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Exhaustive analyses for late-feathering gene structures and feathering
phenotypes to improve feather-sexing technique in chicken industry
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Studies on the Regulation of Agonistic Behavior in Chickens

SAID MAIDOOD RAIHAN

Graduate School of Biosphere Science, Hiroshima University,
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Agonistic behavior is a type of social behavior which is commonly observed in almost all animal
species. Agonistic behavior is supposed to be an influential element in group communication, with the
intention of self-protection or access to resources that are in limited supply like feed, mates, and territory.
However, excessive aggression results in injury and stress which ultimately decrease production and
increase mortality in the poultry farms. Agonistic behavior of chickens is not only economic concern,
but is also very important issue for animal welfare. Successful management for better production and
welfare requires knowledge of chicken agonistic behavior. It is of great importance to understand the
mechanisms of chicken agonistic behavior and find a way to control excessive aggression of chickens in
the poultry industry. This doctor dissertation, therefore, is about the research of the regulation of
agonistic behavior of chickens.

1. Screening of the behavioral test for monitoring agonistic behavior of layer chicks

Chicken agonistic behavior is one of the serious problems in the poultry industry. No effective
measures, however, have been taken because there are no effective behavioral models for investigating
the mechanisms of chicken agonistic behavior. The purpose of the present study was, therefore, to select
the behavioral tests available for monitoring chicken agonistic behavior. Two behavioral tests, resident-
intruder (R-I) and social interaction (SI) test, were performed for 10 minutes to 10 pairs of male layer
chicks at 8, 12, 18, 20, and 24 days of age, and total agonistic frequencies (TAF) and latency were
measured. The significant differences of TAF and latency between aggressors and opponents in both
behavioral tests. In the R-I test, the TAF of aggressors significantly increased from 8 to 20 days of age,
and latency of those significantly decreased from 8 to 24 days of age. In the SI test, however, the TAF of
aggressors significantly increased and latency of those significantly decreased only from 16 to 20 days of
age. When the criterion of aggressive behavior was defined as the TAF, where aggressors showed more
than 30 times and the opponents did less than one-third TAF of aggressors, the aggression rate was
higher in the R-I test than in the SI test. These results suggest that the R-I test, rather than the SI test, is
an effective tool for monitoring agonistic behavior of layer chicks

2. Agonistic behavior of male and female Japanese large game (Oh-Shamo) chicks monitored by
the R-I test
In this chapter, the purpose of the study was to compare agonistic behavior of male and female Oh-
Shamo chicks by the R-I test. The R-I test was performed for 10 minutes to 15 pairs of male and 9 pairs
of female Oh-Shamo chicks at 8, 12, 16, 20, and 24 days of age, and the TAF and latency were



measured. These results suggest that the R-I test is also an effective tool for monitoring agonistic
behavior of Oh-Shamo chicks, and initiation of agonistic behavior was different between males and
females.

3. Localization of aggression-induced c-Fos immunoreactivities in the brain of male layer chicks

In this chapter, the aim of the research was to examine the localization of aggression-induced c-Fos
immunoreactivity in the brain of male aggressor chicks following the R-I test. The TAF was significantly
higher and latency was significantly lower in the aggressors compared to the opponents. Aggression-
induced c-Fos immunoreactivities were mainly observed in the hypothalamus and limbic system of the
chick brain. These results suggest that the localization of aggression-induced c-Fos immunoreactivities
in chick brain corresponded approximately to the brain area in which the immunoreactivities had been
previously reported on rodents.

CONCLUSION

These finding suggest that the R-I test, as compared to the SI test, is more effective tool for
monitoring agonistic behavior of male chicks. It also suggests that the R-I test can be used to monitor
female chickens’ agonistic behavior. Moreover, it suggests that the localization of aggression-induced
c-Fos immunoreactivities in chick brain, except in the VMH and ARC, corresponded approximately to
the brain area in which the immunoreactivities had been previously reported on rodents.

Key words: Agonistic behavior, Layer chicks, Oh-Shamo, Resident-intruder test, Social interaction test,
c-Fos
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A study on the role of Neuregulin 1 in female fertility

Takashi UMEHARA
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Migratory behavior of the black sea bream Acanthopagrus schlegelii
based on acoustic telemetry in the oyster farm
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Nutritional Studies on Utilization of Silages Based on Local-Grown Plants
in Ruminants
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Locally available forage, such as wild plants and by-product of tuber crops, could be used as
alternative forage sources for ruminant production. The evaluation of the effects of ensiling on nutrient
properties and nutrient utilization in wild plant and agro-byproduct forages provides the evidences to
build feeding strategies based on these forages on ruminant production. This study aimed to investigate
the factors affecting nutritional properties of kudzu vine silage, sweet potato vine (SPV) silage and
cassava foliage (CF) silage in ruminants.

In chapter 2, the effects of harvesting month and ensiling treatment on the nutrient contents of the
ensiled kudzu vine were investigated. Harvesting month did not affect crude protein (CP, 14-17% dry
matter (DM)) content. However, the neutral detergent fiber (NDF) content was lowest, while non-fiber
carbohydrate (NFC) and photosynthetic pigments were the highest for the October-cutting silage.
Ensiling increased the A+B, fractions, but decreased the B, and B; fractions of protein. The A+B,
fraction was the highest for June- and lowest for August-cutting silages, while B, was the lowest for
June- and was similar between August- and October-cutting silages. Ensiling with formic acid (FA)
treatment inhibited the elevation of A+B, fractions and the decrease of B, and B; fractions during
ensiling.

In chapter 3, the effects of ensiling treatment on chemical composition and protein fraction of CF
silage and SPV silage were investigated. The FA treated CF and SPV silages contained higher NFC than
untreated silages. Compared with the untreated silages, FA treatment inhibited the decrease of CP in the
SPV silage while it did not affect CP content in the CF silage. The FA treatment prohibited the elevation
of A+B, fraction and NH;-N concentration for SPV, whereas it did not change protein fractions of CF
silage.

In chapter 4, nutrient utilization of sheep fed the ensiled forage of tuber crops were investigated.
First, I investigated the effect of replacing alfalfa hay (AH) with a mixture of CF silage and SPV silage
(CSP) (1:1 on a DM basis) on ruminal and intestinal nutrient digestion in sheep. Four wethers fitted with
ruminal and duodenal cannula were fed the control diet containing 35% of AH and two treatment diets
containing 15% or 30% of the CSP as substitute for AH. These diets were given at 1.5 times the
metabolizable energy required for maintenance. Increasing the CSP substitution did not affect DM
intake, whereas it linearly increased the intake of acid detergent insoluble nitrogen (ADIN). Increasing
the CSP substitution linearly decreased ruminal DM and NDF digestibility. The CSP substitution did not
affect nitrogen (N) intake and duodenal total N flow, whereas it linearly increased duodenal ADIN flow
and decreased ruminal NH;-N concentration, and intestinal and total N digestibility.



Next, I investigated the effects of FA treatment for ensiling tuber crop forages and grain sources on
nutrient digestion, N utilization, and urea metabolism in sheep. The experimental diets consisted of
either untreated or FA-treated CF silage or SPV silage combined with either corn or barley grain. Four
wethers fitted with ruminal and duodenal cannula were assigned to a 4 X 4 Latin square design with a 2 X
2 factorial arrangement. The diets contained 15% DM of CF silage (untreated or FA treated), 15% DM
of SPV silage (untreated or FA treated) and 40% of concentrate including corn or barley grain. The sheep
were provided with dietary DM at 2.2% of body weight. Compared with untreated silage diets, the FA-
treated silage diets had higher NFC content and lower soluble protein content. The dietary treatment did
not affect DM intake, but the total tract DM digestibility was higher for the corn-based diets than the
barley-based diets. The ruminal and total tract digestion of NFC were higher for the corn-based diets
than for the barley-based diets, and higher for the FA-treated silage diets than for the untreated silage
diets. The ruminal NH;-N concentration was lower for the FA-treated silage diets than for the untreated
silage diets. The intake and total digestion of N were higher for the corn-based diets than for the barley-
based diets, but net ruminal N loss and ruminal microbial N synthesis were similar among the treatments.
Urea-N production was the lowest for the barley-based FA-treated silage diet.

In summary, the ensiling kudzu vine harvested in October was better to use as forage for ruminant
due to the highest photosynthetic pigments and NFC content and lowest NDF content. Even though
ensiling kudzu vine reduced the NFC content and increased soluble protein fraction, FA addition or
wilting could increase NFC content and decrease soluble protein fraction in the silage. A mixture of CF
silage and SPV silage could partly substitute with AH, even though it reduced N digestibility in sheep.
The FA-treatment of CF and SPV silage improved NFC digestion. The combination of these silages with
corn grain enhanced NFC digestion, while the combination with barley grain decreased hepatic urea pro-
duction in mature sheep. The combination of local forage silages with grain diets would improve the ef-

ficiency of nutrient utilization in ruminants.

Key words: Sweet potato vine, Cassava foliage, Kudzu vine, Dietary protein, Digestion, Ruminants
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The overuse of antibiotics threatens both the development of livestock industry and the public
health. The use of antibiotics in animal food production will become even more severely restricted in the
future. Provision of appropriate pharmaceutical, such as melatonin can have some anti-inflammatory
effects in the experimental animals. The study aimed to investigate the protective effects of melatonin on
lipopolysaccharide (LPS)-stimulated bovine mammary epithelial cells (bMECs) and quail ovary
granulosa cells in vitro, and the potential effects of melatonin on progesterone secretion in granulosa
cells of the Japanese quail.

1. The anti-inflammatory and antioxidant effects of melatonin on LPS-stimulated bMECs

To evaluate the therapeutic potential of melatonin in mastitis, the ability of melatonin to protect
bMECs from the harmful effects of LPS was examined. bMECs isolated from fresh milk were pretreated
with or without melatonin (10 or 100 pg/mL) for 12 h and then incubated for 12 h in the absence or
presence of 100 ng/mL LPS. The result shows that melatonin inhibited the LPS-binding protein-CD14-
TLR4 signaling pathway in bMECs, which had opposing effects on pro-inflammatory and anti-
inflammatory mediators. Melatonin decreased LPS-induced expression of pro-inflammatory cytokines,
chemokines, and positive acute-phase proteins (APPs), including tumor necrosis factor-o., interleukin
(IL)-1p, IL-6, granulocyte-monocyte colony-stimulating factor, chemokine CC motif ligand (CCL)2,
CCLS5, serum amyloid A, haptoglobin, C-reactive protein, ceruloplasmin, and a-1 antitrypsin, and
increased expression of the anti-inflammatory cytokine /L-/Ra and the negative APP fibrinogen. In
addition, melatonin increased dityrosine levels but suppressed nitrite levels by upregulating the
expression of nuclear factor E2-related factor (Nrf2) and heme oxygenase-1 in the Nrf2 antioxidant
defense pathway. Finally, melatonin administration increased the viability of LPS-stimulated bMECs.
The results confirm the hypothesis that melatonin can protect the bMECs from the LPS-induced cell
damage.

2. Protective effect of melatonin on LPS-stimulated granulosa cells in the Japanese quail

To evaluate the potential of melatonin to protect cultured granulosa cells from the harmful effects of
LPS in the Japanese quail. Granulosa cells isolated from the Japanese quails were pretreated with or
without melatonin (10 or 100 pg/mL) for 12 h and then incubated for 12 h in the absence or presence of
100 ng/mL LPS. Beneficial effects were observed when melatonin was administered to LPS-stimulated
cultured granulosa cells of the Japanese quail. Melatonin decreased LPS-induced expression of IL-1f,
IL-6, IL-8, and suppressed the nitrite level. On the contrary, melatonin increased the dityrosine level. In



addition, melatonin administration increased the viability of LPS-stimulated granulosa cells in vitro.
These results suggest that melatonin protects cultured granulosa cells from LPS-induced inflammatory
and oxidative stress damage and provide evidence that melatonin might have therapeutic utility in
ovarian follicle infection in the Japanese quail.

3. Melatonin does not affect progesterone basal secretion but suppresses the luteinizing hormone
receptor expression in granulosa cells of the Japanese quail

Whether exposure of granulosa cells of the Japanese quail to melatonin would create changes in
progesterone production was determined. For in vitro experiments, granulosa cells were isolated from
pre-ovulatory follicles (F1-F3) when the F1 follicles were predicted to be either immature or mature (at
3-6 or 18-21 h after oviposition, respectively). Granulosa cells were cultured for 12 h with or without
melatonin concentration gradients of 0.0001-100 xg/mL, thereby averting luteinizing hormone (LH)
stimulation. It was found that melatonin receptor subtypes (Mel-1a, 1b, and Ic) were expressed in the
granulosa cells of the pre-ovulatory F1 follicles. Melatonin suppresses the LHCGR mRNA expression at
low concentrations in granulosa cells of F1 follicles but does not affect the basal secretion of
progesterone in cultured granulosa cells of the F1-F3 follicles. For the in vivo experiment, quails
received intraperitoneal injection of melatonin (0.67 mg/kg body weight) or mock-vehicle at 3 or 18 h
after oviposition, respectively. The birds were decapitated to collect serum 3 h later (at 6 or 21 h after
oviposition, respectively). Results shows that melatonin treatment at a low concentration has no
influence on the serum progesterone concentration at 6 h post-oviposition, but suppresses progesterone
level 21 h after oviposition in the Japanese quail. These results demonstrated that only the low melatonin
concentrations had negative effects on progesterone production of the Japanese quail; with the drastically
exceeding physiological melatonin used in the anti-inflammatory experiment, no harmful effects were
detected under the present situation.

Conclusion

Hypertonic melatonin concentrations protected the bMECs and granulosa cells from the LPS-
induced cell damage, and had no harmful effects on progesterone production of the Japanese quail.
These findings add some new information to develop succedanea of antibiotics, and therefore may
contribute to the improvement of livestock industry and the public health.

Key words: anti-inflammatory, cytokine, lipopolysaccharide, melatonin
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Aquaculture becomes the main contributor to Indonesian fisheries products to fulfill the fast
growing of domestic and global demand. Ministry of Marine Affairs and Fisheries of Republic of
Indonesia stated that total production of aquaculture reached 14.35 million tons compared to 6.48 million
tons made up from capture fisheries production. Thus, the FAO ranks Indonesia as the second largest
aquaculture producer in the world. Indonesian export commodities were dominated by seaweed, shrimp,
tuna, crab, and pearl. Among those commodities, shrimp was the largest (49.42%) in term of value in a
couple of years.

Indonesia exports two primary species of shrimp, consist of the giant black tiger (Panaeus
monodon) and pacific white leg shrimp (Panaeus vannamei). Compare to the giant black tiger, vannamei
contributes two third (1.5 million tons) of the total Indonesian shrimp production. In a couple of years,
the production of vannamei increased consistently by an average of 13.82% per year. Such a fast growth
of Indonesian shrimp production has caused many challenges. Shrimp diseases, environmental
degradation, shrimp price fluctuation, and product rejection from importing countries were some of the
few issues that affected Indonesian shrimp production in the last several years. Therefore, shrimp
farming today is being increasingly exposed to risk and uncertainty in which those risks inherent to all
activities in their business. All those risks are potential to damaging shrimp industry and need to be
managed in a systematic way for sustainability of shrimp industry. Thus, a solid risk management
framework is much needed for Indonesian shrimp industry, particularly in small-scale level.

The purpose of this study is to develop a risk management framework for Indonesian small-scale
shrimp farming. Two specific objectives are proposed, consist of (1) to investigate the small-scale
farmers’ attitude and perception of risks and risk management strategies related to small-scale shrimp
farming; (2) to develop a risk management framework through identifying the sources of risk and
management strategies, as well as evaluate the effectiveness of existing management strategies. This
study was carried out in two areas of East Java, Indonesia. They are Lamongan (South coast of East
Java) and Banyuwangi (North coast of East Java) district, which were selected purposively due to the
main shrimp producing areas in East Java. Purposive random sampling using the Taro Yamane formula
was conducted to select the sample of small-scale shrimp farmers in the study areas. A total of 166
small-scale shrimp farmers were selected. Before starting field surveys, in-depth interviews with the
extension officers, academia, and head of shrimp farmer groups was conducted to avoid missing any
relevant information.



This study used Exploratory Factor Analysis (EFA) and multiple linear regression to measure the impact
of socioeconomic characteristics of farmers on their perception of risk and management strategies. Based
on factor analysis, the results revealed that input and pond preparation, finance and credit access,
production, personal, harvesting and marketing, weather and environment, policy and institutional and
business environment were major sources of risks in shrimp farming. The findings of regression indicate
that the farmers’ perceptions were influenced by various factors such as the age, experience, education
level, availability of off-farm income, and location of a shrimp farm. Our results indicated that the
farmers’ perception of risk and risk management strategies are farm specific. The findings showed that
the shrimp farmers develop a range of strategies and conversely, a risk management strategy can apply
to mitigate different types of risk source.

Regarding developing the risk management framework for shrimp farming, this study used the AS/
NZS ISO 31000:2009 standard as the foundation of the framework due to its appropriateness to the scale
of Indonesian shrimp industry, which mainly at the small-scale level. The AS/NZS ISO 31000:2009
standard consist of seven-step risk management process, which are (1) Communication and consultation,
(2) Establishing the context, (3) Risk identification, (4) Risk analysis, (5) Risk evaluation, (6) Risk
treatment, and (7) Monitoring and review. Moreover, Business Process Model (BPM) method has been
explicitly used in the third step to identify the sources of risk involved in small-scale shrimp farming.
Based on the results, this study found that the farmers had six risk management options to deal with the
risks in their shrimp farms. The framework allows the farmers to choose the optimal risk management
strategies based on the degree of efficacy of management strategies. Specifically, the framework allows
the shrimp farmers to measure, rank, analyses, and priorities the risk for treatment in their business.

Key words: Shrimp Farming, Small-scale, Risk Management, Indonesia
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The high mannose N-glycan (HM)-specific algal lectins have been attracting considerable attention
owing to their prevention of virus infection by blocking the entry of viruses, such as influenza viruses
and human immunodeficiency viruses, to target cells, as well as their anti-tumor activity. In our recent
survey, it was suggested that a Halimeda alga might contain an HM-specific lectin. However, very little
information is known concerning lectins from the genus Halimeda. These situations addressed me to
investigate the Halimeda algae for developing new useful lectins. In this study, three novel lectins,
including an HM-specific one, were found out from the Halimeda algae as described below.

Prior to screening, species identification was performed based on sequences of the gene fufA in
Chapter 2. Fifteen samples subjected to the DNA sequencing were identified into 8 different species. Of
them, the algal samples of 4 species, H. macroloba, H. kanaloana, H. renschii and H. borneensis, which
were collected in the relatively large amounts, were verified by morphological identification and
subjected to screening of lectins by measuring the hemagglutination activity of their salting-out fractions
prepared from the buffer extract of algal samples. The strongest activity was detected with the
preparations from H. renschii and H. borneensis.

The lectin (HRL40) of H. renschii was purified and characterized in Chapter 3. HRL40 gave a
single protein band of about 40 kDa in non-reducing and 10 kDa in reducing SDS-PAGE. In
hemagglutination-inhibition test, the activity of HRL40 was strongly inhibited by HM-linked
glycoproteins, but not by any of monosaccharides examined. In direct binding experiment with 29
pyridylaminated (PA-) oligosaccharides, HRL40 exclusively bound to HMs, especially those having an
exposed (al-3) mannose residue in the D2 arm of branched mannosides, and did not have an affinity for
other oligosaccharides examined, including complex type N-glycans, an N-glycan core pentasaccharide,
and oligosaccharides from glycolipids. The oligosaccharide-binding profile of HRL40 well resembled
those of Type I HM-specific antiviral algal lectins, or the Oscillatoria agardhii agglutinin (OAA) family,
which were previously isolated from red algae, blue-green algae (cyanobacteria), and bacteria. As
expected, HRL40 potently inhibited the infection of influenza virus (A/H3N2/Udorn/72) into NCI-H292
cells with EDy, of 2.45 nM through high-affinity binding to a viral envelope hemagglutinin (Kp, 3.69 X
10" M). HRL40 consisted of two isolectins (HRL40-1 and HRL40-2) which could be separated by
reverse-phase HPLC. Both isolectins had the same molecular weight of 46,564 Da and were an SS-
linked tetrameric protein of an 11,641 Da polypeptide containing at least 13 half-cystines. Thus, HRL40,
which is the first Type I HM-specific antiviral lectin from the green alga, had the same carbohydrate
binding specificity as the OAA family, but a distinct molecular structure from the family.
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From H. renschii, another lectin, named HRL14, was purified and characterized in Chapter 4. The
hemagglutination activity of HRL14 was strongly inhibited by GIcNAc and O-glycan-linked
glycoproteins (bovine submaxillary mucin (BSM) and asialo-BSM). In oligosaccharide binding
experiment with 25 kinds of PA-oligosaccharides, however, HRL14 showed no significant binding to
any of oligosaccharides examined, suggesting the possibility that the lectin may have strict binding
nature to other oligosaccharide(s) not examined. HRL14 was unable to inhibit the infection of influenza
virus (A/H3N2/Udorn/72) into NCI-H292 cells, unlike HM-specific algal lectins. HRL14 gave a single
protein band of about 14 kDa in both non-reducing and reducing SDS-PAGE. HRL14 also consisted of
two isolectins (HRL14-1 and HRL14-2) which could be separated by reverse-phase HPLC. The 25 and
40 N-terminal amino acids of HRL14-1 and HRL14-2 were determined, respectively, representing that
both isolectins shared almost the same sequences with a few substitutions. However, similar sequences
to both lectins were not searched out from databases. Thus, HRL14 may belong to a new lectin family.

In Chapter 5, a lectin, named HBL40, was purified from H. borneensis. The hemagglutination
activity of HBL40 was inhibited by both complex type N-glycan and O-glycan linked glycoproteins, but
not by any of monosaccharides examined. In oligosaccharide-binding experiment, HBL40 exclusively
bound to complex type N-glycans having bi- and triantennary branched sugar chains. The sialylation,
core fucosylation, and the increased number of branching antennae lowered the binding activity with
HBLA40. Such strict binding nature of HBL40 to complex N-glycans has not been reported so far for
other lectins. HBL40 inhibited the infection of influenza virus (A/H3N2/Udorn/72) into NCI-H292 cells
with EDs, of 8.02 nM (K, of 1.21 X 10 M). HBL40 consisted of two isolectins which could be separated
by reverse-phase HPLC. Both isolectins shared the same 16 N-terminal amino acid sequences. However,
similar sequences were not found in databases, suggesting that HBLA40 is also a novel protein.

In this study, three novel lectins, which were specific for HMs, complex type N-glycans, and
GlcNAc, were isolated and characterized from the genus Halimeda algae. Judged from their unique and
strict carbohydrate-binding specificity, they may be usable as valuable biochemical and biomedical
reagents.

Key words: Lectin, glycan, Halimeda renschii, Halimeda borneensis, carbohydrate-binding specificity,
anti-influenza virus activity
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Transgenic mice specifically expressing amphiregulin
in white adipose tissue showed less adipose tissue mass.

Bo Yane

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

H & IR 541 amphiregulin B 5B~ 7 Z DR, B X OTRE Ot

¥
I BARFK BB A TER,  739-8528 HIL BT

MAER, BRUEH

AR IBOWKALIZEED 7 1) —OEFIERUC & - T, T B L OPIRRE O Rk E S R L
HEGIREEATS | Z R SN Do BRI, PIBEIREITEIRGEIE A 7 R v 7 o v FO— ASHEDIERERBRTH Y, &
MECEIE, FRERHEESHAGD S5 2 LI L ) EEIIRR I OB IREL 2 38 < 7 LD CHE %R
HRMETH S, DR, o) —EEE ORI EED <R )L F— & i PERI O IE TE K
L, BENmMEIELEIS L THMENDL I LT, AL —MHRIcB W CEER &S £723,
Z ONEGEFEE AL D HEARIHER O RIZIL, IRIFHER O K5 2 T 5 IR B & oMifat 4 X
DR (BRIL) OAZ% ST, RIEMEOMINSHFEINL LEZ SN TV, FEIRIHITOR5H 2B
FTLHAIE S NoD0H 2575, Wi A BRI 3B 2 BRI OB O 51 A 71 = X 23 KfHO F
FCTHhb, AL TIE, HUWIFERITB WV CLIENIFE R S 4172 DNA microarray i % H \ 7c ARG € 7 v
(db/db) =7 A D HERIHARE 317 2 MR FIEBLOMRER 2 TR 2 S35 2 & T, M IS ik
DHEATIHE > CTIB EAT 28R TR O MBI IZ B 5 3 2 54 K1 & L C amphiregulin (LT,
AREG) ZHEEL, 512, HAEIBHARIC BT 288112 AREG 2 BREHT L M7 AV =y o=
7 A (AREG Tg ¥ 7 A) OBLEATo 72 MR CARIIAR O TEBAEHEIC 817 2 E5H S €72 AREG 04
Y EFOME, B XU AREG #{a 1% A3 A 8RR db/db =7 A ZF7I/ER$ 5 2 & T, s
JEIZ BT % AREG OIRREMN 2B O % Hig L7z,

F—E LEEEiEHEEKICH O TRIENYT 5 AREG OB

1. EHREETTILY T AOBEEFHERICEH TS AREG ORIFEN

LF7E =12 8> T DNA microarray (2 £ D) db/db ¥ 7 2D PRI IS BV CRIZE T 2 #{a T 0
MR KA 5, AREG, FGF13, B X UFFGF21% HEE L 720 MG db/db ¥ 7 A L IEH Th 5 db/+ <
A, BLOBEEEAEASMN (HFD) v A L IEFH AL AN L7z~ AORGERB @I IC BT 2
AREG DZHLZ M L72& 22, db/db ~ 7 Z OFEH A g Hik#kIZ 53T, AREG mRNA D%5E3l=
13805 5L, HFD ¥ 7 A28 T AREG mRNA OFEH X105 A L 72,

2. IEHREOCBEEBERICHE TS AREG &7 07 7— JHife & OEEM O

ERIG AR O~ A RO R EEBEOIETAERICB VT AREG, BLXO~ 207 7 — I~ —7—
THhbHEmrl®~r 077 —UHBoEE, BLCREICHEST 57 E7 A > ThAH CCL2Mep-1DFEHL
MEITo72. ZOFF, AREG FHE & Emr-18 X U Mcp-1OFBUIIEISARE L Tn b 2 e DAL 0 E %5
oo F72, T AOKREEE 2 S G REEALERE B L, M-CSF TR #E L 728, LPS B X OV IFN-y 2 [l
TMIBi~ 2 07 7 — VMl % FE L 728312, AREG mRNA OZFEIFEN T S/,
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BTE BGEFERICHE TS AREG BREIRIRY VU ADER, HIOHMEDER

1. BEEEEICE TS AREG BRIRBE YV ADER, &IUOMEORER

F o SR G AL A S0 12 S8 % 595 % P23l (5T~ promoter 8IS & < 7 A H3k AREG BA% T % ik S 472
FATAVANT 7 PEERL, 7 AZRINIR LT A 204 P27 3 %7, AREG Tg~ 7
ARV 720 F A FHEIETFOBAZMHRL 2~ 7 20 AT 3T AREG mRNA OFH & OB
o, BXOMEEF O AREG & v /X7 HEEOZFE LW EAZHER L2, S512, AREG Tg ¥ 7 ACBWTH
BIRIAAL O EEAEEIA L TB 0, FHRE F E SRR O R i o/~ silo bz, $7z,
HEREARIC BV CRIZTORBIZEIZOWTHNIT L7z & 25, TNF-0 mRNA 3B X U PGCl-o mRNA 78
HREIZEML, leptin mRNA (ZAH B2 L7z

2. AREG BfzFZERIREE/oEEEEE db/db Y7 ADMER, HKLOMEDRENT

BEMEIERE 7V~ 7 2D MEIIEIC BT 5 AREG OIFREMN 2 & EIORI % 1T 728, MEE db/+ ~ 7 A
L HEME AREG Tg ¥ 7 A % X &4, aP2-AREG #fn 1% H T 5 db/+ ¥ 7 A %1372, db/+ v A% FHE
R &+, aP2-AREG #E{n T %A ¥ % MG (AREG-db/db) ~ 7 A% #Hi7zI2/EH L 72o AREG-db/db
<~ AWEEFN L7 2 A, AREG-db/db ¥ 7 2 DKRESR @R ER A ISR L, Belgpm
JaTaRE D INERD H 7z,

3. AREG Tg ¥V AZF(\/z DSS FEMXBRETIN VI ADER, &LOHEDHENR

AREG 2SI lig iRl DAY O MLk 0 A= B BB I 5 2 2 508 % % 2, DSS KIB RO T3 % K
L7z TF AT UHiEET U 4 (DSS) DOERKIZ L 5T AREG Tg ¥ 7 A DKW 98 % s L 7254
KIGHISETHIZBWT, AREGTg Y7 ATy ha— b= AL WKL T, KBEEOIREE L ColfEse
AL E B O fERE2I2 5D < DAl score RAHIZBWTHELRZIIFEDO SN Loz LALLM S, DSSHS
5 KB KIR L 72 KB40 & O [RIEEIIZ 5T AREG Tg ¥ 7 ADKEDO A IR BD bz, &5
12, AREG Tg = 7 A2 3B\ TRy HLE PR B R P R E S C A Bl bz —J7, K
B & KI8T 5 TNF-a % IL-6D B EICHE L ZXRO NG o722 £ b, KIBDOREIR
BIZEIRO5NT, KEBIGAGEHSER ORI EOC EEz b,

g

RIFFEZ BT, JLHEIIE ISR > CHMBEBEIC BT L (B ESAT5 AREG % Bl L, JUEE
DT 0L AT BT, AREG QA B ENI B § 2 @M 217 o 72 IR E @ IEIHIC 517 5 AREG O
FH R BIETHER IR A MU~ 2707 7 — SRS L, 1BHEELZ L TnE Ik
WHEEEAVRIR E N7ze S 512, aP2#EfR T 7HE—% —Z HwTHERHMEIC B VT AREG 2558 5
AREG Tg ¥ 7 AR L, WEOHT E{T-72L 25, FHEICK L CHERHBERIHFZISDT 5
Z EAUREN, IRIMIEOIERAL % ]9 5 B oK F T 5 g2 7RI S 7z AREG 1 EGF 7 7
I ==& LT fiatgiE, B & ORG-S L, 12 LECRIEMII ST 2 85N T & LC
WD EA TS LD ME SN T WD, AREGDEHHOT7 714 B4 M h 4 > & LT, Bl
AEHRREICR L TR 52 0A % 5T, BEANOMGIZOWTEBEOTE L DGRl LETH 5,

F—"7— N i, amphiregulin, IRFMIE, B %0E, SEHE
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Effect of Maltodextrin on the Glass Transition Properties
of Freeze-Dried Mango Powder
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AJ)— Tr AV
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Dried fruits are commonly in an amorphous state. Amorphous solids undergo evident rheological
changes at a glass transition temperature (7,), and glass transition also occurs at certain levels of water
content or water activity (a,,), even at a constant temperature, because the 7, of amorphous solids
decreases with an increase in water content. Thus, 7,-curve (7, versus water content) and water sorption
isotherm (water content versus a,,) are practically important criteria for the physical stability of dried
fruits. Mango (Mangifera indica L.) is one of the most important agricultural products in oriental
regions. Because mango contains a large amount of low-molecular carbohydrates (sucrose, fructose, and
glucose), glass transition occurs readily with water sorption, followed by physical deterioration such as
caking of powder. Maltodextrin (MD) has a much higher 7, than low-molecular carbohydrates and so
has been used as a physical modifier of dried fruits. There have been many studies on the effect of MD
on the T, of dried fruits, but no systematic data as yet for freeze-dried mango powder. The purpose of
this study was to understand systematically the effect of MD addition on the water sorption, glass
transition, and caking properties of freeze-dried mango pulp and solute.

The water sorption isotherms for the freeze-dried mango pulp-MD mixtures at 25 °C showed a
sigmoidal shape (type II), and the behavior was analyzed by the Guggenheim, Anderson, and de Boer
equation. The anhydrous 7, (7.) increased with an increased MD content, because MD has a much
higher T, than mango pulp. The T,,-change for the mango pulp-MD system showed discontinuous
behavior, with an abrupt change in T, observed between 60% and 70% MD content. The change
suggests that the amorphous mixtures have heterogeneous molecular dynamics. The T, decreased with
increased water content because of water plasticizing, and the behavior was analyzed by the Gordon-
Taylor equation. The critical water content () and critical aw (a,.) were evaluated from the 7,-curve
and water sorption isotherm. As the MD content increased, ¥, and a,, increased. The degree of caking
for samples with 40%-100% MD increased drastically above a certain @, condition. This a,, condition
could correspond to a,.. It was found that caking property could be improved by the addition of MD.

For the freeze-dried mango solute-MD mixtures, the water sorption isotherm for the 80% MD
sample showed a type I, similar to that for the mango pulp-MD system. Conversely, the other samples
(mango solute with 20%-60% MD) exhibited J-shaped (type III) isotherms. The T, for mango solute
was slightly lower than that for mango pulp. This suggests that pulp has an elevating effect on 7, of
mango. The 7, decreased with increased water content because of the water plasticizing effect. In
addition, 7, increased with increased MD content. These results were consistent with those for the
mango pulp-MD mixtures. As with the mango pulp, W, and a,,. increased with increased MD content.
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The W, and a,,. were lower for the mango solute-MD samples than for the mango pulp-MD samples,
suggesting that pulp can improve the physical stability of freeze-dried mango powder.

From these results with previous results in literature, an empirical model to predict the plasticizing
effect of water on dried fruits (7,-depression and caking) was proposed. This will be useful for
understanding the physical stability of dried fruits based on a minimum experiment.

Key words: freeze-dried mango, maltodextrin, water sorption, glass transition temperature, caking
property
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Physiological functions and gene expression mechanism
of aldo-keto reductase in tomato
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#

[l

TV K- F#EICEE#E (aldo-keto reductase; AKR) 1%, #AEWREY, WM FIZIE S HERET 5 L3z, I8
BB REAE DL, SRR IH ) BEETH o K AKR 1X, — AR 12250\ T AKR2,
AKR4, AKR6IZ K & 473 &, AKR4IZ & 5 12 AKR4A, AKR4B, AKR4C D32 12501 & b,
AKR4A 3 X OF AKR4B 283 2 M AKR 13, TS WACEHCMS L, AKRAC IZIG 17 VR = v Aiba
DOWERE LTIHEEDHIA L ATEICES$ 5,

AKR4B I2J8§ % 4 F T FaAKR4B 13, 775 7 v 0 v @ TcH#3 (galacturonic acid reductase; GalUAR)
LLCTAINVE VBEABICED L Z s sz, L L, INFTOLEIAH, 4 FITLUNOESE
WIZBWTT AN VEBEAEGKICED S AKR a3 ShTwiv, 22T, bY MIBWTEls
THRBPHEREN TS AKR D) 5, A F T FaGalUAR O — kA & b @ WAL 2 b~ b
SIAKR4B 127 H L7z 241 F TIZ, SIAKR4B O {nT-38H1E, M lmMIbkHZ2Z TR, z7hr®
FYFUVEE, VX AECBEVS TRV E NI L o TELLEINT 22 EPHLNIZENTBY, 20
A BB RE R0 A S DU L BLRIR V. 2 2T, ARIFZE1E SIAKR4AB O A BLEERE & i n TS B O iR %
Hige L7z,

F1E FAODLEVBEEAKICEHE TS SIAKRAB OHBEEREMNT

MY MEOTO T T ARy N aREEMILE HWC, SIAKR4B OWERERIT #47 > 720 70 N7 A b
BLOY N aEEEMBICEB VT SIAKRAB 2 #EI SR S E728 25, B\ GalUAR G2 H 3 2 #Hn) 2 7R
L7, WFNICBWTY, HRETHLD-HT7 27 v VIBRNOAFEIZEDLSTT7 ATV E VEEOBN
ERRD SN D o7z FHEWZIIEBO 7 AT NV VEEAESGRERIGFET 5720, MY METO NI AL
R HINTEFEHNLTIE, GalUAR 25592 7 A2V E VRO ESIRAHE R TR WITEENED S 50 FERIZ,
P AERR O /N T BN LA O GalUAR 613 <, 4 F T FaGalUAR &z {% b~ F3ET0 -7
FAMIBALTYH, TAIVE VEBEEOWINIFED 5770572, GalUAR 255325 7 A3 )V E VERAE
AL, BEREIERYIATONL Z EHARBRENTWS 20, SIAKRAB 257 A 2V ¥ VA
DBIED DR T AL, IR EPVLETH B,

SIAKR4B IE, ZUEIVTIVTE FRXFNVI)F I =), Z)F X =)D h VR VALEWIZXT L
TEHWEFEEZR L. L2A 5T, SIAKR4B X, Tho5DH VR LEWEERORHZL LT,
EA N L ATHEICE D B REE D E 2 5 b,

F2E BRIEANLRICETS SIAKR4AB DA IRHEEERFIT
1|2 BT, SIAKR4B F GalUAR i&iME 2 B2 Z ENRHL M2 o 7205, 7T ANV E VU BEARA
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OBSIEIRHADOE FTH D, 2T, SIAKRAB % @FIZEBL S W72 5 NIRRT A2 3)V € & i % 7
L7zo L22L, ZNTRRIC BT SIAKRAB O#BFIFEIIC L 2 FE LT ATV E Y REOLE)IIRD 5
Nho/zZ &5, SIAKRAB 1X, 7 AT )VE VEEAGHICES L TWARWITREEIVRIB S iz, 72,
ZONTRIRDFEAERTER VT, WELKRLIIC X 2E1LA b L 2O % M L 7275, SIAKR4B @
BERTEBUC L B BIIRO SN Do,

N TIZ, SIAKR4B Oitfn 58, ) F VIR Y ¥ A€ VEEE Vo 7R EISE I D B R R
VENZESTOFELLEMT 22 LWL h 5T b, 2T, SIAKR4B AYRiGEIGEIC M b 5T
REME AT L7z P MEPSIERLZY — 7574 A7 2HEERGEDT) v 7 —L LTHW LN S ) REHH
TUH L 72& 25, SIAKR4B O#AFHRBUIHEIIRDO 5N h 572, LA L, SIAKRAB D ELTFFHBLL,
TIONTF) AR KR P MEIREESEL I EICI o TELIEML, s EET R VY
77— ORBEMEICE 5 TH, FH L CHINL 7z, BELEIIEOER BN AEIIHNE 22 L25,
BRI X o TH & 2 SN DAY SIAKRAB DML 5Bl % Z58 L 2T hEMEA D B o IR H
DR EROREIZ LY, HEYOMBEEIRIG T 2 &, MIFBEOMREM DAL, TN OB EA ML
AR B H &I 4T v ¥ — L% b, SIAKR4AB 1&, WIBEISEIZHE D RV E V2,
MEEOBE % 1F ) HEA I L ALK o CRETHEBDTHFE S, i EISE IS L T2 MDY S 5 .

$£3E SIAKRAB DI ARIERE DR

b~ b SIAKR4B O {n 7 5681E, JEEWA b L AR A IVE >, MIBEEOREEIC L - TH L <
T5h. £ZT, MY I SIAKR4B DA b L AISEN BT EEEELHO 27572012, P MET D
75 A bRV BEERIC X D SIAKRAB O 70— ¥ —fF#HT %475 720 SIAKR4B 7O E— ¥ —
i, WIS B AEENERB T — —THoH ) 75T —FWF A 77 AV A358 FTut—F — L[E
EOIFFITEHENTOE—F —ifE2 R L72e S512, SIAKR4B EIZT- ORI K55 ki -6007%* 5 -500
bp £ TORFNZENTTE—F —{HICH DD Y ARF AT 5 2 EAVRE SN2, 72, SIAKR4B 7
UE—8 —OEWIRGHFEL, Y0 XFAFETT T I AMIBOTHHERICED 51, -60025 -500
bp OFIHN, W VIRGIFEICE D D ¥ ARTDEAET D Z EATRIE S 720 & 5 ISFHM 2 AT 2 47 o 745 4
SIAKR4B 7' € — & —4HI D -585% 5 -582 bp B &L U -510%* 5 -507 bp IZFF-HET 520D G-box FRELYI %
B RIS L L, TOE-F —HHOFELWVRT2RD LN, 215220 G-box FRALHI A%
SIAKR4B D A L AiFEM 2 @B EE 2 2 AW T TH D 2 EAVRIE S 7z,

HwaEg

AWFFEIZ LD, M~ b SIAKR4B 1X, 7 AWK YERAESERLIFEWMIA ML AMEL D &, WHEILE
ST AR RIB E N7z, 72, SIAKR4B D A b L AFEN 2 EETFEHEBICIE, Y€ —¥% —4H
WD 58575 -582 bp B LU -510225 -507 bp IZAFTET 522D G-box FRELHIAEETH 5 Z & 2SHH L 212
%5720 SIAKR4B 7HE—¥ —1%, PY T THRLEIEA X FAFIZBNTOBVEGHEER LS
Lhs, @BETIECBNT, MYHERICIEOA ML AFENEEH T 0 E—s - LTHEHATH S LT
53 %

F—TJ—N:TNF-7 bETEE MM AMLARE TUOE—F-—
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Physicochemical study on molecular compound formation in OPO/OPO binary
system for rapid cooling and isothermal crystallization processes
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S B X OSSR IC BT S
OPO/POP 2155 A% D 43 - WAL &I B 5 2 W B LA R TifF 72

Ve
I BRSPS BB A TER,  739-8528 HIA BT

F =

LR IR 7 — 2 EIFIEIL D X912, WHIRSEROBAICE LT, LA YEREEIT 2 2 LI12 L 2 RS
R WO, KERNMMEZ S EENTVD ~ T v ARl ol 2 Em, #SEEN X
NOHAZE R D) A D B & SN D FIRIITROBIE 2 L § 2 2% EAA BN D, ZORHE,
IR SE S CIEAE 9 2 AR O % IR &2 2153, MIREGOMHEICRECEEL G2 Tw5,
Y=Y F—RWIC, S EHBOMRE MG DY, WEREEZREL TS, LAL, Lo
H2 o, RS E TR 2 BRIR RSB L CB Y, ZNENORUTOMIEAHEL 23 < %o
TWLOPHIRTH S,

KWFZE T, 1,3-dioleoyl-2-palmitoyl-sn-glycerol (OPO) & 1,3-dipalmitoyl-2-oleoyl-sn-glycerol (POP) @2
B IR AN T 5 55 F-HALAEY (Molecular compound, MC) (2 H L7zo MC #&dhix, 2o v
IFURRE FLAVEBEAFRIL I ATHANEHEODL LT, FNENOHEG TIEIBHK L 72\ W2HE gl
EIFEN A REREMA TR T A ZEPMEINTWAE, ZHUE, e LTH LA VBEL &I 0
Pb 5T, FiRTEMAKE LTHEEL, MEHKSOPTORILEERFMLIEEZ R 2ORERICHENLTY
52 Ens, BRHEIITWDEMEIES, 7 v AMEIIREE % &R ERNNIE 2 & O BEEIEOE &
L COMERPHIFTE %,

Z D728, OPO/POP 21850 MM S 5 MC & il #an lJIGH T2 2 LI N L7, 2T TITHE
ENTVE MC OWEIZEEREN 2 b DD % <, EEMISHTTRERIIZEIZIZE A EIThIN TV VO R
RTHD, 22T, KWL TIELENZHRILENT TO MC O FALEEIZHO 2T 2 L2 HIE
L7z £9, MIEOE—A L LT, ~—7) Y OBESFMTTAEL 28R EHNC X 2O/ LIZEH
L, BMZmENIBT 28582 BT 5272012, BEETICe =% — 285, SURIRERIES TR TH
% AIIHERUR ZE R m G (Differential Scanning Calorimetry, DSC) % fiH L C, & AK&GHIHE150 T/
min TO MC O#t LT 2 B L7ze £/, 2MGWEICL D, B~ TEHTEL L TL £ 9 Ml
DEREAL BT 5 720102, Hh G 45 X AR |47 7% (Synchrotron radiation time resolved X-ray
diffraction, SR-TXRD) % FIf L7z,

ETE ANEEKENL OPO/POP 222 DA FREMLEMHBRICDONT

KRETIE, OPO:POP =5:5REWHH VT, TNFTTICHE SN TOABEEEMET L, TN 72 855%E i
TELTVRHHOBMTH 2, BMAEHEMETICBIT S MC OFRIbEE % it L, @HHEE 21k
SO MC # LB & BlgE L7,

ZOFER, WHEEES T/min 2B 2EERMTICB VT, MC R RO % iR L7225, EEE40
C/min 2B 5 2EFMETIZB W T, MCH A3 OPO & POP 283 2 B L 72 2 L S & 0127 o
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720 1A T OPO:POP = 5:5iR &2 BT, POP AKX Y Sub-a WORKERLTE AT 5 2 EAVRE
7.

WA, THEERE S OB X BEELTEAOEREFH L 72 MC &S OFM % RAh 720 ZOREE, MC i
PR L2 WERHRETH- T, 18 CTULIT#T 52 L 12 ;h%ﬁﬁllimmuxMcmE.@ﬁZﬁJ‘z%éﬂﬁw:o
L)L@%%‘%;D B S T2 BV TE MC # ST 55, HHEEE40 C/min L EOZG T T
13 MC FfITERE S, OPO & POP 235 4 12K S LT 2 2 LSO DT> 720 L L, MNEUC X 2 iR
b @%’?ﬁ/iﬁﬁy L) MCHREEDPTERTEETH B Z EDH S DI 5720

ETE MR ROSHIREKEFNR OPO/POP 2BARDAFRLEMHMAIC DT

AREETIE OPO:POP = 5:5{R AW 7213 T/ {, OPO:POP = 4:6{E &) %° OPO:POP = 6:4{REW & I\ CTE%
T TO MC ORGSR ALE B & Blg2 L 72,

F¥, OPO:POP = 5:5{RAWICH T, HHLHEE3S T/min L EIZB VT MC #EATER L 2 wv» 2 & )5
ST 5720 KIS, OPO:POP = 4:61RA W & I\ 72354, WHEIHEE40 C/min 1258\ TH MC # s DI
Z@ZE L, OPO:POP = S:SIRAME V7856 X0 & B Wi HIElE T MC # AT 5 Z L AVR Sz,
ZDEE, POP D ol 5 Sub-o FINDH L ILEADHE TE S, MC RPN EICHE L7z &
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Introduction

Vitamin By (By) is an essential water-soluble vitamin required for normal growth and development
in mammals. PLP is the biologically active form of By, acts as a co-factor in over 140 distinct enzyme
reactions. Beyond its the role as the co-factor, B¢ has the preventive roles in certain diseases including
colon diseases and heart diseases. However, the underlying mechanisms of these preventive effects of By
are still unclear.

Effect of dietary supplemental vitamin B; and gender difference on colon luminal environment
Accumulating studies have suggested the preventive role of dietary B, on colon diseases. It has been
reported that the status of By is affected by gender difference. There is growing evidence that the
incidence of colon diseases is affected by gender difference. However, the underlying mechanisms of the
effects of gender on colon diseases are still unclear. An understanding of the colon luminal environment
is essential to reveal the effects of dietary B, and gender difference on colon diseases. In this study, I
hypothesized that gender difference modulates the colon luminal environment, which is dependent upon
Bq status. To investigate this hypothesis, male and female rats were fed the diet containing 1 mg (low), 7
mg (recommended), or 35 mg (high) pyridoxine HCl/kg diet for 6 weeks. As a result, dietary By
significantly increased fecal mucin and the effect was particularly profound in the female rats. The fecal
mucin levels were significantly correlated with colon free threonine and serine, and with gene expression
of colon MUCI16, implying that the combined effect of gender and dietary B¢ on fecal mucins was
mediated by the alteration in the levels of such amino acids and MUC16 expression. This study further
showed the significant effects of gender difference on colon free amino acids such as threonine,
ornithine, asparagine/aspartate ratio, glutamine/glutamate ratio, on cecal and fecal Lactobacillus spp.
abundance and colon gene expressions of MUC16 and TLRS8. Accordingly, my study suggests that
dietary B, and gender difference may have an impact on colon diseases by modulating these parameters.

Effect of dietary supplemental vitamin B, on the levels of anti-disease metabolites in heart

Several epidemiological studies have shown the positive benefits of B, to heart diseases. The
suggested mechanisms responsible for the preventive effects of B, against heart diseases include
homocysteine, purinergic receptors signaling, inflammation, and kynurenine pathway. However, the
exact mechanisms of the effects of B are still unclear. In this study, I hypothesized that dietary By
improves heart dysfunction by modulating amino acid metabolisms. I conducted metabolomics analysis
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to investigated concentrations of metabolites of the heart in rats fed a diet containing 1 mg (low) or 35
mg (high) pyridoxine (PN) HCl/kg for six weeks.

As a result, there were over 500 metabolites detected, and 21 metabolites were affected by dietary
Bq. the first group affected by supplemental B¢ was the metabolites related to carnosine were carnosine,
anserine, homocarnosine, and B-alanine. The second group was the amino acids such as alanine, serine,
isoleucine, leucine, valine, methionine. The third group was the metabolite in the TCA cycle and urea
cycles such as malic acid, fumaric acid, argininosuccinic acid, and ornithine. The fourth group is the
other metabolites such as gamma-aminobutyric acid (GABA), histamine, 1H-imidazole-4-propionic
acid, y-butyrobetaine, carnitine, adenine, and FAD. These metabolites except for ornithine were
significantly increased by high B, diet, whereas ornithine was increased by the low B, diet. Among those
metabolites, carnosine, anserine, B-alanine, GABA, histamine, fumaric acid, malic acid, carnitine, and
adenine are known to have heart-protective effects. The results suggest that the possible mechanism of
the heart-protective effect of By is ascribed to increased heart-protective metabolites. My study explains
the reason why adequate By status is essential to maintain the optimal heart health.

Conclusion

These study demonstrated supplemental B4 increased fecal mucins in rats in a gender-dependent
manner. The mechanisms of the effect of dietary Bs, combined with gender difference, may be mediated
by modulating colon free threonine and serine and gene expression of MUC16. During this study, I
found the gender difference modulated several parameters, including colon free amino acids, mucins,
microflora, and expressions of MUC16 and TLRS, important to colon diseases. The results imply that
the effects of gender on colon diseases are mediated through alterations in such parameters. Further, I
found the increased levels of several heart-protective metabolites such as carnosine, anserine, GABA,
histamine, etc. in the heart of rats by supplemental B¢. The possible mechanisms of increases in
carnosine, anserine, GABA and histamine by supplemental B, were discussed. Collectively, the results
imply the novel mechanisms of anti-heart disease effect of dietary B, by elevating such protective
metabolites.

Key words: vitamin B, colon, gender difference, mucin
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Several Aspergillus species have been widely used in traditional fermentation foods and
pharmaceuticals due to their enzymes-producing abilities. Particularly, Aspergillus oryzae (A. oryzae) is
widely used for the large-scale production of traditional food products, including soy sauce, sake, miso,
and rice vinegars. The catalytic abilities of 4. oryzae-secreted enzymes may help to increase biological
and functional characters of various foodstuffs. In order to know whether dietary of these enzymes exert
potentially beneficial effects on health in mammals, here, I investigated the effects of Aspergillus-derived
protease preparations on the colonic luminal environment in rats.

In the chapter 2, I found two enzyme preparations, Amano protease (neutral proteases from
Aspergillus oryzae) and Orientase (acid proteases from Aspergillus niger), which could exert some
beneficial effects on colonic environment. Amano protease supplementation markedly elevated the levels
of cecal Bifidobacterium and Lactobacillus, the well- known health-promoting bacteria. Furthermore, the
concentrations of cecal n-butyrate, propionate, and lactate, which are potential mediators playing
important roles in gut health, were increased by the Amano protease and Orientase supplementation.
Total short-chain fatty acids (SCFAs) concentrations were significantly higher in the Amano protease
and Orientase groups compared to the control group. In addition, dietary Amano protease elevated fecal
immunoglobulin A (IgA) and mucins, which are responsible for intestinal immune and barrier functions.
Taken together, these results suggest that the Aspergillus-derived protease preparations may beneficially
modify the compositions of cecal microflora, SCFAs, IgA, and mucins in rats fed a high-fat diet.

The Amano protease preparation contains several digestive enzymes, including acid protease,
alkaline protease, amylase, etc. In the chapter 3, I hypothesized that the digestive enzymes in the
protease preparation are responsible for the bifidogenic effect. Then, I tested this hypothesis by
investigating whether cecal Bifidobacterium levels are elevated by the addition of the purified acid
protease (AcP) at the dose equivalent to the level found in the 0.1% Amano protease containing diet,
which is considered as the effective dose for generating a bifidogenic effect. The results showed that the
cecal and fecal Bifidobacterium numbers were not affected by the supplementation with 0.0096%
purified AcP at the level equivalent to the AcP amount found in the 0.1% Amano protease diet. However,
intriguingly I found that the diet containing 4-fold higher AcP content (0.0384% purified AcP diet) than
that found in the 0.1% Amano protease diet significantly elevated the cecal Bifidobacterium and
Lactobacillus numbers and the fecal Bifidobacterium numbers in rats. This bifidogenic effect was not
observed in the rats fed the inactivated AcP, implying that the enzymatic activity of the protease was a
key factor underlying the bifidogenic effect, which was beneficial for the gut luminal environment.



36

Accumulating evidence indicates that various kinds of amino acids and their metabolites play
crucial roles in the intestinal homeostasis. In the chapter 4, I hypothesized that some digestive enzymes
in the Amano protease preparation may successfully pass through the acidic condition of stomach, and
then influence the proteins and amino acids metabolisms in the cecum, which in turn affects gut health.
Thus, I investigated changes in profile of free amino acids in the cecal contents of rats fed the 0.1%
Amano protease-supplemented diet. As a result, the Amano protease intake markedly increased eleven
amino acids, which were valine, cystine, threonine, alanine, glycine, phenylalanine, histidine, proline,
taurine, y-aminobutyric acid (GABA), and ornithine. These amino acids have been suggested to exert
positive and protective effects on intestinal health by improving intestinal barrier and integrity, and by
suppressing oxidative stress and inflammation. Thus, these results suggest the supplemental Amano
protease has a beneficial impact on gut health by increasing these eleven gut-protective amino acids
mentioned above. Furthermore, the levels of the amino acids affected by the Amano protease were
mostly associated with the relative abundance of cecum Bifidobacterium and Lactobacillus. Thus, the
elevations in cecal Bifidobacterium and Lactobacillus by the Amano protease intake appear to be linked
to the increased amino acids in the cecal contents.

In conclusion, these studies suggest that dietary 4. oryzae-derived protease preparation exerts the
prebiotic-like and beneficial effects on gut health by increasing the levels of Bifidobacterium and
Lactobacillus, various gut-protective amino acids, SCFAs, IgA, and mucins. Over the years, various
Aspergillus protease preparations have been widely used for food production and as components of
digestive enzyme preparations all over the world. My studies may provide an insight into the novel
application of Aspergillus protease and the novel benefits of fermentation foods prepared with
Aspergillus spp. Further studies are necessary to clarify the underlying mechanisms of the beneficial
effects of Aspergillus protease preparations.

Key words: Aspergillus, protease, colon, gut microbiota, Bifidobacterium, rats
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Environmental stress significantly influences crop productivity, and therefore affects food security,
availability and quality. The objectives of this study were to examine the effects of nitrogen, phosphorus
and potassium (NPK) fertilization, and combined application of salicylic acid (SA) and K fertilizer on
productivity, grain minerals, starch, crude protein, total pentosan (TP), water-soluble pentosan (WSP)
and phytate P (Phy-P) content of wheat under drought stress, to enhance wheat productivity and grain
quality under drought stress condition.

To evaluate the effect of NPK fertilization on wheat growth, grain yield and quality components
under normal irrigation (non-stressed) condition, 3 doses of NPK fertilizers: T, (control, non-fertilized),
T, (110 kg N + 60 kg P,Os + 55 kg K,O ha™), and T (200 kg N + 120 kg P,Os + 100 kg K,O ha™) were
applied to the soil, and wheat cultivar Minaminokaori was grown in a vinyl greenhouse. The results
indicated that T; treatment significantly increased the grain yield (151.6%), crude protein (65.3%,) WSP
(40.5%), and dry gluten content (408.9%) compared to the control. It also enhanced the grain minerals
content. Grain Phy-P was increased with a higher NPK fertilization level, and interestingly the level of
phytase was also increased up to 46% in the seeds of T; treated plants compared to T,. Also, mother
plant NPK nutrition enhanced seed germination percentage, seedling fresh weight, phytase activity,
inorganic phosphorus (Pi) content, and Phy-P metabolism of the second generation during the
germination period, suggesting that higher grain yield, improvement of grain quality, higher seed
germination, improved seedling establishment, and enhancing physiological performance of seedlings of
wheat could be achieved with using an appropriate level of NPK fertilization.

To study the effect of combined NPK fertilization on productivity, and grain quality of wheat under
drought stress condition, the 2nd experiment was designed with two wheat cultivars (Minaminokaori and
Lalmi-2), and 3 levels of NPK fertilizers: F, (150 kg N + 100 kg P,Os + 75 kg K,O ha™), F, (200 kg N +
120 kg P,0O5 + 100 kg K,O ha™), and F; (250 kg N + 140 kg P,O; + 125 kg K,O ha™). The plants were
exposed to 2 levels of drought stress and well-irrigated control during grain filling stage until harvest.
The results indicated that drought stress significantly decreased grain yield, and starch content. Lalmi-2
recorded a higher grain yield, total K and starch content than Minaminokaori. In contrast,
Minaminokaori recorded higher value of grain minerals, crude protein, TP, WSP and Phy-P content than
Lalmi-2. It is concluded that increase in the rate of NPK fertilization could ameliorate the adverse effects
of drought stress and enhance plant productivity. At the same time, it may help in increased grain
minerals, crude protein and WSP content under drought stress condition. Besides applying higher rates
of NPK fertilizers, it is suggested that use of fertilizer responsive and drought-tolerant genotypes such as
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Lalmi-2 will be beneficial to minimize the risk of yield loss due to drought stress.

The third experiment highlighted the combined effects of SA and K on yield and grain quality of
wheat under drought stress condition. Minaminokaori cultivar were grown in pots in a greenhouse and
subjected to 3 levels of K fertilizer (50, 100 and 200 kg ha™). The plants were foliar sprayed with SA
(0.7mM) at heading stage, and then imposed to the drought stress until harvest. Drought stress decreased
grain yield by 41.1%, starch content by 10.2% and WSP content by 3.5% compared to well-irrigated
control. Under drought condition, the application of combined SA and high K levels has increased grain
yield (13.3%), starch (12.2%) and WSP content (20.3%) compared to SA-untreated with low level of K
fertilizer treatment. In addition, SA application decreased the percentage of Phy-P to total P under
drought stress. These results suggested that combined treatment of SA foliar application and a higher
doses of K fertilizer can partially improve wheat productivity and grain nutritional quality, without
increasing the Phy-P content under drought stress condition.

It is generally concluded that higher rates of NPK fertilization under normal irrigation condition
may increase grain yield, grain mineral, crude protein, WSP, and dry gluten contents. Phytase activity,
Phy-P degradation, and the release of Pi during seed germination of the second generation was highly
affected by mother plant NPK fertilization. Drought stress significantly reduced grain yield, negatively
affected grain nutritional quality of wheat by increasing Phy-P content, and reduced starch content. A
higher rate of NPK fertilization may effectively attenuate the deleterious effects of drought stress by
improving productivity and nutritional quality of wheat under drought stress condition. Comparison of
means showed that application of SA and a higher level of K also significantly improved wheat
performance, productivity, grain minerals, grain starch, and crude protein content. Considering these
observations, both approaches, either applying an adequate level of NPK fertilizers or combined SA and
K application can be utilized for minimizing yield loss and improving grain nutritional and bread-
making quality in wheat under drought stress condition.

Key words: Wheat, Salicylic acid, Phytate P, Pentosan, NPK, Drought



AWy P R
Biosphere Sci.
57 : 43—44 (2018)

Root growth plasticity and phosphorus remobilization in rice
as adaptive mechanisms to phosphorus deficiency

Dissanayaka Mudiyanselage Samantha Bandara DisSANAYAKA

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

ROLEFOFMIEE ) > BERIZ L 2 A4 D) ¥ RZFEEHERE

TAYFY ATAaXETr vy y NYEFT FTAaYFYA
B BARFERE LY FFEVIIEF,  739-8528 FUA BT

Introduction:

Among the cereal crops growing today, rice (Oryza sativa L.) is regarded as the most important,
feeding a large share of the world’s population. Rice cultivars with enhanced phosphorus (P)-use
efficiency are increasingly important for sustainable food production, as P is a prominent nutritional
constraint to global rice production. Alternative and sustainable approaches are needed to decrease
agriculture’s overdependence on P fertilizers.

Research Objectives:

Aims of the study were to examine (1) low-P tolerance mechanisms exhibited by rice plant under
P-deficient conditions, (2) molecular mechanisms that drive P remobilization in rice, (3) partitioning of
acquired P among different vegetative and reproductive organs by low-P tolerant and sensitive rice
genotypes, (4) genotypic differences of yield components, grain yield, and grain P loading of low-P
tolerant and sensitive rice genotypes, and (5) genomic regions associated with low-P tolerance of
Japonica rice

Research Methodology:

The entire study comprised of two experiments with Akamai (low-P tolerant) and Koshihikari
(low-P sensitive) cultivars done in pots with Regosol soil and another experiment with F5 mapping
population originated from crossing Akamai with Koshihikari. Experiments in Regosol were done with
(100 mg P kg™ soil Ca(H,PO,),-H20/ 100P) and without P (P0) addition. Biomass and P accumulation in
different plant organs, leaf P remobilization efficiency, root length, yield and yield components were
investigated. In supporting hydroponic experiment, plants were sampled at four-leaf stage and membrane
lipid components of different leaves were separated by two-dimensional thin-layer chromatography (2D
TLC). Quantitative trait loci (QTL) - sequence was performed using F5 mapping population grown in
P-deficient Andosol to identify the genomic regions associated with low-P tolerance of Japonica rice.

Results and Discussion:

Low-P tolerant Akamai is capable of acquiring more P and producing higher plant biomass than
low-P sensitive Koshihikari. At all harvesting times, Akamai grown under PO could produce biomass
similar to that of Koshihikari in a P-supplied condition. Akamai shares this similarity with Koshihikari
in terms of the total P uptake. More plastic nature of root growth (enhanced root DW and length) helped
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Akamai to explore greater volumes of soil and acquiring more P under P-deficient conditions.

Results also confirm that Akamai grown under P-deprived conditions posses an efficient P
remobilization efficiency that supports redistribution of acquired P based on the demand of the different
segments within the plant. At maturity, Akamai in PO achieved similar green leaf P concentration to that
grown in P100 condition which could result from membrane lipid remodeling (replacement of
phospholipids with lipids that do not contain P). Among the two rice cultivars, only Akamai made this
replacement strongly only in lower leaves when it is grown without external P supply. In lower leaves of
Akamai, phospholipids were mainly replaced by galactolipids. From these results, it is evident that,
under P-deficient conditions, Akamai maintains lower level of phospholipid pool and use lipids that do
not contain P instead in lower leaves while investing more phospholipids to upper region of the plant
where leaf emergence and expansion occur.

The highest grain yield was produced by Koshihikari in P100 whereas the lowest was recorded
when it is grown in PO. Akamai recorded 22% and 59% greater grain yield and grain P concentration,
respectively, than those of Koshihikari under PO condition. The number of filled grains per panicle
appeared to be the key yield component determining the grain yield difference of two cultivars under
two P treatments. P-deficiency had a stronger impact on grain filling of Koshihikari where the filled grain
percentage of Koshihikari under PO was lower by 29% than that under P100. However, for Akamai, it
was only 11% lower.

Genomic region associated with low-P tolerance of Akamai rice cultivar was identified in
chromosome 12 in the region from 23.6 Mb to 27.5 Mb (lower end) and was named as QTL for Low-P
Tolerance 1 (gLPTI). Novel genes responsible for low-P tolerance could exist in gLPT! and further
molecular examination of gLPT1 would clarify those novel genes associated with the low-P tolerance of
Akamai.

Conclusions:

In response to P-deficient conditions, low-P tolerant Akamai rice cultivar develops an extensive root
system and explores greater volumes of soil to acquire more soil P than low-P sensitive Koshihikari.
This development and exploration helps Akamai to support its enhanced shoot growth. Akamai starts to
remobilize part of the P in lower mature leaves to upper younger leaves starting from early growth stage.
Efficient leaf P remobilization of Akamai is partly related to lipid remodeling in lower mature leaves in
which phospholipids were mainly replaced with galactolipids. The key yield component determining the
grain yield difference between two cultivars is the number of filled grains per panicle. Low P-tolerance
trait of Akamai is attributed by QTL for Low-P Tolerance 1 (qLPTI) located in chromosome 12. P
efficient rice genotypes could be achieved by: (i) developing cultivars having explorative root growth to
acquire more soil P under P-deficiency, and (ii) producing high-yielding plants having overall lower P
concentrations or by increasing the redistribution of P within the plant so as to maximize growth and
biomass allocation to the developing organs.

Key words: Root growth plasticity, P acquisition, P use efficiency, Membrane lipid remodeling,
Quantitative Trait Loci
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Polycyclic aromatic hydrocarbons (PAHs) is a large group of organic compounds classified as
carcinogens and mutagens. They are generally formed as a result of pyrolysis of organic substances or
incomplete combustion of oil, gas, wood, coal and other organic materials. PAHs are emitted to the
environment through two main sources, (1) anthropogenic sources (i.e., > 90%) and (2) natural sources.
After depositing on the plant leaves, they cause stress in the plants through generation of reactive oxygen
species (ROS). This study was carried out to characterize stress responses of plants in the presence of
PAHs and understand the role of ROS in generating oxidative stress within the plants.

Chapter 1 provides general introduction of PAHs and nitro-PAHs, their environmental fate,
deposition and toxicity on humans and plants, generating capacity of ROS, induction of stress in the
plants and mitigating their negative effects using ROS scavengers. It also gives an insight on the main
objectives of our studies throughout the thesis.

Chapter 2 describes a study carried out to characterize marigold stress response to PAHs (oxidative
stress inducers) with and without sulfuric acid (S.Acid; pH 3) (acid-stress inducer) and to evaluate ROS
scavenging activity of mannitol (Mann). Marigold (Calendula officinalis) seedlings were grown in a
greenhouse and fumigated with fluoranthene (FLU), phenanthrene (PHE), Mann, and S.Acid individually
and in various combinations for 40 days. Various physiological and biochemical parameters among
others were analyzed using standard methods. The results revealed that fumigation of FLU induced
oxidative stress to the plants via ROS generation leading to negative effects on photosynthesis at near
saturating irradiance (A,,,), stomatal conductance (G,), internal carbon dioxide concentration (C;), leaf
water relations and chlorophyll pigments. Significant percent inhibition of A ., (54%), G, (86%) and C;
(32%), as well as per cent reductions in chlorophyll a (Chl.a) (33%), Chl.b (34%), and total chlorophyll
(Tot.Chl) (48%) contents were recorded in FLU fumigated treatment in comparison to control.
Combination of Mann with FLU scavenged ROS and substantially lowered the oxidative stress on the
plants and hence all the measured parameters were not significantly different from control. PHE
fumigation had varied effects on marigold plants and was not as deleterious as FLU. Combined
fumigation of S.Acid with both the PAHs had significant negative effect on leaf water relations, and
positive effect on fresh and turgid weight of the plants but had no effect on the other measured
parameters. The lowest proline contents and highest catalase and ascorbate peroxidase activities in FLU
fumigated plants further confirmed that oxidative stress was imposed via the generation of ROS. The
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results also revealed that Mann could be an efficient scavenger of ROS-generated by FLU in the
marigold plants. Overall, the results of chapter 2 suggest that heavy molecular PAH (FLU) is more
deleterious than low molecular PAH (PHE) and Mann was more effective in mitigating the negative
effects of heavy molecular PAHs than lower molecular ones.

Chapter 3 describes a study conducted on tomato (Lycopersicon esculentum) plants to characterize
the toxic effects of 1-Nitropyrene (1NP) (oxidative stress inducer) and to evaluate reactive oxygen
species (ROS) scavenging activity of mannitol (Mann) and catechin (CTH) being natural antioxidants.
Tomato seedlings were pot-grown in a greenhouse in Hiroshima University during May-August 2017.
They were fumigated alone and in various combinations of INP, Mann and CTH for around 10 weeks (3
days a week) from mid-June to late August. Various physiological and biochemical parameters among
others were analyzed using standard methods. The results revealed that INP induced oxidative stress to
the plants through generation of ROS which ultimately had negative effects on certain measured
parameters. The values of SPAD and chlorophyll fluorescence (ChlF) were significantly lowered 7 and
10 weeks after fumigation (WAF) compared to control, while this effect was not shown at 2 and 4 WAF.
Chlorophyll a (Chl. a), total chlorophyll (Tot. Chl) and carotenoid (Carot) contents were significantly
declined with 32.6%, 18.9% and 59.2%, respectively. Leaf water relations were significantly imbalanced,
and catalase (CAT) and ascorbate peroxidase (APX) enzymes activities were significantly enhanced in
comparison to control. Root fresh weight was significantly lowered while no significant effect was
recorded in root dry weight as well as shoot fresh and dry weights. In one hand, the negative effects of
INP was not shown in all the measurements while Mann was combined, and was not significantly
different from control throughout the results which thus shows scavenging activity of Mann. On the
other hand, CTH also scavenged the negative effects of INP on some measured parameters but was not
as effective as Mann. From the findings of this study, it was concluded that INP was responsible for
generation of ROS which ultimately induced oxidative stress in tomato plants. Both the mitigating
agents showed significant mitigating activities and could overcome the stress posed as a result of INP
fumigation.

Chapter 4 deals with general discussion and conclusions of the studies along with recommendations
and future line of work. This study dealt with exploring different stress responses of plants in the
presence of ROS as a result of PAHs and nitro-PAH. Changes in the ecophysiological and biochemical
parameters of the plants were the indicators of stress due to the generation of ROS. It also highlights the
importance of natural antioxidants within the natural entities. The significance of the current work was
fumigation of PAHs and nitro-PAHs on the foliar parts of the plants. Plants were subjected to PAHs
previously but most of the studies were on plants exposure to PAHs through soil contamination. It was a
novel study and as per our knowledge the first attempt to fumigate nitro-PAH (1NP) on the foliar parts of
the plants. We recommend Mann to be widely used for the protection of higher plants from PAHs and
nitro-PAHs generated stress in the urban areas. The findings of this study is not only important in the
field of environmental dynamics but also in the plant protection as well as human health risk reduction.

Key words: polycyclic aromatic hydrocarbons, acid mist, reactive oxygen species, mitigation
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In chapter one, a brief introduction to lipids and their roles in natural waters was provided. Also,
OH radical (OH) and singlet oxygen ('O,) were introduced. Despite the presence of lipids in natural
water and the availability of conditions necessary to oxidized them, quantification of lipid hydroperoxides
(LHPs) have not yet been reported perhaps due to lack of a selective analytical method to determine
them. Hence, the need to selectively quantify LHPs was presented. Also, the need to determine ‘OH and
'0, in various natural waters in Japan was discussed. Therefore, this present study involved development
of analytical method to selectively determine LHPs in natural waters. Also, the lack of information on
the 'O, generation in natural waters in Japan and expansion of available data on OH formation rate were
addressed.

Chapter two reports the development of a selective analytical method to determine LHPs in natural
waters. A method was developed to selectively determine LHPs in river water using the fluorescent
probe Liperfluo (2-(4-diphenylphosphanyl-phenyl)-9-(3,6,9,12-tetraoxatridecyl)-anthra[2,1,9-def:6,5,10-
d’e’f’]diisoquinoline-1,3,8,10-tetraone). The conditions and the probe used in this study showed high
selectivity for LHPs over other natural water hydroperoxides, including hydrogen peroxide, methyl
hydroperoxide and ethyl hydroperoxide. The method was applied to the quantification and fate
determination of LHPs in water from the Kurose River (Japan). The concentrations ranged from below
detection limit to 98 nM (ave. 37.2 nM; n =12). The irradiation of LHP-spiked river water using a solar
simulator resulted in an increased H,0, concentration, suggesting that H,O, formation may be a possible
sink for LHPs in river water.

The spatial distribution of photogenerated 'O, in Seto Inland Sea, which was hitherto lacking, was
reported in chapter 3. Furfuryl alcohol(FFA) was used as a probe to quantify 'O, generation. The steady
state concentration['O,]ss varied by a factor of about six with 1.16 x 10"*M in Kii Channel to 7.3 x 10™"
M in Osaka bay. In addition, the chromophoric dissolved organic matter (CDOM) absorption
characteristic such as absorption co-efficient (a;y), spectra slope and carbon-specific absorption were
determined. A strong positive correlation between ['O,]ss and a,, was obtained (r=0.93, P<0.001). This
correlation was even stronger (r=0.998, P<0.001) within Osaka bay samples. A linear equation between
['0,] and CDOM concentration in Osaka bay was derived. Predictions made using this equation were in
good agreement with experimentally obtained values suggesting that such equation may be a useful
model for the estimation of ['O,]ss in Seto Inland Sea based on CDOM data.

Chapter 4 reports the photogeneration of 'O, and ‘OH and the optical characteristics of selected river
waters in Japan. The sampled rivers include Kurose river and Ohta river in Hiroshima, Yamato river in
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Osaka and Kokubu river in Chiba prefecture. The CDOM absorption coefficient (asy) was also
determined. The a300 ranged from 2.03 - 22.43 m™" across the river waters with the lowest and highest
values obtained in Ohta and Kurose river water respectively.

The rate of 'OH photoformation (ROH) and [OH]ss observed in the samples varied by one order
and were in the range 26.8 - 528 x 10" M s™ and 192 - 1260 x 10""* M respectively with Ohta river and
Kokubu river having the lowest and highest values respectively.

For 'O, determination, the average values obtained for (['O,]ss, R'O,) were 4.24 - 20.5 x 10"*M and
10.58 - 51.2 x 10° M s 'respectively. The significant variation in the generation rate of these ROS can
influence different rates of photochemical reactions in the waterbodies. It was also observed that both
‘OH and 'O, can contribute to lipid peroxidation in river waters.

In chapter 5, the influence of the two ROS on pollutant degradation was investigated. The reaction
rate constant of 'O, and ‘OH with diazinon were determined. The reaction rate constant with ‘OH (1.01 x
10" M's™") is about six-orders higher than its reaction rate constant with 'O, (7.29 x 10* M''s™).
Calculated half-lives obtained from the reaction rate constants and ROS steady-state concentration in
seawater and river water suggests that ‘OH is more important in the indirect photodegradation of
diazinon in natural waters.

In chapter 6, a simple, inexpensive set-up was assembled and applied to generate 'O, in the gas
phase. A filter material typically employed in the air conditioner units was impregnated with Rose
Bengal (a 'O, photosensitizer) and irradiated in the presence of oxygen. FFA was used as a substrate and
its degradation was monitored. The degradation of FFA provided qualitative and quantitative information
about 'O, from the treated filters. A minimum estimate of 1.18 nmole s* of 'O, per cm’ of filter was
observed. The successful generation of 'O, by this assembly demonstrates that 'O, generation ability can
be incorporated into such filters for onward application in pollutants degradation.

Key words: Lipid Hydroperoxides, Singlet oxygen, Hydroxyl radical, Natural waters, Degradation



AWy P R
Biosphere Sci.
57 1 50—51 (2018)

Photochemical Generation of Reactive Species in Seawater:
Analyses, Kinetic Considerations, and Environmental Implications

ADESINA, ADENTYT OLUFEMI

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

MK T O LA D AL AR L — L0 AT, DU, BREERk s

TTrYVF, T4 A7
LB AP B FFZ I FEF,  739-8528 HL BT

Photochemical reactions which generate several reactive species are prevalent in sunlit natural
surface waters. Therefore, this study was carried out to analyze these species, predict the extent of
involvement of radical-radical interactive reactions in sinks of photochemically generated -OH, NO-,
and O, radicals in seawater using chemical kinetics parameters, develop a novel analytical method for
photochemically generated ONOO" in seawater, and account for sinks of photochemically generated NO-
and O, "radicals in samples from the Seto Inland Sea, Japan. Efforts were also made to design an
experiment to photo-generate O,-" radical in the gas-phase using an appropriate photosensitizer.

Chapter 1 presents perspectives on photochemically generated reactive species in the environment,
with particular emphasis on the hydrosphere, by discussing their major photogeneration pathways and

environmental implications.

Chapter 2 reports about concurrent photo-generation and analyses of hydroxyl (-OH), nitric oxide
(NO-) and superoxide (O,) radicals in seawater samples obtained during two consecutive summers of
2016 and 2017 from the Seto Inland Sea, Japan. Photo-generation rates of -OH are [(6.98-35.27) x 107
M 5], and those of NO- are [(1.20-58.25) x 10™* M s™']. The average steady-state concentrations of the
three reactive species are -OH (7.23 x 10" M), 0, (3.79 x 10> M), and NO- (1.39 x 10"'° M). Based
on kinetic considerations, estimated mutual consumption/sink via interactive reactions between O, and
NO- radicals are five to nine orders of magnitude higher than any other radical pair considered in this
study. Hence, the radical-radical reaction between photochemical O,~ and NO- to form peroxynitrite
(ONOO) was predicted to dominate above those involving; -OH/ O, and -OH/ NO- radical pairs.

Chapter 3 is a report on development of a novel fluorescence analytical method to measure ONOO"
in seawater, using f-(2-oxo-2H-1-benzopyran-7-yl)-boronic acid (CBA) which reacts rapidly and
stoichiometrically with ONOO™ to yield fluorescent 7-hydroxycoumarin (COH). COH generation rate
during irradiation of seawater with CBA probe was determined by reversed-phase isocratic high
performance liquid chromatography (HPLC) with fluorescence detection of COH at excitation and
emission wavelengths of 332 nm and 475 nm, respectively. COH calibration linear range is (0.25-100
nM) in seawater. The detection limit, defined as 3 ¢ (3 x standard deviation) of the lowest ONOO"
photoformation rates measured within 10 minutes’ irradiation, was 1.7 x 10> M s™. This method is quite
precise as coefficients of variance is a maximum of 5.2 for triplicate measurements of COH photo-
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formation rates Experimental procedures were optimized to handle potential interferents in measurements.

Chapter 4 reports measurement of photogenerated ONOO' in 13 surface seawater samples from the
Seto Inland Sea, Japan. The average ONOO™ photoformation rate, steady state concentration and lifetime
in those samples were; (9.0 x 107" M s™), (2.26 x 10> M), and (0.07 secs), respectively. The highest
photochemical generation rates and steady-state concentrations of ONOO’; (28.74 x 10"° M s™) and (6.11
x 10"* M), respectively were measured in Osaka Bay. On the other hand, the Kii channel region of the
Seto Inland Sea has one of the lowest ONOO™ photo-formation rates (2.4 x 10"’ M s™), and steady-state
concentrations (1.58 x 10> M). Consideration of both empirical evidences and kinetic estimates reveal
that less than 10% of photoformed O,” and NO- radicals are involved in ONOO™ photoformation,
suggesting that interactive radical-radical reaction between O, and NO- radicals is not a major sink of
photoformed NO- radical in seawater.

Chapter 5 describes how catechin-glycerol impregnated filters illuminated by a 350 lumens LED
light source can be used to photogenerate O, at a rate of 4.35 x 10" M s”cm?™, in the gas-phase with an
oxygen gas stream maintained at a flow rate of I L min™ for 1 hour. The fact that the experimental
conditions for this photogeneration are relatively inexpensive and easy to achieve suggest that this
system can be further optimized for technological applications where milder, biologically tolerant photo-
oxidation or photomicrobicidal disinfection might be required.

Chapter 6 highlights the fact that successful detection and measurement of ONOO' by using the
novel boronate-based fluorescence analytical method validates the prediction that photogenerated NO-
and O,'” would react together to yield ONOO' in the seawater milieu. Consideration of kinetic estimates
with experimental values obtained in this study, led to the conclusion that photoformation of ONOO is
not a major sink for both photochemical NO- and O, in seawater. However, the current study lends
credence to earlier predictions, and recent findings that bulk diffusion of NO- from sea to atmosphere
would be a major sink of photoformed NO- in seawater. Therefore, photoformed NO- radical in surface
waters is being proposed as a non-anthropogenic contributor to daytime atmospheric NO_ concentrations.
Future research effort is expected to account for the fate and roles of photochemical ONOO" sunlit
seawater. Optimization of the newly developed gas-phase O,-” generation system, and its deployment in
relevant technological applications was also recommended.

Key words: superoxide, nitric oxide, peroxynitrite, photochemistry
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Pesticides are natural or synthetic agents commonly used worldwide in agriculture, industries and
homes. They are used as mixtures called formulations that contain inert substances and active ingredients.
Pesticides are generally classified based on target pest like insects (insecticides), weeds (herbicides), and
fungi (fungicides). Some pesticides like diuron and irgarol 1051 are also used in marine industry as
antifouling agents. When flushed into aquatic ecosystems pesticides can cause great harm to benthos and
other aquatic organisms. They can also be toxic and harmful to non-target organisms and to humans even
at trace levels.

Japan is one of the developed countries that use large quantities of pesticides. For example, from
2012 to 2016 the annual tonnage (ranges) recorded for fenarimol, cyanazine, simetryn, isoprothiolane,
diuron, diazinon, and fenitrothion were 0.24-1.05, 28.7-79.4, 25.3-40.4, 76.4-104.4, 83.1-181.8, 330-
355.2, 379-478, respectively. These compounds are listed under Agricultural Chemical Regulation Law
in Japan. Various pesticide groups including triazines and organophosphates have been detected in Seto
Inland Sea and many surrounding rivers like Kurose in Japan. Due to the environmental dynamics and
continued use of pesticides in Japan, it is imperative to monitor and study their residues in the environment,
and evaluate their ecotoxicological and human health risks. This study therefore investigated the
occurrence, dynamics, spatio-temporal variations and risk assessment of pesticide residues in Kurose
river and Seto Inland sea, Japan. Pesticides were selected based on usage trends in Japan, toxicological
properties, chemical properties, compatibility with solid-phase-extraction (SPE) High-Performance
Liquid Chromatography-Ultraviolet visible (SPE-HPLC-UV Vis) and their previous detection in Japan
and elsewhere. This work (Thesis) is divided into 6 chapters. Chapter 1 gives the general introduction
and significance of the study.

Chapter 2 was aimed at conducting an SPE-HPLC-UV/Vis method validation for measurement of
pesticide residues in various natural water matrices. Good recoveries (70-102%) and limits of
quantifications (9.5-24.4 ng/L) at levels required by US-EPA, EU Legislation (Directive 2013/39/EU)
and Japan Ministry of Environment were obtained. Generally, the method demonstrated good sensitivity,
robustness and specificity for analysis of wider groups of pesticides in natural waters and environmental
samples without chromatographical and matrix interferences.

Chapter 3 summarizes the spatio-temporal variations of selected pesticide (cyanazine, simetryn,
fenarimol, isoprothiolane, and diazinon) in the Kurose river in Higashi-Hiroshima city, Japan for 1 year
(February 2016 to March 2017). Samples were collected from seven sites namely Namitakiji (K1),
Tokumasa (K2), Izumi (K3), Ochiai (K4), Kanekiyo Bashi (K4T), Hinotsume (K5), and Kawasumi
Bashi (K6) and analyzed for pesticides and general water quality. Cyanazine was the most frequently
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detected (64% of samples, n = 12), followed by simetryn (58%), and diazinon (57%). Pesticides were
frequently detected in spring (May-June), and generally below detection in winter. Diazinon (12-1194
ng/L) and isoprothiolane (17-60 ng/L) were consistent with their usage trends in Hiroshima Prefecture.
The majority of pesticides significantly correlated with total suspended solids (TSS), rainfall, and DOC,
but not with other parameters (EC, Na", K*, Mg™", Ca>", NH,", NO;,, CI, and SO,”).

Chapter 4 describes the ecological and human health risk assessment of pesticides in Kurose river
and their residues top non-target aquatic organisms. Pesticides were detected in non-target red algae
(Audouinella sp.) and diatoms (Cocconeis placentula). Significant ecological risks were observed mainly
for diazinon, cyanazine, simetryn and fenarimol. High ecological risks (RQOs) (6.65-29.21) were obtained
in spring and summer (May-June) and low (0-1.16) in winter (December-February). Except for diazinon,
all pesticides pose insignificant non-carcinogenic and carcinogenic threats to humans. Consequently,
there is no cause for alarm as the water in this river is not intended for drinking use.

Chapter 5 summarizes work on contamination, dynamics and distribution of pesticide residues in
marine samples (seawater, sediments, planktons, edible fish and marine animals) from Seto Inland sea,
Japan (2016-2017). Eight pesticides (cyanazine, simetryn, fenarimol, isoprothiolane, diazinon,
fenitrothion, diuron and irgarol 1051) were detected in the samples from Hiroshima bay, Hiuchi-nada,
Bisan Seto, Harima-nada, Aki-nada, Osaka bay and Kii Channel. Coastal areas were highly
contaminated, the highest being in Osaka bay attributed to effluent from river systems and shipping
industry where some are used as antifouling agents and to treat weeds in roadsides and railway lines.
Bioconcentration Factors (BCF) were in the orders of 10°-10* (planktons) and 10°-10° (fish and marine
animals), depicting high hydrophobicity of the pesticides. Cyanazine, simetryn and diazinon were
detected in fish and marine animals (bd - 385 ng/g dw) caught from Seto Inland sea.

Chapter 6 gives a general discussions and conclusions. Generally, the study showed that
agriculture, urban activities and marine industry activities are contributing to contamination of water in
Kurose river and Seto Inland Sea. This study generated valuable data on pesticide residues in
environmental samples. Their detection in sediments shows that the sea is an important sink of various
contaminants. The data generated is important for modeling (mass balance), understanding behavior and
fate of pesticide residues in the environment, policy formulations, and integrated pesticide management
practices. Concerted efforts are therefore needed in marine ecosystem protection and integrated pesticide
management practices to ensure safety of non-target aquatic organisms and human health.

Key words: pesticides, Kurose river, Seto Inland sea, Japan, ecotoxicological risk assessment, Human
health risk assessment
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Fibronectin is important to induce the luteinization and oocyte maturation
during ovulation process

Hiroya Kitasaka

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

FEIHIBAZIZ BT 2 ALK B & OISR B 55 % fibronectin DHEREHAT

eI
I BARFK BB A TER,  739-8528 HIL BT

Ly t, WS b, B biZAGEEE#  (assisted reproductive technology, ART) (K& 8% 5 2,
VBT, HAERRIRRAER B ARV E VTR A AT TS, £/, BHEBEOFFEINGE
ANEB I UM & 25 FIEOMA, 2% ) IEFMEEOKTIZ & 2PINEANEA L, 155728z
fAN BRIV D DB 5720 L L, LH ¥ — D12 & 2 HEUNI 84 o BRI o 8 AR b i i
B L ORINERIC L 2 RPN RFIRZHH SN TR WS EDFRRT, ML SNATEI RV R
FECIE, BRI O FARMLIZ B3 2 BEERGT & M3 & 2 BN ER & K0 2 7 ORI ER T 5
ZExHEME L7,

BESMBIE D FERIFEMARICEH 1T B fibronectin-integrin-FAK 2B DO HI1EHEE & 7 DIRE]

LH #1310 Bk AL 2 © 43 S 4172 EGF-like factor 1, FEAIEHINL B £ O A AR L CHEINE
BEFET L, BREME, TarA7arEEolzo, MREEZEsE, —F, e, B
FCLherro vy g s Liav M) 7 A%2EBET 5, 512, LH I, JIARE Fk e E 12 3B
W, fibronectin % & Tefiflasb~ MV 7 A DR S A L &€ % . EGF-like factor X° fibronectin 13 AL A
LYV L, M 2 hett 2 4815 & 9, 452 fibronectin (X 7 Ml 0 i 12 BV THIFEICEZE
LEREERITEEZLN TSI ENS, 9, fibronectin B & N DZHIKTH 5 integrin DJFTE % 10
Hi U720 W2, fibronectin-integrin @ ¥ 7" WZZE T HIZH 5 FAK 1220\ TC, HEILBREIZBIT 5 A5
BN L 72o ZORSE, REAEREICL Y, integrin O ¥ 7 IVIZHEINET B £ OHEIII o FERL AT &
G Fefffig Tt & 4, fibronectin & integrin JHTEDZEALIZIE, FAK XY YR b &7z FAK [HEH O
5%, $RINEZZ T <, SERIEIE O H AR & I AN O S W5 A 2 &, BERIEMB ORI B
W, fibronectin |4 FAK % {fi1#{t &+, fibronectintAREG TIZHIFEAYIZ FAK Z{EMALS 2 2 & A5 & 2012
%olze TOX) HWHEORIBUL, B IEMIBOREFWELLFEL, 7urAra v ERx 726 L,
COC % IfiL{i5 + EGF-like factor i M5 CTHIAE§ % &, I EMIBOIBE S EZITHIM L, FAK BHEHNIZ X -
T AREG ifSIIX A2 B\ T & N FANIE O B8 1230 & 7z,

L 727%> T, EGF-like factor & fibronectin Dj# 25, FAIFGHIIE S L OUN AN ARSI C/ER L, HEIR
WARE WAL XD EDHL N E 5T,

fibronectin MERAF - HEERIC XY 7% 3!

PRI BT, MBI R 21TV, BB ST 5 2 8T, JiMlB oL L S,
F72, UL, tubulin OEADHFEAZ B L, actin D) TFY) ¥ IHPEAEE S5, oF 0, HEIE
BBV, MREHEOYET) v 7SI 205, ZOFEREIAATH L, 22T, FHIERICBWT
JUAZN T o fibronectin O AFGEATE F V), integrin & /- L CYI RIS L O, 2o fifufilsy 2



59

ZHEIBIIC B AR OB AL ZFFE L, FENBIR 2 AL S5 LRI T, MET&1To72 @RI
W% COC % fibronectin 25 B &A% 7 Y IRRIME RIS 12T, fibronectin & integrin D F & % 5%
4 B1ZE 9 % RGD peptide % iR/l L 72 DMEM 5 Cl6WEHR2E L, JFEMIsoB M % Blgi$ 5 & Lo, B
PN IN Al 2 B s L CON BRI 2 Bl52 L 72 S 512, BN, INEMiieZ iR Lz~ A GV il
% fibronectin VRANOA METHAE L, BRARL S 2 OB L7z 90 A O EIZ, RGD RINXKIZHBWT
HEEH S, IO SRR X I L C RGD IRIIX TH B WEZ R L7z, 72, GV
ORI BT D AR, BERINIX 2 K L C fibronectin fRHNIX THEIZEWME L % > 720 RGD i
TNX TN BRI OB A 503, IO fibronectin DI E HNNH] S 72 FC, BRI =R MR W E %
R, GV IIEEEIZ BV T fibronectin 2SINBEEU AR L72e L7z C, UM oM B 4524
AIZHRER S 2 s & AR X Y AE TRz S NS ECM 2%, BRIEMIERE o L7513 ¢ 7% < i
DOHMBEFEHIEN X D IS 2 2 LS NIk o7,

DRASRADEIRILIC KD ERRAES SOk MBICHTS fibronectin DI FRICR /=T 1% E]

fibronectin (ZJHH: (2 B> T EGF-like factor & AHFEAGICMER A FC, BTk AL O ¥ ARALHE O — i % 45
IHENHL LR D, <7 AHLINZ BT S fibronectin DY KBGENEATFED HTze D F D, [HEIIHEARIC
BT fibronectin IZIFETHEM TS| L) IS OBIWERIC L 2B MELS, L MIBWTD
fibronectin 2SHEIIEAE 2RI G- L T\ b LRI E L7z,

L MIBIFD ART &, ZHOMBINEHL 2 EFRBO—KTH L0, E—-HIHmorv »cid, —jF
DI L OMPINEEL Z L3 L v 22T, AT, & NINCBU 2 I & IR R 123
Wis 5729012, #isEka g b, #EAl T TH o 720D HE - FE LA TH o 720 0B InEE2R 12
LD HERIRD L E 2R - FEICOWTHNT L/ze F72, BIERICE D MI A5 MIT & 742 ), Rk 2 igh
L7280 BRI A RN, & &2 MBI BT 5 fibronectin RO MR % ME; L 720 #hsRETHILY 27 4
W, I BIZ L, HisERO AT X 2 ERRRGE 2 MG L 72, #isER2s T itdh b 2 LT,
IEHSZAEENEEICEL, KAUIE LCoIREL 2L 2L, MIIIOBIEEEIZ LY, ZORIA R
HHbH L, MIIIIZ fibronectin AN TR 2 2 & C, WIS Z B L, tubulin 45 b BT
LIINE B LNL T EDBHL IR 570,

Db, AWIZETH S 2 & 7 o 7= fibronectin D FAALHIEH O FM 72 2 7 = XA OfFHIE, L wBlErs
BOENZHATH Y, SHOBEEAIVE VTN L 2 HRERO—B X, ls ART OFRICHS T
55D ThHb, Tz, BULIIEFRICB WL, BAUBIN L AR TE 2, POREATH - 728612, B
17542112 recombinant fibronectin 72 KOG 2 IWIMT 5 L\, LOLRETY ¥ TV ERTTET, BIRK
OB EAELN, S HIIERKEDEER LIS ERMNREPFRFTE %,

F—TJ— N OREBONEE, RO ®EEL, 77 A Tuk s Ty, SR AR



	01_インフォメーション（57巻）
	02_博士論文課程（57巻）

