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Ecological study on the Asian sheephead wrasse
Semicossyphus reticulatus (Labridae) in the western Seto Inland Sea
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The Asian sheephead wrasse Semicossyphus reticulatus is well known as the largest labrid in
temperate waters around Japan including the Seto Inland Sea and for the well-developing humphead.
Only three Pacific temperate water species constitute the genus Semicossyphus, i.e., S. pulcher in the
eastern Pacific, S. darwini in the southern Pacific, and S. reticulatus in the western Pacific, and all three
species attain close to a total length of 1 m. There are few ecological study about S. reticulatus in
contrast to the other two congeners are attribute from their local importance of fisheries and recreational
fishing.

The aim of this study is to reveal ecological and biological characteristics of S. reticulatus with
comparing those of congeneric wrasses, which have geographically far isolated distributions each other.
I conducted sampling study focused on the following aspects, 1) age and growth, 2) reproduction and
sexuality, and 3) head morphology. All fish samples were obtained from fish markets and from bait
fishing by the author in the western Seto Inland Sea around Hiroshima, Ehime and Yamaguchi
Prefectures.

For the age and growth (Chapter 2), I conducted the age determination by reading annuli of sectioned
otolith extract from the fish. By Adapting von Bertalanffy growth equation model, I calculated the
relationship between the estimated age and standard length in the following equation: L, = 489 (1-¢*'>*'7),
The calculated growth model indicated that the wrasse maintains considerably slow growth particularly
after 10 yrs age, which is similar to the previous reports in a congener the California sheephead wrasse S.
pulcher. The estimated maximum age of S. reticulatus was 31 yrs and which individual was male,

indicating considerable long life of the wrasse even in Seto Inland Sea.

For the reproduction and sexuality (Chapter 3), I found that the spawning season occurred during
April - June in Seto Inland Sea, based on the gonadosomatic index (GSI) analysis. Histological
observation of gonads revealed that all males maintained secondary testis that possess ovariform
structures inside the testis, e.g., ovarian cavity and remnant of ovarian cells. This result strongly
suggests the occurrence of the protogynous sex change (female to male sex change) in this wrasse. Sex
ratio of sampled specimens was strongly biased to females. In addition, males appeared only in larger
size class over 400 mm in standard length (SL), and were significantly larger than females. No small
males possessing the primary testis (gonochoristic form testis) were confirmed in the samples specimens.
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These results suggest that the fish has a life history of monandric protogyny; all males are derived from
sex change of females. Of females, not all female individuals were smaller than males. Conversely, a
few fish reaching male SL size class remained to be females. This implies that the sex change of
female S. reticulatus is controlled not by the age or size automatically but by their social structures
probably dominance orders among individuals in the local groups.

For the humphead morphology (Chapter 4), I analyzed the elevation angle of the humps on
forehead of S. reticulatus as an indicator of the development. In general, it has long been
believed that individuals of S. reticulatus having well-developed humpheads could be males, namely
considered as a sex-specific characteristic without any evidential data. However, the results of my
analysis led the conclusion as the hump of the fish gradually enlarged with body growth, namely the
size-associated development. The growth pattern resulted in the often occurrence of the well-developed
humpheads even in large females.

In the present Ph D thesis, I first revealed the basic ecology of S. reticulatus. The fish shows
considerable ecological similarity to congeneric wrasses regardless of the world-scale geographical
separation in the Pacific Ocean. Considering a slow growth speed, a long life-span, a strongly biased sex
ratio and sex-related body size imply their potential weakness against to the fishery activities and
environmental change on the habitats. I am fortunate to conduct the present study on this large reef fish
S. reticulatus in this area. This is partly because the fishery pressure for this fish is not so strong in the
western Seto Inland Sea, in contrast to most of large reef fishes have be faced exploitations by fisheries.
I hope our data of S. reticulatus would contribute to further scientific understanding of a valued
bioresource in the Seto Inland Sea and the conservative control of the Sato Umi coastal ecosystem.
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Ecological studies on symbiotic relationships between large-sized jellyfish and other
animals in Asian waters
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1. In recent years, various aspects of jellyfish have been actively studied, such as their mass
occurrence, application of useful compounds extracted from them, and their use as aquatic resources.
Accordingly, the role of jellyfishes in the marine ecosystem has also been reviewed. It is known that
various organisms associate with jellyfish. However, the information on the interaction between jellyfish
and symbionts is not enough. Therefore, I investigated the fauna that associates symbiotically with the
jellyfish species and their interspecific relationships in Japan, Korea, Thailand, Philippines, and
Malaysia.

2. Seasonal changes in the prevalence and intensity of metacercariac of Lepotrema clavatum,
Cephalolepidapedon saba, and Opechona olssoni in three species of host jellyfish, Aurelia aurita s.1.,
Chrysaora pacifica, and Cyanea nozakii, were examined. The prevalence and mean intensity of
metacercariae in C. nozakii were higher than in 4. aurita s.1. and C. pacifica. 1t is presumed that
metacercariae were accumulated in C. nozakii due to their predation by other infected jellyfish. Cyanea
nozakii plays a role as a paratenic host rather than a second intermediate host. The adults and
metacercariae of trematodes were found together with nematocysts in the guts of the Japanese butterfish,
Psenopsis anomala, and juveniles of the black scraper, Thamnaconus modestus. In contrast, these were
not found in the guts of the juveniles of the Japanese jack mackerel, Trachurus japonicus, indicating that
it does not use jellyfish as a food source. The transmission of trematodes into a definitive host fish
occurs via predation of infected jellyfish.

3. In Japan and Korea, associations of two species of fish with jellyfish were common. The
juveniles of T. japonicus were associated with five species of jellyfish (dequorea macrodactyla, A. aurita
s.l., C. nozakii, Netrostoma setouchianum, Morbakka virulenta), which were found only in Japan. The
juveniles of P. anomala were associated with three species of jellyfish in Japan (C. pacifica, C. nozakii,
M. virulenta) and Korea (4. aurita s.1., Nemopilema nomurai, Sandria malayensis). The host jellyfishes
of the shrimp scads, Alepes djedaba, were variable, with four species being the hosts in Thailand
(Acromitus flagellatus, Catostylus townsendi, Lobonemoides robustus, Rhopilema hispidum), two in the
Philippines (4. maculosus, L. robustus), and one in Malaysia (Chrysaora chinensis). All the juveniles of
these three species of fish occurring in East and Southeast Asian waters were 0-year in age.

4. The megalopa larvae to juveniles of the Christ crab, Charybdis feriata, were associated with
jellyfish in Thailand and the Philippines. The juveniles of the ophiuroid, Ophiocnemis marmorata,
occurred on jellyfish in Thailand and Malaysia. The final stages of planktonic larvae of these organisms
appeared to settle on the host jellyfish directly, and then grow during the early stages of their life cycle
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on the hosts. The caridean shrimp, Latreutes anoplonyx, was found on R. hispidum, L. robustus, and A.
Sflagellatus collected from Thailand, the Philippines, and Malaysia, and seemed to breed on the host. The
host jellyfish likely function in the settling, feeding, and growing spots of the crab and ophiuroids, and in
the breeding spot of the shrimp.

5. The nematocysts were detected in the Foods of all the symbionts, but the frequency of their
occurrence was low (14.3% in T. japonicus) to high (100% in P. anomala and C. feriata), depending on
the taxa. It is evident that the symbionts directly fed on the hosts or stole the prey captured by them.
The juveniles of C. feriata were powerful predators and devoured not only the host jellyfish but also the
other symbionts.

6. In Thailand, two species of rhizostomes, R. hispidum and L. robustus, were commercially
harvested. These jellyfishes harbored A. djedaba, C. feriata, L. anoplonyx, and O. marmorata.
Especially, because the ophiuroids are firmly attached to the host with specialized attachment organs,
almost all the individuals are probably killed by jellyfish fishery. The negative impact of jellyfish fishery
on these symbionts was estimated based on my original data and the statistics from the FAO fisheries.
The worst case, was determined to be for O. marmorata, which was estimated to be killed at the rate of
126-165 million individuals per year by the jellyfish fisheries in Thailand. It is likely that such
contaminations greatly influence the benthic communities. For sustainable societies, new alternative

collection methods should be proposed.

Key words: Asian water, Jellyfish, Jellyfish fishery, Predation, Symbiont
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Study on the symbiotic relation of free-roaming cats and humans in old town
Onomichi, Hiroshima prefecture, Japan
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Thai farmers still have faced the lower yield of rice production, paddy price and high production
cost, thereby suffering from low income. Therefore, private and government sectors have so far
encouraged farmers to cultivate top-quality rice or alternative rice for specialty markets such as organic
rice and Japonica rice in order to increase farmers’ income. These rice planting are handled by rice
mills, which are produced through contract farming (CF) systems. The production through CF system
may bring an increase of farmers’ income because its contract secures price and high yield.

This research focused on Japonica rice variety in the northern Thailand, especially Chiang Rai
Province. The research objectives are to explore the characteristics of Thailand’s Japonica rice
production through CF systems, analyze costs and earnings of growers, examine the current domestic
marketing system of Thailand’s Japonica rice, and evaluate the perspectives of Thai consumers towards
Japonica rice consumption. The results of each objective are to provide the answer toward the actual
benefits for farmers from the current Japonica rice production and marketing.

In Japonica rice production side in Chiang Rai Province, its planting through CF systems were
based on the intermediate model. The collectors who acted as a local coordinator and consultant for the
contract farmers played the significant role in CF systems. They could reduce the management trouble
of rice millers. In the system, contract rice millers guaranteed the purchase price of paddy, and provided
extension officers and agricultural inputs, especially Japonica rice seeds for growers. The seeds were
produced by the Chiang Rai Rice Research Center (CRI). Each rice mill adopted different management
policy on signing a contact, setting up purchase price, and commission and transportation fees for their
collector. The rice miller who established a good strategy of pricing could attract farmers to participate
in this contract. The high contract price, assured market and high yield were advantages of Japonica rice
production in the selected areas.

The fertilizer was the main cost of inputs for planting Japonica rice in the selected areas. Some
growers, particularly the collectors who also planted Japonica rice would mainly buy fertilizers from
their contract rice mills, in order to stock and sell such inputs to their farmers, and used for their Japonica
rice planting. However, some rice mills allowed the contract Japonica rice growers to purchase
fertilizers and agricultural chemicals from any other suppliers whose prices were cheaper than the
contract rice mills. Therefore, the collectors had higher production cost than contract farmers leading to
lower earning. This indicated that the use of fertilizers provided from extension service of contract rice
mills had a significant impact on the economic structure of growers. However, the systems of Japonica
rice contract farming could help farmers realize a higher price and high yields which brought more
income. Moreover, Japonica rice cultivation was more attractive because the growers had lower
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production costs and got higher income, compared to the results achieved by non-contract glutinous rice
farmers in the same region.

In Thailand’s Japonica rice marketing side, rice mills directly distributed polished Japonica rice to
distributors who are located mainly in Bangkok, retailers and Japanese restaurants. In this chain, the
main users of such Japonica rice were Japanese restaurants. In part of the positive aspects for Thailand’s
Japonica rice marketing, the buyers indicated that the government and private sectors should promote
the planted area and consumption of Thailand’s Japonica rice more.

The consumers were the final party involved in the process of milled Thailand’s Japonica rice
distribution. The consumers in Bangkok who were the respondents in this research were mostly a
salaried employee. They enjoyed Japanese cuisine consumption at restaurants especially in the shopping
malls. These restaurants mostly cooked and served Japanese cuisine using Thailand’s Japonica rice. The
respondents are increasing Japanese cuisine consumption, influencing the increase of demand for
Japonica rice as well. Analysis on their preference for different Japonica rice choices found that their
first preference was Japanese rice imported from Japan. Thailand’s Japonica rice was chosen as the
second best in all attributes, which its flavor, smell and soft sticky texture were similarly to the original
Japanese rice from Japan. Therefore, the respondents agreed that the northern region had a great
potential to produce Japonica rice for consumption in the domestic market.

According to the all results, selecting Japonica rice cultivation under the CF system make more
benefit for farmers, especially in Chiang Rai Province including a high yield, high contract price and
more income, as well as a certain market. The contract farmers received the better knowledge of
cultivation practices and other support services from extension officers of contract rice mill, except
supply of fertilizers. Moreover, consumers had a positive attitude toward Thailand’s Japonica rice
consumption. However, the CRI should more improve and develop a quality of Japonica rice seed
continuously, in order to be more suitable for the environment in the northern region and more resist to
disease.

Keywords: Japonica rice, Contract farming, Economic characteristic, Marketing system, Consumer
perspective
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Ruminants produce milk and meet through utilizing forages. Therefore, it is necessary to explore
the potential values of forages and to maximize their utilization of forages. Recently, consumers have
shown increased concern for livestock products enriched with bioactive compounds that impact on
human health. The ruminal degradation of chlorophyll in ingested forages liberates phytol moiety which
is metabolized by rumen microbes to phytanic acid. This phytanic acid, a natural ligand of peroxisome
proliferator-activated receptor, appears in meat and milk produced by ruminants, and presumably has
positive effect on human health. The study aims to investigate the factors affecting phytol contents in
Italian ryegrass (IR) herbages and extent of phytanic acid production in ruminants.

In Chapter 2, changes of photosynthetic pigments and phytol content in herbage were investigated
through 4 experiments. In experiment 1, three rates of nitrogen (N) fertilization levels (0, 60 and 120 kg/N
ha) were applied for IR and the contents of chemical components and photosynthetic pigments (B-carotene,
lutein and chlorophylls) in fresh herbages and hay were measured. The crude protein (CP), ether extract
(EE), photosynthetic pigments and phytol in IR (fresh herbages and hay) linearly increased with
increasing N fertilization levels, and depressed with hay preparation.

In experimental 2, time course changes of the photosynthetic pigments in IR during ensiling were
determined. The IR harvested at the heading stage was ensiled using a small scale pouch for 5-weeks.
B-carotene content decreased at 2 weeks after ensiling. Although the chlorophyll content decreased
rapidly in the first week of ensiling, phytol content did not changed over the five weeks.

In experiment 3, the effect of N fertilization level and harvesting stage on the content of
photosynthetic pigments in IR silage were investigated. Three rates of N fertilization as experiment 1
were applied for IR. The herbage harvested at the booting stage or heading stage was ensiled for 60 days
using a small scale pouch. In silage, increasing N fertilizer application increased the content of CP, EE
and photosynthetic pigments and their derivatives. Lutein and phytol contents in silages were higher at
the booting stage or grown under higher N fertilizer treatment. In the pre-ensiled herbages, the molar
content of phytol was higher than those of the chlorophyll content. N fertilizer application and early
harvesting of herbage increased carotenoids and phytol contents in IR silage. Lutein and phytol in IR
herbages were indicated to be well preserved during ensiling.

In experiment 4, the effect of adding lactic acid bacteria (LAB) on the photosynthetic pigments and
phytol content in ensiled IR were investigated. The IR herbages grown with three fertilization levels as
experiment 1 were harvested at the heading stage. The chopped herbages were ensiled for 60 days with
or without LAB addition (5 mg/kg fresh grass). After ensiling, the LAB added silage showed lower pH
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and higher B-carotene content compared with the silage without LAB. However, LAB addition did not
affect phytol content in silages.

In Chapter 3, the ruminal phytanic acid production from herbage phytol was explored by in vitro
incubation experiments with fresh herbage (Experiment 5) and silage (Experiment 6 and 7). The IR
herbages grown at three levels of fertilizer as experiment 1 and harvested at booting and heading stages
were used. Two wethers fed basal diets of 50% hay and 50% concentrate at maintenance energy level
were used as donors of rumen fluid for the incubation. After 48 hours incubation of herbages, the
phytanic acid production was higher for both fresh herbages and silages at the higher N fertilization
levels and at the booting stage. The ratio of phytanic acid production to total phytol was found to be
higher for silage (15-36%) compared with those for fresh herbages (12-17%).

In Chapter 4, phytanic acid content in milk was investigated for cows fed total mixed ration (TMR)
containing IR silage or corn silage. Phytol content was higher for IR silage than for corn silage. The
feeding experiment was conducted with 17 lactating dairy cows for three 21 days periods. In the first
and third period, cows were fed the corn silage TMR while the cows were fed the IR silage TMR in the
second period. Milk yield and major component content in milk were not different between cows fed
the IR and corn silage TMR. However, phytanic acid content in milk was higher for cows fed the IR
silage TMR compared with those fed the corn silage TMR. Conversion ratio from dietary phytol to milk
phytanic acid was estimated to be only 2.6%.

In summary, the result of this study indicates that higher N fertilizer levels or harvested at early
stages are an effective way to increase the phytol content in the herbages. Ensiling of herbages
effectively preserves phytol compared with hay. The forages containing higher phytol could produce
higher phytanic acid in the rumen as well as in milk, although the conversion ratio of phytanic acid
production from dietary phytol is relatively low in dairy cows.

Key words: phytol, phytanic acid, silage, rumen, milk, dairy cow
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Many efforts have been paid to investigate the utilization of the agro-industrial by-products such as
crop residues, and these include soybean cake, cereal straws and bran, cottonseeds, root crop tops and
vines, and bagasse. It is not only used for reduction of feed cost, but also these by-products can expect
the advantage effects which they content. The present study was therefore designed to investigate the
effect of supplemental Japanese pepper seeds (JPS) on performance, physiological parameters, and heat
stress in broilers. This dissertation describes four studies that were designed to evaluate Japanese pepper
seeds as feed additives in broiler chicks.

1. Acute Effects of Supplemental Japanese Pepper Seed on Feed Intake and Physiological
Parameters in Broiler Chicks

Acute effect of Japanese pepper seed (JPS) on feed and water intake, and physiological parameters
using 5-20% JPS supplemental feeds was investigated. Feed intake in 5% group chicks did not differ
from that in control chicks, but higher levels (10 and 20%) of JPS suppressed feed intake in chicks at 2 h
post-feeding. Although the main effect of JPS level was slightly significant, an interaction between JPS
and time was not significant. Similar to feed intake, higher levels (10 and 20%) of JPS inhibited water
intake in chicks. However, a repeated measures analysis of variance for JPS and time revealed both the
effect for JPS and a JPS X time interaction were not significant. High levels of supplemental JPS
adversely affects starting of feeding behavior by its fragrance ingredient, but the effect disappears five
hours later.

2. Effects of Supplemental Japanese Pepper Seed on Growth Performance and Physiological
Parameters in Broiler Chicks

Effects of supplemental JPS on growth and physiological parameters were investigated.
Supplemental JPS did not affect feed intake and BW gain but feed conversion ratio in 5.0% JPS chicks
was slightly lower than that in control chicks. No significant differences were detected in liver glycogen
level and most blood parameters among the groups while the level of plasma triglyceride in 5.0% JPS
chicks tended to be lower than that in control chicks. JPS as feed additives can be included in broiler
starter diets without adversely affecting the growth performance, but that it may affect the lipid

metabolism in broilers.

3. Effects of Supplemental Japanese Pepper Seed on Muscles and Gastrointestinal Tracts in Broiler Chicks
Effect of JPS on weights of muscle, lengths of gastrointestinal tracts, or fat contents was
investigated. Although no significant differences were detected in weight and percent per body weight
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of pectoralis major and sartorius among the groups, the percent per body weight of pectoralis deep in 5%
JPS chicks tended to be higher than that in control ones. However, all intestinal tract lengths were not
significantly different between the control and the JPS supplement groups. Moreover, each “total body
electrical conductivity” value, which indicates fat content levels in animals was not significantly
different between the control and the JPS supplement groups. Supplemental JPS affect the development
of slow motor muscles, but that it does not may affect the development of gastrointestinal tracts or
lipoprotein metabolism in broilers.

4. Effects of Supplemental Japanese Pepper Seed on Thermoregulation and Blood Monoamines in
Heat Exposed Broiler Chicks

Effect of supplemental JPS on thermoregulation and plasma monoamines was investigated. After
6-day feedings, body weight gain and feed intake were not significantly different between the control
and the JPS supplement groups. However, feed conversion ratio significantly decreased in chicks fed
with 1% JP feed compared to control and 2% JPS chicks. Thereafter, all groups were exposed to high
temperature at 38° C for 3 h with water but not feed. The latency of panting or wing-droop during heat
challenge test were not significantly different between the control and the JPS supplement groups. The
temperatures of all groups were elevated by acute heat stress. The effects of JPS and time were
significant in heat exposed chicks. An interaction between JPS and time was considered to reflect a trend
towards significance. There were tendencies for rectal temperatures of control and 2.0% JP chicks to
decrease after the 2 hours while that of 1% JPS kept advancing. In the levels of plasma monoamines,
there were no significant differences in NA, Ad and 5-HT among the groups while the level of plasma
DA in 2% JPS chicks was lower than that in control ones. JPS affect thermoregulation via the
catecholaminergic system in chicks but it may become the adverse effect under the long term heat stress
in broilers.

Conclusion

The present findings suggest that (1) high levels (more than 10%) of supplemental JPS adversely
affects starting of feeding behavior by its fragrance ingredient, but the effect disappears five hours later
and have no adverse effect on the blood parameters, (2) supplemental JPS affect protein deposition, but
that it does not may affect the development of gastrointestinal tracts, (3) JPS affect thermoregulation via
the catecholaminergic system in chicks but it may become the adverse effect under the long term heat
stress. In conclusion, JPS can be a useful feedstuff as sources of fat and protein in poultry.

Key words: Japanese pepper, Growth, Palatability, Lipid metabolism, Heat stress, Broiler
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The class Monogenea (Platyhelminthes) is commonly parasitic on or in aquatic or amphibious
vertebrates, mainly fishes, but rarely on aquatic invertebrates. In Japan, 227 monogenean species have
been reported from only about 169 species of fishes, 3 species of reptiles, 9 species of amphibians, and 3
species of invertebrates. Of these monogeneans, 76 nominal species have been reported from freshwater
fishes, and most of these fishes are commercially important species and have been examined from the
viewpoints of fish diseases.

This doctoral thesis deals with taxonomy of monogeneans from Japanese cyprinids and alien
freshwater fishes in central Honsh to the Rytkyt Islands, Japan, and 10 monogenean species are
included. They are six introduced species (Ligictaluridus pricei, Unilatus unilatus, Unilatus brittani,
Trinigyrus peregrinus, Heteropriapulus heterotylus, and Salsuginus seculus) and four native species
(Dactylogyrus squameus, Bivaginogyrus obscurus, Ancyrocephalus pseudorasborae, and Dactylogyrus
bicorniculus), containing one endemic species (D. bicorniculus).

Dactylogyrus squameus, Bivaginogyrus obscurus and Ancyrocephalus pseudorasborae were
collected from the gills of topmouth gudgeon Pseudorasbora parva and shinai topmouth gudgeon
Pseudorasbora pumila in Ibaraki, Nagano, Okayama, Tottori and Saga prefectures. Dactylogyrus
squameus and B. obscurus are known as alien parasites in Europe, and all of the three monogeneans
found in this study are considered to be native to Japan. However, they might have become established
outside of their original range on these fishes in Japan as domestic alien parasites.

Dactylogyrus bicorniculus is described from the gills of kazetoge bittering Rhodeus atremius
atremius, an endemic species in Japan, from Saga Prefecture, northern Kytshu. A phylogenetic analysis
of 28S rDNA shows that D. bicorniculus is a basal species with the T-shaped ventral bar in the genus.
This species has strict host-specificity to R. a. atremius, one of the endangered freshwater fishes in Japan,
and may face the danger of co-extinction with its host.

The alien monogenean Ligictaluridus pricei from the gills of channel catfish Ictalurus punctatus, is
described from Lake Kasumigaura, Ibaraki Prefecture, central Honshii. This monogenean is native to
North America and is known as an introduced parasite in Eurasia. As it is not strictly host-specific to
ictalurids, native freshwater fishes in Japan have a risk of infection by this monogenean species.
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Four alien monogeneans, Unilatus unilatus, U. brittani, Trinigyrus peregrinus, and Heteropriapulus
heterotylus, were collected from the gills of vermiculated sailfin catfish Pterygoplichthys disjunctivus in
inland waters of Okinawa-jima island, Okinawa Prefecture. These monogeneans are all considered to be
native to South America and to have been co-introduced with the host fish into the inland waters of the
island by release of ornamental pet fish.

Salsuginus seculus was found infecting the gills of mosquitofish Gambusia affinis from Okinawa,
Aichi, Tokushima, and Kyodto prefectures. This parasite was most likely introduced along with
mosquitofish from Texas (USA) through Hawaii and Taiwan into Japan in the late 1910s. It appears to
have low salinity tolerance.

A number of freshwater fishes occur as endemic and have been currently listed in the Red Data
Book in Japan, where endemic monogeneans also may occur. Extinction and sudden decrease of wild
hosts and alteration of local ecosystems have been suggested to cause co-extinction of their parasites,
and host-specific monogeneans may be under the same situation. In Japan, many fishes also have been
introduced into their non-native range and affected the endemic species, which has caused the verge of
extinction of the latter animals. The parasite fauna of those endemic fishes is poorly understood.
Moreover, despite the fact that some of them are regarded as endangered, only 10 monogenean species
have been reported from such endangered fishes. One species of Japanese freshwater fish is estimated to
harbor 1.3-1.8 species of monogenean. As about 500 species of freshwater fish occur, 650-900
monogenean species may be found in Japanese inland waters. It is highly desirable to clarify the parasite
fauna of the freshwater fishes being on the verge of co-extinction and to conserve biological diversity
including the parasitic species in Japan.

Based on the previous and present studies, a total of 31 nominal species of monogeneans have been
described in Okinawa Prefecture, the Ryukyu Islands, southern Japan. Subtropical fishes have been
suggested to shift their distribution northward to the Japanese main islands with global warming, and
research on the monogeneans should be more intensively conducted in southern Japan to monitor their
distributional change. Eight species of monogeneans have been identified to species level from
freshwater fishes in Okinawa Prefecture, but all of them are alien species. About 20 species of
ornamental fishes have been recorded from the inland waters of Okinawa-jima island, and it is most
likely that ornamental fish trade is one of the major invasion routes of alien fish monogeneans to
Okinawa Prefecture. As about 500 fish species occur in the inland waters of Okinawa Prefecture, more
study is needed to clarify the monogenean fauna of the fresh- and brackish-water fishes of the prefecture.

Several reports have described high negative impacts of alien monogeneans on certain wild fishes, and
dramatic decreases in wild fish stocks due to heavy and uncontrolled infections by introduced monogeneans
are known. In addition, the monogeneans can establish more readily together with their hosts than other
groups of parasites because of their simple life cycle. There are several comprehensive studies on the
monogenean fauna of introduced fishes in terms of dangerousness of alien parasites. Based on this and
previous studies, 15 species of alien monogeneans have been reported from nine species of introduced
freshwater fishes in Japan. In Japan, there are records of about 50 species of introduced fishes from other
countries, and almost all of those introduced live fishes are considered to bring foreign monogeneans to
Japanese waters. Therefore, the equivalent or more number of species of monogeneans may have already
established in Japan. Moreover, no information is available about parasites of Japanese domestic alien
fishes. The risk of introduced monogeneans is poorly understood in Japan, and it is necessary to clarify the
monogenean fauna of such domestic alien fishes to take necessary actions.

Key words: Monogenea, fish parasites, cyprinids, alien freshwater fishes, taxonomy
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The unique function of sperm storage tubules (SST) in the utero-vaginal junction (UVJ) to store
sperm for a prolonged period in oviduct enables hens to lay a series of fertilized eggs, after single dose
of artificial insemination (AI) or natural mating. The survivability of sperm in SST is related to hen
fertility. The aim of this study was to determine the factors involved in sperm survivability in SST and
their significance in hen fertility.

1. Protein and gene expression of carbonic anhydrase 2 (CA2) in the UVJ of oviduct: comparison
between before and after Al, and the correlation with aging and fertility

The CA2 plays a major role in pH regulation of the hen oviduct. The localization of CA2 protein,
the density of CA2 protein, and the expression of CA2 gene was determined in the mucosal tissues of
UVJ and SST cells in the hens of different age and fertility, without (not-inseminated) or with AI. The
results showed CA2 was localized in the UVJ mucosal epithelium and the SST cells. The RT-PCR
products of CA2 were identified in SST cells. However, no significant differences were found in the
localization, or the expression level of CA2 protein and gene between not-inseminated and Al hens, or
among different age hens. No correlation was found between CA2 expression level and hen fertility.

2. Expression of lipases and lipid receptors in sperm storage tubules and the possible role of fatty
acids in sperm survivability in the hen oviduct

Generally, cells accumulate lipids through receptors and store in lipid droplets, lipases hydrolyze
lipid droplets and release free fatty acids. In Experiment 1, the localization of lipid droplets in SST from
hens without or with Al was examined. In Experiment 2, the gene expression of lipid receptors and
lipases in SST cells were examined. In Experiment 3, lipids were extracted from UVJ mucosa and the
predominant fatty acid composition were analyzed. In Experiment 4, viability of sperm cultured for 24
h with different concentration of fatty acids identified in the UVJ mucosa were examined. In Experiment
5, the effect of oleic acid reagent or olive pomace supplementation on hen fertility was examined. The
results show the SST in contained dense lipid droplets. The PCR products of lipid receptors including
FAT/CD36, VLDLR and LDLR, and lipase ATGL were identified in SST cells. The relative expression
levels of ATGL were significantly higher in Al hens than not-inseminated hens. Saturated fatty acids
including myristic acid, palmitic acid and stearic acid, and unsaturated fatty acids including oleic acid
and linoleic acid were predominant in UVJ mucosa. The viability of sperm cultured with saturated fatty
acids was not different from the control sperm. However, the viability of sperm cultured with 1 mM
unsaturated fatty acids was significantly higher than control sperm. The oleic acid reagent
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supplementation did not affect the egg production. However, the hens fed with 2.5% or 5% oleic acid
reagent supplementation showed a higher fertility rate and a longer duration of fertile egg laying than
hens without the supplementation. No significant differences were found between hens fed with or
without olive pomace supplementation.

3. Changes in the localization and density of CD63-positive exosome-like substances in the hen
oviduct with artificial insemination and the effect of oviduct-exosomes on sperm viability

Exosomes are small membrane vesicles that play a role in intercellular communication. The CD63
is known as one of the exosome markers. The localization of CD63 protein in oviduct and the change of
localization and expression level of CD63 protein in mucosal tissues of UVJ with Al was examined. The
protein composition and the expression of CD63 protein were examined in UVJ- and vagina-exosomes
isolated from the medium of cell cultures. The viability and motility of sperm incubated for 36 h with or
without different concentration of UVJ- or vagina-exosomes were analyzed. The results show the CD63
was present in the mucosal epithelium, lamina propria cells and SST cells in UVJ mucosa, as well as in
the mucosal epithelium of the vagina. The localization of CD63 was decreased in SST cells surrounding
the sperm and tended to transfer into the SST lumen. The density of CD63 protein in the Al hens was
significantly higher than not-inseminated hens. Four different molecular weight protein bands, and
specific CD63 bands were identified in UVJ- and vagina-exosomes. Compared with sperm incubated
without exosomes or with UVJ-exosomes, the viability of sperm incubated with 1 ug/pL vagina-
exosomes was significantly lower. No significant differences were found in the motility of sperm
incubated with or without UVJ- or vagina-exosomes.

Conclusion

The results of these studies suggest that SST cells may accumulate lipids through lipid receptors.
Lipid droplets of SST may be hydrolyzed by ATGL. Unsaturated fatty acids such as oleic acid may be
released from SST and utilized by resident sperm for their survivability in SST. The supplementation of
oleic acid in chicken feed may facilitate SST function and ultimately improve hen fertility. Exosomes
may contribute to sperm storage function by delivering sperm key substances. These knowledges may
help us to establish a feeding strategy which aims to increase the SST function and hen fertility not only
in poultry but also in endangered avian species.

Key words: SST, Sperm survivability, Fertility, Fatty acids, Exosomes
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% Caco- 2l 8¢5 2 & C, TNF-a D%ERTH % TNF 241K (TNF receptors; TNFRs) 588
MEFET L LML TBY, FEBEIZ, TNFR1E TNFR2OFEH OB Z R L 72, —F, HYA &
TNFRs ($12, TNFR2) OFHEHEIILE L7z fE->C, HYA I3IE LMo TNFR2SSI % I L,
NF-kB DAL A HIHI$ % 2 & THEN) 7HEERA & 3T 5 2 LRI S /e,

W HHETE LT, HYA OZHEEZHSHICT 52 &% BT 2175 72, BHIEDIRZAGE LT
5 STV 5 GPR40, GPRI120%° PPARy, & % \»| i%ﬂfﬁﬁuﬁﬁ?ﬁx%qﬂfﬁﬁuﬁﬁﬁgw BARDFE A& AT L 72
KR, HYA 2L 2% 2 & C GPRAODFEH A TLHET 2 2 L AW S 5 & % o 720 GPRAOIEANT T 3wARD
Gy NI ED oY 72=y M LTGqIiEa L, MBEANL LYY L [Caz*]l AT D728, Caco-24ll
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Jalzy /7 — )V, HYA 2 WIZHYB 21 S &) &85 2 L ClCa i 2R L 720 TR, U/ —
i & HYA T [Ca®]i DFEADPHER SN, ZOVEHIZ HYA DRV Z EAVREN7z. & 2T, GPRAOFRHIFEIH
HEK293Mllid % Fl T [Ca™ i 7 v £ A ZHEHESR, HYA 13 GPR40IZH L TEWERMZ R L, ZOMEHIZ
WD > FTHDHY) ) — VL ) LEEETH o720 F72, GPRAODIGE N 7O EE MG 572
®1Z, GPR40 antagonist T& 2 GW1100% IV THET L 720 £ O#EH, GWI100/F7E T CTid, HYA D4
sN) TRERRUGEERI AN L L, TNFR2ZFEBIGIEEM S IHL L7z 512, GPRAOY 7 FIVDIGE /N T~
DHEG AL 2T B 729012, MEK-ERK B2 H L7zo Gq & v /37 B & % L 72 GPCRs 1, [Ca™li
DA & B MEK-ERK #25% % {514 L3 5 o HYA (ZIRFEEAKAER, ALBRIRERAFAYIC ERK O 1) ~ BR{L % i
HELTBY, 20 YERLL~NVIE, GWI11008 5\ MEK inhibitor T % U0I1261£7E T T L 720 N
2T, UOI26FETE T TH, HYA OGE/NY TIREER B & O TNFR2FEHUFIEEH S HL Lz T4bb,
HYA (2% LA 815 5 GPR40-MEK-ERK #i#6% /- L C, TNFR2ZEH ZH#HI§ 25 2 & T, BENY
TUREEH AR 5 2 LAVR SN,
HYA DR HE(ER

BALB/c ¥ 7 AI23.5% 7 F A b7 UHiihk ) VU 724 (DSS) %#SHHEBEMHKSE, BEET VYT A%
R L 72, DSS #5-BIGS A A &4 £ Co4100 M, 40 HYA (100 nmol/mouse/day) # #%I713%¢5-C5-
Z 720 BRI, RERA, BHEA a7, KEBZEMB L OIS A 2 712 & )i L 72, DSS #£5-#
Tlx, v AOKERAD, BHEZ 37 OEA, KBEOWHELRZERB L O LB RSN, —K,
HYA %5 TR NS DFEREFEEICSE Lz, T2, A4 Yy o7y a YEERT OB ZHE L 72
FEH, DSS %58 TEIZE S 17z Oceludin, Claudin-138 £ O MLCK OB 8% % HYA %583 & 1o
L7zo F72, IBEICBIT 2 TINF 2B EOEBLA AT L7464, DSS ¥ 5 -EChghn L 72 TNF =5k o %8 %,
HYA 58I 3AZICIEF L AVICE TUEE L7z (FRIZTNFR2), & 512, 7a—4A b X M) — I THE
LRI 5B A TNFR2O B4 & Miat L 724658, HYA % 5-5 T INFR2F LIS L 2 ia o #4  wd
LTz S512, SBEdbiea T, BEMERLO NF-xB p6sHy TEMIL 2 Bl L7285 %, DSS #%5-# <
L 72 NF-xB p65F Mg O E & %, HYA GBI HEREICUE L. $4b 5, HYA IZHE kMo
TNFR2FEHL 2 Bl % 2 & C, BB/ N 7HREMER % 53 L, DSS skl £ 7V~ 7 ADEIR % 3%
TAHIEDRENT,
KRIFFETIE, FHOBNMIERHEED ORGE N TREFEH L ZO A Z XL H LD Lz AR,
W BB O AT 5 F, IGE N TR T B4 L REOFE - R M;.J%a“éﬁﬂ%tc%% B £ O B
FENCEN B EFEZ NS, £/, GPRAOIZIGE RV E VMR A A Ve EOBICEER I
LIMEDNETH o725, BEN) TICHFST AH - A ARt L7, U\J:O)J:“) . ARWFZE LB TR A
WEM OB R AT = XL FEH L 2O E & F 5F, FRMIIZBE Y T@WE RN 2 EAD
T - ERICHFGTHEEZ LN D,

Key words : GMHECHED, s4 x>y o2 vay, BENYT
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Elucidation of high accumulation mechanism of ascorbic acid in tropical plants
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Ascorbic acid (AsA) plays an important role of scavenging reactive oxygen species (ROS) through
its antioxidant properties. In higher plants, a plurality of AsA biosynthesis pathways, the mannose
pathway, the uronic acid pathway, the gulose pathway, the galacturonic acid pathway and the myo-
inositol pathway, have been proposed, and one major pathway is the mannose pathway, in which AsA is
synthesized via D-mannose and L-galactose.

Two tropical plants, moringa (Moringa oleifera) and acerola (Malpighia glabra), which are
originated from northwest India and Latin America respectively, contain large amount of AsA. However,
details of the high accumulation mechanism of AsA in tropical plants remain unclear. Thus, this study
focuses on mRNA expression and promoter activity of the AsA biosynthesis enzymes of the mannose
pathway, and aims to elucidate the high accumulation mechanism of AsA.

Chapter 1. Structural analysis and mRNA expression of AsA biosynthesis enzyme genes in moringa.

At the first, cDNA cloning of AsA biosynthesis enzyme genes in the mannose pathway was
performed. The deduced amino acid sequences of AsA biosynthesis enzymes of moringa show high
homology with those of Arabidopsis (Arabidopsis thaliana), suggesting that the primary structures of
AsA biosynthesis enzymes are highly conserved even in moringa. To evaluate AsA biosynthesis at
transcriptional levels in moringa leaves, mRNA levels of AsA biosynthesis enzymes were measured
using quantitative RT-PCR. As a result, the mRNAs encoding all six AsA biosynthesis enzymes showed
a different expression pattern between moringa and Arabidopsis. Among them, the mRNAs encoding
GDP-D-mannose pyrophosphorylase (GMP) and GDP-L-galactose phosphorylase (GGP) were higher
expressed in moringa than those of Arabidopsis, containing 1/3 volume of AsA compared to moringa.
The effects of light on AsA biosynthesis in moringa was analyzed by measuring mRNA levels in leaf
discs treated with continuous light exposure. As a result, mRNA expression levels of AsA biosynthesis
enzymes excluding GMP, as well as the amount of AsA, tended to increase by light stimulation, and in
particular, GGP expression level increased greatly. These results suggest that AsA is mainly
biosynthesized by the mannose pathway, and in particular, GGP may play an important role in AsA

biosynthesis in moringa.

Chapter 2. Cloning and promoter analysis of 5’-upstream region of GMP and GGP genes in
moringa and acerola.

To evaluate the promoter activities of the moringa and acerola GGP genes, initially, 813 and 1723

bp of 5’-upstream regions from initiation codon were respectively cloned. As a result of searching

transcription factors in the 5" -upstream regions using the PLACE program, several consensus elements
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involved in response to light and phytohormones were found in the 5 -upstream regions of both genes,
it suggests that the AsA biosynthesis may be regulated by phytohormones as well as light. Promoter
analysis by transient expression assay using Arabidopsis mesophyll protoplasts showed that these
5’-upstream regions have promoter activities.

In a previous study, the aceola GMP (MgGMP) promoter had only a 2.6-fold higher activities than
the Arabidopsis GMP (AtGMP) promoter in tobacco BY-2 cells, whereas quantitative RT-PCR showed
that acerola leaves had 100-fold higher GMP expression levels than Arabidopsis leaves. Then, MgGMP
promoter activity was re-evaluated using Arabidopsis mesophyll protoplasts, and 1185 bp 5'-upstream
region from the transcription start site of the MgGMP gene showed higher promoter activities than that
shown by previous studies.

Chapter 3. Analysis of transcriptional activating factor of acerola GMP gene.

To clarify cis-elements contributing to high promoter activity, promoter analysis using Arabidopsis
mesophyll protoplasts with several deletion constructs was performed. The results suggest that potent
enhancer(s) are present between -1100 and -1080 bp of the MgGMP promoter. From sequence analysis
of the MgGMP promoter using the PLACE program, a sequence similar to the MYB1AT element
(WAACCA)) was found to be located between -1097 and -1092 bp of the MgGMP promoter. In
addition, a palindrome-like sequence (ACCTCGAAGT at -1092 to -1083 bp) was found in the region.
Further analysis using deleted or mutated constructs of these elements suggests that he MYB1AT and the
palindrome-like sequences do not serve as regulators of MgGMP gene expression, whereas the sequence
(GAAGT) from -1087 to -1083 bp functions as an enhancer of MgGMP expression. After careful
review, an abscisic acid response element (ABRE)-like sequence was found. However, a replacement of
the sequence from AAGT to ACGT, a typical ABRE core sequence, was showed the significant reduction
in luciferase activity. Taking into consideration of the replacement of the sequence (GAAGT; -1087 to
-1083 bp) with its complementary sequence (CTTCA), it seems that the sequence dose not acts as an
ABRE cis-element. To further analyze the transcriptional activation ability of the MgGMP promoter,
AtGMP promoter was partially replaced by MgGMP promoter based on the position from initiation
codons. The results showed that the -1100 to -600 bp sequence of the MgGMP promoter is necessary for
high promoter activity, suggesting the presence of unknown cis-element(s), which function as enhancers
of MgGMP expression, present in the -1080 to -600 bp sequence of the MgGMP promoter.

Key words: Tropical plants, Moringa, Acerola, Ascorbic acid biosynthesis, Gene expression
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MIRBES & 13, & PMED R WESITH 2FEOERMB SN TE Y, IRRIEL & OERMRIEBS 2 i
T Bo LD L) BN EGIIMRR TS, HHE 2 SO, BRI 2 ) 7 E OB
WAZO L) RESEIG L TET TS 2 EPME SN TV L, SiRCHREOEMITENE 2 ZE S5 %N
LB, IRRBBICAETE T A AEMIBSCBRIN L CREREHEEA T 52 L HIFTE 5, AT
&, FHFERRIRIT LA ) A 2B ETLALEAEICER L, BRI LTED L) IZHEIE L T2,
NS DT LNV DL E S o RRITERERIE, 28 R ERRIEAN 2B E O N7 A~ 034
ERD D B

[$7Z4% Hydrogenophilus thermoluteolus BA3ES 7 O Ls ¢ DR RE SR D#ZRA]

Ph7uACIMESS RSN AENLAEAEOIETH Y, CO - NOKAIEEGT Ho UMFIEETIL,
A FHIREES2 °C DU Hydrogenophilus thermoluteolus 7 HHHLO Y M7 ¢ 2R ML, PHCP &4
fFF T, AHHTIX, PHCP 2 EiRBEEIHEIST A72012, E0 X)) RS 7 ARG AT
L EFR, xR E LT, REEFIME2S °C O E Allochromatium vinosum H¥E T ~ 7 0 4 ¢
(AVCP) # H\27z,

CD A7 MU ?D222 nm &8 L L FREREZIT) 2 LT, BEkEME Lz, ZDfE%, PHCP ©
FiHYAVCP & 1) 2 EDTEv 2 & % B L 720 PHCP @ X s @i i A O £ 5, NAJEITOM
HAERR, 7 2=v METOMENERANZORENCHFG T2 2 LAVRIEE NI, PHCP O 7 3/ Bk
% AVCP 12D 728 Bk 2 F3 L TR ME L7245, TNOALAFHBB L0722y FRIEO
HIgE% AVCP ISEDT 2B ZEENRE KT L, NS OMEERA»LEICHFS T 52 LS9
272572,

PHCP % FAR D B2 ML AVCP DZEMEICR Z D724, AVCP OB MRS IITE L e o iz, X
57 % PHCP D% EALER 2L 20, NAZBEWATRKEOBEAEZFHL, 7R T HEZHEET
EBHEIDERFNRI, $HE, THERPHCP IZ, CD A7 MUVOHIEIZ L ) I 2B D ¥ — 27 H38H
ENSze TOE =21, AVCP TIIBIHIE N h o720 T72bbH, PHCP X7 R CHMEZ AL, N4l
BIEL VD 7=y NSOGB S 7283 2 R RIE S N7z,

PHCP O VAR A S, F v A VBLOSRMIIALEZET LT ED5HY), COX NO K LTHET
&5 EAURIEE NIz, PHCP EFEBEHICH LT CO R NO ZEH &5 L, ZOWINARY MV HUEE
MR =272 R_RTIENTNY, PHCPBINHD Y H Y NICHTAH#ERRREZ AT 52 LAURIEE L7,
COIZDWTZDOHAMERPES 5 &, 25°C 123513 A PHCP O CO 123§ A HAMEIL, AVCP L 1) d v &
WO RERDE ST, iU, NAFLOBKMERIEDE DG LT EERE LT, 51, PHCP T
1252°C FCTHIRLZZBRZ D CORARERHT 575, AVCP TSR LI 2 LA E RS Ll olze o
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T, PHCP IZREINTHZ LI L - T, SiEETLI TV AXFBEE L THEEL TV 5 Z EDVRBE N/,

(BT A1) B Chironomus surfurosus A3 Hbo D ERE S DEZEA]

NEZUEY (Hb) F, EEATOZEMHR L THIET 2 NLEHETH 5. Hb @ O,0BANMEIZIE, i
JE pH % EDSBIS- L TH Y, FFITEY pH T 0,2 A LIZ< <% % (Bohr 20F) . H#EILOMIID 53
£ S NI E L A ) J1 Chironomus sulfurosus @ %) 3% pH 31D BRI ER T 5, T4abb C
sulfurosus 1, Bohr Z)F 2% L THEIGT 5 X9 % OBMEDOEVHb 2 FT 52 EEZ N5, KIHET
1, C. sulfurosus Ik Hb 1235 H L, £ OAERED S ORRIEREAOBICHER % 172,

C. sulfurosus DR ETENOEE L, TORE?HZHINE /2, ZOI» 6 R b s &, Rk
(pH2.0) BL UM (pH7.0) OFFEREEHN T, F4inE CHE L7z, TNENOLHRMIE % > T Native-
PAGE #3452 &I2k ), B & P ERIETRBIT 5 Hb ORRHHIEVDGHL I L2 RIBILz, 215
Hb 2SHEIZF LNV THRIEISEND D L0 L) xR 5720, C sulfurosus H)H 7554 RNA ZHlit L,
mRNA KA =7 v A2 (RNA-seq) 12L& > CTEBLRTOREIEY KL 7. ZO4HE, Hb #nF %214
BRETHZENTE, Z0O) BRI Hb MIEFOFBIEPBMESMATLEA L7z £ L ToMHEHD Hb
OFEHEHMLT L, F 1 4FHO Hb OFEH LI L Ao 72 Hb OEFAEO=SIEEZ Tll¢5 2 & 12
0, EMRECTRHRBSFESNS Hb IANLTHADS L ) BUKKTH 25 805H 1), L ) ZEEDEV Hb
WAL TWE 2 EPWHLNE R ol ULEORERN S, C sulfurosus HHUE, BRMEBRSEIZEINT 5 72
DI, NAFLOBUKRMEE % LI 72w om e Hb BE L TEY, S5IC2N5 ZRE L)V THIFEH L Tw
HIEDPWL LR o TNHMERMETHEBELS LA L2 Hb SR =T8RS LCEsET52 &
DEHECE 2720, SHBOBEL LTINS Hb 272 O8O ALEN S,

HHARHERDY M7 8L ¢ THDHPHCP IE, FiREHEED AVCP L) b S ZEkz/FLTBY, TD
LEAIZIANLEAES L 722y IS 2 HENER 25 L Cwize £72, PHCP A7 CO X NO 72 &
DOVHY FIZRTHEEREATAIEEZHLNICL, ZOHKERITEHETOHEFRESNTHSL Z L2900
720 Z LT, BRI A Y A1 C. sulfurosus \Z21H O 7 I/ BEILHIO%7: 5 Hb 24 L TB Y, BRESRMIZ L -
THEBFHE S 72 Hb 28K — 7RI RIS % 35 o THERE L TV 2 W REMEAVRIZ S 7z, URFZEIC L 2 EEH
OEELB L ERELOMAE T, BEEOE N, T V= ANLEAEO T A U HEE N5,

F—U—NHBR, Y hroac, el B2 s, Aermer
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)RV = MIERHNICBWTEAE 2 AT 2ME—ORREETH L2720, HOWHEWIH L T HHM
AW/ ECTH Lo MIEIZY RY = 2AEGRICERZ I ANF 2B L TSI Ehb, ZOAAHEIT
fa AN A F AR & L, mE IS S Twa EER S5,

HEFREREZ B C, R OB A B 2 7 IR R ASIE T S 115 & rTRNA i {5-F-, ribosomal protein (RP)
IR THEB L UV RNA BIE T OREAYEERWNIZ, 2 o8F TR SN, ZOINEITWREO & OB
RSN TOFESNL I L, & 512, unfolded protein response (UPR) O EZ R HIHIK T Tdh 5 Irel Diit
BRI L o TREREEZZIT W e, MaEA ML ARG LR LZHHTHL EEZ HND, 5
RO, MRSy —EAE TH S Wse (Wsel, Wse2B £ T8 Wse3) 124 - THlflfEA + L&
LTSN, ZOvr7FuhTuas Ay FF—EC (Pkel) KMEMITHEANEGESNTVE EEZ
HNTWEDS, ZOFEMARBERIIRZHLPIZEN TR,

ABEFETIE, SrWREHERTIC X 2 RP #IRF ORGHHICHEG T2 RF2HET LI LI2XY, R
WD > 7 F IARERE 2 AT A2 L2 HIWE L7z,

1. DIMREEREED S J FIVUREICH T B AT 1 > TR E OBERERT

AT 4 Y IREGFELEREO—>TH Y, ZOEKEAHIT W IR T 20 RS 7 FIVREIC
BT, GWREEBEOEILC L > TEBRS PG SN AL BB ENT &4 L 2% 61, MBEICEIT S A
TAYTREDNTG  AOMFFNEETH L REMNEZEZ O5ND. COWREEZMAET 572012, A7 14
TIREEEDEAT v TIZB W THEFET 2 KT O#ETFARERE VT, IEEERTRE O > 7 F IV REN
DB RT TORE, A7 4 T4 FiERE (LCB) OARE T 2 LeblDEETERIZL > ThH
WREIEEIT I X 5 RP BEF OEGIIHNCKFRAE U201t L, FROEE A7 1 > TIRE &% filuft5
% RF O BIE T2 ENL IR HGERTIC X 2 RP Bz T OBGIHNIREZ RIZS hhol. 2O ERD,
SR IERRSIERTIRE O)  7 FIVIEIEIZ BT, Leblilk > TEMENS LCB H AW 3+t T I FAEEL KIS
DT EPIRIEE NI,

LCB L, ¥V ¥ /AL A= FF—EThbPkh12% 4 LT (1) target of rapamycin complex (TORC)
IOTFH L7 =27 %—Sch9, (2) TORC2OTHLT =2 % — SIm1/28 £ U Ypkl1/2, (3) Pkcl% i3 2 =
EDFIHNT V5, Phelldfikd & BY), 7 FIUMREICHEEG T2 2 EINTWDL, 22T, fio
LCB-Pkh1/2#%# D T T2 B L7245 5%, Sch935 & UF SIm 172733 W B Wi R o> 3 27 WAz E 12 B 54
AT EDTRENT,

Sch9ik TORCUIZ & » ClEHE) Y Bfbah, TOHEESHES A TEY, VRV —LEEK, FHBLD
A ML AIREIZHERES 50 TORCUKFERY %) ¥ BRALERAZ ISR % FD SchoFE Bk & IV 7T I2 L 0, 45
WARREERTEF O > 77 F WARE 1S TORCL-SchOfEHE DIEEN M ETH 5 2 & ATRIR E N7z,
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SIm1/21EJFE 24549 % pleckstrin homology N X 14 » &b &, PI(4,5)P,l2 & > TZDEEDHIH SN S,
PI(4,5)P, & U HERET 5 Mssd b AR 7 FWAREIZHEEG T5 2 EAVR SN/ A5, PI(4,5)P,-SIm1/27&
W WEEE TR O 3 7 F TS § 5 2 EDURIB S 7z,

P E iS5, LCB-Pkh1/2#%H, TORCI-SchOfd#k 3B & U PI(4,5)P,-SIm1/2/8 B 3 73 W R M T L2 & B
RP EIZ T OWBIHIEH G T2 2 LAVRENT, —T, BAA ML AL 5 RP #IZTFORGHHNZ BT,
Pkh ZEZFED G LW EDPME SN TWAS T &, TORCIB L U Sch9S G- L a2 EAVRIBE S -2
L5, LCB-Pkh1/2#£ 863 & U8 TORC1-SchOfE g % /- L 72 RP s An T OFRGHNHIIL, 25 Wh A% B 0 W IR (2 RR
RIYTH 5D Z RS iz, MRANEFITHEIET % 54 TI2B T, TORCI-Scho#EHE X #5401 K+
HEE AL CTYRY — 2 ESKEIEET S, TORCI-SchOfZHAT) RV — LA & Bl 2 8 1o w T
TN FE T2 L7 <, TORCI-SchOEEEDHHHD & — 77y b & 2 WL HIHER OFFAEITRIE S N D,

2. PIBRREEREED S JFIUREICE T DM B RFEE T OREEERT

LCB-Pkh1/2#% % /- L 72 SIm1/28 X O Pkel OfIfENE, 727 F UMl EHB L O R4 ~— 20
FICLETH D, 512, LebliZ End8E LTHHOENL Y FH A b= ZAM#ERTFTH DL, €T, 4
WEHEITEIC B 2 0 R4 b — 2 AR B L OB R HIE KT OS50 THRE L 72 2 OfE 3
IV RY A b= ARERT- L LTS5 Sla2 (End4), Rvsl6l (End6) B L U8 Arc35 (End9) #3455k
TEBEWIEF O > 7 F VGRS 5 2 EAVR SNz,

Arc35i%, 727 F B OMBALIC EE LT F0 A2 3R AROBRE T TH L7213 THRL, A
JVEF21) Y Cmdl, y-F2—71) Y TubdB L UHE A v FF—¥2 (CK2) EIBHMIHBNEIEED
HIENZ S HEET 2 2 MG SN TV 20 Ap2BEAROMORERIN T TH 2 Arp28 L U Arp3, 512
Cmdl, Tub4B X U CK2d /il EERTIC X 5 RP 5T OBEHHICHE S §2 2 LD RSN/, TNHD
WS, URREENI O Y 7 FIREIZB VT, Are3SiE T 7 F v B L OB/ NE DT T OFI#ERE i L
THBET 5 2 EDVRIB S N2,

Cmd1# & UF Tub4lZ, spindle pole body (SPB) OERINT L LTHH SN TWAS, SPBIZIX, ¥ 7))L
RIS T 2 EDRENTWD ) KV — ZAEGHERET &Y Resl B £ O Ebp2 2 HIEICE X IR TWw 5
Mps323RTE L TV %6 Rrslds & UV Ebp2id, BIHAMKIZIRIEL TY R Y — AEGHICHRR T 57217 T% <,
—HBid Mps3®D N Kmsais & O EAERF RN LAFIZ S BIEL, 718 X 7 OEFE ARV O
FrCOHERET B0 72 C, DIRIRENTE D > 7 FIVEEIZ BT, SPB 2SI E 2 HN~D Y 7
OHEH T & L CTHERES A TTRENELS DWW TR 2 7200, BIUELIIEIZRFES B RrslB X OF Ebp2hiA s 7 5
WRZIZBE G T 5089 D EHRIz. AL TIE, BAMKICEB T Resl B & O Ebp2 & I 2 & iefE < €72
Sk, BB sl ZERMRB X U ebp2 ZEFARIZ BT ReslB &L U8 Ebp2 % Sl 09 1B IC ¥ X ko 72400 %
7z ZOFEFR, RrslB X O Ebpld IR IZ B VTR Y 7 F WREIHEET 225, 2O Ris1B &
O Ebp2® HHI BB AL TH B 2 L HVRIE S 7,

iz

R Y — A GBI OB LIS L ORI S LT 0 RFRICBWT, 271 ¥ TIRE
BHAR, TV RHA b= AR, B X OB RORIEN ) R — A EH SN D T EAURIRE
M, W DS IR L72) Ry — 2 EEHGHEIEIE O —mavR M7z, £72, VARV — LAEGHGRO
KW, 7992772 FATEY BRI, Y 2N nTy - 54 7Ey FiEFER, ) —Fr—a7
RAEBEB L LOL LS ORBEFISRIL, TALRYRY—AREBHE NG, BECHBSNS
)RV — DEABGREEE 2 BT 5 2 L 10k 5T, NS DEBORIE A 71 = X L OFIAR GRRE O
WCECE 52 L2 MR 5,

F—TO—N )Ry - MR, R, MR, A7 1 2 TIREASK
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Fish supply from capture will be static over the next 30 years. A growing percent of world aquatic
production derives from aquaculture, whose importance is set to increase dramatically as a result of
overfishing of the world s waters and an increasing demand for sea food. Fish is free-living organism
exposed to stress problems such as diseases and deterioration of environmental conditions often results
in economic losses. Most of this causative agents in fish ponds is bacterial in source.

The most ancient and efficient line for defenses the fish against this microbes is the innate immune
responses. They respond in short time scale and efficient manner with one of its alarm arms represented
in my study by the antimicrobial peptides stimulated with LPS (lipopolysaccharides). The profile of the
ayu antimicrobial peptides stimulated with LPS was investigated. Fisrt of all, analysis of cathelicidin
gene expression from liver tissues which stimulated with LPS different doses in different life stages.
Next, analysis of hepcidin-1 gene expression from liver tissues which stimulated with LPS different
doses in different life stages. Finally, analysis of cathelicidin gene expression from various tissues at
portal of pathogens entrance (mucosal surfaces).

The second chapter included the first item, I have studied the relative transcriptional level of the
cathelicidin gene in vivo stimulated with LPS of different doses LPS. LPS was injected intraperitoneal
to ayu at different ages; young immature, mature and sexual mature adults. Liver tissues were collected
three times per season. First time (group 1), at the mid of April, internal observation showed complete
absence of the sexual organs. The second time (group 2), at the end of May. The third sample collection
(group 3), at the mid of October, they were sexual mature adults, internal sexual organs observed full
raipned in both sex just before the spawning. The relative expression level of the cathelicidin was
measured using semi quantitative RT-PCR and Image-J software for normalization against § -actin gene
expression level. The results showed a direct association between the cathelicidin mRNA expression
and the LPS used for the induction. Young fish showed significant up regulation in a time, dose
dependent manner while mature and sexual mature fish showed non-significant change. That I
concluded that young fish may relay mainly on it is innate immune response than adults.

The third chapter included the second item, we have studied the relative transcriptional level of the
hepcidin-1 gene using cDNA samples synthesized from liver tissues for the first experiment. The
relative expression level of the hepcidin was measured as same as semi quantitative RT-PCR. The
results showed a direct association between the hepcidin mRNA expression and the LPS used for the
induction. Young, mature and sexual mature adults showed up regulation mainly in age dependent
manner. As the young and mature fish showed up regulation in a dose and time dependent manner. In
the other hand, sexual matured fish showed significant down regulation. I could concluded from the first
and second experiment that the hepcidin may be involved more in the ayu defenses against stressors
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such as pathogens.

In the fourth chapter, the relative quantitation of cathelicidin expression level was analyzed. Tissues
sample were collected from various organs (liver, gill, skin and intestine) at time point O hr, 6 hr and 24
hr post injection. The expression of cathelicidin mRNA were analyzed in the three various tissues (gill,
skin and intestine) by RT-qPCR. And normalized to the B- actin gene expression level. AC, and AAC,
value were determined using the auto setting of the system. The date shoed that the constitutive
cathelicidin expression from the mucosal surfaces were higher than that of liver tissues. While the
induced expression of cathelicidin with LPS showed only significant decrease in gill and skin at 24 hr
after stimulation. The results clear out that the constitutive and LPS inducible expression of the
cathelicidin is under developmental control and the recognition of LPS may be tissue specific although
the mechanism of LPS recognition still unclear and also how this mechanisms affect in organs set distal
to site of the immunostimulant administration.

In conclusion the ayu antimicrobial peptides seems to play important role in ayu immune defenses
against pathogens although it is age, time, dose and tissue-specific dependent production. Further
investigation is required for analysis both hepcidin isoforms and production of monoclonal antibodies to
clear the post translation regulation of ayu antimicrobial peptides.

Key words: ayu fish, innate immune response, antimicrobial peptides, LPS
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1. General Introduction

Human health is critically dependent on the maintenance of intestinal homeostasis. Inflammatory
bowel diseases (IBDs) are a group of gastrointestinal disorders including Crohn's disease (CD) and
ulcerative colitis (UC) and characterized by chronic inflammation. The number of individuals diagnosed
with both UC and CD has steadily increased in the past several decades. IBD patients experience
chronic and relapsing inflammation in intestines and suffer from diarrhea, abdominal pain and rectal
bleeding. Although the etiology for IBD is unknown, it is believed that the impaired intestinal barrier
resulting in hyperpermeability to luminal noxious molecules and robust chronic activation of immune
system contribute to the development of intestinal inflammation. Accordingly, it is meaningful for us to
develop the novel preventive and/or therapeutic approaches in the maintenance of intestinal homeostasis.

Dietary fiber (DF) is the edible parts of plants or analogous carbohydrates that are resistant to digestion and
absorption in the human small intestine with complete or partial fermentation in the large intestine.
Accumulating evidence shows that supplemental feeding with DFs provides various beneficial effects for our
health. Inflammatory status of intestines also seems to be regulated by feeding DFs and subsequent modification
of intestinal microbiota. Intestinal fermentation of DFs produces different metabolites including short chain
fatty acids (SCFAs). However, precise roles of DFs for regulation of intestinal inflammation are still unclear.

The objective of the present study was to understand novel roles of DFs for the maintenance of
intestinal homeostasis. I used the murine models of experimental colitis and CKD and the intestinal
epithelial models under inflammatory conditions.

2. Fermentable and viscous DFs reduce intestinal barrier defects and inflammation in colitic mice

In Chapter 2, I aimed to investigate the preventive effect of guar gum (GG) fiber on colonic
inflammation and barrier defects in dextran sodium sulfate (DSS)-induced colitis mice. GG fiber, a
soluble DF, is characterized by high fermentability and high viscosity. DSS administration caused severe
colon damage and inflammation, as indicated by body weight loss, increased clinical scores, colon
shortening, increased plasma lipopolysaccharide binding protein (LBP), elevated myeloperoxidase
activity, and decreased TJ protein expression in the colon. Supplemental feeding with GG fiber partially
or totally reversed these symptoms, suggesting that GG fiber ameliorates the DSS-induced colitis at least
partially through protection of the TJ barrier.

3. Fermentable DFs reduce intestinal barrier defects and inflammation in colitic mice
In Chapter 3, I aimed to examine the physicochemical properties of DFs contributed to protection of
colitis against DSS. Along with GG, mice were fed with partially enzymatic hydrolyzed GG (PHGG), which
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shares high fermentability with GG, but presents low viscosity due to the low molecular mass. The results
found that feeding PHGG and GG reversed the colitic symptoms, suggesting that high fermentability, rather
than viscosity, is important for the DF-mediated protection of colons against DSS. In addition, feeding GG
and PHGG suppressed the increased colonic cytokine expression by DSS and increased the production of
SCFAs through the microbial fermentation. These observations suggest that SCFAs at least in part contribute
to the anti-inflammatory effects of PHGG and GG through the suppression of inflammatory cytokines.

4. SCFAs suppress inflammatory reactions in Caco-2 cells and mouse colons

In Chapter 4, I aimed to examine the roles of SCFAs on the regulation of inflammatory reactions in
the colonic epithelium using human intestinal Caco-2 cells and mouse colons. Stimulation of Caco-2
cells with tumor necrosis factor (TNF)-a increased interleukin (IL)-8 and IL-6 expression through the
inflammatory cellular signaling, whereas pre-treatment of cells with acetate, propionate and butyrate
suppressed these inflammatory reactions by TNF-a. Pharmacological inhibition of monocarboxylate
transporter (MCT)-1 attenuated the SCFAs-mediated suppression of the TNF-a-induced inflammatory
responses. Administration of DSS to mice increased the CXC motif chemokine ligand 2 (an IL-8
homologue) and IL-6 expression in the colonic organ culture, whereas treatments with SCFAs mixtures
composed of acetate, propionate and butyrate decreased them. These results indicate that the SCFAs
acetate, propionate, and butyrate suppressed up-regulation of cellular signaling and expression of 1L-8
and IL-6 in TNF-a-stimulated Caco-2 cells and in colons of colitic mice. Activity of MCT-1, located on
the apical membranes, was essential for SCFA effects.

5. GG fiber suppresses inflammatory response in small intestinal epithelial cells

In Chapter 5, I examined the anti-inflammatory effect of intact GG fiber in small intestinal
epithelium. Because ingested DFs such as GG pass through the small intestines without any degradation,
they directly interact with small intestinal epithelium. Although the SCFAs, microbial metabolites of
DFs, show the anti-inflammatory regulation in colons, the intact DFs may also present the biological
functions. I hypothesized that the intact GG has a role for the regulation of inflammatory responses in
small intestinal epithelium based on the observation that GG suppressed the inflammatory cytokine
expressions in the small intestines of DSS-administered mice. Pre-treatment of cells with GG suppressed
the production of the IL-8 in intestinal Caco-2 cells stimulated by TNF-a. Interestingly, the pre-
incubation of cells with anti-TLR-2 or anti-dectin-1 reduced the suppressive effects of GG fiber. In
addition, the reporter cells confirmed the direct interaction and stimulation of TLR-2 and dectin-1 with
GG fiber. Taken together, GG suppresses the inflammatory response in intestinal Caco-2 cells through
the activation of TLR-2 and dectin-1.

6. General Discussion (written in Chapter 7)

The present results demonstrated that fermentable DFs, such as GG and PHGG, had ameliorative
effects on intestinal barrier defects and inflammation in a murine model of colitis. Fermentable DFs
reach the colons and are metabolized to SCFAs by microbial activity without any degradation in small
intestines. My results show that both the intact DF and the SCFAs have roles for the regulation of
intestinal inflammation with the distinct molecular mechanisms. The present study suggested that
supplemental feeding with fermentable DFs might be beneficial for prevention and/or management of
different disorders associated with intestinal inflammation and barrier defect.
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Myanmar (The Republic of the Union of Myanmar) stands as the 10" position among the world fish
producing countries in 2010 and the 3™ position in ASEAN, with the production of over 2.3 million tons
in marine capture fisheries. The Myanmar coastline stretches about 3,000 km and is characterized by
wide and numerous rivers, forming large and small deltas, estuaries, and extensive mangrove creeks.
Myanmar has diverse tropical monsoon climate and its coastal areas are influenced by strong monsoon
regimes; southwest monsoon (rainy season) and northeast monsoon (dry season). For the sustainable
capture fisheries, the key mechanisms and the characteristic environments supporting such high fish
catches should be investigated, however, very few survey have been conducted in the Myanmar coastal
areas so far and this fact leads to the lack of appropriate conservation or regulation in the coastal
fisheries.

In this study, seasonal primary productivity off the foremost fisheries ground, Tanintharyi coast, was
investigated for the first time in the Myanmar coasts. In the surveys, instead of using conventional bottle
incubation methodologies using carbon isotopes, primary production estimation was performed using a
principle of the pulse amplitude modulation (PAM) fluorometry. By applying this new PAM fluorometry,
and with other conventional oceanographic surveys, the mechanisms of the coastal primary production
off Myeik City was surveyed in three distinct seasons; at the onset of the dry season (December, 2014),
the end of the dry season (March, 2015) and the rainy season (September, 2015), and at 13 sampling
stations around Kadan Island covering characteristic coastal environments of the region (e.g. estuaries,
mangrove channels or creeks, and offshore region facing the Andaman Sea).

The lowest surface salinity value (7.11) in the rainy season indicated this area was largely affected
by river inflow and also throughout the seasons, as a result, nutrient concentrations were high especially
Si0O,-Si and DIN-N. However, PO,-P concentration show different trend which might be supplied by
different mechanisms rather than river inflow. The most notable feature of the ocean production was the
well-defined seasonality, which has not previously been recognized as a typical model in a tropical ocean
system, regardless to the seasonal nutrient variation. According to the estimations employing the PAM
fluorometry, the primary productivity was highest in the dry season, 2.59 = 1.56 g C m” d”, while the
productivities were low at the onset of the dry season and the rainy season (1.36 = 0.77 and 0.17 = 0.11 g
C m™ d, respectively). However, in account for the possible over estimation in the PAM fluorometry,
the overall primary productivities may decrease; when the productivity values were recalculated by
incorporating observed O,/ETR ratios (0.117 under PED<500 u mol photon m™ sec”, or 0.073 under
PFD>500) in other literature, the annual primary productivity value was 129.6 g C m™ yr', which is
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unexpectedly lower than the candidate values (300 — 500 g C m” yr’') obtained from the world
eutrophic estuarine and coastal ocean ecosystems.

Based on the principal component analysis (PCA), the primary productivity was related with the
extensive river inflows, especially in the rainy season where turbid river water inflow deterred the
primary productivity. High primary productivity at the end of dry season related with the increase of
euphotic layer depth, probably due to approach of oceanic water as well as decrease of the river water
inflows and this was the main factor promoting primary productivity in this season. Interestingly, low
primary productivities might be compensated by microbial food chain at the onset of the dry season.
High DOC concentrations (average 7.48 = 4.22 mg L) of this season probably led to abundant bacterial
populations (average bacterial density = 1.1 x 107 cells mL™), and the estimated bacterial biomass of
this season was 3 times higher than the estimated phytoplankton biomass. These DOC originated
bacterial cells may be incorporated to a so-called microbial food chain and may support further
production at the coast.

Through this study, the seasonal trend of primary productivity and controlling environmental factors
near the Myeik City were clarified for the first time. The main primary producers were the chain-
forming diatoms associated with euhaline and eutrophic natures. Their production was primarily driven
by the characteristic monsoon climates and showed well-defined seasonality; the end of the dry season
was the most productive period, while the onset of the dry season and the rainy season remained in
significantly lower productivities, 52.5% and 6.6% of that at the end of the dry season. These drops in
the productivities for more than half of a year led unexpected low annual primary productivity (129.6 g
Cm” yr"). The long rainy season that delivered heavy precipitation and extensive river runoff brought
terrestrial nutrients to the coast, but as a trade-off, the coasts were largely affected by turbid waters,
which decreased light penetration into the water column and thus reduced primary production. This
highly turbid water was probably originated from soil erosion due to deforestations by industrial
plantations along the Tanintharyi River Basin. Especially, deforestation of mangrove trees along the
riverbanks and the estuaries seemed to be serious and was considered to lead to problems of soil erosion,
because mangrove forests could reserve fluvial sediments as buffer areas for ocean- land interaction.
Together with the findings that suggesting DOC derived from the mangrove sediment might enhance
microbial food chain and supplement the primary production, conservation of mangrove forests is
needed to sustain the coastal productivity.

Key words: Myanmar, primary production, diatoms, deforestation, mangrove
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BPEEIE e B, Y7y a VREEE ORI, M- AEMOXE EREIZL > THEDY
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YHEWICER L, ALY REY A — bRV Tinvitro BREFED VA, + T v AR Z TV, £
NS, 3.7 /day & b T ¥ ARMARD L) LD R DSHERR S NFze b T Y ABRMEAKRD in vivo O BCF
% 5N AB LT T v ZARERD in vitro 53 [HHEFE % VT2 A B4R D BCF [ OHESR % 1712230-
400 Hit s hiz,

4t [RAWIME AT LA E R & 05 L 2 i~ o R ER oML EREoOMRE (YA, b
VARMBEERREEM THLEL A0S FRBEBRF d-7 =/ M) ¥ QL BMEARO FEMEEC FIE TR
B PIERSH R OB IAER 2 H Ve | Tk, a4 8@t 7 v R, v ARMEOREY (4:1)
THhorHBUH d- 7 =/ ) JASHBEEKT TRE LSRR O LR BCF 2 et L7282 s, bT
VAR ED L Y ARD BCF L1122 G EICEETH - 720 BRI OWE L EE O UMD S 20
BCF fED#E I ERMEEOMIC BT ARHIEDEVICL D EEZ SN, BICHALBEEBERTH S ER
O=)V7 b F A NEFET CHEMAD BCF 25FML7-& 24, bT v AMETRIER OFEIZ & 2 0EE
BEALZIED S 72 b OO, VAR TIE BCFEOHE % EADRO HN, ST HER OFEREIZ L %
LEZ LN ARMROBAH AR E N LW 22720 F72, T BCFHDE A S AR & HE
MR O SRR 3- 1115 & RS S, RO MBERD -7 =/ b)) V8B EERO A PREEIc kK E <
FHGLTWBIEARENT IR T, MREICHED TUAAR MR N & AAHILER O > A48 BCF 55
BHEN/d-7 =/ M) v ORGA, HElHEEE X2 121200 Likg/day, 0.064 /day HfEE <, #IZ, BCF
flin s ¥ AR, b2 AERORFHEEEIZZ 21033, 0.49 /day & HEE S/,

BSED [HAEZE] TIE, AWIFRICB VTGS - M5 L 72U % B 58 L 72 A Wil 1 L B 5 5 DA
T O - ST TR OWT, AR PRI O H 2 5 U R, MR B TERE, X0 IR
I8 A= FWIB~DIEH, ST EEOILEW ORI, FRIHEHALEWREORENY - B EEH~ O
DNWTEL LTz,

1. B X OKREIEREE A 5 0 BCF HE5 & A=Wy il oo fili 5 L ik

2. RERN R B 2 72 LRI BB A & O SRR AT IZ X 2 FCH UL R Al

3. invivo RERE 7)) v ¥ 2 7 in vitro R HL A A 72 E R R O BCF JHEH

4. RHPHEH 2 7oA S EMRE R HE /8T X — Y

F—T— N EYRAGTE, BCF, AKARAEY), RNBOLIRE, LRI, T



A Rl
Biosphere Sci.
56 : 166—167 (2017)

Elucidation of nectrisine biosynthesis pathway and its application for production

Ryuki Mivaucht
Daiich Sankyo Co., Limited,Shinagawa-ku 140-8710, Japan
7 8 Y OEEHBERE O] & BUERESEA OIS IZ T 5 it

BN KR
Bt 140-8710 (411X

BT T A I VO L EREADOIRH & ZOEERIZOWTHMAT L & &b, RFZEx BIts L 72k
AW TR

WA LW R EEET DO T U s, 4 I, — ) 3y S —BHEGREEET 720,
BERIFR 7 A WA, T4 V) — LJi E O A RIGEEANOISADPHRE SN Tnd. b ok QRN
A3I B, ¥9 ) —AmPLT T ) — ARFOBEVPERICER SN EEEHT D 1 3/ HEOAEEIC
ML CIEEEWZIZHRD T F Y /) V)AL T Y IZOVTHEDRHLDAT, MEBZL V. FFF
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TAFXITIEZ =537 MY ¥ IANOBBRSIRARD ST 212 in viro TEIZR I 5 Tnb 2
LEIRLE. ZLT, A7 MUY Yy OBBEIEIC S /2o T, FEEZ1TTH L NeeC b b % MR L 72 K58
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Antimicrobial peptide Bac7(1-35) production using the PST-SPP system in E. coli

MazF, one of the toxins from E. coli, functions as an ACA-specific endoribonuclease in cells.
Taking advantage of MazF endoribonuclease activity in E. coli, a new expression system, the Single-
Protein Production (SPP) system was previously developed.

In the SPP system, all E. coli cellular mRNAs are eliminated when MazF is induced. However, the
mRNA of a target protein is engineered without ACA sequences while conserving the amino acid
sequence so that it remains singularly intact when MazF is induced. Therefore E. coli is converted into a
bioreactor producing only target proteins, making it especially effective for toxic proteins.

One of the difficult to express proteins in E. coli is an antimicrobial peptide (AMP) because of its
toxicity to bacteria. Since the first discovery of the defensing peptide, a number of AMPs have been
isolated. AMPs do not create drug-resistant bacteria because there are multiple intra-cellular targets for
AMPs. In addition, it is relatively easy to modify the peptide sequences and possibly enhance the
selectivity of its activity to bacterial cells with such changes.

Bac7(1-35) is a bovine AMP of 35 amino acid residues and is a Pro- and Arg rich peptide. Bac7(1-
35) inhibits protein synthesis by binding to 70S ribosome, thus it is difficult to express in E. coli in its
functional form.

Here I developed a novel expression system in E. coli, combining Protein S, a spore coat protein
from Myxococcus xanthus with the SPP system for antimicrobial peptide production. This system
produces a fusion protein which functions the same as the protein without the Protein S tag (PST). After
overexpression of Bac7(1-35) using the PST-SPP system, PST-Bac7(1-35) is not only soluble, but also it
functions as an antimicrobial peptide without cleaving the protein S tag from the fusion protein. This
technology enables us to obtain a large amount of antimicrobial peptide in E. coli in a cost effective way

Replacement of Arg residues in MazFbs with canavanine alters its specificity

I also explored expanding the capabilities of the SPP system to incorporate amino acid analogues, in
particular the toxic arginine analogue, canavanine, in order to observe how protein function is altered
with such substitutions.

Canavanine is originally extracted from jack beans, and well known as a toxic amino acid analogue
to cells. The mechanism of the toxicity is possibly due to the pKa of guanidino group in canavanine
being 7 while that of arginine is 11.

Here, the SPP system is combined with an arginine auxotrophic strain, allowing canavanine to be
incorporated into protein efficiently without showing its toxicity to the cells. This is because when MazF
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is expressed and cell growth is arrested, the cells use canavanine for only target protein production. As
an example, MazFbs, a MazF homologue from Bacillus subtilis and a UACAU specific
endoribonuclease, is used as a model protein. Incorporating canavanine into MazFbs caused
MazFbs(can) to become more helical in structure but less stable in comparison to MazFbs because the
conformation of the protein was changed. This is considered to be due to the change in the pl of
MazFbs(can), altering the recognition sequence for cleavage to UACAUA rather than the original
MazFbs UACAU recognition site. This is the first example of alteration of the RNA restriction enzyme
recognition site by incorporating a toxic amino acid analogue.

Construction of a residue- and stereo-specific methyl labeling method by engineering E. coli

Thirdly, since the auxotrophic strain is highly useful for specific amino acid labeling, I established a
cost effective labeling system for NMR structural studies. Large molecular weight proteins have some
dynamics, and their function and dynamics have been characterized by NMR spectrometry. However,
deuteration of proteins larger than 20-kD proteins is necessary and methyl specific protonation of Ile,
Leu and Val residues is commonly used to study its dynamics. For 80 kDa or larger proteins, Stereo
Array Isotope Labeling (SAIL) amino acids, in which the amino acid is stereo-specifically labeled, are
used as it can dramatically reduce proton density compared to proteins labeled with common labeling
precursors such as a -ketoisovalerate and a -ketoisobutyrate. However, since SAIL amino acids are
extremely expensive, they have not been widely used in the NMR community. Here, I engineered the E.
coli strain for residue-, stereo- and methyl-specific labeling systems, to use minimal SAIL amino acids.
As a result, I was able to reduce the usage of SAIL amino acids up to 10% compared to the standard
method while maintaining protein production efficiency.

Lastly, I developed an alternative expression/labeling system for residuestereo- methyl-specific
labeled sample preparation for NMR using the common precursor, 2-acetolactate. In this system, the
stereo specifically isotope-labeled 2-acetolactate is combined with genetically engineered E. coli, which
allows proteins to be labeled in residue specific manners. Using a standard strain, Val specific labeling is
possible but Leu-specific labeling is difficult when using 2-acetolactate. To circumvent this, I engineered
a biosynthetic pathway in E. coli to allow the cells to use 2-acetolactate for either Leu or Val synthesis so
that either Leu or Val in a target protein can be labeled in a residue- and stereo- specific manner.

key words: Single-Protein Production (SPP) system, E. coli, antimicrobial peptides, amino acid
analogues, auxotrophic strains, methyl labeling, solution NMR
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