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Goal of the study

Mucins, tight junctions of epithelium, and leukocyte activity form mucosal barrier to play roles to
prevent infection in the mucosal tissues. The goal of this study was to determine the mechanism by
which mucosal barrier mediated by mucins and tight junction is formed in the mucosal epithelium of the
oviduct. Specifically, it was focused on the mechanism by which mucin synthesis for mucosal barrier is
stimulated by oviductal growth, gonadal steroid and bacterial component, LPS, in the lower segment of
oviduct, namely vagina, uterus or isthmus. Then, the existence of the epithelial barrier formed by tight

junction was also examined.

1. Formation of mucosal surface barrier by mucin in the lower oviductal segments and its changes
with egg-laying phase and gonadal steroid stimulation in hens.

White Leghorn laying and molting hens were used. Molting hens were given either sesame oil
(control groups) or estradiol benzoate (EB groups) via i.m. injection (n = 5 per group). The lower
segments of oviduct (vagina, uterus, and isthmus) of these birds were collected. Localization and gene
expression of mucosal mucin were analyzed by quantitative RT-PCR and immunohistochemistry.
Localization of mucin polysaccharide was performed by alcian blue (AB) staining. In the vagina, uterus
and isthmus, mucin expression was formed, and immunoreactive mucinSAC and AB-positive
mucopolysaccharide were localized in the mucosal epithelium. Their expression and densities were
reduced in molting hens compared with laying hens, and up-regulated by EB. These results suggest that
mucin synthesis in the lower segments of the oviduct is reduced due to decline of circulating estrogen
level.

2. Induction of mucin expression by lipopolysaccharide in the lower oviductal segments in hens

The mucosal tissues of the vagina and uterus were collected from White Leghorn laying and
molting hens, and molting hens with or without i.m. injection with 1 mg EB daily for 7 d. These tissues
were cultured in TCM-199 culture medium with or without LPS for 1.5 or 3 h. Then, mucin expression
was analyzed by quantitative RT-PCR. Cultured tissues were also processed for paraffin sections and
stained with AB. Mucin expression in the cultured vagina and uterus tissues of laying and molting hens
was up-regulated by LPS in a dose- and time-dependent manner. However, there was no significant
response to LPS for induction of mucin in the tissues of EB-group hens. These results suggest that mucin
expression responsible for mucosal barrier is stimulated by LPS in the vagina and uterus of both laying
and molting hens.
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3. Toll-like receptor signaling for the induction of mucin expression in response to lipopolysaccharide
in hen vagina

Expression of TLR4, its adaptor molecules, and transcriptional factors in the vaginal mucosa of
laying and molting hens treated with or without estradiol were examined by RT-PCR. Expression of
mucin in the cultured mucosal tissue stimulated by LPS together with inhibitors of transcriptional factors
was analyzed by quantitative RT-PCR. Expression of TLR4, its adaptor molecule; MyDS88 or TRIF, and
transcriptional factors; cFos and cJun, were declined in molting hens compared with laying hens, and
was upregulated by estradiol. In mucosal tissue of laying hens, mucin expression was upregulated by
LPS, whereas it was suppressed by inhibitors of transcriptional factors. These results suggest that
MyD88-dependent pathway in the downstream of TLR4 and transcriptional factor of NFkB and AP-1
participate in the induction of mucin expression by LPS in the vaginal mucosa. Also, these signaling
functions may be declined during molting due to the decline of circulating estrogen level.

4. Expression of tight junction molecule “claudins” in the lower oviductal segments and their
changes with egg-laying phase and gonadal steroid stimulation in hens.

The lower segments of oviduct of these birds were collected. Gene expression of claudin-1, -3, and
-5 were examined by RT-PCR. Localization of claudin-1 was examined by immunohistochemistry.
Expression of claudin-1, -3, and -5 genes and density of claudin-1 protein in the lower oviductal
segments were significantly higher in laying hens than in molting hens, and their expression was
upregulated by EB. These results suggest that barrier functions of the mucosal epithelium at the lower
oviductal segments may be disrupted due to reduction of claudin expression in molting hens.

5. Conclusion

This study has identified that the mucosal barrier system mediated by mucin and tight junction is
formed in hen oviduct. This mucosal barrier system in the oviduct is expected to play important roles to
protect the oviductal tissue from infection by pathogenic microorganisms. The expressions of mucin and
tight junction molecules were declined in molting hens with regression of oviduct and upregulated by
estrogen. Thus, the mucosal barrier system formed by mucin and tight junction are probably weakened
due to less circulating estrogen level. It was also established by this study that mucin expression was
stimulated by LPS of Gram negative bacteria such as Salmonella organism through NFkB and AP-1
mediated manner in the oviduct.

Key words: chicken oviduct, molting, estradiol, mucin, claudin
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Fish biology and their life history are important in order to contribute to the optimization of the
species management in each population. In Japan, Acanthopagrus latus is known as one of the important
Sparidae fish along with red seabream, Pagrus major and black seabream, Acanthopagrus schlegelii.
Stock enhancement programs of P. major and A. schlegelii are heavily conducted in Japan, in contrast to
A. latus. Hiroshima Bay had been chosen as a study site to study the biology and life history of A. latus
due to the fact that more than twenty million 4. schlegelii had been released since the early 1980s in
Hiroshima Bay. Unfortunately, fundamental study on the biology of 4. latus inhabiting Hiroshima Bay is
still unclear.

This thesis mostly focused on the biological character of A. /atus inhabiting Hiroshima Bay. The
length-weight relationship, age and growth of 4. latus showed that the fish are properly inhabit and
adequately suitable with the environmental condition of Hiroshima Bay. A. latus spawned in October
and November, suggesting that the physiology and metabolism in term of reproduction inside the A.
latus is different with other Sparidae fish inhabiting Hiroshima Bay. Yellowfin seabream is known as a
protandrous hermaphrodite where it is matured as male before transforming to female in later stage of
life.

During the spawning season, the feeding intensity of 4. latus had drop dramatically, suggesting that
the effect of spawning on foraging process. The IRI % obtained in the present study demonstrated that
the diet composition of 4. /atus in Hiroshima Bay was mainly composed of polychaetes, bivalves and
decapods. Ontogenetic shift of prey preference were detected in A. latus while growing where it
transformed from selective feeder to more generalist feeder. Besides, considering seasonality changes,
the feeding niche showed that A. /atus was a more selective feeder in winter and a more generalist feeder
in spring. This suggests physiological change in metabolism during winter when the seawater
temperature was low, such that A. latus actively sought prey inhabiting the sediments where temperatures
could be a bit warmer.

The preferences for a distinct prey category contribute to reducing the feeding overlap amongst the
species; therefore, the stable isotope analysis can be used at least in part as a tool to differentiate them
according to food preference. For instance, 4. latus can be categorized as omnivorous and the prey
preferences are difference from other Sparidae fish, resulting in different stable isotope signature. The
stable isotope signature also can be used to determine the food webs of 4. latus. In present study, finding
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suggested that fishes in Hiroshima Bay posses complex food webs of inshore area due to the variation of
stable isotope signatures.

A total of ten microsatellite loci had successfully isolated from the genomic library of 4. latus and
amplified reproducible peaks. These microsatellite loci revealed to be useful tool for determining the
genetic variability and genetic structure of 4. latus in western Japan. Using microsatellite, there is high
genetic variability found among seven populations of A. /atus in western Japan. Furthermore, the
inbreeding coefficient (Fis) among 4. /atus subpopulations in western Japan revealed evidence for the
occurrence of weak, but significant inbreeding in four locations (Hiroshima, Kochi, Tokushima, Mie).
Global FST among seven populations in western Japan revealed no genetic structure, due to high
homogeneity between populations.

Furthermore, mitochondrial DNA (mtDNA) sequence was also used to distinguish the genetic status
of A. latus in western Japan, revealing no genetic structure detected among seven populations. mtDNA
sequence of Japan population were then compared to mtDNA sequence of 4. /atus in China population
in regard to understand the history of fish movement in the past. There are seven haplotypes recorded to
be shared with the Chinese population, where one haplotypes (EF506769) from the Chinese population
are found in 14.3% of individuals in western Japan. Given high nucleotide and haplotype diversities, we
suggested that 4. latus including Chinese population have been impacted by secondary contact with the
previously differentiated lineage or due to long evolutionary in a stable population.

Additionally, historical expansion during the past glaciations that changed the sea level and sea
surface temperatures have resulted in population mixing of 4. latus with Chinese population. Three
major haplotype clades consist of individuals from Japan and China has been drawn based on
unweighted pair-group method with arithmetic mean using (UPGMA) analysis. Moreover, 4. latus are
not found in Okinawa Island, Japan, suggesting that the Kuroshio Current acts as a barrier for larval
dispersal across the Kuroshio axis (between populations in mainland Japan and Okinawa).

In conclusion, based on the result, it can be explained that growth and life cycle of 4. latus in
Hiroshima Bay is not affected by the stock enhancement programme of 4. schlegelii. The distinct prey
category of 4. latus can be the decent indicator for the survival and viability of the fish for a long time in
Hiroshima Bay. Furthermore, microsatellite and mtDNA analysis revealed a single population of 4. latus
in western Japan, thus indicating single management unit should be implemented prior to stock
enhancement program in the future. Furthermore, the growth performance of A. latus together with the
genetic characteristic shown that the fish were able to survived and distributed in low level temperature.
Interestingly, mtDNA haplotype revealed that 4. latus of Chinese and Japan population are connected,
possibly since the past glaciations and indicate long evolutionary process in a stable population.

Key words: Acanthopagrus latus, genetic resources, growth, feeding habit, Hiroshima Bay,
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Fundamental of parasitology need a vast knowledge of many associated field such as biology,
ecology and molecular. In chapter 1, basic introduction of the concept parasitism, site-specificity and
some brief information about two species of parasitic copepods studied in the thesis were described. This
recent study involved basic information on life cycle and ecology of Peniculus minuticaudae
(Pennellidae). More advance study was carried out as an effort to understand the mechanism underlying
the site-specificity to the fins of Caligus fugu (Caligidae).

In chapter 2, the complete life cycle of a pennellid copepod Peniculus minuticaudae Shiino, 1956
was proposed based on the findings of all post-embryonic stages together with the post-metamorphic
adult females infecting the fins of threadsail filefish Stephanolepis cirrhifer Temminck and Schlegel,
1850 cultured in a fish farm at Ehime Prefecture, Japan. The hatching stage was observed as infective
copepodid. The life cycle of P. minuticaudae consists of six stages separated by moults prior to adult:
copepodid, four chalimi and adult. In this study, adult males were observed frequently in precopulation
amplexus with various stages of females however, copulation occurs only between adults. Fertilized pre-
metamorphic adult female carrying spermatophores may detach from the host and settle again to undergo
massive differential growth to become post-metamorphic adult female. Comparison in the life cycle of P
minuticaudae has been made with three known pennellids; Lernaeocera branchialis Linnaeus, 1767,
Cardiodectes medusaeus Wilson, 1917 and Lernaeenicus sprattae Sowerby, 1806. Among the compared
species, P. minuticaudae is the first ectoparasite pennellid was discovered to complete life cycle on a
single host without any infection site preferences between infective copepodid and fertilized pre-
metamorphic female stage.

In chapter 3, seasonal ecology aspects of Peniculus minuticaudae infecting threadsail filefish
Stephanolepis cirrhifer cultured in a fish farm at Ehime Prefecture, Japan was documented. The study
was carried out from September 2011 to August 2012. A total of 120 host fishes were examined for
parasites infection. Prevalence, mean intensity, composition of parasites based on life cycle stages,
distribution of parasite on host, and reproduction parameters were investigated. Prevalences of P.
minuticaudae infection relatively high all year rounds but decreased during the last two months of
sampling period. Adult females (post-metamoprhic, ovigrous, metamorphing and pre-metamorphic)
contribute to the highest composition of the parasite population throughout the study period. Only adult
females were found attached on the fins, and they show preference to the second dorsal fins. Based on
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the abundance of post-metamorphic females carrying egg strings, the hatching stage (copepodid) and the
count of pre-copulation couples, it is assumed that the spawning season of P. minuticaudae was during
spring with the peak reproductive capability in mid-spring.

Caligus fugu (Yamaguti, 1936) is parasitic copepod from the family Caligidae (Copepoda:
Siphonostomatoida) which is highly host-specific to puffer fishes such as Takifugu spp. In Japan C. fugu
was recorded to infect several species of pufferfish including the tiger puffer Takifugu rubripes
(Temminck & Schlegel, 1850), grass puffer Takifugu niphobles and the panther puffer Tukifugu pardalis
(Temminck & Schlegel, 1850) (Yamaguti, 1936; Ikeda et al., 2006; Ohtsuka et al. 2009). Pufferfish
industry in Japan has been nowadays facing an economic problem from the heavy infection of parasites
on high value fish, the tiger puffer 7 rupripes (Ohtsuka et al., 2009; Maran et al., 2011). Towards
constructing an effective parasite management, in chapter 4 I tried to investigate the chemical substances
involved in host and site recognition of infective stage of C. fugu, the copepodid using behavioral and
molecular approach. In the present study behavioral observation using Y-tube bioassay showed that
copepodid C. fugu positively responded to the stimulation of puffer-conditioned water by actively
swimming upward and toward the arm containing stimulus water. The active and directional swimming
activity was reduced after the FCW was heated, suggesting that the semiochemical candidate(s) might be
in a form of water-soluble protein. The SSH cDNA library of 7. rupripes pectoral fin has been
successfully constructed. Copepodids showed activation and directional response when stimulated using
a series of diluted culture medium that may contain the secreted chemical substances from cells
transfected with the 7. rupripes pectoral fin SSH cDNA library.

Finally, in chapter 5, several parasites shows the preference to infect the host’s fins were listed. The
factors influencing these preferences also were discussed. The results from chapter 2 and 3 shows that
for some copepods, all stages in the life cycle can be spent on the fins while for some other copepods,
infection site or host switching might occur at the later stage of the life cycle particularly among adult
females, where they will find a new infection site which provide them a better survival and fecundity.
From chapter 4, we can concluded that site-recognition in copepods might involve the recognition of
specific chemical cues released from the host to the environment. However, more efforts are required to
understand the mechanism leading to site —specificity which is not yet fully explained by the recent
discovery.

Key words: Parasitic copepod; Pennellidae; Caligidae; Site-specificity; Life cycle; Seasonal infection
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Huckleberry (Solanum scabrum Mill.) is a glycophyte and one of the most important leafy vegetables in
many parts of Africa, especially in Cameroon where it is cultivated and exported. It is rich in Ca, Fe, vitamin
A and protein and has been shown to have important medicinal attributes such as anti-inflammation and
antioxidant activity. However, the growth of huckleberry has been shown to be hampered by drought stress,
but its tolerance to salinity is unknown. This study was conducted with the aim of characterizing the
physiological responses of huckleberry to salinity. This was achieved by 1. determining the growth and
mineral uptake, 2. evaluation of the Na distribution pattern and the activity of some antioxidant enzymes, and

3. analyzing a high affinity potassium transporter (HKT) gene that excludes Na from shoots.

1. Comparative growth and mineral accumulation in huckleberry and eggplant

The mineral content of the plants grown under 50 and 150 mM NaCl was compared with that of
eggplant. The growth of huckleberry was better than that of eggplant and the accumulation of the major
elements K and Ca in huckleberry was enhanced under salt stress. Especially Na concentration was
observed to be more elevated in the stem and root and much reduced in the leaf of huckleberry compared
to eggplant. This yielded much lower Na/K and Na/Ca ratios in huckleberry compared to eggplant. It
was concluded that huckleberry is more tolerant than eggplant owing to reduced transport of Na to the
leaf, which helped the plants to maintain high levels of important minerals such as K, Mg and Ca.

2. Spatial Na accumulation and the activity of some antioxidant enzymes

Following the previous results showing reduced leaf Na accumulation in huckleberry, further studies
were required to determine the pattern of Na uptake and distribution in the plant. The analysis of Na content
revealed that of the total shoot Na content, only 50% was transported to leaf blade compared with 81% in
eggplant, indicating that indeed there is the presence of a Na transport regulating mechanism possibly located
in root, stem and petiole in huckleberry and seems to be lacking in eggplant. Thus, the tolerance of
huckleberry could primarily lie in its ability to exclude Na from leaf blade.

The activities of catalase (CAT), ascorbate peroxidase (APX), glutathione reductase (GR), soluble
peroxidases (sPOD) and cell wall peroxidases (cwPOD) were measured in the leaf and root of huckleberry
and eggplant. The results showed that except for CAT, the activities of these enzymes were higher in the root
than leaf of both plants. However, root activity was more enhanced in huckleberry than eggplant. The cwPOD
activity markedly increased in root and leaf of huckleberry, but decreased in eggplant for both tissues.
Although the cwPOD has been shown to be involved in lignin and suberin synthesis, which in the root

intervenes in controlling Na transport to the shoot under salinity stress, it appears in the present study to be
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the main ROS scavenger in the leaf of huckleberry.

3. Analysis of a high affinity potassium transporter (HKT) gene

The Na accumulation pattern in huckleberry suggest the existence of control points for Na exclusion in
leaf blade. HKTs have been shown to control the transport of Na to leaf blade by extracting Na from the
transpiration stream into xylem parenchyma cells, hence minimizing the amount of Na reaching the leaf. In
light of this function, we measured the Na concentration in all four organs (leaf blade, petiole, stem and root)
and analyzed the expression of the Solanum scabrum HKT (SsHKT) and S. melongena HKT (SmHKT)
genes in these organs of plants grown in hydroponic culture under salinity stress. The Solanum scabrum
HKT (SsHKT) expression pattern was proportional to that of Na concentration i.e. strongest in the root and
progressively decreased to the leaf blade (lowest). The highest induction of SsHKT expression observed in
the root corresponded to the highest Na accumulation, indicating that SsHKT like other class 1 HKTs, would
likely function in retrieving Na from the transpiration stream in all the plant organs, especially in the root and

stem.

4. Conclusion

The results of the present study show that the adaptation of huckleberry to salinity involves enhanced
antioxidant activity and reduced Na accumulation in leaf blade. Gene expression analysis revealed that the
reduced accumulation of Na in leaf blade would be achieved by the induction of SsHKT expression in root
and stem. This SSHKT function owes to the presence of the SGGG selectivity filter motif, characteristic of
class 1 HKTs, which renders it selectively permeable to Na. Induction of SsHKT expression by 27.9-fold in
the root, coincided with the highest Na accumulation and enhanced antioxidant activity, suggesting that, the
mechanism of salinity tolerance in huckleberry may involve a coordinated action of ROS detoxification and
regulation of Na transport at the level of the root. In eggplant on the contrast, low antioxidant activity and

weak expression of SmHKT could contribute to its susceptibility to salinity stress.

Key words: cell wall peroxidase, oxidative stress, salinity tolerance, Na, Na transporter, Solanum

melongena, S. scabrum,
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The moon jellyfish Aurelia aurita s.1. is the most common scyphozoan jellyfish in the coastal waters
around the world, and the mass occurrences of this species have been reported from various regions.
Therefore, it is important to identify causes for the enhancement of 4. aurita populations to forecast likely
outbreaks prior to the season of medusa blooms. In the population dynamics of scyphozoan jellyfish, the
following two factors are important to determine the size of adult (medusa) population: (1) the abundance of
benthic polyps, which reproduce asexually and undergo seasonal strobilation to release planktonic ephyrae,
and (2) the mortality of ephyrae before recruitment to the medusa stage. Although much knowledge has been
accumulated about physio-ecology of the polyp stage by previous studies, only few studies have been

conducted for the ephyra stage.

The success for survival through larval stage is basically affected by two factors, viz. food availability
and predation. For development to the medusa stage, ephyraec must start feeding before their nutritional
reserves run out. However, they are functionally inefficient feeders compared to the medusa stage and the
liberation of A. aurita ephyrae usually takes place during winter and early spring, when the biomass and
production of prey zooplankton are the annual lowest. Therefore, starvation is considered to be a primary
factor accounting for the mortality of ephyrae. The goal of this study is to understand physio-ecological
characteristics of 4. aurita ephyrae in order to enable forecast of medusa population outbreaks prior to
regular medusa bloom season. For this, I conducted laboratory experiments mainly to examine the effect of

starvation on various physio-ecological aspects of A. aurita ephyrae.

This thesis consists of 5 chapters. In Chapter 1, I extensively reviewed past and current scyphozoan
jellyfish blooms in East Asian seas, in particular Chinese waters. The East Asian seas are a representative sea
area in the world where massive jellyfish blooms recurrently take place. As 4. aurita is the most prominent
bloom forming species in this area, it is of importance not only to identify causes for the blooms but also
forecast the blooms.

In Chapter 2, in order to evaluate starvation resistance and recovery capability in first-feeding 4. aurita
ephyrae, I determined the median longevity (ML), i.e. duration of starvation at which 50% of ephyrae die,
and the point-of-no-return (PNRy), i.e. duration of starvation after which 50% of ephyrae die even if they
subsequently feed, at 15, 12 and 9°C. The ML,, were 50, 70 and 100 d, and the PNRs, were 33.8, 38.4 and
58.6 d at 15, 12 and 9°C, respectively. These PNR;, are nearly one order of magnitude longer than those of
larval marine molluscs, crustaceans and fishes, demonstrating that 4. aurita ephyrae have strong starvation
resistance and recovery capability. By the time of the PNR;,, ephyrae showed significant body size reduction:

ca. 30 and 50% decrease in disc diameter and carbon content, respectively.
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In Chapter 3, I investigated the effect of starvation on respiration rate of 4. aurita ephyrae, because their
extremely long PNR;, was thought to be attributed to their low metabolic rates. The respiration rate of a
newly released ephyra was actually very low, i.e. 0.24, 0.24 and 0.19 pl O, ephyra™ d" at 15, 12 and 9°C,
respectively. The respiration rates tended to decrease with the increase of starvation period, but the carbon
weight-specific respiration rates were constant for up to the period nearly PNR,. The minimum food
requirement based on the respiration rate was equivalent to 2.0, 2.0 and 1.6% of ephyra carbon weight at 15,
12 and 9°C, respectively. I also examined the effect of starvation on pulsation rate; it was accelerated by
starvation for up to 20 d, indicating that moderately starved ephyrae actively swim. The maximum swimming
speed achieved by A. aurita ephyrae was 8.9 cm min”, suggesting that their main prey are confined to slow
moving zooplankton such as barnacle nauplii, veliger larvae and hydromedusae. The pulsation rate decreased
for ephyrae after 30 d of starvation, and hence the heavily starved ephyrae may be exposed to higher predation
loss.

In Chapter 4, I examined whether a scyphozoan jellyfish Chrysaora pacifica acts as predators of A.
aurita ephyrae, since extraordinarily long starvation resistance and strong recovery capability of A. aurita
ephyrae implied that predation loss may probably be more important to determine their mortality in the field. |
confirmed that C. pacifica young medusae could feed on A. aurita ephyrae.

In the last chapter (Chapter 5), I fully discussed the physio-ecological specificity of A. aurita ephyrae, in
particular emphasis to adaptation mechanisms for starvation. In the Inland Sea of Japan, for example, the
release of ephyrae is programmed to occur during winter and early spring (i.e. January-March), when the
zooplankton biomass and production rates are at its annual lowest. Thus, it is very likely that newly released
ephyrae are exposed to severe nutritional stress in this cold season of minimal food abundance. Extremely
long PNR;, of A. aurita ephyrae may be a physiological as well as ecological adaptation allowing them to
survive the first few months after release. In the Inland Sea of Japan, the mortality of ephyrae seems to be
very high like in Tokyo Bay, where 99% of ephyrae die before young medusa stage, but actual causes for the
mortality could not be identified in this study. Meanwhile, a sympatric scyphozoan C. pacifica can be one of
prominent predators of A. aurita ephyrae. In order to make the forecast of A. aurita medusa population
outbreaks in a reliable manner, detailed population dynamics studies particularly during the ephyra stage as

well as more studies on predators are needed in the future.
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