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People tend to infer attributes about behavior of others (correspondence inference). This
tendency has been observed even when behavior is socially restrained (correspondence bias) (Jones
& Harris, 1967). Initially, correspondence bias was considered an extremely powerful phenomenon
because it did not disappear easily (Gilbert & Jones, 1986). Later, a three-stage model (Gilbert,
1989) was proposed that skillfully explained correspondence inference and correspondence bias in
attitude attribution. Since then, promotion and suppression factors of correspondence inference and
correspondence bias have been examined based on this model. The findings of these preceding
studies are summarized as: when procedures that enhance the salience of the situation factor are
used, people from Eastern cultures tend to suppress correspondence inference and correspondence
bias more easily than people from Western cultures. This is because people from Eastern cultures are
thought to consider the situation factor more consciously than people from Western cultures.
Moreover, the kinds of procedures and findings are the same in studies that succeeded in the
eliminating or suppressing these phenomena, regardless of whether the comparison is inter-cultural
or intra-cultural. Based on these findings, a general universality of the inference process in
attribution is assumed in recent years, and it is asserted that “cultural factors could be functioning as
or reinforcing situational operations (Toyama, 2001).” However, no empirical studies have looked
closely at these cultural factors.

In this thesis, therefore, cultures regarded as collections of various symbols that influence
correspondence inference, and feature symbols of cultures were manipulated as factors. Next, we
empirically examined the effect of those factors on promoting or suppressing correspondence
inference. The focus was Japanese culture, thought to have a suppressing correspondence inference
effect. Japanese people are thought to have a tendency to suppress correspondence inference easily
because the Japanese culture is an Eastern culture which contains many factors that suppress
attributes of the actor or reinforce the situation. In other words, removing such factors should
promote correspondence inference, even in Japanese people. The aim of this thesis is to examine
cultural factors and propose a new concept that integrates ideas of earlier studies regarding the effect

of cultural differences on correspondence inference and correspondence bias.
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Chapter 1: Correspondence inference and correspondence bias were originally explained based
on Gilbert's three-stage model. Moreover, early studies on correspondence inference and
correspondence bias showed that in addition to situation factors and individual factors, culture was a
factor that influenced these phenomena. We assert that examining cultural factors could make it
possible to present a more integrated universal explanation about factors that promote or suppress

correspondence inference and correspondence bias.

Chapter 2: Highlighting omission of the personal pronoun in the Japanese language as a
symbol of Japanese culture, we performed an experiment that imitated the basic method of Jones and
Harris (1967). We predicted that correspondence inference would be more likely to be suppressed for
participants under this condition when they believed that an essay which omitted first person
pronouns was written by a target person in the no-choice situation, than when they believed that an
essay which included first person pronouns was written by a target person in the same situation. This
hypothesis was largely supported. This suggested that omission of the first personal pronoun

suppresses correspondence inference.

Chapter 3: Highlighting omission of the first person pronoun and accurate judgment as
symbols of Japanese culture, we examined their influence on correspondence inference. We
predicted that participants would be more likely to promote correspondence inference under this
condition when reading an essay that included first person pronouns in situations not demanding
accurate judgment, than in situations demanding accurate judgment. This interaction effect
hypothesis was largely supported for affirmative judgment scores. This suggested that paying
attention to accurate judgment also suppresses correspondence inference.

Chapter 4: Highlighting omission of the first person pronoun and the commonality of member
traits as symbols of Japanese culture, we examined their influence on correspondence inference. In
this condition, we predicted that participants would be more likely to promote when they read essays
that included first person pronouns with low similarity of member attributes than when they read the
same essay in situations with high similarity of member attributes. This interaction effect hypothesis
was largely supported. This suggested that high similarity of member attributes also suppresses

correspondence inference.

Chapter 5: We summarize the results of these empirical experiments and considered the effect
of the cultural factors investigated in this study under the three-stage model. We then propose that
promotion and suppression factors for correspondence inference and correspondence bias can be
explained not by assuming a different inference process in Western cultures and Eastern cultures, but
instead by assuming a universal inference process about culture factors as well as situational factors.
Moreover, we discuss how the findings of this study might offer clues in research on cultural

differences in social cognition. Finally, we discuss specific issues and perspectives for the future.

Keywords: correspondence inference, attitude attribution, correspondence bias, first person pronoun

in Japanese, accurate judgment, member attribute similarity.
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Among the RFamide peptide groups, PQRFamide peptides, such as neuropeptide FF (NPFF)
and NPAF, share a common C-terminal Pro-Gln-Arg-Phe-NH, motif. LPXRFamide (X = L or Q)
peptides, such as gonadotropin-inhibitory hormone (GnIH), frog growth hormone-releasing peptide
(fGRP), goldfish LPXRFamide peptide and mammalian RFamide-related peptides (RFRPs), share a
C-terminal Leu-Pro-Leu/GIn-Arg-Phe-NH, motif. Such a similar C-terminal structure suggests that
these two groups may have diverged from a common ancestral gene. In this study, I sought to clarify
the evolutionary origin and divergence of these two groups, by identifying novel RFamide peptides
from the brain of lower vertebrates.

At the start, I used the brain of lamprey (Petromyzon marinus), one of the only two extant
representative species of the oldest lineage of vertebrates, the Agnatha, which diverged from the
main line of vertebrate evolution approximately 450 million years ago. A novel RFamide peptide
was identified by immunoaffinity purification using the antiserum against LPXRFamide peptide. The
identified RFamide peptide did not contain a C-terminal LPXRFamide motif, but had the sequence
SWGAPAEKFWMRAMPQRFamide (lamprey PQRFa). A ¢cDNA of the precursor encoded one
lamprey PQRFa and two related peptides. These related peptides, which also had the C-terminal
PQRFamide motif, were further identified as mature endogenous ligands. Phylogenetic analysis
revealed that lamprey PQRFamide peptide precursor belongs to the PQRFamide peptide group. /n
situ hybridization demonstrated that lamprey PQRFamide peptide mRNA is expressed in the regions
predicted to be involved in neuroendocrine and behavioral functions. This is the first demonstration
of the presence of RFamide peptides in the agnathan brain. Lamprey PQRFamide peptides are
considered to have retained the most ancestral features of PQRFamide peptides. On the other hand, I
could not identify the homolog of LPXRFamide peptide from the brain of lamprey.

I next used the brain of hagfish (Paramyxine atami), another representative species of
agnathans. I identified three novel RFamide peptides containing a C-terminal PQRFamide sequence
and a novel RFamide peptide containing a C-terminal LPQRFamide sequence from the brain of
hagfish. I cloned two cDNAs encoding these hagfish PQRFamide peptides and a LPQRFamide
peptide. Interestingly, one cDNA encoded three identified PQRFamide peptides, whereas the other
cDNA encoded two identified PQRFamide peptides and one identified LPQRFamide peptide. The
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latter cDNA had a nucleotide substitution resulting in a codon change from TTT (Phe) to TTG (Leu)
compared to the former cDNA. The localization of hagfish PQRFamide peptides was analyzed by
immunohistochemistry and in situ hybridization. The immunoreactive cell bodies were found in the
infundibular nucleus (IN) of the hypothalamus. Hagfish PQRFamide peptide mRNA signal was
detected only in the IN, supporting the immunohistochemical observations. Immunoreactive fibers
were mainly found in the hypothalamus, ventral medulla and around the fourth ventricle, suggesting
multiple functions of hagfish PQRFamide peptides. Because two hagfish PQRFamide peptide
precursors are similar to that of mammalian PQRFamide peptide, the origin of PQRFamide peptides
can date back at least to the emergence of agnathans. Although, hagfish LPQRFamide peptide is
similar to LPXRFamide peptides, further study is needed to clarify whether the precursor encoding
hagfish LPQRFamide peptide is the homolog of LPXRFamide peptides.

The results of the study of lamprey and hagfish suggest that PQRFamide peptides exist in the
brain of agnathans, whereas LPXRFamide peptides may not exist in their brain. Cartilaginous fish
are higher than agnathans in the phylogenetic tree, but there are no information about PQRFamide
peptides and LPXRFamide peptides. Therefore, I next sought to clarify whether cartilaginous fish
have both LPXRFamide peptides and PQRFamide peptides or not. I used two cartilaginous fish:
Japanese banded dogfish Triakis scyllium (Elasmobranchii) and Elephant shark Callorhinchus milii
(Holocephali). I first used a genome database analysis of elephant shark. By using BLAST program,
a genome sequence which encodes PQRFamide peptides was found in the database. Based on the
genome sequence of elephant shark, degenerate primers were made and used for PCR cloning. A
c¢DNA encoding two PQRFamide peptides was identified in the brain of Japanese banded dogfish.
Phylogenetic analysis suggests that the dogfish RFamide peptides belong to the PQRFamide peptide
group. On the other hand, cDNA(s) encoding LPXRFamide peptides could not be identified in the
present study. These results suggest that LPXRFamide peptides arose after the divergence of
Osteichthyes (bony fish) and Chondrichthyes (cartilaginous fish).

To obtain some insights into the evolutionary relationship of LPXRFamide peptides and
PQRFamide peptides, I analyzed the chromosomal location and synteny of each peptide gene. The
LPXRFamide peptide genes are located adjacent to homeobox (HOX) gene cluster A, whereas
PQRFamide peptide genes are located adjacent to HOX gene cluster C. As HOX gene clusters are
considered to have arisen through the two rounds of whole-genome duplication, it is highly possible
that LPXRFamide peptides and PQRFamide peptides arose from a common ancestral gene in a
chromosomal duplication event. Further studies are needed to clarify the evolutionary history of
LPXRFamide peptides and PQRFamide peptides.

Key words: PQRFamide peptide, LPXRFamide peptide, molecular evolution, neuropeptide,
agnathan, cartilaginous fish
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Rural women in Japan are marginalized both in the ownership of production resources and
marketing of agricultural products due to ‘ie’ system (Japanese patriarchal system), marketing
through wholesale market and agricultural cooperatives as stakeholders in the wholesale market. The
system customarily recognized only male as head of household (patriarchal) despite the essential
roles of rural women in marketing of agricultural products through out the world. However,
emergence of direct marketing especially using direct farmers’ market (DFM) led to greater number
of women participation in marketing. This study investigates the possibility or status improvement
(empowerment) through participation of women farmers’ in direct farmers’ market. The study was
carried out in Iwami now Ohnan town, Shimane prefecture and Sera and Fukutom in Hiroshima
prefecture both in Chugoku region of Japan. Case study approach was used in selecting the study
areas. Stratified and purposive random samplings as well as snowball method were employed in
selecting the samples. Data collection was done using interview schedule guide and structured
questionnaire.

The findings revealed that women farmers were engaged in various forms of agricultural
activities though on a small scale and their current involvement is increasing despite the old-age of
the majority of women farmers. Also, analysis revealed significant difference in the present status of
women farmers compare to the past. Majority of women farmers were highly empowered while
advancement in age and marriage will lead to decline in their empowerment. The results of
investigation of direct farmers’ market revealed indoor operated type of the market while their
objectives of establishment cover liberation of women farmers as well as economic opportunity and
life maintenance for the older participants. The findings also revealed organized nature of the
markets activities (highly organized) including the building of trust and good relationship between
the producers and managers/coordinators of the markets. Non-physical presence of farmers in the
market ensures that the managers/coordinators take responsibility of marketing the products on
behalf of farmers. It gives the producers more opportunity to engage in other activities as well as
elimination of conflicts among the participants. Incorporation of restaurant in to the market ensure
continuous production by the farmers, organization of tours, employment of extension agent for the
provision of technical information, presence of designated farmers for some products and area
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promotion of agricultural products were part of the market activities. In addition, it was also found
out that women enterprises are run Close to home and still small in nature. Women produce for
consumption and sale indirect farmers’ market while only core member women participate in the
management decision of the market.

Assessment of the impact of direct farmers’ market on women farmers revealed that the women
are highly empowered. This result gives insight to the impact of economic development in a country
on the empowerment of women which always lead to modernization, change in ideology and partial
or absolute neglecting of old ideas which are typical to patriarchal system that disempowered
women. Based on all empowerment indicators, direct farmers’ market users were empowered than
the non-DFM users in all indicators. The highest empowerment indicators are social, economic and
political. Thus, apart from liberating women from the long economic disempowerment through
income benefit earned from participation in the market, it is also a major vehicle for improving
socialization, increase mobility, broadening of awareness and increase in sense of participation and
contribution. Hence, participating in direct farmers’ market does not limit to income generation alone
but offers advantage in other areas. Participation in direct farmers’ market creates strong sense of
belonging especially through group processing. Also it changes the subordinate view of women by
their spouse. Familial empowerment of women improved due to supportive roles being received
from their spouse on both household and market activities. Possession of bank account and self-
decision making ability is also part of opportunity being provided by direct farmers’ market.

Women farmers were not involved in the management activities of the market, participant’s
profit from the market is low, lack of interaction between consumer and producers was also noticed.
Therefore active participation and involvement in the management activities of the market is
essential. Women should initiate and establish direct farmers’ market by themselves. Establishment
of direct farmers’ market for women empowerment should be given trial in other countries.
Government and agencies for women development should focus on the use of direct farmers’

markets.

Keyword: women farmers, empowerment, direct farmers’ market
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Poverty in Thailand has been found widely in rural areas with the main problem of agricultural
products. Economic crisis and natural disaster also put the rural people into poverty and vulnerable
livelihood. Moreover, financial services to the rural poor could not serve by commercial banks
because of the high risks of repayment and high transaction costs. Microfinance approach is now
considered as an effective tool for reducing poverty and vulnerability. Microfinance services provide
low interest rate loan, less or requiring no collateral, and plus social services in order to increase the

productivity and well-being of the poor and vulnerable people.

The specific objective of this study is to investigate the role of microfinance that contributes to
raise the quality of life for people in Thai rural society. Three case studies were designed and
conducted in different areas and situations. The first case study focused on people's well-being
toward participation in microfinance institutions. The second case study showed the method of
community-based revolving funds to recover people's livelihood in tsunami affected-areas. The last
case study was to identify microfinance impact on women empowerment by forming self-help

groups.

The findings revealed that Thailand has diversified microfinance models to meet the financial
requirement of rural people. Microfinance development can be categorized into three sectors; formal,
semi-formal, and informal sectors. The first case study, government agencies have tried to deliver
formal credits focusing on farm acitivity through microfinance institutions (MFIs) in formal sector.
Bank of Agriculture and Agriculture Cooperative (BAAC) was outstanding in financial performance
as a major agricultural financial institution, while credit union cooperatives (CU) extended their
financial activities within a certain defined locality. CU's management is operated by members.
Meanwhile, BAAC conduct its operation through provincial office. BAAC was the first MFI
established in this area to provide agricultural financial services. In the recent years, those who are

involved in non-agricultural activity have increasingly participated into BAAC and CU.
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In semi-formal sectors, the case study was focusing on microfinance approach through people
participation in revolving fund program. To help tsunami-affected villagers, this programs started by
providing microloan to affected-people for repairing productive assets such as fishing gears and
boats. The village committees were elected by their villagers to manage and control this fund. A
small amount of loan will be provided to each individual household to restart their livelihoods.
Beneficiaries can borrow money without collateral and repay at low interest rate that decided by the
village committee. Fund will be revolving in a community without returning to the donors. After the
majority of affected-people recovered their livelihood from serious damages, the program extended a
wide variety to members who would join such as saving activity and insurance. The mechanism of
revolving fund has successfully promoted the capital formation, and continuously expanded
microfinance activity at both community and individual level. The responses as regards
participation in revolving fund program revealed that a work with group was a good practice in

capacity and resilience building to raise employment and livelihood improvement.

The final case study referred to self-help groups of woman in tsunami affected areas. New
activities were established in post tsunami by women's groups. Women batik-making group and
community-based store were evaluated to measure the impact of microfinance on women's
empowerment. The women batik-making is developing such as creating new design and expanding
marketing channels. However, a group has a problem of working place because the current one is not
convenient for working and is vulnerable to weather. Financial support by government is needed to
repair their working place. The other case study was community-based store. During the recovery
period, people lacked financial liquidity and they could hardly purchase necessaries goods by cash.
Members can buy dairy goods from the community-based store in credit transaction and pay back
later within two weeks or one month. Such cooperative manners, dividend also will be paid to

member at the end of year in proportion to the amount of their dealing.

Establishing the group was very useful for women to restore self-sufficient life style and
support their families. The members in both groups showed their opinions that the key successful in
groups activity is trust among their members and committee. Those affected-women now have
positive appraisal on collaborative activity. They exchange knowledge and idea, and then understand
group management that will be useful for the sustainable development in their community. This
approach conducted both provision of financial services and promotion of income generating
activity, which would be more useful for vulnerable people to create self-help activities than
minimalist approach specializing on financial intermediation.

Based on the case studies, recommendations for further development of microfinance focused
on financial analysis for raising fund, and building good governance for internal management.
Capacity building of community is also focused to reach a goal of microfinance projects. Related
stakeholders should create network between local organizations, increase number of CBOs for
sharing skill and knowledge. Moreover, they should encourage traditional knowledge and provide

appropriate technology and technique to support the marketing with a good retail network.
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Edwardsiella tarda, a member of family enterobacteriaceae, is the causative agent of a bacterial
septicemia (edwardsiellosis) in both freshwater and marine fishes. It is a wide-host-range bacterium,
infecting not only fish but also other vertebrates such as amphibians, reptiles, birds and mammals,
including humans. Aquaculture industries of Japanese flounder Paralichthys olivaceus, red sea
bream Pagrus major and Japanese eel Anguilla japonica have been suffering from serious damage
due to edwardsiellosis. Some virulence factors of the organism have been suggested as the
production of toxins, hemolysin, siderophore, resistance to serum- and phagocyte-mediated killing,
and the ability to invade epithelial cells. However, the exact role of these factors in the pathogenesis
of edwardsiellosis awaits consensus. In general, adhesion is of great importance as the initial step of
microbial infection. The previous study on E. tarda demonstrated that the hemagglutination activity
(HA) of the bacterium is induced when cultured under high sodium chloride concentration (i.e. 3%
NaCl). Following this finding, the present study was designed to reveal the role of adhesion in F.
tarda infection, with particular reference to sodium chloride concentration of the culture medium.

Chapter 1: Specific inhibition of hemagglutinating activity of Edwardsiella tarda

The specific inhibition of hemagglutinating activity (HA) of E. farda using various sugars
(monosaccharides) and glycoproteins was studied. Three strains of E. tarda (FK1051, KG8401 and
SU166) representing different HA against guinea pig erythrocytes were cultured in a peptone-yeast
extract broth supplemented with 3% NaCl (3%-NaCl culture) and without NaCl (0%-NaCl culture).
Among the sugars used, only sialic acid (N-acetylneuraminic acid, NANA) displayed a specific
hemagglutination inhibition. The sialoglycoproteins exhibited also marked inhibition of HA, while
the asialoglycoproteins showed no or very low inhibition. Bovine submaxillary mucin elicited the
highest inhibition followed by porcine stomach mucin, pocine thyroglobulin, fetuin and transferrin.
The hemagglutinin was extracted using n-octyl-B-D-thioglucoside, but purification of this
hemagglutinin by affinity chromatography using fetuin-agarose column was not successful. The
obtained results suggest that the host cell receptors specific for E. tarda are composed of sialic acid

(NANA) or sialo-glycoproteins.
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Chapter 2: Sodium chloride-enhanced adherence of Edwardsiella tarda to HEp-2 cells

The adherence of E. tarda strains to HEp-2 (human epithelial) cells was studied by the viable
cell count and direct microscopic count methods. The adherence E. tarda strain FK1051 was
significantly higher in the 3%-NaCl culture than in the 0%-NaCl culture. Also, the same high
adherence pattern of the 3%-NaCl culture was observed in KG8401 strain, though the adherence of
its 0%-NaCl culture was higher than that of FK1051. However, both cultures of SU166 strain were
low in the adherence. These adherence patterns to the HEp-2 cells correlated well with the
hemagglutinating activities of the strains. N-acetylneuraminic acid inhibited markedly the adherence
as well as the hemagglutination. This NaCl-enhanced adherence may be involved in pathogenesis of

E. tarda infection especially in the marine environment.

Chapter 3: Sodium chloride-modulated adhesion, phagocytosis and pathogenicity of
Edwardsiella tarda to goldfish

The effect of NaCl concentration on the adhesion of E. tarda to goldfish intestine was studied
by the viable cell count and scanning electron microscopy. Both of the 3%-NaCl cultures of the
strains FK1051 and KG8401 displayed significantly higher adhesion to the goldfish intestine than
their respective 0%-NaCl cultures. In contrast, no significant difference in adhesion was found
between the 0%- and 3%-NaCl cultures of the strain SU166, with low adhesion in both. Similarly,
the isolation of the bacteria at different time points post-infection (time-course study) showed
significant increases in the bacterial numbers recovered from the kidney of fish infected with the
high NaCl-concentration cultures in case of FK1051 and KG8401 strains. These results were
consistent with the previous data about HA and adherence to HEp-2 cell of these strains. The
phagocytic killing study using murine macrophages revealed increased internalization of the bacteria
in the 3%-NaCl culture. However, the total pathogenicity of E. tarda was not obviously altered by
the increase of NaCl in the culture medium.

Chapter 4: Sodium chloride-promoted production and toxicity of extracellular products of

Edwavrdsiella tarda

The effect of NaCl concentration in the culture medium on the production and toxicity of E.
tarda extracellular products (ECP) was studied. E. tarda (FK1051) was cultured in a peptone-yeast
extract broth supplemented with 3% NaCl (3%-NacCl culture) and without NaCl (0%-NaCl culture).
The ECP of both cultures were prepared by the cellophane plate method. The wet bacterial weights
and the protein concentrations were detected at different time intervals. The bacterial weights
decreased after 2-3 days incubation and thereafter the ECP protein levels increased. The protein
concentration in ECP of 3%-NaCl culture was higher than that of 0%-NaCl culture. SDS-PAGE
revealed the appearance of new bands (70 and 35 kDa) and intensification of other bands in the 3%-
NaCl culture. The intramuscular injection of ECP in goldfish revealed higher toxicity in the 3%-
NaCl culture. These results suggest that the NaCl-induced ECP toxicity of E. tarda may play a vital

role in its virulence.
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Goal of the study

Hen ovaries are predilection sites for the pathogenic microorganisms that may transmit to eggs.
Therefore, immune function in the ovary is essential not only for host defense but also for producing
safe eggs by protecting ovarian tissues from infection. Microorganisms are recognized by Toll-like
receptors (TLRs) that may initiate the expression of B-defensins (antimicrobial peptides) and
cytokines such as interleukin (IL)-18. The TLRs and B-defensins play essential roles in the innate
immunity and may link to adaptive immunity. Ovarian follicles change in their structure and function
during follicular growth. Thus, immune functions may also change during follicular growth.
Although the presence and roles of immunocompetent cells for adaptive immunity have been
examined, little is known about the innate immunity in hen ovary. Therefore, the goal of this study
was to determine the changes in the innate immune functions of ovarian follicles during their
development and in response to foreign agents. To complete the understanding of immune functions,

immunocompetent cells were also examined in the growing follicles.

1. Changes in the expression of Toll-like receptor mRNAs during follicular growth and in
response to lipopolysaccharide in the ovarian follicles of laying hens

Follicles at different stages of growth were collected from laying and LPS injected hens. Gene
expressions were examined by semi-quantitative RT-PCR. Immunocytochemistry was performed to
identify immunoreactive TLR-4. The theca layer expressed TLR-2, -4, -5 and -7, whereas only 7LR-4
and -5 in granulosa layer. The expression of 7LR-4 and -5 in the theca layer increased during
follicular growth. In granulosa layer, the expression of TLR-5 increased, but that of TLR-4 was
unchanged. LPS injection increased the expression of 7LR-4 and [L-1f3 in both theca and granulosa
layers. Immunoreaction products for TLR-4 were observed in the theca interna, and granulosa layers
of ovarian follicles. These results suggest TLR-4 and -5 expression increase with the growth of
follicles. Enhanced expression of TLR-4 and IL-1/3 by LPS in ovarian follicles suggests possible roles
for the recognition of Gram-negative microorganisms and initiation of the expression of innate

immune response.

2. Changes in the gene expression of avian f-defensins (AvRDs), antimicrobial peptides, in
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ovarian follicles during follicular growth and in response to lipopolysaccharide in laying
hens
Follicles at different stages of growth were collected from laying and LPS injected hens. The
expression of AvDs was examined by semi-quantitative RT-PCR. The expressions of 4AvBD-1, -2,
-7, -8, -10 and -12 in theca and Avf3D-1, -8, -10 and -12 in granulosa were identified. The expressions
of these genes were constant in the theca and granulosa layers except for a decrease in that of AvbD-
1 in theca. In response to LPS, the expressions of Av3D-1, -7 and -2 in the theca layer were
increased in a dose and time dependent manner however that of Av3D-/ and -/2 in the granulosa
tended to decline. These results show that expression of 4v#Ds in healthy follicles does not change
with follicular growth except for AvSD-1. The theca cells expressing elevated levels of AvfDs may

function to eliminate LPS-containing bacteria.

3. Changes in the localization of immunoreactive avian R-defensin-12 in ovarian follicles
during follicular growth and in response to lipopolysaccharide in laying hens

Anti-AvpD-12 polyclonal antibody was raised using synthetic peptide. Growing follicles were
collected before and after LPS injection, and immunocytochemistry was performed. The
immunoreactive AvSD-12 (irAvsD-12) was found in the capillary-associated cells in theca interna
and granulosa of yellow follicles, and was decreased in theca interna by 12 h and disappeared by 24
h of LPS. The ir4vfD-12 in the granulosa layer was disappeared after LPS. It was found in the
perivitelline layer before and after LPS injection. These results suggest that the 4v8D-12 synthesis
may be increased with follicular growth, whereas protein may be secreted from the cells by LPS
stimulation, probably as a host defense response.

4. Changes in the expression of major histocompatibility complex (MHC) class I and II, and
T cell subsets in ovarian follicles during follicular growth in laying hens
Immunocytochemistry was performed on frozen sections of ovarian follicles. The MHC class I+

cells were found in the theca interna, however MHC class II*, T cell subsets (CD4* and CD8") were

found in both theca interna and externa of ovarian follicles. In addition, MHC class II* cells were
also observed in the granulosa of postovulatory follicles. The population of MHC class II* cells was
significantly higher in the theca of the larger follicles. The populations of T cells were constant in the
theca interna during follicular growth, whereas decreased significantly in theca externa. These results

suggest that antigen presenting ability may be enhanced with follicular growth, and, the influx of T

cell subsets may be less necessary for healthy growing follicles as far as they are not infected.

5. Conclusion

The TLRs, AvBDs and immunocompetent cells are reserved mostly in the theca layer of ovarian
follicles. During the follicular growth, TLRs in the theca and granulosa layers may recognize
pathogenic microorganisms. The antigen presenting ability by MHC class Il may also develop with
follicular growth. The Gram-negative component, LPS, could be recognized by TLR-4 in the theca
and granulosa layers, leading to the synthesis and secretion of AvBD-12. These findings suggest that
innate immune function exists in both theca and granulosa layers of ovarian follicles and develops

with their follicular development that may be essential for the protection of ovarian tissues against
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invading pathogenic microorganisms.

Key words: Avian B-defensin, Laying hen, Lipopolysaccharide, Major histocompatability complex,
Ovarian follicles, T cell subsets, Toll-like receptors
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In avian species, less than 1% of sperm enter into the sperm storage tubules (SST) of utero-
vaginal junction (UVJ) and infundibulum of the oviduct after artificial insemination (AI). The unique
feature in avian species is that upon entering into the SST, the sperm store and survive there for a
prolonged period. A large number of studies have examined the prolonged sperm storage in SST,
however, the precise mechanism of sperm survivability in SST is yet unknown. In this dissertation,
an attempt has been taken to explain the mechanism of sperm survivability in the hen oviduct

focusing the issue of immunoresponse to sperm.

In Chapter 2, a possibility of immunoresponse to sperm has been examined in a group of birds
that fertility was dropped to a level of 3% after repeated Al. These low-fertility birds and one virgin
group were inseminated at 1 day before tissue collection. Their UV] tissues were collection for
histology and immunohistochemistry. The luminal cavity of SST in virgin groups was narrow that
contained sufficient sperm, however; the SST in low-fertility birds were swollen, lymphocytes were
invaded into the SST and no sperm were observed. Lymphocyte populations, number of antigen-
presenting cells (Ia* cells) and T-cell subsets (CD4* and CDS8" cells) were significantly increased in
the UVJ of low-fertility birds after repeated Al. The greater populations of immunocompetent cells
in UVJ and the invasion of lymphocytes into the SST indicated a possibility of immunoresponse to
sperm in UVJ. These may be the reason of fertility decline in low-fertility groups.

In Chapter 3, it was observed whether transforming growth factor-8 (TGFBs) and their receptors
(TBRs) were involved in the process of sperm survivability. Since TGFBs has immunosuppressive
function, it may appear to suppress the local immunity of UVJ. Tissue was collected from different
oviductal segments and the mRNA expressions for TGFBs (TGFB2, 33 and 84) and TBRs (TBRI,
TBR2 and TBR3) were examined after Al. Immuohistochemisty and western blot were performed for
TBR2. Sperm were observed at least 10 d after AI. mRNA expression of TGF8s and TBRs were
significantly increased in UVJ in the presence sperm. Sperm themselves expressed the mRNAs of
TGFBs and TBRs. Immuohistochemisty revealed that TBR2 is located in the lymphocytes in UVJ and
also in the SST cells. Presence of TBR2 was also confirmed in UVJ and sperm by western blot.
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These results suggest that enhanced expressions of TGFfs and TBRs in UVJ may protect sperm in
SST, probably by suppressing anti-sperm immunoreactions.

In Chapter 4, a correlation between the sperm expressions of TGFBs and TBRs, and the egg
fertility was established. In the previous study, mRNA expression of TGFBs by sperm has been
confirmed. Semen was collected, pooled and divided into diluted and undiluted groups, and stored
for 0, 24, 48 and 72 h at 37°C. A part of the stored semen was used to observe the mRNA expression
of TGFBs and TBRs in fowl sperm by RT-PCR. In diluted semen, sperm viability declined slowly
from 97% to 73% by 72 h of sperm storage. In contrast, egg fertility using the same semen was
declined largely namely from 88% to 23% by 72 h. Sperm expressions of TGFBs and TBRs were
showed a gradual decrease during the same storage period. Furthermore, correlation and regressions
analysis also showed a positive correlation between the sperm TGFBs/TBRs and egg fertility. Results
of this study indicated that sperm TGFBs and TBRs is one of the factors responsible for sperm
fertility.

In Chapter 5, changes in the expressions interleukin-18 (IL-18) and tumor necrosis factor- «
related molecule (TNF-a) in the oviduct of laying hens were examined after Al. Since IL-18 and
TNF- « enhance immunoreaction, less exposure of them to sperm may be significant for sperm
survivability. Laying hens were inseminated with fresh semen or PBS, and the tissues from oviductal
segments were collected at 0, 3, 6, 12 and 24 h after AI. mRNA expression were observed by RT-
PCR. Presence of sperm intact in structure was found in the lumen of vagina until 6 h of
insemination. mRNA expression of IL-18 and TNF- « were significantly increased in the vagina
until 6 h of Al but remained unchanged in other oviductal segments. In vagina and UVJ, the positive
cells for immunoreactive (ir)IL-18 and (ir)TNF- « were localized in the stroma and surface
epithelium, respectively. The irIL-1b and irTNF-a cells were also increased in vagina but almost
unchanged in UVJ after Al Increased expressions of IL-18 and TNF- « in the vagina after Al may
be responsible for elimination of the majority sperm from the vagina whereas lower levels of them in
UVJ may permit the sperm to survive in the SST.

In conclusion, when the sperm enter into SST of utero-vaginal junction after Al, immunoresponse
to sperm may occur. Therefore, suppression in the local immunity of utero-vaginal junction by
transforming growth factor-8s, the immunosuppressive molecules, may be significant for the
prolonged sperm survivability in hen oviduct.

Key words: sperm storage tubules, immunoresponse to sperm, sperm survivability, utero-vaginal

junction
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Recently, drastic increase in demand for agricultural products in the world requires the
generation of stress resistance-crops to meet this demand. This makes it important to elucidate the
defense mechanisms toward environmental stresses in plant. At first, this study was aimed at
clarifying the plant defense mechanisms via ascorbic acid (AsA, vitamin C). However, unexpectedly,
a novel wound stress-responsive gene was identified in the process. Since plants can not escape from
environmental stresses, when plants are damaged by some stress, they produce a lot of defense-
related proteins to protect themselves. Therefore, stress-responsive genes would be deeply involved
in plant defense. Thus, this study attempted to clarify the lingering questions of what protein is
encoded by this stress responsive-gene, and how the protein is involved in defense mechanism in
plant.

Chapter 1. Identification of the genes induced by AsA treatment in rice seedlings

Recently, the hypothesis that AsA is involved in plant defense as a signal transduction factor
has been proposed, however the mechanisms still remain unclear. Thus, the genes up- and down-
regulated by AsA treatment which can increase in AsA content in plant organs were searched with
DNA microarray analysis. In result, some genes including 4K073843 (classIll chitinase) were
induced by AsA addition. However, the expressions of these genes were not influenced by increase
in endogenous AsA content, but by stress-sources such as citrate and salt treatment, suggesting that
these genes were secondarily induced by some stresses which are caused by exogenous AsA. To
confirm whether exogenous AsA played a pro-oxidant role and imposed oxidative stresses on rice
seedlings, lipid peroxidation and H:O: content were estimated. However, significant rise in these
factors were not shown in this study. On the other hand, electrolyte leakage which is a marker of
membrane damage from rice roots drastically increased with AsA treatment, indicating that external
AsA imposed wound-like stress on rice seedlings. The increase in electrolyte leakage from rice roots
was also induced by citrate and salt treatment, and the expressions of genes identified by microarray
analysis were actually enhanced by wound stress with cutting rice seedlings. These results suggested
that these genes were induced by wound-like stress which is caused by exogenous AsA.
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Chapter 2. Analysis of a novel stress-responsive gene, AK073843 (classIll chitinase
homologue)

The stress-responsive genes would be involved in plant defense mechanisms, therefore the
analysis of wound stress-responsive gene, 4K(073843 which is identified by microarray analysis was
carried out. This gene was designated as class Il chitinase on database. However, the amino acid
residues of AK(073843 within consensus sequence of class Il chitinase were substituted with other
amino acid residues, suggesting that this protein does not have chitinase activity. The phylogenetic
tree analysis revealed that AK073843 belongs to subfamily of XIP-xylanase inhibitors, but not of
class Il chitinases, suggesting that AK(073843 gene encodes a novel XIP-type xylanase inhibitor
protein in rice. Thus, we designated this protein OsXIP (Oryza sativa xylanase inhibitor protein). To
confirm whether OsXIP actually acts as xylanase inhibitor, the molecular property of recombinant
OsXIP produced in Escherichia coli was analyzed. The recombinant OsXIP purified by cation
exchange HPLC inhibited activity of xylanases from Trichoderma sp. (fungus) by almost 100%,
demonstrating that OsXIP is xylanase inhibitor protein. However, OsXIP exhibited no inhibition
activity toward xylanase from Aspergillus niger (fungus), showing that OsXIP has inhibition
specificity toward xylanases. Also, it was clarified that recombinant OsXIP is a relatively stable
protein, and inhibition activity of recombinant OsXIP is pH-dependent, increasing between pH 4 to
pH7.

Chaper 3. Analysis of the physiological function of xylanase inhibitors in rice

Xylanase inhibitors are protein which inhibits activity of xylanase that degrades plant cell wall.
So far, the structure and inhibition manner of xylanase inhibitors have been analyzed very well.
However, there are only a few studies about their physiological functions. To discuss about the
physiological role of xylanase inhibitors in plant, organ-specific expressions of OsXIP gene, and
riceXIP and RIXT genes which have been previously identified as rice XIP-type xyalanse inhibitors
was performed. In result, OsXIP and riceXIP were specifically expressed in mature grain, and RIXT7
was expressed in organs above ground except for grain. To confirm the possibility that xylanase
inhibitors are involved in development and growth in rice, inhibition activity of recombinant OsXIP
toward rice endogenous xylanase was observed. However, xylanase(s) included in rice root and grain
was not inhibited by recombinant OsXIP. Further, OsXIP suppressing transgenic rice plants which
were generated with RNAi method developed and grew normally. These results indicate that OsXIP
is not involved in development in rice. On the other hand, the expressions of OsXIP and riceXIP
were enhanced by wound stress, methyl jasmonate (MeJA) which is a pathogen response related
phytohormone, and inoculation of pathogenic fungus, Rhizopus oryzae, indicating that xylanase
inhibitors are involved in plant defense mechanism toward pathogens via jasmonate (JA) signaling
pathway. Also, the analysis using GFP and anti-OsXIP specific antibody revealed that OsXIP is
secreted to outside of the cell in rice. These results led us to speculate that rice xylanase inhibitors
may interfere in invading of pathogens to plant tissues in a manner that they prevent xylanases

secreted by pathogen from degrading cell wall of plant during infection.
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) OEHRIZIZE > T, ABF%E T, =7 FVESHIFLIZBIF 2 =7 M ULIF (chLIF) D& & 4G
~NDOSLEEDIEMT # Hi & LT, =7 b UESHINIZHB VT, chLIF 2 & AJAK/STAT, MAPKI#EHE O G
L& ZhetE L ORI ZHER L, & SISF AR~ — & —chicken piwi homolog (chiwi) D27 u—=> 7%
17\, ESHIIL COISIMANT 247 > 720

1. Z7 MRS R OCESHRE D ZEEMMIEICE T BLIFY 7T HILDO&RE

chLIFIZAf L T 5N /2HUL-2 €/ 7 10— FUHifk (mAb) &, chLIFIZ X 2 B340 (=7 b Y ESHI
OB OSTATID ) V(LA HE L7z, 22T, HUL2Z WEIEMBORER~NRMLZE 25,
SALRE T & 2 BIRVERA D Bl % b7z, KIZ, U0126% HIV TERK (MAPKREHOKT) DV v AL
RIRRMICHE L2 25, BREREAOBIPSEBIESNS L3I, ESHilaan=—»% (HBL,
FRED BREG D ESHILIC BV T O RERL E N2 2 EH 5, Fic DORESMEC & 2 ESHINE o5 K 0451t
e, ZHEMEMERICG- 2 2 B2 R L7z, ZO/EE, chLIF+U01265M T, Robee % #iH: L 7Z2ESHIL O
WSRO b N 72, et~ — 5 — (nanog, sox2) &b~ —74— (GATA6) OmRNADIEHI,
M4 TICBWCTIRBEMBORSIIRGE (nanog+, sox2+, GATA6—) LM TH -7z, EHIC
chLIF+HUL-2%1F TldGATA6 mRNAZE I U P nanog, sox2 mRNAZIR T 25i8® b7z, & 512,
chLIF+U01265 4 CH548 L 72ESHAZ L, FIBLF X T IEHREDS A L3 2 @258 b iz, ML EOER,N S,
=7 M UESHINZIZ B\ TehLIFIZ X 2STAT3D UV HRALIZZREMEAERRIC, ERKD Y ¥ ERAGIZ LI 2 HR A8
LTWB IS E %Y, chLIFZ 7227 M) ESHIFLOREERIZU0126% NS 5 2 &, ESHIl
DL E L MR TH L I 2 R L7,

2. =7 MUEFRETER < — B —chiwb@{5F DA F LY FRVERT
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A R AT o 720 FOFERE, chiwi mRNAE 2,604 bp®DORF, 8675IED T I VA SR SN D Z &8
O LR o7, Fzchiwild, PIWIT 7 3 ) — IS GPAZ R A 4 © EPIWI N X £ U HEEZH L, &5
WZRIBHENT 2 & b piwiHl AT CTH B Z DS S N7zo KiZchiwi mMRNADSEBFRMT OFE R, K, I
R OIRE AT (PGC) 7 & OGRS 5 W ISHIIL CTHIDE L, PGCH b\ 13 Z DR BN AT
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T 5 RBIEMILIC BT ORIT 5 2 b h o7, D EOERED S, chiwild A EpiwitH F 51 & [,
AFEMR RS ICRI A R s, Foo T MYFHARY - — & LCRIHTRETH 5 2 LA
bk roiz,

3. Z7 MUAETEMEIREICEH T Bchiwig /N EDOFRR

=7 N ESHIE T o LGB O A MO S % H ) & L CTfEH L72HUP-1 mAblE, WA % > 70y M
FrZBWT, READ 5\ IIHRIE O EFEE TOARKI100 kDa Dchiwi ¥ ¥ /87 &2 L7z, ARG R
RO RERBA LA B O R, chiwiy ¥ /37 B, MONEHOEBRED S, R CIMEHE T
T, JETIHIIMEE C—H L CABAMBTEBR L Tz, 72, £D% < Hchicken vasa homolog
(Cvh) & U7 EBH L Tz 25, HiCvh mAb% W 720kl #4772 2%, chiwi& Cvh
PHETOREELTWEZEDHESENE B o TORENS, WHIZBUT 5 chiwi & CvhDMEAEH 25,
{11 5 P DOFEFETET 4T > TV B 2 EDE 2 HN7ze KICHUP-1Z FIWT="7 b ESHIRZIZ BT 2 S8R %
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M ICERENRONE s, HORBHC L AEBPRBEEN TV EIAHEE SV, 22T, &
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PSPIRINFE DA 7% LT HFHOE= 4 ¥ FOBEBEEITLO THERR S iz,
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Chapter 1: Introduction

Most of food materials exhibit viscoelastic behavior which combines liquid and solid
characteristics together. During food processes such as mixing, pumping, handling and chewing,
food materials are subjected to large deformation. Therefore, the non-rotational concentric cylinder
(NRCC) method was used to determine the viscoelastic behaviors of food materials in the present
research. This method is performed as a function of shear rate which usually emerge in food
processing. In the present study, three main model foods (emulsion, starch and gel) and also real
food were selected as the samples. Moreover, study of the influence of solid addition on the
viscoelasticities of these food materials was also emphasized.

Chapter 2: General Methods

The measurements of viscoelasticities of liquid foods were carried out by both static and
dynamic viscoelastic methods. Static viscoelastic measurement was performed by a non-rotational
concentric cylinder (NRCC) method. The shear modulus (G) and the viscosity (¢) of food samples
were determined as a function of shear rate. Dynamic viscoelastic measurements were carried out
using a Stresstech rheometer. Frequency sweep test of viscoelastic parameters (G', G™’, G*, »*) was
performed as a function of frequency (@ ).

Chapter 3: Comparison of the Viscoelastic Properties of Fluid Foods Measured by the Non-
rotational Concentric Cylinder Method with Those by the Dynamic Oscillatory
Method
Two two-element models, the Maxwell model and the Voigt model, were used to describe the
viscoelastic behavior of model foods measured by the NRCC method, which generates force-time
curves. Mayonnaises with 28-36 w/w% water content and 4 w/w% gelatinized potato starch
exhibited Maxwell behavior with convex force-time curves. In contrast, mayonnaises with 20-24
w/w% water content and 5-7 w/w% gelatinized potato starches exhibited Voigt behavior with
straight force-time curves. The transition from Maxwell behavior to Voigt behavior can be explained
by the increase of dispersed phase volume concentration through close packing concentration.
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Chapter 4: Viscoelastic Properties of Solid Dispersed Oil-in-water Emulsions

The maximum packing concentration played an important role in viscoelasticities of 65, 70, and
75 v/v% oil-in-water emulsions added with solid particles. The viscosities and the yield stresses
remarkably increased with addition of solid particles when oil concentration lower than the
maximum packing concentration (i.e., about 72 v/v %). The results measured from NRCC method
corresponded with those from dynamic viscoelastic measurement method, and both methods gave
the minimum in viscoelastic parameters at low concentration of solid added.

Chapter 5: Viscoelastic Properties of Solid-Gel dispersions

The typical gelation process was observed for 2-3% gelatin solution by using the non-rotational
concentric cylinder method. Addition of solid particles resulted in the supporting of gel structure
which further leads to an increase in the sample viscoelasticities at long time due to gel recovery.
The Mussati and Macosko's model reasonably described the gelation process in the presence of solid
particles, and the kinetic constant depended on the viscoelasticities of samples after blending.

Chapter 6: Application of Viscoelastic Measurement using the NRCC Method for Real Food:
In the Case of Rice Porridge

Rice porridge was used as an example for real food. The increase in cooked rice content which is

considered as solid volume fraction results in the exponential increase in viscosity and shear

modulus. The Mooney's type model was used to describe the viscosity of rice porridge with various

cooked rice/water ratios, and the correlation was reasonably good. Rice porridge became thicker and

viscoelasticities rapidly increased when it was left after cooking. The main reason was the increase

in rice grains volume due to water adsorption.

Chapter 7: General Discussion and Conclusions

- The study of viscoelastic behavior of food materials measured by the proposed method
(NRCC) can provide the useful information which cannot be achieved by the conventional
dynamic viscoelastic method. Knowledge of static viscoelasticity can be applied for food
processing, food quality control and mastication.

- Two two-element models, the Maxwell model and the Voigt model, were used to describe the
viscoelastic behavior of model foods measured by the NRCC method.

- There was the possibility of using the NRCC method to measure the viscoelastic properties of
real foods such as rice porridge, which cannot be measured by the conventional dynamic
viscoelastic method.

Key words: Viscoelasticity, Shear modulus, Viscosity, Food dispersions, Liquid foods, Non-
rotational concentric cylinder rheometer
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Catalase is localized in peroxisomes and removes the H,O, generated by a variety of
peroxisomal metabolic reactions and environmental stresses. Plant catalase is present in all
differentiated peroxisomes, including glyoxysomes, leaf peroxisomes, and unspecialized
peroxisomes, and accumulates to high concentrations (up to crystallization) in the peroxisomes of
tobacco leaf. However, even though catalase seems to accumulate in the peroxisomes of tobacco
leaves to degrade the H,O, produced by photorespiration, the necessity of such abundant quantities of
catalase in photorespiration and the molecular mechanism of catalase accumulation in peroxisomes
remain unclear. Here, I focused on catalase peroxisomal import pathway.

Peroxisomal proteins encoded in the nucleus are translated on free polysomes in the cytosol,
after transcription. Most of the peroxisomal matrix proteins are then transported to peroxisomes by
means of one of two types of peroxisomal targeting signals (PTS), PTS1 or PTS2. In Arabidopsis,
some peroxisomal biogenesis factors, termed peroxins (PEX), have been demonstrated to be
involved in matrix protein import. Arabidopsis PexSp (AfPex5p) and Pex7p (4fPex7p) are cytosolic
receptors for PTS1 and PTS2, respectively, and form receptor-cargo complexes in the cytosol. These
complexes bind to the peroxisomal membrane via the interaction of AfPex5p with AtPex14p, located
at the peroxisomal membrane. AfPex10p, AfPex12p and A¢Pex13p play a role in matrix protein
import after association of the receptor-cargo complexes with peroxisomal membrane. On the other
hand, catalase has neither typical PTS1 nor PTS2 targeting signals. Previous studies attempted to
identify the peroxisomal targeting signal of the pumpkin catalase, Catl, suggesting that Catl is
imported into peroxisome through the internal PTS1 like sequence. However, Catl interacted with
the N-terminal domain of AfPex5Sp which is not PTS1-recognition site, and was imported into
peroxisome in the tobacco Pex5p (NfPex5p) or Pex7p (NfPex7p)-suppressed cell lines. These suggest
that catalase is imported via a unique pathway. In this study, I identified the factors involved in
catalase import and analyzed catalase import pathway in Arabidopsis and tobacco.

Chapter 1. Peroxisomal import pathway for catalase in Arabidopsis.

Arabidopsis pex mutants and RNAi (RNA interference) lines were used to examine the
peroxisomal import of Catl. mRFP (monomeric red fluorescent protein)-Catl fusion protein was
expressed in the mutants or RNAI lines of ArPex5p, AfPex7p, AtPex10p, AtPex12p, APex13p, or



AtPex14, and the subcellular localization was observed. As a result, mRFP-Catl was not imported
into peroxisome in all of them. The binding analysis of AfPex7p and Catl using yeast two-hybrid
assay revealed that A4fPex7p did not interact with Catl, therefore AfPex7p will not be the cytosolic
receptor for Catl. These suggest a catalase import pathway in Arabidopsis; catalase is imported into
peroxisome depending on cytosolic PTS receptor, AfPex5Sp, in similar to typical PTS1 import, and
that other components for transport of peroxisomal matrix proteins such as 4fPex10p, AfPex12p,
AtPex13p and ArPex14p also contribute to the import of catalase. In addition, AfPex7p may also be
necessary for the full function of the import machinery.

Chapter 2. Peroxisomal import pathway for catalase in tobacco.

In the yeast two-hybrid analysis, Catl could not specifically interact with both the N-terminal
domain of tobacco PTS1 receptor, NtPex5p, and the PTS1-recognition site, although Catl had weak
binding activity with Pex5p. I have cloned the cDNAs of the components of the translocation
machinery on peroxisomal membrane: NfPex10p and NfPex13p from tobacco. NfPex5p, NtPex10p,
NtPex13p and NtPex14p were separately stably or transiently suppressed in tobacco BY-2 cells, and
were examined the subcellular localization of GFP (green fluorescent protein)-Catl fusion protein. I
found that NtPex5p was not required for Catl import whereas other components, NfPex10p,
NtPex13p and NtPex14p, were essential. I propose that catalase is targeted to peroxisome by
NtPex5p- and Pex7p- independent pathway although it is imported by the translocation machinery
including NfPex10p, NtPex13p and NfPex14p in tobacco. Thus, tobacco is suggested to have a
unique pathway for the import of abundant catalase into peroxisomes.

In conclusion, a peroxisomal import pathway in tobacco in which Catl is mainly targeted to the
peroxisomal membrane in a manner that is independent of both NfPexSp and NfPex7p, is distinct
from that in Arabisopsis. In addition, a NfPexSp-dependent pathway may redundantly exist in
tobacco that explains the weak interaction of Catl with NfPex5p, similar to in Arabidopsis. Although
these results are not exhaustive in explaining NfPex5p- and NrPex7p-independent catalase
peroxisomal import pathways in tobacco, I have established the basis for further investigations aimed
at identifying a novel cytosolic receptor for Catl, or at showing a direct interaction of Catl with the
peroxisome membrane translocation machinery. Further studies are required to clarify the distinct
pathway of catalase transport into peroxisomes.
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Halophilic bacteria those require salt (NaCl) for growth distribute widely in saline and hypersaline
habitats with a great biodiversity and resources. To our knowledge, halophiles are biological
significance and potential in biotechnological applications. However, their unlimited bioresources
are still await for exploitation and utilization. Therefore isolation and identification of halophilic
bacteria should be continued and improved much more. The present study reports the isolation of
diverse groups of halophilic bacteria from various environments and the development of genetic
markers, 16S rRNA, ribosomal internal transcribed spacer (ITS), and gyrf to identify and classify
strains/species of genera Halobacillus, Virgibacillus and Halomonas through six chapters.

Chapter one introduces the importance of halophilic microorganisms in microbiological science and
practical applications as well as solutions for future demands are focused and the remaining
problems in bacterial diversity assessment and systematics are concentrated. Since discovered in the
1980s, 16S rRNA gene has been become a golden tool in molecular microbiology, however 16S
rRNA alone is not sufficient to identify and classify closely related strains and species that lead to
necessary development of alternative markers such as ITS and gyrf3 gene.

The chapter briefly summarizes results of the study through the isolation of euryhaline
halophilic bacteria from diverse environments, the sequencing their 16S rRNA gene and developing
protocols to sequencing 16S-23S ITS regions and partial gyrff gene on species of genera
Halobacillus, Virgibacillus, and Halomonas, to reconstructing ITS-/gyrf3-based phylogenies of these
bacteria, and identifying novel species and aerosolized dust-associated bacteria from Asian yellow
storms.

Chapter two reviews findings of structure, important functions of 16S rRNA gene, the ITS region,
and gyrf3 gene to bacterial life and genetic regulations. The development of many molecular
techniques based on 16S rRNA sequence for bacterial genome typing, identification and

classification methods in a short time period proves the gold standard of this gene in microbiology to
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this point while our knowledge of ITS region and functional gene gy is still limited. The increasing
numbers of works and databases of genes other than 16S rRNA are recorded and related methods
successfully applied on several groups of bacteria are reviewed.

Concerning the variable lengths of ITS sequences in genome of different prokaryotes grouped as
autotrophs, symbionts, halophiles, thermophiles, methanogens, pathogens, and others, the analysis
indicates the coincident variation in length of ITS and evolution, phylogeny, and lifestyles of
prokaryotes.

Chapter three illustrates the isolation of euryhaline halophilic bacteria screened by salinity-shuttled
method and the phylogenetic analyses of 16S rRNA genes as well as full sequences of ITS regions
and partial gyrf3 genes on type strains and isolates. A total of 178 bacterial isolates obtained from 212
samples were affiliated to 16 genera of known halophiles with the predominance of genera
Halobacillus, Virgibacillus, and Halomonas. The phylogenetic comparisons based on sequences of
16S rRNA, ITS, and gyrfs show that the higher variabilities of ITS and gyrf; sequences indicate
clearer differentiations between strains of the same species and between closely related species in the
same genus classified based on 16S rRNA gene. Sequence similarities between validly approved
species and genera provide distance matrix records from which thresholds for genus-genus, species-
species, and strain-strain separations have been established.

Chapter four introduces novel species with emergent characteristics to their known relatives based on
polyphasic taxonomy in which genetic analysis plays a key role. Phylogenetic analyses based on
16S-ITS-gyrB sequences of known and newly obtained isolates have revealed many candidates of
new species. Further analyses for biochemical, physiological properties contributed to the approved
descriptions of the first deep-sea halobacilli, Halobacillus profundi and Halobacillus kuroshimensis;
proposed species of Virgibacillus salarius from Sahara Desert and Virgibacillus permianicus from
250 million-year-old salt crystals.

Chapter five reports the identification of halophiles in Asian dust and Gobi Desert sand by applying
the phylogenetic data in previous chapters. As a result, several halotolerant/halophilic bacteria
including gracilibacilli, staphylococci, halomonads, and bacilli have been isolated from yellow dust
collected in Higashihiroshima. A parallel survey has been done on desert sand collected in Dunhuang
(Gobi Desert, China) resulting in the isolation of Bacillus subtilis and B. licheniformis populations.
The genotypic comparisons of the B. licheniformis population phenotypic determinations indicate
that individuals of B. licheniformis population isolated in both Japan and China are nearly identical.
The study provided a direct evidence for microbial contamination caused by Asian dust storms and
an example of the flexible survival of bacteria through a long-journey atmospheric dispersion.

Chapter six discusses expansibly the culturability and diversity of euryhaline halophilic bacteria; the
usefulness of sequence records of 16S rRNA, ITS and gyrf to the phylogenetic complexity of genera
Halobacillus, Virgibacillus and Halomonas; the taxonomic status of proposed novel species and their
emergent tolerances to stresses; and the necessity of further investigations in Asian dustborne
microbiology. The isolation applying salt-shuttled culture method seems to ensure the obtainment of
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true halophiles of many different genera. In the present situation, sequence data sets of 16S rRNA,
ITS, and gyrB obtained and analysed in this study would be useful to (re)construct phylogenetics of
bacteria belonged to these genera as well as to design specific ITS-probes and primers for further

investigations.

Keywords: Halophilic bacteria, Halobacillus, Halobacillus profundi, Halobacillus kuroshimensis,
Virgibacillus, Virgibacillus salarius, Virgibacillus permianicus, Halomonas,16S rRNA,
ITS, gyrp, phylogenetic marker, yellow dust, dustborne bacteria.
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Bacterial community structures and their activities in the ocean are tightly coupled with organic
matter fluxes and thus thought to be one of the most important forces driving ocean biogeochemical
process. Bromodeoxyuridine (BrdU), halogenated nucleoside and thymidine analogue, has been used
to label proliferating bacterial cells with detectable de novo DNA synthesis in natural environments.
The BrdU-labeling, presumably actively growing, bacteria (AGB) are responsible for bacterial
community productivity by actively utilizing organic matters and thus regarded as “key species” in
the organic matter fluxes. The list of “key species” can provide valuable information of bacteria to be
focused on in further studies clarifying bacteria-organic matter interactions.

The purpose of this study is to identify “key species” responsible for bacterial productivity in
seawater environments and describe the pattern of their spatiotemporal distributions. To achieve this
purpose, I have developed the methodology called BrdU magnetic beads immunocapture and PCR-
DGGE (BUMP-DGGE) method and applied this method to three distinct ecosystems in marine
environments. To my knowledge, this is the first report of identifying the AGB at the level of 16S
rRNA gene sequences. No other works even including freshwater and terrestrial environments have
been described such a diverse AGB distribution both spatially and temporally.

Prior to applying the BUMP-DGGE method to natural seawater samples, methodological
evaluation was carefully performed to clarify its feasibility and limitation. At first, capability of
BrdU incorporation by 32 bacterial isolates from marine environments was tested. Twenty-nine out
of the 32 isolates incorporated BrdU under the culture conditions employed in this study. As totally
95 of the 102 isolates tested in this and other previous studies have found to incorporate BrdU, the
method can be applicable to natural assemblages of marine bacteria including the broad range of
different taxa. The specificity of immunocapture of the method was confirmed by including non-
BrdU-labeled DNA as a negative control every time in processing samples with the antibody and
checking no PCR amplification from the treatment of the negative controls. Also, it was found that
the recovery efficiency of immunocapture of BrdU-labeled DNA was almost 100% after 30-min
incubation with the antibody and the lowest limit of immunocapture was 0.016 fmolBrdU ngDNA .

The oceanic surface waters were collected at 7 stations from 0-m depth along a north-south
transect from subarctic to subtropical gyres in the western North Pacific in 2003. I identified 25
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phylotypes referred to as AGB, belonging to 5 alphaproteobacteria, 1 betaproteobacterium, 4
gammaproteobacteria, 5 CFB group bacteria, 6 gram-positive bacteria and 4 cyanobacteria. The
AGB belonging to Vibrionales, Alteromonadales (Gammaproteobacteria) and gram-positive bacteria
appeared only at the stations in the subtropical gyre, while those belonging to Roseobacter-related
(Alphaproteobacteria) and CFB group bacteria appeared at the stations in both the subarctic and
subtropical gyres. Different species of AGB would utilize different amount and kinds of substrates,
which can affect the change of organic matter fluxes along the transect.

The AGB community structures in a eutrophic coastal environment were determined during the
monthly sampling from July 2005 to June 2006 at the pier of the Kure Port (Hiroshima Prefecture) in
order to describe their temporal variability. I identified 23 phylotypes referred to as AGB, belonging
to 9 alphaproteobacteria, 2 gammaproteobacteria, 8 CFB group bacteria and 4 actinobacteria. The
AGB in each month dominated by Roseobacter-related bacteria (23-36% of total band in BrdU-
incorporated community) and CFB group bacteria (5.6-23%). These bacteria are also determined as
AGB in the western North Pacific and possibly “universal key species” in seawater environments.

In order to reveal the response of AGB such as the Roseobacter-related and CFB group bacteria
to organic matter supply, the temporal change of the AGB community structure was monitored those
during the 12-days-course (Day 1 to Day 12) mesocosm phytoplankton bloom formed in two 200-L
plastic tanks using a nutrient enriched coastal water collected from the Otsuchi Bay (Iwate
Prefecture) in May 2004. Both the total and AGB community structures were drastically changed
before and after the intensive diatom blooms (51.5 and 61.9 pg of chlorophyll a L™'). Sixteen
phylotypes as AGB were identified, belonging to 13 alphaproteobacteria, 1 betaproteobacterium, 1
gammaproteobacterium and 1 CFB group bacterium. All phylotypes of Alphaproteobacteria were
Roseobacter-related bacteria and accounted for 81% of phylotypes identified as AGB during the
mesocosms.

Phylogenetic tree representing the totally 79 AGB found in the coastal and oceanic seawater
environments suggested 6 clusters of bacterial “key species”: Roseobacter group, Alteromonas
group, Pelomonas group, Cytophaga-Flavobacterium group, Actinobacterium group and
Cyanobacterium group. When the distribution patterns of these “key species” at various time and
location described in this study, it was assumed that they were divided into 4 types based on their
ecological niches: 1) diatom-exudates-clustering type, 2) diatom-attaching type, 3) diatom-detritus-
clustering type and 4) free-living type. I proposed it as “key species eco-typing hypothesis”.
Representative “key species” of each type would utilize different amount and kinds of substrates and
thus they should be focused on in the future quantitative analyses to model the fluctuation of

bacterial productivity and organic matter fluxes.

Key words: bromodeoxyuridine, BUMP-DGGE, actively growing bacteria, key species eco-typing
hypothesis
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1. Back ground and study objective

Nemopilema nomurai (Cnidaria: Scyphozoa: Rhizostomeae) is one of the largest of all jellyfish
species, attaining a bell diameter of ca. 2 m and a wet weight of ca. 200 kg. This species is usually
in small numbers, but was very rarely in extreme abundances sufficient to seriously damage local
fisheries. Such mass occurrences of N. nomurai took place in 1920, 1958 and 1995, at ca. 40 years
intervals. However, after the turn of this century, the population explosions of N. nomurai have been
occurring almost every year since 2002. There are arguments that such frequent jellyfish blooms are
resulted from the environmental and ecosystem changes in the East Asian Marginal Seas. In this
thesis, I report, for the first time, recent bloom incidence, associated nuisance to fisheries, life cycle,
growth rate, respiration rate, food requirement, asexual reproduction, etc, which are fundamental to
understand the mechanisms for recent population explosions of N. nomurai.

2. Population explosion of N. nomurai in 2003, 2004 and 2005

The seasonal occurrence and transportation pattern of N. nomurai medusae were largely the
same in 2003, 2004 and 2005; they began to occur first in the Tsushima/Korea Straits in mid-summer
and were transported by the Tsushima Warm Current to the northern Sea of Japan. In 2005, it was
for the first time that the medusae were transported to the Pacific coast off Kyusyu, Shikoku and
Honshu to the Boso Peninsula by the Kuroshio Current. The bloom in 2005 might be the largest ever
since 1920; the entrapment in a set-net of more than 500 medusae per day continued for 3-4 months
in Shimane, Kyoto and Aomori prefectures. The total economic loss by jellyfish nuisance in 2005
would have risen to at least ca.10 billion Japanese Yen (= ca. 91 million US Dollars)

3. Life cycle of N. nomurai

Fertilized eggs of N. nomurai were obtained by artificial fertilization. The eggs hatched into
planulae, which settled on hard substrate to metamorphose into polyps. Asexual reproduction of
polyps occurred by means of podocyst formation. The polyps developed to strobilae, each of which
produced 3-7 ephyrae. The ephyrae grew to metephyrae having a complex canal system and
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characteristically possessing long reddish purple filiform appendages. By 40-days post liberation,
the metephyrae grew to medusae in which the central mouth had closed and been replaced by
numerous mouthlets on both oral wings and scapulets. The medusae might get matured in fall to
reproduce sexually.

4. Respiration, growth and food requirement of N. nomurai medusae

The respiration rate of N. nomurai medusae increased linearly with the increase of body wet
weight (WW, g). The wild medusae in the Sea of Japan grew at 0.031 d 'from July to November
2005. The heaviest individual (178 kg) was collected in November 2005 at Oki Island, Shimane
prefecture. These parameters enabled to estimate the food requirement of N. nomurai in the field.
For example, a medusa of 30 kg WW was calculated to require food of 11.4 g C d', which is
equivalent to 6% of medusa body C. To obtain the same amount of zooplankton as food in the
southern Sea of Japan, it may have to clear the seawater of ca. 3900 m* d ', indicting significant

impact upon micro- and mesozooplankton community.

5. Biological characteristics of benthic stage of N. nomurai

The asexual reproduction of polyps was investigated under various environmental conditions in
the laboratory. Polyp multiplication was always via dormant podocyst which was crater-shaped, ca.
200 pm in diameter. Podocyst production increased with increasing temperature, although the
production rate was very low, the maximum rate being 1.2 podocysts polyp~' month~' at 23°C.
Strobilation occurred at temperatures below 15°C and tended to delay at lower temperatures.
Relatively high excystment rates were observed at unusually high temperatures, i.e. 55 and 39% at
27 and 31°C, respectively. The excystment rates were also high at low salinities, i.e. 19 and 20% at
8 and 16, respectively. The rate was surprisingly high (i.e. 44%) for podocysts that had been covered
with silty bottom sediment.

6. Conclusions

Results from both laboratory rearing experiments and field investigations were combined to
construct the seasonal life cycle and geographical distribution of N. nomurai in the Eastern Asian
waters. The seeing place is highly speculated along the coast of China and western Korean
Peninsula. Strobilation and ephyral liberation may take place in April and May when the bottom
temperature is ca. 15°C. The ephyrae can grow rapidly in the productive Changing Low Salinity
Water Mass and young medusae are transported offshore toward Jeju Island, Korea, in June and July.
Then, the medusae were further transported by the Tsushima Warm Current to the Sea of Japan.
Young medusae grow exponentially during summer and some attain their body weight more than
100 kg in fall. In October and November, the medusae get matured and spawn billions of fertilized
eggs. In mid-winter, the medusae die off. Therefore, N. nomurai medusae have a life span less than
a year. However, the benthic stages of N. nomurai undergo quasi-perennial asexual reproduction
including dormant podocyst production.

China's high human activities associated with rapid economic development may lead to the
increase in N. nomurai population in this region. N. nomurai may benefit from eutrophication, which
can increase small-zooplankton biomass, turbidity and hypoxia, all favor N. nomurai over fish.
Over-fishing can remove zooplanktivorous fish competitors.



Nevertheless, the mass occurrence of N. nomurai used to occur at ca. 40 years intervals in the
20th century, when human impact was not so significant. The blooming might have resulted from
some biological characteristics of N. nomurai, of which the accumulation of dormant podocysts
might be most important N. nomurai. I hypothesize that unusual events such as floods and typhoons
may induce excystment of the podocysts, which may result to releasing large numbers of ephyrae

into the water column to cause blooming.

Key words: Nemopilema nomurai, Rhizostomeae, Mass occurrence, Geographical distribution, Sea

of Japan, Life cycle, Respiration, Growth, Food requirement, Podocyst, Dormancy
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As human activities continue to alter the global nitrogen cycle, the ability to predict the impact
of increased nitrogen loading to fresh water systems is becoming more and more important. In this
contest, studies are necessary to evaluate the impact of human activity on the natural resource and
function of the ecosystem. Wetlands contribute to decrease nutrient loads into the surface water since
they are naturally located between land and open water. Therefore, they are increasingly being used
to protect aquatic system against N-rich wastewaters. Wetlands are particularly useful and form a
unique ecosystem, providing the habitat for various species of plants and animals. Wetlands perform
many important biogeochemical functions in the watersheds. The role of wetlands in several
environmental and ecological functions is widely known. Considering these important facts, many
studies have been carried out about wetlands and their function on nitrogen cycle during recent two
decades. In this regards, many efforts have been paid for conserving wetland and many studies
related to recognition of plant species in these ecosystems have been carried out in Japan. Limited
studies about nitrogen dynamics and function of wetlands on nitrogen cycle has been implemented
considering surrounding land use. Therefore, objectives of present study are to investigate function
of wetland as sink, source or transformers on nitrogen cycle in surface water under influence of
surrounding land use, and to specify relationship between soluble nitrogen concentration in the
surface water and plant species composition in the wetlands.

Higashi-Hiroshima area in west Japan was chosen as the study site, because there are so many
natural and artificial wetlands in it with different land use type of their watersheds. Out of the
existing wetlands, 24 were selected, considering the composition of the surrounding land use, in
particular the area (%) of urban and forest land use. These wetlands were classified into three
distinctive groups, which have high disturbed, moderately-disturbed and non-disturbed watersheds,
respectively.

Filed works of the study were done in two parts for one year, from December of 2005 to
December of 2006. At first part, sampling of surface water from outlet of wetlands was carried out
for 24 wetlands seasonally in the second month of each season. At second part of the study, surface
water samples of three wetlands, which are representative of three distinctive groups, were collected
monthly in the second week of each month from five points (input, output, three point inside of
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wetland).

Water quality factors including pH, electrical conductivity (EC), turbidity, dissolved oxygen
(DO), total dissolved solid (TDS), and temperature were simultaneously measured in each site. The
sampled waters were transmitted to laboratory immediately in a cooler, and for determining total
dissolved nitrogen (TDN) concentration and its components including dissolved organic nitrogen
(DON), ammonium (NH,"), nitrate (NO;7), and nitrite (NO,”) were analyzed. A census of the
vegetation in the wetlands was conducted by the line transect method during growing season (August
~ September) in order to determine the variety of plant species and estimate the percentage of
coverage. Dominant, sub-dominant species, coverage (%) of vegetation, and plant diversity were
also determined in each wetland. Results of the study at first part indicated that there was a
significant relationship between nitrogen concentration and plant species composition. Plant species
composition was changed in three groups of wetlands with increasing nitrogen concentration. The
dominant, sub-dominant and exclusive plant species were specified in each wetland. The common
plant species were also identified among three groups. Plant diversity had a decreasing trend but
coverage % of vegetation had an increasing trend with increasing nitrogen concentration. ANOVA
analysis indicated that there was a significant difference among three groups of wetlands in the
annual mean value of water quality factors such EC, TDS with p<0.05. It revealed same results for
TDN and its components, there was a significance difference among three groups in the annual mean
of nitrogen including TDN, DON, DIN, and NO,~ with p<0.05. On other hand, a significant
relationship was suggested between land use types and EC, TDS, TDN, DIN or DON using Pearson
correlation coefficient test.

Classification of the wetlands into three groups has revealed a pattern of changes in the
composition of plant species in the wetlands and a pattern of changes in nitrogen concentrations. A
majority of the non-disturbed wetlands were characterized by Barsenia schrebi and Trapa bipinosa
as dominant; with Potamogeton fryeri and Iris pesudacorus as sub-dominant species. For most of the
moderately-disturbed wetlands, Barsenia schrebi were shown to be a dominant species; Eleocheris
kuroguwai and Phragmites australis were observed as sub-dominant species. For a majority of the
highly-disturbed wetlands, Typha latifolia and T. angustifolia were observed as dominant species,
and Nymphea tetragona as the sub-dominant species in the study area. Based on the results, plant
species like B. schrebri and Trapa bisionsa were recognized as plant species sensitive to increase of
nitrogen concentration and water quality fluctuation in the wetlands. The observing of the extensive
occurrence of Typha spp. Suggested that this plant species tolerates a broad spectrum of
environmental change in aquatic ecosystems.

The second part of the study, function of wetlands as sink, source or transformer for nitrogen in
surface water were investigated in three wetlands (wetland A selected from high disturbed group,
wetland B from mid-disturbed group and wetland C from non-disturbed group of wetlands).
Nitrogen retention capacity of each wetland was estimated. Plant species of the three wetlands were
also specified. The results indicated that nitrogen retention of wetland was increased by decreasing
area (%) of urban land use / or increasing area (%) of forest land use. Investigation into the
seasonality of the source or sink function showed that their function as sink or source, in the
wetlands, where were located in urban land use, had seasonal changes while no seasonal change was
observed for the wetland, where was located on forest land use. Wetland A had a source-role in three
season (winter, spring, and summer) and sink-role during the autumn. Wetland B had a sink-role
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during two seasons (winter and summer) and a source-role in the spring and also a neutral-role in the
autumn. Wetland C had a sink-role for nitrogen in all the seasons of study period. On other hand, by
investigating the (variation) range of TDN concentration, the maximum values of TDN
concentrations and its components were observed in wetland A, where was located in urban land use.
The maximum extent of seasonal fluctuations in TDN concentration and its components
concentrations (except DON) were recorded in wetland A and the minimum values for seasonal
fluctuations in both TDN concentration and in the DIN concentration were observed in wetland C.
Investigation of dominant component of TDN revealed that NH," was prevailing component in
wetland A, where was located mainly in urban land use and DON in wetland C, where was placed
mainly in forest land use.

Vegetation census indicated that Typha latifolia for wetland A; Potamogeton cristatus for
wetland B; and Ischene globosa for wetland C were as dominant species. Difference between
dominant plant species in wetlands indicated that Typha L., which was dominant species in wetland
A, where was located in urban land use, well adapted to high concentration of NH," and had good
growth in high concentration of nitrogen.

The results of this study suggested that the concentration of nitrogen in surface water of
wetlands would be under influence of the surrounding land use. The surrounding land uses are
accounted as one of important non-point source pollution for wetlands. They would be able to affect
on composition, diversity of plant species, dominant plant species and coverage (%) of vegetation in
wetlands. Investigating the function of the three wetlands suggested when the discharges in inlets
and outlets of the wetland were same or had little difference; the surrounding land use composition
was a significant factor in determining the role which the wetland played as a sink, source or
transformer for nitrogen in surface water passing through the wetlands.

Key Words: Land use, Nitrogen dynamics, Vegetation, Water quality, Wetland
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Polycyclic aromatic hydrocarbons (PAHs) are widespread atmospheric pollutants and well-known
human carcinogens. Due to their potential health effects, scientists have studied atmospheric PAHs
intensively for many decades. Nevertheless, the pollution and photochemistry of PAHs in the
atmosphere has yet to be fully understood. In this work, the pollution and photodecomposition of
PAHs in the atmosphere of Higashi Hiroshima, Japan were studied. Chapter 1 briefly introduced
significance and background of this study.

In chapter 2, the general pollution scenarios of PAHs in the aerosol of Higashi Hiroshima, Japan
in year 2000/2001 were examined. The concentration of PAHs in the aerosol of Higashi Hiroshima
was ranging from 11.8pg/g to 157.5ng/g with a mean concentration of 63.4pg/g. Results obtained
strongly suggested that vehicular emissions appeared to be the major source of aerosol PAHs in this
study.

Chapter 3 discussed the up-to-date pollution scenario and possible sources based on sampling
data obtained from January 2006 to December 2006. Benzo(a)pyrene (BaP), indeno(1,2,3-cd)pyrene
(Ind) and benzo(e)pyrene (BeP) were the predominant species found throughout the seasons. The
concentration of PAHs was ranging from 0.25 ng/m’® to 6.04 ng/m* with a mean concentration of 2.48
ng/m’. Gasoline emission and diesel emission are the major sources of particulate PAHs identified.
The pollution scenario of previous study (year 2000/2001) was compared with the current scenario in
year 2006 and the identified changes were discussed.

The influence of meteorological conditions on particulate PAHs in the atmosphere of Higashi
Hiroshima, Japan was discussed in chapter 4. The seasonal variation of particulate PAHs was also
covered. Based on correlation studies, it was found that ambient temperature, solar intensity and
weekly rainfall had significant influence on particulate PAH concentration. Particulate PAHs had a
strong negative correlation with ambient temperature and solar intensity. A moderate negative
correlation with weekly rainfall was also observed. There was no significant correlation between
particulate PAHs with wind speed as well as humidity. The particulate PAHs in Higashi Hiroshima
exerted distinct seasonal variation with a higher concentration in winter and lower concentration in
summer. When compared among PAHs with different number of aromatic rings, 5-ring PAHs was
found to exert the most distinct seasonal variation. The contribution of carcinogenic PAHs to total
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particulate PAH concentration was fairly constant at about 50% throughout the year.

Chapter 5 explored the correlation of individual particulate PAHs, sulfur dioxide, nitrogen
dioxide and ozone. Sulfur dioxide had a mean concentration of 3.4 ppb and nitrogen dioxide had a
mean concentration of 24.9 ppb while Ozone had a mean concentration of approximately 27.1 ppb.
Both sulfur dioxide and nitrogen dioxide were found to have significant positive correlations with
total particulate PAHs as well as most individual PAH species studied, suggesting that they are
generally sharing the same common emission source or transportation pattern. On the other hand,
ozone was observed to be selectively having a strong negative correlation with several PAH species,
namely benzo(g,h,i)perylene (BgP), (BaP), benzo(a) anthracene (BaA), pyrene (Pyr) and
acenaphthylene (Ace), probably due to ozonolysis reaction of these species.

In chapter 6, the photolysis of fluorene, a three-ring PAH, in rainwater was examined. The
photolysis kinetic is observed to be in first order kinetic under our experimental conditions. It was
found that the photolysis rate constant was approximately 0.091 min ' with a half life of 8.0 minutes.
The photolysis kinetic of fluorene in rainwater was found to be very much faster than particulate
atmospheric PAHs reported in the literature. The effect of fluorene concentrations and the
photodegradation products of fluorene were investigated. The concentration of fluorene had no
significant effect to the photodegradation rate. Photodegradation products identified by GC-MS
analysis include 9-fluorenone, dibenzofuran, and 2-methyl-1,1-biphenyl.

Chapter 7 is the conclusion that round up the whole thesis basically. The information of particulate
PAHs in Hiroshima prefecture is limited, this study had given a pioneer study on the particulate
PAHs in the atmosphere of Higashi Hiroshima in terms of characterization, source identification,
meteorological influence and the correlation of particulate PAHs with conventional pollutants (e.g.
sulfur dioxide, nitrogen dioxide and ozone) which have not been carried out in this area before.
Besides, PAHs photodegradation in rainwater has not received much attention from researchers. The
aspect of fluorene photodegradation in rainwater was also covered as preliminary study. Hopefully
the results of this work could serve as the database information for an extended and detailed study on
the aspect of particulate PAHs as well as photodegradation of PAHs in rainwater.

Key words: polycyclic aromatic hydrocarbons, atmospheric aerosol, vehicular emission,
photodecomposition
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