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Physiological meanings of the rate-pressure product (RPP), given by systolic blood pressure

(SBP) times heart rate (HR), has become a useful and practical measurement to predict the oxygen
consumption (VO:) of the heart without trespass. RPP is also considered to be one of the best
indices for heart muscle tension, since it is directly related to the VO: of heart muscle. RPP is used
more and more for evaluation of heart function trouble and cardiovascular heart disease in medicine.
Normal HR and SBP responses to static and dynamic exercise have been previously documented.
Furthermore, the difference of these responses between the young and the elderly were also widely
investigated. However, the normative responses of resting RPP, submaximal exercise RPP, and
maximal exercise RPP have not been reported. In addition, there is little literature to investigate the
relationship between RPP and physiological functions that effect the regulation of HR and SBP.
The first objective of my dissertation research was, therefore, to develop the normative RPP values
during rest, static and dynamic exercises and to clarify the difference of RPP between the young and
the elderly. The second objective was to examine the relationship between RPP and respiratory
function and activity level of autonomic nervous system that effect the regulation of HR and SBP
during static and dynamic exercise.

Change in the rate-pressure product during stepwise incremental exercise

The purpose of this investigation was to observe the change in SBP and RPP with increases in
the intensity of exercise, and to determine if there is a relation between RPP and the pattern of
increase in pulmonary ventilation (Ve). Eleven young male adults participated in this study. The
subjects performed graded bicycling exercise increasing 20 watts every 2 min from 0 watts until the
HR of 170 beats-min-1. During exercise SBP, HR and Ve were continuously measured. SBP
gradually increased with the increase in workload, and then when the intensity of exercise became
even stronger, the rate of increase became lower. On the other hand, the increase in HR was very
small during the initial 5 min of exercise and when the intensity of exercise increased, the rate of
increase in HR became higher. The polygonal regression analyses on the relation of RPP and Ve to
elapsed time revealed clear break-points for both. On average, the break-point of RPP was 6.6 min
(56 watts), whereas that of Ve was 10.8 min (100 watts); thus, a clear and significant difference was
recognized. These results clearly showed that the break-point with an increase in workload appeared
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even when the workload was relatively low, and did not relate to that of Ve during exercise.

The difference in the rate-pressure product between the elderly and the young in dynamic
exercise

The purpose of this study was to investigate the difference in RPP between the young and the
elderly during dynamic submaximal exercise. The subjects were six young and six older
asymptomatic males. The subjects performed two bouts of exercise with workloads of 30 and 60
watts using a bicycle ergometer. During exercise, HR, BP, Ve, and VO: were continuously
measured and RPP were calculated by HR and SBP. In addition, power spectrum analysis of R-R
was performed to obtain the low frequency power (LF), the high frequency power (HF) and the ratio
of LF to HF (LF/HF). The HRs of the elderly were significantly lower than those of the young
during exercise at both 30 and 60 watts, whereas the elderly showed greater SBP than the young. As
a result, there was no difference in RPP between the young and the elderly during exercise. These
results suggested that the myocardial strain of the elderly was not different from the young when the
workloads were relatively low.

Rate-pressure product and heart rate variability during maximal static exercise

The objective of this investigation was to monitor the change in RPP with time during maximal
isometric exercise in normotensive young men. Furthermore, this chapter compared heart rate
variability (HRV) using power spectral analysis to clarify the influence of contraction time on
cardiac autonomic balance. Fourteen healthy normotensive students participated in this study. Each
subject stood upright, contracting the biceps brachii against a load (4 kg) applied to the wrist
downwards with the elbow at an angle of 90°until exhaustion. SBP was measured at rest and every 2
min during exercise. The R-R intervals of the electrocardiogram (ECG) were measured and spectral
analysis of HRV was performed by a fast Fourier transformation method. The standard deviation of
R-R interval (SDNN), LF, HF and LF/HF were calculated. The RPP cuvilinearly increased with
exercise, basically the same as responses of HR and SBP. The RPP at exhaustion increased 131 %
from that at the start, whereas the HR and SBP increased only 111 % and 118 %, respectively.
SDNN, HF and LF/HF remained unchanged during the maximal isometric exercise. These results
suggested that the balance of the sympathetic nervous system and parasympathetic nervous system
activity did not alter from the beginning to exhaustion during isometric exercise.

The difference in the rate-pressure product during static exercise in the elderly and the young

The purpose of this study was to clarify the difference in RPP, between the elderly (mean age of
66.4 years) and the young (mean age of 24.8 years) during isometric muscle contraction. Each
subject maintained a 1, 3 or 5 kg weight applied to the wrist with the elbow flexed at about 90
degrees for two minutes in a sitting and standing positions, and the arterial pressure and HR were
intermittently measured before, during and after the exercise. The elderly showed a lower HR during
isometric exercise than the young. On the other hand, the SBP of the elderly was greater than that of
the young and at a 5 kg workload a significant difference was observed (P<0.05). The young
showed no significant increase in RPP between 1 and 3 kg, while for the elderly the RPP at 3 and 5
kg significantly increased compared to that for 1 kg (P<0.05). When comparing the RPP of the
elderly to that of the young, there were no significant differences in RPP for any workload. These
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results indicate that the similar RPP observed for the elderly and the young was due to the opposing
response of HR and SBP associated with aging.

General Discussion

The pattern of increase in RPP during stepwise incremental dynamic exercise was not similar to that
of respiratory function. Furthermore, the point of accelerating RPP during the exercise was not
related to that of ventilatory threshold. These results suggest that the increase pattern had nothing to
do with the anaerobic threshold. During maximal static exercise, RPP remained unchanged while
SBP was between 120 - 170 mmHg, increasing exponentially until exhaustion with the increase in
SBP. During both dynamic and static exercise, there were no differences in RPP between the young
and the elderly. This was attributable to the opposite response patterns of HR and SBP in the two
groups. Namely, the young showed a higher HR and lower SBP during dynamic exercises. In
contrast to the young, the elderly demonstrated a more marked increase in SBP with lower HR.
These physiological characteristics of the elderly were considered to be due to functional changes
associated with aging.

Key words: rate-pressure product, heart rate, systolic blood pressure, static and dynamic exercise,
elderly people
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Phospholipase A: (phosphatide 2-acyl hydrolase, EC 3.1.1.4) (PLA:) hydrolyzes the fatty-acyl
ester bond at the sn-2 position of glycerophospholipids. PLA:z has now become a large superfamily
of distinct enzymes that play a central role in diverse cellular processes including phospholipid
digestion and metabolism, host defense and signal transduction. Secretory PLA:z (sPLA:) have been
comprehensively investigated in land animals, and many novel sequences encoding sPLA: have been
determined according to recent advances in genomic information and molecular biological
techniques. sPLA: are now found to consist of twelve molecular species. On the other hand, there is
little of information about the enzymatic property and the structure of fish sPLA:. Five low
molecular weight Ca*-dependent PLA: have been purified from the hepatopancreas and gill of the
red sea bream, and classified the hepatopancreas DE-1 and DE-2 PLA: and gill G-1, G-2 and G-3
PLA: as group I PLA:, based on the analysis of their N-terminal amino acid sequences and
enzymatic properties. Although the cDNA encoding DE-2 PLA: had been isolated, the primary
structures of DE-1 and Gill PLA: remain to be determined. In this study, the cDNA cloning of DE-1
and Gill PLA: were firstly attempted to determine their primary structures. Isolation of a cDNA
clone encoding a novel PLA: in the red sea bream were also tried. In addition to the cDNA cloning,
bacterial expression systems for DE-1, DE-2 and G-3 PLA: were constructed, and the enzymatic
properties of their purified recombinant mature sPLA: were characterized. Furthermore, the
localization of protein and gene expression of group IB sPLA:z were investigated in red sea bream tissues.

Cloning of the group IB phospholipase Az isoforms in the red sea bream

Two ¢cDNA encoding the red sea bream hepatopancreas DE-1 and gill G-3 PLA: were cloned by
RT-PCR and RACE methods. In addition, a cDNA clone encoding a novel sPLA: was also isolated
from the intestine of the red sea bream, and it was named as IN PLA:2. The cDNA of the red sea
bream DE-1, G-3, and IN PLA: encoded a mature protein of 125, 124, and 127 amino acid residues,
respectively, with an apparent signal peptide and propeptide. Comparison of the amino acid
sequences for the mature DE-1, DE-2, G-3 and IN PLA: showed that their proteins contain 14
cysteines, Ca* binding region, and pancreatic loop conserved in the group IB sPLA:. A previous
report concerning the cDNA cloning of the red sea bream DE-2 PLAZ and the present results
represent the first cloning and sequencing of four distinct isoforms of the group IB PLA: in a single
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fish species, red sea bream. A phylogenetic tree shows that the red sea bream sPLA: were divided
into two subgroups, DE-1, G-3 and IN PLA: and DE-2 PLA: more distantly related to the
mammalian group IB sPLAZ, respectively.

Recombinant expression of the group IB phospholipase Az isoforms in the red sea bream

Bacterial expression systems for DE-1, DE-2 and G-3 PLA: were constructed. Their cDNA
encoding for the mature sPLAz were amplified by polymerase chain reaction and subcloned in-frame
with a glutathione S-transferase (GST) encoded by the vector pGEX-4T-1. The resulting plasmids
were used to transform Escherichia coli BL21 cells. Three recombinant SPLA> were expressed as a
fusion protein with GST in E. coli cells by induction of isopropyl-1-thio- 3 -D-galactopyranoside.
The bacterial cells were lyzed with strong alkaline solution and the fusion proteins were recovered as
a soluble form. The fusion proteins were purified with affinity chromatography and cleaved by
trypsin. Then, the recombinant DE-1 and G-3 PLA: were purified to near homogeneity by reversed-
phase high-performance liquid chromatography (HPLC), and the recombinant DE-2 PLA: was by
ion exchange chromatography and reversed-phase HPLC. The enzymatic and structural properties of
the purified recombinant DE-1, DE-2 and G-3 PLA: were found to be essentially the same as those
of native sSPLA..

Expression of the group IB phospholipase Az isoforms in the red sea bream

The mRNA expression of group IB sPLA: isoforms was firstly investigated in the red sea bream
larvae/juveniles. The mRNA expression of DE-1 and G-3 PLA: were detected in eggs, and those of
DE-2 and IN PLA: were from the larvae of 1 day and 7 days post-hatching, respectively. In
immature red sea bream, mRNA and protein of DE-1 and DE-2 PLA: were detected in the
hepatopancreas of the red sea bream. Both sPLA: were synthesized as preproPLA: and were
processed with signal peptidase in endoplasmic reticulum of pancreatic acinar cells. After being
secreted in the intestine, both sPLA: were activated by tryptic proteolysis and digest dietary
phospholipids. DE-2 PLA: was detected not only in the digestive tissues, but also in the non-
digestive tissues, such as the spleen and heart. This means that DE-2 PLA: would play a
physiological role via the specific receptor for group IB PLA:, in addition to the digestion of the
dietary phospholipids. G-3 PLA: mRNA was expressed in the gill and ovary of the red sea bream,
and IN PLA: mRNA was mainly in the pyrolic caeca and intestine. In addition, IN PLA: mRNA was
detected in the goblet cells of the intestine by in situ hybridization. Effect of LPS stimulus on the
mRNA expression of the red sea bream group IB sPLA:z was further investigated. The mRNA level
of DE-2 and IN PLA: increased, while that of DE-1 PLA: decreased. It has been known that mouse
group IIA sPLA:, which has a bactericidal activity, was expressed in the epithelial cells and the
paneth cells of the intestine, and the mRNA was induced by bacterial infection. These aspects would
indicate that IN PLA: also has a function of non-specific defense against bacteria, in addition to the
digestion of the dietary phospholipids in the gastrointestinal tract.

Key words: fish, red sea bream, group IB phospholipase A, gill, hepatopancreas, intestine, cloning,
recombinant
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Chapter 1 describes the background and purpose of the present work. In chapter 2, I examined
overlapping genomic clones containing the chicken T cell receptor (TCR) D 3-J 3-C 3 complex,
which contains a single diversity segment, four joining segments and four exons that encode the
constant region. This sequence comprised 18.3 kb. All four J 3 sequences possessed typical
recombination signal sequences (RSS) with intervening 12-bp spacers at their 5’ -ends and splice
sites at their 3’ -ends. No J 3 -pseudogenes were identified. TGTG sequences in the RSS heptamer
sequences were well conserved, as is the case in mammals. As germline sequences revealed
complete J 3 sequences, the CDR3 (complementarity-determining region) sequences of TCR /3 from
non-immunized splenocytes were analyzed. Non-coding (N) and palindromic (P) nucleotides were
frequently observed at the D 3 -J 3 recombination sites. There were differences in length of deletion
at the 5’ -end of each J /3. Deletion of the 5’ -end of J 3 -1280 was particularly short when compared
with that of J 3-1336, but there were no changes in the length of the CDR3 using any of the four Jb
sequences.

In chapter 3, chromosomal organization of the chicken TCR V 31 genes was investigated.
Southern blotting analysis indicates that V 31 genes have many members and spanned about long
length. Then TCR V 31 segment positive clones were screened form chicken genomic library
constructed in lambda FIX II vector. Four genomic clones were isolated and sequenced. Sequenced
lengths were about 14.8 kb, 13.5 kb, 12.4 kb, 10.8 kb, respectively. All four clones contain only one
V /31 segment each other. In addition, except for retroposon sequences, there are very high sequence
similarities over the length of clone sequence.

In chapter 4, diversity of TCR V 21 genes was investigated. 56 PCR clone sequences obtain
from chicken genome were compared to each other. 50 pattern of distinct V 3 1 were described. And
that 50 kinds of V 51 have exactly similar RSS sequences not only 7-mer and 9-mer but also
intervening 23-bp spacers.

Although there appears to be limited diversity in the germ line elements that encode the chicken
TCR 3 chain, this thesis indicates the valuable information about the chicken TCR 3 gene genomic
organization and non-rearranged TCR 3 gene sequences.
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The objective of the study is clarification of cytoarchitecture of the nucleus of medial
longitudinal fasciculus (Nflm) and spinal neurons concerning with fish swimming. I investigated
first the distribution of inhibitory interneurons in spinal cord, and subsequently relationships namely
connections between Nflm neurons and spinal cord inhibitory interneurons in this research. Since
Nflm and the oculomotor neuron were located extremely close, then I tried to investigate the
boundary of the nuclei. To grasp a distribution and connections of neurons of the brain and the spinal
cord in these analyses. Then, I investigated shapes of Nflm neurons by using technique of retrograde

and immunohistochemical methods.

1. Distribution of spinal interneurons in the carp

The distribution of spinal inhibitory interneurons of the carp was investigated
immunohistochemically. Some GABAergic and glycinergic neurons distributed in the spinal cord
and extended axons to an opposite side. The sizes of GABAergic neurons were 200 x m? or less,
glycinergic neurons were of 100~300 , m? mostly. They made cell clusters corresponding to spinal
segments usually along with each ventral root. The distribution of labeled GABAergic and
glycinergic neurons on cross -sections of spinal cord was observed, then demonstrated that neurons
of small and a medium size were distributed mostly entire the ventral horn, and the larger neurons
were near the central canal.

2. Intraspinal projection of Nflm neurons and contacts with spinal interneurons

To determined connctions of axon collaterals of the carp Nflm neurons and spinal inhibitory
interneurons, both the neurons were anterograde labeling and THC, respectively. It was observed
that collaterals of Nflm axons running on cell bodys of GABAergic and glycinergic spinal
interneurons. As mentioned above, Nflm neurons were considered to carry out excitately signals
onto not only motor neurons but GABAergic and glycinergic interneurons. Thereby, it was suggested
strongly that Nflm neurons activates central pattern generator of the spinal cord.

3. Discernment of the cholinergic neurons in a central nervous system with ChAT mRNA

expression
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A specific mRNA probe produced based on cloned goldfish choline asetyltransferase (ChAT)
cDNA (Carassius auratus). ChAT is a enzyme synthesizing acetylcholine in neurons. Specificity of
the probe was determined in the goldfish spinal cord by in situ hybridization (ISH) method and
retrograde labeling of motor neurons with a neural tracer True Blue in the same individual. In the
brain of the carp (Cyprinus carpio) which is an animal used as the subject of this research, ChAT
mRNA positive neurons were detected by ISH. The oculomotor neuron was a motor neuron and
accordingly contain ChAT. By this research, it was clearly demonstrated that there are in the
rostrocaudal order Nflm, the noculomotor nucleus, and the trochlear nucleus in the midbrain of the
carp. The caudal part of Nflm is overlaps about 180-200 .« m with the rostral part of the oculomotor
nucleus. Nflm is distributed over the caudal part of the midbrain tegmentum, and oculomotor

neurons were distributed along with central line mainly.

4. Cytoarchitecture of Nflm neurons

By injection with a tracer in the spinal cord, shape of retrogradely labeled Nflm neuron was
observed in serial cross sections of the brain. Two types of the neuron were distinguished. The one
has dendrites extending to the contralateral side, and cell bodies assumed to be spindles. The
neurons were distributed mainly near the mid-line of the midbrain. Of the other types, their dendrites
were thicker than the former and expanded only in the ipsilateral side. The round cell body of the
latter neuron was distributed over the whole Nflm.

Key words: carp, brain, swimming, spinal cord, acetylcholine, GABA, glycine, in situ hybridization,
immunohistochemistry
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Viral nervous necrosis (VNN) caused by piscine nodavirus (Nodaviridae, Betanodavirus) has
emerged as major constraints on aquaculture of marine fish worldwide. The spreading of VNN might be
attributable to either vertical or horizontal transmission of the causal agent. There was strong evidence
for vertical transmission of infection in VNNs of some fish species like striped jack Pseudocaranx
dentex. However, the mode of horizontal transmission has not yet been verified thoroughly, although
the importance of subclinically infected fish as a source of nodavirus was suggested.

The present study has demonstrated that large populations of wild marine fish in aquaculture
areas are inaparently or sometimes apparently infected with a genetically closely related, pathogenic
betanodavirus. These wild fish could be a natural host or reservoir of betanodavirus and pose a
serious risk for the spread of VNN to the cultured fish.

Chapter 1. New primer design for the sensitive polymerase chain reaction amplification of
betanodaviruses

A sensitive polymerase chain reaction (PCR) method to detect betanodaviruses in vivo and in
vitro was developed. The degenerate primers were designed on highly conserved regions of the
known betanodavirus RNAZ (coat protein gene, 1.4kb) sequences available in database. The first set
of primers amplified a fragment of 570 bp by reverse-transcription (RT)-PCR, while the second set
amplified an internal segment of 420 bp by nested PCR. The present PCR with degenerate primers
was superior to the previously reported PCR procedure, particularly in the selectivity and sensitivity
against RGNNV (redspotted grouper nervous necrosis virus), which is most frequently isolated from
cultured warm-water marine fish affected with VNN.

Chapter 2. Detection of betanodaviruses from wild redspotted grouper with clinical signs
Wild redspotted grouper Epinephelus akaara were collected in the Seto Inland Sea in August,
2002. Fish showed erratic swimming behavior and inflation of swim bladder. The brains of the fish
were positive for nodavirus in both RT-PCR and nested PCR. The sequence of the RT-PCR products
(300 nt) was highly homologous (similarity 99-100%) and closely related to that of a known
betanodavirus (RGNNV). When young sevenband grouper E. septemfasciatus were challenged

intravitreously with the isolated virus, abnormal swimming behavior and high mortality were
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produced. These results indicate that the wild redspotted grouper were severely affected by RGNNV
infection. This is the first report on VNN in wild population of redspotted grouper.

Chapter 3. Detection of betanodaviruses from cultured and wild marine fish with no clinical signs

Apparently healthy 539 fish consisting of 66 species were collected in four geographically
remote aquaculture areas in Japan. The brains of fish were used to detect the betanodavirus by the
PCR and to isolate the virus using E-11 cells. In Yashima (Kagawa Pref.), 2 and 13 of 20 cultured fish
were positive for nodavirus in RT-PCR and nested PCR, respectively, and 4 of 5 wild fish were
positive only in nested PCR. In Goto Island (Nagasaki Pref.), 28 and 99 of 106 wild fish were positive
for the virus in RT-PCR and nested PCR, respectively. In Kakeroma Island (Kagoshima Pref.), 30 and
139 of 295 wild fish were positive for the virus in RT-PCR and nested PCR, respectively. In Kamiura
(Oita Pref.), 106 of 113 wild fish were positive for the virus in nested PCR only. When sevenband
grouper were challenged intravitreously or intramuscularly with the virus isolates from fish, all the
isolates induced behavioral abnormalities in fish and mortalities ranged from 50 to 100%. The
sequences of the nested PCR products (177 nt) from 39 fish species were highly homologous to each
other (similarity: 98-100%) and these were closely related to that of RGNNV.

Chapter 4. Detection of betanodaviruses from fresh fish and mollusk for feeding cultured fish

A total of 420 (5 species) fresh fish for feeding cultured fish were collected from 4 stations of
Fisheries Research Agency, Japan. The brain of the samples was examined by RT-PCR and nested
PCR to detect the betanodavirus. In Miyako Station, only 1 of 60 samples (2 species) was positive
for nodavirus in both RT-PCR and nested PCR. In Hakatajima St., 12 and 16 of 90 samples (2
species) were positive in RT-PCR and nested PCR, respectively. In Amami St., 18 and 33 of 150
samples (4 species) were positive for nodavirus in RT-PCR and nested PCR, respectively. While in
Kamiura St., 32 and 59 of 120 samples (3 species) were positive for nodavirus in RT-PCR and
nested PCR, respectively. When sevenband grouper challenged intramuscularly with the virus
isolates, the fish displayed behavioral abnormalities and mortalities ranged from 90 to 100%. The
sequences of the nested PCR products (177 nt) from 2 species were highly homologous to each other
(similarity 98-100%) and these were closely related to that of RGNNV. These results suggest that
fresh fish used for feeding cultured fish might be another potential source of nodavirus.

Chapter 5. Mortality of wild golden grey mullet associated with VNN in Iranian Caspian Sea

Unknown acute mortality occurred in wild golden grey mullet Lisa auratus in Iranian Caspian
Sea (brakishwater) in February, 2004. Clinical signs of the moribund fish were erratic swimming
behavior such as spiral and belly-up at rest and high distention of swimming bladder. In virological
examinations, whole brain homogenates were positive in the RT-PCR test for betanodavirus. The
sequence of the PCR amplicons is closely related with that of the betanodavirus RGNNV. Although I
have not succeeded to isolate the virus, experimental infection with the brain homogenates of
affected golden grey mullet in sevenband grouper, produced neurological abnormality followed by
mortality. These results suggest that the present mortality of golden grey mullet in Caspian Sea is
associated with VNN.

Key words: betanodavirus, viral nervous necrosis, wild marine fish, virus carrier
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When would in-group members reject a superior in-group member who can enhance their group
evaluation, and when would they praise and accept the superior member? This dissertation aimed to
reexamine self-categorization process through exploring some answers to the previous questions.

In resent years, social psychological theorizing and research have emphasized the distinction
between personal identity and social identity. The former means the self as a unique individual
relative to other individual, and underlying interpersonal behavior. The latter means the self as an
interchangeable exemplar of some social category, and underlying intergroup behavior. The
distinction seems to involve the assumption that these identities are antagonistic. Self-categorization
theory (Turner, 1987) explains in what contexts social identity becomes salient, and in what contexts
individual identity becomes salient. And this theory emphasizes the role of intergroup context making
social identity salient, and argues that this process leads individuals to engage in the intergroup and
intragroup behavior. However, as Endo (1999) and Spears (2001) noted, contextual factors alone are
unlikely to be able to explain all processes of self-categorization. Individuals would actively work the
self and contexts to maintain and enhance both personal identity and social identity.

Thus, in this dissertation, self-categorization process was reexamined from a point of view of
individuals’ motive for self-evaluation. Specifically, the effect of interaction between intergroup
contexts and individuals’ internal processes on self-categorization process was investigated. At the
same time, this dissertation attempted to explain the interpersonal relationships surrounding a
superior in-group member mentioned above.

The constitution of this dissertation is as follows;

Chapterl: At first, the necessity of reexamination of self-categorization process was argued
considering individuals’ motive for self-evaluation. It was also stated that focusing on interpersonal
comparison with an in-group member would be meaningful for this reexamination. Finally, basic
hypotheses were described.

ChapterZ2: The effect of intergroup context on self-categorization process was examined. Taking into
account individuals’ motive for self-evaluation, it was hypothesized that the direction of salient
intergroup comparison would have different effects on self-categorization process. Individuals would
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regard themselves in terms of social identity only in the intergroup upward comparison condition, in
which they were motivated to enhance their in-group evaluation. In order to examine this hypothesis,
using a company as in-group and using employees of the company as participants, Study 1 was
conducted. Study 2 also examined the effect of trait self-esteem added to intergroup context, using
the faculty for female university students as in-group. Results of these studies showed that the
direction of intergroup context determined individuals concern for self-evaluation, and this affected
on self-categorization process as hypothesis.

Chapter3: In this chapter, the effects of perceived changeability of intergroup relationship on self-
categorization process were examined. Based on Blanton, Christie, & Dye (2002), it would be
predicted that if individuals could perceive such changeability, they would enhance their concern for
social identity in the intergroup context. On the other hand, if not, they would enhance their concern
for personal identity. In order to examine these hypotheses, in Study 3, laboratory experiment was
conducted. In this experiment, participants who appraised their sex category highly or lowly were
recruited from university students, and the direction of intergroup comparison was manipulated using
their sex category as in-group. It was found that participants who gave their in-group high appraisal
in the intergroup downward comparison condition, as well as those who gave their in-group low
appraisal in the intergroup upward comparison condition could endorse the context as confirming
their appraisal, so they became concerned for personal identity. On the other hand, It was found that
participants who gave their in-group high appraisal in the intergroup upward comparison condition,
as well as those who gave their in-group low appraisal in the intergroup downward comparison
condition, regarded this context as an opportunity to loss or gain their status and in-group evaluation,
so they became concerned for social identity. Furthermore, study 4 investigated the effect of the level
of perceived changeability of intergroup relationships on self-categorization process, using the sex
category for university as in-group category. Results of these studies, as hypothesized, illustrated that
not only intergroup context, but also internal factors would affect self-categorization process.

Chapter4: This chapter examined the effect of individuals’ internal process as the strategy of
deflecting the threat to personal identity on self-categorization process. Based on Mussweiler,
Gabriel, & Bodenhausen (2000), it was hypothesized that after engaging interpersonal upward
comparison, individuals would maintain their self-evaluation by emphasizing an unshared social
identity with the comparison target. In order to examine this hypothesis, study 5 manipulated another
category sharing added to the factors in study 2. Furthermore, study 6 conducted an experiment using
university students as participants, in order to examine whether the level of trait self-esteem has
different effect on the former process. Results of these studies showed presence of the voluntary self-
categorization process. Especially, study 5 implied that, if possible, individuals attempt to protect
both personal and social identity at the same.

Chapterb: First, this chapter generalized the results mentioned above and insisted on importance of
considering the multiple motives for self-evaluation for understanding more precisely self-
categorization process. Second, it was proposed that further examination will be needed to identify
other important factors and interactions between contextual factors and individuals’ factors. Finally,

practical contributions concerning interpersonal relationships in in-group were also suggested.
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The brain has traditionally been considered to be a target site of peripheral steroid hormones. In
contrast to this classical concept, new findings over the past decade have shown that the brain itself
also has the capability of forming steroids de novo, the so-called "neurosteroids". Studies on
mammals and nonmammals indicate that de novo neurosteroidogenesis in the brain from cholesterol
is a conserved property of vertebrates. Since their discovery, diverse functions of neurosteroids have
been identified, mediated by their genomic and nongenomic actions.

The production of steroids requires the coordinate action of several steroidogenic enzymes that
start with cholesterol. Tsutsui and his colleagues have recently demonstrated that the avian brain
possesses the key steroidogenic enzyme P450scc and 3 5 -HSD, and produces pregnenolone and
progesterone using biochemical and immunochemical techniques. The amphibian brain also
possesses P450scc and produces pregnenolone. Despite these observations, however, our knowledge
of the biosynthetic pathway of neurosteroids from cholesterol in the vertebrate brain is still
incomplete. Therefore, in Chapter 1, I attempted to reveal the biosynthetic pathway of neurosteroids
from cholesterol in the vertebrate brain using quails. The present study revealed that progesterone is
further metabolized to 5 3 -DHP and 3 3,5 3 -THP in the avian brain. The present study also
demonstrated that the avian brain possesses not only P450scc and 3 5 -HSD, but also other key
steroidogenic enzymes, P450:7..5. and 17 5 -HSD, and produces androstenedione and testosterone
from progesterone. These observations indicate that the vertebrate brain has a capability of forming
various neurosteroids de novo from cholesterol.

Interestingly, preliminary studies suggested that the vertebrate brain may produce an unknown
neurosteroid, which is different from any neurosteroids identified in Chapter 1, from pregnenolone.
Furthermore, it also is suggested that an unknown neurosteroid was actively metabolized from
pregnenolone in the brain of the newt, a seasonal breeding wild amphibian, rather than in the brain of
the quail and rat. Because the production of the unknown neurosteroid was greater than that of any
known neurosteroid, I propose that this neurosteroid might well be involved in important aspects of
brain function in the newt. Therefore, in Chapter 2, I attempted to identify this unknown amphibian
neurosteroid. Employing biochemical techniques combined with HPLC, TLC, and GC-MS analyses,
I could identify this unknown neurosteroid as 7 « -hydroxypregnenolone. The formation of 7 « -
hydroxylated neurosteroids, such as 7« -hydroxypregnenolone and 7a -
hydroxydehydroepiandrosterone, has been observed only in the brain of mammals, such as
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laboratory rodents and humans. In mammals, 7 « -hydroxylation of dehydroepiandrosterone may be
part of a metabolic pathway to more potent derivatives, and 7a-hydroxydehydroepiandrosterone is
more active than dehydroepiandrosterone in preventing hypoxic cell death of neurons in vitro. In
contrast to these mammalian studies, no investigation has been published on the formation of 7 « -
hydroxypregnenolone in nonmammalian vertebrates, to my knowledge. Therefore, this study is the
first observation showing that 7 « -hydroxypregnenolone is actively produced in the nonmammalian
brain. In Chapter 3, I demonstrated the physiological change, function, and mode of action of 7 « -
hydroxypregnenolone in the brain. 7 « -Hydroxypregnenolone synthesis in the brain showed marked
changes during the annual breeding cycle, with a maximal level in the spring breeding period when
locomotor activity of the wild populations of the newts increases. Interestingly, exogenous 7 « -
hydroxypregnenolone acutely activated locomotor activity of newts in the nonbreeding period when
endogenous 7 « -hydroxypregnenolone synthesis in the brain was low. In vitro analysis further
revealed that 7 « -hydroxypregnenolone treatment resulted in a dose-dependent increase in the
release of dopamine from cultured brain tissue of nonbreeding newts. The effect of this neurosteroid
on locomotion was also abolished by dopamine D:-like receptor antagonists. These results indicate
that 7 « -hydroxypregnenolone acts as a neuronal activator to stimulate locomotor activity of
breeding newts by means of the dopaminergic system. The increase in locomotor activity of newts in
the spring breeding period may be due to an increase in the production of 7 « -hydroxypregnenolone.
This study shows a previously undescribed physiological function of 7 « -hydroxypregnenolone in
the brain of a vertebrate.

In conclusion, the present study first revealed that the vertebrate brain has a capability of
forming various neurosteroids de novo from cholesterol, and clarified the biosynthetic pathway of
neurosteroids in the vertebrate brain. Subsequently, this study revealed that 7 a -
hydroxypregnenolone is actively produced in the vertebrate brain, and demonstrated the
physiological change, function and mode of action of 7 « -hydroxypregnenolone that has not been
described previously in any vertebrate class. This study is the first observation showing the
physiological function of 7 « -hydroxy-pregnenolone in the brain. This study also provides findings
on the regulatory mechanism of locomotor activity from a unique standpoint.

Key words: Neurosteroids; Dopamine release; Seasonal changes; Quail Brain; Newt Brain
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Time is an important source of information that influences behavior of human and animal.
Recent studies have revealed that frontal cortex, basal ganglia, cerebellum, and hippocampus play
important roles in the temporal processing (reviewed in Onoda, 2004). Matell & Meck (2000)
proposed striatum beet frequency model that cortico-striatal network encode specific durations as
components of a neural circuit used to represent duration. However, this model does not describe the
relationships between cortico-striatal circuits and other regions. Finch (1996) reported existence of
inputs from the frontal cortex, thalamus, and hippocampal formation to the basal ganglia. This
suggests the basal ganglia might do integration of the temporal information from the other regions.
The activities of brain must be measured with high time resolution for evaluating the relationships
between these regions. Animal EEG was adopted for the measurement in this study, because it
directly evaluated the brain activity with high time resolution. The purpose of this study is to
examine the relationship among the regions relevant to the time perception by using the animal EEG.
EEG recordings of rats in this experiment were performed in a timing task and a control task. In the
timing task, the subjects were trained to discriminate between two stimulus intervals (500 and 2000
ms). The stimulus was a pure tone signal. It was 1000 Hz, 80 dB and 100 ms duration. When a trial
started, the tone stimulus (S1) was presented at first. The second tone (S2) was presented 500 or
2000 ms after the S1 onset. The subjects were required to judge the S1-S2 interval, the temporal
processes were essential to solve the task. The control task was the same as the interval
discrimination task except the S1-S2 interval. The S1 was presented when a trial start, the S2 was
always presented 500 ms after the S1 onset. The subjects were required to response the lever after
the S2, so the temporal processes were not essential to perform the task because the S1-S2 interval
was fixed for 500 ms.

First, the concurrence of the brain activity related with temporal processes was examined by
event-related potential (ERP). Onoda et al. (2003) reported that animal ERP waves in a task required
temporal processes differ from ones in a control task. This means that the difference of the ERP
waves can detect the activities that reflect the temporal processes. If the plural regions concurrently
show the difference of ERP waves in the temporal task and control task, the result suggests that these
regions cooperate to process the time with each other. The ERP waves for the S1 in both tasks
consisted of P2, N2, P3. T-tests were performed in each time point and each region. Difference of
ERP waveforms between the tasks was defined as the periods that the significant values (p<.05)
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successively lasted at least 20 ms. The cerebellum, striatum, and thalamus concurrently showed the
ERP differences in 100-200 ms latency. Further, the frontal cortex, striatum, and thalamus also
showed the ERP differences in 400 ms latency at the same time. These results suggested that the
front-striatum circuit and projections from the cerebellum to the striatum via the thalamus play
important roles in the temporal processing.

Second, the brain activity related with temporal processes was examined by event-related
spectral perturbation (ERSP). The ERSP are increasingly used in the EEG literature to visualize
mean event-related changes in spectral power over time in a broad frequency range. The event-
related changes in the power spectrum of each region were compared between the timing task and
the control task. Power of frequency bands (6-12 Hz) correspond to a hippocampal theta in the S1-S2
interval was larger in the timing task than in the control task. This result suggests that the
hippocampal function in time perception are related to working memory, because the change of the
hippocampus theta wave was connected with working memory (Givens, 1996).

Third, directions of information transmission between the regions were examined by event-
related phase coherence (ERPCOH). ERPCOH was calculated to evaluate a delay of the phase
between the two activity measures. The phase of the frontal cortex, the cerebellum, and the
hippocampus advanced in comparison with the striatum, these suggest that the information
transmissions from the frontal cortex, the cerebellum, and the hippocampus to the striatum exist.

The striatum integration model based on these findings was proposed in general discussion.
This model emphasizes that the striatum forms loop circuits respectively with the cortex, cerebellum,
and hippocampus, the striatum encodes the temporal information from not only the cortex but also
the cerebellum and hippocampus. Although a large number of studies have been made on time
perception, there is little agreement as to form of the fundamental temporal information. It is

necessary to examine the fundamental form of pace-maker.

Key words: time perception, striatum, event-related potential, event-related spectral perturbation,
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The purpose of this study was to investigate how exclusivity of romantic relationships
influences romantic partners’ adaptation.

Previous studies about exclusivity of interpersonal relations have shown that exclusivity
enhances the availability of interpersonal resource inside the relationship (Yamagishi, 1998) and
eventually promotes the member’ s adaptation. However, research of social support and interpersonal
conflict in multiple relationships has suggested that individuals who have exclusively supportive
relationship with a specific partner can less effectively cope with conflict happened within the
relationship (e.g., Lepore, 1992). In such a case, it is likely that individuals who cannot effectively
cope with conflict suffer from violence at the hands of their partners (Walker, 1979). Therefore, this
study examined whether or not exclusivity of romantic relationship affects romantic partners’
cooperative and uncooperative orientation inside the relationship and lastly their orientations affect
violence from their partner.

The framework of this study is as follows. In the chapter 1, the author reviewed previous studies
on exclusivity of relationship and pointed out that they have devote attention to positive function of
exclusivity, but pay little attention to negative function. Taking this fact into the consideration, from
the chapter 2 to the chapter 4, the author carried out eight studies about functions of exclusivity.
Finally in the chapter 5, the author discussed how exclusivity can influence individuals’ adaptation
from the results of the eight studies.

In the chapter 2, the author examined whether closeness of relationship affects the degree of the
exclusivity. The study 1-1 showed that members of romantic relationship are reluctant to seek social
support outside their relationship. In the study 1-2, it was shown that members belonging to romantic
relationship perceive stronger distinctiveness about their relationship than members belonging to
friendship. Furthermore, this study found that the stronger distinctiveness the members in a
relationship perceive, the more they feel reluctance to seek support outside their relationship.

In the chapter 3, the author examined whether exclusivity of romantic relationship affects how a
romantic partner acts for their partner. In the study 2, it was found that individuals who have the
exclusive support relationship with a romantic partner can less effectively cope with conflict
happened within the relationship than counterparts. In the study 3, it was found that members in

romantic relationship have higher cooperative orientation and lower uncooperative orientation in
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their relationship than members in friendship. Additionally, it was found that the strength of
distinctiveness that romantic members perceive in their relationships mediates the relation between
closeness of relationship and those orientations. In the study 4 it was shown that the strength of the
perceived distinctiveness bolstered cooperative orientation, but on the other hand, inhibited
uncooperative orientation romantic partners have. The results of this study additionally showed that
the influence process of the perceived distinctiveness to the orientations is independent of the
influence process of interdependence variables (comparison for alternatives, satisfaction, investment
and commitment; Rusbult, 1983) to the orientations.

In the chapter 4, the author examined how exclusivity of romantic relationship affects the
degree of violence offered by their partner. In the study 5, it was found that the less availability of
social support romantic partners can perceive outside their relationship, the less uncooperative
orientation they have, and that partners with neither cooperative nor uncooperative orientations
suffer from violence at the hands of their partners. In the study 6-1, it was shown that the perceived
distinctiveness romantic partners have affects violence at the hands of their partners through two
processes. One process is that the stronger distinctiveness romantic partners perceive, the more
cooperative orientation they can have and the less they suffer violence at the hands of their partner.
The other process is that the stronger distinctiveness romantic partners perceive, the less
uncooperative orientation they can have, and the more they suffer violence at the hands of their
partner. In the study 6-2, it was found that individuals who can maintain highly both cooperative and
uncooperative orientation will less suffer from violence at the hands of their partner than the others.

In fifth chapter, based on the results of the eight studies, the author summed up about the
influence processes of exclusivity in romantic relationship to participants’ adaptation. Furthermore,
the author pointed out two originalities of this study. One is that this study found that easiness of
interpersonal exchange varies depending on relationship status. The other is that this study found that
exclusivity of a relationship may cause the member maladaptation. Further, the author indicated
prevention policy about domestic violence from results shown in this study. Finally, the author
suggested the need to examine in what relationship other than romantic relationship exclusivity
negatively functions the members’ adaptation.

Key words: exclusivity, romantic relationship, domestic violence, cooperative and uncooperative

orientation
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Food-borne pathogenic bacteria are the most common causes of food-borne illnesses. The
illnesses range from a simple upset stomach to more serious epidemic outbreaks. The antimicrobial
resistance associated with food-borne pathogenic bacteria is an issue of great significance for public
health at the global level. However, it is of particular concern if the bacteria are multidrug-resistant
types. Levels of resistance are increasing and much is yet unknown about this problem. In this study,
I characterized the molecular bases of this resistance in some important strains of food-borne
pathogenic bacteria.

The first part of this study is the characterization of the genetic bases of resistance in multidrug-
resistant strains of pathogenic Escherichia coli. A plasmid-encoded class 1 integron carrying three
gene cassettes was characterized in an enterotoxigenic E. coli (ETEC) O159. This strain was isolated
from a diarrheic patient in Tokushima prefecture. It showed resistance to streptomycin, kanamycin,
gentamicin, chloramphenicol and ampicillin. The first gene cassette is the streptothricin
acetyltransferase gene, sat, which confers resistance to streptothricin. The second one is an open
reading frame (ORF) whose product is a putative phosphoserine phosphatase (PSP), and the last one
is an aminoglycoside adenyltransferase gene, aadA42, which confers resistance to streptomycin and
spectinomycin.

I also analyzed an enteroinvasive E. coli (EIEC) 0164 which was isolated from a patient
suffering from diarrhea at Osaka airport. This strain showed multidrug resistance (MDR) phenotype
against streptomycin, spectinomycin, co-trimoxazole (trimethoprim/sulfamethoxazole) and
ampicillin, and reduced susceptibility to ciprofloxacin. The molecular characterization of this strain
revealed the presence of class 1 integron that contains three genes, dihydrofolate reductase gene type
12, dfrA12, which confers resistance to trimethoprim, aminoglycoside adenyltransferase gene,
aadA2, which confers resistance to streptomycin and spectinomycin and an ORF of unknown
function. Southern blot hybridization and conjugation experiments showed that the class 1 integron
is located on a transferable plasmid of less than 90 kb in size. The resistance of EIEC 0164 to
ampicillin was found to be due to the presence of TEM-1 3 -lactamase. On the other hand, a single
mutation which has not been described before, proline (P)158— serine (S), was detected outside the
quinolone resistance-determining region (QRDR) of parC of topoisomerase IV which may be
responsible for the reduced susceptibility to ciprofloxacin in this strain.
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Finally, the genome of a multidrug-resistant strain of enterohemorrhagic E. coli (EHEC)
O157:H7 was analyzed. This strain was responsible for a family outbreak in Hiroshima prefecture. It
showed a MDR phenotype against streptomycin, spectinomycin, co-trimoxazole
(trimethoprim/sulfamethoxazole), ampicillin and tetracycline. DNA fingerprinting profiles obtained
by pulsed-field gel electrophoresis (PFGE) showed that this isolate had unique Xbal and Binl
profiles. Also, plasmid analysis results revealed that this strain contains an extra plasmid that is
larger than the classic large plasmid of EHEC 0157, pO157 (93.6 kb). This new plasmid was named
pMDR157. Molecular analysis of the MDR phenotype in this unique strain revealed the presence of
a class 1 integron containing two gene cassettes: a dihydrofolate reductase type 1 gene, dfi'4 1, which
confers resistance to trimethoprim and an aminoglycoside adenyltransferase gene, aadA 1, which
confers resistance to streptomycin and spectinomycin. The ampicillin resistance was found to be due
to the presence of the TEM-1-type f3 -lactamase gene.

The second part of this study is related to Salmonella serovars. The first extended-spectrum f3 -
lactamase (ESBL) producing Salmonella in Japan was characterized. This strain is a non-clinical
isolate of S. enterica serovar Senftenberg which harbored CTX-M-3. It was more resistant to
cefotaxime, ceftriaxone and cefpodoxime than to ceftazidime by MIC testing results and gave a
positive cephalosporin/co-amoxiclav synergy test. Southern hybridization showed that the CTX-M-3
gene was located on a plasmid of < 38 kb in size.

On the other hand, class 1 and class 2 integrons were characterized among non-typhoid
Salmonella enterica serovars isolated in Hiroshima prefecture. PCR sequencing analysis revealed the
presence of seven profiles of class 1 integrons in addition to a new type of class 2 integron. The
identified gene cassettes within class 1 integrons were as follows; aadA 1, aadAZ2 and aadA5 which
confer resistance to streptomycin and spectinomycin; aadB, which confers resistance to gentamicin,
kanamycin and tobramycin; dfi-4 I and dfrA 17, which confer resistance to trimethoprim; pse- 1, which
confers resistance to ampicillin; catB3, which confers resistance to chloramphenicol and sat 1, which
confers resistance to streptothricin. Two strains of the multidrug-resistant S. Typhimurium DT 104
were characterized in this study. DNA sequencing of the class 2 integrons identified one with an
unusual array of gene cassettes, sat, satl and aadA 1.

Finally, a multidrug-resistant strain of Salmonella Paratyphi B was characterized as the first
report in Japan. This strain was recently isolated from an infant (one year old) suffering from acute
gastroenteritis in 2002 in Hiroshima prefecture. MIC phenotypes, PCR and DNA sequencing results
revealed that S. Paratyphi B contains the entire Salmonella genomic island 1 (SGI1) of resistant S.
Typhimurium DT 104.

The third part of this study characterized several mechanisms of antibiotic resistance in Vibrio
species. A new aminoglycoside acetyltransferase gene, aac(3)-1d, has been identified in a multidrug-
resistant strain of Vibrio fluvialis. This gene confers resistance to aminoglycosides, mainly
gentamicin. This strain was isolated from a hospitalized infant aged 6 months suffering from cholera-
like diarrhea in India in 2002. It showed resistance to chloramphenicol, streptomycin, spectinomycin,
co-trimoxazole, ampicillin, furazolidone, nalidixic acid, and gentamicin. It was found that this novel
gene, aac(3)-1d, is located in a class 1 integron with another gene, aminoglycoside adenyltransferase
gene, aadA7, which confers resistance to streptomycin and spectinomycin. Both aac(3)-Id and
aadA7 genes were cloned and expressed in E. coli. Phylogenetic analysis suggested that the aac(3)-
1d represents a fourth evolutionary lineage in the aminoglycoside acetyltransferase genes of the
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aac(3)-1 types. Southern hybridization showed that this integron is located in the chromosome.

Furthermore, a variant type of Vibrio cholerae SXT element was characterized in V. fluvialis.
The SXT element is a V. cholerae-derived integrative and conjugative element (ICE) that has also
been referred to as a conjugative transposon.

Finally, class 2 integrons were identified for the first time in V. cholerae. V. cholerae is the
causative agent of cholera, a potentially epidemic and life-threatening disease. Class 2 integrons
were detected in two strains of V. cholerae non-O1, non-0139. One is a clinical strain (RC121: 027
serotype) isolated in October 2001 in India and the other is an environmental strain (B0320: 039
serotype) isolated in July 2003 in Bangladesh. MIC results showed that both strains had multidrug
resistance (MDR) phenotype against different types of antibiotics including trimethoprim,
streptomycin and spectinomycin whose resistances were encoded by the class 2 integron gene
cassettes.

In conclusion, in this study, many types of antibiotic resistances genes, integrons and a
transposon were found to be responsible for the multidrug resistance phenotypes in many strains of

food-borne pathogenic bacteria.
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Microorganisms naturally contaminate almost all the food ingredients, and some of them,
especially bacterial spores can grow in the foods exposed to heat because of their heat resistance.
One of the most effective methods to kill the spores is moist heating at temperatures higher than 100
°C in food industries. However, the heat treatment at such temperatures affects the qualities of foods.
Therefore, an alternative way of killing bacterial spores has been needed in food industries instead of
the moist heating.

Increase in consumer demand for high quality product has prompted the exploration of physical
treatments other than traditional heat treatments as potential alternatives. These alternatives include
thermal methods, such as ohmic heating or microwave heating, and non-thermal methods, such as
irradiation, high electric fields and high hydrostatic pressure (HHP).

HHP can inactivate microorganisms without altering the flavor and nutrient contents of foods
owing to non-thermal methods. In addition, when exposed to pressure, objects such as foods and
their ingredients are uniformly and immediately pressurized regardless of its dimension, differently
from thermal methods. Many studies about inactivation of microorganisms by HHP have been
carried out all over the world, since reported by Roger in 1895. It has, on the contrary, come to be
known that only HHP cannot be killed bacterial spore even at 1,000 MPa. In addition, many
researchers have suggested a combination of HHP and temperature to kill the spores. Even in these
cases, pressures at higher than 100 MPa was nevertheless needed, so reduction of pressure for
application becomes an important key in practice.

Over this thesis, the effects of the pressure below 100MPa on two physiological phenomena of
microorganisms, growth inhibition and germination of spore were investigated, and the results were
applied to practical uses.

A pressure range that prevents growth of microorganisms (two yeasts, three lactic acid bacteria,
E. coli, three bacilli, one clostridium and two microorganisms isolated from spoiled anchovies) was
investigated in order to apply it to food processing. The growth rate of all microorganisms used in
the present study was delayed under a pressurized condition compared to the atmospheric pressure.
The growth of the microorganisms could be restrained in a pressure range of 40-70 MPa depending
on the species of microorganism. That is, growth of two kinds of yeasts was inhibited at 40 MPa. In
lactic acid bacteria, L. plantarum was inhibited at 70 MPa, T. halophilus at 60 MPa and L. lactice at



50 MPa. Growth of E.coli and vegetative cells of B. subtilis was inhibited at 50 MPa. In bacterial
spores, growth of Bacillus and Clostridium spores was inhibited at 50 MPa. In the microorganisms
isolated form spoiled anchovies, they were inhibited at 50 MPa. Practical usefulness of these results
was verified in the autolysis process of fish meat without decomposition. Growth inhibition and
inactivation of spores by treatment at pressures less than 100 MPa can be utilized as a new technique
for killing microorganisms and for inhibiting their growth.

The death behavior of B. subtilis spore during pressurization was shown in detail. B. subtilis
spore was pressurized at 60 MPa at 40°C for 0-24 hour in phosphate buffer and in GAM broth,
respectively. After 24 hours the viable and spore counts decreased in the extent of about 5 log-
cycles in the broth, and only 1.6 log-cycles in phosphate buffer. And most of spores in the broth
changed in darkness from brightness during 4 hours and afterward some of them became budding.
These results showed that the spores germinated in the presence of the pressure and germination-
inducing components in the broth, and afterward the geminated spores were inactivated before
changing into vegetative cells. Thus, it is possible to inactivate B. subtilis spores by pressure-
holding in non-thermal condition. The same phenomenon was observed in other spore-forming
bacteria, B. licheniformis, B. cereus, and B. coagulans, but their viable counts did not decrease as
much as that of B. subtilis.

The combined effect of mild heating and pressurization on germination and inactivation of B.
subtilis spores was investigated. The spore counts remarkably decreased at 60°C + 80 MPa in
glucose broth rather than in phosphate buffer. This result suggested that the spores germinated with
the pressure and germination-inducing components in the broth, and that the geminated spores were
inactivated by mild heating. The induction of germination remarkably started at 10 MPa at 40°C or
20 MPa at 60°C (the spore population decreased in the extent of two log-cycles for one hour). In
phosphate buffer, the relationships between logarithm of spores and pressure became linear in the
pressure range of 0.1-300 MPa. The germination ratio was 1.7 log-cycles / 100 MPa at 40°C or 1.4
log-cycles / 100 MPa at 60°C for one half-hour. In glucose broth, the relationships between logarithm
of spores and pressure became linear in the pressure range of 50-300 MPa except for the data of 0.1
MPa. The germination ratio was 0.95 log-cycles / 100 MPa at 40°C or 0.82 log-cycles / 100 MPa at
60°C for one half-hour. The technique of the spore germination and inactivation owing to pressure
and mild heating is efficient to reduce the spore in processed foods, especially, as a pre-preparation
of food material.

Key words: pressurization, growth inhibition, pressure-holding, bacterial spore, germination,
inactivation
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Xanthine oxidoreductase (XOR) is a member of the molybdenum-containing hydroxylase
family. The mammalian enzyme has two interconvertible forms, xanthine dehydrogenase (XDH)
and xanthine oxidase (XO). In the catalytic cycle, XDH can reduce either oxygen or NAD* but has
greater affinity for the latter, and generates NADH. On the other hand, XO only reduce molecular
oxygen, and generates superoxide anion as well as hydrogen peroxide. Both forms catalyze the
conversion of hypoxanthine to xanthine and xanthine to urate, the last two steps of urate
biosynthesis. Thus, XOR is a target of drugs against gout and hyperuricemia. Moreover, as XOR
generates superoxide anion and hydrogen peroxide, which are reactive oxygen species (ROS), the
enzyme has been hypothetically proposed to be responsible for several oxidative stress-related
diseases.

In clinical situation, allopurinol is the only available inhibitor of XOR for the treatment of gout
and hyperuricemia. However, rare but severe side effects of allopurinol, including rash and
hepatotoxicity etc., have been well known. Although, the exact mechanism of allopurinol’ s
toxicity has not been identified, a rise in the blood concentration of the actual metabolite, oxipurinol,
which has primarily renal route of excretion, has been pointed out, especially in patients with renal
insufficiency. There have been efforts to develop the potential inhibitors with less toxicity; however,
so far none has been made clinically available. More recently, a series of 1-phenylpyrazoles have
demonstrated XOR inhibitory activity in vitro. Of the compounds prepared, 1-[3-cyano-4-(2,2-
dimethylpropoxy)phenyl]- 1H-pyrazole-4-carboxylic acid, Y-700, had the most potent enzyme
inhibition and displayed longer-lasting hypouricemic action than allopurinol. However, the
mechanism of inhibition of XOR by Y-700 has not been precisely clarified.

The purpose of this study was to characterize the mechanism of action of Y-700 on XOR
inhibition. A second purpose was to estimate the potential advantage of Y-700 for the practical or
experimental application to pathophysiology in which XOR may be involved.

Mode of Action of Y-700 on XOR Inhibition
Steady-state kinetics with highly purified XO from bovine milk showed that the inhibition by
Y-700 is a mixed type with K; and K" values of 0.6 nM and 3.2 nM, respectively. The enzyme



85

titration experiment showed that Y-700 binds tightly to both the active sulfo-form and to the inactive
desulfo-form of XO with K, values of 0.9 nmol/L and 2.8 nmol/L, respectively. The crystal structure
of the XDH/Y-700 complex showed no covalent bond between Y-700 and molybdenum. Instead, Y-
700 was bound in a narrow channel leading to the molybdenum center of the enzyme, through a
variety of hydrogen bonds and hydrophobic interactions and some of them were seem to contribute

strong binding similar way of substrate recognition.

Suppressive Effects of Y-700 on Urate Biosynthesis in Rats and Humans

In rats, oral Y-700 dose-dependently decreased amounts of urinary allantoin, the end-product of
purines in most animals, increasing the amounts of oxypurines (hypoxanthine and xanthine), the
substrates of XOR. In terms of the observed effect, Y-700 appeared to be at least 10-fold more
potent than allopurinol. Y-700 showed no uricosurics action. In hyperuricemic rats, established by
repeated treatment with a uricase inhibitor, potassium oxonate, orally administered Y-700 dose-
dependently reduced plasma urate levels. At a dose of 10 mg/kg, the hypouricemic action of Y-700
was more potent and of longer duration than that of allopurinol. Furthermore, single oral
administrations of Y-700 (5, 20 or 80 mg) to Japanese male volunteers dose-dependently reduced
serum urate levels. Urinary excretion of xanthine and hypoxanthine were markedly increased after
dosing of Y-700 compared with placebo group. The hypouricemic action of Y-700 in rats and
humans is presumably due to its long-lasting suppressive effect on urate biosynthesis by its potent
XOR inhibitory action.

Pharmacokinetic Properties of Y-700 in Rats and Humans

In rats, orally administered Y-700 was absorbed rapidly with high bioavailability (84.1%) at a
dose of 1 mg/kg. After oral administration of *C-Y-700 (1 mg/kg) to rats, unchanged Y-700 was
hardly excreted in urine (1.1%) but mainly excreted in feces (45.3%). Also in the human subjects,
single orally administered Y-700 was absorbed rapidly, and C... and AUC of the compound were
increased dose-dependently (5, 20 and 80 mg). Urinary excreted Y-700 was only 1.5% of dosing in
volunteers. In both species, only unchanged Y-700 was detected in the plasma, and there was no
evidence of any major circulating metabolites. No notable adverse event was observed throughout
these study periods. These data elucidate that Y-700 is an orally effective inhibitor of XOR in rats
and humans with hepatic route of excretion.

Suppressive Effect of Y-700 on Chemically-induced Colon Carcinogenesis in Mice

In 1,2-dimethylhydrazine (DMH)-treated mice, feeding of Y-700 (10 - 20 mg/kg diet) caused a
significant suppression in the development of aberrant crypt foci (ACF) in the colon mucosa,
accompanied by decrease in serum urate levels. The mucosal labeling index of bromodeoxyuridine
was also significantly suppressed by Y-700. These results suggest that Y-700 suppresses DMH-
induced carcinogenesis, and that ROS generated by XOR may act as an important mediator of

mitogenic signaling on cancer cells.

In the present study, I clarified that Y-700 is a novel inhibitor of XOR with a distinctively
different mechanism of inhibition from allopurinol. Since Y-700 is mainly eliminated via the liver
but not kidneys, the compound is expected to provide safe and effective treatment of gout and
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hyperuricemia, even in patients with renal insufficiency. Moreover, I elucidated the suppressive
effect of Y-700 on DMF-induced colon tumorigenesis in mice. This finding suggested that Y-700
might be a useful probe to investigate pathogenesis of oxidative stress-related diseases in which
XOR may be involved.

Key words: xanthine oxidoreductase, urate, Y-700, oxidative stress, colon carcinogenesis
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Chironomidae is a dipteran family including as many as about 10,000 worldwide species, of
which about 1,200 are recorded from Japan. The larvae predominate both in species richness and
density of freshwater benthic ecosystems, and play an important role to connect primary producers
with consumers in the food webs.

Variations in macrodistribution among lotic chironomid species have so far been attributed to
within-river environmental factors, e.g., water quality, topographic type of streams. As for without-
river factors, riparian forest provides the leaf litter for the larvae and supports the detrial food web,
which is the majority of lotic community. Since the leaf litter is captured by the interstices of the
riverbed at riffles, microhabitat of chironomid larvae should be different between exposed and
interstitial surfaces of cobbles and/or boulders.

The aim of the present study was to clarify the relationships between chironomid assemblage
composition and river-environmental factors. Multiple regressions and direct ordination techniques
were used to determine which environmental variables mainly cause the variations in abundance,
species richness, diversity and composition of the assemblages. Guidelines for conservation of

species diversity in lotic ecosystems were proposed from the above results.

Chapter 1. Species diversity of lotic Chironomidae

Chironomid fauna were investigated at the main stream and tributaries of the Ohta River basin
in Hiroshima, Japan. A total of 216 species belonging to four subfamilies was recorded, of which
137 and 161 were collected by larval samplings from riverbed and by imaginal samplings (light trap)
from ambient air, respectively. Descriptions of new species were given in this study, i.e.,
Polypedilum akisplendens, Polypedilum fuscovittatum, Polypedilum paranigrum, Polypedilum
bingoparadoxum and Stempellinella coronata.

Seventy-nine species, including terrestrial species, e.g., Smittia aterrima, and nuisance species
emerging from paddy fields, e.g., Polypedilum kyotoense, were collected only by imaginal
samplings, however, of which 49 were considered to dwell in the riverbed. Thus, imaginal samplings
can collect species occurring in particular habitats difficult to investigate, e.g., hyporheic zone, so
that be useful in evaluating lotic chironomid fauna.

Excluding 30 species that would occur outside of the riverbed, the subfamilies Chironominae

and Orthocladiinae, of which many species were recorded from warm and cold regions, were 93 and
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68 species, which accounted for 50.0 and 36.6 % of all the lotic species, respectively. This means
that chironomid fauna of the Ohta River basin reflects warm-temperate river environment. The larval
species only from tributaries accounted for 38.7 % of the 137 species, indicating that the tributaries
contribute to raise species diversity at basin level.

Chapter 2. Relationship between within-river environment and microdistribution patterns of
chironomid larvae

Chironomid microdistribution patterns on the surfaces of artificial substrates, concrete blocks,
placed at riffles of streams with and without riparian forest were investigated. The block surfaces
were classified into three types, i.e., ‘exposure’ , ‘hollow’ and ‘interstice’ , based on the
conditions against water flow and accumulation of leaf litter. Larvae attached to the blocks were
collected separately by the surface type.

At the streams with riparian forest, species richness and density on ‘interstice’ surface were
about five and ten times higher than that on ‘exposure’ one, respectively, whereas no significant
differences were found among the surface types at the streams without riparian forest. Assemblage
ordination by partial redundancy analysis indicated that 20 out of 34 species collected at streams
with riparian forest tended to be abundant at ‘interstice’ one, and 9 species, e.g., four
Rheotanytarsus species, were significantly abundant.

These results indicate the importance of interstices as a microhabitat of chironomid larvae,

which is due to accumulation of the leaf litter provided by riparian forest.

Chapter 3. Relationship between macro-environmental factors and distribution patterns of
chironomid larvae

The relative importance of natural and anthropogenic factors, e.g., topographic type, riparian
canopy, altitude, temperature and bank protection, on larval chironomid assemblage, was
investigated in the Ohta River basin. A concrete block was used as an artificial substrate for
chironomid collection in order to sampling regime should be identical among the sites.
Partial canonical correspondence analysis revealed that topographic type, riparian canopy coverage,
water temperature and altitude were the main factors influencing the species distribution.
Stempellinella tamaseptima, Polypedilum tamanigrum and five Rheotanytarsus species showed
positive association with canopy coverage, while five Cricotopus species showed negative
associations. Stepwise multiple regressions of the assemblage indices on the environmental variables
were applied. Bank protection and depth showed negative correlations with Shannon diversity H .
Both topographic type and depth showed negative correlations with Pielou equitability J.
Topographic type (lower reach) and specific conductance showed positive, while bank protection
showed a negative correlation with abundance.

As a whole, topographic type was the most directly related factor to larval chironomid
assemblages, but anthropogenic modification of riparian terrain was shown to be an important factor

disturbing the natural composition.

These results suggest that the following endeavors should be needed to conserve lotic
ecosystems: (1) grasping species composition of various taxa as much as possible, (2) clarifying the
mechanism how species diversity is sustained with giving attention to habitat scale and (3)



comprehensive preservation and/or management of river environment including riparian terrain.

Key words : lotic Chironomidae, species diversity, distribution patterns, riparian environment,
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There is growing evidence that several dietary factors affect colon carcinogenesis. For example,
high fat diet and high calorie diet are risk factors of colon carcinogenesis, and dietary fibers, DHA,
folate, polyphenols, vitamin D are protective factors of the carcinogenesis. Recent epidemiological
studies in USA and seven countries of Europe suggested an inverse relationship between
consumption of vitamin Bs and the incidence of colon cancer. Recent studies have indicated that
consumption of vitamin Bs by Japanese and Americans is generally not enough for its requirement.
This study was conducted to test the possibility that dietary vitamin B suppresses colon
tumorigenesis.

Mice were fed diets containing 1, 7, 14, 35 or 70 mg vitamin Bs(pyridoxine HCI)/kg for 5 weeks
and treated with a colon carcinogen, azoxymethane (AOM). Supplementation of vitamin Bs to 1 mg
vitamin Be/kg diet caused a reduction in colon aberrant crypt foci (AOM), a precursor of colon
cancer. In the long-term experiment of 22 weeks, AOM-treated mice were fed 1~35 mg vitamin
Be/kg. Dietary supplementation of vitamin Bs lowered development of colon tumor in a dose-
dependent manner among 1~14 mg vitamin Be/kg. This finding is the first in vivo evidence for the
anti-tumor activity of dietary vitamin Bs, and consistent with epidemiological studies.

Further study was performed to investigate the mechanisms of the anti-tumor effect of dietary
Bs. Supplementation of vitamin Bs lowered colon BrdU-labeling index (an index of cell proliferation)
and expression of c-myc and c-fos. Colon oxidative stress markers including 8-OHdG and 4-HNE
and expression of iNOS were also reduced by higher vitamin B intake. The results imply that the
anti-tumor effect of vitamin B; is ascribed to reduced cell proliferation, oxidative stress and NO
production.

Experiment was conducted to examine the combined effect of dietary level of fat and vitamin Bs
on colon cell proliferation. Mice were fed low (50g corn oil/kg)- or high-fat (200g corn oil/kg) diets
containing 1~35 mg vitamin Be/kg for 5 weeks. The mice were treated with or without AOM
injection. The results indicated that the inhibitory effect of dietary vitamin Bs was markedly
enhanced by high-fat diet, but slightly affected by AOM treatment. This finding suggested that
combination of high-fat diet and lower vitamin Bs intake is an important risk factor of colon cancer.
In addition, the results raised the possibility that the molecular mechanism of higher colon tumor by
high-fat diet appeared to be closely associated with that of the higher tumor by lower vitamin Bg

consumption.
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This study elucidated the physiological function of dietary vitamin B as a protective factor of
colon cancer, and its potential mechanisms. This finding suggest that higher intake of vitamin B is

necessary for the prevention of colon cancer in Japan and USA.

Key words: vitamin Bs, high-fat diet, colon cancer, cell proliferation, oxidative stress
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There is growing evidence that brain diseases and functions are affected by several dietary
factors, including dietary types and level of fats. Epidemiological studies have indicated that high
consumption of saturated fatty acids elevates the risk of brain diseases such as Alzheimer disease
(AD) and Parkinson disease (PD), as well as diabetes and obesity. Experimental studies have also
suggested that higher intake of saturated fatty acid lowers learning ability. On the other hand,
epidemiological studies have suggested that consumption of n-3 polyunsaturated fatty acids
including docosahexanoic acid (DHA) reduce the risk of Alzheimer disease. Further, DHA intake is
known to improve brain functions.

My studies were performed to investigate the influence of dietary fats on the gene expression in
mouse brain by the methods of differential display and suppression subtractive hybridization. In
chapter 1, experiments were conducted to examine the influence of animal fats on gene expression in
mouse brain. In chapter 2, experiments were conducted to examine the influence of fish oil on gene

expression in mouse brain.

Identification of brain factor affected by high beef tallow diet

High-fat diet is well known to be a risk factor of obesity, heart disease, diabetes and cancer.
Recent epidemiological and clinical studies suggest that higher intake of saturated fatty acids lead to
development of AD and PD. In this study, I postulated that high intake of saturated fatty acids might
enhance development of several brain diseases. To examine this hypothesis, experiment was
conducted to identify the factors in mice brain affected by high beef-tallow diet. Mice were fed either
20% beef tallow diet or 5% corn oil diet for 4 weeks. The responses of several gene expressions to
the beef tallow diet were examined by differential display method. As a result, expression of ZPR1
gene was found to be up-regulated by the beef tallow diet. ZPR1 is known to be involved in the
signal transduction by signals of cell proliferation, and interact with Elongation factor 1 « and
Survival motor neuron protein to regulate cell cycle and RNA processing. Higher expression of
ZPR1 was observed in the cerebellum and hippocampus of mice fed high-fat diet and obese KKAy
mice. The results suggest that higher expression ZPR1 is associated with high-fat intake and obesity.

To analyze the physiological significance of higher expression of ZPR1 in the brain, stable
ZPR1-transfected clones from Nuro-2A cells were obtained, and exposed to oxidative stress (H:O:).
The results showed that cell survival of transfectans was significantly reduced compare to mock
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clones. This finding implies that higher expression of ZPR1 exaggerates the damage caused by
oxidative stress. Taken together, high-fat diet appears to cause the development of brain diseases by

a mechanism involving higher expression of brain ZPR1.

Identification of brain factor affected by fish oil diet

Previous studies have suggested that DHA, contained in fish oil, prevents brain diseases
including AD. In this study, the effect of fish oil feeding on gene expression in the brain was
investigated by suppression subtractive hybridization. Mice were fed either 20% sardine oil diet or
20% corn oil diet for 4 weeks. The results showed that pyruvate dehydrogenase E1 alpha (PDHEL
a« ) mRNA expression is down-regulated by fish oil feeding. Further, | examined whether the
expression of PDHE] « mRNA is altered by DHA treatment in differentiated PC12 cells. PDHE] «
mRNA was reduced by supplementation of DHA with a significant decrease in cellular ATP level.
These results indicate that fish oil feeding might modulate energy metabolism in the brain.

Key words : high-fat diet, DHA, brain disease, gene expression, ZPR1, pyruvate dehydrogenase El
alpha
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At very low temperatures under their freezing point, many materials show a great decrease in
fracture stress or fracture energy, called “low temperature brittleness” . This behavior of materials
in association with vitrification at temperatures is applied to “frozen crushing” , and this
characteristic behavior of the materials is able to cut when an external load added is using. For
instance, ceramics that are in a glass state at room temperature can be cut into arbitrary sizes by
applying external loads (bending or compression) without causing large quantities of cutting dust.
This idea can be applied to food, in particular as a good processing system for fish that is presently
mainly cut with a band saw.

We have developed a new method for cutting frozen fish called “Cryo-cutting” in which a
bending force is applied to the frozen fish at an appropriate low temperature. The influence of the
direction of the distribution of the muscle fiber to the direction of the bend load has been examined.
However, it is necessary to undertake actual bending tests at low temperatures to establish suitable
temperature conditions for cryo-cutting for individual fish species.

This study researched the determination of an optimum cryo-cutting temperature using DSC
(Differential Scanning Calorimeter) analysis equipment as that is able to measure small amounts of
sample fish. First, the change in the start temperature for cutting and the bending energy were
examined by material testing using model fish material with different moistures and lipid amounts,
and the correspondences of the results of the material testing with the DSC measurements of the
model fish were examined. Further, whether a similar examination using an actual fish (mackerel)

with a known moisture and the amount of lipid, could be forecast by DSC was examined.

Chapter 1
An introduction to this thesis; the background, meaning, and purpose of the research are
described.

Chapter 2

Frozen surimi (ground fish-meat) gel samples with different moisture contents were subjected
to measurements of their fracture stress (bending fracture energy) in a low temperature range. The
optimum conditions for low-temperature cutting ( “cryo-cutting” ) were estimated from the values
of enthalpy change measured by a differential scanning calorimeter (DSC).
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Frozen surimi gel of 90% moisture could not be cut by bending at -40°C, although it could be
cut this way at -60°C. The temperature, A, at which surimi gel starts to be cut by bending fell in
conjunction with a reduction in moisture content. Bending energy was observed to fall around -70C
and was nearly constant below a temperature, B, which corresponded to the glass transition start
point temperature (Tig) obtained by DSC measurement while the glass transition end point
temperature (Teg) corresponded to temperature A. As a result, an appropriate cutting temperature as
calculated by DSC measurement was below -80°C, but was dependent on moisture content.

Chapter 3

Frozen surimi samples having different moisture and cod oil contents were subjected to
measurements of their fracture stress in a low temperature range below 0°C. The optimum
conditions for low- temperature cutting,  “cryo-cutting,” were estimated from the results of
enthalpy change measured by a DSC.

Frozen surimi of 60~90% moisture and of 1~20% cod oil, had frozen at -40°C, but was not cut
by bending, though it could be cut at -80°C (temperature A). The melting temperature of cod oil by
DSC measurement was above -80°C. Thus, we could cut the surimi below the melting temperature of
cod oil detected by DSC.

No great decrease of bending fracture energy of surimi sample was measured below temperature A,
and glass transition was not observed on the DSC chart. It was considered that cod oil restrained the
appearance of glass transition in the surimi sample because the melting temperature of cod oil
overlapped with the temperature range of glass transition of surimi without oil.

The result showed that the optimum cutting temperature was considered below -80°C, and that it

could be estimated by DSC measurement.

Chapter 4

Frozen mackerel meat samples were subjected to measurements of their fracture stress in a low
temperature range. The optimum conditions for low temperature cutting, “cryo-cutting,” were
estimated from the results of enthalpy change measured by a DSC.

There were two enthalpy changes showing grass transition on the DSC chart of mackerel, one
was at -63 ~ -77°C and another was at —96 ~ -112°C. Thus, we estimated that mackerel was able to
be cut by bending below -63°C and that a great decrease of bending energy would occur around -77
*C and -112°C.

Test pieces of mackerel froze at -40°C, but it could be cut this way at -70°C by bending. There
were two great decreases of bending energy, one at -70 ~ -90°C and the other at -100 ~ -120°C.

As a result, DSC measurement of mackerel meat provides a good estimation for the appropriate
cutting temperature of mackerel, and it is applicable to this estimation method for other actual fish
species.

Chapter 5

It became clear in this study that an appropriate freezing temperature for cryo-cutting is greatly
influenced by the glass transition temperature of the material. Glass transition temperature of an
individual fish can be ascertained by cryo-DSC using a refrigerative such as liquid nitrogen with a
small amount of sample. If the glass transition temperature of the fish can be measured by electric
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capacity measurement, it becomes possible to determine an appropriate cryo-cutting temperature of
an individual fish by nondestructive means. It is possible to cut fish in the direction almost
appropriate for cutting by considering the direction of the distribution of the muscle fiber. By using
the stress concentration effect, frozen fish can be cryo-cut in a straight line by making an incision in
the part where cutting should begin, and as the incision is deepened, a decrease in the cutting load

becomes possible.

As noted above, the reality of the cryo-cutting of frozen fish has become a reality because of
accumulated results of reviews of work done to date. A useful result showing the practical

application of this cutting method was obtained for individual fish in this study.
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In the present study, by using 20 microsatellite DNA markers, genetic analyses were carried out
to quantify the variability in Japanese native chicken breeds sampled in different Japanese locations
and to investigate the relationship between Japanese native chickens with other imported commercial
breeds present in Japan. The results were summarized as follows.

1. Genetic variability and relationships of Oh-Shamo and its related breeds

In this experiment, Shamo-group breeds (Oh-Shamo, Ko-Shamo, Yakido, and Kinpa), Oh-
Shamo-related breeds (Koeyoshi, Minohiki-dori, Satsuma-dori, and Hinai-dori), Shoukoku, and one
European breed (White Leghorn) were used. A total of 167 alleles were detected across the 10
breeds, and the mean number of alleles per locus was 8.35. In each breed, the number of alleles per
locus (MNA), proportion of polymorphic loci (P,.,), and mean expected heterozygosity (H.) ranged
from 1.750 (Koeyoshi) to 4.70 (Satsuma-dori), 0.50 (Koeyoshi) to 1.00 (Oh-Shamo, Satsuma-dori,
Hinai-dori, and Shoukoku), and 0.212 (Koeyoshi) to 0.671 (Satsuma-dori), respectively. All the
breeds studied had one or more private allele(s). In the neighbor-joining tree reconstructed based on
the genetic distance D, showed that there was clear separation between the Japanese breeds and
White Leghorn. Within Japanese native breeds, three groups were determined as follows: (1) Oh-
Shamo and Ko-Shamo, (2) Yakido, Kinpa, and Koeyoshi, and (3) Minohiki-dori and Shoukoku.
However, the Hinai-dori and Satsuma-dori breeds were located far from these three groups.

2. Genetic variability and relationships of the breeds established in Kochi Prefecture

In this study, seven Kochi Prefecture native breeds (Miyadi-dori, Ohiki, Onaga-dori, Tosa-
Jidori, Tosa-Kukin, Toutenkou, and Uzurao), Shoukoku, and two foreign breeds (White Leghorn and
Rhode Island Red) were investigated. A total of 155 alleles were detected across the breeds, with the
mean number of alleles per locus, 7.75. Genetic variability of 20 microsatellites examined varied
depending on the breeds, as MNA, P,.;,, and H. ranged from 2.05 (Miyadi-dori) to 3.90 (Rhode Island
Red), 0.75 (Miyadi-dori) to 1.00 (Rhode Island Red, Shoukoku and Uzurao), and 0.330 (Miyadi-
dori) to 0.607 (Rhode Island Red), respectively. All breeds had one or more private microsatellite
allele(s). According to the neighbor-joining tree reconstructed based on D, genetic distance, among
the breeds established in Kochi Prefecture, fancy and utility breeds belonged to different clusters.
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Among the fancy breeds, those having thick and long feathers in the tail and saddle showed a close
relationship to the Shoukoku breed, which also has thick and long feathers in the tail and saddle.

3. Genetic variability and relationships of the breeds designated as Natural Monuments of
Japan

In this experiment, 22 breeds of Japanese native chickens that have been designated as Natural
Monuments of Japan (Chabo, Gifu-Jidori, Hinai-dori, Jitokko, Kinpa, Koeyoshi, Kuro-Kashiwa, Ko-
Shamo, Kawachi-Yakko, Minohiki-dori, Mie-Jidori, Ohiki, Onaga-dori, Oh-Shamo, Satsuma-dori,
Shoukoku, Tosa-Jidori, Toumaru, Toutenkou, Ukokkei, Uzurao and Yakido) coupled with two
foreign breeds (White Leghorn and Rhode Island Red) were investigated. A total of 206 alleles were
detected across all studied breeds and the mean number of alleles per locus was 10.30. In each breed,
MNA, P,.,, and H. ranged from 1.750 (Koeyoshi) to 4.70 (Satsuma-dori), 0.55 (Koeyoshi), to 1.00
(Chabo, Gifu-Jidori, Hinai-dori, Jitokko, Oh-Shamo, Rhode Island Red, Satsuma-dori, Shoukoku,
White Ukokkei and Uzurao), and 0.212 (Koeyoshi) to 0.671 (Satsuma-dori), respectively.
Microsatellite alleles being unique to a particular breed were detected in some breeds. According to
the neighbor-joining tree based on the D, genetic distance, the chicken breeds were divided into three
major groups. The first group consisted of Koeyoshi, Kinpa, Mie-Jidori, Yakido, Kuro-Kashiwa,
Toumaru, Rhode Island Red, White Leghorn, Hinai-dori, Ukokkei, Jitokko and Satsuma-dori; the
second group comprised Ohiki, Onaga-dori, Toutenkou, Shoukoku, Gifu-Jidori, Kawachi-Yakko,
Tosa-Jidori, Chabo and Uzurao; and the third group included Ko-Shamo, Oh-Shamo and Minohiki-
dori.

4. Genetic variability and relationships of Japanese native chickens and some foreign breeds

In this survey, 28 breeds of Japanese native chickens (Aidu-Jidori, Chabo, Ehime-Jidori, Gifu-
Jidori, Hinai-dori, Jitokko, Kinpa, Koeyoshi, Kuro-Kashiwa, Ko-Shamo, Kumamoto, Kawachi-
Yakko, Minohiki-dori, Mie-Jidori, Miyadi-dori, Nagoya, Ohiki, Onaga-dori, Oh-Shamo, Satsuma-
dori, Shoukoku, Ukokkei, Tosa-Jidori, Tosa-Kukin, Toumaru, Toutenkou, Uzurao, and Yakido) and
seven foreign breeds (Barred Plymouth Rock, New Hampshire Red, Red Cornish, Rhode Island Red,
White Cornish, White Leghorn, and White Polymath Rock) were examined. A total of 217 alleles
were detected across all breeds, and the mean number of alleles per locus was 10.85. In each breed,
MNA, P,.,, and H. ranged from 1.75 (Koeyoshi) to 4.70 (Satsuma-dori), 0.55 (Koeyoshi) to 1.00
(Barred Plymouth Rock, Chabo, Ehime-Jidori, Gifu-Jidori, Hinai-dori, Jitokko, New Hampshire Red,
Oh-Shamo, Red Cornish, Rhode Island Red, Satsuma-dori, Shoukoku, Ukokkei, Uzurao and White
Plymouth Rock), and 0.212 (Koeyoshi) to 0.671 (Satsuma-dori), respectively. Private microsatellite
alleles were detected in some breeds. According to the neighbor-joining tree reconstructed based on
D, genetic distance, with a few exceptions, Japanese native chicken breeds and foreign breeds were
clearly separated from each other. Furthermore, the Japanese native chickens were divided into 4
main classes by their body morphology: (1) Cochin type, (2) Malay type, (3) intermediate type
between Malay and layer types, and (4) layer type, although there were some exceptions. This is the
first discovery in Japanese chicken breeds.

This is the first study in which microsatellite profiling approach was applied to a large number
of Japanese chicken breeds to reveal their genetic variability and relationships. The results of the
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present study will be useful in order to support the decision on conservation and further use of

Japanese native breeds. Furthermore, breed specific alleles could offer an efficient means to trace
origins of meat in the commercial circulations.

Key words: Japanese native chickens, microsatellite DNA polymorphism, genetic variability,
genetic relationship
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With the aim of developing new drugs, new technologies such as genomic research,
combinatory chemistry are useful for the screening and synthesizing of new compounds. The
tendency of the new compounds shows sparingly water-soluble character. So it is necessary to use
new device or high technology for the formulation using such compounds. The technology of lipids
sphere is used for the improvement of bioavailability as controlled release and targeting of sparingly
water-soluble drugs. However, lipids sphere has many problems such as physical stability, amounts
of enclosed drug, handling and so on.

In this study, we examined the properties of lipid spheres, and our new studies about (1)
crystallization and polymorphic behavior of x m and nano-meter sized emulsions (nm-sized
emulsion), (2) stability of nm-sized emulsion in heating process, (3) lording capacity of drug in nm-
sized emulsion.

In the first chapter, we explained about our purpose using lipids spheres for pharmaceutical, and
problems of lipids spheres. In the second chapter, we described crystallization and polymorphic
behavior of palm stearin (PS) in a bulk state and oil-in-water (O/W) emulsion droplets (average
diameter, 1.7 = 0.3 2 m). We used PS for oil phase in emulsion, because of the high stability of PS
in air condition. Differential scanning calorimetry (DSC), in-situ X-ray diffraction with synchrotron
radiation (SR-XRD), and polarized microscope were employed in the experiments. As for the bulk
sample, the DSC measurements showed three main exothermic peaks at 31 C, 21 C and 3 C on
cooling, and broad endothermic peaks around -3 C, 8 C, 15~25 C, 37 C and 53 “C on heating.
The SR-XRD patterns taken during cooling from 60 C to -5 C clarified that the DSC exothermic
peaks at 31 ‘C and 3 ‘C corresponded to crystallization of « form of high-melting and low-melting
fractions, respectively, and that the occurrence of j3' form corresponded to the small endothermic
peak of 21°C. Then, the SR-XRD patterns taken during heating from -5 C to 60 ‘C showed that the
DSC endothermic peaks corresponded to the following transformation: melting of « of the low-
melting fraction (-3 “C), melt-mediation transformation from « form to ' form (15~25 C),
melting of B3' form (36 C) and melting of 2 form (53 C) of the high-melting fraction. As for the
O/W emulsion sample, the DSC and SR-XRD measurement during the cooling and heating
processes showed basically the same behavior as that of PS in the bulk state, except for such
manners that the crystallization of /' form during the cooling process did not occur, and that the
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crystallization of « form, melt-mediated « — 3'— 3 transformation, and melting of 5 form
occurred at lower temperature in the emulsion droplets.

In the third chapter, we discussed about crystallization and polymorphic behavior of PS
dispersed in nm-sized emulsion (average diameter, 120 = 30 nm). We employed the same methods
as those used for the bulk and x m-meter sized emulsion. As for the Decaglycerin -mono-laurate
(10G1L) having a small hydrophobic group for emulsifier, the crystallization temperature (Tc) of
emulsion was 15 ‘C which was decreased from that of the bulk PS (31 ‘C). On the other hand, Tc
was increased as the fatty acid moiety was varied from lauric to myristic, palmitic and stearic acids.
In particular, Tc was 49 ‘C when decaglycerin -mono-stearate (10G1S). This result suggests that
using the emulsifiers with long fatty ester with high melting point may cause the crystallization of its
fatty acid chains that may induce the crystallization of PS in the nm-sized emulsion. We assume that
the crystallized emulsifier may act as template for the nucleation of PS crystals, whose effects are
more remarkable than the PS crystallization in x m-sized emulsion droplets. This effect might be
ascribbed to tight packing of the hydrophobic region of the interfacial emulsifier membrane that
comprises the nm-sized emulsion.

In the fourth chapter, we explained the stability of the nm-sized emulsion in heating process. As
for the 10G1S which has large hydrophobic group, it indicated highest stability in three types
emulsions (10G1S, Decaglycerin-mono-myristrate: 10GIM and 10G1L). But as for the 10G1L, it
indicated coalescence of nm-sized-emulsion. This is because that there is a tight hydrophobic
interaction between 10G1S and oil phase. So this result indicates that we can use nm-sized emulsion
for injections and infusions.

In the fifth chapter, we described solublization by nm-sized emulsions. In this study, we used
soybean oil for oil phase in emulsion and prepared several sized emulsions (100 nm, 200 nm and 400
nm). Then we added several types of model compounds as sparingly water-soluble character to nm-
sized emulsions. The result shows that as smaller as the size of emulsion become or as longer as fatty
ester of emulsifier become, the amount of model compound soluble in nm-sized emulsion is
increased. The last chapter summarized the results obtained in this work.

In these studies, we indicated physical problems about nm-sized emulsion revealing new several
functions. We also showed several physical date about lipid spheres. These date support us for using
lipid spheres as career of sparingly water-soluble drugs, and this career will be able to has several
properties such as high stability in heating process or in storing low temperature, high lording

capacity of drug, controlled release or targeting.
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The skin which is the largest organ in the body serves as a protective cover, and is also a major
producer of various functional proteins like growth factors and cytokines. Since the outermost layer
epidermis, which is supported by basement membrane and overlies the dermis, is exposed to the
atmosphere, it has a role as an important barrier against infection by external microbes or
physical/chemical wounds. Furthermore, the epidermis has an ability to regenerate the impaired
tissue by itself. Cutaneus wounds elicit a series of cellular responses including clotting, inflammatory
cells infiltration, re-epithelialization, the formation of granulation tissue comprising of fibroblasts
and new blood vessels, and then matrix deposition and wound contraction at later stage. During the
recovering process, the dermal keratinocytes, fibroblasts, and other cells should interact, co-operate,
proliferate and differentiate properly. Furthermore, growth factors and cytokines produced in
response to injury are also involved in regulating the processes. Some of those functional proteins
are known to be produced by the dermal keratinocytes. Thus, keratinocytes are crucial to keep skin
turnover under normal physiological conditions and in the maintenance of skin. In this study, we
paid attention to the epidermal cells and investigated the bio-molecule that participates in the
reaction of the damaged skin.

Establishment of a series of monoclonal antibodies that specifically recognize hamster
keratinocytes

First, we took a forward genetics approach to find novel functional molecules that are involved
in the functions of skin keratinocytes. By immunizing mice with hamster keratinocytes, we
established a series of monoclonal antibodies (mAbs) and obtained five mAb clones that specifically
recognized hamster skin keratinocytes. The characteristics of each mAb clone were examined using
hamster skin sections or skin ketatinocytes. We found that the K114 mAb, one of the established
mAbs, recognized cell-surface protein that is expressed restrictedly in the dermal sheath cells near
bulge area of the hair follicle and in the differentiated sebocytes of normal adult hamster skin.

Identification of the AgK114 recognized by a mAb K114
The cDNA of AgK114 was obtained from 1 day cultured hamster keratinocytes by expression
cloning using mAb K114. Sequence analysis revealed that it had 242 amino acid residues with a
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signal peptide at the N terminus, six potential N-glycosylation sites, a characteristic repetitive
threonine rich domain, and a possible glycosylphosphatidylinositol (GPI) anchoring site near the C
terminus. Based on the amino acid sequence of the hamster AgK114, we searched for homologous
molecule in both GenBank and the Swiss-Protein databases. Mouse AgK114 was found to be
approximately 60% homologous to the hamster AgK114. However, neither functional motifs nor
biological functions have been reported for any AgK114 molecules of any species.

Study on expression pattern of AgK114

To elucidate biological significance of AgK114, we examined the expression of AgK114 under
various conditions in hamster, such as the UV irradiation, wounding, and inflammation.
Interestingly, AgK114 molecule was expressed accompanying tissue damages of the skin. It was
transiently induced in the basal epidermal keratinocytes after UV exposure. In addition, AgK114
was also induced in elongating edged epidermal keratinocytes during tissue regeneration after an
excised wounding. The location and expression patterns of AgK114 on the skin suggest that
AgK114 is involved in the wound healing response.

The function of AgK114 on wound healing process

To analyze the biological functions of AgK114, we did an experiment in the murine excisional
wound model by using the recombinant mouse AgK114FL variant protein, in which the FLAG
epitope was attached to the C-terminal. Exogenous mouse AgK114FL promoted wound closer of
impaired skin and formation of blood vessels in granulation tissue. In Addition, exogenous mouse
AgK114 up-regulated pro-matrix methalloprotease-9 (MMP-9), vascular endotherial growth factor,
transforming growth factor-beta 1, IL-6, and IL-1 3 production during early stage of wound healing
in impaired tissue. Interestingly, mouse AgK114 induced the MMP-9 activity of wound fibroblasts
prepared from impaired skin, in the presence of proinflammatory cytokines. These results suggest
that mouse AgK114 mediates the wound response during the healing process, and promotes wound

repair.

In this study, we have identified the hamster AgK114 as a novel molecule from hamster
keratinocytes, and we have clarified that its protein is induced promptly by replying to the wound
reaction. Moreover, we made it clear that AgK114 promotes the production of wound response
proteins/factors. These findings are useful in that AgK114 becomes one of the key molecules in the
wound healing treatment and in the advanced medical field such as the organogenesis and the tissue

engineering.

Key words : skin, keratinocytes, monoclonal antibody, AgK114, wound healing
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Ascorbate oxidase (AAO; EC 1.10.3.3) catalyzes the oxidation of ascorbic acid to
monodehydroascorbic acid. AAO is highly expressed in cucurbitaceous plants such as pumpkin and
cucumber. Its definitive biological function remains unclear, although the enzyme is considered to be
localized in the cell wall. AAO is markedly induced by auxin, which causes cells to elongate. In
tobacco, the AAO gene is highly expressed in young tissues where rapid elongation is required.
Furthermore, the transgenic tobacco protoplasts over-expressing pumpkin AAO expanded more
rapidly than wild-type protoplasts. These results suggest that AAO plays an important role in cell
growth. We have studied the transcriptional regulatory mechanism of the AAO gene.

The unique element AGTA repeat (AAAAAGTAAAAAGTAAAAAAGTA
AAAAG), which has three AGTA sequences surrounded by A tracts, is found in the silencer region
of the pumpkin AAO gene. The AOBP (ascorbate oxidase gene binding protein) has isolated as a
protein bind to this unique sequence, AGTA repeat. AOBP has a zinc finger DNA-binding domain
named the Dof domain, which is conserved only in higher plants. Although the Dof proteins are
considered as the plant specific transcriptional factors, it is little known the physiological functions
and how the Dof proteins regulate the expression of the target genes as well as AOBP. In this study,
I focused on one of the Dof proteins, AOBP, and analyse its DNA-binding function, the molecular
mechanisms for the transcriptional regulation and the physiological functions in plant.

At first, in order to investigate the functions of the AOBP, I isolated the cDNA of AOBP
homologue from tobacco by RT-PCR method. Tobacco (Nicotiana tabacum) is one of the model
plants for research and the experimental methods using tobacco such as transformation, cultivation
of cells or protoplasts, are well-established. The Dof domain region in NtAOBP (GIn106 - His178)
was expressed as a GST-fused protein in E.Coli, then analyzed the DNA-binding activities of this
fused protein by the gel mobility shift assay. As the results, the Dof domain in NtAOBP was able to
bind to the AGTA repeat as well as the pumpkin AOBP. Furthermore, I investigated whether the
DNA-binding activity of Dof domain is inhibited by various metals. As a result, the Dof domain was
shown to be more sensitive to toxic metals because more metal ions that inhibited the DNA binding
in the Dof domain than in other zinc fingers. Furthermore, we investigated the possibility of
coordination of metals other than zinc in the Dof domain. The results show Manganese ion as well as
zinc ion were coordinated by the Dof domain in vitro. On the other hand, the analysis using



inductively coupled argon plasma mass spectrometry (ICP-MS) showed that the Dof domain
contained zinc ion but not manganese ion. Thus, the Dof domain was proved to function as a
Cys2/Cys2 zinc finger domain.

It is suggested that AAO plays an important role in cell growth, because the AAO, a target gene
for NtAOBP, is markedly induced by auxin, which causes cells to elongate and is highly expressed
in young tissues where rapid elongation is required. Furthermore, the transgenic tobacco protoplasts
over-expressing pumpkin AAO expanded more rapidly than wild-type protoplasts. Therefore, it is
thought that NtAOBP was related to the transcriptionaln regulation for the cell growth and
elongation. However, it is little known how NtAOBP regulate the transcription of the target genes
and the physiological functions of NtAOBP in plants. In order to clarify the functions of NtAOBP, I
investigated the cellular localization and the transcriptional activity of NtAOBP. Although the
NtAOBP protein has localized in nucleus, NtAOBP donlt had the activation nor repression
activities. However, I analyzed the phenotype of the transgenic plants and cultured cells
overexpressing the NtAOBP mRNA. These transgenic plants were suppressed growth and became
shorter than the wild type plant. Furthermore, the cell size of the transgenic cells was smaller than
the wild type cells. These results suggest that NtAOBP has important role to regulate the growth for
plants.

I have isolated a cDNA for the protein interacted with NtAOBP by the yeast two-hybrid method
to reveal the molecular mechanisms of the transcriptional regulation for the AAO gene. The isolated
cDNA has encoded one of the bHLH (basic helix-loop-helix) proteins containing ZIP (leucine
zipper) domain. This bHLH has localized in nucleus, therefore it was thought that this bHLH protein
function as a transcription factor. Then, I investigated the transcriptional activity of this bHLH
protein. The result showed that this bHLH protein function as a transactivatior while the NtAOBP
had no transcriptional activity. On the other hand, the expression pattern of bHLH mRNA was not
similar to that of NtAOBP but that of AAO. These results suggested that NtAOBP and bHLH are
competitively involved in the transcriptional regulation for the AAO gene. It is not reported that the
Dof proteins interact with bHLH proteins. Further analysis will elucidate the molecular mechanisms
of the transcriptional regulation only in plants.

Key words : Dof domain, Transcriptional regulation, Transcription factor, Ascorbate oxidase
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Photosynthetic water oxidation occurs within an oxygen-evolving complex (OEC), the catalytic
center of which is a tetranuclear Mn cluster that resides on the lumenal side of the D1 protein in
photosystem II (PS II). Two water molecules are oxidized to an oxygen molecule through a light-
driven reaction cycle via five intermediate states designated as So-Ss. When PS 1I is illuminated with
a series of short flashes, the Si-state OEC, which is thermally stable and is predominant in the dark,
is oxidized to the higher S-states in a stepwise fashion by absorbing a photon at each step. After the
third flash, the OEC reaches the highest oxidation state, Si, and then subsequently decays to the
lowest oxidation state, So, concurrent with the release of an oxygen molecule.

Essential information to understand the reaction mechanism of the photosynthetic oxygen
evolution, can be obtained by detecting chemical changes within the OEC, including the protein
matrices, amino acid ligands for Mn cluster, substrate water, and hydrogen-bonding networks among
these components, during the reaction process (S-state cycling) of the water oxidation. Vibrational
spectroscopy can answer this directly, therefore, light-induced Fourier transform infrared (FTIR)
difference spectroscopy has been extensively and successfully applied to the studies of the
photosynthetic oxygen evolution in these ten years. Studies in the mid-frequency region (1800 -
1200 cm?) indicated characteristic structural changes of protein matrices and amino acid side groups
during S-state transitions. In addition, high-frequency (3800 - 2150 cm™) spectra showed S-state-
dependent changes in the OH vibrational mode of water molecules. These may include modes
arising from amino acid ligand of the Mn cluster and from the substrate water molecules bound to
the cluster, but in an indirect manner. In contrast, metal-ligand vibrations generally appear in a low-
frequency (< 1000 ¢cm™) region, and therefore chemical bonding between Mn cluster and its ligands,
including the substrate water molecules, can be directly detected by means of low-frequency
vibrational spectroscopy. However, because of the technical difficulties for the low-frequency
measurements, very few studies were reported.

In the present study, in order to obtain direct information on the coordination sphere of the Mn
cluster, the methods for measuring for light-induced FTIR difference spectra during S-state cycling
in the mid- to low-frequency (1200 - 350 cm™) as well as mid-frequency (1800 - 1200 cm™) region
were developed. For assignment of the observed bands, the spectra were also measured in samples
that were labeled with isotope, such as *C, ®N, and ®*O-water (H2"*O).



In chapter 3, the entire mid- to low-frequency (1800 - 350 em™) FTIR difference spectra for the
S-state cycling of PS II core particles from Thermosynechococcus elongatus were reported. This is
the first time report on a complete set of S-state cycling spectra in the 1800 - 350 cm region.
Interesting bands, that changed their signs and intensities as the S-state advanced, were observed.

In chapter 4, the mid-frequency (1800 - 1000 cm™) FTIR difference spectra for S-state cycling
were further investigated. S-state cycling spectra in the PS II core particles from thermophilic
cyanobacterium (Thermosynechococcus elongatus), mesophilic cyanobacterium (Synechocystis sp.
PCC 6803), and higher plant (Spinacia oleracea) were very similar, suggesting that largely identical
processes take place during the oxygen evolution in prokaryotic and eukaryotic OEC. Effects of
global ®N- and ®C-isotpe labeling on the spectra were examined to assign the observed bands in the
core particle from Synechocystis. With respect to the frequency region below 1200 cm?, several
bands in 1200 - 1140 cm™ range were attributable to the nitrogen- and/or carbon-containing group(s)
that are closely related to the oxygen evolution process. Especially, the putative histidine ligand
exhibited a band at 1113 cm™ which was affected by both *N- and *C-labeling and showed distinct
S-state dependency. Effects of *O-water substitution were also studied using the core particles from
Thermosynechococcus. The 1800 - 1000 cm™ spectra were scarcely affected by the *O-water
substitution, indicating that few vibrations related to the substrate water or these from groups
including oxygen atom exchangeable with oxygen from water are included in this frequency region.

In chapter 5, the mid- to low-frequency (1000 - 800 cm™) FTIR difference spectra during S-state
cycling were further investigated systematically by the use of *N- and *C-isotope labeling and *O-
water substitution. Possible assignments of the bands are discussed. Notably, the 1000 - 800 cm
spectra were scarcely affected by the '*O-water substitution, suggesting that the vibrational modes
from the Mn-water interactions in the OEC are undetectable or entirely absent in this frequency
region.

In chapter 6, the low-frequency (650 - 350 cm™) FTIR difference spectrum corresponding to Si-
to S:-state transition in PS II core particles from Synechocystis and each transition during S-state
cycling in the core particles from Thermosynechococcus were analyzed in detail by using “N- and
BC-isocope labeling and *O-water substitution. The *O-water sensitive modes showed characteristic
changes during the S-state cycling, suggesting the changes in chemical interactions between the Mn
cluster and oxygen ligands derived from the substrate water molecules during the process of the
water oxidation. Further assignment of the low-frequency bands using "O-water and *H20 will bring

deeper insight into the chemistry of photosynthetic water oxidation.

Key words : photosystem II, oxygen evolving complex, Fourier transform infrared
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In this doctor's thesis, the distribution and the behavior of Reactive Oxygen Species: ROS
(mainly hydrogen peroxide (H:0z2)) in the ocean was studied. I have studied the biological generation
of H20: as well as the production by photochemical processes. Especially the phytoplankton that
may cause harmful algal bloom with the mortality of cultured fish and bivalves, in late spring to
early summer in the Seto Inland Sea and other coastal seas in Japan were investigated for their ability
of ROS production and decomposition by analyzing of natural red tide seawater and cultured
samples.

In chapter 1, previous studies of production, distribution and decomposition of H:O: in the
environment mainly in the atmosphere and the ocean was summarized and on the basis of previous
studies, the aim and significance of this study were described.

In chapter 2, the concentration and the behavior of H:20: in the Hiroshima Bay seawater was
investigated during 8 cruises in 1996 to 2002 (except 2000). H20: was characterized as higher
concentrations at the surface water with decreasing trend with depth. The H:0: concentration showed
higher during the daytime (140-450 nmol L at 5:00-19:00) than during the nighttime (85-260 nmol
L' at 20:00-4:00) and suggested that H20: at the surface seawater was generated by photochemical
reaction and also partly by biological production on the process of photosynthesis by phytoplankton.
The correlation of H:0: with environmental factors such as salinity, water temperature, solar
radiation, concentration of dissolved organic matter was examined by statistical analysis and H20:
concentration was found to be controlled by mainly salinity and water temperature in Hiroshima Bay
probably due to the influence of river waters running into the bay. H:20: photo-production rate was
estimated to be 8.0-16 nmol h' by solar irradiation experiment and indicated faster production rate
than those in another sea areas reported previously. Estimated H:O: half-life time under the dark
condition was 12-14h and seemed to be faster decomposition rate compared with those in other sea
areas. Decomposition of H:0: was prevented by filtration of seawater before the incubation,
suggesting that the decomposition was taken place by microorganisms including phytoplankton in
seawater.

In chapter 3, biological production of H20: in Hiroshima prefecture coast seawater was
observed. Concentration of H:0: in natural red tide seawater was compared with that in natural

seawater (containing no red tide dominant species). Natural red tide seawater was taken from 3
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harbors in Hiroshima prefecture. I have observed a phytoplankton Chattonella ovata (Raphidophyte)
that had never occurred red tide until now in Japan has caused big blooms and generated high
concentration of H202 (1,700-5,600 nmol L*). After the separation of C. ovata from the red tide
seawater, the production ability of HzOz under the artificial culturing condition (21°C, 12h light: 12h
dark, 42-62 p photons) was observed and confirmed that C. ovata produces Hz0:, with the increase
of cell number, as the same phenomenon has been observed in other Raphidophyte species such as
Chattonella antiqua and Chattonella marina in previously reports.

In chapter 4, production mechanism of H:O: by C. antiqua was observed. 1 have measured the
activity of Super Oxide Dismutase (SOD) to estimate an enzymatic formation of H:O: from Oz in
algal cells. High SOD activity was found in the cell of C. antique, indicating large production of
H:0: while low SOD activity was detected in the cell of H. circularisquama, indicating little or no
production of H:O,. The result of Native-PAGE active staining analysis for cultured samples
suggested that both C. antiqua and H. circularisquama contain Mn-SOD in the cell as a kind of
antioxidant system.

In chapter 5, the mechanism of Hz0: decomposition by C. antiqua and H. circularisquama was
observed. Decomposition ability of H20: was completely diminished by filtration of the culture
solution containing the phytoplankton studied, which suggested that cell itself (probably cell surface)
is involved in the decomposition process of H:0:. H. circularisquama has shown strong
decomposition ability compared with that of C. antiqua. 1 found that C. antiqua has a high catalase
activity (5.2 units! 10° cells mL") but H. circularisquama indicated the low activity (1.3 units* 10°
cells mL"). The confirmatory test was done by using 3-amino-1,2,4-triazole (3AT) which inhibits the
activity of catalase. Since higher concentration of 3AT added to the cell suspension resulted in
higher H20: concentration, the involvement of catalase against the decomposition of H202 was highly
likely. Ascorbate peroxidase (APX) activity was found to be strong with H. circularisquama (1.73
- mol mg Chl'min?) and low with C. antigua (0.55 p mol mg Chl' min?). To decompose the
harmful H:0:, C.antiqgua will use mainly catalase to keep the balance of H20: concentration both
inter-cellular and outer-cellular environments. In other hand, H. circularisquama will use both
catalase and APX to rapidly decompose HzO:.

In chapter 6, I have summarized and discussed on all the experiments mentioned above. From
my results, H:O: in Hiroshima Bay seawater is produced by both photochemical reaction and
biological process. The photochemical reaction is probably the dominant pathway of generation of
H20: during no blooms of phytoplankton in Hiroshima Bay while during some phytoplankton bloom
period biological process may be the dominant for H:20: generation. Now it is clear that some
Raphidophyte species that cause red tide in Japan and other countries have the specific mechanism of
H:0: production and decomposition. Considering significant fishery damage reported by this species,
further clarification of production and decomposition processes of ROS is needed.

Key words : H:0:, Chattonella antiqua, Heterocapsa circularisquama, photochemical reaction, red
tide, H20: production and decomposition
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Dissolved organic matter (DOM) in river waters is originated from various natural and man-
made activities occurring at water catchment's areas. DOM plays a significant role in controlling the
water quality, biogeochemical carbon cycle and energy sources for microorganisms in natural water.
The major parts in DOM in river waters are the humic-like substances (50-90%), composed of fulvic
acid and humic acid. Fluorescent whitening agents (FWAs), such as distyryl biphenyl (DSBP) and
diaminostilbene type (DAS1) are most commonly used whiteners in household detergent productions
and papers, which are significantly detected in major rivers in Japan, U. S. A and Europe. As the
fulvic acid and FWAs are specific organic compounds in natural water, characterization of those
substances is an important step to elucidate the chemical nature of DOM and its decomposition
processes in natural water. Fluorescent dissolved organic matter (FDOM), such as fulvic acid and
FWAs in waters are easy to characterize by the fluorescence properties. As the superiority of the
three-dimensional (3-D) fluorescence spectroscopy for the characterization of FDOM in water is
well known, this technique is widely used for investigation of sources and chemical nature of FDOM
in natural water.

Hydrogen peroxide (H:202) and organic peroxides (ROOHSs) are frequently present in all natural
waters and they are involved in the red-oxi reactions of various chemical species dissolved in natural
water. H20: is considered to be a final product through a chain reaction among DOM, dissolved
oxygen and natural sunlight. Due to characteristic differences of DOM composition and their sources
in the upstream and downstream river waters, it is interesting to examine the peroxides
concentration, their sources, and the causes of the variations in the upstream and downstream river
waters. Moreover, investigation of ROOH as well as H20: may be a crucial for better understanding
the photochemical or biological processes in river.

In Chapter 1 it described about the overview of the chemistry of DOM, FDOM and peroxides in
river water. The major objectives of this study are:
1. To understand the concentration variations and transport of DOM from upstream to
downstream areas in Kurose and Ohta River waters, Hiroshima prefecture, Japan.
2. To characterize the optical nature of FDOM in the river waters with the measurement of
fluorescence properties by comparing with that of the standards of the Suwannee River
Fulvic Acid (SRFA) and Humic Acid (SRHA), tryptophan, and FWAs, such as DAS1 and
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DSBP.

3. To investigate the spatial-temporal variations of H20: and ROOHs in Kurose and Ohta
River waters and then to discuss about the factors controlling their concentration.

4. To examine the photochemical production mechanisms of peroxides in river waters by
conducting photoirradiation experiment on various standard FDOM using solar simulator.

In Chapter 2 dynamics and optical nature of FDOM were investigated in two rivers (Kurose and
Ohta) in Hiroshima prefecture, Japan during 2002-2003, by measuring dissolved organic carbon
(DOC) and three-dimensional excitation emission matrix fluorescence (3-D EEM). In monthly
collected samples, DOC varied from 43 to 146 M C at upstream sites in both rivers, and from 130
to 349« M C and from 45 to 164 M C in Kurose and Ohta downstream, respectively. The 3-D
EEM of FDOM in the river waters identified three characteristic peaks, indicating the occurrence of
fulvic acids (peak F), FWAs (peak W), and protein-like substances (peak T). The upstream FDOM in
the both river waters and the downstream FDOM in the Ohta river contained the peaks F and T,
identified by comparing with that of the SRFA and tryptophan and their photo-irradiated standards.
The 3-D EEM of FDOM in Kurose downstream waters, however, contained the peaks W and T. The
ratio of fluorescence intensity (FI) for peak F or W to DOC (FI/DOC-index) was estimated to be
high (2.00%=0.51 to 2.09+0.38 QSU (quinine sulphate unit)/ #« M C) at Kurose downstream
compared to Ohta rivers (0.731+0.35 to 0.74£0.38 QSU/ M C) and to the Kurose River upstream
(0.55%0.22 to 0.65+0.21 QSU/ M C), and the absolute FI values were several times higher in
Kurose downstream waters than Kurose upstream and Ohta river waters. Moreover, studies on the
photo irradiation experiments of various standard FDOM indicated that the peak W is easily photo-
decomposed while the peak F appears to be photo-resistant. These results indicate that the chemical
properties of FDOM in the Kurose downstream waters are different from those in the Kurose
upstream and Ohta river waters.

In Chapter 3 H202 and ROOHs were investigated in two river waters (Kurose and Ohta),
Hiroshima prefecture, Japan, during the period of 2002 - 2003. H20: monthly varied from 6 to 213
nM (mean 52£48 nM) and from 33 to 188 nM (84 =51 nM) at Kurose River and Ohta River,
respectively. ROOHs varied from 0 to 73 nM (29+18 nM), and from 1 to 80 nM (3021 nM) in
both rivers, respectively. Concentrations of peroxides were higher during summer than winter. Hz20:
concentrations were well correlated with DOC contents and FI of FDOM in Kurose River, but in
Ohta River H:20: was only correlated with FI, suggesting DOM and FDOM to be major H:0:
sources. Photo-irradiation of various standard FDOM using solar simulator implied that fulvic acid is
the dominant DOM for the production of peroxides in both rivers. A negative correlation was
observed between the number of bacterial cells and the peroxides from the Kurose downstream
waters only where a large number of bacteria exist. From these results the peroxides concentration in
the river water is regulated mostly by photochemical production through the degradation process of
fulvic acid, except for the downstream waters of Kurose River, in where it is also controlled by
bacterial decomposition process.

In Chapter 4 it discusses and summarizes on the most important results obtained in this study.

Key words : Fulvic acid, protein-like substances, hydrogen peroxide, organic peroxides,

photochemical processes in river water
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HAT & ZDORFETHRE LY A OAEFRELMEEE T C HFHRER L AL Lz, DAETIZI9604EMK
RITHIE SN NEEIEARE R REIE R IEEIC X T, RS OEREGBIMICICTL, 4HTI
19704E 8 5 BB L 7 1A LT b, ZRALBEE OMEE ORI & - T, o HEE LK L7z,
TEMEERFEORE IR ST, HiRc X o Tkt LABIMER IS 5, FRICEIED IS 45252 b
T &0 S HE SN D 1 RIGEHRME O BERILY & RILKEL P RAT THEZ T OBMEFER s %’
Z L, 2REICEAETHIMILEOWET, FHSIEA VY TH b, METEENEMILSORALE (Mo FhE
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The decline of Japanese apricot trees (Prunus mume) has been observed in some orchards in
Tanabe City and its surrounding areas, Wakayama Prefecture, western Japan since the mid 1980's.
Furthermore the decline spread throughout most orchards in the northwestern part (declined area) of
the Tanabe City in the 1990's.

In these declined areas, air pollutants (wet and dry deposition) derived from the anthropogenic
activities were considered one of the primary causes of the decline. The amount of dry deposition in
washoff solutions of leaves and stemflow of trees in the declined areas were higher than those on the
southwestern areas of the City (non-declined area). In the exposure experiment conducted in order to
evaluate the effects of dry deposition on P. mume in experimental greenhouses, the maximum CO:
assimilation rate, stomatal conductance and RGR (Relative growth rate) of the trees decreased with
increasing concentrations of pollutants in the solutions.

Photochemical formation of oxidants such as hydrogen peroxide and the hydroxyl (OH) radical
in the aqueous phase have significant effects on the composition and chemistry of the troposphere.
Such oxidants cause oxidative stresses in plants, and have been suggested to cause forest decline due
to their high reactivity. Recent researches reported the harmful effect of the hydroxyl radical on the
ecophysiological traits of Japanese red pine trees (Pinus densiflora). They indicated that the liquid-
phase free radicals (OH radicals) were formed on the leaf surface by photochemical reactions in dew
droplet, and conclude that the stress of polluted dew induced decreases in leaf photosynthetic rate
and stomatal conductance. Thus, dew polluted with dry deposited on P. mume leaves, were focused
on as a factor affecting the physiology and growth of Japanese apricot trees. In the present thesis,
effects of mists which simulated the polluted dew and authentic dew of leaf surface on the
ecophysiological characteristics and growth of P. mume were examined at Tanabe City.

In Chapter 2, the effects of the hydroxyl radical on the growth, gas exchange rates and
chlorophyll fluorescence of 3-year-old seedlings of P. mume were evaluated. In the declined area,
hydroxyl-radical-generating solutions simulating the polluted dew were sprayed on the leaf surfaces
of seedlings grown in experimental greenhouses three times a week from May to November 2001.
Four hydroxyl radical generating solutions, which were formulated utilizing the photo-Fenton
reaction (HOOH with Fe(Ill) and an oxalate ion), were used in the exposure experiment. Three
contained 6, 18 and 54 M of H.0. (HOOH-6, -18, -54) and one was distilled water as a control



solutions (HOOH-0).

After five months from the beginning of treatment, the leaves exposed to the hydroxyl-radical-
generating mist with 54 4 M H:0: (HOOH-54) showed a significantly smaller maximum CO:
assimilation rate (4mx) and stomatal conductance (gs) as compared to the leaves exposed to the mists
with 0 M H:z0: (HOOH-0). The hydroxyl-radical-generating mist exposure on P. mume seedlings
caused a reduction in the dry weight and relative growth rate (RGR) of the above-ground parts (stem
+ branch) in the end of growing season. Positive significant correlation was shown between RGR
and Amax. Thus, the effects of oxidants in the liquid phase generating in polluted dew on the leaf
surface are supposed to be a cause of decrease in the leaf photosynthesis and growth of P. mume.

In Chapter 3, the growth reduction as a result of long-term exposure (for three years) of P.

mume to low level of hydroxyl-radical-generating mist was quantified. Four-year-old P. mume trees
planted on ground in the experimental greenhouses were exposed to hydroxyl-radical-generating
solutions (simulated polluted morning dew) for three years from 2000 to 2002.
Two solutions (HOOH-0 and HOOH-6) were used in the exposure experiment. During the
experiments, maximum CO: assimilation rate (4m) and stomatal conductance (gs) of HOOH-0
exceeded that of HOOH-6 since the ends of each growing seasons. For three years (2000-2002),
exposure of P. mume leaves to low concentration of hydroxyl-radical-generating mist (HOOH-6)
decreased Amx and gs and reduced dry weights and RGR of the above-ground parts. Furthermore, this
decrease of RGR was maintained and expanded for three years. On the other hand, there were no
significant decreases of GR and RGR in below-ground parts between them. Nevertheless, the GR
and RGR of HOOH-6 significantly decreased comparing to those of HOOH-0 at the whole plant
level.

In order to verify the effect of hydroxyl radical generated from polluted dew at the declined
area, two equipments were installed. Transparent roof and fans to prevent frost falling and the dew
formation were installed at declined orchards. In this experiment, the growth of P. mume trees was
measured and the comparisons between control (in the declined field conditions) and treatment were
made. Throughout the transparent roof experiments for three years from 2001 to 2003, each
parameters(4max, gs and RGR) of inside were higher than that of outside and the differences between
inside and outside became greater. Also, in the fan-installation experiment, although the RGR
remarkably declined trees in non-installed area decreased dramatically for two years, that of fan-
installed was maintained with the almost same level. In these experiments, by avoiding the dew
formation to block the effect of hydroxyl radical and acid deposition, the recovery of physiological
activity and growth in declined trees was possible.

The results presented in this thesis demonstrate that hydroxyl-radical-generating solutions,
intended to simulate polluted dew, induced an ecophysiological disorder in P. mume trees. Although
significant differences were observed in the gas exchange parameters, the chlorophyll fluorescence
parameter showed no significant differences for the different concentrations of solution throughout
the experiment. These results suggest that hydroxyl radical generating solutions had little effect on
the potential maximal quantum yield of PSII. Also, Amx tended to increase with an increase in gs.
Similar trends were also reported for Japanese red pine trees. Therefore, the decrease in the Amax of P.
mume leaves induced by hydroxyl-radical-generating solutions was thought to be due to stomatal
disorder rather than an effect of PSII. In this thesis, furthermore, it became clear that the above-
ground growth of P. mume trees decreased after exposure to hydroxyl-radical-generating solutions.
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The concentration gradient of hydroxyl-radical-generating solutions showed a significant negative
correlation to the RGR of seedlings. Thus, hydroxyl-radical-generating solutions are appear to be
responsible for the changes in physiological functions and the reduced the growth of P. mume trees.

By control of micro-climatic conditions using dew formation block roof and fans, the recovery
of growth in declined trees was possible. Therefore, the effects of oxidants in the liquid phase,
especially free radicals in polluted dew on the leaf surface, are an important cause of the decline in
P. mume trees in Tanabe City and its surrounding areas.

Key words : Prunus mume, Hydroxyl radical, CO: assimilation rate, Stomatal conductance, Relative

growth rate
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SHEH Y 2UE, TRARENY DM ORI AR E AT E L, £ 04BN - EBMRRREDE L < FRL
LTBY, HEESHHMOH CEMAOREIEIELZLZDDE ENTWE, FTHERRTRESIE, BEIC
FEIE L 2SR EEBRRTH 5o MOMMAEEY OMERIT, REHET S 2 OMBER L ZNL 5T 5
6 AT DM S e o TWADIZH L, BERAETIE, HEIEIIBW TV L O20MEHT#ME L TwbY 5
BT ERIBELTWh, T, ¥ IOMRERIE, SIIEOMSEMERYS 20, KERMEGWRIC & 5 H
& AVENIEZE I & MRS & D MR EZ 2T Tnd, TNH6DZ Ehs, ¥k, EHFRITH)
FOSUTIEH 2 £O, PR OMMALS, AR - FEES, AMECRETEICET AR S N T
WBDS, MR TF FRRVE L L EOWY - BIEFLANVTOMEIZIZEA RSN TRV, 22T
Y A ORGIEIG T I E RS LT, HHREMRRICHEET 2Ha0 7T FOREZ B L7,

1ZE:D-7I/BESU AKREDUREEIME T F K (octopus cardioactive peptides) D& & E4iE

[

TFH T IARREMREER LY, AR A IEEZ B L L T 4 i Doctopus cardioactive peptides (ocp-
1,-2,-3,-4) %= #i{L L 725 Ocp-1& ocp-213Gly-Phe-Gly-Asp, ocp-3 & ocp-4 (X Gly-Ser-Trp-Asp® 7 3 / BEELY % 7Rk
L7245, ocp-lXocp-4Tld, NKMD S 2FHOT I/ BERIEDSD-BYARIZ R > TR B T ENbhrotz, &
512, ocp-1 (Gly.oPhe-Gly-Asp) &ocp-3 (Gly-Ser-Trp-Asp) (&, HROIcx L CEEMERERLZDS, £
NENDOEMRTSD %ocp-2 & ocp-41IiEMEEZ R S %2425 725 TOF-MS & tandem MSIZ & 1), KL 2 Gly-Phe-
Gly-Asp & Gly-Ser-Trp-AspDAFFE WG L 720 SO L D5, ocp-1& ocp-3IE MR THK SN, HLIE
ZRERRAE E L CHREMIEH 2 R RTF R TH DL I EDRBENTz, TNFE T, SKEEWICHET 5%
DHDOD-T I/ BEGLRTF FPMONT WS, HTH, 77U B A YA 05 HEEES N 7zachatin-1
(Gly-oPhe-Ala-Asp) DHirEiZocp-1 (Gly-oPhe-Gly-Asp) & IEHIZEITH Y, achatin-IRTERIA ¥ > /827 B 121d
Gly-Phe-Gly-AspFCH| b fF4ET 5 Z & 05, ocp-1& achatin-IIZ[FEBIMRICH B EEZ 5N b, F72, ocp-4D
EIHED-T IV BEEORTF FICHEESEDOONZWEbHE SN TnE, ZAH VT (Helix pomacia)
»5, NEiA S 2 % HAL-Phe Td % Helix CCAP-RP-11 & D-Phe T % Helix CCAP-RP-IIIASH B L 1172, i
HlL, ATV XA TARABETHICIGREEZ R L7720, B#7E, WEERS o7z, D-T7 IV BOFF
FEEHLHENI VT, O Ear 7+ 2= ar] 2BETAIENTES | QEMWEHENEZ EA
WY @RTF FOEWWLEEM L IER S22 P EZ N, L-7 3 /B0 5D-7 3/ BRANOZERIZ Y
BICAER &t 0726 EEZ 5N TE T, Ocp-4%° Helix CCAP-RP-11175% DB DAL EFAEH 12 B
TL-7 3 /AT F LD BWEEZRTITRERIIR SN TV S5, INo0XRTF FOFEE, EYNS
BHEO—#EZ/RLTWD D7 b Lk,
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F2E  ERERRIBARIVE CBEKRILE AT F K (octopus gonadotropin- releasing hormone) D&
EEEMSE

GnRHIZ, HHEENWICIL CAFAEL, BURTHES-B T BAR-AEFERB O E B DT F FRLVEYTH D,
FEEMEBI I BV ThH, GnRHEYE OFAEATRIEMARLEMFEERIC X DRI I N TWzAs, BREYAY
TRV TZOMBEIIECHLPIZEN TV D o7z, 4, <5 T OHRHEER & D A BUETE 2 R
FT125E DT F ¥ (<Glu-Asn-Tyr-His-Phe-Ser-Asn-Gly-Trp-His-Pro-Gly-NHz) % #fifb L7, Z DOfE0SNE
WS 2, 3FHOEMEEZRVT, GnRH7 7 3 ) — X7 F FOR#E Lod@n (NKiRY T 7Ly 3 Vg,
His?, Ser', Pro’, GIy“OfffF, CKIG7 I MMb) %7z L Tw/zZ &% 5, octopus GnRH (oct-GnRH) &%
T 7z F72, BHEBIW OGnRHATEKK Y > /37 B OFEARMERE (27 F VT F F, GnRHELSB & O-Gly-
Lys-Arg-OYIRFEAL, & 5 I1C505% 5101 OGnRHBI#E X 7 F ' (GAP)) & oct-GnRHD FERIE S > 737 B D #:
REEED—H L T2 D5 b, oct-GnRHIZFHEEIWGnRHD [FEIK L H 2 5 b, ¥ T Dgonadotropin®
BEAHL NI EN TV RWwD, ¥ axH0zpiT v A RPHFIEL %\, %2 Toct-GnRHE 7 A7 D
T AR S5 &, IRERFENICEREEAVE Y 2 &S, 2o Ens, 24 Ed
oct-GnRHIZ gonadotropinfit i {1 & £ o TV 5 2 L AYRME Sz, F 72, mammalian GnRHIZEIVE v F .l
fF Lok L CHMEN R AR T 2 L MSNT WA, 10°M Doct-GnRHIE, ~ & I ISR U T B
X O & D IZHIIN S €725 Oct-GnRH 7 b Asn®-Tyr’ Bt 7] % Bl L 72X 7" F F B X Uchicken GnRH-II1Z,
10°MT b~ & R3S L T % 7R S 72\ 25, chicken GnRH-IIIZ Asn>- Ty Byl % 3 A3 5 & #5@iG Mt %
R LI oTe TOTE XY, oct-GnRHD Asn®-Tyr'FtH1E, ~ & IROIEIGHEICULIETH 5 L BbNI
N

EI3E  EREBRIBARIECBEARILEHNTF K (octopus gonadotropin- releasing hormone) X
HIRRE L UKREERICH T2 RB AT EHEED SN

In situ hybridization & S MHRILZ Tk % IV 720ct-GnRHD FEIR & 534 5 5, oct-GnRHD W) 519 B FE
DM 2 K72 & TOEFERRIE, R EICH PR 55U S NS R FIS X o T L, SRR OIES)
X, WTHZEZEE 3 2 ERRMRIC X > THIRIMICER ST b, BT HZEIZoct-GnRH mRNAZS B
fadk & oIk B & OHRAED D 1, BLER I RIE R IEARAE, B IR bR b & OSHRAE AL
L7zo &512, BMIRAOBARIRA RS & EHIETH 5 BRI IEHTERS 2 fEEE L 72, KR T, %
W AR AHEDS IR B L IR ERICHAE L, oct-GnRHIZ X V) IR @ HEYAEAHE K L 72, In situ hybridization|Z
SABLTFNUDNEEIN G072 805, FHHIRIZB WV Toct-GnRHAVE L E N T WA D) L ) 2 HEdE 1315
SN h o728, BIRMIFLICoct-GnRHAYE ENT WD Z L2 MO TR L7720 TNOHDFERIZE D, oct-
GnRHOAEFHIZKT T 2B L LT, OB T MZE- AR 4Rl B X ORI AR AR A Bl (BLPR T 346-
TEAR-EFERRENCA Y T 5) (ICBWCHREAE FET 2 | OBMIRO 2RI 5 50 S, AGERR IS
M3 2% : @QFME M2 LT 2 HRIEHWE CThH D Z LR SNz,

THEB Y OIERLR THGnRHR, ¥ 7% b bk s X TP INGnRHZ I, AL <3R5 20 4 v
MU= 2R L, 1TE), fRH, RESC S SERERBREOHEIC O Abo TR EEZ LN TV,
Oct-GnRHIZ, WO EMHE LB L O FEE% &b TI0DFEBOMIATER S, MakIiciEty b —
7 ERBEHELTVD, 728 21E, oct-GnRH% & Lol & it s, BETEoRE %47 ) LA OBkEE, #%
FEERIEOHETH 5 TALATHELE, HELHEIC L 2REORNTH 2 H3E, IO MRS A % & & Pl
OFWRTH 2HNENIRIESR SWHFET S0 2O LI, oct-GnRHATIEME FTEGnRHA & RIS, & 2 OfT
By, M5, B - FE L CICES T 2SR R MR EW R D L IIMRBHIME TH L I L ERIEL TV
5o

FEH
7 ORI, L 72ERRTO REEMAEI L, A4 2WEICH L TRIBT 2 enrs, RTFFD
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