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Abstract  
 

Burkholderia spp. consist of organisms that are extremely diverse and versatile living in the soil.  Members of this 
genus, which include B. pseudomallei, B. mallei, B. thailandensis and B. cepacia, are capable of causing severe, life- 
threatening opportunistic infections in patients who are immunocompromised.  The underlying virulence 
mechanisms of these bacteria, their interactions with the host including the host defense mechanisms may be 
reflected by changes in the expression of proteins of both the pathogen as well as the host.  In this article, we review 
the current knowledge on these interactions of Burkholderia spp. pathogens and their host mainly from the 
perspective of data that was generated from recent proteomics and DNA microarray investigations.  
 
 
 
 
 
Burkholderia species  

The genus Burkholderia was first described in 1949, 
by Burkholder [1].  It consists of 43 obligately aerobic 
species of non-sporing, motile, bacillus, Gram-negative 
bacteria that are extremely diverse and versatile [2, 3]. 
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These bacteria are commonly found in a variety of eco- 
systems worldwide, including the soil and groundwater.  
Although most species in the genus Burkholderia are 
harmless and not pathogenic for healthy individuals, a 
few are capable of causing severe, life threatening 
opportunistic infections in immunocompromised 
patients.  Among the species, B. pseudomallei and B. 
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mallei are the most pathogenic and have been exploited 
as potential biological weapons [Centres for Disease 
Control (CDC)] [4, 5].  In addition, their survival and 
persistence in the environment as well as in the host 
offer a notable example of bacterial adaptation [4].  

Among the Burkholderia spp., B. pseudomallei and B. 
cepacia cause persistent and recrudescing infections in 
the human host.  B. pseudomallei, the causative agent 
of the fatal disease melioidosis, is endemic 
predominantly in South East Asia and Northern 
Australia, while its sibling species, B. mallei, is the 
causative agent of glanders disease in horses, mules and 
donkeys.  Humans can also acquire glanders from the 
infected animals by contact via ingestion or inhalation 
of the organisms.  In contrast, B. thailandensis, a 
closely related species that shares 99% similarity of its 
genes with both the pathogenic species B. pseudomallei 
and B. mallei, is apparently non-pathogenic in humans. 

Also recognised as a significant human pathogen, B. 
cepacia is naturally found in relatively high population 
in the moist soil and in particular the rhizosphere of 
plants and freshwater environments.  It is usually found 
in hospitals as an opportunistic pathogen in wound and 
pulmonary infections and is associated with life-
threatening pulmonary infections in patients with cystic 
fibrosis.   
 
Pathogenesis of Burkholderia spp. 

In order to establish an infection, bacteria have to 
colonise, invade, replicate, survive and persist in the 
host cells, as well as evade the host immune response 
[6]. Discovery of the bacterial virulence factors are 
important in understanding pathogenesis and 
interactions of the factors with the host.  The 
virulence factors in bacteria may be associated with 
unique structural components of the cells (eg. capsules, 
fimbriae, LPS or other cell wall components) or 
actively secreted to invoke damage to the host tissues 
and/or protection of the bacteria against host defences.   
 
Burkholderia Virulence Determinants 

Virulence factors interact directly with host tissues or 
aid in concealing the bacterial surface from host 
defence mechanisms [7].  The virulence factors of 
Burkholderia spp. can be divided into several groups on 
the basis of the mechanisms of virulence and functions. 
 

(1) Membrane surface proteins  
Microbial adhesion to the host tissues can be 

mediated by individual proteins and carbohydrate 
molecules or by sophisticated organelles such as pilus 
and non-pilus adhesins [7, 8].  The importance of type 
IV pilus (TFP) for pathogenesis of B. pseudomallei has 
been reported [9].  Similarly, presence of type IV pilus 
has also been reported in B. mallei [10].  However, in B. 
cepacia, a 22 kDa cable pilus protein has been shown 
to facilitate bacterial binding to both mucin and CF 
respiratory epithelia, in mediating colonisation [11, 12, 
13].   

Flagella proteins are also recognized to play a role in 
virulence as they allow motility of the bacterium to the 
cells at the target site of infection [14, 15, 16].  In B. 
cepacia, flagella also facilitate penetration of the host 
epithelial cell and contribute to the onset of systemic 
spread of the organism.  Tomich et al. (2002) reported 
that the wild type motile B. cepacia is more invasive in 
lung epithelial cells compared to the non-motile mutant 
with a defective component of the motor-switch 
complex of the flagellar basal body [17].  In contrast, 
conflicting evidences have been reported for the 
involvement of flagella in the virulence of B. 
pseudomallei.  While DeShazer et al. (1997) reported 
that no attenuation was observed in fliC B. 
pseudomallei 1026b transposon mutant in the diabetic 
rat or Syrian hamster melioidosis models [18], Chua et 
al. (2003) showed that a fliC mutant was indeed 
attenuated in BALB/c mice infected by either the 
intranasal or intraperitoneal routes [14].  In addition, 
Inglis et al. (2003) reported that the fliC mutant was 
unable to adhere to the cells of A. astronyxis, compared 
to the wild type [19].  In the case of B. mallei, 
frameshift or insertion mutations of the flagella 
biogenesis genes had also been reported.  These 
mutations are most likely responsible for the lack of 
flagella and the non-motile phenotype [20].  
 
(2) Secretory proteins - enzymes and toxins  

Bacterial pathogens use distinct secretion systems to 
transport protein toxins from their cytoplasm into the 
host or extracellular matrix [21, 22].  The pathways 
have been classified based on the molecular nature of 
the transport machineries and their catalysed reactions 
as: (1) type I pili; (2) auto-transporters; (3) type I 
secretion; (4) type II secretion (general secretory 
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pathway and type IV pili; (5) type III secretion and 
flagella; (6) type IV secretion and DNA conjugation; 
(7) type V secretion, autotransporters proteins; and (8) 
type VI secretion [23].  In Burkholderia spp. the type II, 
III, and VI secretion systems have been described [24, 
25, 26, 27, 28, 29]. 

Among the secretory proteins of B. pseudomallei, B. 
mallei and B. cepacia that are associated with virulence 
include endotoxin, exotoxin, and protease, as well as 
lecithinase, catalase, peroxidase, superoxide dismutase, 
cytotoxic exolipid, lipase, hemolysin, and water-soluble 
siderophore for iron acquisition from the host, which 
contributes to its survival and maintenance [30, 31, 32, 
33, 34, 35, 36, 37].  
 
(3) Cell wall and outer membrane components - 
lipopolysaccharide (LPS) or endotoxin  

In Gram-negative bacteria, the outer membrane 
lipopolysaccharide (LPS) can protect against 
complement-mediated lysis. LPS has a dual role in 
pathogenesis; contribution to antimicrobial peptide 
resistance and promotion of a potent pro-inflammatory 
response [38]. It is also the most common bacterial 
component that is implicated in initiating sepsis [39].  
Novem et al. (2009) reported that the LPS of B. 
pseudomallei stimulated lower levels of TNF-α, IL-6, 
and IL-10 in both human and murine macrophages, 
compared to the response to the LPS of B. thailandensis 
in vitro [40]. This may be attributed to differences of 
the lipid A structure of LPS between the two species. 
The Lipid A structures of B. thailandensis, B. cepacia 
and B. mallei were found to be similar and consisting of 
a mixture of tetra- and penta-acylated with substitutions 
of C14:0, C14:0(3-OH), and C16:0(3-OH), the 
C14:0(2-OH) structural substitution is apparently 
unique to B. pseudomallei.  
 
(4) Other virulence factors - biofilm formation, 
siderophores and quorum sensing (QS)  

Acquisition of iron from transferrin and lactoferrin is 
essential for microbial growth. Burkholderia spp. have 
evolved high-affinity iron uptake systems involving 
siderophores, which are low-molecular-weight iron 
chelators. 

Burkholderia spp. are also known to form thick 
mature exopolysacharride (EPS) consisting of proteins 
and enzymes encoded by the bce-I gene cluster. In 

Burkholderia, the EPS is composed of branched 
acetylated heptasaccharide repeating units [41, 42].  
These EPS contribute to the formation of mature 
biofilms in B. cepacia, B. pseudomallei and B. mallei 
strains, resulting in the persistence of their infections 
[43].  In addition, Dales et al. (2009) have reported that 
the B. cepacia biofilms were found to be more resistant 
to antibiotics compared to P. aeruginosa biofilms [44].  
 
Methods to Elucidate Bacterial Virulence Factors 
or Host Response 

Comparative or quantitative proteomics and mass 
spectrometry (MS) have become important techniques 
in the identification of low abundant virulence factors 
of pathogenic bacteria.  This is essential in the 
understanding of pathogenesis and for identification of 
novel drug targets and vaccines. Comparative 
proteomics defines the differences in expression of 
proteins among different biological states (e.g., control 
vs. treatment, healthy vs. disease, specific genotype vs. 
wild type). Quantitative proteomics is a powerful 
approach used for both discovery and targeted 
proteomic analyses to understand the global proteomic 
dynamics in an organism. These techniques offer many 
advantages: I) fast resolution of the proteome of interest, 
II) relatively cheap, III) direct evaluation of pI and MW 
of the protein, IV) possibility to make replicates in the 
same run and V) allows multiple comparisons.  
Unfortunately it also suffers from several 
disadvantages: I) poor resolution of proteins with the 
extreme pH, II) very hydrophobic protein loss, III) 
absence of proteins of high and low molecular weights, 
IV) inability to detect proteins without lysine.  In the 
past few years, several proteomics studies on different 
growth conditions or cellular fractions of Burkholderia 
spp. have been carried out.  In this section, we review 
the comparative and quantitative analysis of 
Burkholderia spp. and the host factors.  
 
Comparative proteomics 

A total of 14 differentially expressed proteins (Table 
1) were identified using stationary phase intracellular 
proteins of B. pseudomallei and B. thailandensis 
separated on two-dimensional gel electrophoresis (2D-
GE) and analyzed using the matrix-assisted laser 
desorption ionization time of flight mass spectrometry 
(MALDI-TOF/MS) [45]. Of these 14 proteins, six were 
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highly expressed in B. pseudomallei.  This included two 
hypothetical proteins, BPSL1549 and BPSL1958, 
which were suggested to have a possible role either as a 
specific protein or gene marker.  This study therefore, 
illustrates the utility of comparative proteomics analysis 
to identify differences in the protein profiles between 
two closely related species that include pathogenic and 
non-pathogenic strains, and at the same time, enabled 
the identification of possible virulence markers of a 
bacterial pathogenic strain [45]. 
 
Table 1. Differentially expressed proteins of B. pseudomallei 
and B. thailandensis. Adapted and modified from 
(Wongtrakoongate et al. (2007) [45]). 

Protein Burkholderia 
pseudomallei 

Burkholderia 
thailandensis 

1. Phosphatidyl 
ethanolamine-binding 
protein 
2. Bacterial cell wall 
degradation protein, 
LysM 
3. Phosphoglucomutase 
4. Succinyl-CoA (3-
ketoacid coenzyme A 
transferase subunit B 
5. Succinyl-CoA (3-
ketoacid coenzyme A 
transferase subunit B 
6. Chaperonin GroEL 
7. GroES 
8. Oxidoreductase 
(AhpC) 
9. Phasin-like protein 
(PhaZ) 
10. Superoxide 
dismutase (SodA) 
11. Hypothetical protein 
BPSL 1549* 
12. Hypothetical protein 
BPSL 1958* 
13. Hypothetical protein 
BPSS 0212 
14. Hypothetical protein 
BPSS 0683 

√ 
 
 
√ 
 
 
√ 
√ 
 
 
 
 
 
√ 
√ 
√ 
 
 
 
√ 
 
√ 
 
√ 
 
√ 
 
√ 

 
 
 
 
 
 
 
 
 
 

√ 
 
 
 
 
 
 

√ 

The √ represents the present or the higher levels of protein 
expressions and asterisks represent the hypothetical proteins are 
not found in Burkholderia thailandensis genome database. 
 

In order to map and identify B. cenocepacia H111 
intra-, surface-associated and extracellular proteins, 
Riedel et al. (2006) performed a comparative 

proteomics study [46]. A total of 308 intracellular, 74 
surface-associated, and 63 extracellular proteins spots 
were successfully identified. The majority of these 
proteins were found to be linked to housekeeping 
functions involved in energy production, amino acid 
metabolism, protein folding, post-translational 
modification and turnover, and translation.  In addition, 
a significant number of truly secreted and membrane 
proteins were identified in the extracellular and surface-
associated sub-proteomes [46]. This study demonstrated 
that the pre-fractionation protocol used was a highly 
valuable strategy for unraveling the cellular location of 
the identified proteins and provided a solid basis for the 
identification of strain-specific marker proteins that 
could serve as novel diagnostic tools.  
 
Quantitative Proteomics 

Recently, Wongtrakoongate and colleagues (2011) 
established an extended proteome reference map of B. 
pseudomallei constructed from early-stationary phase 
whole cell using 2D-GE coupled with MALDI-
TOF/MS [47].  A total of 220 proteins were identified; 
many of them have been implicated in bacterial 
pathogenesis. Up to 20% of the identified proteins were 
found to be involved in post-translational modification 
and stress responses.  Such a reference map is useful to 
support future functional analysis of the bacterial genes 
and environmental regulation and facilitate comparative 
proteomics with its sibling species. 

Our study of the B. pseudomallei stationary phase 
culture secretory proteome by 2D-GE detected 113 
protein spots [48].  Of these only 54 were in sufficient 
quantity for identification using MS.  Further database 
search found these proteins to be metabolic enzymes, 
transcription/translation regulators, potential virulence 
factors, chaperones, transport regulators, and 
hypothetical proteins. Of these specifically, proteins 
such as succinyl-coA:3 ketoacid-coenzyme A 
transferase subunit A, putative heat shock protein, 
chaperonin GroEL, chitin binding protein, cell division 
protein FtsQ, NAD(P) transhydrogenase subunit alpha 
were also identified in other Burkholderia spp. [48]. 

Identification of these proteins would greatly 
facilitate future studies aimed at mapping proteins that 
are differentially expressed in response to certain 
stimuli or during colonisation of a particular 
environmental niche as well as unraveling global 
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regulatory networks operating in these organisms.  
In order to identify the mechanisms underlying the 

adaptive strategies employed by the bacterial isolates, 
protein expression of clonal isolates of B. cenocepacia 
(cytoplasmic and membrane-associated proteins) were 
compared using two-dimensional difference-gel 
electrophoresis (2D-DIGE) [49].  The first isolate was 
recovered from a chronically infected CF patient, while 
the second isolate from the same patient after 3 years 
following persistent infection and intravenous therapy 
with ceftazidime/gentamicin, was found to be 
multidrug resistant. The second mutlidrug resistant 
isolate demonstrated higher expression of proteins 
involved in energy metabolism, translation, nucleotide 
synthesis, protein folding and stabilisation, 
peptidoglycan synthesis, membrane lipids synthesis, 
lipopolysaccharide synthesis and iron binding transport 
compared to the first isolate (Table 2).  The expression 
profiles suggested that protein synthesis and DNA 
repair processes were more active in the second isolate, 
thus conferring a persistence advantage for the bacteria 
to survive in the CF airways and lungs.        
 
Table 2. Comparison of protein expression the two different 
clonal isolates of B. cenocepacia 
Proteins First isolate Second isolate 

Energy metabolism 

Translation 

Nucleotide synthesis 

Protein folding and stabilization 

Peptidoglycan synthesis 

Membrane lipids synthesis 

Lipopolysaccharide synthesis 

Iron binding transport 

↓ 

↓ 

↓ 

↓ 

↓ 

↓ 

↓ 

↓ 

↑ 

↑ 

↑ 

↑ 

↑ 

↑ 

↑ 

↑ 

 
In another study, 83 proteins were obtained when  

culture supernatants of B. cepacia were analysed using 
2D-GE. Among these proteins, flagellar hook-
associated domain protein (FliD), flagellar hook-
associated protein (FlgK), tonB-dependent siderophore 
(Fiu), elongation factor G (FusA), phosphoglycerate 
kinase (Pgk) and sulfatase (AslA) were reported to be 
involved in virulence [50].  These identified secretory 
proteins may be used as targets for the development of 

new strategies to control the infection using agents that 
can block their release.  

As a summary, the proteomics studies described have 
enabled scientists to identify, compare, quantitate and 
differentiate proteins expressed by Burkholderia spp.  
In addition, these studies can enable identification of 
definitive proteins that may play a role in disease 
causation or virulence.  Proteomics also aids in 
identification of variations within inter- or intra species 
ie within the Burkholderia genus or as demonstrated 
within a species ie different strains of B. cenocepacia 
under varying defined conditions or during infection 
[49].   This therefore provides a sound basis for the 
identification of strain-specific protein markers that 
could serve as novel diagnostic tools, differentiate 
strains within a species based on presence or absence of 
proteins or expression of proteins during different 
biological states.  In addition, the cellular location of 
the identified proteins may also provide valuable clues 
for the role of a particular protein within the cell.  
 
Host Transcriptional Responses to Burkholderia 
spp. 

DNA microarray technology allows the 
understanding of complex cross-talk between the host 
and the pathogen.  In order to improve our 
understanding of pathogenesis of disease, it is 
necessary to identify virulence-associated microbial 
genes as well as host-defense strategies and 
characterise the cues to which they respond and 
mechanisms by which they are regulated [51, 52, 53].  
In recent years, reports on the use of microarray 
analyses in infection assays have provided first insights 
into the complexity of acute host–bacterial interactions 
which can occur due to many host cells changes that 
include modulation of RNA expression, target receptor 
induction, actin cytoskeletal rearrangements, signal 
transduction pathway activation, and vacuolar 
trafficking [54].   

Most studies carried out on the host transcriptional 
response upon exposure to Burkholderia spp. have been 
performed to monitor changes in gene expression that 
can occur in different host cells on contact with 
Burkholderia spp. either in vitro using the epithelial or 
macrophage cells or in vivo using the mice models.  
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Burkholderia pseudomallei (in vivo model) 
 In the human host, relapse of melioidosis has been 

associated with the ability of B. pseudomallei to 
modulate macrophage bactericidal effect in favour of its 
intracellular survival and persistence [55, 56].  In a 
murine acute-phase melioidosis model that was 
developed, the microarray technology platform was 
used to compare the transcriptome of infected liver and 
spleen with un-infected tissues [57].  It was found that 
genes involved in immune response, stress response, 
cell cycle regulation, proteasomal degradation, cellular 
metabolism, and signal transduction pathways were 
differentially regulated.  Although a broad range of 
innate immune mechanisms were activated in the host 
during early infection, it was then suppressed at the 
later stage, in addition to sub optimal activation of the 
downstream complement system.  Therefore, this may 
explain the promotion of un-controlled spread of the 
bacteria resulting in a fulminant infection. 
 
Burkholderia pseudomallei and Burkholderia 
thailendensis (in vitro model) 

Using an in vitro model, Wongprompitak and 
colleagues (2008) [58] compared the effect of exposure 
(for two hours) of B. pseudomallei and B. thailandensis 
(the non-pathogenic counterpart of B. pseudomallei) on 
the human lung A549 epithelial cells. The results 
demonstrated differential regulation of genes mainly 
involved in anti-apoptosis, inflammation, immune 
response, cell adhesion, apoptosis cytokine production, 
and immune cell recruitment.  B. pseudomallei was also 
found to inhibit the production of pro-inflammatory 
cytokines including TNF-α, IL-11, IL-6, cytokine 
regulatory protein and adhesion molecules, which may 
have lead to the suppression of host inflammatory 
response and bacterial elimination through reduction in 
the recruitment of innate immune cells to the site of 
infection.  In contrast, the expression of these genes in 
the A549 cells was found to be activated upon exposure 
of B. thailandensis [58].   
 
Burkholderia pseudomallei and Burkholderia cepacia  

We have similarly studied the transcriptional 
responses of A549 cells when exposed to B. 
pseudomallei and B. cepacia live bacteria as well as 
their concentrated secretory proteins (data unpublished).  
Our results showed that the levels of alteration of host 

transcriptional responses were apparently higher using 
secretory proteins rather than the live bacteria for both 
B. pseudomallei and B. cepacia.  The host genes that 
were found to be differentially regulated during 
infection with B. pseudomallei and B. cepacia included 
those involved in the metabolic and cell cycle pathway, 
apoptosis and the immune response. The host metabolic 
processes and the cell cycle pathways were 
transcriptionally up-regulated and in combination, 
alteration of these pathways may provide clue for the 
need of the host cells to survive and proliferate in order 
to sustain cell injuries caused by the secretory proteins 
and/or to allow prolonged survival and replication of 
the B. pseudomallei and B. cepacia in the host cells. 
Inhibition of apoptosis of the A549 cells was also found 
and may indicate a role in easing replication of the 
bacteria and prolonging their intracellular survival, thus 
favoring bacterial persistence. In addition, suppression 
of the pro-inflammatory molecules could result in the 
reduced recruitment of the innate immune cells to the 
site of infection, which in turn could influence the 
degree of host inflammatory response and bacterial 
elimination. In general, pathogens have been shown to 
modulate the epithelial bactericidal response in favor of 
its intracellular survival and persistence in the human 
host, and this process may be associated with disease 
relapse.  
 
Further Role of Microarray Analysis in 
Pathogenesis of Disease 
In order to survive and propagate in the new habitat of 
the mammalian host, the Burkholderia spp. need to 
develop persistence as a mode of adaptation to the new 
environment.  This may be achieved by bacterial 
molecules that are released to the environment in 
adaptation and as a result interact with the host. These 
bacterial molecules could therefore be attractive targets 
for therapeutic intervention, particularly in persistence, 
where antibiotic drugs are ineffective.  Results of the 
microarray gene expression study can therefore clues 
on interaction of these molecules with the host and can 
then be exploited for therapeutic interventions, thus 
removing the Burkholderia spp. intracellular 
persistence in the infected host.  
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Conclusion 
The proteomics and DNA microarray research in 

Burkholderia spp. has been useful in elucidating the 
functionality of proteins expressed by the bacteria as 
well as the host.  The utilisation of these techniques has 
leapfrogged the understanding of the mechanism of 
virulence of these organisms as well as the host-
pathogen interaction.  Recent proteomics and DNA 
microarray studies have provided early insights into the 
underlying virulence mechanisms of the bacteria, their 
interactions with the host and the host defense 
mechanisms. However, there is also a need to analyse 
and interpret the complex biological processes and 
functionality of the proteins involved in the causation 
and persistence of these infections. At the same time, in 
order to obtain definitive maps on the pathogenicity of 
the disease, consideration of other factors like strain to 
strain variation of the bacteria and host genetic 
diversity will also need to be considered.  
 
 
References 
 
1. Burkholder, W. H. Sour Skin, a Bacterial Rot of Onion Bulbs. 

Phytopathology 1950, 40, 115-118. 
2. Compant, S.; Nowak, J.; Coenye, T.; Clément, C.; Ait Barka, 

E. Diversity and Occurrence of Burkholderia spp. in the 
Natural Environment. FEMS Microbiol. Rev. 2008, 32, 607-
626.  

3. Vial, L.; Groleau, M. C.; Dekimpe, V.; Déziel, E. 
Burkholderia Diversity and Versatility: An Inventory of the 
Extracellular Products. J. Microbiol. Biotechnol. 2007, 17, 
1407-1429.  

4. Woods, D. E.; Sokol, P. A. The Genus Burkholderia. 
Prokaryotes 2006, 5, 848-860.   

5. Rotz, L. D.; Khan, A. S.; Lillibridge, S. R.; Ostroff, S. M.; 
Hughes, J. M. Public Health Assessment of Potential 
Biological Terrorism Agents. Emerg. Infect. Dis. 2002, 8, 
225–230. 

6. Martin, D. W.; Mohr, C. D. Invasion and Intracellular Survival 
of Burkholderia cepacia. Infect. Immun. 2000, 68, 24-29. 

7. Finlay, B. B.; Falkow, S.  Common Themes in Microbial 
Pathogenicity Revisited. Microbiol. Mol. Biol. Rev. 1997, 61, 
136-169. 

8. Klemm, P.; Schembri, M. A. Bacterial Adhesins: Function and 
Structure. Int. J. Med. Microbiol. 2000, 290, 27-35. 

9. Essex-Lopresti, A. E.; Boddey, J. A.; Thomas, R.; Smith, M. 
M. P.; Hartley, M. G.; Atkins, T.; Brown, N. F.; Tsang, C. H.;  

    Peak, I. R.; Hill, J.; Beacham, I. R.; Titball. R. W. A Type IV 

Pilin, PilA, Contributes to Adherence of Burkholderia 
pseudomallei and Virulence in Vivo. Infect. Immun. 2005, 73, 
1260–1264. 

10. Fernandes, P. J.; Guo, Q.; Waag, D. M.; Donnenberg, M. S. 
The Type IV Pilin of Burkholderia mallei is Highly 
Immunogenic but Fails to Protect against Lethal Aerosol 
Challenge in a Murine Model. Infect. Immun. 2007, 75, 3027–
3032. 

11. Sajjan, U.; Wu, Y.; Kent, G.; Forstner, J. Preferential 
Adherence of Cable-Piliated Burkholderia cepacia to 
Respiratory Epithelia of CF Knockout Mice and Human 
Cystic Fibrosis Lung Explants. J. Med. Microbiol. 2000, 49, 
875-885. 

12. Sajjan, U. S.; Forstner, J. F. Identification of the Mucin-
Binding Adhesin of Pseudomonas cepacia Isolated from 
Patients with Cystic Fibrosis. Infect. Immun. 1992, 60, 1434-
1440. 

13. Urban, T. A.; Goldberg, J. B.; Forstner, J. F.; Sajjan, U. S. 
Cable Pili and the 22 Kilodalton Adhesin are Required for 
Burkholderia cenocepacia Binding to and Transmigration 
Across the Squamous Epithelium. Infect. Immun. 2005, 73, 
5426-5437. 

14. Chua, K. L.; Chan, Y. Y.; Gan, Y. H. Flagella are Virulence 
Determinants of Burkholderia pseudomallei. Infect. Immun. 
2003, 71, 1622-1629. 

15. Milton, D. L.; Horstedt, R. T.; Wolf-Watz, H. Flagellin A is 
Essential for the Virulence of Vibrio anguillarum. J. Bacteriol. 
1996, 178, 1310-1319. 

16. Drake, D.; Montie, T. C. Flagella, Motility and Invasive 
Virulence of Pseudomonas aeruginosa. J. Gen. Microbiol. 
1988, 134, 43-52. 

17. Tomich, M.; Herrfst, C. A.; Golden, J. W.; Mohr, C. D. Role 
of Flagella in Host Cell Invasion by Burkholderia cepacia. 
Infect. Immun. 2002, 70, 1799-1806. 

18. DeShazer, D.; Brett, P. J.; Carlyon, R.; Woods, D. E. 
Mutagenesis of Burkholderia pseudomallei with Tn5-OT182: 
Isolation of Motility Mutants and Molecular Characterization 
of the Flagellin Structural Gene. J. Bacteriol. 1997, 179, 
2116-2125. 

 19. Inglis, T. J. J.; Aravena-Roman, M.; Ching, S.; Croft, K.; 
Wuthiekanun, V.; Mee, B. J. Cellular Fatty Acid Profile 
Distinguishes Burkholderia pseudomallei  from Avirulent  
Burkholderia thailandensis. Clin. Microbiol. 2003, 41, 4812-
4814. 

 20. Nierman, W. C.; DeShazer, D.; Kim, H. S.; Tettelin, H.; 
Nelson, K. E.; Feldblyum, T.; Ulrich, R. L.; Ronning, C. M.; 
Brinkac, L. M.; Daugherty, S. C.; Davidsen, T. D.; Deboy, R. 
T.; Dimitrov, G.; Dodson, R. J.; Durkin, A. S.; Gwinn, M. L.; 
Haft, D. H.; Khouri, H.; Kolonay, J. F.; Madupu, R.; 
Mohammoud, Y.; Nelson, W. C.; Radune, D.; Romero, C. M.; 
Sarria, S.; Selengut, J.; Shamblin, C.; Sullivan, S. A.; White, 
O.; Yu, Y.; Zafar, N.; Zhou, L.; Fraser, C. M. Structural 



 Kumutha Malar Vellasamy et al. 79 
 
 
 

 

Fexibility in the Burkholderia mallei Genome. Proc. Natl. 
Acad. Sci. USA 2004, 101, 14246-14251. 

 21. Tomich, M.; Planet, P. J.; Figurski, D. H. The tad Locus: 
Postcards from the Widespread Colonization Island. Nat. Rev. 
Microbiol. 2007, 5, 363-375. 

22. China, B.; Goffaux, F. Secretion of Virulence Factors by 
Escherichia coli. Vet. Res. 1999, 30, 181-202. 

23. van Ulsen, P.; Adler, B.; Fassler, P.; Gilbert, M.; van 
Schilfgaarde, M.; van der Ley, P.; van Alphen, L.; 
Tommassen, J. A Novel Phase-variable Autotransporter 
Serine Protease, AusI, of Neisseria meningitidis. Microbes 
Infect. 2006, 8, 2088-2097. 

24. DeShazer, D.; Brett, P. J.; Burtnick, M. N.; Woods, D. E. 
Molecular Characterization of Genetic Loci Required for 
Secretion of Exoproducts in Burkholderia pseudomallei. J. 
Bacteriol. 1999, 181, 4661-4664. 

25. Pilatz, S.; Breitbach, K.;  Hein, N.;  Fehlhaber, B.;  Schulze, 
J.; Brenneke, B.; Eberl, L.; Steinmetz, I. Identification of 
Burkholderia pseudomallei Genes Required for the 
Intracellular Life Cycle and in Vivo Virulence. Infect. Immun. 
2006, 74, 3576–3586. 

 26. Stevens, M. P.; Haque, A.; Atkins, T.; Hill, J.; Wood, M. 
W.; Easton, A.; Nelson, M.; Underwood-Fowler, C.; Titball, 
R. W.; Bancroft, G. J.; Galyov, E. E. Attenuated Virulence 
and Protective Efficacy of a Burkholderia pseudomallei Bsa 
type III Secretion Mutant in Murine Models of Melioidosis. 
Microbiology 2004, 150, 2669–2676. 

27. Warawa, J.; Woods, D. E.  Type III Secretion System Cluster 
3 is Required for Maximal Virulence of Burkholderia 
pseudomallei in a Hamster Infection Model. FEMS Microbiol. 
Lett. 2005, 242, 101–108. 

28. Ulrich, R. L.; DeShazer, D. Type III Secretion: A Virulence 
Factor Delivery System Essential for the Pathogenicity of 
Burkholderia mallei.  Infect.  Immun. 2004, 72, 1150–1154. 

29. Parsons, Y. N.; Glendinning, K. J.; Thornton, V.; Hales, B. 
A.; Hart, C. A.; Winstanley, C. A Putative Type III Secretion 
Gene Cluster is Widely Distributed in the Burkholderia 
cepacia Complex but Absent from Genomovar I. FEMS 
Microbiol. Lett. 2001, 203, 103-108. 

30. White, N. J. Melioidosis. Lancet 2003, 361, 1715–1722. 
31. Ashdown, L. R.; Koehler, J. M. Production of Hemolysin and 

Other Extracellular Enzymes by Clinical Isolates of 
Pseudomonas pseudomallei. J. Clin. Microbiol. 1990, 28, 
2331–2334. 

32. Yang, H.; Chaowagul, W.; Sokol, P. A. Siderophore 
Production by Pseudomonas pseudomallei. Infect. Immun. 
1991, 59, 776–780. 

33. Kooi, C.; Subsin, B.; Chen, R.; Pohorelic, B.; Sokol, P. A. 
Burkholderia cenocepacia ZmpB is a Broad-Specificity Zinc  

    Metalloprotease Involved in Virulence. Infect. Immun. 2006, 
74, 4083–4093. 

34. Mullen, T.; Markey, K.; Murphy, P.; McClean, S.; Callaghan, 

M. Role of Lipase in Burkholderia cepacia complex (Bcc) 
Invasion of Lung Epithelial Cells. Eur. J. Clin. Microbiol. 
Infect. Dis. 2007, 26, 869–877. 

35. Melnikov, A.; Zaborina, O.; Dhiman, N.; Prabhakar, B. S.; 
Chakrabarty, A. M.; Hendrickson, W. Clinical and 
Environmental Isolates of Burkholderia cepacia Exhibit 
Differential Cytotoxicity Towards Macrophages and Mast 
Cells. Mol. Microbiol. 2000, 36, 1481–1493.  

36. Vellasamy, K. M.; Vasu, C.; Puthucheary, S. D.; Vadivelu, J. 
Comparative Analysis of Extracellular Enzymes and 
Virulence Exhibited by Burkholderia pseudomallei from 
Different Sources. Micro. Pathog. 2009, 47, 111-117. 

37. Darling, P.; Chan, M.; Cox, A. D.; Sokol, P. A. Siderophore 
Production by Cystic Fibrosis Isolates of Burkholderia 
cepacia. Infect. Immun. 1998, 66, 874-877. 

38. Bamford, S.; Ryley, H.; Jackson, S. K.  Highly Purified 
Lipopolysaccharides from Burkholderia cepacia complex 
Clinical Isolates Induce Inflammatory Cytokine Responses 
via TLR4-mediated MAPK Signalling Pathways and 
Activation of NF-κβ. Cell Microbiol. 2007, 9, 532-543. 

39. Bosshart, H.; Heinzelmann, M. Targeting Bacterial 
Endotoxin: Two Sides of a Coin. Ann. N. Y. Acad. Sci. 2007, 
1096, 1–17. 

40. Novem, V.; Shui, G.; Wang, D.; Bendt, A. K.; Sim, S. H.; 
Liu, Y.; Thong, T. W.; Sivalingam, S. P.; Ooi, E. E.; Wenk, 
M. R.; Tan, G. Structural and Biological Diversity of 
Lipopolysaccharides from Burkholderia pseudomallei and 
Burkholderia thailandensis. Clin.  Vaccine Immunol. 2009, 16, 
1420–1428  

41. Moreira, L. M.; Videira, P. A.; Sousa, S. A.; Leitão, J. H.;  
Cunha, M. V.; Sá-Correia, I. Identification and Physical 
Organization of the Gene Cluster Involved in the Biosynthesis 
of Burkholderia cepacia complex Exopoly-
saccharide.  Biochem. Biophy. Res. Commun. 2003, 312, 323–
333. 

42. Cescutti, P.; Bosco, M.; Picotti, F.; Impallomeni, G.; Leitão, 
J. H.; Richau, J. A.; Sá-Correia, I. Structural Study of the 
Exopolysaccharide Produced by a Clinical Isolate 
of Burkholderia cepacia. Biochem. Biophy. Res. Commun. 
2000, 273, 1088-1094. 

43. Conway, B. A. D.; Venu, V.; Speert, D. P.  Biofilm 
Formation and Acyl Homoserine Lactone Production in 
the Burkholderia cepacia complex. J. Bacteriol. 2002, 184, 
5678–5685. 

44. Dales, L.; Ferris, W.; Vandemheen, K.; Aaron, S. D. 
Combination Antibiotic Susceptibility of Biofilm-Grown 
Burkholderia cepacia and Pseudomonas aeruginosa Isolated 
from Patients with Pulmonary Exacerbations of Cystic 
Fibrosis. Eur. J. Clin. Microbiol. Infect. Dis. 2009, 28, 1275-
1279. 

45. Wongtrakoongate, P.; Mongkoldhumrongkul, N.; Chaijan, 
S.; Kamchonwongpaisan, S.; Tungpradabkul, S. Comparative 



80  Journal of Analytical Science & Technology (2012) 3 (1), 72-80 
 
 
 

 

Proteomic Profiles and the Potential Markers Between 
Burkholderia pseudomallei and Burkholderia thailandensis. 
Mol. Cell. Probes 2007, 21, 81-91. 

46. Riedel, K.; Carranza, P.; Gehrig, P.; Potthast, F.; Eberl, L. 
Towards the Proteome of Burkholderia cenocepacia H111: 
Setting Up a 2-DE Reference Map. Proteomics 2006, 6, 207-
216. 

47. Wongtrakoongate, P.; Roytrakul, S.; Yasothornsrikul, S.; 
Tungpradabkul, S. A Proteome Reference Map of the 
Causative Agent of Melioidosis Burkholderia pseudomallei. J. 
Biomed. Biotechnol.  2011, 530926. Epub 2011 Sep 22. 

48. Vellasamy, K. M.; Mariappan, V.; Hashim, O. H.; Vadivelu, 
J. Identification of Immunoreactive Secretory Proteins from 
the Stationary Phase Culture of Burkholderia pseudomallei. 
Electrophoresis 2011, 32, 310-320.  

49. Madeira, A.; Santos, P. M.; Coutinho, C. P.;  Pinto-de-
Oliveira, A.;  Sá-Correia, I. Quantitative Proteomics (2-D 
DIGE) Reveals Molecular Strategies Employed by 
Burkholderia cenocepacia to Adapt to the Airways of Cystic 
Fibrosis Patients Under Antimicrobial Therapy. Proteomics 
2011, 11, 1313–1328. 

 50. Mariappan, V.; Vellasamy, K. M.; Hashim, O. H.; Vadivelu, 
J. Profiling of Burkholderia cepacia Secretome at Mid-
Logarithmic and Early-Stationary Phases of Growth. PLoS 
ONE 2011, 6, e26518. 

51. Duggan, D. J.; Bittner, M.; Chen, Y.; Meltzer, P.; Trent, J. M. 
Expression Profiling using cDNA Microarrays. Nat. Genet. 
1999, 21, 10-14. 

52. Harrington, C. A.; Rosenow, C.; Retief, J. Monitoring Gene 
Expression using DNA Microarrays. Curr. Opin. Microbiol. 
2000, 3, 285-291. 

53. Kato-Maeda, M.; Gao, Q.; Small, P. M. Microarray Analysis 
of Pathogens and Their Interaction with Hosts. Cell Microbiol. 
2001, 3, 713-719.   

54. Yowe, D.; Cook, W. J.; Gutierrez-Ramos, J. C. Microarrays 
for Studying the Host Transcriptional Response to Microbial 
Infection and for the Identification of Host Drug Targets. 
Microbes Infect. 2001, 10, 813-821.  

55. Pruksachartvuthi, S., Aswapokee,  N., Thankerngpo,l K. 
Survival of Pseudomonas pseudomallei in Human Phagocytes.  
J. Med. Microbiol. 1990, 31, 109-114. 

56. Harley, V. S.; Dance, D. A.; Tovey, G. McCrossan, M. V.; 
Drasar, B. S. An Ultrastructural Study of the Phagocytosis of 
Burkholderia pseudomallei.  Microbios 1998, 94, 35-45.  

57. Chin, C. Y.; Monack, D. M.; Nathan, S. Genome Wide 
Transcriptome Profiling of a Murine Acute Melioidosis 
Model Reveals New Insights into How Burkholderia 
pseudomallei Overcomes Host Innate Immunity. BMC 
Genomics 2010, 11, 672-685 

 58. Wongprompitak, P.; Sirisinha, S.; Chaiyaroj, S. C. 
Differential Gene Expression Profiles of Lung Epithelial Cells 
Exposed to Burkholderia pseudomallei and Burkholderia 

thailandensis during the Initial Phase of Infection. Asian Pac. 
J. Allergy  Immunol. 2008, 26, 59-70.  

 


	References

