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Development of molecular diagnostic technique
and control of vibriosis in kuruma shrimp
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Study on two—dimensional electromagnetic wave
scattering from multilayered periodic
structures
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To solve the environment problems rising from wastes concomitant with improving food security as
well as the low food/feed self-sufficiency, this research was carried out to develop a reliable method for]
recycling food by-products as feed for swine. The specific aims were to assess the effects of feeding of]
soybean curd residue silage (SCRS) and lactic acid fermented fish by-products (LFBs) on growth
performance of pigs, quality of pork, bacterial flora of pigs' gut, and microbial quality of pork. In this
study, the fermented silages from soybean curd residue and fish by-products were prepared and)
incorporated into the diet of crossbred (Landrace x White x Duroc) growing/finishing pigs at 49% of LFBs
and different levels (0, 15, 30 and 60%) of SCRS. These silage products had comparable quality as silage,
and production costs of both these products and fattening pigs are reasonable. Palatability of the diet
containing SCRS and LFBs would be good for the pigs as consequences of higher intakes of those diets.
" For the feeding pigs with SCRS, the growth performance did not differ significantly between thef
control and the 30% or 60% of SCRS groups, but the performance decreased for the 15% of SCRS group
(P < 0.05). However, pork of the 30% and 60% SCRS groups was statistically improved in meat quality,
i.e., higher fat content, lower shear force, and better balance in the n-6/n-3 fatty acid ratio (P < 0.05).
On the other hand, feeding pigs with LTB did not affect the growth performance, the color of lean meat,
drip loss, and the melting point of subcutaneous fat. Morcover, the LFB diet resulted in reduced lipid
content of the pork, The concentrations of eicosapentaenoic acid (C20:5 n-3, EPA) and docosahexaenoic
acid (C22:6 n-3, DHA) and the compositions of these fatty acids relative to other fatty acids were
significantly increased by LFB feeding (P < 0.01}. As a result, the n-6/n-3 ratio of pork lipid in the LFB
oroup was improved relative to the conventional and fishmeal diet groups (P < 0.01). However, enrichment
of n-3 polyunsaturated fatty acids (PUFAs) in pork deteriorated certain sensory quality aftributes and color
of pork fat, possibly due to lipid oxidation. '
Bacteria of gut of pigs and pork were possibly affected by feeding of SCRS and LEBs. Numbers of]
Enterobacteriaceae, coliforms, and E.coli in the cecum of pigs fed SCRS were significantly decreased (P <
0.05) while the levels of lactic acid bacteria (LAB) and Campylobacter spp. were remained. Pigs fed with
LFB presented a significant decline in percentage of Streptococcus, an increase in the numbers of LAB,
decrease in the E. coli and Enterobacteriaceae populations, and a consequence of the more favorable ratios
of LAR/E. coli or LAB/Enterobacteriaceae of the cecum of pigs. The feces of pigs had higher share of the
clostridium cluster as a result of lower portions of Streptococcus, Bacteroides, and Betaproterobacteria
spp. (P < 0.05), The LAB level in the feces remained stable after 2, 4 and 7 week-feeding of LEB while E,
coli and Enterobacteriaceae shedding reduced after 2 and 7 weeks of feeding (P < 0.05). No difference in|
bacteria numbers in pork was observed among the control, fishmeal or LFB treatments with an exception of
the higher LAB counts from LFB group than from the fishmeal diet.
The findings from this study suggest that fermented silage making is an effective and reliable method to
convert soybean curd residue and fish by-products into swine feed, coniributive to alleviate the
environment load, to improve feed self-sufficiency, and to make swine production more sustainable. In
addition, feeding such fermented silage products to animal also has several benefits in terms of safety of]
animal production and quality of the meat fat, even further study is needed to improve growth performance;
and/or sensory quality of the pork.
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Biological sulfation as catalyzed by the cytosolic sulfotransferases (SULTS) is a reaction
that involves the transfer of a sulfonate group (-SO;H) from the sulfonate donor
3°-phosphoadenosine 5’-phosphosulfate (PAPS), to a hydroxyl or an amino group of
low-molecular weight substrate compounds such as steroid/thyroid hormones, bile acids,
neurotransmitters, polyphenols, and drugs. In the metabolism of drugs and other
xenobiotics, sulfation has been recognized for well over a century as an important
conjugation reaction in vertebrates and is suggested to result in the decrease in |
pharmacological/toxicological activities and increase in water solubility of the sulfated
products, thereby facilitating their excretion via the urines and biles. The SULTSs therefore
have been traditionally viewed as the Phase II drug-metabolizing or detoxifying enzymes
that serve for the detoxification and inactivation of drugs and other xenobiotics, mainly in

human, mouse, rat, and recently in zebrafish.

In recent years, the zebrafish is increasingly used as a model in different areas of
biomedical research including drug development, target validation, and safety assessment
processes. The elucidation of metabolizing the drugs in body is important in a drug
discovery process. To develop a zebrafish model for investigation of the drug metabolism
through sulfation, the current study was aimed to systematically examine the sulfation of a
variety of drug compounds by fourteen distinct zebrafish SULTSs that have been identified.
Results showed that three SULT1 enzymés (SULT1 ST1, ST2, and ST3) displayed
considerably stronger activities than the others toward the majority of the drug compounds
tested. Specifically, SULT1 ST1, ST2, and ST3 showed that the highest specific activities,
at 26.9, 29.3, and 31.5 nmol/min/mg, toward anticoagulant aesuclutin, bile therapeutic
4-methylunbelliferone, and heart failure therapeutic dobutamine, respectively. A
metabolic labeling experiment showed that zebrafish liver cells displayed a similar pattern
of sulfation of the drugs tested as that of HepG2 human hepatoma cells, implying that
human and zebrafish liver cells may share considerable similarities with regard to their

constituent drug-sulfating SULT enzymes.
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It is also important to make clear the properties of the drug-metabolizing SULTs for
understanding not only the drug metabolism but also the physiological functions of the
whole sulfation reaction. Nevertheless it remains to be a scanty knowledge of other
aspects in cellular physiology such as intracellular dynainios and regulations of gene
expression.  Although it has been suggested that SULT2B1 catalyzing the sulfation of
cholesterol and pregnenolone may interact with intracellular proteins via the extended
proline/serin'e-rich C-teminus, the binding proteins has been not yet revealed. In another
part of this dissertation research, the functional characterization of the extended N-terminus
and C-terminus of mouse SULT2B1 was performed. The results showed that the extended
proline/serine-rich C-terminus interacted with cytoskeletal proteins, and contributed to the
localization into cytoskeleton, implying SULT2B1 may move along microfilaments such as
actin filaments, and function at specific intracellular locations. ‘

It is also important to make clear the properties of all SULT members for understanding
the physiological functions of the whole sulfation reaction. In recent years, several new
SULT members have been identified. Some of these SULTs, e.g., SULT4 and SULTS6,
have remained orphan enzymes whose biochemical/physiological functions are unknown.
In this part of the study, a novel SULT gene was discovered in the mouse genome data-base
and was categorized into a novel SULT family, SULT7. In an effort to characterize its
enzymatic properties, it was revealed that the mouse SULT7A1 was capable of catalyzing
the sulfation of prostaglandins. Further investigation showed that the enzyme uniguely
targeted on the o, B-unsaturated carbonyl group, suggesting a novel sulfation reaction
mechanism. These results suggest that the mouse SULT7 may function to regulate the
biological activitics of prostaglandins that play important roles in inflammatory and
immunity.

In summary, the findings made in this dissertation research are expected to help develop
the zebrafish as a model for investigating the drug metabolism, aid in understanding the
nature of SULT2B1 in catalyzing the sulfation of hydroxysteroids. Furthermore, the
sulfation reaction targeting on the o, B-unsaturated carbonyl group of prostaglandins may
greatly contribute to the understanding about the physiological functions of the whole
sulfation reaction.
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Development of molecular diagnostic technique and control of
vibriosis in kuruma shrimp

INRTEDE T FFEORREI<ET 5%

B 4
£
=

m <

Kuruma shrimp Marsupenaeus japonicus is one of the most valuable species of]
cultured aquatic animals in Japan. However, the serious disease outbreaks are increasing|
rapidly, especially viral and bacterial discases that cause a significant loss of shrimp
production and quality. In New Caledonian, shrimp farming has been affected by vibriosis
caused by Vibrio nigripulchritudo since 1995, This vibrio infection was also recently
reported in mass mortality outbreaks in kuruma shrimp in Japan. The moribund shrimps
infected with V. nigripulchritudo displayed sluggish behavior and spiral swimming pattern,
without any gross external pathological abnormalities. Although the diagnosis of this
vibriosis has been mainly based on clinical signs supported by isolation and identification of]
the etiological agent, more rapid and sensitive pathogen detection method will be required.

In the first experiment, loop-mediated isothermal amplification (LAMP) assay was
developed for rapid and sensitive detection of V. nigripulchritudo. For the amplified target|
sequence, the 168-238 rDNA ITS of V. nigripulchritudo was used. This assay was carried|
out with a reaction mix containing two outer primers (Vn-F3 and Vn-B3) and two inner|
primers (Vn-FIP and Vn-BIP), V. migripulchritudo DNA and Bst DNA polymerase. The
established LAMP assay for V. nigripulchritudo enabled amplification of ITS gene at
temperature of 63°C in less than one hour. This LAMP assay was specific for V.
nigripulchritudo E15, V. nigripulchritudo (ATCC 27043) while no amplification was
observed for V. penaeicida (NBRC 15640), V. tapefis (CECT 4600), V. harveyi (NBRC
15634), V. parahaemolyticus (NBRC 12711), V. anguillarum (V06-25 and V06-28), V.
alginolyticus (NBRC 15630), Pseudoalteromonas haloplanktis (TAC 125), and
Photobaterium damselae (NBRC 15633). Compared to conventional PCR-based detection
methods, the developed routine LAMP assay was consistently faster and tenfold more
sensitive. LAMP method could detect the presence of V. nigripulchritudo from heart,

lymphoid organ, and muscle of shrimps experimentally infected with V. nigripulchritudo.




For the second experiment, a highly specific quantitative loop-mediated isothermall
amplification (Q-LAMP) assay was developed. The set of four specific primers designed in
the first experiment were also used for the Q-LAMP assay. The reaction time andl
temperature were optimized for 60 min at 63°C. Quantitative analysis was then performed by
measuring the turbidity of the reaction solution using a real-time turbidimeter, allowing for
quantification of the initial DNA concentration with a sensitivity of 2.3 colony forming unit
(CFU)/ml. This Q-LAMP assay was able to specifically detect the two representative of V.
nigripulchritudo strains without any cross-reaction. A standard curve was generated for V.
nigripulchritudo by plotting the threshold time (77) versus the log of bacterial number. A
high correlation coefficient (R* = 0.9749) was observed for the Q-LAMP reaction. This
Q-LAMP is the method of choice because detection can be completed within a short
duration. These LAMP assays are highly appropriate for application in field diagnostic to
monitor the outbreak of V. nigripulchritudo.

In the third experiment, to design efficient strategies for disease control and insure the
long-term survival of shrimp aquaculture, the expression of five innate immune-related genes
crustin (MjCrus), lysozyme (MjLyz), penaeidin (MjPEN), toll-like receptors (MjToll), and
tumor necrosis factor (MjTNF) was investigated in the lymphoid organ (LO) and intestine of
kuruma shrimp after challenge with V. nigripulchritudo. Bacteria (1 x 10° CFU/ml) were
injected into the second abdominal segment of the shrimp. The LO and intestine were
isolated at 3, 12, 24, and 48 h post-injection (hpi), and total RNA was extracted. A reverse]
transcriptase polymerase chain reaction (RT-PCR) assay was used to investigate the)
transcriptional regulation of MjCrus, MjLyz, MjPEN, MjTNF and M;jToll during V.
migripulchritudo infection. The expression of immune-related genes was significantly
increased in LO and intestine after challenge of Kuruma shrimp with V. nigripulchritudo
except the expression level of MjToll in the intestine which was not significantly affected by
V. nigripulchritudo infection. The quantification of expression levels of M;jCrus, MjLyz,

MjPEN, MjTNF and MjToll is useful for evaluating the immune status of Kuruma shrimp.
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Common carp, Cyprinus carpio L. forms a major source of protein in the developing counfries and there
is an ever-increasing demapd for its production. As inland-capture ﬁshéries of carp have come under great
pressure, aquaculture has supplemented the demand for fish. Carp is susceptible to variety of viral, bacterial,
fungal and parasitic infections other than environmental stressors. The effect of these discases leads to great
losses in the carp culture system. Chemotherapy is not an effective way to control these disease problems.
Thus, the control of diseases using carp immune related genes should be required. Although vaccination is 4
useful prophylaxis and effective control method of fish disease, till now no commercial vaccine is available
for carp disease. Immunostimulants can increase resistance to infectious disease by enhancing innate immune
responses. However, in fish, the innate immune system is still unclear. In this study, the innate immune
system related to Toll like receptor (TLR) was investigated in carp.

In this study, TLR7 was cloned and identified in common carp. Thel cDNA of carp TLR7 has 3427 bp,
contained a complete open reading frame (ORF) encoding 1049 amino acids, Carp TLR7 ¢DNA was found to
be similar to TLR7 of Danio rerio, (89.6%) with lowest similarity with Gallus Gallus (73.3%). Carp TLR7
contains an ectodomain including 13 LRRs followed by an additional leucine-rich repeat C-terminal (LRR-
CT) motif. The carp TLR7 has a 22 amino acid transmembrane segment and a cytoplasmic tail with the TIR
domain. The expression analysis of carp TLR7 in the healthy tissues was manifested in intestine, heart, head
kidney, skin, muscles, liver, spleen, brain and gills. Further, the relationship between TLRs and cytokines|
were investigated. These different ligands of TLRs, LPS (TLR4 ligand), poly I:C (TLR3 ligand), and;
imiquimod (TLR7 ligand) were used to stimulate carp head kidnoy for dif_ferent time range, and examined the

related cytokine genes expression such as interleukin (IL)-1§, TL-10, IL-12, tumor necrosis factor (TNF)-a,

type 1 interferon (IFN), Mx protein, JFNy1, IEN-y2 and CXC chemokine.



Constitutive expression of pro-inflammatory cytokine (IL-18, TNF-¢, and CXC-chemokine) genes in|
carp HK cells was obéerved in respect to LPS stimulation. The lack of a TLR4 ortholog in some fish species
and the lack of the essential co-stimulatory molecules for LPS activation via TLR4 (ie., myeloid
differentiation protein 2 (MD-2) and CD14) in all available fish genomes and expressed sequence tag]
databases led to hypothesize that the mechanism of LPS recognition in: fish may be different from that of
mammals, These results support previous findings that LPS enhanced pro-inflammatory cytokine expression.

In case of poly LI:C stimulation, significant up-regulation of typel IFN and Mx protein immediately after 1 hj
was observed. The same effect has been occurred to carp tissues after imiquimod treatment with subsequent
increase in typel interferon and other pro~inﬂammatory cytokines.

Upon imiquimod treatment, pro-inflammatory genes expression is enhanced in carp HK'leukocytes,
quite a similar up-regulation seen after poly I.C treatment. Increased expresslion of IL-1B, TNF-q, and CXC|
was recorded in the first 24 h,however the up-regulation of IL-10 was observed after 24 h. The up-regulation
of Type-1 IFN in HK cells treated with imiquimod is not prominent similar to that of poly I: C treated tissue.
The difference in induction of IFN by imiquimod and poly I:C may result from a difference in the targsts cell
of the two stimulants; imiquimod primarily induces IFNs through immune cells whereas poly I:C induces
[FNs in most nucleated cells,
For final experiment, the cytokine genes responses were investigated in deromonas hydrophila infected
carp. Pro-inflammatory cytokine expression including IL-18 and TNF-a was up-regulated after infection of]
common carp :with A. hydrophila. On the other hand, the expression of cytolg'ne genes didn’t stimulate after
treatment with formalin-killed 4. hydrophila except IL-1B. The expression pattern of éytokine genes may be
attributed to cytotoxic enterotoxin activated arachidonic acid metabolism in proliferating 4. hydrophila, and

an increased presence of bacterial components that trigger immune cell response.
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Periodic electromagnetic structures have been used widely in many cases such as
the magnetron in a microwave oven to the ultraviolet radiation protection provided by
polarized sunglasses. For many years, researchers in the community of electromagnetic
theory have been provided two primary means of predicting electromagnetic
phenomena from experiment and analysis viewpoints. Measurements of clectromagnetic
systems provide the scientist/engineer with reams of data and a physical intuition for the
mechanisms involved in producing the response. However, the, feasibility of fabricating

‘new devices for each design change can be time-consuming and depending on the
architecture or application, These two limitations are often addressed by using analytical
techniques to predict eleciromagnetic behavior. Solution techniques including
asymptotic analysis, variation analysis, integral equation theory, and perturbation theory
are the staple of analytical electromagnetic- prediction and design. Improvements of
computer resources such as clock speed and memory helped to provide the framework
for the rapid development of computational electromagnetics (CEM) methods including,
the finite element method (FEM), the finite difference methods in both time (FDTD)
and frequency domains (FDED), the transmission line matrix (TLM) method, and
‘method of moments (MoM) solutions.

Multilayered periodic structures are well known as electromagnetic band-gap (EBG)
materials or photonic crystals, as the inhomogeneous structures composed of periodic
regions of material with a specific permittivity immersed in a background of different
permittivity. : ' : :

The purpose of this work is to examine numerically two-dimensional (2-D)
electromagnetic wave scattering from periodic dielectric structures, which consist of
arbitrary shape in the unit cell. In order to investigate the scattering properties, the effect
of shape, size and dielectric constants of the structure are carefully studied. These
studies are carried out for the TM polarized plane wave incidence whose electric field is
parallel to the cylindrical axis. _

 The basic structure for examining the multilayered periodic structures is one
dimensional periodic structure. The numerical tools used in this work are based on the
integral equation and its discretization by Multigrid-moment method which is the
proposed method of combination of the Multigrid method and MoM. The scattered field
is expressed in terms of the integral form by an infinite summation of the surface
integral over the cross section of the reference cylinder. The integral form of the
scattered field is converted into the matrix equation by using the MoM. The integration
in the elements of the matrix equation is evaluated by the lattice sums technique in order
to obtain a precise solution. The Multigrid method is applied to the matrix equation to




improve the CPU time. In order to confirm our proposed method, the CPU time and
residual norm are cxamined in the Multigrid schemes for a given number of iteration
and cycle index. After that, the effects of shape and material of the periodic structure on
the power reflection coefficient of the fundamental Floquet mode are also examined.
The results also indicate the effect of changing the relative permittivity of the dielectric
coated body and the reflection coefficient.

" The effect of multiple scattering between layers or elements is of great important in
scattering problem. In order fo cxamine the reflection property from the two layers as
the basic structure, a unit periodic cell consists of two scattering elements of different
refractive index materials that are situated in free space or in a background slab medium
are considered. The elements are arranged to form a single layer or double layers
structure and the double layered array structures possess unique properties that are
lacking in single layer structures. This arrangement provides additional degree of
freedom for varying the scattered properties. The numerical results show that the
frequency response behavior of the structure can be control to meet a specific purpose
for elements array structures. The main purpose of this part of the research is to study
the design procedure for a variety of important filters for practical applications by
varying the parameters of both elements in the arrays. Suitable combination of
parameters can be applied to meet design criteria such as spectral symmetry, bandwidth
and sideband properties.

In addition to the two layers, the multilayered periodic structures of dielectric
cylinders are of great significant importance for getting a better performance for the
reflectance property. In order to study the spectral response from the structures for the
effect of varying structural and material parameters, we proposed the combination of
lattice sum and Poisson summation formula. These numerical techniques are used for
the matrix evaluations for the multilayered periodic structures since the matrix elements
are placed under two categories. This approach enhances the MoM and accurately
evaluates the overall coupling between layers. The Poisson summation formula is a
speed up technique for the periodic Green’s function in the off-diagonal matrix
clements. With this formulation, it is possible to analyze and design electromagnetic
bandgap filters applications accurately.

In conclusions, the research is based on two proposed methods used to analyze
various arbitrary shape structures. The methods arc aim at speeding up the
computational time for the matrix iterative solver and also the speeding up of the
periodic Green’s function computation for the layered structure. Some unique spectral
properties are obtained and results for circular shapes are compared to validate our
methods and great accuracy is established.
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