LD L

(b) InvSc1-X

~—

w

N
1

N
1

o

0 12 24 36 48 60 72
Time (h)

Substrate & products (%, w/v)

3. EnFHBZABBKRICES X O0—-IHE
S. cerevisiae ATCC 24860-X (a), InvScl-X (b) M UFNBRC 0224-X (c) # 2% (wiv) ¥ B —2A% & YP i % Tl
SICEEL, BBEhICE TN T Y ) — V& HPLCIZ X » TIRNF L 72, FEBRIZ 3 TITV», F— 21320
fizmd. B:F>u—x, O: =% /=), J: FT) b=, V:Z7)ta—,
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(a) ATCC 24860-X

6 4

Substrates (%, w/v)

Lo
0 12 24 36 48 60 72
Time (h)

(c) NBRC 0224-X

6 4

Substrates (%, w/v)

0 12 24 36 48 60 72
Time (h)
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Purification of Benzoic acid from Cranberry juice

using Nanofiltration Technique

Xin LU

UNU-Kirin Fellow from China
Reaction and Separation Engineering Lab., Food Engineering Division
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Benzoic acid (C¢H;-COOH) has been used widely in food industry and cosmetic industry as a preservative because
of its antibacterial efficiency. Cranberry is rich in Benzoic acid, and the content of Benzoic acid is about 100ppm in the
cranberry juice (10%Brix). The concentration implies that cranberry juice contains excess amount of Benzoic acid which
can be utilized as natural preservative. Membrane separation technologies such as microfiltration, ultrafiltration and reverse
osmosis have many advantages over other separation technologies because they require less energy and no heat treatment.
Their application in food industries has been widely developed. If the excess Benzoic acid in cranberry juice can be
separated with low cost by use of membrane separation technologies, it will be a promising material for natural preservative.

In previous research of reaction and separation engineering laboratory, NFRI, Benzoic acid rich solution could separate
from Cranberry juice by using nanofiltration. However, puerility of Benzoic acid was still low and it’s required more
purification for use a preservative of food and cosmetics. And NFT-50 membrane which was most suitable nanofiltration
membrane for separate Benzoic acid became the abolition from manufacture.

In this study, the efficient conditions of nanofiltration for purification of Benzoic acid from cranberry juice were
investigated. At first, rapid analysis method using HPLC with UV detector for organic acids and RI detector for
monosaccharide (sugar) was conducted. And eleven commercial nanofiltration membranes were tested with test cell (C60F,
Nittodenko, Japan) for checking Benzoic acid separation ability under the high pressure (more than 3 MPa) from the model
solution and straight cranberry juice. The effect of pretreatment by ultrafiltration (UF) also tested in separation test using
straight cranberry juice. Furthermore, these results were checked with a pilot scale membrane separation system (DDS Lab
Module Type 20 plate and frame system).

According to results of model solution separation test, DL, DK, “NF” and UTC-60 considered suitable for purified by
second NF treatment. In NF treatment of cranberry juice, GR40PP which is a UF membrane showed good performance for
pretreatment of NF because of keeping Benzoic acid (permeability of Benzoic acid) and high permeate flux on next NF test.
Benzoic acid was purified by twice nanofiltration. The optimum conditions were using DK membrane at 5 MPa and pH 4.5
on Ist nanofiltration, and at 3MPa and pH 2.5 on 2nd nanofiltration. The concentration of each components after twice NF
treatment were as follows; Benzoic acid 2.46 (3.34* ,*before NF)mM Malic acid 1.78 (37.9*) mM, Citric acid 0.14 (65.2%)
mM, Fructose 0.13 (43.1*) mM, Glucose 0.44 (188.1*) mM. The purity of Benzoic acid benzoic acid was increased from
0.86 %(mol/mol) to 49.7 % (mol/mol) by twice NF at these conditions. The pilot scale test with Lab Module Type 20 was
conducted with no pH adjustment on 1st NF for concentrated cranberry juice to use as other food materials such as juice,
jam and etc. Under this condition, purity of Benzoic acid after twice nanofiltration became32.5 % (mol/mol)

This study was investigated Benzoic acid was separated and purified from cranberry juice by twice nanofiltration.

Moreover, no pH adjustment on 1st NF might be suitable for recover excess Benzoic acid and produce cranberry foods.
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ENCAPSULATION OF CLOVE OIL USING MICROCHANNEL EMULSIFICATION
AND A HOMOGENIZATION METHOD

Nanik Purwanti
UNU-Kirin Fellow from Indonesia

Advanced Food Technology Lab, Food Engineering Division
National Food Research Institute, NARO

Clove oil is an essential oil extracted from clove, and it has been widely applied in pharmaceutical, fragrance, and
flavor industry. The oil has several functionalities such as antioxidant agent, free-radicals scavenger, anti-microbial agent,
etc. Clove oil is generally recognized as safe (GRAS) to be applied in foods with a considered safety limit (< 1500 ppm).
Encapsulating clove oil in the form of oil-in-water (O/W) emulsion is a possibility to preserve the functionalities. The
release of clove oil from the emulsion could also be controlled via its formulation to ensure its safety during application.
Microchannel (MC) emulsification and homogenization method were used in this research to prepare clove oil-in-water
emulsion. MC emulsification is a novel emulsification that requires low energy input and produces monodisperse emulsion
droplets. Homogenization method involves high intensive energy to prepare the emulsion and usually results in polydisperse
emulsion droplets. Clove oil emulsion droplets produced by MC emulsification were initially monodisperse with coefficient
of variance of below 10%. However, the droplets shrunk immediately when surrounded by the continuous phase. This
phenomenon took place because the nature of the clove oil that is slightly hydrophilic. Clove oil droplets tend to diffuse to
the continuous phase regardless the surfactant applied, resulting in instable emulsion system over time. Instability was also
observed when the emulsion was prepared by homogenization method. However, different instability phenomena involved,
such as coalescence, Ostwald ripening, and sedimentation. Shrinkage of oil droplets was difficult to be determined with
this method. In addition, the instability was contributed by the nature of clove oil that changes in color over time. Stable
emulsion until 31 days was obtained when a high concentration (10% w/w) of whey protein isolate (WPI) as the surfactant
was applied. However, high concentration of surfactant is hardly applied in food formulation. Instability of clove oil
emulsion droplets with a low WPI concentration (2.5% w/w) prepared by homogenization method might be enhanced by
increasing viscosity of the continuous phase. A mixture of sodium alginate and WPI with a ratio of at least 1:2 enhanced the

stability of the emulsion for at least 10 days.



79

The study on a bacterial adaptation by gene amplification

Dr. Wannasiri Wannarat
UNU-Kirin Fellow from Thailand
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The reiteration of a chromosomal DNA segment, called gene amplification, occurs spontaneously during replication in
all organisms. Gene amplification plays an important role in bacterial adaptation to antibiotics. The aim of this work is to
understand the gene amplification-mediated adaptive mechanism under antibiotic stress condition in Escherichia coli and
Bacillus subtilis, which are well-characterized bacteria as the model organisms.

Approximately 4% of ampicillin resistant E. coli was found to have duplicated copy of the genomic region including
a multidrug resistance gene acrA. These acr4-amplified strains exhibited resistance to many antimicrobial agents including
chloramphenicol, tetracycline, erythromycin, kanamycin, novobiocin, cefotaxime and rifampicin.

B. subtilis also can acquire a higher tolerance to tetracycline by increasing the gene dosage of its resistance gene fetB.
Here we showed that approximately one-third of total tetracycline-resistant cells had multiple copies of fetB gene ranging 2
to 230. Four direct repeats flanking zetB gene apparently contributed to the fetB amplification. Furthermore, the disruption
of recA gene resulted in a 30-fold decrease in the frequency of fetB amplification. Our results indicate that the direct repeats

and RecA have an important role for Tc-tolerance development in B. subtilis.
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Genetic improvement of secondary metabolite production of an industrial bacterial strain

Dr. Le Thi Thu Hong
UNU-Kirin fellow from Vietnam
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Bacillus subtilis (natto) is an industrial fermentation strain that significantly increases the nutritional value of soybeans
and develops a unique flavor and texture. B. subtilis (natto) produces extracellular poly-gamma-glutamate (y-PGA), a
very viscous polymer of DL-glutamic acid linked by gamma peptide bonds. In B. subtilis (natto), y-PGA is synthesized
by pgsBCA operon. The expression of the pgs operon is regulated by quorum-sensing components, ComPA, DegQ, DegS,
DegU and cell motility related SwrA. Disruption of degQ gene causes loss of ability of y-PGA production, which is restored
by mutations in degS as well as other unknown target genes. By whole genome sequencing analysis for the unknown targets
revealed several candidate genes responsible to the mucoid colony phenotype, including a single point mutation occurred in
yxyZ gene leading to alternation of an amino acid in the protein. We obtained evidence that single amino acid alteration of
wild-type yxyZ plays an important role in restoring y-PGA production that was abolished by disruption of degQ. In addition,
it is noted that disruption of yxyZ gene not only effects on colony morphology relative to bacteria swarming mobility on
solid surface but also reduces in pgs operon expression and exoprotease production. Furthermore, recombinant wild-type
and the mutant YxyZ protein produced in E. coli cells behaved quite differently; wild-type YxyZ was stably expressed and

effectively purified due to its good solubility whereas the mutant was very sensitive with changes of fermentation condition.
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Effect of packaging material on shelf life, quality and gene expression of tomatoes

Thiraviam Vanitha
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The effect of packaging material and storage temperatures on the shelf life and quality changes of tomato ‘KEK-I" (called
as super tomato fruit containing 9° Brix) during storage. Tomatoes with three packaging conditions, Modified Atmospheric
Packaging (MAP), MAP+ hinokitiol (MH), and perforated film package as control were compared for their quality change.
Packaging material used were Low Density Polyethylene (LDPE) film (40um) and fresh sheets of hinokitiol. Hinokitiol
is a volatile oil and reported to have a strong chelating agent, inhibits microbial spoilage, antifungal, inhibits enzymatic
browning and was approved as food additive by Japanese Government.

Tomato is a climateric fruit which shows a dramatic increase in respiration rate and ethylene production rate at the onset
of ripening on vine or postharvest. Ripening process is characterized by softening of fruit, degradation of chlorophyll, and
synthesis of acids, sugar and lycopene associated with increased expression of ACC Synthase (ACS) gene,. Packaged ‘KEK-I’
tomatoes stored at 15 C or 25 C were analyzed for the ripening related parameters and quality control factors during the
intervals of storage. Gas composition was maintained at the recommended level of 3 to 5 % O, upto 9" day of storage at
15C or 25 C. Control tomato has significant difference of color, texture, and pigments in both the temperatures whereas
those under MAP and MH showed little change. A linear relation was found between a* and lycopene and between b* and B
carotene of all samples throughout the storage period.

Expression levels of genes related to the ethylene production, textural and fermentative changes of tomato were
evaluated through quantitative Real Time PCR (qRT-PCR). qRT-PCR results for LeACS?, LeADH, LePDC and LeTBG4
showed the drastic change of LeACS? in the control sample but not in the other samples and genes.

Green of the tomatoes was maintained after 20" and 15" day of storage under MAP and MH at 15C and 25C
respectively. Packaging condition and storage temperatures used in this research study are effective for MAP and MH in
terms of shelf life extension of ‘KEK-I’ tomatoes when compared to control. This study would provide valuable information
of shelf life extension of ‘KEK-I’ tomato by using MAP treatment and would be useful for future research on the quality

control of fresh tomatoes.

Key words: Modified Atmosphere Packaging, Hinokitiol, ‘KEK-I’, ACS, ADH, PDC and TBG4
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Suppression of postprandial hypertriglyceridemia in rats by Benifuuki tea extract

Yukari Egashira*!, Tomoko Kamohara*!, Wataru Yamaguchi*2, Hitomi Irie*!, Yui Toyoda*2,
Manabu Hanamura*!, Shizuka Hirai*!, Yuki Shinoda*2, Mari Maeda-Yamamoto*3
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*3 National Food Research Institute, NARO
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‘Sunrouge’ , a new tea cultivar with high anthocyanin
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Biosci. Biotechnol. Biochem, 77(6), 1223-1228 (2013)
Low and medium but not high doses of green tea polyphenols ameliorated dextran sodium sulfate-induced hepatotoxicity and nephrotoxicity
Hirofumi Inoue*!, Mari Maeda-Yamamoto*?2, Atsushi Nesumi*3, Akira Murakami*!

*1 Kyoto University
*2 National Food Research Institute, NARO
*3 NARO Institute of Vegetable and Tea Science
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Human Clinical Studies of Tea Polyphenols in Allergy or Life Style-related Diseases
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National Food Research Institute, NARO
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Investigation of B-cryptoxanthin fatty acid ester compositions in citrus fruits cultivated in Japan

Yusuke Wada*!, Atsuki Matsubara*!, Takato Uchikata*!, Yugo Iwasaki*2, Satochi Morimoto*3,
Katsuta Kan*4, Tetsuya Ookura*®, Eiichiro Fukusaki*!, Takeshi Bamba*!

*1 Department of Biotechnology, Graduate School of Engineering, Osaka University
*2 Graduate School of Agricultural Sciences, Nagoya University
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Distribution of Starch-degrading Enzymes in Rice Grains of different cultivars and Elution Behavior during Cooking
Mika Tsuyukubo*!, Tetsuya Ookura*2, Midori Kasai*!

*1 Graduate School of Humanities and Sciences, Ochanomizu University
*2 National Food Research Institute, NARO
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Journal of Functional Foods, 5(4), 1991-1995(2013)
Angiotensin I-converting enzyme inhibitory activities of Chinese fermented soypaste and estimation of inhibitory substances
Fengjuan Li*! *2, Mayumi Ohnishi-Kameyama*!, Yoko Takahashi*!, and Kohji Yamaki*!

*1 National Food Research Institute, NARO
*2 Tianjin University, China
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Tea polyphenols as novel and potent inhibitory substances against renin activity
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*2 Tianjin University, China
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Biomedical Research, 34(3), 167-171(2013)
Inhibitory Effect of Catechin-Related Compounds on Renin Activity
Fengjuan Li*!- *2, Yoko Takahashi*!, and Kohji Yamaki*!
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*2 Tianjin University, China
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Effects of producing area and harvest season on antioxidant activities of spinach, komatsuna, tomato, and cucumber
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Molecular Nutrition & Food Research, 57(10), 1794-1802(2013)
10-Hydroxy-2-decenoic acid, a unique medium-chain fatty acid, activates 5'-AMP-activated protein kinase in L6 myotubes and mice.
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*1 College of Bioscience and Biotechnology, Chubu University
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Varietal Differences in Quercetin Contents and Antioxidant Capacities of Onions
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*1 National Food Research Institute, NARO
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Bioscience Biotechnology and Biochemistry 77(4), 857-859(2013)
Improvement of the lipophilic-oxygen radical absorbance capacity (L-ORAC) method and single-laboratory validation
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*1 National Food Research Institute, NARO
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Effect of anthocyanin and flavonoid content on oxygen radical absorbance capacity in flesh blood orange 'Tarocco'
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Bangladesh Journal of Botany, 42(1), 175-177 (2013)
Total phenol content of different varieties of brinjal (Solanum melongenal L.) and potato(Soanum tuberosum L.) growing in Bangladesh
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*IDakka University
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PAGE-Analysis of Milk Allergens after Heating on Stainless Steel Tray
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*ITamagawa University

*2Graduate School of Agriculture, Ibaraki University
*3 National Food Research Institut, NARO

Journal of Clinical Biochemistry and Nutrition, 53, 41-48 (2013)
Possible role of S-equol on bone loss via amelioration of inflammatory indices in ovariectomized mice

Yoriko Nishide*! *2 Miki Tadaishi*!, Masuko Kobori*3, Yuko Tousen*!, Michiko Kato*!,
Masaki Inada*!, Chisato Miyaura*2, Yoshiko Ishimi*!

*1 Department of Food Function and Labeling, National Institute of Health and Nutrition
*2 Cooperative Major in Advanced Health Science, Tokyo University of Agriculture and Technology
*3 National Food Research Institute, NARO
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Food Chemistry, 141(2), 1192-1195(2013)

Corn oil and milk enhance the absorption of orally administered allyl isothiocyanate in rats
Katsunari Ippoushi*!, Hiroshi Ueda*2, Atsuko Takeuchi*?

*1 National Food Research Institute, NARO
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Journal of the Japanese Society for Horticultural Science, 83(1), 81-89(2014)

Differences in Cell-wall Polysaccharide Degradation during Softening Process in Two Cultivars of Japanese Apricot Fruits

Yasuhisa Tsuchida*!, Hiroshi Yakushiji*2, Takaaki Oe*!, Keiichi Negoro*!, Nobuki Gato*3,
Tatsuya Kotani*3, Yuriko Onishi*3, Takamichi Kobata**, Motoi Tamura*®
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International Journal of Molecular Sciences, 14(12), 23993-4007 (2013)
Xylitol affects the intestinal microbiota and metabolism of daidzein in adult male mice
Motoi Tamura, Chigusa Hoshi, Sachiko Hori
National Food Research Institute, NARO
T4 XL HITIETTF ) P VOB BRI X o TR L 72,

ICRRHME~ ™ Z125% F 1) b= &0.05% 74 €A Y2 RMLAZHE Y P—=1)d LL1F0.05% 54 ¥4 v &2fmlL &
AR L2 25, Aoz a—VHilEE, 20 F—VERHE, SRERICHTERICEMAR L. FhHNE
WO, U P VAREMBARE TREo TV F2U F=Wid, BHRREDS L L U PbII—U\DEELE
O 5 W etk SRIZ S T

FU VIR Y ADNE# L 54 A Y RBNTEEE B XIET,
ma 2k R FE O ST
() SERIFHRRE £ i S FJE Al
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Clerk agent promotes consumers  ethical purchase intention in unmanned purchase environment
Atsushi Kimura*!, Naoki Mukawa*!, Masahide Yuasa*2, Tomohiro Masuda*3, Mana Yamamoto**, Takashi Oka*5, Yuji Wada*3

*1 Department of Information Environment, Tokyo Denki University
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*3 National Food Research Institute, NARO
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*5 Department of Psychology, Nihon University
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I FIRZ WG %~ A% 729 T HASHTY L O il 2
WE 247, HFE#HT
(HR) IR B ke S FZE
W FHFLEOME L, ZVE I VBT Y Y LB U CIREAREI IS R RS AR ER L. Eo~w T A%
W, MSG, IMP-Na, GMP-Na, INZ7 #Na, 5 W IIZN5 ORGEWICH T 21080 v 7R E T o7z, TORR, RER
FMEF T, MSGIEWO0.1 ~ L6ENOHPATSTIRD Y v 7 i S5 17z, 30 mMONaClZ Iz 5 &, 0.17F5FEEE O Wik 157

MR 57z, 8 mMOIMP-NaZ il 2 7235 &1389261%, 8 mMOGMP-NaZ Il 2 72354 1349234%, 100 mM®D I 2N 27 [iENaZ il 2 723
FIR2. 745 ORI LR RS S

Evaluation of umami-modifying substances useing umami preferring mice
Kawai Takayuki, Kusakabe Yuko

National Food Research Institute, NARO

PLoS ONE, 8(10), e786214(2013)

Perception of elasticity in the kinetic illusory object with phase differences in inducer motion
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Nobu Shirai*5, So Kanazawa*®, Masami K. Yamaguchi*Z, Yuji Wada*!
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PLoS ONE, 8(7), ¢68474(2013)
Memory color effect induced by familiarity of brand logos

Atsushi Kimura*!, Yuji Wada*2, Tomohiro Masuda*2, Sho-ichi Goto*2,
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Differential Functioning of Retrieval/Comparison Processing in Detection of the Presence and Absence of Change
Takuma Murakoshi*!, Masako Hisa*2, Yuji Wada*!, Yoshihisa Osada*2

*1 National Food Research Institute, NARO
*2 Department of Psychology, Rikkyo University
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Infant Behavior & Development, 36, 557- 563 (2013)
Infants’ perception of curved illusory contour with motion
Kazuki Sato*!, Tomohiro Masuda*2, Yuji Wada*2, Nobu Shirai*3, So Kanazawa**, Masami K. Yamaguchi*!
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PLoS ONE, §(3), €58994(2013)
Glossiness and Perishable Food Quality: Visual Freshness Judgment of Fish Eyes Based on Luminance Distribution
Takuma Murakoshi*!, Tomohiro Masuda*!, Ken Utsumi*!, Kazuo Tsubota*?, Yuji Wada*!
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Innovative Food Science and Emerging Technologies, 21, 188-194(2014)
A trial of human electromyography to evaluate texture of softened foodstuffs prepared with freeze-thaw impregnation of macerating enzymes
Sayaka Nakatsu*!, Kaoru Kohyama*2, Yayoi Watanabe*!, Fumiyo Hayakawa*2, Kenya Shibata*!, Koji Sakamoto*!, Mitsuya Shimoda*3
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Journal of Texture Studies, 45(1), 30-46(2014)

Linear and non-linear rheology of mixed polysaccharide gels. Pt. II. Extrusion, compression, puncture and extension tests and correlation with
sensory evaluation
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Cereal Chemistry 91(2), 146-151(2014)

Effects of rice flour blends on bread texture and staling
Tomoko Sasaki, Kaoru Kohyama, Kanae Miyashita, Tomoya Okunishi
National Food Research Institute, NARO
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Food Hydrocolloids, 38, 95-103(2014)

Characterization of eating difficulty by sensory evaluation of hydrocolloid gels
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Food Science and Technology Research, 19(3), 519-521 (2013)
Parameters of texture profile analysis
Katsuyoshi Nishinari*!, Kaoru Kohyama*2, Hitoshi Kumagai*3, Takahiro Funami*4, Malcolm C. Bourne*>
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Relationship between the parameters obtained by 2-bite texture profile analysis (TPA) and the velocity through the pharynx measured by the
ultrasonic pulse Doppler method

Atsuko Hasegawa-Tanigome*!, Kiyomi Ogura*2, Ayaka Akima*2, Kaoru Kohyama*3, Hitomi Kumagai*!, Hitoshi Kumagai*?
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Ultrasound analysis of the effects of food bolus volume on tongue movement at the initiation of swallowing

Zhihong Gao*!, Mitsuru Taniwaki*!, Hiromi Shimada*!, Sayaka Ishihara*2,
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Journal of Food Science and Engineering, 3, 299-308(2013)

Photochemical method to evaluate oxidation levels in heat-treated vegetable oil: comparison with peroxide-value and acid-value
Hiromi Kameya*!, Mistuko Ukai*?

*1 National Food Research Institute, NARO
*2 Hokkaido University of Education
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Effect of Gammma Irradiation on Soybean Allergen Levels.
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Catalase, CAT2, is not Involved in Mitigation of Gamma Irradiation-induced H202 Accumulation or Lipid Peroxidation in Arabidopsis thaliana
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Effects of y-Irradiation on Larval and Adult Stages of Tribolium castaneum (Red Flour Beetle)
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Detection of 2-alkylcyclobutanones in Irradiated Meats and Salmon by Shaking Extraction

Tomoaki Tsutsumi*!, Rika Adachi*!, Satoshi Takatsuki*!, Daisuke Nei*2,
Hiromi Kameya*?, Setsuko Todoriki*2, Rieko Matsuda*!, Reiko Teshima*!

*1 National Institute of Health Sciences
*2 National Food Research Institute, NARO
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Comparison of scavenging capacities of vegetables by ORAC and EPR
Hiromi Kameya, Jun Watanabe, Yuko Takano-Ishikawa, Setsuko Todoriki
National Food Research Institute, NARO
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Radical Scavenging Ability by ESR Spin Trapping and Oxygen Radical Absorbance Capacity of Hot Water Extracts from Mushrooms
Tomomi Kanno*!, Shouei Kawamura*?, Etsuko Harada*3, Hiromi Kameya**, Mitsuko Ukai*2, Toshihiko Osawa*>
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Radiation-induced nitric oxide mitigates tumor hypoxia and radioresistance in a murine SCCVII tumor model

Masaki Nagane*!, Hironobu Yasui*!, Tohru Yamamori*!, Songji Zhao*2, Yuji Kuge*3,
Nagara Tamaki*4, Hiromi Kameya*®, Hide Nakamura*®, Hirotada Fujii*?, Osamu Inanami*!

*1 Department of Environmental Veterinary Sciences, Hokkaido University
*2 Department of Tracer Kinetics and Bioanalysis, Hokkaido University
*3 Central Institute of Isotope Science, Hokkaido University
*4 Department of Nuclear Medicine, Hokkaido University
*5 National Food Research Institute, NARO
*6 Department of Chemistry, Hokkaido University of Education
*7 Center for Medical Education, Sapporo Medical University

TR 5 I AL U R E DI D720 1 K KR S T B, TAEDONIZEHR T T, IR(ionizing radiation) i ER L& 5 (NOYE i 7t &
BINsE, IRFFESNINOEBENOMERZ MM S A0 HMENH 25 LIRIN TS, LALAEDS, NOERA A=A LR L
WKCOWTIEAWM LR EE L R->TWD. ARFFETIE, TEHNTIRANOZ AT 2 A7 = A8k, S ORBEZHIHE S N7ZNO
DV ZHDMEEBAT L LR HIE Lz, &R, IRFFENOILIES O RS 2 3 S ¢ 72,

MO RAEMRIL B R 12 & A SCCVIIEREE 7V % X 3 OIEGFHR/R & ARG O #E A

AU IR, g AN, igE e, B R AT RS
TA KRR B RIS, MR FHRS, ORI WEY, R @B

UL R BB A e R LA B
el R BRAENIERE b L — — 1T A
SALHHERY: TAV PTGy 5 —
LR MR
5 () RATEEHE £ ani SR ZER
6 L HEEETT R
T FLIBEEE R

T AR AxRE, 55(1), 19-24(2014)
RYFZINVFRT 22V H T L EHG MY 25t YR A EHEDOLC-MS/MS B — & ik
HE S, Il flze, g2l Bk, #=H E

M7 SV —TR= T4 VT ARNEHE
*2 () FETRRRE & AR A I SE AT

M)aFtryRACELRIE (ZNL )=, FEFI=ZNL )=, 7L I VX, FAVIFZF—), 3T EFLTFEFI=
NL =), I5-TEFVFAFIZNL )=, VT IFFTVAIMARI —)b, HT2bF V¥, T2 F 3 V) O—Fomitzik
L7, ZofE, AhorcEt 7 b= U bok (1) ZHW T L, QUEChERSF v B X ULHEHREL — bY v V12X
LAEEE, NITEELEZ I WALC-MS/MSIZ L D BT 2 HiEa v L7z, LCABECIERY ZF INF T T 2o Vv AT RE A ) —
NEEGBEHZ O, &7 CHEOREGMESEEERTFEI L. BRI — v 2= 7% 072002 4R c ik, EE0.99
Pk, BEPEES ~ 111%, HWHEHIBNM09 ~ 6.6%, H M6 ~ 11.6%, MHEA0.01 ~ 0.75 pgkg, £ THR0.04 ~ 275 pg/kg
V) BIF SR 21587, REZHWTHIH R I - A=7158E 2 50 L7z 25, 2RBL D 7 F 2 =L 7 = (207,225
nghkg) ZMH L, 209 B1IAEHIS-TEFVFFF T =L ) —)b (135 pgkg) &£ DIEGTH - 72

Simultaneous Trichothecenes Analysis by LC-MS/MS with a Pentafluorophenyl Column
Masayoshi Tamura*!, Hiroyuki Nakagawa*2, Atsuo Uyama*2, and Naoki Mochizuki*?

*1 Industrial Asahi Group Holdings, Ltd.
*2 National Food Research Institute, NARO
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Detection of masked mycotoxins derived from type A trichothecenes in corn by high-resolution LC-Orbitrap mass spectrometer
Hiroyuki Nakagawa*!, Shigeru Sakamoto*2, Yuki Sago*!, Masayo Kushiro*!, Hitoshi Nagashima*!

*1 National Food Research Institute, NARO
*2 ThermoFisher Scientific
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Toxins, 5, 590-604 (2013)
Detection of Type A Trichothecene Di-Glucosides Produced in Corn by High-Resolution Liquid Chromatography-Orbitrap Mass Spectrometry
Hiroyuki Nakagawa*!, Shigeru Sakamoto*2, Yuki Sago*!, Hitoshi Nagashima*!

*1 National Food Research Institute, NARO
*2 ThermoFisher Scientific
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Consideration of the detection procedure of indicator bacteria of fecal pollution in miso (salt-fermented soybean).

Yukie Hosotani, Yukiko Ohata, Susumu Kawasaki, Yasuhiro Inatsu

National Food Research Institute, NARO
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Characterization and modeling of Salmonella growth in pasteurized and non-pasteurized milk using real-time PCR
Susumu Kawasaki*!, Shigemasa Shimizu*2, Shigenobu Koseki*!, Yasuhiro Inatsu*!

*1 National Food Research Institute, NARO
*2 Abashiri Fisheries Research Institute

SR ARSI H, 78, 19-24(2014)
T—2 v ay 7Rl U A BRSO B EEAEILT RIS 5 Hikon L
NG 3, FRE ORI, CKMEART, 7EEE SeRk, BPEE BSE AEEr A
() SRR L2 8-S P SE AT
T REBYIC BT, BEHAEREIC X 2 ROREMIHRIIERTH 225, WOFDVBEMRAOERMHAMN 2 BT 51
KNID TA R, A FBEY ORI REFD M AR ERIE 7R E B X OB R R 2 R & LT, EHB X
Ui 2 M8 ) UEMRA AR BT BRI OV TORERZHMEL:. ZOT—2 Y2y 707 v r— MERIZOWTHIT Lz L
2, RHBBERITL Y ZWEOWAEWFWAMIRE o722 L &R Lie, Tz, AFGRBRIT OB B R 1 U 3 A A B i
DEFZRTENHNTH L EEZ LN,
Improvement in the knowledge of self hygiene management for workers relation with food by holding of the free-workshop

Susumu Kawasaki, Mari Mochida, Yukiko Ohata, Mie Saito, Hiromi Nozawa, Yasuhiro Inatsu

National Food Research Institute, NARO
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Evaluation of non-bacterial factors contributing to histamine accumulation in fish
Daisuke Nei
National Food Research Institute, NARO
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Food Control, 32, 186-189 (2013)
Validation of hot water and chlorine treatments to inactivate pathogens inoculated on mung bean seeds: Influence of the seed production area
DAISUKE NEI*!, Md. LATIFUL BARI*2, KATSUYOSHI ENOMOTO*3

*1 National Food Research Institute, NARO
*2 University of Dhaka
*3 Daisey Machinery Co. Ltd.
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Investigation of stored-product insect pests and their natural enemies by traps baited with brown rice
in grain drying and conditioning facilities and grain warehouses

Taro Imamura*!, Akihiro Miyanoshita*!, Satoshi Furui*!, Kazushi Miyatake*2, Yuka Hirai*2, Yuko Tai*2, Hiroshi Nakakita*3
*1 National Food Research Institute, NARO

*2 Technical Research Laboratory, Kokusaieisei Co., Ltd.,
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Damage by and larval development of the Indian meal moth, Plodia interpunctella (Lepidoptera: Pyralidae), on chocolate-covered almonds
Akihiro Miyanoshita*!, Taro Imamura*!, Satoshi Furui*!, Noriyoshi Nishida*?
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Number and distribution of Plodia interpunctella (Lepidoptera: Pyralidae) captured by sex pheromone traps at or near a condominium

Akihiro Miyanoshita, Taro Imamura, Satoshi Furui

National Food Research Institute, NARO
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Comparative analysis of flagellin glycans among pathovars of phytopathogenic Pseudomonas syringae
Tadashi Ishii*!, Mitsuru Yoshida*!, Fumiko Taguchi*2, Yuki Ichinose*2, Hiroshi Ono*!

*1 National Food Research Institute, NARO
*2 Okayama university
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Jorunal of Agricultural and Food Chemistry, 61(5), 1112-1116(2013)
Hordatine A B-D-glucopyranoside from ungerminated barley grain
Noriko Kohyama*!, Hiroshi Ono*?

*1 NARO Institute of Crop Science
*2 National Food Research Institute, NARO
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Isolation and identification of phenolic compounds accumulated in brown rice grains ripened under high air temperature
Hiroshi Nakano*!, Hiroshi Ono*2, Norio Iwasawa*!, Toshiyuki Takai*!, Yumiko Arai-Sanoh*!, Motohiko Kondo*!

*I NARO Institute of Crop Science
*2 National Food Research Institute, NARO
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Organic & Biomolecular Chemistry, 11(28), 4686-4694 (2013)
Structure and biosynthesis of scabichelin, a novel tris-hydroxamate siderophore produced by the plant pathogen Streptomyces scabies 87.22

Shinya Kodani*!, Joanna Bicz*2, Lijiang Song*2, Robert J. Deeth*2,
Mayumi Ohnishi-Kameyama*3, Mitsuru Yoshida*3, Kozo Ochi*! , Gregory L. Challis*2

*1 Department of Agriculture, Shizuoka University
*2 Department of Chemistry, University of Warwick
*3 National Food Research Institute, NARO
*1 Department of Life Science, Hiroshima Institute of Technology
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AL, 63(3), 275-278(2014)
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Interlaboratory Comparison of Processed Eel Samples for Carbon, Nitrogen, and Oxygen Isotope Ratios Using EA-IRMS System
Yaeko Suzuki*!, Maya Isshiki*2, Rie Sato*3, Rumiko Nakashita**
*1 National Food Research Institute, NARO
*2 Food Agricultural Materials Inspection Center

*3 QI Science CO., LTD.
*4 Forestry and Forest Products Research Institute
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Determination of the Geographic Origin of Eel Products by Stable Isotope Ratio Analysis
Maya Isshiki*!, Satoru Nakamura*!, Yasuharu Takashima*!, Shouichi Terada*!, Yaeko Suzuki*?

*1 Food Agricultural Materials Inspection Center
*2 National Food Research Institute, NARO
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Tracing the Geographical Origin of Boiled and Salted Wakame (Undaria pinnatifida) Using Trace Element and Stable Isotope Analyses
Yaeko Suzuki*!, Atsuko Kokubun*2 Tomohiro Edura*?, Kazumi Nakayama*2

*1 National Food Research Institute, NARO
*2 Riken Vitamin Co., Ltd.
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Dependence on cattle feed of Asiatic black bears captured near beef cattle barns in Shiojiri, Nagano

Rumiko NAKASHITA*L *5 Ryosuke KISHIMOTO*2 *5 Yaeko SUZUKI*3. *5,
Akiko TAKIT* *5 Hidetake HAYASHI*5, Shigeyuki IZUMIYAMA*4 *5

*1 Forestry and Forest Products Research Institute
*2 Nagano Environmental Conservation Research Institute
*3 National Food Research Institute, NARO
*4 Faculty of Agriculture, Shinshu University
*> Shinshu Black Bear Research Group, NPO



114

fEINK R AATRAFCHL, 11, 25-28(2013)

REFHEL Y £/ 7 7 < MBI AR LT/ R RMARI AT X 2 Sk

SR LS, RIS 5, BOG KRS, BRORMAE TR0, KT WIS, R METL S
*LAZ P KA 2
*2 (fh) TR AT 72T
*3 [P I BB AR T 22 AT
4 (Bl PEIFREAS AT i A ZE
=5 NPOEINY ¥/ 7 7 <iidess

20124E10H 5 HIC KRB 12 13k U THABIn W THE S 7z v % 7 7 7% (Usrus thibetanus) flRICOWT, Finde & §
WEW I 2179 L & BIS, KREDRE - EREEFMNARILIFNIC X 5 BHEEOHEE 1T, IREKE LTAICHET 52 &Y
RAEL Tz T L7z, ZORR, YRS Sothk it o+ 2 7= T, BNEWON 2 5l a Yy v av<
TR 7 (Phytolacca americana) & fEHIIZAERT W2 E 2 6575, EE (Amygdalus persica) DFEFAY 1 720 S iz &
AR IEIRAT Tld, RBEFMARLESRL R R WA R ON T, by ER %0 CHEIYEEBINL T gD BEETE Lh o
7205, LTV ZBEDETIE Bd o7z, o T, TELEDORBIIFHETI SN TARIIT Y TEATWREDTEILTE WD,
HEOKAFIZRRS ST, WA & L CTHET 2 9 HICBEMICTiEBIC A D AAZLHEN S ND.

Feeding habit analysis of an Asiatic black bear that intruded into an urban area in Nagano City by measuring carbon and nitrogen stable isotope
ratios

Shigeyuki [zumiyama*!- *5, Rumiko Nakashita*2 *5, Ryosuke Kishimoto*3: *5, Yaeko Suzuki** *5, Hidetake Hayashi*>, Akiko Takii*1. *>

*1 Faculty of Agriculture, Shinshu University
*2 Forestry and Forest Products Research Institute
*3 Nagano Environmental Conservation Research Institute
*4 National Food Research Institute, NARO
*5 Shinshu Black Bear Research Group, NPO

Ecological Research, 29(1), 45-53(2014)

Responses of carbon and oxygen stable isotopes in rice grain (Oryza sativa L.) to an increase in air temperature during grain filling in the
Japanese archipelago

Fumikazu Akamatsu*!- *2, Yacko Suzuki*!- *3, Rumiko Nakashita*!- *4 Takashi Korenaga*!

*1 Department of Chemistry, Tokyo Metropolitan University
*2 Center for Ecological Research, Kyoto University
*3 National Food Research Institute, NARO
*4 Forestry and Forest Products Research Institute

WM ORFE - BRI BB RIS 5 720, SBEAILISHE ) Sl b & v o 72 BB RN 2 5 a i R E 2 0 15 5.
HARIZBWTIE, GBIy, B XD SERICBT 25 EAOTHBRE CEHT L EFMSND. KIFZETIE, avesd
Y DR - BRFRFENAR LSS O SRR R 2 X O s B - R E MR D 20 L) hRBGEL 72 RFFRMARLIZPE
IR F 72 PR AR A & B BIARII I S e dp o 2. BRFEFLAR I ISR & IEOMBIBI R S, 2 X ORI
PRI ORIDO LS % LT 5 LI ND. 51T, T XOBIWIIC BT 2 FHRASNRO LA a 2 o i1

HOPBERITT I e otz. LoT, I XOBREFRNMAARILIZ S O RO ZILZ R TIREEL 5 5 2 LW 0ho Tz
HAFIEIZ BT % a2 X OBFBHIH O KN F G % 3 X Dk - R IR L 02 H)
DA S I N T o S L N S R LV I 4
1 EHRR AU B
2 GRS R e v v —

*3 () REAFRRAE £ AR IR T
o () e £ RS BR



115

Biochemistry, 52(28), 4800-4809 (2013)

Inversion of the stereochemistry around the sulfur atom of the axial methionine side chain through alteration of amino acid side chain packing in
Hydrogenobacter thermophilus cytochrome ¢552 and its functional consequences

Hulin Tai*!, Ken Tonegawa*!, Tomokazu Shibata*!, Hikaru Hemmi*2, Nagao Kobayashi*3, Yasuhiko Yamamoto*!

*1 Department of Chemistry, University of Tsukuba
*2 National Food Research Institute, NARO
*3 Department of Chemistry, Graduate School of Science, Tohoku University
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Food Science and Technology Research, 19(6), 1099-1105(2013)
Objective evaluation of astringent and umami taste intensities of matcha using a taste sensor system
Tomomi Ujihara*!, Nobuyuki Hayashi*2, Hidekazu Ikezaki*?

*1 National Institute of Vegetable and Tea Science, NARO
*2 National Food Research Institute, NARO
*3 Intelligent Sensor Technology, Inc.
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Tetrahedron, 70(4), 845-851(2014)
Recognition of caffeine by a water-soluble acyclic phane compound
Nobuyuki Hayashi*!, Tomomi Ujihara*2, Shigeki Jin*3

*1 National Food Research Institute, NARO
*2 National Institute of Vegetable and Tea Science, NARO
*3 Faculty of Health Science, Hokkaido University
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Food Research International, 53(2), 816-821(2013)
Objective evaluation methods for the bitter and astringent taste intensities of black and oolong teas by a taste sensor
Nobuyuki Hayashi*!, Tomomi Ujihara*2, Ronggang Chen*3, Kazue Irie*3, Hidekazu Ikezaki*3

*1 National Food Research Institute, NARO
*2 National Institute of Vegetable and Tea Science, NARO
*3 Intelligent Sensor Technology, Inc.
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Journal of Photochemistry and Photobiology B: Biology, 130, 199-204 (2014)
Construction of Energy transfer Pathways Self-Assembled from DNA-Templated Stacks of Anthracene
Rika Iwaura*!, Hiroharu Yui*2, Yuu Someya*2, Mayumi Ohnishi-Kameyama*!

*1 National Food Research Institute, NARO
*2 Department of Chemistry, Faculty of Science, Tokyo University of Science
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National Food Research Institute, NARO
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Applied Entomology and Zoology, 48(4), 423-429(2013)
Detection of eggs in the living white grub beetle Dasylepida ishigakiensis (Coleoptera: Scarabaeidae) by magnetic resonance imaging
Yasuyo Sekiyama*!, Akemi K. Horigane*!, Nao Fujiwara-Tsujii*2, Hiroe Yasui*2, Hiroshi Ono*!

*1 National Food Research Institute, NARO
*2 National Institute of Agrobiological Sciences
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Applied Entomology and Zoology, 48(3), 233-239(2013)

Observations of the migration of adult Dasylepida ishigakiensis (Coleoptera: Scarabacidae)
from belowground to the soil surface and their reproductive status by MRI

Nao Fujiwara-Tsujii*!, Hiroe Yasui*!, Yasuyo Sekiyama*?, Akemi K. Horigane*?, Hiroshi Ono*!, Norio Arakaki*3

*1 National Food Research Institute, NARO
*2 National Institute of Agrobiological Sciences
*3 Okinawa Prefectural Agricultural Research Center
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Analytical Chemistry, 85(9), 4500-4506 (2013)

Pulse laser photolysis of aqueous ozone in the microsecond range studied by time-resolved far-ultraviolet absorption spectroscopy
Takeyoshi Goto*!, Yusuke Morisawa*2, Noboru Higashi*3, Akifumi Ikehata**, Yukihiro Ozaki*!

*1 School of Science and Technology, Kwansei Gakuin University
*2 School of Science and Engineering, Kinki University
*3 Kurabo Industries Ltd.,
*4 National Food Research Institute, NARO
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Advanced Optical Materials, 1(5), 397-403 (2013)

Oxide surface plasmon resonance for a new sensing platform in the near-infrared range
Hiroaki Matsui*! *2, Wasanthamala Badalawa*2, Akifumi Ikehata*3, Hitoshi Tabata*1 *2

*1 Department of Bioengineering, The University of Tokyo
*2 Department of Electronics Engineering and Information systems, The University of Tokyo
*3 National Food Research Institute, NARO
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A measuring method for the concentration of cryoprotectant within reproductive tissue
Gabsoo Do*!, Kahei Sato*!, Yeonghwan Bae*?, Akifumi Ikehata*3, Tetsuya Araki*!, Shigeaki Ueno*5, Ryo Shlrakashi*6

*1 College of Bioresourse Sciences, Nihon Universit
*2 Sunchon National University
*3 National Food Research Institute, NARO
*4 Graduate School of Agricultural and Life Sciences, The University of Tokyo
*5 Graduate School of Agricultural Sciences, Tohoku University
*6 Institute of Industrial Science, The University of Tokyo
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Sorghum as whole-crop feedstock for integrated production of fermentable sugars
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Enzymatic hydrolysis of wood with alkaline treatment
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Bioresource Technology, 148, 422-427(2013)
Integration of a step for phenolic-acid recovery from rice straw with CaCCO process for efficient fermentable-sugar recovery
Rui Zhao, Min-Soo Yun, Riki Shiroma, Masakazu Ike, Di Guan, Ken Tokuyasu
National Food Research Institute, NARO
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High-solid loading pretreatment/saccharification tests with CaCCO (Calcium Capturing by Carbonation) process for rice straw and domestic
energy crop, Erianthus arudinaceus
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Mitsuhiro Arakane*!, Muhammad Imran Al-Haq*!, Junko Matsuki*!, Jeung-Yil Park*!, Mitsuru Gau*2,
Kenichi Yakushido*3, Minoru Nagashima*!, Ken Tokuyasu*!

*1 National Food Research Institute, NARO
*2 National Agricultural Research Center for Kyushu Okinawa Region, NARO
*3 NARO Headquarters

TR B S ORERLE 710 € 2 TH A CaCCOBEIIDNWT, Fiidb HRS) MK IREW ) 7 ¥ A (ER)D & DS EEHEY
EER 2 HWE L7 AU EZTo 72, BURRRE, BB I oW THRE 217V, i K2R+ 5 2L T,
TR ECRH RIS T RE 2D B3 - SEMURA TRZMET 2 L3S, k7o A LI L CTIRWIRETO 7V 7 ) B 4k % R
L7z, BiALELECRIIO kefeBE 2 vy, CO2MERHMLA T fiEZR ) 72 % —PIC T, BERB b2 MM L7, B X 228%ww) DA T 1) —
A 40C, CO240H:0.9 MPad 4t T CT2M B OBL G 24T 5 72 & 25, RSTIE80.6%, ERTIZ68.1%DHET LR TH - 72.
T2 B LA 5 ) — OIS X D, RSTIX16.9% (wiv), ERTIE15.5% (W/v)D i BEREH % [N L 72. CaCCO7 T £ A RIZ X )
VAR R - SRR R © ORI 2 i R G ST BB IS 22 o 72 2 & T, MRMEEL RSB 2 FE L 2B E A 2 &, Mg
WPEALIC B L WIfF s b,

fifi & K O & A EY Erianthus arudinaceus % JEEF & L 728 B34 F COCaCCOB:RIALEE - Bk ikEx

i IEAIL sl Tt PR, RE O Joxl fRlE Bl R AL R 1
W& GEAFL, ANTIN A LT Ty BRI, A B A 2
HAGEEE—, KR EH, iR

1 () FETIFRRAE £2ah a5 F 22
2 () BEBPRERE JLH Db R SR T £ > & —
3 (fih) BB A

JARQ (Japan Agricultural Research Quarterly), 47(4), 417-421 (2013)

Further studies on the protein chemistry and property of glutathione-added rice bread : evidence of glutathionylation of
batter protein as well as crumb structure/sensory evaluation

Hiroyuki Yano*!, Naoto Kaji*2, Motoyuki Tokuriki*2

*1 National Food Research Institute, NARO
*2 Research Laboratory, Kohjin Life Sciences Co., Ltd
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Effects of fats and oils on the bioaccessibility of carotenoids and vitamin E in vegetables
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Decolorization of Japanese soy sauce (shoyu) using adsorption
Atsushi Miyagi*!, Hiroshi Nabetani*2, Mitsutoshi Nakajima*3
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Color control of Japanese soy sauce (shoyu) using membrane technology
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Automatic Discrimination of Stored Grain Insects by Image Analysis
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Direct Measurement of Helical Cell Motion of the Spirochete Leptospira
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Distribution of Major Xanthones in the Pericarp, Aril, and Yellow Gum of Mangosteen (Garcinia Mangostana Linn.) Fruit and Their Contribution
to Antioxidative Activity
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Effective extraction of curcuminoids by grinding turmeric (Curcuma longa) with medium-chain triacylglycerols
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Development of a heating system using superheated steam with microdroplets of hot water and its application for processing of agricultural
product
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Investigation of changes in antioxidant activity during sake brewing by ORAC method
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Fluorescence fingerprint imaging of gluten and starch in wheat flour dough with consideration of total constituent ratio
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Prediction of aerobic plate count on beef surface using fluorescence fingerprint
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Optics Express, 21(26), 32450-32467(2013)
Supercontinuum laser based optical characterization of Intralipid® phantoms in the 500-2250 nm range

Ben Aernouts*!, Eduardo Zamora-Rojas*2, Robbe Van Beers*!, Rodrigo Watté*!,
Ling Wang*3, Mizuki Tsuta*4, Jeroen Lammertyn*!, Wouter Saeys*!

*1 Department of Biosystems-MeBioS, KU Leuven
*2 Department of Animal Production, University of Cérdoba
*3 Department of Physics and Astronomy, KU Leuven
*4 National Food Research Institute, NARO
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LWT-Food Science and Technology, 21(26), 32450-32467(2013)
Use of multivariate analysis for the improvement in prediction accuracy of bacterial aerobic plate count by flow cytometry

Mizuki Tsuta*!, Yasuhiko Sasaki*2, Ikuo Takeuchi*?, Hideki Nakamoto*?2, Jun Ishikawa*2, Susumu Kawasaki*!,
Junichi Sugiyama*!, Kaori Fujita*!, Masatoshi Yoshimura*!, Mario Shibata*!, Mito Kokawa*?

*1 National Food Research Institute, NARO
*2 Hitachi Power Solutions Co., Ltd
*3 Graduate School of Agricultural and Life Sciences, The University of Tokyo
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Food Science and Technology Research, 19(4), 539-545(2013)
Detection of aflatoxins B1, B2, G1 and G2 in nutmeg extract using fluorescence fingerprint

Kaori Fujita*!, Junichi Sugiyama*!, Mizuki Tsuta*!, Mario Shibata*!,
Mito Kokawa*2, Hiroyuki Onda*3, Takehito Sagawa*3

*1 National Food Research Institute, NARO
*2 Graduate School of Agricultural and Life Sciences, The University of Tokyo
*3 S&B Food Inc.
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International Journal of Food Engineering, 9(1), 115-120 (2013)
Image analysis of bread crumb structure in relation to mechanical properties
Mario Shibata*!, Mizuki Tsuta*!, Junichi Sugiyama*!, Kaori Fujita*!, Mito Kokawa*2, Tetsuya Araki*2, Hiroshi Nabetani*!

*1 National Food Research Institute, NARO
*2 Graduate School of Agricultural and Life Sciences, The University of Tokyo
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Optics Express, 21(10), 12579-12591 (2013)
Optimization of excitation-emission band-pass filter for visualization of viable bacteria distribution on the surface of pork meat
Ken Nishino*!, Kazuaki Nakamura*!, Mizuki Tsuta*2, Masatoshi Yoshimura*2, Junichi Sugiyama*2, Shigeki Nakauchi*!,

*1 Department of Computer Science and Engineering, Toyohashi University of Technology
*2 National Food Research Institute, NARO
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Development of a Method for Determination of the Geographic Origin
of Taros Using Fluorescence Fingerprint

Yukako Nakamura*!, Kori Fujita*2, Mizuki Tuta*Z, Junichi Sugiyama*2, Mito Kokawa*2,
Masatoshi Yoshimura*2, Mario Shibata*2, Hiroshi Nabetani*2, Tetsuya Araki*2, Satoru Nakamura®*3

*1 Graduate School of Agricultural and Life Sciences, The University of Tokyo
*2 National Food Research Institute, NARO
*3 Headquarters, Food and Agricultural Materials Inspection Center

PLoS ONE, 9(2), (2013)

Preparation of Phi29 DNA polymerase free of amplifiable DNA using ethidium monoazide,
an ultraviolet-free light-emitting diode lamp and trehalose

Hirokazu Takahashi*!, Hiroyuki Yamazaki*2, Satoshi Akanuma®*3, Hiroko Kanahara*!, Toshiyuki Saito*4, Tomoyuki Chimuro*2,
Takayoshi Kobayashi*>, Toshio Ohtani*!, Kimiko Yamamoto*$, Shigeru Sugiyama*!, Toshiro Kobori*!

*1 National Food Research Institute, NARO
*2 [sehara Research Laboratory, Technology & Development Division, Kanto Chemical Co., Ltd.
*3 Tokyo University of Pharmacy and Life Sciences
*4 National Institute of Radiological Sciences
*5 Kanto Chemical Co., Ltd.
*6 National Institute of Agrobiological Sciences

Here we describe a procedure for preparing Phi29 DNA polymerase which is essentially free of amplifiable DNA. This procedure is realized
by a combination of host DNA removal using appropriate salt concentrations, inactivation of amplifiable DNA using ethidium monoazide, and
irradiation with visible light from a light-emitting diode lamp.
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The Journal of Biochemistry, 154(2), 137-147(2013)
The genome folding mechanism in yeast
Kimura Hajime*!, Yasutoshi shimooka*!, Jun-ichi Nishikawa*2, Osamu Miura*!, Shigeru Sugiyama*3, Shuji Yamada**, Takashi Oyama*!. *2

*1 Graduate School of Science and Engineering, Waseda University
*2 Faculty of Education and Integrated Arts and Sciences, Waseda University
*3 National Food Research Institute, NARO
*4 Department of Mathematics, Faculty of Science, Kyoto Sangyo University

We clarified the flexibilities and persistence lengths of all linker DNAs of the organism, deduced their spatial expanses and simulated the
architectures of all 16 interphase chromosomes in the nucleus, at a resolution of beads-on-a-string chromatin fibre. For the average spatial
distance between two given loci in a chromosome, the model predictions agreed well with all experimental data reported to date.
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Bioscience, Biotechnology, and Biochemistry, 77(3), 612-617 (2013)
Regions of unusually high flexibility occur frequently in human genomic DNA
Kimura Hajime*!, Dai Kageyama*!, Mika furuya*!, Shigeru Sugiyama*2, Noboru Murata*!, Takashi Oyama*!. *3

*1 Graduate School of Science and Engineering, Waseda University
*2 National Food Research Institute, NARO
*3 Faculty of Education and Integrated Arts and Sciences, Waseda University

We have created DNA flexibility maps of the human, mouse, fruit fly, and nematode chromosomes. The maps revealed that all of these
chromosomes have markedly flexible DNA regions (We named them SPIKEs). SPIKEs occur more frequently in the human chromosomes than
in the mouse, fruit fly, and nematode chromosomes.

AKFETIX, B, YA, YavYauns, Bl fkODNAFZREREEZ R L. BRIZZ RS OG0 XTH
F L FRADNAFIR 2 Fio TV A Z L 2SN L7 (SPIKES 544). SPIKEWX, ¥V X, Yawyawnx, Bl
IR T MR TRBEEICHAET 5. MO THWDNASR (rSPIKE) b 215 O RICHFAET 5. SPIKERrSPIKED# 5L
K3 2 SPIKEO B M=%, AW oML ED T L IEOMBEA R L7z, EB X OHEOME LA T % KEDNARYIIX, Z
N, SPIKEXISPIKEDEMICHS§ 5. LA L, FFRAEREDS X WA, 2N EHSPIKE & rSPIKERRIZ BT EE A
BBl E BT EIICBbRSE. INSEEMERDT ) AT F - VT4 v ZEBIFICES L TWw AR D 5.

t 57/ ADNAIZB W TR W RIS HTE T 5
AR gee, gl R, R SEESL BID @, NHE A b Bl
SR 11 PN YN o e e

2 (flt) BT B 22 A A WF 78T
SEHAY: BH - RaReambe PR



142

Carbohydrate Polymers, 97(1), 1-8(2013)
Nano-structure of heat-moisture treated waxy and normal starches

Wittawat Jiranuntakula*!, Shigeru Sugiyama®*2, Kazumi Tukamoto*?, Chureerat Puttanlekc™3,
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*1 King Mongkut's University of Technology Thonburi,
*2 National Food Research Institute, NARO
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*4 King Mongkut's Institute of Technology North Bangkok
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Journal of Food Engineering, 125, 51-58(2014)
Impact of hot air and vacuum drying on the quality attributes of kiwifruit slices

Takahiro Orikasa*!, Shoji Koide*!, Shintaro Okamoto*2, Teppei Imaizumi*3, Yoshiki Muramatsu**, Jun-ichi Takeda*!, Takeo Shiina*>,
Akio Tagawa*6
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Evaluation of quality change in the far-infrared drying of Komatsuna leaves using cumulative temperature as an indicator

Shintaro Okamoto*!, Takahiro Orikasa*2, Sakiko Hatanaka*3, Toshikazu Komoda*3, Junichiro Saito*4,
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Acta Horticulturae, 1005, 117-123(2013)
Changes in gene expression of harvested cabbage in response to mechanical wound stress

Manasikan Thammawong*!, Hiromi Umehara*!, Makoto Yoshida*2, Ayaka Soga*2,
Tomoko Kaneta*!, Nobutaka Nakamura*!, Yasuhiro Ito*!, Kohei Nakano*3, Takeo Shiina*!

*1 National Food Research Institute, NARO
*2 Kanagawa Agricultural Technology Center
*3 Faculty of Applied Biological Sciences, Gifu University
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Acta Horticulturae, 1005, 247-252 (2013)
The response characteristics of Japanese radish (daikon) to mechanical wound stress
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Effects of Vibration Frequency and Inner Packaging Material on the Acceleration, Rotation, and Damage of Japanese Radishes Stacked in the
Newly Developed Bulk Container under Sinusoidal Vibration
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Acta Horticulturae, 989, 73-78(2013)
Expression of physical wound stress-responsive genes in Arabidopsis thaliana and cabbage (Brassica oleracea var. capitata L.)
Manasikan Thammawong, Tomoko Kaneta, Hitomi Umehara, Nobutaka Nakamura, Yasuhiro Ito, Takeo Shiina
National Food Research Institute, NARO
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INFIWVR - —=F 25 VA T-3040RDOEKRA V<V b A )T VD ) 5V A7 25— (BeClTase) 1&, 7)) 2 Fe Fa g —
773U —=66ICBL, TFALTURLERA VU MEY THEEXAET S, NKIHO T 7 FIVES] & CR G O JELRAE I % HI
B L 7zBcClITase D Ser39 ~ Met738D A& i 2 Bl S 22T L7z, (B8N L IVERE D K X £ YA, 7)) =27 F—fElEDO N AL ~
C, PEREAH35(CBM35), Y o) —O—ViED KA A4 YBRLEA. A VYV IF) THBXORIRSI V<V NE 7 74— R
& BeClTase® ekl Sl b AT L 728538, CBM35IZH 744 b-8& LT BRSBTS R S, il 2 L 7 b OMet31053571k
LICB G35 2 EWLNITR o7z, CBM3SOME) X2 X o TERBERNBIRA VIV M+ 7 8 F — AR BRWITERET 5T LAVR
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Evidence for cycloisomaltooligosaccharide production from starch by Bacillus circulans T-3040

Kazumi Funane*!, Hitomi Ichinose*!, Motomi Araki*2, Ryuichiro Suzuki*!,
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Conformation and physical properties of cycloisomaltooligosaccharides in aqueous solution
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BRIRBLUESHO A v ~<v b4 ) THEOREE E WHEE %, KERP CEAREZIIET 2 2 LI2X )iz Bik1 v~
PAY THHZESET ~ 1003 O (CI-7 ~ CI-10), EHA V< M) THIZESET ~ 11o b o (LI-7 ~ LI-11) ZHw7:. Ccl&
LIOY—2 - 794 Y27 - HHORIZ L Bofliid Z 210508 X 000.78Tdh o 72. CI-7, CI-8, CI-9, CI-100 [m]iiz 215 % X5/ N i
FLEIC L o TIE L2/ B, Z2N2N6.7,69, 758 XU 83ATH -7, CIIDEFELMH L VD, CUILIX D b FikMEAML L, /b
WOBERMEETH H 2 L AR S 7.
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Distribution of radioactive cesium (134Cs plus 137Cs) in a contaminated Japanese soybean cultivar
during the preparation of tofu, natto, nimame (boiled soybean)
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Reduction of the degradation activity of umami-enhancing purinic ribonucleotide supplement in miso by the targeted suppression of acid
phosphatases in the Aspergillus oryzae starter culture
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LAY BRSNS NG A ) ¥ VRS OBBRMUENE, WRIEHOBERR 7 7 ¥ —¥IZX ) 3 RE 2T 5720, RINEHI%R
W2 AT 2NN DB, £ T, ML Z T 2 72 OMEEICB T 2RISR AT 7 ¥ —EOMRIEALALE L 72 5. A oryzae
KBNS KHF R IT BT, 1I3HHOMMAAT 75 —EBIZT DI B, SEETVHMITMLAY Y BOBREIKLS L Cling
BT 5 —T, aphCHEIE T DIEGIX R4 THM L Tz, KBNSMSKRD KB BT A4 ) ¥ VIBOBLY BRI & aphCHE
RO RN, BIC) YEBERML72HAICENEN30% E70% T L7z, F72, KBNS04SHE & aphCHEIE % v CRlEsE L
TeWRGH > TV T, A 7 ¥ VBB VEBIETEIX E N EN80% £ 90% DIEAFTTH Y, TIT—EL TuT T — Btk Rk
Modz. TNHDTEHND, aphCHAIETIZRMEETIC BT 2 R IRIRE MG E 2 LS 5 720D, A. oryzae B DA R 72 15
WEfETCThHhEHEERS.
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Characterization of a D-stereoselective aminopeptidase (DamA) exhibiting aminolytic activity and halophilicity from Aspergillus oryzae
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conF and conJ contribute to conidia germination and stress response in the filamentous fungus Aspergillus nidulans.
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Phytotoxicity Evaluation of Type B Trichothecenes Using a Chlamydomonas reinhardtii Model System
Tadahiro Suzuki, Yumiko Iwahashi
National Food Research Institute, NARO
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2-0-0-D-Glucosylglycerol phosphorylase from Bacillus selenitireducens MLS10 possessing hydrolytic activity on B-D-glucose 1-phosphate
Takanori Nihira*!, Yuka Saito*!, Ken" ichi Ohtsubo*!, Hiroyuki Nakai*!, Motomitsu Kitaoka*2
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BEMK S EBESR 7 7 ) — (GH)65Id0-7 v 3 ¥ FISHE - 5 B ) ~ By MR O 7 7 1) —Th 5. Bacillus
selenitireducens MLS10H S GH65[% 3 (Bsel 2816)12Y ¥ MAKAF kD 3 — D ¥k — A MUK G (#1043 s—1) 2 RWw2Z2L7:. K
FEFIEB-D-2 0V 3 — A1) Y EEPBGIcIP) & MK L7z GEEE2.8 s—1). H2180H TOMIZK S f# TI1X1801k 77V I — A M HL Y A
ENDLIEDNEZONMKBHEHFAT 78 —ETRLLFNVES —ERORKIETH L Z EARENT. KBEOT 72T 5 —%
ARz ATV ROV ERWT 72T T — L LTC2-0-0-D-Z VANV T )k a— (GG R AR L7 GEEISOs—1). GG
Y U REEIR5 s—1TH o 7z, REEFE O R 42-0-0-D-glucopyranosylglycerol: phosphate B-D-glucosyltransferase 8 & OVE FH 44
2-0-0-D-Z NI VT ka—VERAK) T —EEIRET 5.
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Facile preparation of highly-crystalline lamella of (1— 3)-B-glucan by using extract of Euglena gracilis
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Distinct substrate specificities of three glycoside hydrolase family 42 B-galactosidases from Bifidobacterium longum subsp. infantis ATCC 15697
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PEMAIHEERE 7 7 3 ) — 42 GHAWIBH T 7 b2 =¥ b2 b 77 IV —Thb. EICRVWEENLEZ TN, T4 7 A
WCTHHET 4 AAWIIHA DGHA2BH T 7 ¥ ¥ —¥x2AELTWD. L LARA S ENZNOGHA2MFE O 2 FE k12>
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Y BIEA ) THEO S RRER & E 2 Sz
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Bifidobacterium longum subsp. infantis ATCC 1569 FHUSRAE IR 53R 7 7 1) — 421208 3 2 ZMEORER O SR R 2k
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Discovery of cellobionic acid phosphorylase in cellulolytic bacteria and fungi
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b 1 — A 55 Pl R Xanthomonas campestris )2 U° 77 ¥ Neurospora crassa. I RN K FHEE 7 7 IV — MR T 5 KR AR
I—EOEEZREL, WEFLO S YREM) YRS LR TH D Z L2 AW L KEER DR 24-0-B-D-
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Ascomycotaf BT A EAMDOH €7 ) AP O REU FHEHEE I — N T EETHROP - 72 AEERIZ LT — 2 ORE L5 H %
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Potassium ion-dependent trehalose phosphorylase from halophilic Bacillus selenitireducens MLS10

Takanori Nihira*!, Yuka Saito*!, Kazuhiro Chiku*!, Motomitsu Kitaoka*2, Ken-ichi Ohtsubo*!, Hiroyuki Nakai*!
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Discovery of B-1, 4-D-mannosyl-N-acetyl-D-glucosamine phosphorylase involving in metabolism of N-glycans
Takanori Nihira*!, Erika Suzuki*!, Motomitsu Kitaoka*2, Mamoru Nishimoto*2, Ken" ichi Ohtsubo*!, Hiroyuki Nakai*!
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Bacteroides thetaiotaomicron VPI-5482%7" 2 A 225, N-#EGM 7 U h v ORI DL BIET 7 T A =% B W2 L7z Kz
FOIGAS—E N T Y AR= S~y 28y, AR WIAK SR R OBERER M O A 2R Y 5 —E(BTI033) & ) B S Tw
7z. BT1033% ¥ 7327 13B-1,4-D-% ¥ ) Y IVN-T X FNVD-Z NV AV I V& =7 vy VEERTINY YRS L7z, KBEZOR
&1 7' |dBacteroides fragilis, Bacteroides helcogenes, Bacteroides salanitronis, Bacteroides vulgatus, Prevotella denticola, Prevotella dentalis,
Prevotella melaninogenica, Parabacteroides distasonis, Alistipes finegoldiilZ b & 117z, KEEFE % B-1, 4-D-¥ ¥/ Y IV-N-T £ FI)V-D-7 )V
IV IVKRARY) TV EMHTHI L EIRET .
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The Journal of Biological Chemistry, 288 (35), 25194-25206 (2013)

Lacto-N-biosidase encoded by a novel gene of Bifidobacterium longum subsp. longum shows a unique substrate specificity and requires a
cognate chaperon for its active expression

Haruko Sakurama*!, Masashi Kiyohara*!, Jun Wada*!, Yuji Honda*!, Masanori Yamaguchi*2, Satoru Fukiya*3,
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Structure of an uncharacterized glycoside hydrolase family 63 enzyme in complex with a glycosynthase product

Takatsugu Miyazaki*!, Megumi Ichikawa*!, Gaku Yokoi*!, Motomitsu Kitaoka*2,
Haruhide Mori*3, Yoshikazu Kitano*1, Atsushi Nishikawa*!, Takashi Tonozuka*!

*1 Department of Applied Biological Science, Tokyo University of Agriculture and Technology
*2 National Food Research Institute, NARO
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Characterization of the cytosolic B-N-acetylglucosaminidase from Bifidobacterium longum subsp. longum
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*1 National Food Research Institute, NARO
*2 Jshikawa Prefectural University

Bifidobacterium longum subsp. longum JCM1217H KBLL) 13917 /%27 1%, 52 b-N-F U 4 — AN (INTi)B L OFF 4V I
Wi % 533 A REINK G REER 7 7 3 ) — (GH2012E T 2 RAKKIB-N-T £ F V7V aH I =¥ —ETh o7z, REEEO KIS 2o
GH20M# % & WIRRIC MBI ERE IC X 2 7/ v —REBISUE CTH o /2. KEEFZE O R E T ZIZANBE 7 4 X AW TH %B. longum
subsp.infantis, Bifidobacterium bifidum, and Bifidobacteium breve, ® %7/ AHII(FIEL Tz, T O5AGIEL, 3-B-FF 7 M Y IV-N-T &
FUNFVHFIVARAKR) T—ED5MEFP LT D. FKBERKIWAEANTT 7 PN-T T4 —ADFERWB- 77 F ¥y —F
THM SN TEL SLNTHOHNC D 2 L L7z

Bifidobacterium longum subsp. longum HISRRAKNB-N-7T £ F V7V a4 I =5 —¥
AL MEELR PR SR I e deh o Ao

L () FAPRRAS 22 S AT 72T
2 A IBE AR



164

Journal of Applied Glycoscience, 60 (2), 137-139 (2013)
Colorimetric quantification of o--D-mannose 1-phosphate
Takanori Nihira*!, Erika Suzuki*!, Motomitsu Kitaoka*2, Mamoru Nishimoto*2, Ken' ichi Ohtsubo*!, and Hiroyuki Nakai*!

*1 Faculty of Agriculture, Niigata University
*2 National Food Research Institute, NARO

FNVA—A6-Y YEETE FO Xt =Bl L7V a—26-) YIEREIL, RAKI VY I LAY =¥, FRAKRIY /) —AAL VR
F—¥, RAKRINI—ZAAL IV AT—EREMTHIEICE o7 /) — A1) VEBOEREZHIE L. ZOHETIE, a7
J = A1) VgL, Y —R6-Y) VR 7T b—R6-1) VR, IV a—R6-) YEEEEMRINR, HENT VI V6 v
BRIZERIE S A IFIZF FNAD+Z @I LF ANADHA A U 5. A L 725 A NADH % # K400 nmOWOBIC X D @ md 5. T D HiEE,
XY=, RYIY IV, NTRFNITY I, vy ) TREREDHFEICI DV YIESN VWD, o-v v ) — A1) ¥
W% ) & & BHENK MRS 7 7 2 — 130ICR T AR AR 5 —EBORISENICEHNTH 5.

- ) — A1 VRO s e
(I = 93| LU £ N L [ I o N L M o R 1/ e S S S 1 v

1 KA R
*2 (CAlt) FAFRERG 22 A S JE AT

Biochem. Biophys. Res. Commun., 434, 594-599 (2013)
Lectin-like oxidized LDL receptor-1 is palmitoylated and internalizes ligands via caveolae/raft-dependent endocytosis
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Expression of neutral B-glucosidase from Scytalidium thermophilum in Candida glabrata for ethanol production
from alkaline-pretreated rice straw

Xiaohui Wang, Masakazu lke, Riki Shiroma, Ken Tokuyasu, Yoshikiyo Sakakibara
National Food Research Institute, NARO
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Investigation of Bacillus subtilis gene amplification by utilizing chloramphenicol-resistance gene
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Biosynthetic conclusions from the functional dissection of oxygenases for biosynthesis of actinorhodin and related Streptomyces antibiotics
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Transcriptional Regulation of Fruit Ripening by Tomato FRUITFULL Homologs and Associated MADS Box Proteins
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Junji Kimbara*2, Toshitsugu Nakano*!, Takafumi Kasumi*3, Yasuhiro Ito*!
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Characterization of a large glycoprotein proteoglycan by size-exclusion chromatography combined with light and X-ray scattering methods
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The regulatory mechanism of fruit ripening revealed by analyses of direct targets of the tomato MADS-box transcription factor RIPENING
INHIBITOR

Masaki Fujisawa, Yasuhiro Ito

National Food Research Institute, NARO
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Expression profiling of tomato pre-abscission pedicels provides insights into abscission zone properties including competence to respond to
abscission signals
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National Food Research Institute, NARO
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Tomato FRUITFULL homologues act in fruit ripening via forming MADS-box transcription factor complexes with RIN
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Crystal structure and characterization of the glycoside hydrolase family 62 o.-L-arabinofuranosidase from Streptomyces coelicolor
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Characterization of mannose isomerase from a cellulolytic actinobacteria Thermobifida fusca MBL10003
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Expression of Arabidopsis thaliana xylose isomerase gene and the effect on ethanol production in Flammulina velutipes
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Phase diagram-guided method for growth of a large crystal of glycoside hydrolase family 45 inverting cellulase suitable for neutron structural
analysis
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Effects of Concentrations of “Shoyu Koji” and Egg on
Quality of Fish Sauces of Squid and Sardine
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Fish sauces were prepared, using Japanese squid
and sardine caught in the sea near Oni-ga-shima island.
The quality of fish sauces was studied by changing
Shoyu Koji and Ukokkei-egg concentrations during
fermentation. -+
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2.6 ST #ZUERE

K& & HUGE | R | K& UG | Rl
107 7 v d 10 7 7 da
107 t v F c 10° ~ 7 b h
10°° S ) m 10° * o k
10°° <A 70 u 10° A 7 M
107 7+ / n 10° ¥ i G
107* ¥ a p 10* 7 7 T
107" VAN f 10° ~ 4 P
107" 7 v b a 10® T 7 E

2.7 HA{LEHARLTOR
o ENE ST EEARRMZRL, ™
FAOXIRERLTE L Db DEIRL.
(ZZ3CHR)
1) EBRHEAR (SD -7 m— v bkt & o dtn — -
HOARFERR IS SGESE 7 i, 1 ARSI (1998)

13 ST A7 HAY CTE

REAT
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BT & HAEL S %R
= HALO&F (ST HEALOESR) HArEl s
& & | A= PV (meter)* m
<A 271 A— )V (micro meter) pum
7/ A= M) (nano meter) nm
[ & | ‘A — ML (square meter) m’
7= (are) . a
~27 % —) (hectare) (i< (Rie) ha
{6 & | .7 A — MV (cubic meter) m®
) v ’v (liter), (dm?) 1L
Fu) v My (kiloliter), (m®) kl, kL
39 Y v MUY (milliliter), (cm®) ml, mL
<421y bl (microliter), (mm® ul, uL
S m | 9Y7 > (radian)™ rad
J% (degree) °
53 (minute) ’
# (second) "
S fk i | A7 T Y7 v (steradian)* sr
i M | ## (second)* s
4 (minute), (60s) min
#5: (hour), (3600s) h
H (day), (86400s) d
B B ~vy (hertz)™, (s Hz
AH )Y (megahertz) MHz
] i # | 1454 (revolutions per minute) rpm
= & | ¥u s 524 (kilogram)* kg
75 . (gram) g
31 75 A (milligram) mg
~A 71252 (microgram) ug
k> (ton), (Mg) t
Wl ® i | BV (mole)* mol
(gn¥, ghif, gA4>y, [HE] 2 EOFFE SIEMTIIELSN)
b JE | - EIVIEREE (molar concentration ¥ 7213 molarity--- 1L OEEOHIZE T NS5 | mol/1, mol/L

HOE V)
GREEE NIZHWZRW)

<=t I (percent) - (BEHD 2 200mOM) X100, ZEHEKT L. /—t
FEMEDFHE, RO L HIZ, BEREEROLY, FRLAEEORPEHEIZLT
W5,

SN VACEE D

B35 VAR D

c(FEE/HE) S—+k v b

(e Em) Stk

S 100g M7 DEEDOI ) 7T A

CEW100mL M2 ) OBEDI) 7T 4 (mg% iV

- parts per million

- parts per billion } (ffDHEPHRT )

- parts per trillion

%

% (w/w)
% (v/v)
% (w/v)
% (v/w)
mg/100g

mg/100ml, mg/100mL

ppm
ppb
ppt
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= HALOZFE (ST HALOESR) HArEt s
Vi) —a2— bt (newton)*™, (kg -m:-s? N
E S S3 | 28ZAH v (pascal)™, (N-m™?) Pa
i BE | S A VFD Pa-s
IANVF— - | V2= (oule)™, (kg-m®-s™? J
o #® | #11) — (calorie), (4.1847]) (%3 - AHHIRE) cal
i | 7 ver (Kelvin)* K
EIL (Celsius), (0T = 273.15K) (¢
A e | 77 (ampere)* A
T E A ®| 27— (coulomb), (s-A)™ C
B R T s o), Gats ) v
i B A wm| 777N (farad), (A-s-V )™ F
w A K | A—2 (ohm), (V-A™H* Q
T2 R |7y b (watt)™ W
A58 A |~ — (henry), (V-A'-g)* H
AV A | V=X A (siemens), (A-V'=Q )™ S
Jt J | 777 (candela)® cd
it W | v—2> (lumen), (cd - sr)* Im
st B vz A (lux), (m™-cd-sr)* Ix
% o W | <4279 2xA— kM) (micrometer) um
F/ *— h)l (nanometer) nm
WSTRE, WA | X2 Lb (becquerel, HAHHAZAEDHUFTEE) ™, (s7) Bq
7L A (gray, WI#E)", (m* s> (=] -kg™)) Gy
7177~ Mg (counts per minute) cpm
T =)V b (sievert ; fmlE) Sv
(52 3) HEHAX WXOHE, WEOZLHOHIE and DAE ANS.

3.1 /PEEIL0101 &L, 101 &id L7z,

3.2 F72EoXY I 5530000 & L, 5530000 & L 7%
Wy,

3.3 FElE 101.325x10° & L 101.325 - 10° & L Z& >,

34 FPHZ/RIHEIE (1.0~15)x10° it (25+05) C
LEL

35 BFWEET (d AR E) BLUBFEMWER (e, n,
i72E) X, O—~ A THIRIT 5.

36 EEERLIF (/) vHVLLE REZHEITS
7o ZELELTD.

ca+b/ectd (=atbe'+d ERET D) LTI (at
b)/(c+d) L35,

“Aab)/cEab/c LTIEREL RN

37 “HEORFIILLEES I TS LMY #ET 5

({452 4]
41 FEHEH
ASCEB AL, WAICEHE, EEEEXRITEZEICL,

DWW first B & U middle name D4 = ¥ V&aFH L. F
BEVEROYEE, FEEXOBICT, 2 ANb. 7721
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4.3 HEEEH
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ISSN HEgt > & —23ERT % Hék~ = 2 7 )V [ISSN Man-
ual. Cataloguing Part| & W&EEF [List of Title Word Ab-
breviations | (http://www.issn.org/2-22661-LTW A-online.
php) ZE) . BELEAAHOEGEE, Mild 3 I amE
Yaitiid .
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