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Abstract. Burkholderia pseudomallei, a gram-negative bacterium, is the causative 
agent of melioidosis. One of the important virulence properties of this bacteria is 
its ability to form a biofilm. Genes involved in biofilm formation in B. pseudomal-
lei have not been thoroughly studied. In this study, Tn5-OT182 mutagenesis was 
used to isolate of B. pseudomallei strain A2 mutants unable to produce biofilm. Ten 
biofilm-defective transposon mutants were isolated and analyzed. Flanking DNA 
from each transposon mutant were self-cloned and sequenced, then the sequences 
were analyzed with the BLAST program. To confirm these genes are involved in 
biofilm formation, we constructed three gene deletion mutants marked with a 
tetracycline resistance gene. The constructed tetr-marked deletion mutants were 
checked for correct structure and size by polymerase chain reaction. When sub-
jected to biofilm assay, all tested tetr-marked deletion mutants were still able to 
produce biofilm, indicating the three genes are not involved in biofilm formation. 
These results suggest integration of Tn5-OT182 in genes not involved in biofilm 
production can render B. pseudomallei unable to produce biofilm by an unknown 
mechanism. This information demonstrates Tn5-OT182 is not a reliable tool for 
identifying genes involved in biofilm formation unless a confirmatory experiment 
is carried out in parallel.
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INTRODUCTION

Burkholderia pseudomallei is a faculta-
tive intracellular gram-negative bacillus 

that causes melioidosis, a potentially fatal 
disease in humans and animals. The dis-
ease is endemic in Southeast Asia, north-
eastern Thailand and northern Australia, 
but sporadic cases have also been reported 
from other regions of the world (Wiersinga 
et al, 2006). At present, there is no effective 
vaccine against melioidosis and antibiotic 
treatment is not fully effective, with re-
lapses despite long courses of drug therapy 
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(Cheng and Currie, 2005). B. pseudomallei 
produces several putative virulence factors 
involved in pathogenesis. These include 
lipopolysaccharides, a capsule, flagella, 
pili, a type III secretion system, phospho-
lipase C and several other toxins (Galyov 
et al, 2010). The pathogenetic mechanism 
of this disease remains to be elucidated in 
order to understand this complex infection.

B. pseudomallei has been reported to 
grow in microcolonies and biofilms; B. 
pseudomallei biofilm cells are more resis-
tant to antibiotics (Vorachit et al, 1993, 
1995), resulting in failure of treatment. The 
high relapse rate of melioidosis has been 
hypothesized to be due to reactivation of 
biofilm cells present in undefined sites. 
The understanding of genes and factors 
responsible for biofilm development in this 
pathogen could lead to better management 
of melioidiosis. Several genes and one 
operon involved in biofilm formation by 
B. pseudomallei have been reported. These 
include the polyphosphate kinase gene 
(Tunpiboonsak et al, 2010) and the cdpA 
(Lee et al, 2010) and rpoE operons (Korbsris-
ate et al, 2005).

The transposon Tn5-OT182, 10,705 bp 
in length, is well characterized genetically 
and has many useful attributes that make 
it a valuable genetic tool for use with B. 
pseudomallei (Deshazer and Woods, 1999). 
It integrates randomly into the genome of 
B. pseudomallei. It contains a tetracycline 
resistance gene which is a useful selective 
marker in this organism. However, the 
most useful attribute of this transposon 
is the ability to self-clone the DNA im-
mediately flanking the site of Tn5-OT182 
integration (Merriman and Lamont, 1993). 
Tn5-OT182 has been used to identify and 
characterize B. pseudomallei mutants de-
fective in motility (DeShazer et al, 1997), 
serum resistance (Deshazer and Woods, 
1999), invasion and secretion of exopro- 

ducts (Deshazer and Woods, 1999). The 
present study used Tn5-OT182 to identify 
and characterize genes that are responsible 
for biofilm development in B. pseudomallei.

MATERIALS AND METHODS

Bacterial strains, media and growth con-
ditions

Wild-type B. pseudomallei strain A2 
isolated from a melioidosis patient at Sri-
nakarind Hospital, Khon Kaen, Thailand 
was used in this study. B. pseudomallei and 
Escherichai coli were cultured in Luria-
Bertani (LB) broth or on agar plate at 37ºC. 
For conjugation method, B. pseudomallei 
and E. coli were grown in 2YT broth or on 
2YT agar. When appropriate, antibiotics 
were added at the following final con-
centrations: tetracycline (Tc), 30 mg/ml; 
streptomycin (Sm), 300 mg/ml.
Construction of transposon-mediated bio-
film mutants of B. pseudomallei 

In this study, the transposon Tn5-
OT182 was used to generate transposon 
mutants of B. pseudomallei strain A2 as 
previously described (Taweechaisupapong  
et al, 2005). Briefly, E. coli SM10 (pOT182) 
was cultured on 2YT agar containing 30 
mg/ml of tetracycline and grown at 37ºC for 
18 hours. B. pseudomallei A2 was also grown 
under these conditions but on 2YT agar 
containing 300 mg/ml of streptomycin. One 
loopful of the donor strain was mixed with 
two loopfuls of the recipient strain onto 
2YT agar and then the cocultures were incu-
bated at 37ºC for 6 hours. After incubation,  
the cells were scraped and resuspended in 
2 ml of 2YT broth. One hundred and fifty 
microliters of mating mixture were spread 
onto 2YT agar containing 30 mg/ml of tet-
racycline and 300 mg/ml of streptomycin. 
Tetracycline- and streptomycin-resistant 
transconjugants were identified after in-
cubation at 37ºC for 24-48 hours. 
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Screening for loss of biofilm formation
The Tn5-OT182 mutants of B. pseu-

domallei were screened for loss of biofilm 
forming ability by a modified microtiter-
plate technique as previously described 
(Taweechaisupapong et al, 2005).
Southern hybridization

For Southern hybridization of biofilm-
defective transposon mutants, EcoRI di-
gests of genomic DNA from B. pseudomallei 
A2 and biofilm mutants were transferred 
to Biodyne B membrane (Pall Life Scienecs, 
AnnArbor, MI), and hybridization was 
performed at 60ºC according to the manu-
facturer’s recommendations. The approxi-
mately 4.5 kb NdeI/XhoI fragment from 
pOT182 was used as a probe and labeled 
with digoxigenin (DIG). After hybridiza-
tion, the membrane was developed by 
enzyme immunoassay using a DIG High 
Prime DNA Labeling and Detection Starter 
Kit I (Roche Diagnostics, Indianapolis, IN).

For Southern hybridization of tetra-

cycline resistance gene (tetr)-marked gene 
deletion mutants, genomic DNA from the 
deletion mutant DM1999, DM3275 and 
DM2589 were digested with ClaI, NcoI/
ApaLI, and BlpI, respectively. The trans-
ferred membranes were hybridized with 
tetA gene probe at 50ºC and the membrane 
was developed as previously described 
(Taweechaisupapong et al, 2005).

RESULTS

A total of 3,300 transposon mutants 
were screened for loss of biofilm forma-
tion by a modified microtiter-plate test 
(Stepanovic et al, 2000) and 10 stable 
biofilm-defective transposon mutants were 
isolated. On Southern blot analysis, each 
of the ten biofilm-defective transposon 
mutants contained a single copy of Tn5-
OT182 integrated at different locations. 
The DNA immediately flanking the site 
of integration in each biofilm mutant was 
self-cloned and sequenced; each sequence 

Biofilm  Integration site Location of gene Putative function
mutant

TM1999 BPSS1999 Chromosome 2 Putative transport related, membrane 
   protein or iron permease, FTR1 family
TM0960 BPSS0960 Chromosome 2 Putative Rhs-related membrane protein 
TM1993u Upstream of BPSS1993 Chromosome 2 Not applicable
TM1994u Upstream of BPSS1994 Chromosome 2 Not applicable
TM2704 BPSL2704 Chromosome 1 Putative OmpW-family exported protein
TM3116 BPSL3116 Chromosome 1 Insertion element hypothetical protein
TM3275 BPSL3275 Chromosome 1 Putative methylase or tetrapyrrole 
   methylase family protein
TM0275 BPSL0275 Chromosome 1 Flagellar basal-body rod protein
TM2589 BPSL2589 Chromosome 1 Putative lipoprotein or TonB domain 
   protein
TM2525 BPSL2525 Chromosome 1 Conserved hypothetical protein or 
   phospholipid N-methyltransferase (PmtA)

Table 1
Biofilm mutants of B. pseudomallei strain A2 and sites of transposon integration 

identified in each biofilm mutant.
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was analyzed with BLASTN and BLASTX 
databases (Table 1). 

Transposon is known to have polar 
effects on downstream genes. Therefore, 
a gene integrated by Tn5-OT182 shows 
a different phenotype when this gene is 
disrupted by a different marker, such as 
an antibiotic resistance gene. To confirm 
the genes integrated by Tn5-OT182 in 
biofilm-defective mutants were involved 
in biofilm formation, we constructed three 
tetracycline resistance gene (tetr)-marked 
gene deletion mutants with three selected 
genes containing integration sites inside 
the gene. Briefly, BPSS1999, BPSL3275, and 
BPSL2589 were amplified by polymerase 
chain reaction; each with two sets of prim-
ers designed to generate an internal dele-
tion of each gene. The two amplified frag-
ments were digested, ligated and cloned 
into pDM4, a suicide vector (Milton et al, 
1996). Then, a tetr cassette was cloned into 
a unique site inside each mutated gene and 
the correct recombinant plasmid contain-
ing the tetr-marked gene was introduced 
into B. pseudomallei strain A2 and strain 
K96243 (K9 for short) by conjugation. 
Three correct tetr-marked gene deletion 
mutants (DM) from strain A2 (designated 
DM1999A2, DM3275A2 and DM2589A2) 
and three deletion mutants from strain K9 
(designated DM1999K9, DM3275K9 and 
DM2589K9), confirmed by PCR, DNA 
sequencing and Southern hybridization, 
were isolated. Each mutant represented a 
deletion mutant derivative of BPSS1999, 
BPSL3275, and BPSL2589, respectively. 
Surprisingly, when assessed for biofilm 
formation, all six deletion mutants were 
still able to form biofilm comparable to 
those seen for the wild types (Fig 1).

DISCUSSION

Tn5-OT182 has been used to identify 

genes involved in biofilm development in 
B. pseudomallei strain H777 (Taweechaisu-
papong et al, 2005). Both mutants (M6 and 
M10) are still virulent in a mouse model 
leading to the conclusion that virulence 
of B. pseudomallei does not correlate with 
biofilm formation. However, the authors 
have not confirmed that both genes (in M6 
and M10) integrated by the transposon are 
involved in biofilm formation.  The results 
from the present study indicate that the 
gene integrated by Tn5-OT182 may not be 
involved in biofilm formation as suggested 
by the phenotype of the corresponding 
biofilm-defective transposon mutant. The 
results also suggest that integration of 
Tn5-OT182 in genes not involved in bio-
film production can render B. pseudomallei 
unable to produce biofilm by unknown 
mechanisms. We could not confirm the 

Fig 1–Biofilm formation by B. pseudomallei 
wild types (A2 and K9), three Tn5-OT182 
mutants (TM) and three deletion mutants 
(DM) of A2 and K9 as measured by a 
modified microtiter-plate test. Crystal 
violet was used to quantitate biofilm 
formation as previously described (Stepa-
novic et al, 2000). The bars indicate means 
± standard error of the three experiments.
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other genes because they were either too 
big or the integration site was outside the 
gene, as found in biofilm mutants TM1993u 
and TM1994u (Table 1). These data dem-
onstrate that Tn5-OT182 is not a reliable 
tool for use to identify genes involved in 
biofilm formation unless a confirmation 
experiment is carried out in parallel.

ACKNOWLEDGEMENTS

This work was supported by the Thai 
Government Scholarship for University 
Staff Development Program, by The Com-
mission on Higher Education, Thailand, 
and by The Faculty of Graduate School, 
Khon Kaen University. The authors wish 
to thank Prof Ben Adler for kindly provid-
ing the plasmid pDM4 and we gratefully 
acknowledge the valuable academic assis-
tance of Dr Meabh Cullinane of the Depart-
ment of Microbiology, Monash University, 
Australia.

REFERENCES

Cheng AC, Currie BJ. Melioidosis: epidemio- 
logy, pathophysiology, and management. 
Clin Microbiol Rev 2005; 18: 383-416.

DeShazer D, Brett PJ, Carlyon R, Woods DE. 
Mutagenesis of Burkholderia pseudomal-
lei with Tn5-OT182: isolation of motility 
mutants and molecular characterization 
of the flagellin structural gene. J Bacteriol 
1997; 179: 2116-25.

DeShazer D, Woods DE. Pathogenesis of 
melioidosis: use of Tn5-OT182 to study the 
molecular basis of Burkholderia pseudomal-
lei virulence. J Infect Dis Antimicrob Agents 
1999; 16: 91-6.

Galyov EE, Brett PJ, DeShazer D. Molecular 
insights into Burkholderia pseudomallei and 
Burkholderia mallei pathogenesis. Annu Rev 
Microbiol 2010; 64: 495-517.

Korbsrisate S, Vanaporn M, Kerdsuk P, et al. 

The Burkholderia pseudomallei RpoE (AlgU) 
operon is involved in environmental stress 
tolerance and biofilm formation. FEMS 
Microbiol Lett 2005; 252: 243-9.

Lee HS, Gu F, Ching SM, Lam Y, Chua KL. 
CdpA is a Burkholderia pseudomallei cyclic 
di-GMP phosphodiesterase involved in 
autoaggregation, flagellum synthesis, mo-
tility, biofilm formation, cell invasion, and 
cytotoxicity. Infect Immun 2010; 78: 1832-40.

Merriman TR, Lamont IL. Construction and 
use of a self-cloning promoter probe vec-
tor for gram-negative bacteria. Gene 1993; 
126: 17-23.

Milton DL, O’Toole R, Horstedt P, Wolf-Watz 
H. Flagellin A is essential for the virulence 
of Vibrio anguillarum. J Bacteriol 1996; 178: 
1310-9.

Stepanovic S, Vukovic D, Dakic I, Savic B, 
Svabic-Vlahovic M. A modified microtiter-
plate test for quantification of staphylococ-
cal biofilm formation. J Microbiol Methods 
2000; 40: 175-9.

Taweechaisupapong S, Kaewpa C, Arunyanart 
C, et al. Virulence of Burkholderia pseudomal-
lei does not correlate with biofilm forma-
tion. Microb Pathog 2005; 39: 77-85.

Tunpiboonsak S, Mongkolrob R, Kitudomsub 
K, et al. Role of a Burkholderia pseudomal-
lei polyphosphate kinase in an oxidative 
stress response, motilities, and biofilm 
formation. J Microbiol (Seoul, Korea) 2010; 
48: 63-70.

Vorachit M, Lam K, Jayanetra P, Costerton JW. 
Resistance of Pseudomonas pseudomallei 
growing as a biofilm on silastic discs to cef-
tazidime and co-trimoxazole. Antimicrob 
Agents Chemother 1993; 37: 2000-2.

Vorachit M, Lam K, Jayanetra P, Costerton JW. 
Electron microscopy study of the mode of 
growth of Pseudomonas pseudomallei in vitro 
and in vivo. J Trop Med Hyg 1995; 98: 379-91.

Wiersinga WJ, van der Poll T, White NJ, Day NP, 
Peacock SJ. Melioidosis: insights into the 
pathogenicity of Burkholderia pseudomallei. 
Nat Rev Microbiol 2006; 4: 272-82.


