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Egg-related traits in chickens are classified into three categories; that is, (1) egg production traits, (2)
external egg traits, and (3) internal egg traits. These traits are controlled by multiple quantitative trait
loci (QTLs) with main and epistatic-interaction effects and influenced by some environmental factors.
Due to the complex genetic architecture, it is difficult for breeding programs of chicken industries to
improve such traits in a short term. The information of QTLs affecting quantitative traits leads to marker-
assisted selection which can be applied to chicken breeding. Adopting the marker-assisted selection,
breeding programs will become more accurate and efficient, because it uses DNA information directly.
In the present study, QTL analyses were conducted with the aim of understanding the genetic factors
affecting egg-related traits in chickens.

In Chapter 2, QTL analyses for egg production traits were performed with 139 microsatellite
markers on 26 linkage groups, using 421 F, hens from the crosses between a Japanese Large Game (Oh-
Shamo) cock and three White Leghorn hens. Egg production traits included age at first egg (AFE) and
egg production rates (EPRs) during every 4 weeks from 22 to 62 weeks of hen age. Consequently, a
main-effect QTL and two epistatic QTLs were found for AFE on chromosomes 1, 7, and 8. Moreover,
four main-effect QTLs and four epistatic QTLs affecting EPRs during 26-30, 30-34, 42-46, and 54-58
weeks of age were detected on chromosomes 1, 2, 4, 11, 17, and 19. The alleles at the two EPR QTLs
derived from the Oh-Shamo breed unexpectedly increased the trait values, irrespective of the Oh-Shamo
being inferior to the White Leghorn in the trait. This suggested that the Oh-Shamo, one of the indigenous
Japanese breeds, is an untapped resource important for further improvement of current elite commercial
laying chickens.

In Chapter 3, QTL analyses for external egg traits were performed with 147 microsatellite markers
on 27 linkage groups, using 388 F, hens from the same resource population as in Chapter 2. External egg
traits were measured at three different production stages; that is, first egg stage (E-), and 300 and 400
days of hen age (M- and L-). The traits measured were egg weight (EW), eggshell weight (SW), the
length of the long and short axes of the egg (LLE and LSE), thickness of the narrow end, blunt end, and
the equator of the egg (STN, STB, and STE), eggshell strength (SS), and lightness, redness, and
yellowness of the eggshell color (SCL, SCR, and SCY). QTL analyses revealed 37 significant QTLs
with main effects on external egg traits. For egg weight and size, 13 main-effect QTLs were found on
chromosomes 4, 8, and 11. For eggshell thickness, nine main-effect QTLs were detected on

chromosomes 1, 9, 10, 17, and Z. For eggshell color, 15 main-effect QTLs were discovered on
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chromosomes 1, 4, 5, and 11. In addition, four significant QTLs with epistatic interaction effects were
identified for M-EW on chromosomes 5 and 8, and for E-LLE on chromosomes 1 and 4, respectively.
Moreover, the present study revealed some QTLs showing age-specific effects.

In Chapter 4, QTLs for internal egg traits were discovered with the same materials and methods as
in Chapter 3, except for the number of F, hens being 371. The trait data collected were albumen weight
(AW), yolk weight (YW), albumen height (AH), yolk height (YH), the length of the long and short axes
of the thick albumen (LTA and STA), the length of the long and short axes of the yolk (YL and YS), and
lightness, redness, and yellowness of the yolk color (YCL, YCR, and YCY). All in all, 38 QTLs with
main effects on internal egg traits were found. For albumen weight and size, 15 QTLs were detected on
chromosomes 1, 4, 5, 6, 8, 9, and 27. For yolk weight and size, 16 QTLs were discovered on
chromosomes 7, 8, and Z. For yolk color, seven QTLs were found on chromosomes 3, 4, 8, and 27.
Furthermore, 20 QTLs with epistatic interaction effects on yolk weight and size were identified on
chromosomes 5, 7, 8, 9, 15, and 17. On chromosomes 6 and 9, two interacting QTLs affecting yolk color
(L-YCL) were detected. Similar to the case of external egg traits mentioned in Chapter 3, many age-
specific QTLs affecting internal egg traits were found. For example, for YW, a main-effect QTL on Z
chromosome and epistatic QTLs on chromosomes 5 and 8 were associated with the trait at the middle
stage only, while interacting loci on chromosomes 8 and 17 affected the trait at the late stage only.

In the present study, all in all, 80 main-effect QTLs and 32 epistatic QTLs were identified on
chromosomes 1, 2, 3,4,5,6,7,8,9, 10, 11, 15, 17, 19, 27, and Z. Of the 80 main-effect QTLs for egg-
related traits, 50 are newly found loci, as compared with other studies. Moreover, the finding of epistatic
QTLs affecting egg-related traits in the present study is the first example in the world. The reasons why
such new and a great number of QTLs with main and/or epistatic effects could be found are thought to
be attributed to good selection of parental breeds in constructing a resource family and a large number of
target traits at different stages of egg production.

The results obtained from the present study will be a basis to reveal complex genetic network
between QTLs affecting egg-related traits, and to perform actual marker-assisted or gene-assisted

selection in chickens.

Key words: chickens, egg-related traits, quantitative trait loci, epistasis, age-specific QTL
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The family Sparidae (Teleostei: Perciformes) is distributed in the coastal waters of tropical to
temperate zones worldwide. In Japan, there are 7 genera and 13 species of sparid fishes divided into 3
subfamilies (i.e., Sparinae, Pagrinae and Denticinae). Sparid species are very important commercially in
Japan, especially for the fisheries industry. Most of the parasitological studies in sparid fishes from
Japanese waters were done in the early half of the 20th century, but the metazoan parasites have been
reported from only 2 of these 13 species. Currently, no researcher has attempted to survey the parasitic
fauna of sparid fishes in Japanese waters. Therefore, the aim of this study was to clarify the current
diversity of the metazoan parasites infecting 9 sparid species by combining both taxonomical and
ecological studies. In addition, this study investigated which parasite species were pathogenic to the fish,

and which species could be used to infer the phylogenetic relationship of their hosts.

A total of 775 specimens of sparid fishes were examined for the detection and recovery of parasitic
copepods by applying standard dissection techniques and double netting. The combination of ‘double-
netting’ (DN) with the standard dissection technique has been proved to be an effective method for the
detection and collection of parasitic copepods. Accordingly, a total of 4,429 specimens were collected
only by the standard technique, but 1,448 individuals were additionally recovered by applying the DN.
The most abundantly recovered copepods were bomolochids (N =882), followed by caligids (202),
philichthyids (132), lernacopodids (121), and lernanthropids. Among the 882 specimens of bomolochid
copepods, species such as Naricolax atypicus and Orbitacolax sp. 1 parasitic in the nasal cavities and on
the eye orbit of Acanthopagrus schlegelii schlegelii, were the most abundantly recovered (653) after
applying the DN.

This study described eight undescribed species, comprising 7 copepods (i.e., Orbitacolax sp.,
Naricolax sp., Colobomatus sp. 1, Colobomatus sp. 2, Colobomatus sp. 3, Clavella sp., and Naobranchia
sp.) and one leech (i.e., Austrobdella sp.). Fifty-eight new host records were reported for the following
parasitic groups in sparid fishes: copepods (37), isopods (3), leeches (2), acanthocephalans (4), digeneans
(3), and nematodes (9). In addition, Colobomatus mylionus was redescribed based on new material
collected from three Acanthopagrus species in Japanese waters, referring to the Australian C. mylionus
as a different species. The infection site of this phylichthyid copepod was revealed for the first time.

These phylichthyid copepods (i.e., Colobomatus mylionus, Colobomatus sp.1, and Colobomatus sp. 2)
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provided information about the phylogenetic relationship of their hosts at the subfamily level.

The series of chalimus stages of Caligus latigenitalis was completed based on the material collected
from a heavily infected blackhead seabream from Hiroshima Bay, Seto Inland Sea, Japan. The majority
of C. latigenitalis were chalimus larvae. Of these 6.34% (66) were chalimus I, 10.1% (105) were
chalimus II; 20.2% (210) were chalimus III; and 24.0% (250) were chalimus IV. Adult females of
C. latigenitalis accounted for 24.5% (255) of the total copepods followed by adult males (14.7% , 153)
and copepodids (0.2%, 2). These findings accounted for both the second reported case of heavy infection
by sea lice and the heaviest so far reported on wild fish from the coastal waters of Japan. A new
terminology for the developmental stages of caligids (Copepoda) was proposed by amending the

definition of the term ‘chalimus.’

The adult female of Naobranchia denticis was described based on the material collected from the
gill filaments of the yellowback seabream Dentex hypselosomus caught in the southern Sea of Japan.
This finding represents the first report of Naobranchia species from Japanese sparid hosts and the fourth
report of this genus from the coastal waters of Japan. A key to the 21 species of Naobranchia was also
proposed. Pseudoacanthocanthopsis secunda, previously regarded as species inquirendum, was
resurrected based on its redescription. Caligus epidemicus, previously reported from coastal fishes in
Australia and several Southeast Asian countries, was newly reported from Acanthopagrus sivicolus in
Okinawan waters. This species of sea louse is highly pathogenic for cultured fish and it is spreading in

southern Japan.

Acanthopagrus schlegelii schlegelii hosted the highest parasite richness among the nine sparid
species (‘S”=30.7) followed by P. major (27.8), Evynnis tumifrons (18.8), A. latus (17.9) and Dentex
hypselosomus (17.8). Sparus sarba (3.6) and Argyrops bleekeri (8.9) were the two sparid species with
the lowest species richness among the nine species examined. Differences in parasite species biodiversity
may depend on the ecology and biology of their hosts. Pagrinid fishes are found inhabiting shallow
brackish waters, where intermediate salinity levels might favor species richness by incorporating both

freshwater and marine parasite species.

Longicollum pagrosomi (Acanthocephala), Ceratothoa oxyrrhynchaena (Isopoda), Caligus
latigenitalis, Caligus sclerotinosus, Neobenedenia girellae, and Austrobdella sp. were the most
pathogenic parasites for both wild and cultured sparid fishes in Japanese waters due to their feeding
habits and mode of attachment to their hosts. Caligus sclerotinosus parasitized cultured red seabream in
the Seto Inland Sea and the Pacific coast of Japan, while Neobenedenia girellae caused neobenediosis in

cultured red seabream in Okinawan waters.

Key words: Sparidae, Philichthyidae, ecto-/endoparasites, double-netting, lateral line system,
phylogenetic relationship
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Understanding the regulation of feeding behavior can be a very important theme in animal
production. Growing evidence suggests that insulin plays a key role in the control of feeding behavior in
mammals: it was well known that feed intake could be increased by insulin-induced hypoglycemia, and
by diabetes mellitus associated with insulin deficiency, providing support for a glucostatic hypothesis of
hunger. Chicken insulin represents versatile functions expressing insulin receptor tissues such as liver,
muscle and adipose as in mammals. Nevertheless, it is little known about the role of brain insulin
signaling in the chicken. This thesis, therefore, is investigating that the role of central insulinergic system

on chick feeding regulation.

1. Brain Insulin Signaling in Feeding Behavior: Among animal species, there are some naturally-
occurring substitutions of amino acid residues of insulin. Similar to chicken insulin, porcine insulin
significantly inhibited feed intake in free fed chicks, but they are not affected by treatment of both human
and bovine insulin. Under starving statement, more potent anorexic effect was observed by treatment of
chicken insulin compared with porcine one. Thus, it seems that the order of potency of the insulins on
the anorexic effect in neonatal chicks is chicken insulin > porcine insulin > human insulin > bovine
insulin. It is suggested that the 8"-10" amino acids of the A-chain and the C-terminal amino acid of the
B-chain in insulin have an important role in bioactivity in the central nervous system (CNS) with special

reference to feeding behavior.

2. Brain Insulin-Induced Anorexia in Neuroendcrine System: Immunostaining of hypothalamic neuron
expressing insulin receptor were detected in the paraventricular nucleus, ventromedial hypothalamus,
lateral hypothalamus and infundibular nucleus. Additionally, double-staining immunohistochemistry in
the infundibular nucleus revealed the presence of insulin receptor in both a-melanocyto stimulating
hormone which is cleaved from pro-opiomelanocortin (POMC) and neuropeptide Y (NPY) neurons.
After treatment of central insulin, significantly increased expression of POMC, and decreased that of
NPY mRNA expression in chicks. In addition, treatment of the specific melanocortin 4 receptor
antagonist prevented the reduction in chick feed intake caused by centrally treatment of insulin. These
data suggest that insulin-induced anorexia is concerned with both orexigenic and anorexigenic neuron
activity, and that the central melanocortin system mediates this anorexic effect of insulin in the neonatal
chicks.
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Treatment of insulin with B-endorphins, which are endogeneous opioid, counter-regulates insulin-
induced hypophagia in chicks. Moreover, the level of noradorenalin in chicks treated with insulin was
significantly lower than that with control. Conversely, dopamine and its metabolite were significantly
increased in chicks treated with insulin when compared with control. Finally, co-injection of
haloperidol, which is dopamine receptor antagonist, prolonged insulin-induced anorexia in the neonatal
chicks. Thus, it is inferred from these results that the central opioidergic and chatecholaminergic may

partly be involved in the insulin-induced feeding regulation in neonatal chicks.

3. Brain Insulinergic System on Systemic Energy Homeostasis: In the poultry industry, genetic
selection has produced two representative lines, broiler and layer chickens. Plasma insulin concentrations
in the broiler chicks were significantly higher compared to the layers fed under ad /ibitum conditions.
Hypothalamic insulin receptor mRNA and protein expression levels of broiler chicks were significantly
lower than that of layer chicks. Also, plasma insulin concentrations correlated negatively with
hypothalamic insulin receptor protein expression in the two types of chicks fed ad libitum. These
findings suggest that broiler chicks show insulin resistance in the CNS because of hyper-insulinemia, at
least in part, which leads to down regulation of the protein levels in the central insulin receptor compared
to that of layer chicks, and these effects may disable feed intake control.

By stimulating of central insulin, the residual feed contents of crop were significantly higher, and
those of gizzard were lower than those of control chicks. Regarding to the contents of outflow from
gizzard, there were tendency to higher level by insulin treatment chicks. Additionally, liver lipolytic gene
expression was significantly up-regulated by stimulation of CNS insulin signaling. Finally, the higher
plasma corticosterone, noradrenalin and adrenalin levels were observed by central insulin treatment.
Hence, it is assumed that central insulinergic system also regulates peripheral catabolic action and these
mechanisms seem to be regulated via the activation of hypothalamus-pituitary-adrenal axis and

sympathetic nervous system in neonatal chicks.

Conclusion: These findings suggest that insulin regulates feeding behavior mediated by the central
melanocortin system with the peptidergic and catecholaminergic networks, and acts as not only feeding
regulator in the brain but also modulators of peripheral metabolism indicating the catabolic action of
energy homeostasis. Crosstalk between brain and peripherals with insulin plays a key role in the

metabolism in neonatal chicks.

Key words: central nervous system, feeding behavior, energy metabolism, insulin, melanocortin system,
chick



AWy P R
Biosphere Sci.
50 : 75—76(2011)

Studies on the innate immune functions in the oviduct of laying hens

Ahmad Mohammad ABDEL MAGEED

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

EENFE DINE 2351 5 FIRRIERRRE I B 5 2 bf 72

T=xXF ENAF TTTIV wF-F
WG RFERF LY EIFIEIIERE, 739-8528 HOA k3 il7

Immune system in the oviduct is responsible to maintain the health of this organ to produce
pathogen-free eggs. Although the acquired immunity by immunocompetent cells has been well
documented in the hen oviduct, little is known about the innate immunity in this organ. Avian
B-defensins (avPpDs) are cationic antimicrobial peptides that have the ability to kill pathogenic
microorganisms such as Gram-negative and Gram-positive bacteria. Therefore, they play essential role
in the innate immunity. Up to this study, fourteen types of avBDs genes have been identified in different
tissues of the hen. Therefore, the goal of this study is to investigate the innate immune functions

mediated by avpDs in the oviduct.

1. Expression of avian B-defensins in the hen oviduct and their changes in the vagina in response to
lipopolysaccharide

The oviduct can be infected with pathogens through blood circulation or from the external
environment through the vagina. The innate immune function of the oviduct is essential to protect the
oviductal tissue as well as the developing eggs. The aim of this study was to determine the types of
TLRs, CD14 and avpDs genes expressed in the hen oviduct and whether the mRNA expression of avfDs
is changed in vivo by intravenous and intravaginal LPS injection. Expression of 7LR-/ to -5, -7, -15 and
-21 in addition to CD14 and expression of avBDs-1 to -5, -7 and -8 to -12 were identified in the oviduct
of non-treated birds. In the intravaginally-injected group, expression of avfDs-2 and -3 was declined in
both dose and time dependent manner. On the other hand, avBD-5 was enhanced with both dose and time
dependency, and was avfiD-10 enhanced only in a time dependency. In the intravenously-injected group,
expression of avfD-3, -5, -10, -11 and -12 was enhanced after LPS injection. These results suggest that
the oviduct expressed both TLRs and avpfDs. When TLR-4 recognized LPS, it may induce an

intracellular cascade, resulting in the synthesis of avpDs.

2. Immunolocalization of avian B-defensin-3 and -11 in hen oviduct and changes in their density in
hen uterus in response to lipopolysaccharide
Expression of eleven types of avfDs genes was identified in the oviduct. However, their protein
profile has not been discovered. Thus, the aim of this study was to determine the localization of avfD-3
and -11 proteins in the oviduct of laying hens, and their changes in the density in response to

lipopolysaccharide (LPS). Immunoreaction products of avBD-3 and -11 were localized in the mucosal
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surface epithelial cells of all segments of the oviduct except of the absence of avfD-3 in the
infundibulum. The density of the immunoreaction products of avpD-3 in the uterus showed a significant
decrease at 3h after LPS injection compared to Oh group, and then returned to the original level by 6h.
On the other hand, the density of the immunoreaction products of avBD-11 was significantly higher at 3h
and 12h after LPS injection compared to the Oh group. These results suggest that the mucosal epithelial
cells of the oviduct are the main site of avBD proteins synthesis. Probably, avpD-3 protein was secreted,

and avPBD-11 was synthesized and stored in the mucosal epithelial cells in response to LPS.

3. Changes in the density of avian p-defensins-3, -11 and -12 in the uterus of laying hen during
eggshell formation

If avBDs are secreted from the mucosal epithelial cells of the uterus and transferred to the eggshell
membrane and eggshell, it may provide immunodefense system against infection not only to the uterus
but also to the completed egg. The aim of this study was to confirm whether the density of avpDs
proteins in the uterus changed after the egg enters into it and whether they are secreted from the uterus
mucosal epithelial cells and incorporated into the eggshell membrane and eggshell. The density of
avfD-3 and -12 in the mucosal epithelial cells of the uterus was significantly decreased at least for 4 h
after the egg entered the uterus. On the other hand, avpD-11 did not show any significant change before
and after enterence of egg in the uterus. Immunoeactive avpD-3 was found in the eggshell membrane,
whereas, immunoreactive avD-3, -11 and -12 were identified in the eggshell protein. These results
suggest that avfDs are likely secreted from the mucosal epithelial cells of the uterus and incorporated to

the eggshell membrane or eggshell to provide the egg with immunodefense ability.

4. Conclusion

This study identified expressions of mRNA of TLRs and avpDs in the hen oviduct and confirmed
that the mucosal epithelial cells are the main site of their synthesis. The synthesis and secretion of avpfDs
was suggested to be stimulated by LPS, probably through TLR4 recognition of LPS. The synthesized
avPD proteins in the uterus were secreted and transmitted to the eggshell membrane and eggshell. It was
concluded that the hen oviduct forms an innate immune system mediated by avpDs, which play

important roles to protect the oviduct and the eggs from infection by microorganisms.

Key words: chicken oviduct, innate immunity, avian B-defensins, egg, Toll-like receptors
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Organic farming has recently gained increasing recognition as an effective and holistic approach
compatible with the goals of agricultural practices that are socially, environmentally and economically
sustainable. A point of fact is that organic farming is centered on minimizing the use of costly external
inputs such as synthetic fertilizers, herbicides and pesticides in order to reduce farming cost on one hand,
and increase income and productivity of rice farmers on the other hand. In Thailand, organic farming
methods have been adopted slowly in rural communities especially among those facing socio-economic
and agronomic constraints. Economic crisis and low farm productivity and profitability caused by using
costly chemicals have caused farmers to suffer socio-economic disadvantages. However, the promotion
and implementation of organic farming methods largely through conventional farm extension service
could not serve all farmers because of numerous constraints of farm conditions, farmer socio-economic
backgrounds, farm soil conditions, agricultural credit facilities and so on.

The key objective of this study was to examine empirically some factors influencing the practices of
organic rice farming systems among farmers in Surin province. The study focused on farmers’ practices,
adoptions, attitudes and opinions of organic rice farming methods including organic fertilizer and green
manure utilization which are considered to be among the most important components to enhancing soil
fertility, and hence, agricultural productivity. Furthermore, the farmers™ participation in the agricultural
extension education efforts had also been surveyed. Lastly, a corollary consumer survey was conducted
on the general perception and acceptance of organic food products sold in Bangkok supermarkets.

The finding of this study revealed that the majority of rice farmers in the study area expressed
favorable and positive adoption of practices for organic jasmine rice farming system, expressed
favorable and positive attitudes toward organic fertilizer for use in their rice farms, and articulated
favorable and positive opinions and adoption towards green manure application to improve their
farmlands. The study also found that farmers could increase rice production output and increase farm
income, while reducing costs in farm input when they applied organic fertilizer and green manure.
Overall, they had much better farm environment, planting conditions and general well-being as a result.
Aside from that, farmers expected better health conditions from their abstention in the use of chemical
fertilizers and pesticides. The combined socio-economic, environmental and health benefits have tended to

attract more farmers and accelerate the acceptance of organic agriculture in Thailand in the coming years.
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The surveyed farmers expressed both neutral and positive participation towards extension education
efforts to develop agricultural farming activities. They received most of the agricultural information and
knowledge from their participation in agricultural extension workers’ activities. The cooperation
between rice farmers and extension agencies in the study area was found to be generally productive.
Farmers surveyed were willing to join almost all aspects of extension activities especially those which
had direct impacts for farmers in improving farm operations and yield. Among the urban supermarket
shoppers surveyed, most of them demonstrated moderate knowledge about organic products but
expressed some positive points of view towards organic food consumption largely due to their concerns
for health and environmental safety.

It is clear from the results of this study that farmers’ social and economic backgrounds played
important roles for the adoption, practice and perception of organic rice farming methods leading
eventually to the acceptance and implementation of sustainable agricultural systems. The study found
that organic rice farming is related to the demographic characteristics of rice farmers. Therefore,
attitudes and adoption trends among the farmers were anchored on a number of socio-economic as well
as non-socio-economic factors which have vital roles to cause farmers to change their perceptions and
behaviors towards embracing organic rice farming. These constraints, recommendations and suggestions
generated from this study should be further evaluated for their possible implications towards the further

development of organic rice farming of Thailand in the future.

Key words: organic jasmine rice, practices, adoption, attitude, sustainable agriculture, factor analysis
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Growth is one of the major economical traits in poultry industry, and it is evaluated by body weight
and shank length, as body and bone development, respectively. To develop better chickens, these
measurements are incorporated into the breeding program. On the other hand, chicken growth has a
characteristic that is possible to be explained by a mathematical (growth curve) function. Before 1990’s,
the breeding theories were depending on statistical theories. Then, with the development of molecular
biology, new breeding theories with quantitative trait locus (QTL) information have been progressed.
Currently, searching QTLs useful for a breeding program is one of the major subjects. The aim of the
present study is to map QTLs controlling body development and shank growth based on a growth curve
function, using a QTL analysis.

The data obtained from 439 F, birds in the QTL resource family developed at Hiroshima University
based on an intercross of the Oh-Shamo (Japanese Large Game) and White Leghorn breeds of chickens
were used. Individual body weight and shank length were measured every week until 16 weeks of age.
Using those phenotypic measurements, a growth function analysis was applied.

At the first stage of the present study, Gompertz model and Logistic model were examined to verify
a proper growth curve function for body weight and sank length. To estimate the curve parameters on
both function models, the Nonlinear Fit Platform of JMP 5.01 was used.

As the results of growth function analyses, both models significantly fitted with the actual growth
with more than 0.96 coefficients of determinations (R”); however, Gompertz function showed slightly
better fitting with 0.99 of R on both traits and was able to estimate values more precisely than Logistic’s
one in mature body weight and shank length. Namely, Gompertz model might be a proper growth curve
function for growth analysis. Moreover, the analysis of growth curve indicated that the growth of shank
length reached the maximum speed earlier than the body development. It indicated that the bone and
body have different growth patterns. The different growth pattern would induce the detection of QTLs
for bone and body development separately.

At the second stage, QTLs were searched for growth (Gompertz) curve parameters (upper
asymptote, curve position, and growth rate) that were estimated for the body weight and shank length in
each F* bird mentioned above, by SAS 9.01/proc NLIN. In the QTL analysis, the R/qtl 1.13 program was
used with the marker information from 275 microsatellite markers placed on 28 chromosomes. The

marker information was provided by Drs. Hideaki Takahashi and Osamu Sasaki, Animal Breeding and
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Reproduction Division, National Institute of Livestock and Grassland Science, Japan, because they had
performed genotyping and mapping of the microsatellite markers using the above mentioned 439 F, birds
derived from the chicken resource family developed at Hiroshima University. Statistically significant
thresholds were determined by 1,000 permutations, and Bayes credible interval was used to estimate the
interval of the QTLs location.

Sixteen QTLs for body weight, shank length, and their growth curve parameters were detected on
chromosomes 1, 2, 3, 4, 28, and Z. Among them, three of the QTLs affected both body development and
shank growth. One QTL on the Z chromosome was identified for eight consecutive weeks, and one QTL
for shank length on chromosome 4 dramatically increased the proportion of phenotypic variance
explained with age development. Most of QTLs for the growth curve parameters were consistent with
QTLs for the body weight and shank length at several ages. Chromosomes 2, 4, and Z contained QTLs
affecting the growth curve parameters on the body weight. QTLs on chromosomes 4 and Z affected not
only the body weight but also the growth curve parameters on the shank length. These results indicate
that chromosome 4 and the Z chromosome contain key genes for bone and body development in
chickens.

The present QTL studies on growth based on a mathematical function analysis in chickens were
able to indicate two major possibilities. One is that applying a mathematical function to QTL analysis
would lead a new QTL detection for functional traits. Some QTLs were identified as QTLs affecting
growth curve parameters, and they were also located very close to QTLs affecting growth traits in age
series. It strongly indicates that QTLs affecting entire body and bone development exist. QTL analyses
without mathematical function information would not be possible to detect such kind of functional
QTLs.

The other major possibility is that body and bone development will be separately applicable in a
future breeding program to produce a bird with optimum body size and good body frame (bone
structure). In the growth function analysis in the present study, the growth curve for body weight and the
growth curve for shank length showed different shape. The QTL analysis in the present study found that
the QTLs affecting body development were not always the same as the QTLs affecting bone
development. These results indicate that it will be practicable to breed a bird with good bone structure

without relating to the body size.

Key words: chicken, quantitative trait loci, body development, shank growth, growth curve
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The physiological role of ascorbic acid (AsA; vitamin C) and AsA-related genes in plant antioxidant
system remains an attractive area to investigate its significance in protecting plants against oxidative
stress. In this study I have used acerola (Malpighia glabra), a plant principally known for its high AsA
content, to study the genes involved in AsA recycling and to investigate the role of AsA-realted genes
under oxidative stress conditions in transgenic plants overexpressing acerola AsA-related genes. The

study is composed of three main parts as follows:

1. Gene expression of monodehydroascorbate reductase and dehydroascorbate reductase during
fruit ripening and in response to environmental stresses in acerola

Acerola is an exotic fruit cultivated primarily for its abundant AsA content. The molecular
mechanisms that regulate the metabolism of AsA in acerola have yet to be defined. Monodehydroascorbate
reductase (MDHAR) and dehydroascorbate reductase (DHAR) are key enzymes of the ascorbate-
glutathione cycle that maintain reduced pools of ascorbic acid and serve as important antioxidants. Two
cDNAs encoding MDHAR and DHAR were isolated from acerola using RT-PCR and RACE.
Phylogenetic trees associated acerola MDHAR (MgMDHAR) and DHAR (MgDHAR) with other plant
cytosolic MDHARs and DHARs. Expression patterns of the two genes correlated with their enzymatic
activities and were different from each other during fruit ripening. Interestingly, MDHAR expression
was only detected in overripe fruits, whereas the transcript level of DHAR was highest at the
intermediate stage of fruit ripening. Under dark conditions, there was a sharp and significant decline in
the total and reduced ascorbate contents, accompanied by a decrease in the level of transcripts and
enzyme activities of the two genes in acerola leaves. MDHAR and DHAR transcripts and enzyme
activities were significantly up-regulated in the leaves of acerola under cold and salt stress conditions,

indicating that expression of both genes are transcriptionally regulated under these stresses.

2. Transgenic tobacco plants overexpressing acerola monodehydroascorbate reductase gene
maintained higher ascorbate levels with enhanced tolerance to salt stress

Salt stress has toxic effects on plants where it leads to generation of reactive oxygen species (ROS)

that cause oxidative damage to many cellular compartments within the plant. MDHAR is one of the key

enzyme of the ascorbate-glutathione cycle. As reported in part 1, I cloned MgMDHAR from acerola and
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it has shown to be vital for maintaining high ascorbate redox status during salt stress conditions. In this
part of my study, MgMDHAR was introduced to tobacco plants using an Agrobacterium-mediated gene
delivery system. Transgenic tobacco plants overexpressing MgMDHAR accumulated higher amount of
AsA and showed higher MDHAR activity than the control plants under normal and salt stress conditions.
In addition, the transgenic plants exhibited reduced levels of lipid peroxidation and maintained higher
levels of chlorophyll content under salt stress conditions. These results indicate that overexpressing of

MgMDHAR provided greater protection for transgenic plants under salt stress conditions.

3. Enhanced salt-mediated oxidative stress tolerance of transgenic tobacco plants overexpressing
GDP-L-galactose phosphorylase and phosphomannomutse genes of acerola

Ascorbic acid plays an important role in stress responses in plants as one of the highly abundant
metabolites that scavenge reactive oxygen species. Under salt stress conditions, transgenic plants
overexpressing acerola phosphomannomutse (MgPMM) and GDP-L-galactose phosphorylase (MgGGP)
were able to accumulate higher amount of AsA compared to control plants. In addition, the transgenic
plants exhibited reduced levels of lipid peroxidation and maintained higher levels of chlorophyll under
salt stress conditions. These results indicate that overexpressing of MgGGP and MgPMM provided

greater protection for transgenic plants under oxidative stress conditions mediated by salt.

Key words: Acerola (Malpighia glabra), ascorbic acid, ascorbate, recycling, salt stress, transgenic plants
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=g MK, AREMEICENZEEY TH Y, SR EOMENRE LTHIEL AN EIN TV D,
LL, =T MNIIBWC, ¥=T v MMy T 7= a L bBEETHIEZ =7 N OERSTERIC 2
X, TOBENEEY SSICEMANTELLDEE20N5, LIAN=ZT NYTIE, ¥=7 v b U T
FU—varaeliLe#a T =7 M) OERIERZEI L T v, Y7 AIZBWT, 29 L
MASuT e & 7 o 7201, AFHMIIERIREDTTRETH Y, in vitro TEFER W HEZ: embryonic stem (ES) #Hfu2s
B anzZ it8ld 2, 2%, ZOX) ABEFHBEZ =T MY OMERIIE, ¥ 2 ES Mg & W5
DRENIEH L7z ES B OB SI AT L 7 B0 UIFFEZ TIE, chicken leukemia inhibitory factor (chLIF) 75,
=7 bV ESHINE (cESHMINE) DEEHiTdH 5 chicken blastodermal cell (CBC) D2 REMEMERIZRI R IZFERE
FTHIELHRINETICHLNIZLTE, RIFFETIE, T chLIF & 7 4 — ¥ —#lifu% B L 72 CBC %528
R E 5T, cESANEOBL L 2 DMBBOMERIEN 21T o720 F72, B L7-MIC 31 2 AHIF AL
ZOUE M7 1 — = FEAGOMEL, BRFEVEAOMBL ORI & A FEM 5L REOIRE % 17 5 720

T CBCH#ERICBIT A chLIF OWREEZH S 22§ 5 720, £ HEME~ — % — Td % chicken Nanog
(chNanog) & A0 %%~ — 71— Td % chicken vasa homolog (Cvh) fn T OIEHEN 21T > 720 TOKEE,
ChLIF Z N9 % 2 & T, FERNRMEEL ) SWEETOFISMIFINL ZEPWHL L ol KIS, XY
AWHRAESE Mk % 7 « — & — Mg & LT L, chLIF N4 T CBC O 7oL 2 A, ERE
ESHIICEEBL L 72au = — 2 BT 2 2 e 0bholz. 22°C, H5 N8 CBC OMREE T HA
LA, MM AMR L2 EMMAEITH)ILET, 17y AU LORIEESTTETH 72, T2, RHIEE
CBC &, Ll L AR~ — 7 —OREBEMFFL T 2 Lhbhoiz, kIZ, BOTEEHT M
TUR ATy JHEROEFE CBC &, HEFLTHLIHBEL 7RV DIENBRIL/IZE 25, —FICBRETT
EFHETAHXAT =T NYDMERWRECTH 5720 F72, I AT=T ML FF—HMBHREOTHEEL S
EDHHHETH o720 TNHDFIENS, B L7283 CBC (%, MR {ZEATREZ cES Milld & L CTF)
HTEBZ LWL R ST2,

WAL L 72 cES MifE A & B 2 MR THE & i L 72 B R 2 R 2 E 3 2101, #ETHER D cBS
ML B MR L 2 P S H vy £ 2 C, L EF % AU enhanced green fluorescent protein (EGFP)
% 58819 5 EGFP-cES Mile 2 i3 L, MIZTHRIER O LRtk L BRI — 7 =23 FBIL T b 2 L &2
LI L7z WIC, cESHilgD 70— =0 ZFHEfAWEEICT 5720, v b ESHBTHENTH - 72,
ROCK (p160-Rho-associated coiled-coil kinase) BHEHIZFIH LMl s 0 — = > VoM EELIT> 72, £
DR, cES ML, ROCK BLEHIRIMAMIZ BT, FFRMSEEL N, AREICE-MB2rb0a0=—
TR NS 2 2 Edvbirotz, F72, 70— =2 7H0 cES MIlfBld, ZhRENE & ERLRYI~ —H — &5
BLCTwaZ & bMERL, ROCK BLER OEMA cES MDD 7 v — = > Z IR RIIHERET 5 2 L 29R &
N7z0 WIZ, cESHIMLIZHT LYW R CRESE L 728 — 7 T 4 ¥ IR0 5 —DE A% T 5 72 ZOREE, HIF
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AR Mk Z G TE, FATERERTITNETEF AT =7 M) O LEKEZHEL Z & HHET
BHotze DL G, B L7z cES M IEAE 4 o m T E ISR TR 2 ZhklEsfiiachd 2 2 L as
WHohE ol

BIETHIER O cES MiEs, AERMIRTINE SLTRETH 2 0 %2 MRS 5 720, EGFP OB % f7iE &
L C, in ovoivivo THALMINEDBER % 4T > 720 72, in vitro T cES M D5 {LEE R FEFR T A 728, 4fbih
EALERFE D cES ML MEIRE AT L 720 T3, F A IR TRIBIHIERBR 2T o728 25, REEDO N
T EGFP GO IRIE BRI SR E SNz RIS, F AT =T MY PSREH LR ZMIT L2 25,
EGFP th o iR Ifa s sz, 72, F A= M) 2SEL AT TIE, 7/ 4 PCREIZE -
T EGFP #IZT DM S /e D EOFERED S, EETHRMERD cES ML AE MR~ LT i T
L ENWS LR o720 WIS, in vitro T cES A % LHES 2 20 Rl R E T o728 2 A, REE
PR SN, ZORBECIRAERRY~ — 7 —BaToRBIIRE S W e rorz, 72, IMEOFERFET
FHITEREDSZAL L, RO~ —H—THETNVHY) 75 A7 75 —PIHHEEINEEL Tz, IS O F
13, cES AR ALFF BRI & o THRMIfa~ L ML L 722 L 2R LTB Y, cESHMALA in vitro THi 4 @
M~ LFE T & 2D URIE S 7z,

RIWFFECTHIAL L 72 cES Mlifdld, chLIF & 7 1 — ¥ —flifaz 32 2 & T, LRtk ZMFE L 72 T BRIk
REEENURETH A 2 &, T AR EENS MR TH L 2 &, S OITHFLREE T Sy o—=
VITBWEETHDIENHLNE o7z, TN, BELEMETFIREICLA2ERTFHIEZ =7 M) ofElIC
PEREMNH T RTHMz TR L B ol 51, RUIEREZERLT, HRMELL / v o4y - Iy
7 b= M) OVEN, BEREMEFEIIRHREE T V=T M) OFEH A L, ISR & B S B A IE H 7
SRR CEBAHIFETE 5,

F—7— N ZHEMEEMIE, ESHIE, chicken leukemia inhibitory factor, #fn T-#lfftz =7 b1
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BETHIEEZ o MPAICRON, ZOEMICECESES LTw5, mEICHEIEL 28T, 0
KYLEZNT-O DM (Double Minutes) 7°, Z¢ftfk - HSR (Homogeneously Staining Region) |ZRfES %,
B TR S THRMEL, BRIF R ETVERRPRIML T0D I ehb, RERHL S8E V. BOFET
LWFgEEECl, WHALBWEIRBGTIE (IR) L&~ M) v 7 A& (MAR) 23275 A3 M5, I
FLEMDAIRN TR L CEETHIEZES L DM HSR 2TEM 5 2 & 2 w7 L7, £ 2 TRIFZE T,
COFEBAEZFHE LT, BEFHIEOSFERIEICOWCHEFZIED S 2 L2 HNE L7z, IS, IR/MAR
TIAI FEREA L CHIEEEOTR Z TS L7247 u— SEMER 257/ 2 DNA 24l L, PCR 2
LB 24T o720 SOMITICX Y, BIEL 279 A3 FERAINIZAE U220 oMz el L7z,
Thbb, 77 AI FRAERGINO2A BT CUINT - BfiE S N7zMlifz (Type 1) & SARRCH % T2 L
7ol 2 (Type2) Td o PCRIZ & 2RI RGN OAGH, Type 10MIRZ 1TIE T 7 A 3 FELFIO4
FI PSP SN, ZONMICEY Ehhoize SHII, TOLD) MM MEITF L L TROMAK LD
HSR WTH U722 L AVRIE S 7z. Type 20413 2 i1 13 HSR WIZHHIY T Y, HSR OB AT HE
TAHIEDNRIBINIZ, TNHORERIE, 75 A3 FEHIA DM L TIEBRE L EY KEREZ LD,
HSR NTIEZ D & ) il 0 —8 ML 5 2 L 2R LM OR G E —8 L7z €512, PCRIZE -
TS A7 L3 2 s (2 SR 2 HEMEREY D —FBI D W THIRICH I SE 247 o 724 #e, 7 ORI 2 S o
BIFdH 25 0 microhomology %/ L TIEBL SN Tz, SO ik, Jefafk BT L7 DNA2ARGHYI Ko
B84 12 5T, microhomology % FIH L 721G SHHELIZAE L A 2 L 2RI L TV b, — 75T, Type
200 &9 T AL RAREI SR S L & &1, BFB A 7 VB 7V O 7 88 T & 2 28 PR Ge (0 45
EORHIRET S EE 2 bz, T ORBETHEIEE TV TIE, 285 ARG 5K D355 24512 chromatin
bridge ZIEIK L, ZNAREIZOIM S N8R, 200D T THEIZTAHEINT A2 L2 6N TE
Too & TAWIZETIE, HSR % AMIEA T AL L 7-Miatk % FHv>C, chromatin bridge 23UJIHT & 115 f& 7
% 10FIL EBIER L 72, Z &R, chromatin bridge 2581 S L2 56, Blob e < padhE CUIMT S s 2 &
RV L7, 2o, WA SEH S 2 858ER 0%, MILESRIZE S %) IS QTR & vwo 7z
WM 22712 X o TYWT S b 2 & AR 72, Chromatin bridge %% H JL A3 TUIRT S 1L 2 B 41214,
HSR IZIFIFHEIIHRLEND EEZBNLH, 2D &1, chromatin bridge DARHEEEYINTIZ X - THEIETO
FE& S 2% BFB YA 2 VET NV EMNT 5. & 512, AMIEANT HSR 2R S L2 9iEfE %, BE
BRI 27 O RERF I ISR L 72 Z ORGSR, TREIEIRG AR & v ) Sn i T2 < £ 31,0002 € — DLk
DT T A FEFIHS 7% % E K% HSR OB Shize OBV 72 COLO 320DM L iE o> il &
EB L2224 TH Y, DT PTHOMBSHERET, TOLI) REREHSRAPEE SN2 LIZh D,
DL AR BETHIEEY BFBY A 2 VETVTHAT A2 L idWEETH S, —FT, SHESTOHE
1R DNA A& AL L CTHET L7z & 25, 29 chromatin bridge OYIHI S IZHRH S, GUIRS S
WA TR SN D 2 ENRWZ SNz, 20X ) % EHER O DNA 48, chromatin bridge
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PIWTIC L o CHFE S N7z 2 LA 5, BIR (break-induced replication) Tdh b E&HEz Lz, Tabb, Jfn
R EOBIE T AR S 5 M2 Tld, chromatin bridge D AW CTlE 74 <, ZOEIWICHFE S Iz
BIR |2 & 1) B ICHIIERE S R S D & L AVRIB S iz,

=T, WA AT E UM L LZESIRIR/MAR 79 A 3 F DNA W, f#l Z2 eta k4417 (ETE
extrachromosomal tiny episomes) & L CHEFF S N5, SO X 9 R getuffIL KT 075 T % B2 T 5 720,
ETE 2 TER L 7-Mla0 K ) 70— VB L OO 7 0 — Y1225V T, 7/ 4 DNA 2 HH 7oy b
FIZL AT Lo 2 OER, A7 €0 RIREA L TR E G S ad 4 U5 2 EAVRIB S iz, —
Ji, ANTEMLIR/MAR 77 A 3 FITMIAN CHEHE SN S Z L1241, inverted repeat 11 % & D2m fRE5:
KT ERDIENFHRIN, 2T, BRI Bisulfite-modified PCR |2 & - T inverted repeat i %
WL7z0 ZO#R, ~NTEMLIRMMAR 797 A3 FE2EA LS 70— Y HEAMIERIZB VT, inverted
repeat X 7T A I FEFIEAEO 3 E—FUI0 L THI0% L W) BWEIETHIEL Tnb 2 LATRIE S
7oo T OB S N HEIEREY OIS & PeE L72RER, 20 X9 7% inverted repeat H 3t O — #1358 47
palindrome #i# & L CHEFFE N Tz, TNHOREE S LICETE ORREEOETVEEFE L. T4
bh, HNEAL7Z2ATELIR/MAR 75 A3 RSB S L5 & palindrome 13 % 27 F 12 b DBRIR
2k F L bo TD X9 7 palindrome f 3% 13 intra-strand annealing |12 & > T% 5 (2 cruciform fif i~ &
B EIND, ZD L9 7% cruciform 53 A% holliday junction resolvase (2 & D I FRAYICBIR S5 28T, b &
LRILHEDOANTEMLTITAI FPFESNL, TOX)BFA 7 VEHYETZLIE>T, ATEY
L IRMAR 77 A 3 FIZETE & L CRBHENTLREICHFEIND EEZ b/, 512, cruciform Hidk
DI & > THEHLEEZ replication slippage #2505 2 & 25, A7 ¥ U RIGEAE L OREE S HALISER $
HL#EZ BN — /T, ETEDEIL, EALZATE LT T A3 FHEMFIIAERZ L2 2 L1214k
LT 2OZ EIE, ETEDEKZIREL 52 LT, 5O DNA By OB FIGHE % Yty T
JEEE P OMIEICEFHMECE A L 2RE L TWA, ZD XD 7% assay /i, WHFLENWIC 3505 2 HELBHIARCH
TR EREICT S EE 2 bz,

F—7— N BETFI0E, HAAERCY, anaphase chromatin bridge, break induced replication, 4 fA47{it
BT, 7 AREEME
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T REERE Cryptococcus sp. S-2 FIRFIH 7 A7 F o7 a7 7 — X3 20%E
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F1E FR

EFRAIETERTIC & 0 HUEE S W3 BREERE Cryptococeus sp. S-213, 70 7V % 53R $ % a-7 3 7 —
CRHEx > 77—, HERUER ORIV T — ¥, RS HEER ) S — Y e E Ok~ 47 R % 5
WF b ZTO LI Cryptococcus sp. S2IIHAIMNI SR BER & Lo I EFESWT A2 L LD, BREOK
EAEERTEE L TEN TV LHIRIE S NIz, Z 2T, Cryptococcus sp. S-2OTLERIRA 2 ST 5 729012,
Y= —BEFERBTUE— Y —ORBPRIERICL > T TR b, SHI2E) BWRILRZ/ER S
=00 KEE LT, KRHRO T O T 7 — ¥ OB LMz o707 T — BEEROER S L EEZE 2 b
o LMLZBDE, REHRO 7O T 7 —EIZHT 20781358 LT bN T v, £ 2 TR TIE,
Cryptococcus sp. S22 W3 2 707 7 —E¥ 2 WL PICT B2 L2 HWE L, DTOHEEZHLAIZ L,

$£2% | BFEEER Cryptococcus sp. S-20F ZANZF VBT OFT 77— (Capl) DFERUHEMEBDRE

Cryptococcus sp. S-21& YM plate T25C, 48h @ plate J5#£ 2 T\v>, YM AR #T25C, 48h DAIKE#E %
1TV, 212 YG AR # (10 g/l yeast extract and 20 g/l glucose) T25C, 24h OAREEZEZ T /20 TOKR
B0 L% BN L7, DEAE 77 5127 774 L7ze 0-0.5M O NaClEARL L D EH L, Azo-casein
WX B R TED B B W43 % BN, BT L72#, QHP # 9 A7 754 L7ze 0-0.5M O NaCl i it
LD L2l O HEIE ATV, G Y — 27 OWi% 0 SDS-PAGE %2177% o 72 ZOHH, HWEERIE
Ty UWNY R (34kD) F TR E LT,

AEEFZOZEH pH I35.0TH Y, pH 2.5-6.0DHIPH T 1 Bl 4 > F 2 _X— F L TH75% L EOREAFIEN %R
L7z $72, ABEEORMIREIIZ0CTHY, 20-50C OFEPHTIRER A > F 2x— b LT H12I2100% DI
FEESHFFSNA Z LR &N,

1 mM pepstatin A |2 & D 77% OEEREEZIHI S N/2O T, RBERIEIT ARG F V7077 —€¥TH L
ZEAIREE NI, & 2 TAREER T Cryptococcus sp. S-2 aspartic protease 1 (Capl) &% L7,

$E3E | BTFERER Cryptococcus sp. S-207 A/NZF VB 707 77—t (Capl) DEERFREICET Bigat

6fEFHD & 37 B A (BSA, hemoglobin, cytochrome ¢, a-casein, B-casein, k-casein) % V>, Capl®Dll
IR RGN & ME L 720 2 OFER, Capl 1& hemoglobin (25} L CifEA &4 - 720 F 72, Capl VLG M
ERHOZE LWL L 7,

HEFLRN IR B G TR EAE R L D, Caplid P1-P1° | ZHC & X 4172 Phe-Phe, Leu-Phe, Arg-Leu % 8/
FILZ BT 5 2 I ARIE S 7,

BT, CapliZ 31T 2 3l 2 F S Bk % F_ % 72012 insulin B $5 % HIV CEIWHANT % 17 > 720 Z DFE G,
IEFTOUIWTY A N A S, Caplid, FHEFEBIZBKE T I 7 A ELEICYIRT§ 2 29RIE S
720 F 7z, insulin B #UI0F§ 2 FRUFRME, FEAMAEN T ANTF VBT 0T T —EIlh T ) HEUN
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A, B LA H RO pepsin (IZHBL L TWAHDPSHE 0L 2o 72,

$4E  BFEEER Cryptococeus sp. S-2D 7 ANTF U705 77—+ (Cap1) D—RiEERET

CaplD 70— =2 7 %47H 72912, Capld N K 7 3/ BRECHIENT & AT X BRECHVIBAT %217 o 72,
BT, fFO N2 IREICIS, Cryptococcus sp. S2D 77 ) AT — 5 N—=A XV BHIREREZ TR > 720 Wi
SRR & F S FAA 2 B 2 g BT & #E kT R 2 FEIE IR I primer 2 E%EF L, cDNA &7 v 7L —
M2 PCR RJGIZ X ) Capl cDNA % #lE L, BCH) % JLE L7z Capl#IfZTiE, 1245bp 225740, ¥ 7
VA E T O e A LT

Capl D &7 3 7 FREH % vy, NCBI @ Blastp %A b C Capl EMEMEAH 2 5 S0 HERR L2 £
OFEF, Capl & [/ UH W IZJE L T\ % Schizophyllum commune H 4-80D T A/ ¥ 707 7 —EH
38% DAHFMEZE IR U720 38% & D @ WHEEEZ G T2 5 /87 BIZ N7 b olze TOMEDPS,
Capl EEEI % > 787 B OMBEEDERNZ EBWHS 0L 2 ), CaplidFH AT ANSF UV EETOF7 - T
HbHIEPRIEENT,

EOE I FE&H

AWEFE T, HF WL Cryptococcus sp. S2HR—DT ARG F 7077 —+¥ (Capl) ZHEE L7,
Capl OFEHIHF BN & IFLEO R T Y VB L 72 B RAE D S, i e T Y v oh 7 31) —
ARETLHEDPUETII RN LEEZ SN, F72, Cryptococcus sp. S-2% Bff 5 /X7 BHBIET L LT
5354, Caplid, B v /8y BOREEERICYA T ADOREL RITTERNNSH L EBDNL, ito
T, 514 Capl OBIET % WIS 5 Z & T, Cryptococcus sp. S-2758 ) B oS 7 BEBAG I & 7 B 0]
e EZ 5N b,

F—"7— N Cryptococcus, TH, 7077 —¥, HHEIN B ro=—r7
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Many sensory attributes (e.g., spreadability, mouth-feel, snap, and texture) of fats and oil based
foods such as margarine and chocolate depend on the fat crystal network, which is comprised mainly of
high-melting fats. Thus far, high-melting fats containing trans fatty acid and saturated fatty acid moieties
have been employed. However, the intake of high levels of #rans and saturated fats contribute to global
epidemics related to metabolic syndrome and cardiovascular disease. These negative health implications
can be reversed by altering intake and replacing unhealthy fats with healthier alternatives. Organogels (or
oleogels) were introduced as alternative oil-structuring materials that have physical, chemical, and
organoleptic properties similar to those of conventional high-melting fats; they are also cost-effective
and food-grade and avoid negative health effects.

Organogels are viscoelastic materials comprised of organic gelators and liquid oils and are semi-
solid systems in which the liquid oil phase is immobilized by a three-dimensional network composed of
self-assembled, inter-twinned gelator fibers. Recently, different types of organogels have been employed
in cosmetics, deodorant, and hair-care materials. Such organogels are also significant for food materials,
because they may reveal softness, easy handling, sharp melting, spreadability, easy film formation,
water-barrier properties, etc. as observed in the organogels using phytosterols and sterol esters, fatty
acids and fatty alcohols, 12-hydroxy-stearic acid, ricinoelaidic acid, sorbitan monostearate and
ceramides.

In this study, we introduce plant waxes as potential edible gelators for organogelation with special
attention on rice bran wax (RBX). RBX is highly available, cost-effective, natural gelator obtained as a
byproduct in rice bran oil extraction process. The main purpose of the study was to understand the

physical properties of plant wax-vegetable oil organogels using various physicochemical techniques.

Physical properties of rice bran wax in bulk and organogels

Thermal behavior, crystal structure, and crystal morphology of rice bran wax (RBX) in bulk and oil-
wax mixtures were examined, and compare them with those of carnauba wax (CRX) and candellila wax
(CLX). The RBX has high melting temperature with quite large enthalpy of melting compared with
CLX and CRX. RBX crystals crystalize in O subcell packing with a long spacing value of 6.9nm. Thin
long needle-shaped crystals were observed in the mixtures of RBX and liquid oils; and finely dispersed
in liquid oils. The mixture of RBX and olive oil at a concentration ratio of 1:99 wt.% formed organogel,

whereas the lowest concentration necessary for CRX to form organogel in olive oil was 4 wt.% and that
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for CLX was 2 wt.% . The gel structure was formed soon after RBX crystallized, whereas a time delay
was observed between the organogel formation and wax crystallization of CRX and CLX. These results
demonstrate RBX's good organogel-forming properties, mostly because of its fine dispersion of long

needle like crystals in liquid oil phases.

Crystallization kinetics of organogels prepared by rice bran wax and vegetable oils

The kinetics of crystallization and the viscous properties of RBX organogels were studied. The
organogels were prepared using different RBX concentrations in salad oil, olive oil, and camellia oil.
The liquid oil type had no significant effect on the thermal properties of RBX. However, the viscosity
and the texture of the organogels differed with liquid oil type, temperature, and RBX concentration.
Drastic viscosity changes observed in accordance with the onset of crystallization in DSC thermographs.
RBX in the olive oil and camellia oil mixtures had higher viscosity than RBX in the salad oil mixture,
which correlates with the hardness. Synchrotron radiation X-ray diffraction (SR-XRD) study revealed
that the RBX formed crystals with a long spacing of 7.3 = Inm and short spacings of 0.41 =1 nm and
0.37 = Inm. The intensity of the long-spacing pattern was remarkably weaker than that of the short-

spacing patterns, which demonstrated strong anisotropy in the crystal growth of RBX crystal particles.

‘Whipping ability of plant wax-vegetable oil mixtures

The whipping or air incorporation ability of the organogels made of plant wax-vegetable oil was
observed. The results revealed that plant wax-vegetable oil organogels have a considerable potential to
form whipped oil without any additives. The type of vegetable oil used is not affecting the whipping
qualities of the whipped oil. However the type of plant wax used has significant influence in whipped oil
formation. Especially RBX has high potential in air bubble formation over CLX. The air bubble forming
ability and shape retaining of the whipped oil increased with the RBX concentration. The minimum
concentration of RBX required to achieve optimal characteristics of whipped oil is 10% on weight basis
with 90% of vegetable oil. Rapid cooling conditions are required to get the optimum qualities of

whipped oil. The plant wax-vegetable oil whipped oils are stable over a certain period of time.

Microbeam X-ray Diffraction Study of Gelator Crystals in RBX-Vegetable Oil Organogels

The microstructure of RBX crystals in RBX-salad oil organogels were observed with a synchrotron
radiation small-angle X-ray diffraction (SR- x -SAXD) technique having a cross section of 5X5 um” .
The lamella planes of RBX crystals were parallel to the long-axis of the crystal. The degree of
orientation of the lamellar planes of RBX crystals was remarkably higher. These results demonstrate the
unique and extreme crystal growth anisotropy of RBX crystals that lead to needle shape morphology.

From the present study, it has been shown that RBX has high potential as a high-melting lipid
material revealing organogel forming and oil-whipping properties due to its unique properties of crystal

morphology and network formation.

Key words: rice bran wax, organogel, crystallization, gel formation, whipped oil, synchrotron radiation

microbeam analysis, oil structuring
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In this study, two different enzymes: aminopeptidase (APase) and laccase, were focused from
different point of view, such for meat taste development and environmental bioremediation, respectively.
First chapter covers general introduction and 4" chapter is the general discussion of the study.

In the 2™ chapter, purification and characteristics of APase from porcine skeletal muscles were
discussed to understand its involvement in meat taste development. APases are hydrolases that catalyze
the hydrolysis of the terminal peptide bond at the amino end of a polypeptide and produce free amino
acids. Free amino acids are known to enhance meat flavor during postmortem aging (PMA) of meat.

In 3" chapter, purification and characterization of laccase (benzenediol: oxygen oxidoreductase, EC
1.10.3.2) from Pholiota lenta (P. lenta), an edible mushroom, was discussed to examine its suitability for
environmental bioremediation. Laccase catalyze the oxidation of various aromatic, particularly phenolic

substrates, coupled to the reduction of molecular oxygen to water.

Chapter two: A novel aminopeptidase, Aminopeptidase T (APase T), was purified from porcine skeletal
muscle following successive column chromatography: twice on DEAE-cellulose, hydroxyapatite, and
Sephacryl S-200 HR using Leu-f-naphthylamide (LeuNap) as a substrate.

Characteristics of APase T was described and compared with that of other APases. APase T showed
moderately broad substrate specificity towards synthetic substrates and activity for di, tri, and
tetrapeptides, indicated that it might have a role in meat taste development. Activation by chlorine and
optimum neutral pH of APase T are similar characteristics to other taste enhancing APases. In addition,
APase T kept some activity at low temperature, which proposed the possible involvement of APase T in
the taste development during PMA.

APase T was inhibited by bestatin, a APase inhibitor. Presence of GXMEN and Zinc binding motif
in the deduced amino acid sequence of APase T suggested that APase T is a member of metallopeptidase
family. Two internal amino acid sequences showed high homology to leukotriene A4 hydrolases
(LTA,Hs). To obtain cDNA sequence, PCR primers were designed on the basis of the conserved regions
of LTA,Hs. 5’RACE and 3’ RACE were followed to determine full length cDNA of APase T. Deduced
amino acid sequence of APase T is highly homologous to LTA Hs. LTAH is a bifunctional enzyme
possessing an APase activity. LTA,H was purified from guinea pig lung and so on. But this is the first

report from muscle APase having high homology with LTA,Hs.
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Chapter three: The 3™ chapter discussed the purification, characterization, cloning and environmental
utilization of laccase from a white-rot fungi, P. lenta, which is observed to produce lignolytic (laccase,
Mn-peroxidase) and cellulolytic (endo-1, 4-B-glucosidase) enzymes.

P. lenta laccase was purified about 19 fold from culture broth. P. /enta laccase activity was
moderately stable at pH from 2.5-4.0. Its optimum pH was 3, using ABTS as a substrate. The optimum
temperature of P. lenta laccase was 50 , and it retained about 80% of activity up to 40T after 1 hour
incubation, which are similar characters with other fungal laccases. A partial DNA fragment of P. lenta
laccase was amplified with PCR primers, designed from the N-terminal seq. of P. lenta laccase and
conserved Cu”" binding domain of laccase. Based on this sequence, 5’RACE and 3° RACE method was
carried out to obtain cDNA of P. lenta laccase. Deduced amino acid sequence of P. lenta laccase showed
maximum identity with basidiomycetes and also little with ascomycetes and bacterial laccases.

White-rot fungi have demonstrated the ability to degrade a wide range of pollutants, including
synthetic dyes and polycyclic aromatic hydrocarbons (PAHs). The extracellular ligninolytic enzyme
system of the white-rot fungi, consisting of peroxidases and laccases, has been directly linked to
biodegradation of them. Dyes in industrial effluents are hazardous for environment, and the removal of
dyes is necessary for green environment. Utilization of white-rot fungal laccases in place of chemical
treatment is a new era of environmental bioremediation research. In this study, the culture broth of
P. lenta containing laccase was found to decolorize synthetic dyes (RBBR, Reactive black) within a few
minutes. In the presence of hydroxybenzotriazole (HBT) as a mediator, both dyes are decolorized by
purified laccase.

Xenobiotic chemicals like PAHs are continuously released into the biosphere, posting a significant
risk to human health due to their toxicity and persistence in the environment, and their persistence in the
environment are related to their low aqueous solubility. P. lenta laccase was observed to degrade
anthracine (100% ), benzo (a) pyrene (100% ), pyrene (86% ) and phenanthrine (18% ) using HBT as a
mediator. Although the addition of mediator enhanced the PAHs degradation efficiency of laccase, there
are two major drawbacks hindering their use, they are expensive and are often toxic. Hence, ultrafiltrated
culture broth (UCB) of P. lenta would be a future choice for PAHs degradation as the UCB was found to
decolorize effectively or searching for other natural mediator would be a next option to resolve the

problem.

Key words: aminopeptidase T, metallopeptidase, LTA, hydrolase, porcine, Pholiota lenta,

bioremediation.
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TR AMEIClE, BEROPPKIEE I <268 B L, BEIC X 280K Y 27 2 2 EHLL T
X720 ZOHRMIEY AT 2k, B TEPKEZFRIC L D IFRBICLE T 2 & 0T, GG I
HALEEC & 7\ BOD fEOHEK & /Nt O CHERFNARERN & § 2582 555, Pk ofi « 4 ) THE,
HREEE, XTFF, R & e PICEILRE T AENTETH L, & 2AD, B TEIKIZITH
IREGHER O T Y TR ANI VO — A% EESBICHETHE L L 0D, EROPEKILI TR Z N
5 HES RS RIS E 2 DT A LA LI L L), 2R S PR OB ASH 4 By 5 3% 5 72,

A TR & E N SRS WS 2 HEE LT, TNO 2R TE 2WMHEZ W T A
L ZOSREN R BT 2 OB CIEROERPKLEARR 2 o tbe AT L 0%
ZHNDY, EBEOHRMEMY O b CHBOMAEY & EH TR, HRFESe5Z L dmETH L,

DL BMESERRRL, BB EITS 201203, T CICHPRLBI CEBICE SR TV A BN
T, BRI EOGRREN 2 M5 L -2 B L, TOH—FRRICK 2 WS 27 A & HET
TAHIEPERMBEHEEEZ BN £IC, B THERNZ R L CHIC % ) SR AR OT
e Ab b L,

Hansenula fabianii J640\31H EI BT R 3500 TorHE L 72, SERFEKR Y A A F — 25 BEH O AL A %)
HEMPRVIHRETH Y, B w0 E# ez HFo, CoMBI I Va7 I T —YERERET
AHa-73ITF—EBREEST, TLTXIO—RAE2BTELX T F—ERERELLE Y, b LIORHE
T Y TR ERD -7 3 T —ElETRX VI - YEETEFEA LSS L 2 LRI,
FUT NI O = AR BRSNS, BTV T 2 G AMPEKOMER, 45 F TEOLL
HOHEETH > 7o 20— AEHPHEO LI TREL 25 L EZ b5,

F1E EAHOKNIERER Hansenula fabianii JBA0DT, BERIER DFIH

H. fabianii J640 £V 7 5 2 VEERMERE (H. fabianii 1640 u-1#k) % Hil L, orotidine-5’-phosphate decarboxylase
RIERTH B L 2R Lize T/, [ABETRIEWRTDH 2 KEH (pyrF ¥R) 2 H. fabianii J6400D 7% ) 1 5
477 =R IBEIRL, REZEROMHIZLY, H fabianii 16400 orotidine-5’-phosphate decarboxylase
HBIET (URA3 L) WS L7z. HUS LB E PRS2 HHEESND T X/ BRIEVNEMOBEEED Ura3p
DT I/ ERECH EB0%AEE D MR IR L7ze £72, KR URA3 BIZT RN s ¥ — %ML, H
Jabianii J640 uw- 1A TR EZR L 72 & 24, JEHEMICEHE CRIZTAEASNDG 2 E 2R L7z,

B28 H. fabianii JEAODHEERWT B /N A7 I 5 —EDHEMEEDHEN
H. fabianii J6400D 7 )V A7 I 5 — VY& FEHE L, cDNA K U7/ 2 DNA S35 L L b, tEE %
*ﬁ‘bf:o
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H. fabianii J640D 7 Vv 37 35—V IIHES > /37 T, 258 pH 135.0, EEEEIZS0CTH 0, ], KR
W EDAF OHPEMEERHE Lz, E72, HAERY2S, KERIFOIT I VBP0 DEHESN,
HEHEDO 7N AT IF—BEHEUMER LA, MBI NVIT7 357 —ETH36BREOEPETH -
Too Fhz, BTV T IYWAERM R RS, BTV T N OWAE RS IRRE R R S o 72,

$E3E H. fabianii JGA0DFIRNY X —DIEE

BIETER L 2Ry & — L 28 THEL VI T I —¥RETFOTOE—F — il ¥y —3I 5 — % —
TS E A LSSEAN Y & —F M L7z, 5135 CHUS L 72 H. fabianii J640 u- 1%k £ & L, RIS & —
FHOCCHPICRBEEF#EAT LI LT, EF Yy 7oz o a-7 I 7 —PRBUEF T 55+ —F%
HEPESTIL T & BT RE R % S FERL 72. SN S OMEFIZ S a ¥ — TREEIHMAA TN 129,
BALZIEILGERED R W TH - TH%wE L TR S L2,

FAE BEFRERNICEZFH-LERIKUIERER DR EZ0OF A

3T CHEEE L2 IR 4 — 10 X DAVKRB T Y O 5 WA EOREM A RS & L b2, PRIk
& B HES R 20 G R LB BB & AT o 72

H. fabianii J6400D 7 VA7 I 7 — X~V P —ATHES N, 7T — A THIEFEMR G, AR HEEF
DTUE—Y —HHCTWREF T T F—VAEERTS, BIEFS 7 —EEEDSHROZEE ZRTZ & 0%b
motze 72, TV T UGBEER O -7 I T —VEEMREHO R TIE, EESMRV LT — A5
WTdhoThH, Saccharomyces cerevisiae DEHFHEB T U E— ¥ —%HH\ /B ER7 & — R TRIEN L S
DEOWEMER L7z 012, WEET ¥ 7 U RANEWT ¥ 7 v 2 0728 7 VHIK LB ER 2 1T, B
BRI A WALBIRE ) 2R L, BIFRHPRILEI T2 52 2 L &R L7z, &5, PCRIEEZHWS S
ECREERRO T =) Y IHURETH L EER LT,

Pibo X912, SfETHIEEM = FH L CHMIZ2 % ) AR 2B ARBROFE Y ER L, Z0
R KA O EICE T 20D TH D EER D,

F—T— KN POKUIEHEEEE, Hansenula, 77 2 VESRMERE, ZVa7 79—, fEENT ¥ —%, BEZR
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Phosphorus (P) is the least mobile nutrient among major plant nutrients. The global consumption of
chemical P fertilizer exceeds 30 million tons of P,Oy annually and the deposits of rock phosphate (RP)
will be consumed within next 80 years even with the current rate of P based fertilizers consumption.
Application of P in excess of crop requirement leads to accumulate P in agricultural soils, which is
considered to be a reliable source of P for future P scarcity. A major problem with the use of accumulated
P in soil is the low recovery rate of P from soil to plants. It is widely accepted that the P availability in
soils are largely governed by biological properties of the soil. The risk of phosphate fertilizer scarcity in
future might be minimized by effective biological technique, which increases the utilization of P by
plants in agricultural soils.

In this study, the levels and form of accumulated P in Andosols and Regosols and the utilization rate
of accumulated P by plants was investigated. Further the relationship between uptake of P by plants and
the enhanced biological properties of soil by compost amendments was estimated by using soils enriched
with RP. The relationship between available P in soil and the enhanced soil microbial community

including phosphate solubilizing bacteria (PSB) by compost amendments was also analyzed.

Utilization of accumulated soil P by plants at different levels of accumulation in Andosols and Regosols

The accumulated P ranged from 710 to 3456mg P kg™ in Andosols and ranged from 96 to 3769mg P kg™
soil in Regosols. At the high P-accumulated conditions, inorganic P was 83% of total P in Andosols and
was 74 % in Regosols. Among the inorganic P fraction, 64% was Al-P in Andosols and 59% was Ca-P in
Regosols. Relative effectiveness of accumulated P in soils as a source of P for plants was in the range of

6-19% for Andosols and 35-66% for Regosols compared to the chemical fertilizer amendment.

Relationship between uptake of P by plants and the enhanced biological properties of soil by
compost amendments in Andosols

The relationship between enhanced biological properties of Andosols by compost amendments and
the uptake of P by African millet (Eleusine coracana Gaertn, cv. Yukijirushi) in RP enriched soil was
investigated using a Wagner's pots (200cm’) experiment and an incubation experiment. Composts were
amended to the soil at a very low rate as a source of effective microorganisms. The composts added to
the soil were based on poultry manure (PM), cattle manure (CM), sewage sludge (SS), or P-adjusted
sawdust (PSD). Uptake of P by plants in RP enriched Andosols was enhanced by compost amendments.
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RP utilization by plants showed a significant positive correlation (» =0.72, p < 0.05) with the microbial
biomass P in the soil. Available P in soil showed a significant positive correlation (» = 0.70, p < 0.05)

with the population density of PSB.

Relationship between available P in soil and the soil microbial community enhanced by compost
amendments in Regosols

Wagner’s pots experiment and a soil incubation experiment was conducted to investigate the
relationship between available P in soil and the soil microbial community enhanced by compost
amendments. The denaturing gradient gel electrophoresis profiles developed for RP-enriched soil
showed unique bands with compost treatments. Culture plates of compost amended soil showed that the
dominant species of PSB in the compost treatments were Burkholderia fungorum. Burkholderia
phytofirmans in PM treatment, Burkholderia caledonica and Arthrobacter ramosus in SS treatment and
Burkholderia phenazinium in PSD treatment were identified as specific species of PSB in each compost
treatments.

Relative effectiveness of accumulated P as a source of P for plants was low in both Andosols and
Regosols compared to the chemical fertilizer amendment. Uptake of P by plants in RP enriched soil was
strongly related to the soil microbial biomass P and the population density of PSB enhanced by compost
amendment. The enhanced utilization rate of RP showed by compost treatment could be related B.
phytofirmans in PM treatment, B. caledonica and A. ramosus in SS treatment and B. phenazinium in
PSD treatment, which were identified as specific species of PSB in each compost treatments.

These findings show that the greater utilization of P in RP enriched soil with compost amendment is
strongly related to the biological properties of soil enhanced by compost amendments such as soil
microbial biomass P, population density of PSB and microbial community structure of soil. Therefore
the utilization rate of accumulated P in soils by plants could be increased by enhanced biological

properties of soil by amendment of composts enriched with effective PSB.

Key words: accumulated soil phosphorus, Andosols, Granitic regosols, phosphate-solubilizing bacteria,

microbial biomass, compost
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BIBRFRLOBIEOREAFELT ST 2 ERNE MG T 5720, LEBEENRIFER—EERD v 7~
7 BTV EBEHIL, 200441 1H2 512310 F TOSERZ 0 S E LTy Ial—Ya ry&2EHL
Too BMERER LY, A (RRE MK ~KEESm, W8 KIES~10m, TR KE10m ~#gE) &R
o (BRALRE, #IckE) @ DO ORI 2 17\, dLififEs o B FKIOBIEEZ, 41 DO (DO A& —
DO {H#i) L OBRTHIT L7z 25, ADOAWNE L 253 EEEFARKIOBEIILK L, 45124 DO
PTIF0ITEDC &, LTI R IC AR RKIS LR T 2 Z AL L o7z F 7z, S CALELHT



100

W ONEIE DO I EL R Eh - 7220060F B ZE &, # b AKA 5 7220084F E F D DO K e FINE % Lk L 7-
&2 S, AL O BEEF KO S-§ 5 FE LRI, KEETETO POC D4 EIZHESH DO W%,
JKE2 5 - L 72 ODU (= Oxygen Demand Unit : IEJRZETTIE IC BV THBEW OB B THER S L5 ETT
PE Mn™', Fe™', H,S OFEM) OFEILICHE ) DO WE, e M8 A S ALl M B~ 0 Ko DO #
#h, D3IOTHLZEPHLN Loz, T2, AERFKMOBEORFLBCHES T 5 FERERIE, K
FEE - gD S TEAO POC G = OB &, BT kg 2 & ARl T~ K FJ5181 0 DO s
BHO2OTHAHZENWSDPERST,

WIZ, BIROFER—IEERD Yy T 7 - FFNVELR L, EER) YA 2 VORI (HS %
PO, % KON R, NH,N OEH) ZHARAALHMEE T VERE L 720 TOETFTVEINNT, EER
VA7 NMDH L, BT CIREIGERIRAFEWNICHS 222N TBY, BETVERET 27200
ERM 8T A — 7 DL T DA RIKERY & EEGEM & LTS % 356 O B3RSO
DNt 4T o720 B, TTETOMET, BMFKMOIFEAITS TS ODU OMALIZ L 2 RFHE D5 S
MWEETH L EDPHBEINZ0T, 20104E3H18H L9H2H D22 72 V) BN O3 512 B\ THEIR
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TN OFIMEDOBEEIZ V720
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TERIIRIR T O HyS SRS S 2 & TEOMRENKIFISHD L, TORKE, KIS HEKPF~EH T
% ODU OEDRIT 5720 Tdh 5 2 ENIR SN0 HRIGERW 2 M5 2 & T, #HikH o PO,P i
FEDHA L NH N EEOMIMAR SN0, TOREEHLTHITH Y, FBEEHOKE K& {ELsE
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HEWRIEER 5 A1) 7 & ANF 1 X B Orius strigicollis &
HIaAN LA M1 Wolbachia DAHHEAERIZ B S 2 WF%E

YRR T
INBARFR P LY EFHAIIIEF,  739-8528 HIL BT

F1E &5

FANZCANFAALY (T A7) 13/ F 5 2 L2 Anthocoridae (2% L, BIHLIREE O HARAR
T B LUV, NEEFES, B, PEKEICERL T3 (Yasunaga, 1997). 74 3 7 iR EOfUN
FROWAEMEA ALY ELTHONTE Y, LAREOMBHIEICBT 57 W3 v~ HOH 2 RIEEH
ELTHHEN TV S, FRIZ, EARCIIBREAMIEE B L - RefBEOWEM#IC LY, 4197
OO EYREEM OBARIELHE o T0E (IBE, 2008).

AR, AW RSB M R0 R E A SO 7 H R BN 2 & MBS NSRRI Wolbachia OGS S, B E
B 066% 3 EG L T b LHEIl S T b (Hilgenboecker et al., 2008) o Wolbachia 1% Rickettsia \Z 4% 7%
MEOITETH Y, 7aF TNy FYTHED o 77— T8 a8 £l A oMl E (25
L, BIMRIBIC LY B b FAREEMLRET 50 —F, BFICITMEDS 2o Tl & K R ERE
T 52 ENTE R\ fif TMREEF OIEGeE % 4B & OIEKT % 72912 Wolbachia (ZIEGMEDH RN 72 %
IO WHEEOEEEEIEL, &L, MR AEREL, SR, MBEAE (CD BLO
I OWIMNE B4 T M5 T 5 (Werren and O’Neill, 1997), 4§12, Clidtic ZREICHADN
LHRT, FEEGut & BEEOLM TIPS IEFISHEEE T, THRERT I ENTE v, —7, EAEiE
JRGMEBL L RGO LB 5 XML TOTHREET LD TE L, £D72®, Wolbachia &4\ & 52
A MDA, BAYE RO BN E R E AL, IO G ER 259 % (Turelli and Hoffmann,
1991; Hoshizaki and Shimada, 1995). & L, AW RE3EE M OIS B> C Wolbachia IEGAR K & FEREG:
EURDNRTE L 72856, MO ICHEL 5 2, AWEEEM OMEEREELZ 2 TLE ) wRelEds
2z 51h (Hunter, 1999), L22L, T L) RMEEIRMH L 2 2Epd S5 EBEO AT ICD 2 »
(Mochiah et al., 2002; Perlman et al., 2006), F&4 OWZEZEDOFAEIZ LY ¥ 1 ) 712 b Wolbachia 73S L C
WD ZEDHE D% o T2, Wolbachia DRMER ED X9 G AEHREL T R §20IEHL IR0
TV,

Z ZCARELTRSU TR BIEEM 5 4 ) 7 128G LT\ % Wolbachia OIRI7E B X OESEIER I S 222
L, AExAWNBBRICHET2BICAECLMELZR T2 2 HNWE L,

F28  Wolbachia DRIEH KU Wolbachia |Z &2 ETERIEDZER

5 A4) 7S L T\ % Wolbachia % RIET 5729012, wsp SHIBIC L 27 0 —=0 72 BT\, 28
D Wolbachia (wOus13 & O wOus2) SFERE S 7ze MV TNy A% — ¥ ¥ Vi n 15 % v 72 MLST
(Multilocus sequence typing) 2 X 2 A HEM B LI -7 Ly A2 BT ho72ER oD
Wolbachia 3% % D38k E U CRE SN2 S 512, TS D Wolbachia O HEFEERE 2 3 2 72012, BT
AP R X o TIF L 7 &R O SC L I28R,  BEIRELO i B X VKI5 & 7 o 720 KR
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P RO I E2EE % <, KR OVELIE 18 FELE I LD o720 KEERTIE, CIATHEN
LA IZBVTAIEEREDO DDA S, wOus X IEE G 2 5\ id wOus2ME 120 L CHLd B i35y
W CL wOus2 13 JE el & % > 12 wOus ISR} L Thfivy CI 25 e i 13 J et B & OF wOus 1 (2 xf
L CIEHRED CI, wOus2MfE 2k L TIdE5 ClL &R L7ze b L, BPAMEAREE IS IREGL R IR R0 BB L A A
T L2y, 2B BRI AR &2 BN 9 2 & AR D5 IR A% 2 biviz,

FEIE HAZHMOFIMEEELICEH TS Wolbachia BEEEDBES KU RLSEE

2EEGRRCTH B Y 1) 7 % L CEHIMEREE CRERED ST IERT 2 2T 5720121, B
TR B % Wolbachia YHEE * HET 2 LENH L, €2 T, HRZHOTHITLTY 4 1) 7 % REL
Wolbachia 1% D 45 #:35 X ONEGLAEE 2 FAT L 720 $REE L 72 113M8K 42 T2 Wolbachia 73 &4 L TB Y, JE
JEGLE AR I SN2 H o 720 THEE IS HE S 2 & wOus1HL RS fK & wOus2 BB ATFEER S, S h
5OMIRIZ Y A1) 7 % B L72E, BEBEO DAL E 2 57z,

BAE DI aL— 3 EFINZERVERIMEREICE T D MEABEERO A HRIEAT R

B AMEATE CREEE DS ST IER T A D200 32— a Y EFMIE > TTFH L2 EFVIEE
() Cloms, (2) EEICLaA b EIRKEOWA), 3) KEA~D Wolbachia DFEBEIZIER D3O
DINT A= THEREND, (1) & Q) WML CEE2EOT— 7 2 iz, RETIE, 3 3) O/85 A —
b & RD, FIEGRITICBIT S wOusl & wOus2? WA~ D H E 23213100 % T d - 72 Caspari and
Watson €7 )V (Hoffmann et al. (2 X 20 R) REFERBROBEHHD/YF X — & %)l 2 72 Travelling Wave
Model # IV T I ab—2ary35&, ILRHEEIEVAAR LI E DD wOusl DEKEE L wOus2 D1
PREEN CTHERR O AR T S N7z 7, BRI Z 2 2 L TRERRO S AL RES LS
WEEEDSE 2 Sz,

HOE HMAER

RHFHOHIIE Y A ) 7 12&Ge LT\ B Wolbachia DRIES X OEFRERZ WIS L, A% LY
HBBRICRE T ABCE L BB TS 2 L Th otz F2EPLAETHONHEE,D, wiusl &
wOus2D2MESH D Wolbachia HSEGe LT % 5 A ) 7 & L7234, BHb o HE AR A2 38 Tl fi
FOFAIERDI T E NIz ZIE TORFGEIZ & 0 Wolbachia EHBHEOIERIEI Fa v N 7H#EETO%
RS % 2 &3 ST % (Rokas et al., 2001; Jiggins, 2003; Narita et al., 2006) . B EARILA%
HETOLFEMEDMET LTHY  (Hinomoto et al., 2006), % A 1 7 QRN L g T, Bk 5
RN P 3y B 7TEETZT TR LIBEETOZBEE TRAT 2TREIE 2 51, Thb
DY EBEET 572012, A1 I & R S o BAMB AR B A BIE S HIEMAE 2 B2 %)
VED D Do FIARBLRCTHO RS, EYREEH LA L - Rei 4 T 512
\E, Wolbachia % &% 7= A O G A8, AFIREORIB & OHUFIZ X 2 B ME (kB 0 B = 2 ik
NOHBERET L ENEEL D LEZHND,

F—T—=R: 540 T CANF A XY, EYRIE Wolbachia, FINAPILAMIE, AR, MIBEATE,
BRI ELE, BIEMS RN
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Different types of organic wastes accrue yearly all over the world. Utilization and recycling of
organic wastes as nutrient resources is essential for sustainable and environmentally conscious
agriculture. Composting of organic wastes is one of the most reasonable answers. The persistent
lignocellulosic materials in plant derived wastes require long time to be degraded. Moreover, phytate is
the primary source of inositol and storage phosphorus in plant. However, phytate is strongly fixed to soil
and form hardly-degradable complexes preventing phosphorus supply to plant. Decomposing phytate
during composting could improve phosphorus supply.

In the present study the cellulolytic and hemicellulosic fungi dominant in sawdust and coffee
residue composts were isolated and their enzymatic activities were evaluated. Furthermore, cellulolytic
bacteria inhabiting sawdust and coffee residue composts and their role in the biodegradation process
were determined. The phytate degrading microorganisms associated with compost and their phytate

degradation efficiency were investigated.

Evaluation of cellulolytic and hemicellulolytic abilities of fungi isolated from coffee residue and
sawdust composts

Four genera (Aspergillus, Galactomyces, Mucor, and Penicillium) and five genera (4Aspergillus,
Coniochaeta, Fusarium, Penicillium, and Trichoderma/Hypocrea) were dominant in SDC and CRC,
respectively. Penicillium sp., Trichoderma sp., and Aspergillus sp. displayed high cellulolytic and
hemicellulolytic activities, while Mucor isolates exhibited the highest B-glucanase and mannanase
activities. Notably, isolates SDCF5 (P. crustosum), CRCF6 (P. verruculosum), and CRCF2 and CRCF16
(T harzianum/H. lixii) displayed high activity regarding cellulose and hemicellulose degradation, which
indicates that these species could be beneficial for the improvement of biodegradation processes

involving lignocellulosic materials.

Cellulose degrading bacteria in sawdust and coffee residue composts: isolation and characterization
The SDC isolates were belonging to genera Streptomyces, Microbispora and Paenibacillus, whereas
the CRC isolates were classified as Streptomyces, Microbispora and Cohnella. Microbispora was the

most dominant genera in SDC and CRC. The results of enzymatic activities indicated that Microbispora
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(SDCBS8 and SDCB9) and Paenibacillus (SDCB10, SDCB11) may contribute effectively to the
biodegradation process in SDC whereas Microbispora (CRCB2) Cohnella (CRCB9, CRCB10) could be
important for enhancement of cellulose and hemicellulose bioconversion during composting of CRC. The

application of these affective isolates could be contribute to improve degradation rate with effective fungi.

Phytate degradation by fungi and bacteria inhabiting sawdust and coffee residue composts

The phytate degrading fungi and bacteria were isolated from SDC and CRC. The phytase activity
and phytate degradation efficiency of selected fungal and bacterial isolates were investigated. The
phytate degrading fungi isolated from SDC were belonging to genera of Mucor, Penicillium, and
Galactomyces, while Coniochaeta, Fusarium, Penicillium, and Aspergillus were isolated from CRC.
Furthermore, the phytate degrading bacteria were belonging to 4 genera (Pseudomonas, Enterobacter,
Luteifibra and Rahnella). Bacterial isolates showed very low activity towards the degradation of
phytate-P and increase of IP content. The most active strains concerning the degradation of phytate
phosphorus (phytate-P) and increment of inorganic phosphorus (IP) level were Penicillium isolates
SDCF5 and SDCF3. The reduction of the phytate-P concentration by the above-mentioned strains
reached 99.3% and 98.9% , respectively. Inoculation with fungal isolate increased the phytate
degradation rate. Penicillium sp. isolates were the most effective phytate degrading fungi. In actual
composting process highly efficient phytate decomposing fungi such as Penicillium isolates (SDCF3 and
SDCFS5) could contribute to degradation of phytate P and increasing the phosphorus availability.

Key words: cellulolytic and hemicellulolytic abilities, phytate degradation, bacteria, fungi, compost,

enzymatic activities
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1. B

BB LTI & CPPE L ORISR L, WEETIEN Y 2 FA Ty, T VEORROIIRY;
HIHE A, BEBIN RO AL TR EAE T IV 7 A 7% EORIESHIEET L KEHIZ L o THREI M
WChb, TNHOMBEAFEIL, TMYIITMW T 7 > 7 b2 OiRFERGE (EfAE) T2 oh, &
TRAE R ER O T THELE S B BRMIRHANS Ik O St 8 8 2 ek TIRA D 1] A ARBEARE ISR & 22 HE L
TWhHEEZLNTWVE, LAL, NI TORMEEONY) 7 F > 7 > OB IS 205813, 3202
FHH OB S & JREEA R O FHE S Mg, RBEIIZ b v £ 2T, ABIZETIE, Sk
EREBGRIRIC BT, W77 27 b o - Mk, FEEEEER 2 SoRE (1004F), 8] (10-404F),
BLOFEH G4F) ZHZLEL, Kig, Ot KEHEL CORBERF L OREREZMEEL, T OLEREL
HoEIZT A ERHNE L7z,

2. M7 N OR (100€F) £g
BRKEFERIN RO T IE B 2 #F2 10041 (1900 —20004) DICROEEFET 7 v 7 A (HEFRHEE)
& BRI, JUNMEBIAL, AL L0 BBRE) (PDO index), SIS & OB 4T o 7oA R
Thalassionema spp. ® 7 7 v 7 AF20-40FE A7 — IV COET T v 7 ALK T7 T v 7 ZOFMHSH ), PDO
index R JUHHIESIIM L FFA L CHEI L TV A 2 Db holz, SO ENS, FREOHEE 7T v 7 2idde
RPREEIN S DR AEA T — VOKBEES), ZIE) BEEER A D i & ORI RIE S iz,

3. M7 NBREEOFE (10-40%F) £
B, RIS TSy 7 o ofMligerau T 4 ba g AOMBBRICH LD, WSSy
LA ORT (FRIA4 5 ARE) 7007 4 )b a BEBHBAKOIEASBHES, OV CI3HB I8
ERITT, F2T, HIHGICBWCEWNEIHY TS > 7 b U EBERTIFEL LTEYTHL N E) e iR
AR, BT T v o N ORMEB OB AT 7z .
Tﬁﬁuﬁwéwiﬁ(w%—mmi)wﬁMK%dmt,é%&wﬁﬁ&7um74w350ﬁM@
IHEELRMEDRO HNZe 22T, THRBLDDHTHICEDL T N4 7 ADEEILRVEEZS
héE&mL BT, EWHEOMEIRE OB & #E45F M (1963 —20074F) ([ZH o TRz, ZOHR
W75 v 7 b 2 mid 19804 EARITIEE A2 5 72 3 19904EARIZ 134 7 { %2 1), 20004F LLFEIX T OV% < 72 % {11
ZRL, TOEBNNY — VIZN0FEREORBIMESREO bz, 2, SO LD LAY — Uik, B
AEFEBHE 12 51T 5 100m BKIROZEH) /S5 — > L b h—F L7z TS DOFRIE, SHKEOMED
SRR E TOILBIIBWT, 7T v 7 by BFROEBPIRA D FICEE SN TV 2 & 2Rk
THLDEEZ LN,
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4. WBMT S0 NABROSE (30FRE) EF

BRAGERERIG R OFHETE & MBS\, #\E3045EM (1978 -20074F) OBUEEN (5-917)
BT LHWTZ 7 N OMEEBEZWNR, TOEHHURICOWTHRE L7z, 2O, HEH
Skeletonema spp. D10 OZEY &, 19904 L LLE D Pseudo-nitzschia spp. D IAAK & 7 K5 & LTl
WINTze 51T, FAFEAL L AHEHIT OMER, Skeletonema spp. DZEBIITHARIE (FIHEFEmEE) ©)
A3, Pseudo-nitzschia spp. DZEENAIKIEAB G L TV 5 2 LAVRE NI,

CNETOMANS, Skeletonema spp. (&, IR B IR O RAEE (FFI2) Y IRIE) 202 LT 5
s, 1990FEMRICTEA D W OB LHEAMET L7z Z 2128y, FEiioftiaes (FRICEFEL Lk
L 72258 25 L, YIS R ORI 2 LB L § 5 Skeletonema spp. HER L72b O EHfEME NS,
19904F- X LA, Pseudo-nitzschia spp. OFIEAHIN L 72 H-IZ, RIE LR - EREFIIFEICE T 2 55
HZ L G RARFEE I REE 7258, RIE D% M OBESREE & KT 2 LAY 4 XovhSwZ bas, Kig
EORFIEERI BT, MR EZHRET 22 LR THL LHEENL, L7205 T, K Tnah
TR 75 2 7 b ORELOZEAE, KA DN X 2K ERREOZE ICHIIISE Lz b oL Fz bz,

5. M7 o720 NOOEBEEREORE (3EM) £8
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ZOEFHBERIZOWVTHRIEL 720 2 OFER, EHMAEEEE L, 4-100 12200 TER L GEHTIME :
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CENWS L o, EBEEERE L, FEYE L OKRPLETRICL VRSN TV, BERIER
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BAED 72D DEBEE 70 B EREFRIRN 2155 2 L2 HivE L7

F28 A7V EOFHITHER

a7 < EREE OB R LB R BEOFH A WA L 72, ZOME, 27 Y EOEROETRZ M
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Introduction

Fats employed in the industry of foods, cosmetics and pharmaceuticals are mixtures of different
types of Triacylglycerols (TAGs). The phase behavior of the component TAGs of the natural fats has
high significance to texture formation of end products and fractionation efficiency of functional fat
compositions derived from natural oils and fats. The complicated behavior of melting, crystallization and
transformation, crystal morphology, and aggregation of a fat is partly due to the physical properties of
the crystals of TAG components that comprise the fat, and largely to the phase behavior of the mixture
of different TAGs. The physical properties of real fat system could be unveiled by the study on the
binary mixture of TAGs as the simplest model system.

Various phase diagrams of binary mixtures of TAGs have been reviewed, but much still remains
unclarified. In particular, few studies have been done on binary mixtures of saturated and unsaturated
mixed-acid TAGs, which are abundantly present in natural fats and oils. Understanding the phase
behavior of binary mixtures of symmetric/asymmetric saturated/unsaturated mixed-acid TAGs has high
significance for the separation of high-melting and low-melting fractions of vegetable fats and oils, and
for texture control of fat-based food products such as margarine and chocolate.

This dissertation presents a systematic study of binary phase behaviour of saturated-unsaturated
diacid TAGs mixtures. One objective of this work was to investigate how the molecular structures and
interactions of TAG components contribute to the mixing behaviour, and to foster an understanding of

the phase behaviour of complex fats and oils with ultimate goals in realistic applications.

Binary phase behavior of 1,3-dipalmitoyl-2-oleoyl-sn-glycerol (POP) and 1,2-dioleoyl-3-palmitoyl-
rac-glycerol (rac-OOP)

Binary phase behaviour of 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) and 1, 2-dioleoyl-3-palmitoyl-
rac- glycerol (rac-OOP) was studied, using differential scanning calorimetry (DSC) and X-ray
diffraction (XRD) with a conventional generator and synchrotron radiation (SR) facilities. The POP/
OOP mixtures exhibited immiscible eutectic natures in both their metastable and most stable states, in
contrast to POP/PPO (1, 2-dipalmitoyl-3-oleoyl-rac-glycerol) and POP/OPO (1, 3-dioleoyl-2-palmitoyl-

rac-glycerol) mixtures, in which molecular compounds of a double-chain-length structure were formed.
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A time-resolved SR-XRD study indicated that a and ’ forms of the POP and OOP fractions were

crystallized and melted in separate manners.

Binary phase behavior of 1,3-distearoyl-2-oleoyl-sn-glycerol (SOS) and 1,2-dioleoyl-3-stearoyl-sn-
glycerol (sn-OOS)

Thermodynamic and kinetic studies have been done on binary mixtures of 1, 3-distearoyl-2-oleoyl-
glycerol (SOS) and 1, 2-dioleoyl-3-stearoyl-sn- glycerol (sn-OOS), in which optically active sn-OOS
sample was employed. There is no molecular compound formation, and SOS/sn-OOS mixtures are
immiscible in both the metastable and most stable polymorphic systems.

By combining the results of studies on the mixing phase behaviour of SOS/sn-OOS and POP/rac-
OOP, we may conclude that an immiscible phase is formed in binary mixtures of symmetric saturated-
oleic-saturated TAGs and asymmetric oleic-oleic-saturated TAGs of both the racemic and optically
active types. No effect was found between the mixtures using an optically active sn-OOS or racemic rac-
OOP. The absence of molecular compound crystals in the binary mixtures of POP/rac-OOP and SOS/
sn-0O0S is explained by taking into account the molecular interactions of acyl chain packing, glycerol
conformation, and methyl end stacking, among which glycerol conformation appeared to be most

influential.

Binary phase behavior of 1,3-dioleoyl-2-palmitoyl-sn-glycerol (OPO) and 1,2-dioleoyl-3-palmitol-
rac-glycerol (rac-OOP)

Based on an understanding of the major molecular interactions which are most influential in
stabilizing the polymorphic structures of the TAG crystals, we predicted the occurrence of molecular
compound crystals of OPO/OOP with double chain-length structure and a parallel glycerol conformation.
Thereby, we performed precise thermal and XRD experiments. It was found that OPO and OOP make
molecular compound crystal of B’ form (B’opo00r), Which have double chain length structure, as a
metastable form in the whole mixing ranges. This result is consistent with our conclusion that the mixing
behaviour of binary mixtures of diacid TAGs containing palmitic and oleic acid moieties is mostly
influenced by the combined effects of fatty acid chain interactions and glycerol group interactions.
During thermodynamic stabilization caused by incubating the mixtures at 3C for one month, B’opo/00p 18
decomposed into separated crystallization of the most stable forms of B’ppo and Popo, both of which are

triple chain length structure.

Crystallization of fully hydrogenated and interesterified and vegetable
oil-an application of mixing phase behavior of different fats

Physical analysis of real fat systems containing sat/unsat diacid TAGs as main components are
conducted. A high-melting fat (HMF) was prepared by interesterification of fully hydrogenated soybean
oil and soybean oil, and by fractionation. The major high-melting TAGs of HMF are SSO, SOS, POS,
and PSO. Thermal and structural properties of HMF and its blend with salad oil in a mass ratio of 4:1,
which was prepared as a model fat blend for margarine, were assessed by XRD, DSC, and Polarized
optical microscope (POM). The development of granular crystals during aging after crystallization was
observed. We found that the granular crystals are made of molecular compounds of SOS/SSO, POS/
PSO, and (SOS+POS)/(SSO+PSO), all of which easily transform into B form with a double-chain-
length.
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Conclusion

Saturated-unsaturated diacid mixed TAGs studied in this work are relevant to numerous industrial
applications such as fractionation, fat blending, modify polymorphic transformation and crystallization
to create new fat crystals using molecular compounds, and so on. Polymorphic behaviour and
physiochemical properties of these TAGs and its binary mixtures available in this dissertation are

fundamental and of practical importance for guiding industrial applications.
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