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ABSTRACT 
 

Burkholderia pseudomallei is the causative agent of melioidosis  

which is an endemic serious infectious disease of human and animals in tropical  

and subtropical areas. The mechanisms whereby this organism causing the disease  

are only partly understood. The transcription process for gene expression requires 

RNA polymerase complex which is composed of α, β, β′, ω and σ subunits. 

Transcription factor sigma 54 (σ54) is required for the expression of nitrogen 

utilization genes in gram negative bacteria. The function of the B. pseudomallei 

chromosome 2 encoded-σ54 (RpoN2Bp) was investigated. B. pseudomallei rpoN2  

gene was successfully cloned. Attempts to construct rpoN2 mutant by insertion 

duplication mutagenesis were unsuccessful. The function of RpoN2Bp in  

controlling nitrogen and amino acids utilization was examined using  

complementation assays. The Escherichia coli rpoN mutant complemented with 

plasmid containing rpoN2Bp restored most of its wild type nitrogen utilization 

phenotypes with some degree of difference. Only valine utilization could not be 

compensated in E. coli rpoN mutant derivatives. Further studies are still required  

to fully understand the role of B. pseudomallei rpoN in the control of gene  

expression in nitrogen and amino acids utilization.  
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การศึกษาคุณลักษณะและหนาท่ีของทรานสคริปชันแฟคเตอร ซิกมา 54 ในเชื้อเบิคโคเดอเรีย  
สูโดมาลิอาย (BURKHOLDERIA PSEUDOMALLEI) 
CHARACTERIZATION OF TRANSCRIPTION FACTOR SIGMA 54 IN 
BURKHOLDERIA PSEUDOMALLEI 
 
MYA MYINTZU HLAING 4737318 MTMT/M 
วท. ม.  (เทคนิคการแพทย) 
 
คณะกรรมการควบคุมวิทยานิพนธ:  กนกวรรณ กิตตนิิยม, Ph.D., พจนีย ศรีมาโนชญ, Ph.D.,   
วิจิตร วงคลํ่าซํา, Ph.D., ณัฐพงษ วงศจินดานนท, Ph.D. 

บทคัดยอ 
เช้ือเบิคโคเดอเรีย สูโดมาลิอาย (Burkholderia pseudomallei) เปนสาเหตุของ 

โรคติดเชื้อเมลิออยโดสิส (Mellioidosis) ที่มีความรุนแรงถึงแกชีวิตทั้งในคนและสัตว โรคนี้มักระบาด 
ในเขตรอนช้ืนและบริเวณรอยตอระหวางเขตรอนช้ืนกับเขตอบอุน กลไกการกอโรคของเชื้อนี้ยังไมเปนที่ 
ทราบชัดเจน การถอดรหัสของสายดีเอนเอไปเปนสายอารเอนเอเพื่อกําหนดการสรางโปรตีนจําเปนตองใช
เอนไซมอารเอนเอโพลีเมอเรสคอมเพลกซ เอนไซมนี้ประกอบไปดวยองคประกอบยอย 5 สวนดวยกัน คือ 
แอลฟาหนึ่ง แอลฟาสอง บีตา บีตาไพรม และทรานสคริปชันแฟคเตอรซิกมา ในเช้ือแบคทีเรียกรัมลบซิกมา  
54 (RpoN) นี้มีหนาที่ควบคุมการสังเคราะหโปรตีนในกระบวนการเมตาโบลิสมสารอาหารจําพวก 
ไนโตรเจนและกรดอะมิโน หนาที่ของซิกมา 54 สังเคราะหโดยที่เช้ือเบิคโคเดอเรีย สูโดมาลิอายยังไมที ่
ทราบ วิทยานิพนธฉบับนี้มีวัตถุประสงคเพื่อศึกษาคุณลักษณะและหนาที่ของซิกมา 54 (RpoN2Bp) ที่ 
กําหนดโดยยีนบนโครโมโซมทีส่องของเชื้อนี้ โดยการผาเหลาและคอมพลีเมนเทชันแอสเสย การศึกษานี้
ประสบความสําเร็จในการการโคลนยีน rpoN2Bp แตไมสามารถทําการผาเหลายีน rpoN2Bp ในเช้ือเบิค 
โคเดอเรีย สูโดมาลิอายโดยวิธี insertion duplication ได โดยคอมพลีเมนเทชันแอสเสยพบวา  
RpoN2Bp มีบทบาทในการควบคุมกระบวนการใชสารอาหารจําพวกไนโตรเจนและกรดอมิโนเนื่องจาก 
การคอมพลีเมนทเช้ืออีโคไลสายพันธุที่มีการผาเหลายีน rpoN ดวยรีคอมบิแนนทพลาสมิดที่มียีน rpoN2Bp 
เปนผลใหเช้ือนี้สามารถกลับไปใชสารอาหารจําพวกไนโตรเจนและกรดอมิโนเกือบทุกชนิดยกเวนวาลีนได 
เชนดียวกับที่พบในเชื้อชนิดไวดไทปแมวาจะพบความแตกตางของอัตราการใชสารอาหารอยูบาง ในอนาคต
ควรมีการทดสอบเพิ่มเพื่อเติมเต็มความรูความเขาใจในการควบคุมการทรานสคริปชันของยีนตางๆ และยีนที่
เกี่ยวกับการกอโรคของเชื้อเบิคโคเดอเรีย สูโดมาลิอายโดย RpoN2Bp  
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CHAPTER I 

INTRODUCTION 

Melioidosis is an endemic disease in Southeast Asia and northern 

Australia, corresponding approximately to the tropical latitudes between 20° N and 

20° S (1, 2). Severe cases of melioidosis in Thailand have a fatality rate as high as  

50% (3). The causative agent of melioidosis in humans is Burkholderia pseudomallei 

which is a facultative intracellular pathogen. This organism is a polar flagellated gram 

negative bacterium that can infect both humans and animals (4-6). The mechanism by 

which B. pseudomallei causes melioidosis is partly understood. It is reported that B. 

pseudomallei can invade both cultured phagocytic and non-phagocytic cells (7-10). 

Moreover, it can survive within phagolysosome followed by intracellular 

multiplication and induction of fusion of phagocytic cells resulting in the generation 

of multinucleated giant cells which leads to apoptosis (11). The ability of adherence, 

invasion and intracellular existence are undoubtedly the key determinants of B. 

pseudomallei pathogenicity. However, the mechanisms whereby this organism 

controls the expression of those virulence factors involved in the so-mentioned 

capacities have not been elucidated. 

Generally, the specific regulation and timing of the expression of 

virulence associated factors is very important for most pathogenic bacteria because 

once entering the host (in vivo), they require an immediate expression of these factors 

to allow them to adapt to the new environment and to colonize and survive within the 

host (12). The major regulatory control mechanisms for the expression of genes 

including virulent genes are the sigma (σ) factors. The σ factor is a subunit of RNA 

polymerases that recognize the specific DNA sequence within a promoter region and 

allow RNA polymerase to initiate transcription at the start site (+1). There are two 

major families of sigma factors which are σ70 (RpoD) and σ54 (RpoN) (13). The σ70 

family controls in the transcription of all of the prokaryotic structural and 

constitutively expressed genes. On the other hands, RpoN (σ54) is required only for a 
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specific metabolic pathways such as nitrogen utilization, and amino acid uptake (14). 

Moreover, σ54 regulates the transcription of virulence associated genes including pili, 

flagella and alignate biosynthesis operons in Pseudomonas aeruginosa and Vibrio 

species (15-17).  

The analysis of B. pseudomallei genome identifies two copies of rpoN 

genes in two locations, rpoN1 on the chromosome 1 and rpoN2 on the chromosome 2 

(18). Moreover, the region upstream of bsaZ, encoding the major inner membrane 

protein of type III secretion apparatus, contains consensus sequence of RpoN 

promoter recognition as predicted by the modified PROMSCAN program (18). Thus, 

it is possible that RpoN may also regulate the transcription of type III secretion 

system encoding genes. 

To date, nothing is known at the molecular level about the function of 

σ54 (RpoN) in B. pseudomallei. Therefore, it was of interest to determine whether B. 

pseudomallei RpoN is involved in nitrogen and amino acid utilization. To investigate 

this, the attempt was made to construct the defined rpoN knockout mutant of B. 

pseudomallei strain 844. The role of RpoN in nitrogen utilization was also examined 

by complementation assay. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 Melioidosis and B. pseudomallei 

2.1.1 Meliodosis  

Melioidosis is a glander-like disease which was investigated by 

pathologist Alfred Whitmore and his co-workers in Rangoon, Burma in 1911 (19, 20). 

In 1932, Staton and Fletcher from the Institute of Medical Research in Malaysia 

named this disease as Melioidosis (21). Melioidosis disease is regarded as endemic 

disease to Southeast Asia and Northern Australia. Moreover, this disease has also 

been reported in the United States and other areas as shown in Figure 2.1 (1, 2). The 

clinical features of Melioidosis are the community acquired septicemia and acute 

pneumonia. The infection commonly begins in the lungs where a pus abscess may 

form, or it may spread from the skin through the blood circulation to affect the heart, 

brain, liver, kidneys, joints and eyes. Lung is the primarily and most affected organ as 

B. pseudomallei can cause lung abscess and pneumonia followed by septicemia (22, 

23).  

B. pseudomallei infection occurs by inhalation of contaminated dust or 

by a direct contact with contaminated soil to an abraded area of the skin. However, 

the early reports implicating inhalation associated with the rates of pneumonia in 

Vietnam suggested that inhalation may be a major route of transmission (4, 24). 

Furthermore, patients with diabetes mellitus have a high incidence of melioidosis with 

up to 60% of patients (25). In addition, Thai studies also indicated that diabetes, 

thalassemia, renal disease as well as occupational exposure to surface water in the 

paddy area were associated with an increase risk of melioidosis (26). 

Copyright by Mahidol University



Mya Myintzu Hlaing  Literature Review / 4 

 
 

Figure 2.1 Worldwide distributions of Melioidosis 

Endemicity scale is indicated on the left side of the figure (26). 

 

2.1.2 B. pseudomallei 

The causative organism of melioidosis, B. pseudomallei, (previously 

known as P. pseudomallei), is a gram negative facultative intracellular pathogen and 

motile by polar flagella (4-6). This bacterium can survive in a severe condition with 

nutrient deficiency, very acidic or alkaline pH, and extreme temperature as well as 

disinfectant and antiseptic solutions (26). Moreover, it resists to many antibiotics 

including third generation cephalosporins, penicillins, rifamycins and 

aminogylcosides (27). This organism also resists to the lysis mediated by serum 

complement activation, lysosomal defensins and cationic peptidases. B. pseudomallei 

can produce hemolysins, cytotoxic exolipid, siderophore, and a wide variety of 

degradative enzymes such as proteases, lipases, lecithinases, catalase, peroxidase, and 

superoxide dismutase (3). In conventional biochemical tests, B. pseudomallei 
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typically can reduce nitrate to nitrogen gas and give positive result in arginine 

dihydrolase test. Moreover, B. pseudomallei can utilize arginine, lysine and valine as 

nitrogen sources but B. pseudomallei did not utilize glycine and methionine as a 

growth substrate (Table. 2.1) (28). 

Although the pathogenesis of B. pseudomallei is not fully understood, 

it was reported that this organism can adhere to the eukaryotic cell surface and invade 

both cultured phagocytic and nonphagocytic cells (7-10). After invasion, it can 

survive and multiply in these cells and then induce of cells fusion resulting in 

multinucleated giant cells formation. In deed, it has been reported that these 

multinucleated giant cells undergo apoptosis quickly (11). In addition, flagella are 

also the important and necessary virulent determinants of B. pseudomallei during 

intranasal and intraperitoneal infection in mice. The flagella deficient mutant was 

avirulent during infection in mice regardless of its adhesion ability to epithelial cells 

in vitro (29). 
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Table 2.1 Nitrogen assimilation of Pseudomonas species (28) 
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D-Glucose 48 12 30 5 12 0 0 0 0 24 0 
D-Fructose 39 10 28 5 12 6 0 0 6 13 0 
L-Arabinose 0 10 15 0 12 0 0 0 0 0 0 
D-Xylose 0 9 13 0 11 0 0 0 0 0 0 
Sucrose 0 11 12 5 12 0 0 0 0 20 0 
Maltose 0 0 0 5 0 0 0 0 0 23 0 
D-Trehalose 2 12 0 5 12 0 0 0 0 0 0 
D-Mannitol 37 12 6 5 12 6 0 0 0 13 0 
i-Inositol 0 12 0 5 12 0 0 0 0 0 0 
Propionate 40 5 23 5 8 2 1 3 3 7 0 
Butyrate 48 3 26 5 12 2 1 6 3 9 0 
Pelargonate 48 12 30 5 12 0 0 7 6 24 0 
Malonate 44 11 16 5 12 6 0 0 0 22 0 
Adipate 37 0 0 5 12 6 1 0 2 10 0 
Suberate 22 0 0 5 12 5 1 0 1 1 0 
Citrate 48 12 30 5 12 6 1 7 5 24 0 
β-Alanine 48 12 30 5 12 6 0 7 6 0 0 
L-Arginine 46 12 30 5 12 0 0 7 3 0 0 
Asparagine 48 12 30 4 12 6 1 7 6 24 4 
DL-Aspartate 48 12 30 5 12 4 1 7 3 13 6 
Glycine 27 0 22 0 1 6 1 0 4 16 0 
L-Lysine 40 5 18 5 12 0 0 0 0 1 0 
DL-Norleucine 0 0 0 0 0 6 1 0 0 0 0 
DL-Serine 7 8 10 5 10 0 0 0 2 2 0 
DL-Valine 34 11 26 5 6 0 1 0 1 1 0 
Acetamide 30 0 2 0 8 6 0 0 1 2 0 
Betaine 48 12 30 5 12 0 0 0 4 18 0 
Preliminary studies showed that saline-washed cells and non-washed cells gave 
similar results. Assimilation of the compound was indicated by growth. The 
numerical number within bracket indicates the number of isolate of each strain. The 
number of growth isolates of each strain is also indicated by numerical number. All 
cultures were incubated for 3 weeks at 37°C before tests were discarded as negative. 
The majority of reactions were interpreted after 24 to 48 hr of incubation. All strains 
assimilated acetate, succinate, fumarate, D-malate, DL-lactate, pyruvate, and L-
glutamate and failed to assimilate DL-methionine. 
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2.2 Regulation of the virulence gene in bacteria 

Many diverse bacterial pathogens have the common virulence 

mechanisms in terms of the requirement of their abilities to adhere, invade and cause 

damage to the host cells and tissues. Once adhered to a host surface, some pathogens 

can invade into the host cell to perpetuate the infection cycle. Therefore, the adhesion 

and invasion of the bacteria appears to be the early steps in the virulence of the 

organism. The success of a microbe during pathogenesis requires the use of genetic 

functions on the part of microbe to regulate and time the virulence gene expression. 

There are a change of ions, salts and amino acid varieties as well as quantities in 

mammalian host niches compared to that of present in the environment. Thus, the 

transition from one nutrient composition (in environment) to another (in vivo) may 

serve as a signal to bacterium that it has entered the host. This mechanism is very 

important for pathogenic bacteria because they need to get the rapid adaptation from 

outside environment (in vitro) to the new environment (in vivo) to permit them to 

express adhesins and invasins in order to colonize on the surface and invade into the 

target cells. Among the major regulatory control mechanisms for gene expression, 

alternate sigma factors are very important to control the gene transcription (12).  

 

2.2.1 Sigma factors 

Gene expression requires two steps which are transcription of DNA to 

RNA and translation of RNA into protein. The transcription step has three phases 

namely initiation, elongation and termination of mRNA strand. The principle enzyme 

responsible for RNA synthesis in the transcription process is RNA polymerase 

(RNAP) which consists of five different subunits called α, β, β’, ω and σ. Sigma 

factor, σ, is relatively weakly bound and can be separated from other core polymerase 

enzymes that are αI, αII, β, β’ and ω. RNAP cannot initiate transcription by itself 

although it is the key enzyme in this process (30). This enzyme requires the σ factor to 

direct it to a specific DNA sequence lining within promoter sequences (Figure 2.2) 

(13). The combination of σ factor and RNAP core enzyme forms RNAP holoenzymes 

which can bind to a specific nucleotide sequence and then recognize them as a 

promoter. The binding of RNAP holoenzyme to the promoter results in a “closed 
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complex” which is converted into an “open complex” by melting of a short region of 

DNA within the sequence bound by this enzyme (Figure 2.2). Thereafter, the RNAP 

holoenzyme, remaining located at the promoter, starts to produce small 2 to 12 bp 

RNA molecules. In the elongation phase, the sigma factor dissociates from the RNAP 

holoenzyme and the remainder, RNAP core enzyme, moves along the DNA strand, 

synthesizing the nascent RNA molecule. Finally, the RNAP core enzyme and RNA 

are released when they reach the transcription termination sequences downstream of 

the open reading frame (ORF) and the DNA strand is then fully restored to the duplex 

condition as shown in Figure 2.2 (13). The sigma factor generally recognizes two 

conserved sequences upstream of the ORF, known as the promoter consensus 

sequence. Most bacterial species synthesize several different sigma factors which 

provide them the maintaining of basal level of gene expressions and regulating of 

gene expression in response to the specific environmental stimuli (13). 
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Figure 2.2 Schematic representations of several steps required for the initiation 

of transcription of RNAP containing σ70 or σ70-related factors (13)  

Sigma factor is indicated by rounded corner grey block. Core RNA polymerase is 

indicated by dotted oval shape. Double stranded DNA is indicated by double line. 

Promoter consensus sequence is indicated by solid black blocks. 
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2.2.2 Classification of sigma factor 

The bacterial σ factors can be classified into two families which are the 

σ70 and σ54-families according to the amino acid sequence similarity. The majority of 

the σ factors in eubacteria are the σ70-family. All eubacteria contain at least σ factor 

belonging to the σ70-family, which are divided into several structurally and 

functionally subgroups. Many eubacteria also contain a σ54 -family which is both 

structurally and functionally distinct from the σ70-family. Some characteristic features 

of σ70 and σ54 (RpoN) are shown in Table 2.2 (13). 

 

2.2.3 Sigma 70 family 

There are three major groups of σ70 which are primary σ factors, non-

essential primary-like σ factors and alternative σ factors. The primary σ factors are 

encoded by rpoD and responsible for the transcription of most genes required for the 

exponential cell growth and cell survival. The non-essential primary-like σ factors are 

not necessary for the exponential cell growth. Among these σ factors, the stationary- 

phase σ factor (RpoS or σ38) is the most important as it is essential for the 

transcription of a particular set of genes during nutrient limitation in stationary phase 

and a variety of physical and chemical stresses (31). Moreover, it has been reported 

that rpoS gene is required in the response to various stresses in B. pseudomallei 

infection since B. pseudomallei rpoS knockout mutant exhibited an increased 

susceptible to carbon starvation and oxidative stress (32). The third group of the σ70 

family is the alternative σ factors that control the transcription of specific regulons 

during special physiological or developmental conditions including flagella 

biosynthesis, heat shock protein biosyntheses and sporulations (31). 
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Table 2.2 Function and distribution of the various eubacterial σ factors (13) 
Group Organism, name σ-factor Functions 
1. Primary σ-factors Gram-negative bacteria, σ70; 

Gram-positive bacteria, σA; 
Mycobacteria, MysA; 
Streptomyces, HrdB 

Major sigma-factor in exponential 
growing cells regulates house keeping 
genes 

2. Nonessential 
primary-like σ-factors  

  

2.1. Stationary phase σ-
factor 

Enterobacteria, Pseudomonas, 
RpoS 

Major sigma-factor during entry into 
stationary phase. Global regulatory of 
gene expression in cells exposed to 
hyperosmotic or acid stress 

2.2. Cyanobacterial σ-
factors 

Synechococcus, Synechocystis, 
Anabaena, SigB-E 

Controlling gene expression during 
circadian responses, carbon and nitrogen 
availability or post-exponential-growth 
phase 

2.3. The σ-factors of 
high-GC Gram-positive 
bacteria 

Mycobacteria, MysB; 
Corynebacteria, SigB; 
Streptomyces, HrdA, HrdC-E 

Unknown 

3. Alternative σ-factors   
3.1. Flagella σ-factor Enterobacteria, σ28 ; 

Streptomyces, WhiG; Bacillus 
subtilis, σD 

Expression of chemotaxis, late flagellar 
or easily sporulation genes 

3.2. ECF σ-factor Pseudomonas aeruginosa, 
AlgU; Escherichia coli, Fecl; 
Pseudomonas fluorescens, 
PbrA; Myxococcus xanthus, 
CarQ; S. coelicolor, E. coli, 
Mycobacterium, σE; 
Pseudomonas syringae, Hprl; 
Alcaligenes eutrophus, CrnH; 
B. subtilis, SigV-Z 

Expression of genes involved in alginate 
biosynthesis, iron uptake, carotenoid 
biosynthesis, antibiotic production, 
induction of virulence factors, resistants 
to cobalt and nickel, outer membrane 
proteins or survival of high temperature 

3.3. Heat shock σ-
factors 

  

3.3.1. Sigma 32 and 
related σ-factors 

Gram-negative bacteria, σ32; 
M. xanthus, SigB; S. 
aurantiaca, SigC 

Expression of genes during stress, 
fruiting body formation or maturation of 
myxospores 

3.3.2. Sigma B and 
related σ-factors 

B. subtilis, Stapylococcus, σB; 
Mycobacteria, Streptomyces, 
SigF 

Expression of genes during stress or late 
sporulation 

3.4. Sporulation σ-
factors 

  

3.4.1. Sigma H Bacillus, Clostridium, σH Transcription of early sporulation and 
post-exponential-growth-phase genes 

3.4.2. Sigma F Bacillus, Clostridium, σF Transcription of early forespore genes 
3.4.3. Sigma E Bacillus, Clostridium, σE Transcription of early mother-cell genes 
3.4.4. Sigma G Bacillus, Clostridium, σG Transcription of late forespore genes 
3.4.5. Sigma K Bacillus, Clostridium, σK Transcription of late mother-cell genes 
4. The σ54 -family Rhizobium, Rhodobacter, 

Pseudomonas, Bacillus, 
Caulobacter, 
Enterobacteriaceae  

Expression of genes involved in: 
nitrogen fixation, nitrate utilization, 
glutamine synthetase, dicarboxylate 
transport, xylene degradation, fimbriae 
and flagellar synthesis or levanase 
production 
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2.2.4 Sigma 54 (RpoN) 

The σ54 protein is encoded by rpoN. Its structure has divided into three 

distinct regions as shown in Figure 2.3. Region I is a glutamine rich locating on the N- 

terminus of RpoN and responsible for binding to the activator protein. It comprises of 

25 to 50 amino acids. This region is followed by a less conserved region II (core 

binding domain), which usually contains between 60 and 110 amino acids with a 

significant excess of the acidic amino acid residues. The carboxy terminal region III is 

the DNA binding domain. It is approximately 400 amino acids long and contains the 

X-link region, which has been shown to cross-link to the specific DNA sequence and 

two well-conserved motifs, a potential helix-turn-helix (HTH) region and the RpoN 

box. Both motifs are involved in recognition of the specific σ54 -dependent promoter 

consensus sequence upstream of the target gene.  

 

 

 
 

Figure 2.3 Structure function map of σ 54 family of σ factors (13)  

Regions shown as a solid block represent the most conserved amino acids sequence of 

the σ factors. Region I is activator binding domain. Region II is core binding domain. 

Region III is DNA binding domain and contains three structural motif X- link, HTH 

and RpoN box. 
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The initiation of transcription of RNAP holoenzyme containing σ54 

recognizes a different promoter consensus sequence from that of the σ70 -family. The 

promoter consensus sequence of σ70 (5’-TTGACA and TATAAT-3’) is located at -35 

and -10 of the transcription start site but that of σ54 (5’TGGCAC and TTGC-3’) is 

located at -24 and -12. The invariant dinucleotides are in boldface type. Change of 

only 1 bp in the spacing between the GG and GC motifs can inactivate the 

transcription mediated by this σ factor (Table 2.3) (13).  

 

Table 2.3 Consensus sequences recognized by various eubacterial factors (13) 
σ70 –family Name                 Consensus sequence 
  -35 Spacer -10 
Primary σ-factors  σ70, RpoD, 

SigA 
TTGACA 16-18 TATAAT 

Nonessential primary –like σ-factors     
2.1. Stationary-phase σ-factor  σ38, RpoS   CTATACT 
Alternative σ-factors     
3.1. Flagella σ-factors σ28, FliA, 

SigD 
TAAA 15 GCCGATAA 

3.2. ECF σ-factors σE, SigE GAACTT 16-17 TCTRA 
3.3. Heat shock σ-factors σ32, RpoH CTTGAAA 11-16 CCCATnT 
 σB, SigB GTTTAA 12-14 GGGTAT 
3.4. Sporulation σ-factors σH, SpoOH AGGAWWT 12-14 RGAAT 
 σF, SpoIIAC WGCATA 14-15 GGnRAYAMTW 
 σE, SpoIIGB GKCATATT 13-15 CATACAMT 
 σG, SpoIIIG TGAATA 17-18 CATACTA 
 σK, SpoIIIC AC 16-17 CATAnAnTA 
σ54-family  -24 -12  
 σN, RpoN, 

SigL 
TGGCAC 5 TTGCW 

aOnly the factor names for which a consensus recognition sequence has been derived 
are indicated. 
bAmbiguous codes: N, any bases; R, A or G; W, A or T; Y, C or T; M, A or C; K, G 
or T. 
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Moreover, in contrast to the RNAP holoenzyme containing a member 

of the σ70-family, the transcription from all known σ54-dependent promoters requires 

the presence of an extra-determinant so called activator protein to initiate the 

transcription. In an absence of activator, the RNAP holoenzyme can fully form a 

closed promoter complex but it is incapable of proceeding to the open complex 

formation resulting in inability to start the transcription. Prior to bind to the RNAP 

holoenzyme, the activator protein binds to an enhancer at the area locating 100 bp or 

more upstream of the transcriptional start site of a σ54 promoter sequence. The 

activator possesses a nucleoside triphosphatase activity by which it catalyzes the open 

complex formation by interaction with the region I of σ54 in RNAP holoenzyme 

complex (Figure 2.4) (33). 

 

 
Figure 2.4 Open and closed complex of RNA polymerase holoenzyme 

RNA polymerase holoenzyme binds to the promoter consensus sequence at the -24 

and -12 to form a stable closed complex which is transcriptionally silent. The binding 

of activator-enhancer complex to the Region I of σ54in the holoenzyme results in the 

open complex formation. σ54 is indicated by σ54. The enhancer protein is indicated by 

E (33). 
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2.3 Role of rpoN gene in nitrogen utilization of bacteria   

The alternate σ54 of RNA polymerase is required for transcription of a 

number of genes in bacteria belonging to the family Enterobacteriaceae. σ54 is 

required for expression of the enzymatic pathways responsible for nitrogen utilization, 

amino acid uptake, dicarboxylate transport, xylene degradation and hydrogen 

utilization. 

Bacteria can utilize a wide range of nitrogen compounds as sole 

sources of cellular nitrogen. These range from the simplest inorganic compounds such 

as ammonium salt and nitrate to complex compounds such as amino acids. The 

assimilatory metabolic pathways of nitrogen can be divided into two classes: the 

pathways necessary for utilization of nitrogen from an extra-cellular medium and the 

biosynthetic pathways from intracellular production of nitrogen-containing 

compounds. σ54 (RpoN) is a key σ factor under nitrogen starvation conditions, as it 

activates the transcription of genes needed to increase the capacity to assimilate 

ammonia, glutamate and other nitrogen sources (34). Moreover, σ54 also directs the 

transcription of genes involved in nitrogen fixation, toluene and xylene catabolism, 

and the biosynthesis of glutamine synthetase in other gram-negative bacteria (e.g. K. 

pneumoniae, E. coli) (35). Ammonia is the most preferred source of nitrogen for 

bacterial growth. There are very limited quantities of this defined form of nitrogen, 

therefore, bacteria frequently have to utilize a wide range of other nitrogen sources. In 

order to accomplish this, they synthesize the numerous proteins required for the 

uptake and subsequent metabolism of nitrogenous compounds (35).  
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2.3.1 Role of σ54 (RpoN) in E. coli 

In E. coli, σ54 dependent promoters have been extensively studied. At 

least 17 σ54 dependent promoters has been identified (Table 2.5) (36). Of these, seven 

are involved in nitrogen metabolism and nitrogen transport system (37). E. coli has 

three well characterized arginine transport systems. Only one of these (argT-hisIQMP 

and ast locus) requires σ54 for its synthesis (Table 2.4). It contains the periplasmic 

ArgT protein, also called LAO protein, which binds lysine, ornithine, and arginine 

with a high affinity (38). Moreover, both argT and the adjacent operon (hisJQMP), 

which codes for components of a histidine transport system co-transcribe under the 

control of same promoter (39). Transport systems of glutamine, lysine, ornithine and 

histidine in E. coli are also under control of σ54. Furthermore, the mutational analysis 

also confirmed that E. coli rpoN mutant could not utilize histidine, arginine as sole 

nitrogen sources (40). 
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Table 2.4 Seventeen σ54 (RpoN) regulon in E. coli (36) 
Operon Regulator Function                           Promoter sequence 
argT-
hisIQMP 

NRI-NRII Arginine-
histidine 
transport 

CAAGA TGGCA TAAGA CCTGC ATGAA AGAG 

astCADBE NRI-NRII- 
ArgR 

Arginine 
catabolism 

CTGGC TGGCA CGAAC CCTGC AATCT ACAT 

atoDAEB AtoC-
AtoS 

Acetoacetate 
catabolism 

CATTC TGGCA CTCCC CTTGC TATTG CCTG 

fdhF FhlA FDH AAATG TGGCA TAAAA GATGC ATACT GTAG 
glnALG NRI-NRII Nitrogen 

assimilation 
AAAGT TGGCA CAGAT TTCGC TTTAT CTTT 

glnHPQ NRI-NRII Glutamine 
transport 

AAAAC TGGCA CGATT TTTTC ATATA TGTG 

glnK-amtB NRI-NRII PII paralog, 
NH3 
transport 

ATTTC TGGCA CACCG CTTGC AATAC CTTC 

hycABCDE
FGHI 

FhlA Hydrogenase AAAGT TGGCA CAAAA AATGC TTAAA GCTG 

hydN-hypF FhlA Hydrogenase AAAGA TGGCA TGTTT TCTGC TGTCA GAAA 
hypABCDE
-fhlA 

FhlA Hydrogenase AACAC TGGCA CAATT ATTGC TTGTA GCTG 

nac NRI-NRII Nitrogen 
assimilation 

AAAAC TGGCA AGCAT CTTGC AATCT GGTT 

prpBCDE PrpR Propionate 
catabolism 

AATTG TGGCA CACCC CTTGC TTTGT CTTT 

pspABCDE PspF Phage shock 
and other 
stresses 

AAAAT TGGCA CGCAA ATTGT ATTAA CAGT 

rtcBA RtcR RNA 
terminal 
cyclase 

TTTTC TGGCA CGACG GTTGC AATTA TCGA 

ygjG NRI-
NRII? 

Uncharacteri
zed 
transaminase 

CGCAG TGGCA CAATC CCTGC AATAC TTAA 

zraP ZraR-
ZraS 

Zinc tolerate ATCGT TGGCA CGGAA GATGC AATAC CCGA 

zraSR 
(hydGH) 

ZraR-
ZraS 

Regulators of 
zinc tolerate 

AAAGA TGGCA TGATT TCTGC TGTCA CCGA 

Bold face type indicates (RpoN) promoter consensus sequences. 
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2.3.2 Role of RpoN in P. aeruginosa 

Similar to other bacterial pathogens, mucosal surface adhesion 

mediates by pili is the initial step of P. aeruginosa pathogenesis. However, direct 

attachment of pili to the receptors on a phagocytic cell can facilitate killing of the 

bacteria by host immune defense mechanisms. As a consequence, bacteria have 

evolved elaborate genetic regulatory mechanisms to limit the expression of pili to 

only when tissue adhesion is essential (12). The rpoN mutant of P. aeruginosa failed 

to synthesize the pili and mediate mucin adherence (Figure 2.5). This indicated that 

σ54 factor is required for transcription of the pilus biosynthesis genes. Moreover, this 

mutant also lack of flagella expression as shown in Figure 2.5 (16). In 2003, another 

group of researchers has reported that the attachment of P. aeruginosa to the epithelial 

cells or tracheobronchial as well as the formation of pili and flagella in P. aeruginosa 

strain is under the control of the alternate sigma factor RpoN (17). Furthermore, rpoN 

insertion mutant of P. aeruginosa synthesized a lower level of pyocyanin virulence 

factor compared to its parent wild type strain. Moreover, this mutant exhibited 100-

fold reduction in virulence in a mouse thermal injury model and was significantly 

impaired in its ability to kill the nematode Caenorhabditis elegans compared with 

wild-type parent (14). 

 

 
 

Figure 2.5 Involvement of RpoN in the biosynthesis of flagella and pili (16) Panel 

A is wild type P. aeruginosa. Panel B is rpoN gene mutant P. aeruginosa. Pilus is 

indicated by arrow. Flagellum is indicated by arrowhead. 
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It was also demonstrated that the structural gene for P. aeruginosa 

glutamine synthetase is under the control of RpoN (41). Indeed, P. aeruginosa rpoN 

mutant exhibited a lack of motility and failure to grow on media supplemented with 

nitrate, glutamate, or histidine as the sole nitrogen source as shown in Table 2.5 (14). 

Moreover, this mutant strain also demonstrated delayed growth on minimal media 

supplemented with ammonia and arginine (Table 2.5). In addition, it was reported that 

P. stutzeri rpoN mutant was also unable to use histidine or proline as the sole nitrogen 

source (42). All above data suggest that σ54 (RpoN) may also play a role in the amino 

acid metabolism of other Pseudomonas related species such as Burkholderia species. 

In addition, it is shown that RpoN is also important in the virulence of 

plant pathogen P. syringae. P. syringae rpoN mutant is deficient in the expression of 

the hrp gene cluster which encodes the components of a type III secretory system (43, 

44). 

 

Table 2.5 Nitrogen utilization of P. aeruginosa strains (14) 
                                                Nitrogen utilization of strain 

                              PA14                      PAK 

 

Nitrogen source 

Wild  type 

  (platesa) 

                 rpoN mutant 

Platesa                 Liquidb 

Wild type 

  (platesa) 

rpoN mutant 

     (platesa) 

Ammonia 2     4             +        2          4 

Arginine 2     3             +        2          3 

Glutamate 2     −             NG        2          − 

Glutamine 2     2             +        2          2 

Histidine 2     −             NG        2          − 

Nitrate 2     −             NG        2          − 
a Measured as the number of days until the appearance of colonies. – indicates the 
only tiny colonies grew. 
b Growth (+) or absence of growth (NG) in liquid culture. Growth experiments were 
conducted twice with identical results. 
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2.3.3 B. pseudomallei σ54( RpoN) 

Two copies of rpoN gene are annotated by the homology search of B. 

pseudomallei genome sequence. The rpoN1 is located in chromosome 1 and rpoN2 is 

located in chromosome 2. Similar to the RpoN found in other bacteria, it composes of 

three structural domains, activator interaction domain (Region I), core binding domain 

(Region II) and DNA binding domain (Region III) (Section 2.2.4 ) (18). Moreover, 

computer analysis of B. pseudomallei genome sequence using PROMSCAN program 

predicts that the RpoN promoter consensus sequences locate upstream of as many as 

179 genes including the rhamnolipid operon and bsaZ of type III secretion system 

cluster 3 on the chromosome 2 with a very high confidentiality score (Figure 2.6) (18, 

45). However, the function of RpoN in the nitrogen utilization and/or virulence genes 

transcription of B. pseudomallei has not been elucidated yet.  
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2.4 Type III secretion system (TTSS) 

The mechanism of the bacteria as well as eukaryotic cells to transport 

proteins across the membranes is very important. In gram negative bacteria, there are 

at least 5 protein transportation/secretion systems have been identified. 

The TTSS has a syringe-like structure and functions to deliver proteins 

directly from the bacterial cytoplasm into the cytosol of eukaryotic cell (Figures 2.7 

and 2.8) (46). These type III secretion systems also have a number of features in 

common with the flagella structure (Figure 2.7). For example, the assembly of flagella 

basal body spanning the IM and OM of gram negative bacteria displays a strikingly 

resemble structure organization to the syringe-like structure of type III secretion 

system connecting bacterial IM to OM. The structural comparison between the enteric 

bacterial flagellum and Salmonella type III secretion system are shown in Figure 2.7 

(46). Bacterial type III secreted proteins (effector proteins) are secreted via a tube-like 

compartment, translocator, which connects type III secretion machinery to the host 

plasma membrane (Figure 2.8). Once inside the host cells, these effector proteins 

subvert the host cell processes to the benefit of the bacteria (47). 

 

                       

                                 A                                                                     B                                                      

Figure 2.7 Structural comparison between the enteric bacterial flagellum and the 

Salmonella type III secretion system (46). Panel A is the enteric bacterial flagellum. 

Panel B is the Salmonella type III secretion system. 
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Figure 2.8 Structure of type III secretion system.  

Bacterial effector proteins are indicated by the plus symbols. BsaZ protein is denoted 

by BsaZ (http://webdeptos.uma.es/genetica/tipoiii/Research.html). 

 

TTSS are accessory virulence factor found in a variety of gram 

negative pathogenic bacteria such as in Yersinia spp., Salmonella spp., Shigella spp., 

Bordetella spp., P. aeruginosa and enteropathogenic Escherichia coli. They facilitate 

either bacterial adhering to the surface of the host cell or the injection of bacterial 

effector proteins across both bacterial inner and outer membrane and eukaryotic 

cytoplasmic membrane to damage the target cells (47, 48).  
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2.4.1 Role of TTSS in B. pseudomallei 

B. pseudomallei contains at least three loci encoding the putative TTSS 

(49). One of these loci (bsa locus) shares a significant homology to the inv/spa/prg of 

S. typhimurium and the ipa/mxi/spa TTSS of S. flexneri (50). This putative TTSS (Bsa) 

of B. pseudomallei is involved in the survival and persistence of them within a murine 

macrophage-like cell line as well as the escape of this bacterium from endocytic 

vacuoles (51). Moreover, mutation in bsaZ gene coding for a major inner membrane 

of type III secretion apparatus, resulted in loss of invasion and intacellular replication 

in J774.2 cell line (51). Furthermore, Bsa functions as transporter for the effector 

protein BopE which is homologous to Salmonella SopE/SopE2 proteins and is 

responsible for B. pseudomallei invasion to HeLa cells (52). Moreover, it was 

demonstrated that another TTSS cluster 3, which is homologous to the Salmonella 

SPI, is required for the full virulence of B. pseudomallei in a hamster model (45). 

Therefore, both adhesion and invasion abilities of B. pseudomallei to the host cells are 

dependent on the TTSS.  
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AIM AND OBJECTIVES 

Like most infectious agents that initiate the infection in the alimentary 

tract, the ability of B. pseudomallei to sense that it has entered the new niche (transit 

from in vitro to in vivo and vice versa) and response by induction of the particular sets 

of gene expression essential for scavenging and metabolism of the nutrient 

composition presented in the new habitat is a key determinant for its survival. 

To date, very little is known at the molecular level about the regulation 

of gene expression for nutrient scavenging of B. pseudomallei, in particular those 

regulated by the RpoN (σ54). The chromosome 1 of this organism mainly codes for the 

house-keeping and cell division associated-genes whereas the smaller, chromosome 2 

codes for the genes essential for adaptation and survival in different environment (53). 

It was therefore interesting to investigate whether RpoN2Bp (chromosome 2- encoded 

σ54 factor) possesses similar function to its homologous presented in other gram 

negative bacteria (Sections 2.3.1 and 2.3.2). The overall aim of this study is to 

preliminarily investigate the involvement of RpoN2Bp in nitrogen and amino acid 

utilization of B. pseudomallei. The specific objectives of this project are as follows:  

 

1. To attempt to construct rpoN2Bp-negative mutant of B. pseudomallei 

using homologous recombination.  

2.   To examine the involvement of RpoN2Bp on nitrogen and amino 

acid utilizations using complementation assays. 

 

Such studies will provide a better understanding of gene regulation and 

nutrient acquisition of B. pseudomallei under the control of σ54 factor. 
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CHAPTER III 

MATERIALS AND METHODS 

3.1 Materials  

 

3.1.1 Bacterial strains and plasmids 

The wild type B. pseudomallei strains, E. coli strains and P. 

aeruginosa rpoN mutant used in this study are shown in Table 3.1. Plasmids used in 

this study are listed in Table 3.2. 

 

Table 3.1 Bacterial strains used in this study 
          Strain            Description          References 

 

B. pseudomallei 844 

 

Clinical isolate                                     

 

Tungpradubkul’s laboratory , 

Department of Biochemistry, 

Faculty of Science, Mahidol 

University, Thailand.   

B. pseudomallei 10/38    Clinical isolate Tungpradubkul’s laboratory , 

Department of Biochemistry, 

Facult of Science, Mahidol 

University, Thailand.   

P. aeruginisa RN102      rpoN: tet® Arari H (2005) 

E. coli SM10 λpir    

 

 

 

λpir (thi thr leu tonA lacY supE 

recA::RP4-2-Tc::Mu Km) used for 

transformation of recombinant 

plasmid pKNOCK::rpoN2 

Donnenberg and Kaper (1991). 

 

 

 

E. coli JKD 814 rpoN::tet® Reitzer and Magasanik (1986). 
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Table 3.1 Bacterial strains used in this study (Continued) 
                  Strain              Description                References 

 

E. coli TOP10′F   

 

 

F′[lacIq Tn10 (TetR)] mcrA ∆ (mrr-

hsdRMS- mcrBC) Φ80lacZ∆M15 ∆lacX74 

recA1 araD139 ∆(ara-leu) 7697 galU 

galK rpsL (StrR) endA1 nupG 

 

Invitrogen, California, 

USA. 

E. coli JM 109    

 

F′traD36 proA+B+ lacIq ∆ (lacZ) M15/∆ 

(lac-proAB) glnV44e14- gyrA96 recA1 

relA1 endA1 thi hsdR17 

New England Biolabs, 

(Beverly, USA) 

 

 

 

Table 3.2 Plasmids used in this study 
Vector             Description References 
 

pCR® 2.1-TOPO 

vector     

 

Cloning vector for PCR product, Kanamycin and 

Ampicillin resistance                              

 

Invitrogen, 

California, USA.    

pHC 79 Cosmid vector Hohn B and 

Collins J (1980). 

pKNOCK Suicide vector, Tetractraycline resistance.                         Alexeyev MF 

(1999).                
TOPO::rpoN2Bp799         pCR® 2.1-TOPO vector containing 799-bp fragment of 

partial rpoN2 gene from B. pseudomallei strain 844, 

Kanamycin and Ampicillin resistance  

This study 

pKNOCK::rpoN2Bp363   pKNOCK suicide vector containing 363-bp fragment 

of PstI-digested partial rpoN2 gene from B. 

pseudomallei strain 844, Tetracycline resistance 

This study 

TOPO::rpoN2Bp             pCR® 2.1-TOPO vector containing 1,705-bp fragment 

of encompassing entire rpoN2 ORF and their promoter  

from B. pseudomallei strain 844, Kanamycin and 

Ampicillin resistance 

This study 

TOPO::rpoNEC pCR® 2.1-TOPO vector containing 1,806-bp fragment 

of encompassing entire rpoN ORF and their promoter 

from E. coli strain JM 109, Kanamycin and Ampicillin 

resistance 

This study 
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3.1.2 Bacterial culture media and growth conditions 

The following bacterial culture media were used in this study. Luria- 

Bertani (LB) broth contained 10 g/l tryptone (Difco, MD, USA), 5 g/l Bacto yeast 

extract (Difco) and 5 g/l NaCl, adjusted to pH 7.5 with 5 N NaOH. LB agar is similar  

to LB broth but with 15 g/l Bacto agar (Difco, MD, USA). M9 minimal medium 

consisted of 1.5% (w/v) Bacto agar, 480 mM Na2HPO4, 22 mM K2HPO4, 20 mM 

NH4Cl, 8.6 mM NaCl and 0.01% (w/v) MgSO4. Amino acid utilization medium is M9 

minimal medium but replacing NH4Cl with 5 mM of each amino acid (e.g. arginine, 

glutamine, glycine, histidine, lysine, methionine, phenylalanine, tryptophan and 

valine).  

Antibiotics were added to broth and solid media at the following 

concentrations: doxycycline 16 µg/ml, tetracycline 16 µg/ml, gentamycin 16 µg/ml, 

and ampicillin 100 µg/ml, unless otherwise specified. 

Liquid cultures were normally grown in 30 ml McCartney bottles and 

were incubated at 37°C unless any other specification. LB broth containing 20% (v/v) 

glycerol was used as freezing medium for preservation of all bacteria used in this 

study at –80°C.  

 

3.1.3 Chemicals and reagents 

 

3.1.3.1 Chemicals and reagents 

All chemicals used in this study were analytical grade. Most amino 

acids used in the study were purchased from Sigma Chemical Co. (St. Louis, MO, 

USA). 

TOPO TA cloning kits was purchased from Invitrogen Life 

Technologies (CA, USA).  

All restriction endonuclease enzymes used in this study were from 

New England Biolabs, Inc (Beverly, USA) and Taq polymerase were purchased 

from Fermentas Life Sciences (Lithuania). 

Antibiotics: ampicillin, tetracycline, doxycycline, gentamycin were 

from General Drug House (Bangkok, Thailand). 
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3.1.3.2 Oligonucleotides 

The oligonucleotides used in this study are shown in Table 3.3 and 

were purchased from Bio Basic Inc, Canada. 

 

Table 3.3 The oligonucleotides used in this study 
Oligonucle

otide 

number 

                             Sequence Location/ Description 

 

M13F           

 

5′CGCCAGGGTTTTCCCAGTCACGAC-3′            

 

Priming site is at bases 391-406 

of pCR® 2.1-TOPO vector     

M13R           

 

5′-AGCGGATAACAATTTCACACAGGA-3′  Priming site is at bases 205-221 

of pCR® 2.1-TOPO vector     

rpoN2F        

 

5′-GGCGGATCCGCGCGCACGCTGTCCGAA-3′ B. pseudomallei K96243 rpoN2 

(NC_006351.1.GI:53721039) 

 nt 999- 1016 (Figure 4.1) 

rpoN2R  5′-GATAGATCTTGACGGTGCGGCGCGCGA-3′ B. pseudomallei K96243 rpoN2 

( NC_006351.1GI:53721039) 

Complementary  nt 1772- 1797 

rpoNBpF 5′-ACCGGCTGCGAACAAACT-3′ B. pseudomallei K96243 rpoN2 

( NC_006351.1GI:53721039)  

nt 167-184 (Figure 4.1) 

rpoNBpR 5′-GCTCGCCGAAGGTTCATA-3′ B. pseudomallei K96243 rpoN2 

( NC_006351.1GI:53721039)  

Complementary nt 1854-1872 

(Figure 4.1) 

rpoNEcF 5′-GTGAACGTCGCCGTGTAG-3′ E. coli K12 MG1655 rpoN 

(U00096) 

nt 87- 104  (Appendix A) 

rpoNEcR 5′-GTGTCTTCCTTATCGGTTGG-3′ E. coli K12 MG1655 rpoN 

(U00096) (Appendix A) 

Complementary nt 1873-1893 
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3.2 Methods 

 

3.2.1 Molecular genetic techniques 

 

3.2.1.1 DNA extraction procedures  

 

3.2.1.1.1 Plasmid DNA extraction procedure  

            Plasmid DNA was isolated from stationary phase of bacteria as 

previously described (Birnboim and Doly, 1979) with some modification. The desired 

strains from –80°C glycerol stocks were subcultured in LB broth supplemented with 

appropriate antibiotic and incubated at 37°C overnight with shaking. About 1.5 ml of 

overnight culture was centrifuged at 10,000 × g for 3 min using Universal 32 R 

centrifuge (Hettich, Monroe, USA). The cell pellet was resuspended in 300 µl of 

Plasmid Extraction buffer (50 mM Tris-HCl buffer, 10 mM Na2EDTA) with gentle 

Vortexing, 300 µl of Alkaline lysis mixture [1 N NaOH, 10 % (w/v) SDS] was then 

added and followed by adding of 300 µl of 3 M sodium acetate (pH 5.5). The flocculent 

white precipitate was sedimented at 10,000 × g for 5 min. The supernatant  

containing plasmid DNA was transferred into a clean tube and extracted with 400 µl 

volume of chloroform. The mixture was then centrifuged at 10,000 × g for 2 min. A  

400 µl of supernatant was transferred into a clean tube containing 700 µl of cold 

isopropanol and chilled for 20 min at –20°C. The precipitate was sedimented in a 

microcentrifuged at 10,000 × g for 5 min. The supernatant was discarded and the 

pellet was rinsed with 1 ml of cold 70% ethanol and centrifuged at 10,000 × g for 2 

min to remove the residual ethanol with a micropipette. Then, the pellet was dried at 

42°C for 10 min and dissolved in 30 µl of sterilized Milli-Q water (suitable for 

restriction enzyme digestion). 

 

3.2.1.1.2  Preparation of genomic DNA 

             Genomic DNA was prepared as previously described by 

Manning et al. (1986). The desired bacteria was cultured in 10 ml LB broth and 

incubated at 37°C overnight. A 3 ml culture was spun down for 3 min at 10,000 × g 
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using Micromax RF microcentrifuge (Thermo Electro Corporation, USA). The 

supernatant was decanted. The pellet was resuspended in 500 µl normal saline by 

repeated pipetting and Vortexing. About 500 µl of TE-saturated phenol was added, 

mixed by inverting and centrifuged for 5 min at 10,000 × g. The upper aqueous phase 

was transferred to a new tube containing 600 µl cold isopropanol and mixed gently by 

rolling the tube until the DNA clump form. Then, DNA was hooked out with pipette  

tip, washed in 1 ml of 70 % ethanol and spun down for 5 min at 10,000 × g. The 

supernatant was decanted. Then, the DNA was dissolved overnight in 50 µl sterilized 

Milli–Q water.  

 

3.2.1.2  Polymerase chain reaction (PCR) protocol 

 

3.2.1.2.1  Standard PCR reaction using Taq polymerase 

             The PCR reaction was performed according to Delidow et al. 

(1996). The reaction mixture contained 0.2 mM each of dATP, dCTP, dGTP and 

dTTP, 10 pmol forward primer and reverse primer, 1× PCR buffer [50 mM KCl, 10 

mM Tris- HCl (pH 8.3)], 2.5 mM MgCl2, 0.25 U Taq DNA polymerase (Fermentas 

Life Sciences, Lithuania), 50 ng (template) DNA and 1 M Betaine monohydrate. The 

reaction mixture was made up to 25 µl with sterilized Milli–Q water.  

 Template DNA was denatured at 95°C for 4 min and then, 

followed by 30 cycles of amplification consisted of denaturing at 95°C for 30 sec, 

primers annealing at 50-60°C (depending on the melting temperature of the primers) 

for 30 sec and extension at 72°C for 1 min followed by a final extension at 72°C for 1 

min by using a DNA Engine® Thermal cycler (Bio Rad, USA). Reaction products 

were analyzed by agarose gel electrophoresis (Section 3.2.2.3).  

 

3.2.1.2.2 Cloning of PCR product 

            For cloning, PCR products (section 3.2.1.2.1) were directly 

ligated into pCR® 2.1- TOPO vector (Table 3.2) and transformed into E. coli TOP 

10F′ competent cells (Table 3.1) according to the manufacturer’s instruction 

(Invitrogen, CA, USA). 
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3.2.2 Analysis and manipulation of DNA 

 

3.2.2.1 Restriction endonuclease digestion of DNA 

PCR product, plasmid DNA and genomic DNA were cleaved with 

suitable restriction enzymes using restriction buffers specified and provided by the 

manufacturer. Approximately 100-500 ng of DNA was digested with 2-10 U of 

restriction endonuclease enzyme in a final volume of 20 µl. The reaction mixture 

was incubated at 37°C for 4-16 hr. The agarose gel electrophoresis was performed to 

check the complete digestion. If the reaction is completely digested, the enzyme 

activity in the mixture was terminated by heat inactivation according to the 

manufacturer’s instruction. 

 

3.2.2.2 Calculation of DNA restriction fragment size 

Restriction fragment and DNA fragment sizes were calculated by 

comparing their relative mobilities in agarose gels with that of DNA size markers. 

Generuler 100-bp and 1000-bp DNA Ladder Plus (Fermentas Life Sciences, 

Lithuania) were used as DNA size markers. DNA fragment sizes in each of DNA 

size markers are shown in Table 3.4. 
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Table 3.4 DNA size markers used in this study 

Fragment                 100-bp DNA Ladder                                     1000-bp DNA Ladder                        

         No                          Size                        Conc:                           Size                            Conc: 

                                  (base pairs)             (ng/0.5 µg)                  (base pairs)               (ng/0.5 µg) 

         
          1                            3,000                      77.8                        10,000                             20.0 

          2                            2,000                      55.0                           8,000                            24.0 

          3                            1,500                      39.2                           6.000                            30.0 

          4                            1,200                      33.0                           5,000                            30.0 

          5                            1,031                      33.6                           4,000                            40.0 

          6                              900                       29.3                           3,500                            51.0 

          7                              800                       26.1                           3,000                            88.0 

          8                              700                       22.9                           2,500                            33.5 

          9                              600                       19.6                           2,000                            92.0 

        10                              500                       63.3                           1,500                            24.0 

        11                              400                       25.0                           1,000                            10.0 

        12                              300                       25.0                             750                             21.5 

        13                              200                       25.0                             500                             14.5 

        14                              100                       25.0                             250                             21.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright by Mahidol University



Mya Myintzu Hlaing  Materials and Methods / 34 

 

3.2.2.3 Analytical and preparative separation of restriction fragment 

Electrophoresis was carried out at room temperature (25°C) on 

horizontal 0.8% to 1.5% (w/v) high gelling temperature agarose gels (Research 

Organic, Inc, Ohio, USA). Gels were run at 100 V for 45 min in Tris- Acetate- EDTA 

buffer (TAE, 2 M Tris base, 1 M glacial acetic acid, 0.1 M EDTA), pH 8.5. DNA 

fragments were visualised by trans-illumination with UV light and photographed 

using Syngene, Chemicenius, Bio Imaging System (Frederick, USA).  

 

3.2.2.4 Isolation and purification of restriction fragments  

The DNA restriction fragments of interest were excised from agarose 

gel (Section 3.2.2.3) and purified using the Qiagen gel extraction kit (F. Hoffmannla 

Roche Ltd., Valencia, CA, USA) according to the manufacturer’s instruction.  

 

3.2.3 In vitro cloning and ligation of DNA fragments 

 

3.2.3.1 Dephosphorylation of vector DNA 

In order to avoid the religation of vector background in cloning 

experiments, 3 µl of 10× phosphatase buffer and 2 µl of 5 U/µl of anthertic 

phosphatase enzyme (New England Biolabs, Inc, Beverly, USA) were added to the 

purified digested vector DNA and the mixture was made up to 30 µl by adding 

sterilized Milli–Q water. The reaction mixture was then incubated at 37°C for 2–4 hr. 

The reaction was inactivated by heating at 65°C for 15 min. 

                            

3.2.3.2 Ligation of restriction endonuclease digested DNA  to vector 

The purified, restriction endonuclease- digested DNA fragments were 

ligated at a molar ratio of 10:1 (Insert:Vector) or according to the following formula 

(Maniatis et al., 1989). 

 

Insert (ng) =   vector (ng) × insert (kb)    ×  (insert/ vector ratio) 

                                       vector (kb) 
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The ligation mixture contained 1 µl of T4 DNA ligase (Invitrogen, CA, 

USA), 4 µl of 5× ligation buffer, DNA to be ligated and the mixture was made up to 

20 µl with sterilized Milli–Q water. The reaction mixture was incubated at 14°C for 

16–24 hr. Thereafter, the ligated DNA was used for transformation the appropriate 

competent E. coli strains (Section 3.2.3.3). 

 

3.2.3.3 Preparation of competent cells and transformation  

 

3.2.3.3.1 Preparation of CaCl2 – MgCl2 competent cells for 

chemical  transformation  

Competent cells were prepared according to a method 

previously described by Hanahan (1983). E. coli strains were subcultured in 10 ml LB 

broth and incubated at 37°C overnight. The overnight broth culture was diluted 1:10 

dilution into fresh LB broth (20 ml) and grown to a mid exponential phase (A600 = 0.6, 

ca. 4 × 108 cells/ml). The cells were left on ice for 15–20 min, transferred to a sterile 

centrifuge tubes and centrifuged at 3,800 × g for 10 min at 4°C in Universal 32 R 

centrifuge (Hettich, Monroe, USA). The pellets were resuspended in 10 ml ice–cold 

100 mM MgCl2 and recentrifuged. Then, the pellet was resuspended in 2 ml of ice 

cold 100 mM CaCl2 and left on ice for at least 60 min. Finally, glycerol was added to 

a final concentration of 15%. The suspensions were aliquoted in 100 µl and stored at –

80°C.  

 

3.2.3.3.2 Preparation of electrocompetent cells  

Electro-competent cells were prepared as described by Tung 

and Chow (1995). B. pseudomallei strains 844 and 10/38 (Table 3.1) were subcultured 

in LB broth and incubated at 37°C overnight. One ml of the overnight culture was 

subcultured in 19 ml fresh LB broth and incubated at 37°C for 3 hr to get A600 of 0.6. 

The cultures were chilled on ice for 30 min and centrifuged at 3,800 × g at 4°C for 15 

min. The pellets were washed twice in 20 ml of ice-cold sterile 10 % (v/v) glycerol. 

The competent cells were resuspended in 200 µl of ice cold GYT [10% (v/v) glycerol, 
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0.125 % (v/v) yeast extract, and 0.25 % (w/v) tryptone] and then 100 µl aliquots were 

stored at –80° C until use.  

 

3.2.3.3.3 Chemical transformation 

The competent cells (section 3.2.3.3.1) were removed from –

80°C and allowed to thaw on ice. The cells were centrifuged at 10,000 × g for 30 sec 

(Micromax RF microcentrifuge, Thermo Electro Corporation, USA). The pellet were 

resuspended in fresh 100 µl of ice–cold 100 mM CaCl2 and left on ice for 15 min. Ten 

µl of ice cold ligated DNA (Section 3.2.3.2) was added to this mixture and left on ice for 

15–30 min. The mixture was then heat–shocked at 42°C for 2 min and followed by 

incubation on ice for 20–30 min. A 1 ml LB broth was added to the mixture and 

incubated at 37°C to allow the expression of antibiotic resistance genes (30 min for 

plasmid containing resistance of ampicillin and 120 min for tetracycline resistant  

genes). Thereafter, 100 µl of the transformation mixture was plated on appropriate 

antibiotic selection plates and the remaining was concentrated by centrifugation for 30 

sec and plated out. The inoculated plates were incubated at 37°C overnight.  

 

3.2.3.3.4 Transformation by electroporation 

            About 90 ng of DNA to be transformed was added to 50 µl of 

electro- competent cells. The DNA- cell mixture was gently mixed and transferred to 

an ice cold sterile 0.2 cm gap cuvette (Bio Rad). Electrotransformation was carried 

out using an ECM® 600 Electro Cell Manipulator (BTX, Inc. San Diego, CA, USA) 

at a setting of 15 µF, 339 Ω, 4.5 kV and pulse length at 4-6 msec. After 

electroporation, the cells were immediately transferred to a 30 ml McCartney bottle 

containing 1 ml of LB broth. Then, the cells were incubated at 37°C for 2 hr and 

plated onto a LB agar plate supplemented with appropriate antibiotics and incubated 

at 37°C overnight.  
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3.2.3.4 Bacterial conjugation 

E. coli λ-pir carrying pKNOCK derivative plasmids and B. 

pseudomallei wild type were inoculated into LB broth supplemented with appropriate 

antibiotics and incubated at 37°C overnight. The overnight broth cultures were diluted 

1:10 dilution in fresh LB broth and then incubated until A600 reached 0.4. After that,  

the equal amount of the donor and recipient were mixed at the ratio of 1:1 and washed 

with phosphate buffered saline (PBS) for two times. The mixture was then spreaded 

onto the filter membrane placed on a pre-warmed LB plate and incubated at 37°C 

overnight allowing the transferring of the recombinant plasmids from E. coli λ-pir into 

B. pseudomallei wild type. After overnight incubation, the bacteria from the filter 

were suspended in one ml of PBS. The suspended bacteria were selected by plating on 

the LB agar supplemented with tetracycline.  

 

3.2.4 Preparation of DNA probes and DNA hybridization 

 

3.2.4.1 Preparation of probes using random primer labeling  

Isolated specific DNA fragments were labeled with Dioxygenin (DIG) 

using DNA labeling kit (Roche Diagnostics GmbH, Germany). Approximately 10 ng  

to 3 µg purified DNA fragments were put in PCR tube. Then, these fragments were 

heated at 95°C for 10 min and chilled immediately in an ice bath. Two µl of 

hexanucleotide mixture, 2 µl of 10× dNTP labeling mixture and 1 µl of Klenow  

enzyme 1 U/µl (Fermantas, USA) were added to the DNA mixture. The reaction was 

made up to 20 µl with Milli-Q water. The reaction mixture was then incubated at  

37°C overnight followed by heating at 65°C for 2 min or adding of 2 µl of 0.2 mM 

EDTA, pH 8.0 to stop the reaction. The efficiency of the labeled DNA was performed 

according to the manufacturer’s instruction. The probe was prepared by denaturing 20 

ml hybridization solution [50% (v/v) formamide, 1% (w/v) SDS, 6× SSC, 1×  

Dehardt’s solution, 100 µg/ml herring sperm DNA and 100 µg/ml heparin] containing 

19 µl labeled DNA at 95°C for at least 10 min. 
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3.2.4.2 Dot blot hybridization 

The strains need to be hybridized were subcultured in 96-well 

microtiter trays containing 200 µl of LB broth supplemented with an appropriate 

antibiotics and incubated at 37°C for 16 hr to overnight. The cells were pelleted in a 

Beckman coulter, Allegra X-12R centrifuge (2,000 × g for 10 min). The pellets were 

resuspended and lysed in 10 µl of 1× TE buffer and 5 µl of 10% SDS followed by 50 

µl of 0.5 N NaOH, 1.5 M NaCl. The mixtures were then centrifuged again and 3-5 µl 

of supernatant in each well was applied to the positively-charged nylon membrane 

(Hybond-N+, Amersham Pharmacia Biotech, UK). The transferred DNA was fixed to 

the membrane by placing on 3 MM Whatman No.1 filter paper presoaked with 0.4 N 

NaOH for 20 min. 

The membranes were prehybridized with in 20 ml of prehybridization 

solution (50% (v/v) formamide, 1% (w/v) SDS, 6× SSC [1× SSC = 0.15 M NaCl, 0.15 

M Sodium citrate], 5× Denhardt’s solution [1× Denhardt’s solution = 2% (w/v) Ficoll, 

2% (w/v) polyvinyl pyrrolidone, 2% (w/v) bovine serum albumin] and 100 µg/ml 

herring sperm DNA) at 42°C for at least 1 hr in HB-1000 hybridizer (UVP laboratory, 

Upland, CA, USA). The prehybridization solution was decanted and the preheated 

hybridization solution (50% (v/v) formamide, 1% (w/v) SDS, 6× SSC, 1× Dehardt’s 

solution, 100 µg/ml herring sperm DNA and 100 µg/ml heparin) containing the 

appropriate probe was added to the membrane. The membranes were then hybridized  

at 42°C overnight.  

After overnight hybridization, the probe solution was decanted and 

stored at –20°C for reuse. Then, the immunodetection procedure was performed 

according to protocols in the Roche Molecular Biochemical’s Catalogue (Roche 

Diagnostics GmbH). Firstly, the membrane filters were washed twice in 2× SSC at 

room temperature (25°C) for 15 min with shaking followed by washing twice with 

prewarmed 0.5× SSC containing 0.1% (w/v) SDS at 65°C for 15 min. The membranes 

were then washed briefly in 10 ml of 1× Maleic acid buffer (0.1 M Maleic acid, 0.15 

M NaCl, pH 7.5). The membranes were incubated with 1× blocking solution (Roche 

Diagnostics GmbH) for 30 min at room temperature. The membranes were washed 

twice in washing buffer [1× Maleic acid buffer, pH 7.5 containing 0.3% (v/v) Tween 
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20] at room temperature (25°C) followed by incubation with anti-Digoxigenin-Fab 

fragment- alkaline phosphatase conjugate (Roche Diagnostics GmbH) (1:5,000 

dilution in 1× Maleic acid buffer, pH 7.5) for 30 min at room temperature. The 

membranes were then washed twice in washing buffer for 15 min to remove unbound 

antibody- conjugate at room temperature. After equilibrating with the 1× detection 

buffer (100 mM Tris- HCl, 100 mM NaCl, 50 mM MgCl2, pH 9.5), the membranes 

were developed by incubation in the dark using the color detection solution [detection 

buffer containing of 45 µl of 75 mg/ml nitroblue tetrazolium salt (NBT) and 35 µl of 

50 mg/ml 5- bromo-4-chloro-3-indolyl phosphate, toluidinium salt (BCIP)]. The color 

reaction was stopped with 1× TE buffer.   

 

3.2.4.3 Southern blot hybridization analysis 

Southern blot hybridization was performed according to a method 

described by Southern (1975) and modified by Maniatis et al. (1982). The desired 

digested genomic DNA samples (0.1 to 10 µg) were subjected to agarose gel 

electrophoresis (Section 3.2.2.3). The gel was depurinated by soaking in 10 volumes 

of 0.25 M HCl for 15 min. The DNA in the gel was then denatured by soaking in 5 

volumes of denaturation solution (0.5 M NaOH, 1.5 M NaCl) for 30 min followed by 

soaking in 5 volumes of neutralization solution (0.5 M Tris- HCl, 1.5 M NaCl pH 7.5- 

8.0). Thereafter, the DNA was transferred onto positively-charged nylon membrane 

(Hybond-N+, Amersham Pharmacia Biotech, UK) by capillary transfer using 10×  

SSC as a transfer buffer overnight. Firstly, 2 pieces of 10× SSC prewet- 3MM  

Whatman No. 1 filter were placed on a glass platform transverse the baking tray 

containing 10× SSC as a wick. One piece of 2× SSC soaked 3 MM Whatman No. 1 

filter was put on top of the wick followed by laying the agarose gel facing down onto 

this filter paper. Nylon membrane was then placed on top of the gel followed by 2 

pieces of 2× SSC soaked 3 MM Whatman No. 1 filter paper and 3 cm-height of tissue 

paper. After overnight transferring, the DNA from the nylon membrane were fixed by 

placing on 3 MM Whatman No.1 filter paper soaked with 0.4 N NaOH for 20 min and  

 

Copyright by Mahidol University



Mya Myintzu Hlaing  Materials and Methods / 40 

 

washed briefly in 2× SSC. Thereafter, the membrane was subjected to  

prehybridization, hybridization and immunodetection as mentioned in section 3.2.5.2. 

 

3.2.5 DNA sequencing and analysis 

For DNA sequencing, DNA template was purified using the Qiagen 

gel extraction kit (F. Hoffmannla Roche Ltd., Valencia, USA) according to the 

manufacturer’s instruction. Approximately 200 ng of purified plasmid DNA were sent 

to Bioservice Unit (BSU) (Biotech, Bangkok, Thailand) for sequencing. The 

sequencing procedures used were those described in the PRISM TM Dye Primer 

Cycle sequencing Ready Reaction Kit manual (Applied Biosystems) using an Applied 

Biosystems 377, or a 3700 DNA sequencer. The raw DNA sequence data were 

analysed using the DNAMAN program (Lynnon Biosoft®) or 

http://www.ncbi.nlm.nih.gov/blast/ software.  

 

3.2.6 Nitrogen and amino acid utilization tests 

                 Nitrogen utilization and amino acid uptake tests were 

performed in M9 salts minimal agar containing either 20 mM ammonium chloride 

(NH4Cl) or with other alternative nitrogen source such as arginine, glutamine, glycine, 

histidine, lysine, methionine, phenylalanine, tryptophan and valine at 5 mM 

concentration. Ten µl of overnight growth of the desired bacterial strains (A600 = 1) 

were inoculated onto the above medium and incubated at 37°C. Growths of the 

bacteria were observed daily for five consecutive days.  

               Assays were carried out in three separate times. The results 

were expressed as the mean ± standard deviation of days of growth. The significance 

of differences in nitrogen and amino acid utilization of bacterial strains were analyzed 

by Student’s paired t-test (2-tailed) using SPSS statistical software program. 
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CHAPTER IV 

RESULTS 

4.4 Analysis of the sigma 54 encoding gene on the chromosome 2 (rpoN2) of B. 

pseudomallei 

The rpoN2 was located in the chromosome 2 of B. pseudomallei 

K96243 (nt 2991685 – 2992777 (NC_006351.1.GI:53721039). This ORF has a 68.5 

% G+C content and was sufficient to encode a 488-aa protein (nt 384 – 1857 in Figure 

4.1). A natural network based program predicted that the transcription start site was at 

G279 in Figure 4.1. A putative ribosome binding site (GGAG; nt 14 – 17) was located  

6-bp upstream of the start codon of the ORF. BLASTP analysis indicated that entire 

488-aa of this ORF had 40 % identity and 58 % similarity to 508-aa of the P. 

aeruginosa PA01 RpoN (NP_253152). It also shared 36 % identity and 61 %  

similarity over 477-aa with E. coli RpoN (U00096) (Figure 4.2). PROSITE analysis  

and conserved domain database searching (web site similar to BLAST) indicated that 

the deduced amino acid sequence of this ORF contained three sequence domains.  

These consensus sequences were identified as the activator interacting domain (AID; 

residues 50 – 75) (shaded in Figure 4.1), the core binding domain (CBD; residues  

128 – 318) (underlined in Figure 4.1) and the DNA binding domain (DBD; residues 

329 – 488) (boxed in Figure 4.1). Although the entire amino acid sequence of B. 

pseudomallei was not 100 % match to the well characterized RpoN from E. coli and P. 

aeruginosa, it contained all essential domains for RpoN function. Moreover, AID and 

DBD of B. pseudomallei RpoN were 100 % identity to the known RpoN protein (data 

not shown). 
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1         AATTTTTGCGGCGTAGGGAAATATCTACGTACGCCCCGCGCCCCGCGCCCCGCGCCCCGC 
1        t    F  L  R  R  R  E  I  S  T  Y  A  P  R  P  A  P  R  A  P    
61        GCCGAGCGCCGGGCGGCAGGTGCGAGACAGGCAGCGGCTCGCGACGAAGCCGGCCGCATC 
20        R  R  A  P  G  G  R  C  E  T  G  S  G  S  R  R  S  R  P  H    
121       GGCGCGGAGGCGAACGCGACGCGACCCGACCGCGACCTGACCGCGAACCGGCTGCGAACA 
40        R  R  G  G  E  R  D  A  T  R  P  R  P  D       rpoNBpF N 
181       AACTGCGGCCCGCATGCGAACCGGTCGCGATCCTTCCGCGCCGCGGTCCAAAACTTGCGC 
60        K  L  R  P  A  C  E  P  V  A  I  L  P +1R  R  G  P  K  L                         
241       ATCCGTTTGTAAAAAGCGCCGGTCGGCGCATCGGCGCGGCCGCATGCCTATGACGAAAGC 
80        H  P  F  V  K  S  A  G  R  R  I  G  A  A  A  C  L  *  R  K    
301       CCCGTTCGCACCGTGCGTCGCCAAATTGGTATGGAAGTTGCGGAGGTCCGGGCACCACCG 
100       P  R  S  H    RBS A  S  P  N  W  Y  G  S  C  G  G  P  G  T  T    
361       TCCATCCAAAAAGGGAGTTCCGCATGTCCGCCACGCTCGCGTTGCAAATGCGTCAACACC 
120       V  H  P  K  R  E  F  R  M  S  A  T  L  A  L  Q  M  R  Q  H    
 
421       TGGCGCTCACGCCGCGCTTGCAGCAGTCGCTGCGTTTGCTCCAGCTTTCGTCGCTCGAGT 
140       L  A  L  T  P  R  L  Q  Q  S  L  R  L  L  Q  L  S  S  L  E    
 
481       TTCAACAGGAACTGCGTCAGGCGCTCGATACCAATCCGTTTCTCGAAGACGTGCAATCGC 
160       F  Q  Q  E  L  R  Q  A  L  D  T  N  P  F  L  E  D  V  Q  S    
 
541       CCGACGACGATGCTGCCGAAGCCGGGCCGAAGCCGGGCGAGACGCCCGCCGCCGACGCAA 
180       P  D  D  D  A  A  E  A  G  P  K  P  G  E  T  P  A  A  D  A    
            AID 
601       ACGCGAGGGCGGACGACGGCTACGCCGAGCGCGACGAGGGCCCGTTCGCGACCGACGCGT 
200       N  A  R  A  D  D  G  Y  A  E  R  D  E  G  P  F  A  T  D  A    
 
661       CGCCGCCCGCCGGCCAGGACGTGCCGCTGACGGCGGAGCTCTCGGCGCGCGGCTCGAGCC 
220       S  P  P  A  G  Q  D  V  P  L  T  A  E  L  S  A  R  G  S  S    
 
721       GGCGCTCCGACGACGCGTCGGATCTCGAGCCCGGCGACTGGATGACGGCCGAGCCGACGC 
240       R  R  S  D  D  A  S  D  L  E  P  G  D  W  M  T  A  E  P  T    
                                                         CBD 
781       TGCACGAGCATCTGCACGACGCGCTGCGCCTTTGCCAGCTCACCCGGCGCGACCGCACGC 
260       L  H  E  H  L  H  D  A  L  R  L  C  Q  L  T  R  R  D  R  T    
 
841       TCGCGCGCATGATCATCGACGCGCTCGACGACGACGGCTATCTGCGCCAGGCGCTGCCCG 
280       L  A  R  M  I  I  D  A  L  D  D  D  G  Y  L  R  Q  A  L  P    
 
901       AGCTCGCGGCGGCGGCCGATCCGCTGCTGCATCCGGCCGAGCAGGAACTGCTCGTCGCGC 
300       E  L  A  A  A  A  D  P  L  L  H  P  A  E  Q  E  L  L  V  A    
                                                      
961       TGCGGCTCGTGCAGTCGCTCGATCAGCCCGGCATCGGCGCGCGCACGCTGTCCGAATGCC 
320       L  R  L  V  Q  S  L  D  Q  P  G  I  G  A  R  T  L  S  E  C    
                    PstI                              rpoN2F 
1021      TGTTGCTGCAGCTCGACGCGATGCCGGCGGACACGCCGGGCGTCGAATGCGCGAAGGAGA 
340       L  L  L  Q  L  D  A  M  P  A  D  T  P  G  V  E  C  A  K  E    
                          XhoI 
1081      TCGCCGCGCATCACCTCGAGCGTCTCGCACGCCGCGAGACGGCCGAGATGCAGCGCCGCA 
360       I  A  A  H  H  L  E  R  L  A  R  R  E  T  A  E  M  Q  R  R    
 
1141      TCGGCTGCGACACGCACACGCTGCGCATCGCATGCGCGCTCGTGCGCCGGCTCGATCCGC 
380       I  G  C  D  T  H  T  L  R  I  A  C  A  L  V  R  R  L  D  P    
 
1201      GCCCCGGCAACCAGTACGGCAGCACGGCGGGCAACTATGTCGTCCCCGACGTGATCGTGC 
400       R  P  G  N  Q  Y  G  S  T  A  G  N  Y  V  V  P  D  V  I  V    
 
1261      GGCAGGTGCGCAACGACTGGCTCGTCACGATCAACCCCGCCGTGATGCCGCGCGCGCGCA 
420       R  Q  V  R  N  D  W  L  V  T  I  N  P  A  V  M  P  R  A  R    
 
1321      TCCATCGCCGCTACGCGGAGCTGTTCGCGCAATCGAGCGGCTCGAATCAGTCGCCGCTCG 
440       I  H  R  R  Y  A  E  L  F  A  Q  S  S  G  S  N  Q  S  P  L    
                                                            DBD 

Figure 4.1 (See overleaf for continued sequence and figure legend) 
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                       PstI 
1381      GCCAGCAACTGCAGGAGGCGCGCTGGCTGATCCGCAACGCGCAGAAGCGTTTCGACACGA 
460       G  Q  Q  L  Q  E  A  R  W  L  I  R  N  A  Q  K  R  F  D  T    
 
1441      TCCGCCGCGTCGGCGAGTGCATCGTCGAGCGGCAGCGCGACTTTTTCCGCTACGGCGAGA 
480       I  R  R  V  G  E  C  I  V  E  R  Q  R  D  F  F  R  Y  G  E    
 
1501      TCGCGCTGAAGCCGCTCGTGCTGCGCGACATCGCCGACGAGCTCGGCCTGCACGAATCGA 
500       I  A  L  K  P  L  V  L  R  D  I  A  D  E  L  G  L  H  E  S    
 
1561      CGATCTCGCGCGCGACCGGCAACAAGTACATGTCGACGCCGCACGGCACGTTCGAGTTCA 
520       T  I  S  R  A  T  G  N  K  Y  M  S  T  P  H  G  T  F  E  F    
                               XhoI 
1621      AGCACTTCTTCCCGCGCAAGCTCGAGGCGGCGGGCAAGGGCGCGTGCTCGGCGGCCGTCG 
540       K  H  F  F  P  R  K  L  E  A  A  G  K  G  A  C  S  A  A  V    
 
1681      CGAGGGTGCTGATCCGCGACATGATCGCGGCCGAACAGGCGATCGATCCGCTGTCGGACG 
560       A  R  V  L  I  R  D  M  I  A  A  E  Q  A  I  D  P  L  S  D    
                                                               
1741      TCGCGCTCGCGCAGCGTCTGGCGGGGCGCGGGATCGTGCTCGCGCGCCGCACCGTCACGA 
580       V  A  L  A  Q  R  L  A  G  R  G  I  V  L  A  R  R  T  V  T 
                                                rpoN2R                                   
rpoN2R 
1801      AGTATCGGCAGGCGATGAAGATCCCGCCCGCGGAATTGCGCCGCCGCGCGCCTCTATGAA 
600       K  Y  R  Q  A  M  K  I  P  P  A  E  L  R  R  R  A  P  L  *    
 
1861      CCTTCGGCGAGCGCGCGCCGCCGGCGCGCTCGCCGACGACTCGCGAACGCGAAAGGAGCC 
620            rpoNBpR A  R  S  P  T  T  R  E  R  E  R  S    

 

Figure 4.1 Nucleotide and amino acid sequence of rpoN2Bp 

The DNA sequence presented starts with nucleotide number 1- 1921 [equivalent to 

nucleotide number 2991685 – 2992777 from genome sequence B. pseudomallei strain 

K96243 (NC_006351.1 GI: 53721039)]. The deduced amino acids are presented as a 

single letter code below the nucleotide sequence at the middle base of each codon. 

 The putative transcriptional start site is indicated by boldface type and is denoted by  

+1 above the sequence. The ribosome binding site indicated in black box and denoted 

by RBS. The activator interacting domain (AID) is shaded and denoted. The core 

binding domain (CBD) is underlined and denoted. The DNA binding domain is  

framed and denoted by DBD. An asterisk (*) indicates the stop codon. The restriction 

sites of XhoI and PstI is indicated by vertical arrow above the sequence. The primers, 

rpoN2F, rpoN2R which were used later in section 4.2.1 are indicated by horizontal 

small arrows. The primers rpoNBpF and rpoNBpR which were used in section 4.3.1  

are also indicated. 
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RpoN2Bp    MSATLALQMRQHLALTPRLQQSLRLLQLSSLEFQQELRQALDTNPFLEDVQSPDDDAAEA 
RpoNEc     MKQGLQLRLSQQLAMTPQLQQAIRLLQLSTLELQQELQQALESNPLLEQIDTHEEIDTRE 
           *   * *.. *.**.**.***..******.** ****.***..** ** . . ..  .   
 
RpoN2Bp    GPKPGETPAADANARADDGYAERDEGPFATDASPPAGQDVPLTAELSARGSSRRSDDASD 
RpoNEc     TQDSETLDTADALEQKEMPEELPLDASWDTIYTAGTPSGTSGDYIDDELPVYQGETTQTL 
                   .***  . .       .    *  .  .                .     .  
 
RpoN2Bp    LEPGDWMTAEPTLHEHLHDALRLCQLTRRDRTLARMIIDALDDDGYLRQALPELAAAADP 
RpoNEc     QDYLMWQVELTPFSDTDRAIATSIVDAVDETGYLTVPLEDILESIGDEEIDIDEVEAVLK 
            .   *        .  .        .  .     . .. . .     .   .   *    
 
RpoN2Bp    LLHPAEQELLVALRLVQSLDQPGIGARTLSECLLLQLDAMPADTPGVECAKEIAAHHLER 
RpoNEc     RIQRFDPVGVAAKDLRD--------------CLLIQLSQFDKTTPWLEEARLIISDHLDL 
            ..  .   . *  *                ***.**      ** .* *. * . **.  
 
RpoN2Bp    LARRETAEMQRRIGCDTHTLRIACALVRRLDPRPGNQYGSTAGNYVVPDVIVRQVRNDWL 
RpoNEc     LANHDFRTLMRVTRLKEDVLKEAVNLIQSLDPRPGQSIQTGEPEYVIPDVLVRKHNGHWT 
           ** ..   . *        *. *  *.. ******.   .    **.***.**.  . *  
 
RpoN2Bp    VTINPAVMPRARIHRRYAELFAQSSGSNQSPLGQQLQEAR-WLIRNAQKRFDTIRRVGEC 
RpoNEc     VELNSDSIPRLQINQHYASMCNNARNDGDSQFIRSNLQDAKWLIKSLESRNDTLLRVSRC 
           * .*   .** .*...** .  .. . . *   .   .   ***.  . * **. **  * 
 
RpoN2Bp    IVERQRDFFRYGEIALKPLVLRDIADELGLHESTISRATGNKYMSTPHGTFEFKHFFPRK 
RpoNEc     IVEQQQAFFEQGEEYMKPMVLADIAQAVEMHESTISRVTTQKYLHSPRGIFELKYFFSSH 
           ***.*. **  **  .**.** ***  . .******* * .**. .*.* ** * **  . 
 
RpoN2Bp    LEAAGKGACSAAVARVLIRDMIAAEQAIDPLSDVALAQRLAGRGIVLARRTVTKYRQAMK 
RpoNEc     VNTEGGGEASSTAIRALVKKLIAAENPAKPLSDSKLTSLLSEQGIMVARRTVAKYRESLS 
           . . * * .*..  * *.. .****.   ****  *.  *. .**..*****.***...  
 
RpoN2Bp    IPPAELRRRAPL 
RpoNEc     IPPSNQRKQLV- 
           ***.  *..    
 
 
Figure 4.2 Aligment of the deduced amino acid sequence of RpoN of B. 

pseudomallei and E. coli 

The aligment was performed using the pairwise aligment from DNAMAN program. 

Identical amino acid residues are indicated by asterick (*) below the sequence. 

Similar residues are indicated by dot (.) below the sequence. Gaps (-) have been 

introduced to optimize aligment. The RpoN2Bp represents RpoN2 of B. pseudomallei 

(NC_006351.1) and RpoNEc represents E. coli RpoN (U00096).  
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4.4 Attempted construction of a rpoN2 negative mutant of B. pseudomallei 

using insertion - duplication mutagenesis 

To facilitate analysis of the contribution of rpoN2 to pathogenesis 

and/or nitrogen utilization (Section 2.3.3), a defined rpoN2 negative mutant of B. 

pseudomallei was constructed. Site specific inactivation of the rpoN2 in the 

chromosome 2 of B. pseudomallei was produced by insertion of suicide vector 

pKNOCK. The strategy for achieving this approach was described as following. 

 

4.4.1 Direct cloning of rpoN2 Bp546 gene fragment into pKNOCK 

Initially, in order to clone the rpoN2Bp546 gene fragment into pKNOCK 

vector (Table 3.2), the genomic DNA preparation of B. pseudomallei wild type strain 

844 (Section 3.2.1.1.2) was amplified with rpoN2F and rpoN2R primers (Table 3.3) 

(Figure 4.1) (Section 3.2.1.2.1). The resultant 799-bp PCR product was seen after gel 

electrophoresis (Section 3.2.2.3) as shown in Figure 4.3. This PCR product then was 

digested with XhoI to generate a 546-bp fragment. The XhoI–digested rpoN2Bp546 

fragment was cloned into XhoI–digested pKNOCK which had been dephosphorylated 

with anthertic alkaline phosphatase (Section 3.2.3.1) to generate  

pKNOCK::rpoN2Bp546. The construction strategy is illustrated in Figure 4.4. Then, the 

recombinant plasmid pKNOCK::rpoN2Bp546 was transformed into E. coli λpir (Table 

3.1) (Section 3.2.3.3.3). Transformants were selected by plating on LB agar  

containing either doxycycline or tetracycline (16 µg/ml) at 37°C. Hybridization  

analysis was performed to confirm the insertion of rpoN2Bp546 fragment into  

pKNOCK using DIG- labeled 799-bp rpoN2 probe (Section 3.2.4.2). The probe-reactive 

clone was not seen. Several attempts were performed to construct a 

pKNOCK::rpoN2Bp546 recombinant plasmid but none of these were successful (result 

not shown).  
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Figure 4.3 PCR product of rpoN2 of B. pseudomallei 844 

Panel A. Schematic of the rpoN2 region of B. pseudomallei. The locations of PCR 

primers rpoN2F and rpoN2R are indicated. The rpoN2 open reading frame (1,467-bp) 

and its direction of transcription is indicated by opened block arrow. The black 

block indicates amplified 799-bp rpoN2 fragment. 

Panel B. PCR product amplified from genomic DNA of B. pseudomallei using 

primers rpoN2F and rpoN2R. The expected 799-bp PCR product of rpoN2 gene 

fragment is indicated by the arrow. The mobilities of DNA size markers (1-kb marker) 

are indicated on the left of the figure. 

 

B 

A 
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Figure 4.4 Construction of the recombinant plasmid pKNOCK::rpoN2Bp546 

A 799-bp rpoN2 DNA fragment was amplified by PCR using oligonucleotides 

rpoN2F and rpoN2R. The PCR product was then digested with XhoI and the 546-bp 

digested DNA was ligated into the XhoI-digested suicide vector pKNOCK to 

construct recombinant plasmid pKNOCK::rpoN2Bp546. This plasmid was transformed 

into E. coli λpir. The black block indicates the amplified region of rpoN2. The 

oligonucleotides used are designated by the small black arrow. The ori means R6K 

plasmid origin of replication; mob means RP4 plasmid oriT region and tet for 

tetracycline-resistance gene. 
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4.4.2 Cloning of rpoN2Bp799 gene fragment into pCR® 2.1-TOPO® vector 

Attempts were made to construct the rpoN2Bp799 recombinant plasmid 

using pCR® 2.1-TOPO® vector (Table 3.2). The purified PCR product of rpoN2 (799 

-bp) was inserted to pCR® 2.1-TOPO® vector and transformed into E. coli TOP 10F’ 

competent cells (Table 3.1) (Section 3.2.1.2.2). This linearlized vector has single, 

overhanging 3’ deoxythymidine (T) residues allowing the direct insertion of purified 

Taq polymerase-amplified PCR products. The cloning strategy is summarized in  

Figure 4.5. The transformants were selected on the LB agar supplemented with 

ampicillin (100 µg/ml). Insertion of the rpoN2Bp799 gene into the pCR® 2.1-TOPO® 

vector was confirmed by PCR amplification using M13F and M13R primers (Table  

3.3). The approximately 1,000-bp of PCR product containing rpoN2Bp799 fragment and 

TOPO vector multi–cloning site (MCS) was seen in all tested colonies (Figure  

4.6). The purified TOPO::rpoN2Bp799 plasmid DNA was extracted from clone number 

six (Figure 4.6) (Section 3.2.1.1.1), purified (Section 3.2.2.4) and sent to Bioservice 

Unit (BSU, Biotech) for sequencing (Section 3.2.5). The raw DNA sequence analysis 

using http://www.ncbi.nlm.nih.gov/blast software showed that the DNA sequence of  

the inserted DNA in clone number six was identical to rpoN2 of B. pseudomallei  

strain K96243, chromosome 2 (NC_006351.1 GI:53721039) (data not shown). 
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Figure 4.5 Construction of plasmid TOPO::rpoN2Bp799 

A 799-bp rpoN2 DNA fragment was amplified from B. pseudomallei strain 844 by 

PCR using oligonucleotides rpoN2F and rpoN2R. The PCR product was then ligated 

into pCR® 2.1-TOPO® vector to construct recombinant plasmid TOPO::rpoN2Bp799. 

This plasmid was then transformed into E. coli TOP 10F′. The grey block indicates 

the amplified region of rpoN2Bp799. The oligonucleotides used are designated by the 

small black arrow. The magnified gene map in TOPO::rpoN2Bp799 indicates the 

insertion of rpoN2Bp799 gene to pCR® 2.1-TOPO® vector. The grey block indicates 

the inserted 799-bp rpoN2 fragment. The primers that were used in PCR analysis of 

confirmation for the insertion of rpoN2Bp799 gene into TOPO vector are denoted by 

M13F and M13R. 
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Figure 4.6 PCR analysis of the TOPO::rpoN2Bp799 clones. 

PCR analysis of rpoN2Bp799 fragment cloned to TOPO vector using M13F and M13R 

primers. The expected 1,000-bp PCR products containing rpoN2Bp799 fragment and 

MCS of TOPO vector are indicated by arrow. The numerical numbers (1, 2, 3,…, 10)  

at the top of the figure represent the clone numbers. An asterisk (*) indicates the clone 

that was further subcloned into suicide vector pKNOCK (Section 4.2.3). The  

mobilities of 1-kb marker are indicated on the left of the figure.  

 

4.4.3 Subcloning of rpoN2 Bp363 fragment into suicide vector pKNOCK 

In order to construct a rpoN2Bp negative mutant, rpoN2Bp799 fragment 

from TOPO vector derivative, clone number 6 (Section 4.2.2) was further subcloned 

into pKNOCK suicide vector (Table 3.2) (Section 3.2.3). Firstly, the rpoN2Bp799 gene 

fragment was amplified by using rpoN2F and rpoN2R primers (Table 3.3) and  

plasmid DNA extracted from clone number 6 as a template. The 799-bp PCR product 

then was digested with PstI (Figure 4.3 A) and cloned into PstI sites of pKNOCK 

suicide vector which had been previously dephosphorylated to reduce background of 

vector religation (Figures 4.7 and 4.8). Then, the recombinant plasmid 

(pKNOCK::rpoN2Bp363) was transformed into the E. coli λpir competent cells and 

selected on LB agar supplemented with tetracycline (16 µg/ml) (Table 3.1) (Section 

3.2.3.3.3). Insertion of rpoN2Bp363 gene to pKNOCK suicide vector was screened by  
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dot blot hybridization analysis of crude DNA extraction using DIG-labelled 799-bp 

rpoN2 probe (Section 3.2.4.2). Strong and weak hybridization signals were seen in six 

and one colonies, respectively among 200 colonies selected on LB plates  

supplemented with tetracycline in Figure 4.9.A.  

In order to confirm the presence of rpoN2 probe-reactive fragment 

from the transformants, restriction digestion analysis was performed. The plasmid 

DNA extracted from six probe–reactive transformants and one weak probe–reactive 

transformant (Figure 4.9.A) were digested with PstI. The 2,200-bp and 363-bp of 

DNA fragments corresponding to the expected sizes of pKNOCK and rpoN2Bp363 

fragments, respectively were seen after gel electrophoresis in all positive clones 

(Figure 4.9 B). 

 

 
 

Figure 4.7 Restriction digestion analysis of pKNOCK plasmid DNA and PCR 

product rpoN2Bp799 fragment 

PCR product containing rpoN2Bp799 fragment and pKNOCK plasmid DNA were 

digested with PstI and were electrophoresed on 0.8 % agarose gel. The arrows 

indicate the 2,200-bp PstI digested pKNOCK, 405-bp and 363-bp PstI digested rpoN2 

fragments. The mobilities of 100-bp marker are indicated on the left of the figure. 
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Figure 4.8 Construction of plasmid pKNOCK::rpoN2 Bp363 

A 799-bp rpoN2 DNA fragment was amplified by PCR using oligonucleotides 

rpoN2F and rpoN2R from TOPO::rpoN2Bp799 clone number 6. The PCR product was 

then digested with PstI. The 363-bp PstI-digested DNA fragment was ligated into the 

PstI-digested suicide vector pKNOCK to construct plasmid pKNOCK::rpoN2Bp363.  

This plasmid was transformed into E. coli λpir. The grey block indicates the amplified 

region of rpoN2Bp799. The oligonucleotides used are designated by the small black  

arrow. The unfilled block indicates the 363-bp PstI-digested rpoN2 fragment. The ori 

means R6K plasmid origin of replication; mob means RP4 plasmid oriT region and tet 

for antibiotic-resistance gene. 
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Figure 4.9 Presence of rpoN2Bp363 gene fragment in pKNOCK 

Panel A Crude DNA extracted from pKNOCK::rpoN2Bp363 clones were applied onto 

Nylon membrane and hybridized with DIG-labelled 799-bp rpoN2 PCR product. The 

rpoN2Bp799 PCR product from B. pseudomallei genomic DNA strain 844 was positive 

control whereas pKNOCK plasmid DNA was negative control. The numerical  

number indicates pKNOCK::rpoN2Bp363 clones. The strong hybridization reactions 

were seen in clones no. 1, 2, 3, 4, 5, 7 and weak reaction was seen in clone no. 6. 

Panel B Restriction analysis of the pKNOCK::rpoN2Bp363 plasmid. Plasmid DNA 

preparations from pKNOCK::rpoN2Bp363 bacterial clones were digested with PstI and 

electrophoresed on 0.8 % agarose gel. The 363-bp PstI-rpoN2 fragment is indicated  

by an arrow. An asterisk (*) indicates pKNOCK::rpoN2Bp363 clone no. 4 that was used 

for conjugation in the further experiment. The mobilities of 100-bp marker are  

indicated on the left of the figure.  

B 

A 
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4.4.4 Integration of pKNOCK::rpoN2Bp363 clone number four plasmid into 

chromosome 2 of B. pseudomallei strain 10/38 and 844 

Insertion duplication mutagenesis can be generated by a single 

crossing over between pKNOCK::rpoN2Bp363 with its homologous rpoN2 gene on the 

chromosome 2 of B. pseudomallei wild type strains 10/38 and 844. Tetracycline 

resistant E. coli λpir harboring pKNOCK::rpoN2Bp363 plasmid (clone no. 4) was 

conjugated to the recipient gentamycin resistant B. pseudomallei wild type strain both 

10/38 and 844 (Section 3.2.3.4). Firstly, solid surface conjugation (filter mating)  

method was performed. The B. pseudomallei transconjugant resistant to both 

tetracycline and gentamycin was not obtained despite several attempts were made  

(data not shown). Thereafter, the pKNOCK::rpoN2Bp363 clone no. four plasmid DNA 

was electroporated into B. pseudomallei strain 10/38 electrocompetent cells (Section 

3.2.3.3.4) and selected on the LB agar supplemented with tetracycline and gentamycin. 

About 100 transformants were obtained. The transformants were screened by dot blot 

hybridization using DIG-labelled 1,250-bp tetracycline resistant gene isolated from 

EcoRV digested pKNOCK as a probe. A weak hybridization signal was seen in 7 

colonies among 100 screened colonies. 

The presence of tetracycline resistance gene which indicated the 

integration of pKNOCK::rpoN2Bp363 into chromosome of B. pseudomallei was 

confirmed by Southern blot hybridization analysis. The chromosomal DNA extracted 

from seven DIG–labeled 1,250-bp tetracycline resistant probe reactive B. 

 pseudomallei colonies was digested with HindIII and hybridized with both DIG–

labeled tetracycline resistance gene and 799-bp rpoN2 probes. The absence of 

tetracycline resistance gene probe–reactive band as well as the absence of the extra  

799-bp rpoN2 probe–reactive band compared to the B. pseudomallei genomic DNA 

confirmed the unsuccessful homologous recombination (data not shown). 
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4.4 Functional analysis of Sigma 54 protein encoded on the chromosome 2 of B. 

pseudomallei strain 844 using complementation assay 

In view of the lack of success in mutagenesis, attempts were made to 

characterize the function of B. pseudomallei sigma 54 (RpoN2) in nitrogen and amino 

acids utilization using complementation experiments. 

 

4.4.1 Cloning of the complete open reading frame of rpoN2 fragment of B. 

pseudomallei (rpoN2Bp) into PCR® 2.1–TOPO vector 

In order to express RpoNBp, the DNA fragment containing complete 

open reading frame of B. pseudomallei and all other information necessary for the 

expression of RpoNBp protein, the 1,705-bp DNA fragment containing rpoN2Bp1ORF, 

ribosome binding site and its own promoter was firstly amplified with rpoNBpF and 

rpoNBpR primers (Table 3.3) (Figure 4.1) (Section 3.2.1.2.1). The resultant PCR 

product was seen after gel electrophoresis (Section 3.2.2.3) as shown in Figure 4.10. 

The PstI restriction analysis confirmed the presence of rpoN2Bp ORF in the PCR 

product (Figure 4.13). The purified rpoN2Bp PCR product was ligated into pCR® 2.1–

TOPO vector and transformed into E. coli TOP 10F′ competent cells (Section 

3.2.1.2.2). The cloning strategy is summarized in Figure 4.11. The transformants were 

selected on the LB agar supplemented with ampicillin (100 µg/ml). Insertion of the 

rpoN2Bp was screened by PCR amplification using M13F and M13R primers (Table 

3.3). The approximately 1,880-bp of PCR product containing rpoN2Bp ORF and  

vector MCS was seen in the tested colonies (Figure 4.15). The insertion of rpoN2Bp  

was also confirmed by DNA sequencing analysis (Section 3.2.5). 

 

 

 

 

 

Copyright by Mahidol University



Mya Myintzu Hlaing  Results / 56 

 

 
Figure 4.10 PCR product of rpoN2 ORF 

Panel A. Schematic of the ORF of rpoN2Bp. The locations of PCR primers rpoNBpF 

and rpoNBpR are indicated. The rpoN2Bp ORF (1,467 bp) and its direction of 

transcription is indicated by black block arrow. The promoter (P) is indicated. 

Location of restriction sites are denoted on top of the figure. 

Panel B. PCR product amplified from genomic DNA of B. pseudomallei using primer 

rpoNBpF and rpoNBpR. The expected 1,705-bp PCR product containing rpoN2Bp  

ORF is indicated by arrow. The mobilities of DNA size markers (1-kb marker) are 

indicated on the left of the figure. 

 

 

B 
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Figure 4.11 Construction of plasmid TOPO::rpoN2Bp 

A 1,705-bp rpoN2Bp DNA fragment was amplified from B. pseudomallei strain 844 

using oligonucleotides rpoNBpF and rpoNBpR. The PCR product was then ligated 

into the pCR® 2.1-TOPO® vector to construct recombinant plasmid TOPO::rpoN2Bp. 

The thick black line indicates the amplified region of rpoN2Bp. The oligonucleotides 

used are designated by the small black arrows. The grey block indicates the rpoN2Bp. 

The primers used in PCR analysis are denoted as M13F and M13R. 
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4.4.2 Cloning of the complete open reading frame of rpoN fragment of E. coli  

(rpoNEc) into PCR® 2.1–TOPO vector 

In order to express RpoNEc, the DNA fragment containing complete 

open reading frame of E. coli and all other information necessary for the expression of 

RpoNEc protein, the 1,806-bp DNA fragment containing rpoNEc ORF, ribosome 

binding site and its own promoter was firstly amplified with rpoNEcF and rpoNEcR 

primers (Table 3.3) (Appexdix 1) (Section 3.2.1.2.1). The resultant PCR product was 

seen after gel electrophoresis (Section 3.2.2.3) as shown in Figure 4.12. The PstI 

restriction analysis confirmed the presence of rpoNEc ORF in the PCR product (Figure 

4.13). The purified rpoNEc PCR product was ligated into pCR® 2.1–TOPO vector and 

transformed into E. coli TOP 10F′ competent cells (Section 3.2.1.2.2). The cloning 

strategy is summarized in Figure 4.14. The transformants were selected on the LB  

agar supplemented with ampicillin (100 µg/ml). Insertion of the rpoNEc was screened  

by PCR amplification using M13F and M13R primers (Table 3.3). The approximately 

1,986-bp of PCR product containing rpoNEc ORF and vector MCS was seen in the 

tested colonies (Figure 4.15). The insertion of rpoNEc was also confirmed by DNA 

sequencing analysis (Section 3.2.5). 
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Figure 4.12 PCR product of ORF rpoNEc of E. coli JM 109  

Panel A. Schematic of the ORF of rpoNEc. The locations of PCR primers rpoNEcF 

and rpoNEcR are indicated. The rpoNEc ORF (1,381-bp) and its direction of 

transcription is indicated by black block arrow. The promoter (P) is indicated. 

Location of restriction sites are denoted on top of the figure. 

Panel B. PCR product amplified from genomic DNA of E. coli using primers 

rpoNEcF and rpoNEcR. The expected 1,806-bp PCR product containing rpoNEc ORF  

is indicated by arrow. The mobilities of DNA size markers (1-kb marker) are  

indicated on the left of the figure. 

 

A 
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Figure 4.13 Restriction digestion analysis of rpoN2Bp and rpoNEc PCR product. 

PCR product containing rpoN2Bp and rpoNEc were digested with PstI and were 

electrophoresed on 0.8 % agarose gel. The expected 1,322-bp and 484-bp of PstI 

digested rpoNEc are indicated by thin arrow. The approximately 900-bp PstI digested 

rpoN2Bp is indicated by a thick arrow. The 500-bp and 200-bp partial PstI digested 

fragment of rpoN2Bp are indicated by arrow head. The mobilities of 100-bp marker 

are indicated on the left of the figure. 
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Figure 4.14 Construction of plasmid TOPO::rpoNEc 

A 1,806-bp rpoNEc DNA fragment was amplified from E. coli strain JM 109 using 

oligonucleotides rpoNEcF and rpoNEcR. The PCR product was then ligated into the 

pCR® 2.1-TOPO® vector to construct recombinant plasmid TOPO::rpoNEc. The thick 

black line indicates the amplified region of rpoNEc. The oligonucleotides used are 

designated by the small black arrows. The grey block indicates the rpoNEc. The  

primers used in PCR analysis are denoted as M13F and M13R. 

Copyright by Mahidol University



Mya Myintzu Hlaing  Results / 62 

 
 

Figure 4.15 PCR analysis of the TOPO::rpoN2Bp and TOPO::rpoNEc clones 

PCR analysis of TOPO::rpoN2Bp and TOPO::rpoNEc using M13F and M13R primers. 

The 1,986-bp PCR product containing rpoNEc and MCS of TOPO vector and the 

expected 1,880-bp PCR product containing rpoN2Bp and MCS of TOPO vector are 

also indicated by arrows. The mobilities of 1-kb marker are indicated on the left of the 

figure. 

 

4.4 RpoN2Bp involves in nitrogen and amino acid utilization 

 

4.4.1 Transformation of recombinant plasmids to E. coli rpoN mutant 

In order to determine whether RpoNBp involves in nitrogen and amino 

acid metabolism of B. pseudomallei, the E. coli YCM 10 derivative strain JKD 814  

was transformed with TOPO::rpoN2Bp (Section 4.3.1), TOPO::rpoNEc (Section 4.3.2), 

TOPO::rpoN2Bp799 (799-bp rpoN2 fragment) (Section 4.2.2) and recircularized pCR® 

2.1-TOPO® vector. The tetracycline resistance JKD 814 host strain was chosen  

because it cannot express σ54 (RpoN) protein (54). Therefore, it cannot utilize arginine, 

glutamine, histidine, lysine and phenylalanine as a sole nitrogen source (Section  

2.3.1). All constructs were selected on LB agar supplemented with ampicillin and 
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tetracycline. The transformants were screened by PCR amplification using M13F and 

M13R primers (Tablel 3.2).  

 

 
 

Figure 4.16 Colony PCR analysis of the tranformants of plasmids 

TOPO::rpoN2Bp, TOPO::rpoN2 Bp799 and TOPO::rpoNEc to E. coli rpoN mutant 

TOPO::rpoN2Bp plasmid DNA , TOPO::rpoNEc and TOPO::rpoN2Bp799 plasmid DNA 

were transformed to E. coli JKD 814 and selected on the LB agar supplemented with 

ampicillin and tetracycline, respectively. PCR analysis to verify the presence of those 

plasmids in E. coli JKD 814 was performed. The numerical numbers’ 1 – 3 indicate  

the TOPO::rpoN2Bp transformant, 4 – 6 indicate that of TOPO::rpoNEc, 7 – 9 indicate 

for TOPO::rpoN2Bp799 and 10 – 11 indicate the religated pCR® 2.1-TOPO® vector 

negative clones. The expected PCR products are indicated by arrow. The asterisks (*) 

indicate the transformants that were chosen for nitrogen utilization assay. The  

mobilities of 1-kb marker are indicated on the left of the figure.  
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4.4.2 Nitrogen and amino acid utilization tests 

To determine the involvement of RpoN2Bp in nitrogen utilization, the 

overnight culture of wild type B. pseudomallei, E. coli JKD 814 and various JKD 814 

derivatives (Section 4.4.1) were examined using simple and complex nitrogenous 

compounds as sole nitrogen sources, as described in Section 3.2.7. A 10 µl (A600=1)  

of bacterial culture was inoculated on M9 minimal agar containing each amino acid  

and incubated at 37°C for 5 days. E. coli rpoN mutant JKD 814 and E. coli wild type 

JM 109 were positive and negative controls, respectively. The experiments were  

carried out in three independent times. The differences in utilization of each amino  

acid for each construct were compared to that of JKD 814 and analyzed using  

Student’s paired t-test (Section 3.2.7). B. pseudomallei wild type strain 844 showed  

the similar growth rate to E. coli wild type in the utilization of histidine as sole  

nitrogen source. Like E. coli wild type, B. pseudomallei also grew on M9 munimal  

agar supplemented with NH4Cl, lysine and tryptophan but the growths were 

approximately one day delay (Table 4.1). Although, the growth of B. pseudomallei 

could be investigated on arginine and valine sole nitrogen source, the colonies were  

not observed until after day four of incubation. On the other hand, B. pseudomalleiI 

utilized glutamine and phenylalanine faster than that of E. coli wild type. However, 

unlike E. coli wild type, B. pseudomallei could not utilize glycine as a growth 

 substrate.   

The rpoN mutant E. coli JKD 814 and JKD 814 harboring either pCR® 

2.1–TOPO vector alone or plasmid containing only partial ORF of 

rpoN2(TOPO::rpoN2Bp799 [799-bp]) exhibited no growth on minimal media 

supplemented with all nitrogen sources tested in this study after 5- day of incubation 

(Table 4.1). These results suggested that any difference in nitrogen utilization  

observed in this work were mediated by the products of the complete rpoN gene from 

either E. coli or B. pseudomallei. Although the delay in growth were demonstrated, 

when E. coli rpoN mutant JKD 814 complemented TOPO::rpoNEc which contained 

entire ORF of E. coli rpoN, was able to restore their growth on all tested amino acids 

except methionine and valine (Table 4.1). In contrast, the mutant JKD 814 

complemented TOPO::rpoNEc strain exhibited the faster growing on the simple 

nitrogenous compound NH4Cl compared to the E. coli wild type. The similar growth 
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patterns were also observed in the mutant JKD 814 complemented with  

TOPO::rpoN2Bp compared to the E. coli wild type with the exception of methionine. 

Moreover, in minimal media supplemented with sole lysine, the mutant JKD 814 

complemented with TOPO::rpoN2Bp appeared to grow slower than that of the mutant 

complemented with TOPO::rpoNEc and the E. coli wild type. 

Compared to B. pseudomallei wild type strain 844, rpoN mutant JKD 

814 complemented with TOPO::rpoN2Bp grew slightly faster on M9 minimal media 

supplemented with NH4Cl, arginine and tryptophan while it grew slower in glutamine, 

histidine and phenylalanine. There was no different growth rate inspected when lysine 

was used as a sole nitrogen source. Moreover, the valine utilization could not be 

restored in the rpoN2Bp complemented strain. 

Surprisingly, the rpoN mutant JKD 814 complemented with 

TOPO::rpoN2Bp were able to grow on media supplemented with glycine and 

methionine which were the characteristic of E. coli wild type and not B. pseudomallei 

wild type strain 844 (Table 4.1).  
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CHAPTER V 

DISCUSSION 

The genome of B. pseudomallei strain K96243 from both 

chromosomes 1 and 2 has been completely sequenced (NC_006350; NC_006351) 

(53). Many of virulence genes, accessory virulence genes and transcription factors 

have been annotated and some of these have been extensively investigated (14-17, 

31, 32, 36, 37, 40-50). However the contribution of these genes in B. pseudomallei 

pathogenesis remains partly understood. Sigma (σ) factors are the major regulatory 

control mechanisms for gene transcription leading to subsequent protein expression. 

Recently, the B. pseudomallei sigma factor RpoS, member of σ70, has been 

investigated. RpoS did not involve in B. pseudomallei adhesion, invasion and 

intracellular survival (32). However the rpoS insertion mutant exhibited higher 

susceptibility to carbon starvation and oxidative stress (32). In several bacterial 

pathogen, the alternate σ factor or RpoN (σ54) is known to involve in the specific 

metabolic pathways such as nitrogen utilization and amino acid uptakes as well as 

the regulation of pili and flagella biosyntheses, and biofilm formation (Section 2.3.1 

and 2.3.2). In this study, computer analysis of the DNA sequence of rpoN2Bp and its 

upstream region indicated that this gene was completely capable of the expression as 

a RpoN2Bp protein (Section 4.1). Furthermore, the deduced amino acid sequence of 

this gene composes of all essential domains required for function as transcription 

factor. 

The involvement of the RpoN2 protein in bacterial adhesion, invasion 

and flagella and pili formation was not performed in this study because of inability 

to construct the B. pseudomallei rpoN mutant. The attempts to construct the rpoN2 

mutant derivative of B. pseudomallei by conjugation method and other methods (e.g. 

electroporation) were similarly unsuccessful (Section 4.2.4). The tetracycline resistant 

transconjugants and transformants were commonly obtained in this experiment  

without the evidence of insertion of pKNOCK::rpoN2Bp363 in B. pseudomallei 
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chromosome (Section 4.2.4). The explanation for these could be the high frequency of 

occurrence of spontaneous tetracycline resistance in B. pseudomallei wild type strain. 

Although attempt to isolate the tetracycline susceptible colonies of B. pseudomallei 

strain 844 prior to conjugation and electroporation were carried out, the outcome 

remained the same. This was unexpected as in another study, the construction of the 

rpoS mutant in B. pseudomallei strain 844 had been successful using the similar  

method to this study (32).   

In the present study, the role of B. pseudomalle σ54 (RpoN2) in 

nitrogen and amino acids utilization were demonstrated. The rpoN mutant E. coli JKD 

814 harboring plasmid containing entire B. pseudomallei rpoN2 gene 

(TOPO::rpoN2Bp1,750) was able to restore most of its wild type characteristic in NH4Cl, 

arginine, glutamine, glycine, histidine, lysine, methionine, phenylalanine, and 

tryptophan utilization with some different growth rate (Table 4.1). The abilities of E. 

coli JKD 814 harboring both TOPO::rpoN2Bp and TOPO::rpoNEc to utilize NH4Cl, 

arginine and tryptophan as a growth substrate faster than its wild type possibly  

attributes to the multiple copy number of the plasmid in the complemented strains  

(55). In lysine utilization ability of JKD 814 was completely restored by rpoN2Bp and 

rpoNEc to its wild type level suggesting that the lysine metabolic and transport  

pathway in both organisms is likely to be very similar and not affected by the copy 

number of the genes.  

Originally, the B. pseudomallei wild type strain 844 used in this study 

was unable to grow on minimal media supplemented with glycine and methionine, 

however, JKD 814 harboring TOPO::rpoN2Bp was able to grow on the minimal media 

supplemented with the amino acids mentioned above (Table 4.1). Indeed, these  

abilities were the characteristic of E. coli wild type. Moreover, the ability to utilize 

glycine and methionine as sole nitrogen source in E. coli was previously shown to 

regulate by RpoN (34-38, 55) (Table 4.1). Due to the fact that all of the RpoNBp 

functional domains are almost identical to that of RpoNEc (Section 4.1; Figure 4.2), 

therefore, it is possible that RpoNBp is able to induce the transcription of the 

heterologous glycine and methionine utilization genes in E. coli JKD 184 in the  

similar fashion to the E. coli RpoN.  
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In phenylalanine and glutamine utilization test, the slower growth 

rate of JKD harboring TOPO::rpoN2Bp compared to B. pseudomallei wild type was 

demonstrated (Table 4.1). It has been previously reported that the decrement in gene 

transcription by RpoN regulon is likely to be the consequence of the differences in the 

nucleotide sequence around the RpoN-conserved recognition site -12 and -24 located 

upstream of the target genes (Section 2.2.4, 57). Thus, it is possible that RpoNBp may 

prefer to recognize and induce the promoter sequence upstream of the genes required  

for phenylalanine and glutamine utilization in B. pseudomallei wild type more than  

that of E. coli JKD 814. However, it is also possible that phenylalanine and glutamine 

utilization system in B. pseudomallei wild type and E. coli may differ or operate 

differently. This hypothesis is also underscored by the data presented in Table 4.1 that  

E. coli wild type usually utilized phenylalanine and glutamine at least one day slower 

than B. pseudomallei wild type. Currently, the phenylalanine and glutamine utilization 

mechanisms in B. pseudomallei have not yet been elucidated. In addition, due to the 

difference in their native habitats, the discrepancy in the range of RpoN-controlled 

nitrogen utilization genes between E. coli and B. pseudomallei is also probably due to 

the specific control circuits to achieve the optimal adaptation to the different 

environments. The transport of nitrate across the membrane or the production of  

nitrate reductase and lysine decarboxylase in B. pseudomallei are not under the  

control of RpoN2Bp as there was no difference result observed among E. coli wild  

type, E. coli JKD 814 and JKD 814 derivatives (Appendix 7). In E. coli and other  

gram negative bacteria, lysine is metabolized by two major pathways, the lysine 

oxygenase and the pipecolate route (56, 57). In the former route, L-lysine is  

oxidatively decarboxylated by lysine oxygenase to form 5-aminovaleramide, whereas  

in the latter, L-lysine is converted to D-lysine, which is then oxidatively deaminated, 

cyclized, and finally reduced to L-pipecolate (56, 57). Moreover, E. coli can also 

utilize lysine as a sole carbon source and this ability is also under the control of σ54 

(RpoN) (57). At this moment, it was not known whether the growth on minimal 

medium supplemented with lysine of B. pseudomallei and JKD 814 harboring 

TOPO::rpoN2Bp due to the utilization of carbon or nitrogen source. However, the B.  
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pseudomallei related species, Pseudomonas putida was able to utilize lysine only as a 

nitrogen source and this ability was also under the control of σ54 (RpoN) (57). 

Although, the work in this thesis has contributed to our knowledge on 

the regulation of RpoNBp in B. pseudomallei nitrogen utilization, there is still a great 

deal to be learned before the function of B. pseudomallei RpoN is fully understood.  

Clearly, construction of B. pseudomallei rpoN mutant, determination of the 

involvement of RpoNBp in host cell adhesion and invasion, determination of promoter 

binding activity of RpoNBp, identification of its target genes and elucidation of the 

environmental stimuli for this transcription factor are the important areas for further 

investigation.     
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APPENDIX A 

Nucleotide and deduced amino acid sequence of complete rpoN of E. coli. 

 

 

The DNA sequence presented starts with nucleotide number as 

described in rpoN sequence of E. coli MG 1655 (U 00096). The amino acids are 

presented as a single letter code below the nucleotide sequence at the first base of 

each codon. The putative transcriptional start site is indicated by boldface type and is 

denoted by +1 above the sequence. An asterisk (*) at nt 1,870 indicates the stop codon. 

The restriction sites PstI is indicated by vertical arrow. The primers, rpoNEcF and 

rpoNEcR which were used in section 4.3.5 are indicated by horizontal small arrow. 

 
1         ACAACGTGAAGACCGCGCGAACGAGCTGATGGAAGAGTTTCACATTGAGCACCTGCGTGA 
 
1          T  T  *  R  P  R  E  R  A  D  G  R  V  S  H  *  A  P  A  *                   
61        CAGCATGGGGCAGTCACTCTCCGGGGGTGAACGTCGCCGTGTAGAAATTGCCCGCGCACT 
21         Q  H  G  A  V  T  L  R  G  *  T  S  P  C  R  N  C  P  R  T   
                                       rpoNEcF              
                     +1 
121       GGCTGCGAATCCGAAATTTATTCTGCTCGACGAACCGTTTGCCGGGGTTGACCCGATCTC 
41         G  C  E  S  E  I  Y  S  A  R  R  T  V  C  R  G  *  P  D  L   
                 
181       GGTTATCGACATTAAACGCATCATTGAGCACCTGCGCGACAGCGGCCTGGGCGTGCTGAT 
61         G  Y  R  H  *  T  H  H  *  A  P  A  R  Q  R  P  G  R  A  D   
                
241       CACTGACCACAACGTGCGTGAAACACTGGCGGTTTGTGAACGCGCTTATATCGTCAGTCA 
81         H  *  P  Q  R  A  *  N  T  G  G  L  *  T  R  L  Y  R  Q  S   
                  
301       GGGGCATTTGATCGCCCACGGCACGCCTACAGAAATCTTACAAGACGAACACGTTAAGCG 
101        G  A  F  D  R  P  R  H  A  Y  R  N  L  T  R  R  T  R  *  A   
                 
361       TGTATACCTTGGGGAAGACTTCAGACTCTGATAGGGTAGAAGTTTGCGACGTTTTAGCAG 
121        C  I  P  W  G  R  L  Q  T  L  I  G  *  K  F  A  T  F  *  Q   
                  
421       GAGAGTACGATTCTGAACATGAAGCAAGGTTTGCAACTCAGGCTTAGCCAACAACTGGCG 
141        E  S  T  I  L  N  M  K  Q  G  L  Q  L  R  L  S  Q  Q  L  A   
                 
481       ATGACGCCACAGCTCCAACAGGCAATTCGTCTGTTGCAGTTGTCGACGCTGGAACTTCAG 
161        M  T  P  Q  L  Q  Q  A  I  R  L  L  Q  L  S  T  L  E  L  Q   
                
541       CAGGAGCTACAGCAGGCGCTGGAGAGTAATCCGCTGCTTGAGCAAATCGACACTCATGAA 
181        Q  E  L  Q  Q  A  L  E  S  N  P  L  L  E  Q  I  D  T  H  E   
                 
601       GAAATCGACACCCGCGAAACGCAAGACAGTGAAACGCTGGACACCGCCGACGCGCTCGAA 
201        E  I  D  T  R  E  T  Q  D  S  E  T  L  D  T  A  D  A  L  E   
                         
661       CAAAAAGAGATGCCGGAAGAGCTGCCGCTCGATGCCAGTTGGGACACCATTTACACCGCT 
221        Q  K  E  M  P  E  E  L  P  L  D  A  S  W  D  T  I  Y  T  A   

(See overleaf for continued sequence) 
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721       GGTACACCATCCGGCACCAGCGGTGACTACATTGACGACGAGCTGCCGGTCTACCAGGGC 
241        G  T  P  S  G  T  S  G  D  Y  I  D  D  E  L  P  V  Y  Q  G   
                  
781       GAAACGACGCAGACCTTGCAGGATTACCTGATGTGGCAGGTTGAGCTGACACCGTTTTCC 
261        E  T  T  Q  T  L  Q  D  Y  L  M  W  Q  V  E  L  T  P  F  S   
                  
841       GACACTGACCGCGCTATTGCTACCTCTATCGTCGATGCCGTTGATGAAACCGGTTATCTG 
281        D  T  D  R  A  I  A  T  S  I  V  D  A  V  D  E  T  G  Y  L   
                  
901       ACTGTCCCGCTGGAAGATATTCTCGAAAGTATAGGCGATGAAGAGATCGACATCGACGAA 
301        T  V  P  L  E  D  I  L  E  S  I  G  D  E  E  I  D  I  D  E   
                  
961       GTTGAAGCCGTCCTTAAGCGGATCCAACGGTTTGATCCGGTCGGTGTGGCGGCAAAAGAT 
321        V  E  A  V  L  K  R  I  Q  R  F  D  P  V  G  V  A  A  K  D   
                 
1021      CTGCGTGACTGTCTGCTGATCCAACTCTCCCAATTCGATAAGACCACGCCGTGGCTGGAA 
341        L  R  D  C  L  L  I  Q  L  S  Q  F  D  K  T  T  P  W  L  E   
                 
1081      GAGGCCAGACTGATCATTAGCGATCATCTCGATCTGTTAGCCAATCACGACTTCCGCACT 
361        E  A  R  L  I  I  S  D  H  L  D  L  L  A  N  H  D  F  R  T   
                 
1141      TTAATGCGCGTCACGCGTCTGAAAGAAGATGTGCTGAAAGAAGCCGTCAATCTGATCCAG 
381        L  M  R  V  T  R  L  K  E  D  V  L  K  E  A  V  N  L  I  Q   
              
1201      TCGCTCGATCCGCGCCCCGGGCAGTCGATCCAGACTGGCGAACCTGAGTATGTCATTCCA 
401        S  L  D  P  R  P  G  Q  S  I  Q  T  G  E  P  E  Y  V  I  P   
                 
1261      GATGTGCTGGTGCGTAAGCATAACGGTCACTGGACGGTAGAACTCAACAGTGACAGCATT 
421        D  V  L  V  R  K  H  N  G  H  W  T  V  E  L  N  S  D  S  I   
                 
1321      CCGCGTCTGCAAATCAACCAGCACTACGCCTCGATGTGCAATAACGCGCGCAACGATGGT 
441        P  R  L  Q  I  N  Q  H  Y  A  S  M  C  N  N  A  R  N  D  G   
 
                                        PstI 
1381      GACAGCCAGTTTATCCGCAGCAATCTGCAGGATGCCAAATGGTTGATCAAGAGTCTGGAA 
461        D  S  Q  F  I  R  S  N  L  Q  D  A  K  W  L  I  K  S  L  E   
                                       
1441      AGCCGTAACGATACGCTACTGCGCGTGAGTCGCTGTATCGTTGAACAGCAGCAAGCCTTC 
481        S  R  N  D  T  L  L  R  V  S  R  C  I  V  E  Q  Q  Q  A  F   
                 
1501      TTTGAGCAAGGTGAAGAATATATGAAACCGATGGTACTGGCCGATATCGCCCAGGCTGTC 
501        F  E  Q  G  E  E  Y  M  K  P  M  V  L  A  D  I  A  Q  A  V   
                 
1561      GAAATGCATGAATCGACGATATCTCGCGTGACCACGCAAAAATACCTGCATAGTCCACGA 
521        E  M  H  E  S  T  I  S  R  V  T  T  Q  K  Y  L  H  S  P  R   
                 
1621      GGCATTTTTGAACTGAAGTATTTCTTTTCCAGTCACGTCAATACCGAGGGCGGCGGCGAA 
541        G  I  F  E  L  K  Y  F  F  S  S  H  V  N  T  E  G  G  G  E   
                 
1681      GCTTCCTCCACGGCGATTCGTGCGCTGGTGAAGAAATTAATCGCGGCGGAAAACCCAGCG 
561        A  S  S  T  A  I  R  A  L  V  K  K  L  I  A  A  E  N  P  A   
                 
1741      AAACCGTTGAGCGACAGCAAGTTAACCTCTTTGCTGTCGGAACAAGGTATCATGGTGGCA 
581        K  P  L  S  D  S  K  L  T  S  L  L  S  E  Q  G  I  M  V  A   
                 
1801      CGCCGCACTGTTGCGAAGTACCGAGAGTCTTTATCCATTCCGCCGTCAAACCAGCGTAAA 
601        R  R  T  V  A  K  Y  R  E  S  L  S  I  P  P  S  N  Q  R  K   
                 
1861      CAACTCGTTTGACCCAACCGATAAGGAAGACACTATGCAGCTCAACATTACCGGAAATAA 
621        Q  L  V  *  P  N  R  *  G  R  H  Y  A  A  Q  H  Y  R  K  *   
                          rpoNEcR                            
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APPENDIX B 

Amino acid utilization of E. coli rpoN mutant completed with TOPO::rpoN2Bp 

and E. coli rpoN mutant JKD 814. 

 

 
Nitrogen 

source 

aJKD 814 complemented 

with TOPO::rpoN2Bp 

aJKD 814 Mean different 

growth ± SD 

p-value 

Ammonium 

chloride 

3 5 

 
2 ± 1 0.074 

Arginine 3.3 NG 3.3 ± 0.58 0.010** 

Glutamine 3.7 NG 3.7 ± 0.58 0.008** 

Glycine 2.3 5 2.7 ± 0.58 0.015** 

Histidine 2.3 NG 2.3 ± 0.58 0.020* 

Lysine 4.3 NG 4.3  ± 1.15 0.023* 

Methionine 4.7 NG 4.7 ± 0.58 0.005** 

Phenylalanine 3.7 NG 3.7 ± 0.58 0.008** 

Tryptophan 3.3 5 1.7 ± 0.58 0.038* 

Valine NG NG   
a Measured as the number of days until the appearance of colonies. NG indicates the absence of 

growth. The experiments were performed three separate times. The results were expressed as the mean 

difference (± standard deviation) and the significance of differences in utilization of each amino acid  

were analyzed using Student’s paired t-test by SPSS statistical analysis program. p ≤ 0.001, p ≤ 0.01  

and p ≤ 0.05 are denoted as ***, ** and * respectively. 
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APPENDIX C 

Amino acid utilization of E. coli rpoN mutant completed with TOPO::rpoNEc 

and E. coli rpoN mutant JKD 814 

 

 
Nitrogen 

souce 

aJKD 814 complemented 

with TOPO::rpoNEc 

 
aJKD 814  

Mean different 

growth ± SD 

p - value 

Ammonium 

chloride 

2.3 5 2.7± 0.57 0.015** 

Arginine 3.3 NG 3.3 ± 0.5774 0.010** 

Glutamine 4.3 NG 4.6 ± 0.5774 0.006** 

Glycine 2.3 5 2.3 ± 0.5774*  

Histidine 4 NG 4 ± 1 0.020* 

Lysine 1.7 NG 1.7 ± 2.8886  0.423 

Methionine NG NG   

Phenylalanine 4.7 NG 4.7 ± 0.5774 0.005** 

Tryptophan 3.3 5 1.7 ± 0.5774 0.038* 

Valine NG NG   
a Measured as the number of days until the appearance of colonies. NG indicates the absence of growth. 

The experiments were performed three separate times. The results were expressed as the mean  

difference (± standard deviation) and the significance of differences in utilization of each amino acid  

were analyzed using Student’s paired t-test by SPSS statistical analysis program. p ≤ 0.001, p ≤ 0.01  

and p ≤ 0.05 are denoted as ***, ** and * respectively. 
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APPENDIX D 

Amino acid utilization of E. coli rpoN mutant completed withTOPO::rpoN2Bp799 

and E. coli rpoN mutant (JKD 814) 

 

 
Amino acid aJKD 814 complemented 

with TOPO::rpoN2Bp799 

aJKD 814 Mean different 

growth ± SD 

p - value 

Ammonium 

chloride 

NG 5   

Arginine NG NG   
Glutamine NG NG   
Glycine 5 5   
Histidine NG NG   
Lysine NG NG   
Methionine NG NG   
Phenylalanine 5 NG   
Tryptophan NG 5   
Valine NG NG   

a Measured as the number of days until the appearance of colonies. NG indicates the absence of growth. 

The experiments were performed three separate times. The results were expressed as the mean  

difference (± standard deviation) and the significance of differences in utilization of each amino acid  

were analyzed using Student’s paired t-test by SPSS statistical analysis program. p ≤ 0.001, p ≤ 0.01  

and p ≤ 0.05 are denoted as ***, ** and * respectively. 
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APPENDIX E 

Amino acid utilization of E. coli wild type JM 109 and E. coli rpoN mutant 

 

 
Amino acid aE. coli wild type  

     JM 109 

aE. coli rpoN    

mutant 

Mean different 

growth ± SD 

P value 

Ammonium 

chloride 

1.3 5 3.7 ± 0.58 0.008** 

Arginine 1.3 NG 1.3 ±  0.58  0.057* 

Glutamine 2.7 NG 2.7 ± 0.58 0.015* 

Glycine 2.3 5 2.7 ± 0.58 0.015* 

Histidine 1.3 NG 1.3 ± 0.58 0.057* 

Lysine 3 NG   

Methionine 4.7 NG 4.7 ± 0.58 0.005** 

Phenylalanine 4.7 NG 4.7 ± 0.58 0.005** 

Tryptophan 3.3 5 1.7 ± 0.58 0.038* 

Valine 1.3 NG 1.3 ± 0.58 0.057** 
a Measured as the number of days until the appearance of colonies. NG indicates the absence of growth. 

The experiments were performed three separate times. The results were expressed as the mean  

difference (± standard deviation) and the significance of differences in utilization of each amino acid  

were analyzed using Student’s paired t-test by SPSS statistical analysis program. p ≤ 0.001, p ≤ 0.01  

and p ≤ 0.05 are denoted as ***, ** and * respectively. 
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APPENDIX F  

Amino acid utilization of E. coli rpoN mutant completed with TOPO::rpoN2Bp 

and B. pseudomallei wild type 844 

 

 
Amino acid aE. coli rpoN mutant 

complemented with 

TOPO::rpoN2Bp 

aB. 

pseudomallei 

844 

Mean different 

growth ± SD 

P value 

Ammonium 

chloride 

3 4.67 1.7 ± 1.53 0.199 

Arginine 2.3 4 2.3 ± 0.58 0.02* 

Glutamine 3.7 1 2.7 ± 0.58 0.015* 

Glycine 2.3 5 2.7 ±0.58 0.020* 

Histidine 2.3 1.3 1 ± 1 0.225 

Lysine 4.3 4.7 0.3 ± 1.53 0.742 

Methionine 4.7 5 4.7 ± 0.58 0.005* 

Phenylalanine 3.7 1 2.7 ± 0.58 0.015* 

Tryptophan 3.3 2.33 1 ± 1 0.225 

Valine NG 4.33 4.3 ± 0.58 0.006** 
a Measured as the number of days until the appearance of colonies. NG indicates the absence of growth. 

The experiments were performed three separate times. The results were expressed as the mean  

difference (± standard deviation) and the significance of differences in utilization of each amino acid  

were analyzed using Student’s paired t-test by SPSS statistical analysis program. p ≤ 0.001, p ≤ 0.01  

and p ≤ 0.05 are denoted as ***, ** and * respectively. 
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APPENDIX G 

Nitrate reduction test and lysine decarboxylase test 

 

 

Nitrate reduction test 

E. coli rpoN mutant (JKD 814) and all of JKD 814 derivatives 

harboring TOPO::rpoN2Bp, TOPO::rpoN2Bp799, TOPO::rpoNEc, respectively reduced 

nitrate on the first day without gas production similar to that of E. coli wild type JM 

109. 

 

Lysine decarboxylase test 

E. coli rpoN mutant (JKD 814) and all of JKD 814 derivatives 

harboring TOPO::rpoN2Bp, TOPO::rpoN2Bp799, TOPO::rpoNEc, respectively gave the 

positive results in lysine decarboxylase test on day two similar to that of E. coli wild 

type JM 109. 
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