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In this study, I analysed the virulence-associated factors (genes) and pathogenicity between typical and
atypical Edwardsiella tarda strains (Chapter 1), and demonstrated the role of fimbriae as an important virulence
factor in atypical E. tarda infection under marine environments (Chapter 2). In Chapter 3, I developed an
inactivated injection bacterin for red sea bream edwardsiellosis and demonstrated the protection mechanisms

conferred by the bacterin (Chapter 4).

Chapter 1. Comparison of virulence-associated factors between two E. farda phenotypes

Two phenotypic strains of E. tarda, FK1051 (typical) and MEE0309 (atypical), isolated from diseased
Japanese flounder and red sea bream, respectively, were used in this study. Full genome data of the E. tarda
strains were analyzed to predict the virulence factors. Pathogenicity of the bacteria were evaluated by
intraperitoneal infection in Japanese flounder and red sea bream. Total of 116 virulence factor genes were
identified. Among them, 86 genes were found in both strains, of which 45 genes were identical. Infection
experiments indicated pathogenicity of both strains to Japanese flounder and red sea bream. The typical strain
FK1051 was highly pathogenic to Japanese flounder (LDs,=7 X 10° CFU/ 100g body weight). Both strains were
similarly pathogenic to red sea bream with LDs, value of 4 X 10° CFU/100g.

Chapter 2. Sodium chloride-enhanced fimbriae expression of E. tarda

Both typical and atypical E. tarda strains exhibited faster growth in liquid medium supplemented with 0% to
2% NaCl and slower growth in the 3% NaCl conditions. Hemagglutination activity against guinea pig
erythrocytes was detected only in the 2% NaCl and/or 3% NaCl cultures. Electron microscopy revealed two types
of fimbriae. The first type was wide (ca. 9 nm) and appeared only in the 0% NacCl culture of typical strain, and the
second type was thin (ca. 4 nm) and appeared in the 3% NaCl cultures of both E. tarda strains. Comparative
genomic analysis indicated that amino acid sequences of the fimbrial operon were highly homologous between
the strains. Expressions of the major fimbrial subunit gene (etf4) in both strains were significantly higher in the
3% NaCl cultures than in the 0% NaCl cultures. In conclusion, the thin fimbriae structure, induced by the etfA
gene expression, might be required by the typical and atypical E. tarda as the mediator of adherence into host

cells to escape from such unfavorable seawater conditions.

Chapter 3. Effectiveness of atypical E. tarda bacterin in red sea bream
Inactivated atypical E. tarda cells derived from 2% NaCl culture was selected as a bacterin candidate. A

single IP-injection of the bacterin (10° cells/fish) to red sea bream juveniles induced high antibody production at 3
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weeks post-immunization. The bacterin induced no apparent abnormalities in fish conditions even at 10 times
higher dose. High protection with RPS values of more than 60% was achieved by the immunization, when the fish
were IP-challenged with the homologous strain. The protections were dose-dependent and lasted at least up to 4
months post-immunization. Minimum effective bacterin dose was 107 cells/fish. Serum antibodies were detected
at high titers from all immunized fish but no correlation between the antibody titers and the protection. The

inactivated injection bacterin will be applicable to red sea bream farming facilities to control edwardsiellosis.

Chapter 4. Protective mechanisms in red sea bream induced by atypical E. tarda bacterin

To clarify protection mechanisms induced by the inactivated bacterin, some in vivo and in vitro experiments
were performed. The numbers of E. tarda live cells in the blood, kidney, spleen and liver of the immunized fish at
48-h post bacterial challenge were significantly lower than those of the non-immunized fish, but with no total
bacterial clearance. Factors contributing to inhibition of the bacterial growth were then investigated. At the early
stage of infection both classical and alternative pathways of fish serum complement cascades have no in vitro
bactericidal effects to the atypical E. tarda. However, the immune macrophages with aids of the immune sera
exhibited higher phagocytic activity and inhibition of intracellular growth of E. tarda, though clearance of the
bacteria was not completed. Fish conditions at the late stage of infection were investigated by histopathological
and immunohistochemical methods. Development of granulomas were detected in the kidney, spleen and liver
with most dominant appearance in the kidney. Accumulation of phagocytic cells was detected after 4 days of
infection and different type of granulomas were found after 2 weeks of infection. Granulomas in the immunized
fish mainly composed of progressively developing granulomas in the forms of walled off phagocytic cells
aggregates, and localized aggregates from surrounding normal tissue with centralized or disappearing bacteria in
it, while those in the non-immunized fish were dominated by enlarging granuloma with spreading bacteria.
Melanomacrophage centers occupied the area of immunized fish tissue more widely than those of non-immunized
fish, and most of them were associated with granulomas. Based on these results, it was concluded that protection
of red sea bream by immunization with the inactivated bacterin was brought by cellular immunity; in the forms of
activated macrophages with aids of opsonins and granuloma formation composed by macrophages and other

unidentified cells.
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In the realm of food safety, food control is a tool to achieve safety required either for hygienic-based or
priced-based demand of food. This dissertation is started with assessing the overall capacity of food control
laboratories assigned with trade-related quality assurance task and the functional capacities of the supporting
National Quality Infrastructure-NQI. Severity of supply-side constraints such as institutional capacity-based and
compliance-based constraints to agricultural production systems showed the main drawback in export-led growth
and that is a galvanizing issue for an agrarian country like Myanmar. It was reported that the trade-supported
industries failed to collaborate with the agricultural export promotion effort for achieving more foreign exchange
earnings by export that can contribute majority of Myanmar people. Moreover, it was also informed that the
market for high quality and safe food products hardly existed in Myanmar due to various kind of market
imperfection in credit, insurance, land and labor markets in the rural economy. For achieving export-led growth in
poverty reduction, it is requisite to capitalize in food production system at primary level, processing level.

Developing countries are generally concerned with food security.

Secondly, street food sector was selected to investigate the authority’s controlling aspects of street foods
towards safety, to investigate the vendors’ understanding of proper practices for safety and also to find out the
constraints that prevent adoption of proper food handling practices. It is an important sector for developing
countries where the numbers of informal businesses are majority especially in food sectors. Yangon City
Development Council-YCDC is mainly responsible for controlling food stalls in Myanmar. Interviews were
conducted with the authority from the health department of the YCDC.A total of seventy two(n=72) street food
vendors from the downtown area included. Demographic profiles of vendors, their food safety knowledge,
constraints regarding proper handling practices etc.were assessed using a semi-structured questionnaire. It was
found that YCDC had already established five key components of food control system for controlling food stalls,
however, street foods was not under control, if comparing with other stationary food stalls. That situation
prevented the opportunity to educate vendors. A total of one hundred and sixty seven (n=167) street foods
consumers took part in consumer’s attitude towards food handling practices and safety of street foods in Yangon.
Among other findings, this study found that more than 75 % thought that street food stalls should be under the
authority’s control for safety.

Myanmar fishery sector was selected for examining public food control provision and firm level food safety
standards adoption of 20 EU approved factories. It showed that competent authority-CA plays an essential role for
the export success of firms. Regardless of how small or big the approved firms are and whether they possessed

private certificates or not, firms needed to be under control of the CA. To comply with regulatory and customers’
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requirements and to get access to new markets are three major incentives towards the adoption of HACCP system.
The need to retain trained production staffs and managerial staffs are two major challenges in the adoption of
HACKCEP for the firms. It was also found that more than 86% of fisheries processing firms of Myanmar were still
inside the informality food control trap and only approximately 14% of the firms were eligible for export to EU

markets.

When it comes to food control in transboundary food trade either export or import, it is vital to have sound
NQI designed for supporting the implementation of food control measures. Thus, this case study accessed the
import food monitoring of Myanmar and Japan in transboundary food trade. With a number of food legislation,
regulatory framework of Japanese import food monitoring supported and guided the responsibilities of food
authority, quarantine stations, private inspection and testing agencies and importers. A strong negative correlation
was found between consultation at quarantine stations and violations of import food with r value 0.78.Even
though the number of delegated laboratories in 62 countries was 42 times higher than that of the domestic
laboratories, they shared only 10% of total testing. Import food monitoring in third countries revealed less
advantage in scope and food items, if comparing with EU. However, Japan chose not to rely on monitoring of
export country solely rather than giving consultation to exporters and training to importers. The national standard
formulation method is based on risk analysis in accordance with internationally accepted norms. The system was
streamlined in accordance with global restructuring trend. The characteristic of Myanmar’s import food
monitoring is generally in accordance with GL47/2003 CODEX, the international guideline other than uniformity
in nationwide implementation. The link between the food authority and food control at quarantine stations is
totally lost. Import food safety is, in fact, the concern of most Myanmar people including food importers, food
exporters and inspectors. For preventing the adulterated food import, monitoring of import foods needs the
integration of food control system in technical and managerial capacities so as to implement import food control

effectively.

It is obvious that Myanmar quality infrastructure particularly in food sectors is on the brink or in the middle
of quality assurance crisis due to insufficient capacity at institutional level and a widespread informality food
control at business level. The investments in food control at farm level, processing level and institutional level are
urgently required that must support and reflect the need of domestic food sectors and the priority of the nation’s

economy strategically in Myanmar.

Key words: Food Trade, Food Control, Food Safety Management System, Quality Infrastructure,

Consumer Protection
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The gut mucosal tissue plays an important role in providing an effective barrier against pathogenic invasions.
Many feed additives including probiotics are suggested as a safe immunomodulators. The aim of this study was to
determine the effects of probiotics-feeding on the mucosal barrier functions including tight junction proteins,

antimicrobial peptides and cytokines expression.

1. Expression of claudins (tight junction proteins; CLDs) in the digestive tract of broiler chicks and effects
of probiotics on their expression
In Experiment 1, CLDI and 5 expressions were examined in 7-days-old chicks. In Experiment 2, the chicks
were arranged in 3 groups: control group, probiotics group I and probiotics group II, which were fed with starter
rations containing 0, 0.2 or 0.4 % probiotics from day 0 (DO) to D14. In Experiment 1, the expression of CLD/
and 5 was detectable in the proventriculus, ileum, cecum and colon. In Experiment 2, the expression of the CLD/
and 5 did not show significant differences between control and probiotics groups at D7 and D14 in each intestinal

segments except in the colon at D7, the expression of CLD! was higher in probiotic group I than other groups.

2. Expression of avian B-defensins (AvBDs) and effects of probiotics on their expression in the digestive
tract of broiler chicks with special reference to localization of AvBD12 in the chick proventriculus

In Experiment 1, chicks were reared form DO to D7 and were fed with starter ration. At D7, the
proventriculus, ileum, cecum and colon were collected for AvBDs expression analysis. In Experiment 2, chicks
were arranged in 3 groups: control group, probiotics group I and probiotics group II, which were fed with starter
rations containing 0, 0.2 or 0.4% probiotics, respectively, from DO to D14. Out of 14 AvBDs genes, seven AvBDs
in the proventriculus and colon (A4vBD1, 2, 4, 6, 7, 10 and 12), nine AvBDs (AvBDI-7, 10 and 12) in the ileum and
eight AvBDs (AvBD1, 2, 4-7, 10 and 12) in the cecum were identified. The expression of AvBDs did not show
significant differences between control and probiotics groups at D7 and D14 in the proventriculus and cecum. At
D7 and D14, the ir-AvBD12 density in the surface epithelium was significantly lower in the probiotics groups

than in control group.

3. Effects of probiotics on the expression of antimicrobial peptides and cytokines in response to stimulation
by Salmonella Minnesota lipopolysaccharides in the proventriculus and cecum of broiler chicks
Day-old chicks were fed with or without 0.4% probiotics for 7 days (P-group and non-P-group, respectively).
Then, they were orally challenged with no Salmonella Minnesota lipopolysaccharides LPS (0-LPS), 1 ug LPS (1-
LPS), or 100 pg LPS (100-LPS) in Experiment 1, and with no LPS and 1 pg LPS in Experiment 2. Five hours
after LPS challenge, the proventriculi and ceca were collected to analyze AvBDs, Cathelicidins (CATHs), Toll-like
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receptors (TLRs) and cytokines expressions by RT-PCR. In addition to a total of 7 AvBDs in the proventriculus
and 8 AvBDs in the cecum, CATHI- 4 were identified in the proventriculus and cecum of chicks. All 7LRs, IL1p,
IL6, IFNy and TNFSF15 were identified. The density of ir-AvBD12 in the surface epithelium of proventriculus
was increased in response to 1-LPS and 100-LPS stimulation in the P-group in Experiment 1. The expression of 2
AvBDs in the proventriculus and 6 AvBDs in the cecum of 1-LPS chicks was higher in P-group than in the non-P-
group. In Experiment 2, the expression of AvBD/ in proventriculus and 5 AvBDs in cecum of 1-LPS chicks was
higher in P-group than in non-P-group. Expression of CATHI and 2 in cecum of 1-LPS chicks was higher in
P-group than in non-P-group. The expression of /L6 and TNFSF15 in the proventriculus and expression of /FNy

in the cecum was lower in P-group than in non-P-group challenged with 100-LPS.

4. Effects of probiotics on the expression of antimicrobial peptides and proinflammatory cytokines in
response to stimulation by Campylobacter jejuni lipopolysaccharides in the proventriculus and cecum of
broiler chicks

The same experimental design as the previous study was made by replacing Salmonella Minnesota LPS with

Campylobacter jejuni LPS (cLPS). In Experiment 1, the expression of AvBD12 in the proventriculus of 100-LPS

chicks was higher in P-group than in the non-P-group. In Experiment 2, the expression of AvBD4 and 6 in

proventriculus and AvBD2, 4, 6 and 7 in cecum of 1-cLPS chicks was lower in P-group than in non-P-group.

CATH1 expression in the proventriculus, and CATHI and 3 in the cecum of 1-cLPS chicks was lower in P-group

than in non-P-group. The expression of /L6 and TNFSF15 in cecum and /L6 in proventriculus was higher in

1-cLPS in P-group than in non-P-group.

5. Conclusion

Probiotics-feeding played beneficial role in enhancing CLDI expression in the colon at D7 suggests the
protective role against pathogenic invasions. Probiotics-feeding may affect the secretion or synthesis of AvBD12
from the surface epithelium of proventriculus. Moreover, the enhanced expression of AvBDs and CATHs in the
proventriculus and cecum in response to Salmonella LPS, but not to Campylobacter LPS indicates a stronger role

of probiotics in protection against Salmonella infection.

Key words: Innate immunity, Antimicrobial peptides, Cytokines, Probiotics, Chicks gut
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Increasing evidence indicates that lower status of vitamin B6 is related to higher risk of coronary heart
disease and atherosclerosis. Vitamin B6 is also reported to enhance the endurance of skeletal muscles. Pyridoxal-
5"-phosphate (PLP), the active form of vitamin B6, acts as a co-factor for several enzymes involved in amino acid
metabolism. Some reports indicate vitamin B6 deficiency modulates free amino acids concentrations in blood and
tissues. Meanwhile, certain amino acids and related metabolites including the branched-chain amino acids and
carnosine were reported to enhance muscle performance. Nonetheless, there is limited information that links
dietary vitamin B6 intake with amino acid metabolism in the heart and skeletal muscles. Accordingly, this study
investigated the effect of dietary vitamin B6 supplementation compared to a marginal vitamin B6-deficient diet on
the concentrations of free amino acids and related metabolites in heart and skeletal muscles, and on the gene

expression in skeletal muscle of rats.

Effect of dietary vitamin B6 on the level of histidine dipeptides in heart

In the first study, male rats were fed a diet containing 1, 7, or 35 mg pyridoxine (PN) HCl/kg for 6 weeks. As
a result, the concentrations of heart carnosine and anserine in the 7 and 35 mg PN HCl/kg (the recommended level
and excessive dietary level of vitamin B6 without any toxic symptom, respectively) groups were markedly greater
than in the 1 mg PN HCl/kg (marginal vitamin B6 deficient level) group. Carnosine is reported to exert anti-
oxidant, anti-inflammatory, and anti-ischemic effects on the heart. In cardiac myocytes, carnosine is suggested to
be a modulator of intracellular calcium and contractility. Anserine, methylated analogue of carnosine, also exerts
anti-oxidant and anti-inflammatory effects. Thus, the results imply that dietary supplemental vitamin B6,
correcting marginal vitamin B6-deficient status, might be favorable for heart function by elevating these histidine

dipeptides.

Effect of dietary vitamin B6 on the level of histidine dipeptides in skeletal muscles

Carnosine and anserine are abundant dipeptides in skeletal muscle. They constitute an integral part of skeletal
muscle contractility and homeostasis, presumably through their role as anti-oxidant, pH-buffering, anti-glycation
and/or calcium regulator. I hypothesized that dietary vitamin B6 also plays an important role in maintaining
carnosine and anserine in skeletal muscles. Accordingly, in the second study I investigated the effects of dietary
vitamin B6 supplementation compared to a marginal vitamin B6-deficient diet on the levels of these metabolites
in the skeletal muscles of rats. Male and female rats were fed a diet containing 1, 7, or 35 mg PN HCl/kg for 6
weeks. In the gastrocnemius muscle of male rats, carnosine concentration was markedly higher in the 7 and 35 mg
PN HCl/kg groups than in the 1 mg PN HCl/kg group, whereas that in the soleus muscle of male rats was
significantly higher only in the 7 mg PN HCl/kg group than in the 1 mg PN HCl/kg group. In both muscles of
female rats, carnosine concentration was remarkably higher in the 7 and 35 mg PN HCl/kg groups than in the 1
mg PN HCl/kg group.

Effect of dietary vitamin B6 on gene expression in skeletal muscle
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In the third study, I hypothesized that dietary supplemental vitamin B6 has a significant impact on skeletal
muscles. To examine this possibility, I investigated the effect of vitamin B6 on the expressions of genes of factors
relating to exercise, such as myokines and others. Myokines, muscle endocrine product, are released when muscle
contraction is occurred, such as exercise. A study reported that exercise up-regulated both antioxidant enzymes
and antioxidant defense system relating to Nrf2. Expression of myogenin is reported to be induced by acute
exersice in human skeletal muscle. HSP60 is also increased in cardiac and skeletal muscle after endurance
training. Male rats were fed a diet containing 1, 7, or 35 mg PN HCl/kg for 6 weeks. Gastrocnemius muscle was
used for Real time PCR analysis. Compared to the marginal vitamin B6-deficient diet (1 mg PN HCl/kg), the
recommended level of dietary vitamin B6 (7 mg PN HCl/kg) elevated the expressions of several myokines genes,
Nrf2-regulated genes, myogenin, and HSP60. However, excessive dietary level of vitamin B6 (35 mg PN HCl/kg)
was less effective. This implies the recommended level of dietary vitamin B6 is critical for the expressions of
these genes in gastrocnemius muscle of rats. Intriguingly, most of the expressions of such genes were well
correlated each other. Of great interest is that the elevations in the expression of such genes by dietary
supplemental vitamin B6 appear to be similar to those by exercise.

In conclusion, these studies indicated dietary vitamin B6 supplementation is a determinant of carnosine
concentration in the heart, skeletal muscles, and serum of rats. Carnosine is beneficial for heart disease and has
ergogenic effects. My study further indicated dietary vitamin B6 is a determinant of gene expressions of several
factors playing important roles in skeletal muscle. Taken together, my studies provide a novel insight into the role

of vitamin B6 in the heart and skeletal muscles.

Key words: vitamin B6, carnosine, anserine, heart, skeletal muscle, gene expression
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F1E BEHIEE SEDEVIBREREO 1HETHL, BENIIEAET LM - KESELERNELR D
7o, BEEICAERT AMAEME, ESER LEAEEAEL Tnb, TNETIE, WOrDLmkE
HEIZOWT, ENC Lo T 7=y ML, 2R ) B A Bg s w505, Bi&,» 5 OE
TSR F AR 3% e RIFZETIL, HEATHFRO/NSREALEZ VT, EHEDOAK
Wi~ DIE ) OB FTARDL . T L o T, Wikl 6 OEAE DL EIEEEO ML A5 25 2 LA TE
%o Shewanella JE L FNHHEIEB L, ZO0MITEED SEMEICE TR > TWd, BHEICAERT
% Shewanella JEHE KRR S EICHEIGT A 2 £ 12Xk o T, EEICEBT S Shewanella J&HH & 1387 %
WEEAFOERHETAEEL TR EEZ ONL, KR TIE, HilER X OEBICA BT 5 Shewanella J&il
WHROHEREHE THD Y by O L ¢ xRS, VARREEOBLE, S E)EISEREO L B,

F2E W, EEHRME O 16S IRNA SR RN D W7 A DSERL S, Shewanella J&HTH 73
R L RFHHRTRE 2D 7NV =TI IN5 T EDTREN TS, KIFFETHZIZ, WLDDD
Shewanella EMHE FREAEOT 3/ BRI IEDS W 2R 2 R L2 & 25, 4Tk L &im
KTHPNDLZ EDVHERTEZ 22007V —T3HET HMEDOETOENEZIENRR L 120,
Shewanella EMR OEAE T I/ BRELS) & EFEINAM S D OBRD S 5 Z L AR E N7z,

$E3E  EiEIZAE BT A Shewanella benthica (A EFETI © 50 MPa) B X UF Shewanella violacea (Zi#A:
BT 30MPa), &EIC4: 9 % Shewanella livingstonensis (Ei#AEFET] © 0.1 MPa) B X U Shewanella
amazonensis (Z#EAEFET] 0.1 MPa) HED Y b7 s ¢ (LLFZNZILSB, SV, SL, SA) ZHF7exi %
EL720 SVBIUSAIZOWTIE, SRETHICKEREZ W RE5E, BIUOREES LS T
Wk AWFETIE, #7212 SL, SB ORI & FV - RIEFSBLR ML L 720 IF5GM T TRIEM A O RE
W2y hranckBEHL, INEAA B T T 40—, FVERZ O NI T4 =15 T
ETRELL 720

EAE  AFEO Shewanella JBAIHHA Y b 7 0 4 ¢ OB EN &% L72RE, HRilEHIEO SV B XL UV SB
R RO SA BLUSL &) dEWBRERE R Lz, T2, 77 = VIRREE % H v CEEA %%
HoE L72A5H, 13 h SV, SBIE SA, SL LV dEWAENAI 2R Lz 72, HRTLIMEOETE
N5 b EV SB UL, FHARICERIBEHERO SV L0 &8, ZWFNICKH L THVWEERE R Lz, ThbnZ &
M5, YO cIIENWEIET B 720 EEIL L TWD 2 EAVRIBE N,

FEEE NI TOMRNDL, ¥ N7 OA cHIENTHEILT 2720 D5 TR, BBMHNIN L TR
T H720DFFHE LB TH L EERT2 £ 2T, LEEZ M B 720IZRIEHR D SV IOV Tk
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AL E ATV, AR 2 RE L7z RO SL oRErE & T b b, ki LTiE, SL LD
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SBTE Mk LBk TT I VB E AR AR ), REEET 2RO H - 7237FE, 417
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EL7REE, HI250F B0 7 3 B (SL Tt Leu, SV Tl Lys) 2SR EMICES LCwas 22 RH L,
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FE8E MW, RIBIRBEH RO EA T L EEMREIN DD 54, FHEICAERT 205 HE B O SB
RSV, RIBBRBEHRTH Y O RV EEEZ R L7z, EEEERETH L L L QICEENERET
bHDHI L, ElHEY b O e PMREANOFES LD D EENOBISEEL LZELL WL L%
R L T\W5b,

T/, RBEHREAHEIIEAENIOEN* KRELTAHIET, EMIH LTy vy a vafFleTns
EVOBEOMBIIH L, AT, F#EHEY N7 T4 c OPROZERIGERERED b 0 L R TNE
WIEATRENT, LA L, GTROERNNS WG, 7 3 BRSO IR A 2, wisesiisk >
k7 0L ¢ b RO TOZELIZEDN > TV,

DiEofER Ly, ElEHEY 70 s e PREDICHIGT 57207 3 VBRMHEERZ#EC L, 28l
EEETHIEDRENT, THE, SETILHED L WH RENNOBISHEETH b, &k, 0 [iL
it ] LB S O A O HEREAESR, ZEAREAEOF ML OH 712y MIbufT
5 LT, RAEOEIEIGED R 205 2 L RS LD LfET 5.
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Infections caused by multidrug-resistant Gram-negative bacteria represent growing problem worldwide. In
2014, The World Health Organization announced the beginning of a post-antibiotic era, and declared by 2050
antimicrobial resistance will be the first leading cause of death with 10 million estimated annual deaths at a cost
of $100 trillion to the global economy. Therefore, this study was conducted to develop strategies to overcome the
antimicrobial resistance problem. First, through analysis the molecular levels of antimicrobial resistance
mechanisms in bacteria isolated from different human and animal sources. Second, through investigation of the
antimicrobial, antivirulence, and mode of action of different plant extracts against drug resistant bacteria as a

novel effective approach for the treatment and the prevention of such bacteria.

First of all, I analyzed different antimicrobial resistance mechanisms in Gram-negative bacteria isolated from
both human and animal. I analyzed carbapenemase production in Gram-negative bacteria isolated from
hospitalized patients in Egypt in 2014. The results showed that, 50.8% of the isolates harboring at least one
carbapenemase encoding gene. The most prevalent carbapenemases detected in this study were OXA-48 (49.2%),
NDM-1 (47.7%), and VIM (26.2%). My study reports for the first time carbapenemase-producing Serratia
marcescens, Morganella morganii, and blaVIM-1-producing Pseudomonas aeruginosa in Egypt. These results are
of great concern, as carbapenems still used as the last line for the treatment of multidrug-resistant Gram-negative

bacteria.

During the screening of carbapenemase-producing Gram-negative bacteria, I discovered the co-occurrence of
two highly resistant Klebsiella pneumoniae isolates in the same patient, one isolate harbored 5/aNDM-4 and the
other one harbored b//laNDM-5. These finding is of great interest, as this co-infection may lead to therapeutic
failure and death. Moreover, these finding identified for the first time the co-occurrence of NDM-4 and NDM-5
producers in the same patient, NDM-4 and NDM-5-producing K. pneumoniae in the Middle East and the first

occurrence of blaNDM-4 in K. pneumoniae.

In this study, I also investigated the molecular level of antimicrobial resistance to different categories of
antimicrobial resistance gene determinants including integrons, extended spectrum f -lactamases (ESBL), AmpC
[ -lactamases and plasmid mediated quinolone resistance genes (PMQR) among Gram-negative bacterial strains.
The results were so striking, where I recorded high prevalence of nearly all the antimicrobial resistance gene

determinants in Egypt. Class 1 integrons were detected in 51.6% of the isolates, with seven isolates harbored two
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different gene cassette profiles. ESBL-encoding genes were detected in 73.4%, AmpC, blaCMY, was detected in
8.6% and was and PMQR genes were detected in 58.6% of the total isolates.

Recently, a new antimicrobial resistance mechanism was discovered in China, which was the identification of
the plasmid-mediated colistin resistance, encoded by the mcr-1 gene. Therefore, I investigated the prevalence of
such resistance mechanism in 431 non-duplicate Gram-negative isolates collected from different sources and
different countries. The mcr-1 gene was detected in only one E. coli isolate (M165), which showed 100%
similarity to the first discovered Chinese allele. This result is of great interest, as it confirms the rapid and global
emergence of colistin resistance, which still used as a last-resort for treatment of infections caused by

carbapenemase-producing Enterobacteriaceae.

According to the previous results, it is essential to develop new antimicrobial agents in order to overcome the
antimicrobial resistance. Therefor, I estimated the antimicrobial, the antivirulence and the mode of action of
different plant extracts against various bacterial isolates. The extracts exert interesting broad spectrum
antimicrobial activates against wide range of both Gram-negative and Gram-positive bacteria. Some plant extracts
exert antivirulence activities against Vibrio cholerae isolates by inhibiting their virulence genes expression.
Inhibition of bacterial virulence with plant extracts may provide a novel approach for the treatment of multidrug-
resistant because they interfere with the bacterial infection before damage is done to the host. The mechanism of
action of some plant extracts was determined by transmission electron microscopy. The results showed that both
bacterial cell wall as well as other intracellular components were alternated, indicating that these extracts induce

their broad spectrum action by the effect of their constituents on different cellular targets in the bacteria.

In conclusion, the results presented in this study showed that the antimicrobial resistance, especially in Egypt,
is a serious problem. Not only due to, the detection of high levels of antimicrobial resistant bacteria, but also due
to the detection of bacteria harbouring wide range of antimicrobial resistance gene determinants and the
emergence of new antimicrobial resistance mechanisms. Moreover, the results demonstrated that the plant extracts

may be potential alternative to overcome infections caused by multidrug-resistant bacteria.

Key words: antimicrobial resistance, multidrug resistance, extended spectrum [ -lactamases (ESBL),

carbapenemases, integron, colistin resistance
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TR B\ CEH LR B (s 13918 2 2k L 720 RAEME#E(ETCTH % pentraxin 3 (Px3), B
L ORIERICIZBE D B 3 7 F WMRENTCd % inhibitor of kB kinase ¢ (Ikke) O3B mIL, EH~7 AL
L~ ADRRIHERIC B CERH L TB Y, 3512, I~y A0 il L ) w2
BRI B CTHEET £ DB L T, 5121, EMEagkicB I 2~r07 7 —VHE
Ptx3, BXWIkke DB EIIZAEZE LR IEOMBEPRED SN2 &b, P, B X Tkke 12, PG IR
WO~ 2707 7 — Y OREIINE L CEBEDSEINT 2 EUHEHEOR T TH L Z LW E 2R 572,

XOAT7 7= EQMEERBICK o TREMRICE VD TRIUET I 5 rassf6 DB
db/db <7 Z DRFHIHIERIC BV THEICHEREMET 5 51,7458 A2 FE L, S 5121, BEIUI L -
CHEBLE M L 726951 & OFEAG LI L0 18 OFAiE i 2 Bt L7z 5512, #PHEmT



104

TdH 5 rassf6 1%, B~ AOMRGHAMKICB W CERICEHAESMET 32 —HT, & BEN~ 7 ZDJEN;
AR BWTHBICEBESEINL 720 & 51203, AL RAW Ml & /852 L 22 IRl v T d
rassf6 DFEBREITZF L LT L7zo rassf6 1E, EF R~ A5 HEEL 2 AGIHMICB W CREHR L,
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Soil salinity is one of the most severe problems in agriculture. Absorption of excessive salt inhibits both root
and shoot growth, reduces reproductive activity and affects viability of plants. To counter salinity stress, plant
cells have several adaptive mechanisms. However, the molecular mechanisms regulating biochemical and
physiological changes in response to salinity stress are not well understood. Rice, Oryza sativa L., is one of the
most important crop species and the major food crop for much of the world s population. Since it is a relatively
salt-sensitive crop species, it is important to understand the mode of adaptation of the plant to salinity stress in
order to produce new salinity tolerant rice varieties with increased productivity. In Egypt, soil salinization is
becoming increasingly challenging for agriculture, and the response of many rice cultivars to salinity stress has
not been clearly established. Thus, our study was conducted to investigate the physiological responses of two
important local rice cultivars to salinity stress and to elucidate differences in the mechanisms of salinity tolerance
between them by comparing the growth parameters, Na" and K* accumulation and the expression profiles of some
genes encoding Na" and K" transport protein. Also, to elucidate the further molecular mechanisms of stress
tolerance in the salinity-tolerant cultivar, through the isolation and characterization of genes which could be
involved in other tolerance pathways that might reveal other adaptation strategies of this cultivar in response to
salinity stress.

To investigate the mode of adaptation under salinity stress, the physiological parameters of two local
Egyptian rice cultivars, Sakha 102 and Egyptian Yasmine were examined under 50 mM NaCl stress for 14 days.
The results indicated that Egyptian Yasmine was relatively salt tolerant compared Sakha 102, and this was evident
in its higher dry mass production, lower leaf Na' levels, and enhanced water conservation under salt stress
conditions. Moreover, Egyptian Yasmine exhibited lower Na'/K " ratios in all tissues under salinity stress. In
contrast, Sakha 102 appeared salt sensitive and accumulated much higher Na" in the leaves, with reduced growth
and higher Na'/K' ratio especially in the leaves. Therefore, the adaptation of Egyptian Yasmine to salt stress
involves reduced Na" accumulation in the leaves, which might be due to a mechanism which excludes Na" from
shoot, and that this mechanism is not operating in Sakha 102. However, this mechanism of Na" exclusion needs to
be elucidated, in order to understand the basis for the differences in Na“ accumulation between the two cultivars.
Na'/K" transport proteins have been shown to control the transport of Na" and/or K across membranes and
regulate ion homeostasis in cells. We analyzed the transcript levels of some key genes encoding Na” and K"
transport proteins in different tissues of Egyptian Yasmine and Sakha 102. Moreover, in response to salinity stress,
Egyptian Yasmine showed induction of expression of some membrane transporter/channel genes that may
contribute to Na" exclusion from the shoots (OsHKT1I,5), limiting excess Na' entry into the roots (OsLti6b), K*
uptake (OsAKTT), and reduced expression of a Na' transporter gene (OsHKT2;1). Therefore, the active regulation

of genes related to Na' transport at the transcription level might be involved in salt tolerance mechanisms of
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Egyptian Yasmine. Differences in the mechanisms of salinity tolerance between the two cultivars may be partly
explained by the distinct regulation of gene expression of Na' and K transport proteins, and these mechanisms
offer the promise of improved salinity stress tolerance in local Egyptian rice genotypes.

To further elucidate the molecular mechanism of stress tolerance in Egyptian Yasmine, we set out to isolate
and characterize the salinity-inducible genes which could be involved in other adaptation processes under salinity
stress conditions. A metallothionein-like type 3 (OsM7-3a) gene was identified from rice plants (cv. Egyptian
Yasmine) grown under NaCl stress, through ¢cDNA library screening in Escherichia coli cells. Heterologous
expression of OsM7T-3a in E. coli cells has induced their tolerance to NaCl and heavy metals, Cd*, Zn*, and Cu*
(mostly Cd*") than did control cells, in terms of growth performance. Under high concentrations of H,0,, OsMT-
3a-overexpressing E. coli cells showed enhanced growth, while the growth of control cells was completely
inhibited. Hydrogen peroxide levels under NaCl stress conditions in OsMT-3a-transformed cells were less than
one third those in control cells. Quantitative real-time PCR analysis revealed that expression of OsMT-3a was
highly induced by salinity stress in the leaves of the salinity-tolerant cultivar Egyptian Yasmine, but not in those
of the salinity-sensitive one, Sakha 102. In vivo localization of oxygen superoxide (O, ) and quantification of
H,0, in the leaves of the rice plants grown under NaCl and CdCl, stress conditions showed that, Egyptian
Yasmine maintained lower levels of O,  and H,0, concentrations compared to those in Sakha 102. Taken
together, these results suggested that, heterologous expression of OsM7-3a has conferred tolerance to NaCl and
heavy metals and reduced the deleterious effects of H,0, stress in E. coli cells, and that OsMT-3a can potentially
contribute to the tolerance of rice plants to oxidative stress brought about by salinity and heavy metal stresses,
through its ability to scavenge ROS.

In conclusion, the divergent regulation of Na" and K" transporters may be involved in the maintenance of
lower Na'/K ratios in Egyptian Yasmine under salt stress. Moreover, further evaluation of salinity stress-induced
genes in Egyptian Yasmine yielded the OsMT-3a gene, whose overexpression in E. coli showed that it is important
in mediating ROS scavenging. Overall, these studies have shown that the tolerance of Egyptian Yasmine to

salinity stress lies in its ability to exclude Na' in the leaf and to scavenge ROS.

Key words: metallothionein, Na transporter, rice, salinity stress
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A brief introduction of the reactive oxygen species (ROS) — hydrogen peroxide (H,0,), hydroxyl radical
(‘'OH), nitric oxide (NO") and superoxide radical (O,”) — measured in some natural waters in this study was
reported in chapter 1.

Chapter 2 presents a report on the monthly NO* measurements in the Kurose River at Higashi-Hiroshima city.
Results show that NO™ photoformation rate ranged from 0.01 to 35.4 (X 10" M s™') with steady-state
concentrations in the range of 0.02-68.5 (% 10""" M). There was a strong correlation (r* = 0.95) between NO'
photoformation rate and the nitrite concentration in the river showing NO,™ as a major NO" precursor. On the
average, 98% of the photoformed NO' came from river nitrite. The NO" lifetime ranged from 0.05 to 1.3 s in the
river and remained fairly stable in the upstream and downstream. The ‘OH radical, which was quantified during
the study, had a photoformation rate of 0.01 to 13.4 (X 10" M s™) and a steady-state concentration of 0.04 to 119
(X 10" M) with a lifetime that ranged from 0.3 to 23 ps. ‘OH only accounted for < 0.0011% of the total NO'
scavenged, showing that it was not a major sink for river NO'.

In chapter 3, monthly measurements of H,O, and ‘OH in rainwater and the Kurose River were carried out in
2013. H,0, concentrations in the rainwater and river were highly season-dependent. H,0, concentrations in the
rainwater varied from the lowest 0.03 uM in winter to the highest 14.3 uM in spring. In the Kurose River, H,0,
concentrations of 0.06-0.37 uM were measured. The lowest and highest concentrations were found in the winter
and summer, respectively. There was good correlation between solar intensity and H,0, concentrations measured
in the rainwater (r = 0.79, p <0.01) and the river (r = 081, p < 0.01), which indicate photoproduction as one of the
major H,0, sources in the natural waters. The ‘OH was 1 order of magnitude photoformed in the river (~10"° M s™)
than in the rainwater. H,O, and the unknown (which probably include photo-Fenton reaction) were predominantly
‘OH photochemical sources in the rainwater, accounting for 0.2-48%, 43-84%, respectively. In contrast, NO, was
the major ‘OH source (49-80%) in the Kurose River, while H,O, contribution was negligible (<1%).

In chapter 4, daytime NO' concentrations in both the atmosphere and the Seto Inland Sea surface were
measured with a view to estimating NO™ flux at the sea-atmosphere boundary. The average daytime NO’
concentration measured in the sea surface was 1.9 X 10" mol L™ (~9.87 % 10” atm), while that measured over the
sea was 5.2 % 10" atm. Using an average wind speed of 3.2 m s measured over the Seto Inland Sea during the
cruise, a daytime NO" efflux of 0.22 pmol m™” s from the sea to the atmosphere was estimated. Assuming 8 h of
solar intensity per day, about 1.54 X 10° g NO yr" efflux of NO" from the 23,000 km® Seto inland Sea surface was
determined.

In chapter 5, a method was developed for the measurement of O, in sunlit seawater using a fluorogenic
probe. The reaction rate constant of the probe with O, was pH-dependent: (3.2-23.5) X 10’ M s at pHror 7.65—
8.50. The detection limit of O, photoformation rate was 1.78 pM s™'. The method produced results that were
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consistent with those obtained in literatures when applied to ten seawater samples from the Seto Inland Sea. The
0, photoformation rates were 3.1-8.5 nM s™', with steady-state concentrations ranging (0.06-0.3) X 10™° M. The
method requires no technical sample preparation and can analyze large number of samples.

In chapter 6, O,”, "'OH, NO’, and H,O,, in surface seawater obtained from the Seto Inland Sea were
determined by concerted photochemical measurements. O, was photoformed at rates (range of 10* M s™) 2-3
orders of magnitude higher than ‘OH, NO’, and H,0,. O, steady-state concentrations were 0.03-0.16 nM. While
up to 1.4% of the O, photoformed was consumed by NO', >100% of the NO" was scavenged by O,", indicating
that O, is a major sink for NO". Estimated consumptions of O,” by the ‘OH and due to bimolecular dismutation
were negligible (<<0.1%). In the seawater, (+)-catechin- and humic-like fluorescent dissolved organic matter
contributed 3.2-4.1% and 3.6-4.8% of the O," photoformation rates, respectively.

Chapter 7 gives a general discussion and major conclusions of this study.

Key words: Reactive oxygen species, Superoxide radical, hydroxyl radical, hydrogen peroxide, Natural water
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In Thailand, taxonomic studies of marine calanoid copepods have been carried out by several researchers.
These copepods are composed mainly of planktonic taxa, and have so far accommodated over 120 species
recorded from Thailand. Since these have been considered to be main prey components of planktivorous fish,
taxonomic studies have been carried out since the 20th century. Recently morphology- and molecular-based
taxonomic and phylogenetic studies on calanoids have been intensively performed to disclose the speciation and
evolutionary patterns of these ecologically important crustaceans. These have been unveiled the presence of many
sibling/cryptic species in calanoids. However molecular studies on copepods have never been done in Thailand. I
have studied the molecular taxonomy of three common Indo-West Pacific species of calanoids occurring in
Thailand, using two mitochondrial genes (Cytochrome Oxydize I (COI) and 16S rRNA (16S5)): Acartia pacifica,
Tortanus forcipatus, and Labidocera rotunda.

Thailand is bordered by the Gulf of Thailand on the West Pacific side and the Andaman Sea on the Indian
side. These water bodies are separate subunits of the Indo-West Pacific, and have been influenced by geological
events such as the existence of Sundaland during the Pleistocene. Hence I have given attention to the physical
differences in calanoid habitats occuring in Thailand. Genetic variation of the above-menioned Indo-West Pacific
species of calanoids was also examined.

In my faunal surveys of copepods, I succeeded in collecting samples broadly from East Asia through the
Philippines and the Gulf of Thailand to the Andaman Sea. During my surveys in Thailand, I found one new and
three first-recorded species of calanoids: Pseudodiaptomus siamensis; Acartiella kempi; A. nicolae; and
Centropages brevifurcus. All genera are major components of coastal and brackish waters of the Indo-West Pacific
region. Acartiella sinensis was also redescribed from Thailand, because the original description was so poor.
These are carefully described or redescribed herein, following the Huy & Boxshall’s (1991) strict homology.

This study separated these five species of copepods into two distribution patterns, zoogeographically
restricted by water temperature and salinity to either the West Pacific Ocean or the Indian Ocean. Four species
were restricted to the West Pacific: P. siamensis occurred in brackish waters of temperatue of 28 °C and salinity
ranging from 0.7 to 23.3; Acartiella sinensis occurred in waters of around 31.3 ° C and around 5.0; 4. nicolae was
found in temperature and salinity ranges of 28-29.9 °C and 1-4, respectively; and C. brevifurcus occurred with
salinity of 32. The species restricted to the Indian was 4. kempi, which appeared in water temperature and salinity
ranges of 31.4-32.1 ° C and 13-22, respectively.

I have been revising the taxonomy of 4. pacifica sensu lato collected broadly from Asian waters with modern
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techniques. The population from the Philippines was revealed to be undescribed, and tentatively described as A4.
sp. herein. To elucidate the presence of sibling or cryptic species within three species complexes of marine
calanoids in the Indo-West Pacific, I analyzed nucleotide sequences of mitochondrial genes of 4. pacifica from six
populations in East and Southeast Asia, and 7. forcipatus and L. rotunda from various locations in Asian waters.
For A. pacifica sensu lato, two genes detected two species groups consisting of brackish-water (China, the Gulf of
Thailand, the Andaman Sea) and coastal water (Japan, Korea, Philippines) groups. The phylogenetic trees can be
further separated into four subgroups, (1) the Gulf of Thailand and China, (2) the Andaman Sea, (3) Philippines,
and (4) Japan, Korea, and 4. pacifica (DQO71177, DQ071175 in GenBank). A 636 bp COI fragment of 28
individual sequences revealed 23 haplotypes, and a 163 bp 16S region of 29 individual sequences revealed 17
haplotypes. The maximum genetic divergence between these subgroups was found between the Andaman Sea
(Indian) and Philippines (West-Pacific) (divergence values = 19-20 % and 33-34 % for COI and 16S genes,
respectively). These four subgroups most likely correspond to separate species, one of which has been evidently
revealed to be an undescribed species based on both morphological and molecular data.

In addition to A. pacifica sensu lato, T. forcipatus and L. rotunda showed modertate genetic differences in
COI an 16S between the West Pacific and Indian Oceans. In 7. forcipatus, genetic differences were 10-11 % and
7-8 %, respectively, while in L. rotunda 11-12 % and 3-4 %, respectively. These suggest that the Indian and
West-Pacific populations of coastal or brackish calanoid copepod exhibit great to modertate genetic divergence.

This study is first to use two genes for the taxonomic and phylogenetic analyses of calanoid copepods from
coastal and brackish waters in Thailand. I suggest using morphological and molecular data to continue
investigating common species of calanoids throughout coastal and brackish habitats of the Gulf of Thailand and
the Andaman Sea. The present data on calanoids have clearly indicated the distinct zoogeographical separation
between the Indian and West-Pacific Oceans. Hence even a common species that is broadly distributed in this
region needs a taxonomic revision with modern techniques. It is likely that it is composed of several sibling/

cryptic species. The next step is to clarify what kinds of vicariant events have caused speciation.

Key words: calanoid, copepod, Indo-West Pacific, molecular analysis, Southeast Asia, taxonomy
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