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The Bth_i0249 Regulates Burkholderia thailandensis
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ABSTRACT

Biofilm forming bacteria are a structured community of microorganisms enclosed in a self-produced
polymatrix. Biofilm forming bacteria are responsible for a variety of chronic infections. Burkholderia
pseudomallei’is a causative agent of a broad spectrum of clinical symptoms collectively known as melioidosis.
Biofilm formation and maturation in Burkholderia subspecies is poorly defined. Burkholderia thailandensis is a
closely related subspecies to B. pseudomallei. Because of the broad similarities between these two bacteria,
B. thailandensis is sometimes used as a model for study of B. pseudomallei. The aim of this study was to
investigate the B. thailandensis biofilms phenotype in static and shear conditions using confocal laser scanning
microscopy (CLSM). It was demonstrated that B. thailandensis was able to form mature biofilms over 96 hours
that expressed multiple three-dimensional biofilm structures under both static and laminar-shear conditions.
Using the microarray data from other Gram-negative bacteria that exhibited differential expression in biofilms
as compared with free-living cells it was possible identify a candidate bth 0249 gene of the YcgR protein
superfamily of proteins that contains the PilZ conserved domain of B. thailandensis that plays a role in biofilm
formation. Both the 4bth 10249 and its conserved domain, 4bth pilZ mutants, significantly reduced biofilm
production both in static and laminar-shear conditions. Taken together, the bth 10249 and its conserved

domain, pilZ, are involved in biofilm formation.
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Introduction

Bacterial colonization is initiated with freely suspended or planktonic cells that subsequently
develop into a complex group of organisms encased in a polymeric matrix [1-2]. Biofilm formation is a
response to environmental factors, such as a low nutritional source, oxidative stress, or exposure to sub-
inhibitory concentrations of antimicrobial agents. Previous studies have shown that biofilms are dynamic
with a biological cycle that includes; initiation, maturation, maintenance and dissolution with cells in
the biofilms returning to a planktonic lifestyle [3]. Additionally, biofilms possess several characteristics
that are considered to be involved in many chronic infections. Importantly, more than 80% of chronic
bacterial infections are associated with biofilms [4]. For example, biofilms have significantly higher
resistance to antimicrobial agents and the host immune systems than their planktonic counterparts [4-5].

Cyclic-dimeric guanosine monophosphate (c-di-GMP) is a bacterial second messenger known to
regulate a variety of cellular processes controlling biofilm formation, motility, production of extracellular
polysaccharides and multicellular behavior in diverse bacteria. It has emerged as a conserved bacterial
intracellular second messenger. It is synthesized by proteins with diguanylate cyclase activity with a
characteristic GGDEF motif. Degradation of cyclic di-GMP is affected by phosphodiesterase activity. The
PilZ (“pills’) domain (Pfam domain PFO7238), enterobacterial YcgR, firmicute YpfA families, and other
proteins in the bacterial genomes are part of the c-di-GMP-binding proteins. Association of these domains
could provide clues to multiple functions of the c-di-GMP in bacterial development. YcgR bound to c-
di-GMP stimulates YcgR to interact with the flagella and thus promotes the motile-to-sessile transition.
The role of c-di-GMP, PilZ domain and YcgR in biofilm formation has been reported in several bacteria [6].

Burkholderia thailandensis is a Gram-negative bacillus that is found naturally in soil and water.
It rarely causes disease in humans or animals. It has been described by Brett et al. [7]. It is subspecies a
closely related to B. pseudomallei, a bacterial pathogen responsible for melioidosis, a fatal infectious
disease. Due to the broad similarities between these two bacteria, B. thailandensis is sometimes used
as a model for study of B. pseudomallei biofilms growing as it does not require biosafety category 3
facilities which makes it easier to work. The biofilm production ability was found varied but not related
to virulence [8]. Interestingly, biofilms are one of the important candidate mechanisms for antibiotic
resistance in various bacteria including B. pseudomallei. Several reports demonstrated the

B. pseudomallei biofilm, although the gene(s) that control the biofilm formation are still unknown.

Objectives of the study

The aims were to study B. thailandensis as a model for investigate biofilm formation,
development, and maintenance over time under static and laminar-shear conditions. In addition, using
the microarray data from other Gram-negative bacteria that exhibited differential expressions of biofilms,
as compared to free-living cells, to identify a candidate bth 0249 gene of the YcgR protein superfamily

proteins containing the PilZ conserved domain of B. thailandensis that plays a role in biofilm formation.
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The flow cell system in conjunction with a confocal laser scanning microscope (CLSM), enabled the
detailed study of the growth of biofilms over a number of days, with the ability to control parameters
such as growth, medium composition and flow rate. The CLSM combined with an appropriate staining
method observed biofilm maturation. The understanding of biofilm formation process can describe an

association between biofilm formation and antimicrobial resistance.

Methodology

1. Bacterial isolates

B. thailandensis strains E264 and UE5 [7] were isolated from the environment of the northeast of
Thailand. The Escherichia coli mobilizer strain RHO3 was used as the donor host cells for B. thailandensis
conjugation. E. coli DH5a was used for general DNA cloning and mutant constructions.

2. Validation of gene expression by End-point RT-PCR

To confirm the expression of B. thailandensis bth_i0249 in biofilm and planktonic forms, RT-PCR was
used to amplify bth 0249 mRNA extracted when B. thailandensis E264 was grown in either planktonic or
biofilm conditions. For planktonic growth condition, the bacteria were cultured in LB broth at 37°C with 200
rpm agitation using Shaker Incubator (New Brunswick, Eppendorf, Germany) for 18 h to reach the mid-log state.
For biofilm growth conditions, the bacteria were grown in 24-well plates at 37°C under static conditions using
modified Vogel and Bonner's medium (MVBM), representing 48-h biofilm bacteria. Total RNA was extracted
from planktonic and biofilm samples using TRIZOL reagent (Invitrogen, USA). To remove contaminated genomic
DNA from RNA samples, 2 U of RNase-Free DNase (Promega, Madison, WI) in a final volume of 20 uL was used.
Total RNA samples were reverse transcribed into cDNA first strand using Moloney Murine Leukemia Virus (M-
MLV) Reverse Transcriptase (RT) (Invitrogen, USA) with random primers. An aliquot of the first strand cDNA was
then amplified with RTBT0249-F and RTBT0249-R primers (Table 1). The amplification reactions were performed
for 35 cycles with the PCR profiles of 1 minute denaturation at 95°C, annealing at 55°C for 30 second, and
extension at 72°C for 1 minute. The 16S rRNA gene was used as an internal control.

To measure gene expression levels, 10 pL of each PCR product was electrophoresed on 1% agarose
gel, stained with ethidium bromide, and observed under a gel documentation (Syngene, USA). The density of
the PCR product bands was analyzed using ImagelJ, a Java-based image analysis program.

3. Construction of Abth_i0249 and its conserved domain, the PilZ mutants

Clean deletions were generated in these genes using the I-Scel- and sacB-based allele replacement
strategies in the combination of £. coli mobilizer strains RHO3 and pEXKm5. The fragment mutagenesis method
described by Lopez et al. [9] was employed to generate 4bth 10249 and its conserved domain, the pilZ
defective mutants in B. thailandensis strain E264. The B. thailandensis strain E264 bth 10249 and its pilZ
sequences were obtained from the GenBank. PCR primers (Table 1 and Figure 1A) corresponding to 5’
(BTH_10249-F1 and BTH _10249-R1) and 3" fragments (BTH_10249-F2 and BTH 10249-R2) of bth 0249 and 5’
(PilZ_BT0249-F1 and PilZ_BT0249-R1) and 3" fragments (PilZ BT0249-F2 and PilZ BT0249-R2) of pilZ were
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designed using Primer-BLAST (http://www.nebi.nlm.nih.gov/ tools/ primer-blast). The primer sequences and

product sizes are shown in Table 1. Forward primers amplifying the 3" fragments of these genes (bth 0249
and pil2) were designed to have an oligonucleotide tail homologous to the 3" ends of 5 fragments. The 5" and
3" fragments of each gene were joined by PCR using BTH 10249-F1 and BTH_10249-R2 or PilZ_BT0249-F1and
Pilz_BT0249-R2 primers, which was facilitated by a tail on the 3" forward primer to give a new PCR product
with a deletion region between BTH_10249-R1 and BTH_10249-F2 or between PilZ_BT0249-R1 and PilZ_BT0249-
F2. These mutant constructs were cloned into pGEM®T-Easy of £. coli DH5a. White colonies were selected
using B- galactosidase indicator medium containing 50 pg/ ml 5- bromo- 4- chloro- 3- indolyl- B- D-
galactopyranoside (X-Gal) (Promega, WI, USA) plates containing 100 ug/ml ampicillin. Colonies containing the
desired plasmids were analyzed by PCR using primers flanking the mutant alleles, BTH 10249-F1 and
BTH 10249- R2 or PilZ BT0249-F1 and PilZ BT0249- R2. The products were confirmed by agarose gel
electrophoresis and verified by DNA sequencing. The unmarked knockout cassettes assembled by PCR that
contained deletions in the bth 10249 and PilZ domains were cloned into the non-replicative plasmid, pEXKm5
[9]. The pEXKm5-mutant allele constructs were transformed into £. coli DH5a. Plasmids were extracted and
checked by PCR with primers BTH 10249-F1 and BTH 10249-R2 or PilZ_BT0249-Fland PilZ BT0249-R2 for the
correct product sizes of target gene constructs. The pEXKm5-mutant plasmids were then transformed into E.
coli RHO3 and delivered to the host B. thailandensis strain E264 by conjugation as previously described [9],
resulting in integration of the allelic replacement constructs into the B. thailandensis chromosome by
homologous recombination between cloned and chromosomal sequences. The merodiploid clones visualized
as blue colonies on LB agar containing 1000 ug/ml kanamycin and 50 pg/ml 5-bromo-4-chloro-3-indolyl-B-D-
glucuronide (X-Gluc) were selected for PCR with primers flanking the mutant alleles, BTH 10249-F1 and
BTH_10249-R2 or PilZ_BT0249-Fland PilZ_BT0249-R2 (Figure 1 and Table 1). For merodiploid resolution, clones
were streaked onto yeast extract tryptone (YT) agar (Yeast extract and tryptone, BD; agar, Oxoid) containing
15% sucrose and 50 pg/ml X-Gluc and incubated at 25°C for 72 h. White colonies growing on X-Gluc-containing
medium (YT-sucrose-X-Gluc plate) were selected and purified by streaking on the same medium and incubated
as described above. Merodiploid resolution leads to formation of either a wild type or a mutant strain, which
were distinguished by using PCR primer sets flanking the mutant deletion alleles primers (BTH 10249-F1 and
BTH_10249-R2 or PilZ_BT0249-Fland PilZ_BT0249-R2) and the oriT pEXKm5 plasmid backbone sequences. In
contrast to B. thailandensis E264, Abth 0249 and Abth pilZ mutants yielded smaller DNA fragments of the
deleted region and did not yield oriT associated PCR products. Neither the mutants nor the wild type strains
grew on LB agar supplemented with 1000 pg/ml kanamycin.


http://www.ncbi.nlm.nih.gov/%20tools/%20primer-blast
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Table 1 Olisonucleotides used in this study

corresponding Source of

Primers Nucleotide sequences (5’ to 3’)

gene reference
RTBT0249-F TTGCGCAACCTCGTCA bth_i0249 this study
RTBT0249-R ACGAGTTGCAGGTCGA bth i0249 this study
BTH 10249-F1 TCGAAGATGTACACGTCGATG Upstream of this study
BTH 10249-R1 GCGCCGCGCETTTCGGGCTTGCCGETATTTTATC bth_i0249 this study

BTH 10249-F2 GATAAAATACCGGCAAGCCCGAAACGCGCGGCGC Downstream of this study

BTH 10249-R2 TGAGCTGCGAATTCACGCTC bth i0249 this study
PilZ BT0249-F1  GAACAGTCGACGAGTCCGCCCGC Upstream of PilZ  this study
PilZ BT0249-R1  GCCCGTGCGCAGCCCCAGCTGCACGCAGTACAGCAC  domain this study

PilZ BT0249-F2  GTGCTGTACTGCGTGCAGCTGGGGCTGCGCACGGGC Downstream of this study

PilZ BT0249-R2  CGCGAGTTGCCGGCGCTTCATCT PilZ domain this study

4. Quantification of Biofilm Formation

A modified microtiter plate test was used to determine the biofilm-forming capacity of all
isolates as previously described [8]. A single colony of B. thailandesis E264 or UE5, grown on a nutrient
agar (NA) plate, was inoculated into a sterile tube containing 1 ml of modified Vogel and Bonner's
medium (MVBM) and grown overnight at 37°C in a 200-rpm shaker incubator (Innova™, New Brunswick
Scientific, NJ, USA) and used as an inoculum. Thereafter, an MVBM tube was inoculated with 2%
inoculum (v/v) for 18 h. The 18 h-broth cultures of each bacterial strain were adjusted to give an optical
density (OD) at 540 nm of 0.8-0.9 in fresh medium. Two hundred microliters of each bacterial suspension
were added into 8 wells of a sterile 96-well flat-bottomed plastic tissue culture plate (Nunclon™,
Roskilde, Denmark). Wells containing only the medium served as the negative controls. The plates were

incubated aerobically at 37°C for 3 h to allow adhesion. Thereafter, the supernatant fluid of each well
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was aspirated gently to remove non-adherent bacteria and replaced with 200 pl of fresh MVBM. After
incubation at 37°C for an additional 21 h, the non-adherent bacteria were again removed and the wells
containing adherent bacteria were washed with 200 pl of sterilized deionized water and fresh medium
was added once more. After incubation for an additional 24 h, the supernatant was again removed, and
the wells were finally washed three times with 200 pl of sterile deionized water. The attached bacteria,
representing a 2-day biofilm culture were fixed with 200 pl of 99% methanol for 15 min and allowed to
dry at room temperature. The plates were stained for 5 min with 200 ul of 2% crystal violet. The
unbound stain was removed with running tap water. The plates were air dried and the crystal violet in
each well was solubilized by adding 200 pl of 33% (v/v) glacial acetic acid. The plates were read at 630
nm using a microplate reader. The ability of each isolate to produce biofilm was determined twice and
the results reported are the average from three independent experiments.

5. Biofilm formation in static conditions

For characterization of static biofilm phenotypes in B. thailandensis, the method previously
described by Taweechaisupapong et al. [8] was employed with some modification. The 18 h-broth
cultures of each bacterial strain were adjusted to give an OD at 540 nm of 0.8-0.9 in fresh medium and
2 ml of cultures were transferred onto glass cover slips (22 by 22 mm) and submerged horizontally in a
six-well plate (Greiner bio-one, Frickenhausen, Germany). The plates were incubated aerobically at 37°C
for 3 h to allow adhesion. Thereafter, the supernatant fluid of each well was aspirated gently to remove
non-adherent bacteria and replaced with 2 ml of fresh MVBM. After incubation at 37°C for an additional
21 h, the non-adherent bacteria were again removed and the wells containing adherent bacteria were
washed with 2 ml of sterilized deionized water and fresh medium was added once more. After
incubation for an additional 24 h, the medium was removed by aspiration and the wells were washed
three times with 2 ml of sterile deionized water to remove non-adherent cells. The attached bacteria,
representing 2-day biofilm cultures were maintained under static conditions.

6. Biofilm formation in dynamic flow cell conditions

A single B. thailandensis colony was inoculated in a sterile tube containing 1 ml of MVBM and
incubated overnight at 37°C in a 220-rpm shaker incubator and used as inoculum. Six ml of 2% (v/v)
inoculum from the overnight culture were incubated at 37°C with 220 rpm shaking for 18 h. The cultures
of each bacterial strain were adjusted to give an OD at 540 nm of 0.8-0.9 in fresh medium. Five ml of
each bacterial culture were aseptically injected into each flow channel. The flow system was assembled
and prepared as described previously [10-12]; biofilms were grown in individual 1 mm square glass
tubing (0.15 mm wall), supplied with a flow of 3 ml/h with 10% MVBM. After inoculation, bacterial cells
were first allowed to initiate attachment to the cell surface for 30 min. Subsequently, flow was then
applied and maintained at a constant rate of 3 ml/h using a MasterFlex® pump set (Cole-Parmer, USA).

B. thailandensis biofilm formation was monitored at 24, 48, 72 and 96 h under laminar shear conditions.
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7. Microscopy and image acquisition

The images of static biofilms were carried out as previously described [13]. B. thailandensis
biofilms were statically grown on glass cover slips on the bottom of six-well microtiter plates, then the
cover slips were transferred and fixed in glutaraldehyde. In preparation for microscopy, 1 ml SYTO9/P!
(Live/Dead BacLight Bacterial Viability Kits; Invitrogen, USA) was added to the 24 h and 48 h-biofilms;
plates were then covered with aluminum foil and incubated for 30 min at room temperature.

For the flow cell studies, the Live/Dead BacLight Bacterial Viability Kits (Invitrogen, USA) were
used to stain biofilms in the flow cells (3 ul SYTO 9 and 3 ul Propidium iodide (PI) in 1ml 1x PBS buffer).
One ml SYTOY/PI was applied to each channel using sterile 1 ml syringes with 26% gauge needles.
Biofilms were stained for 30 min while covered with aluminum foil at room temperature. The stained
biofilms were observed under a Zeiss LSM 510 Meta confocal microscope and the 3D structure images
were analyzed with LSM Image Browser software (Carl Zeiss, Jena, Germany).

8. Statistical analysis

The statistical significance of the biofilm mass thickness data, the thickness of biofilm masses
of wild-type and mutant strains were compared by the Student’s t test. The data were compared at

each time point and P < 0.05 was considered to be significant.

Results

1. Identification and mutagenesis of the 4bth 0249 gene and the pilZ conserved domains of

B. thailandensis

Candidate genes suspected to play a role in biofilm formation in B. thailandensis genomes were
identified based on the microarray data from other Gram-negative bacteria that exhibited differential
expressions in biofilms, as compared with free-living cells. To identify genes of B. thailandensis,
bioinformatics analysis was targeted on hypothetical genes or operons of suspected biofilm related
genes. Using these criteria, bth 10249 genes of B. thailandensis showed the highest homology scores.
This might provide significant evidence of this gene being involved in biofilm formation. The bth 0249
is annotated as a YcgR protein superfamily protein similar to the YcgR protein of E. coli, which acts as a
flagellar brake, regulating swimming and swarming motility. Analysis of the B. pseudomallei and
B. thailandensis genomes identified an ortholog of ycgR in both B. thailandensis (bth i0249) and
B. pseudomallei (bpsl0279) that shared 100% homology. They were 100% homologous on the protein
level. A confirmation of expression of the gene during growth and during biofilm formation in
B. thailandensis was performed using end-point RT-PCR.  The results found that bth 0249 expression
was expressed higher in biofilms compared to planktonic cells (Figure 1D). To determine if bth 0249
played a role in biofilm formation, deletion constructs of the bth 10249 and pilZ domain were created.
The presence of deleted bth 10249 gene and pilZ domains were verified by PCR, as shown in Figure 1

and sequence analysis (Supporting Information S1-S2).
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Figure 1 Gene organization and PCR analysis of the bth 10249 of B. thailandensis E264 and its mutants.
(A) Primer binding sites are indicated by arrows. Highlights in gray color indicate the extent of
DNA deleted in the 4bth_i0249 mutants (see Supporting Information S1). PCR analysis of selected
B. thailandensis Abth 10249 mutant strains. PCR was performed on boiled colony preparations
with primers flanking the mutant alleles BTH 10249-F1 and BTH 10249-R2 (Supporting
Information S1). (B) PCR products from B. thailandensis wild type genomic DNA (lane 1) or
Abth_i0249 B. thailandensis mutants (lanes 2-6) were separated by agarose gel and stained with
ethidium bromide. (C) For PCR analysis of selected 4bth pilZ mutant strains, PCR was done
using primers flanking the mutant alleles (PilZ_BT0249-F1 and PilZ BT0249-R2) (Supporting
Information S2). PCR products from B. thailandensis wild type genomic DNA (lane 7) or
Abth pilZz mutants (lanes 2-6) were separated by agarose gel. (D) End-point RT-PCR of cDNA
from biofilm (lane 1, 4) and planktonic (lane 2, 5) cells of B. thailandensis E264. Lanes
3 is negative control. The primers designed for amplification of 16s rRNA were used as an internal

control for gene expression control (lane 4, 5). Lane M is 100 bp DNA Ladder.
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2. B. thailandensis Abth_i0249 and Abth pilZ mutants were reduced in biofilm formation

under static conditions

The 4bth i0249 and its conserved domains, 4bth_pilZ mutants, were constructed and these
two deletion strains grew similarly compared with their wild type counterparts (Supporting Information
S3). Using the 4bth i0249 and its conserved domain, the 4bth pilZ mutants, their ability to form biofilms
under static growth conditions was assayed. Static biofilms were grown using microplates. Both the
Abth 0249 and its conserved domain, 4bth pilZ mutants, showed an approximately 90% (P > 0.05)
(OD 630 nm, 0.142 +0.03) reduction in biofilm production, as compared to the wild type (OD 630 nm,
1.423 +0.56) (Figure 2A). As shown in Figure 2B, neither mutant was able to initiate attachment to the

glass cover slip when grown under static conditions.
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g 0.4 * *
i I
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Wildtype UE5 Abth_i0249 Abth_pilZ

B Wild type 48 h Abth_i0249 48 h Abth_pilZ 48 h)

Figure 2 Biofilm-forming capacity of B. thailandensis wild type, Abth_i0249 and Abth_p/’lZ mutant strains.
(A) The ability of each isolate to produce biofilms was determined twice and the results reported are
the average. Data represents mean+SD of 3 independent experiments. The asterisks (*) indicate
significantly different (P<0.05) compared to the wild type control. (B) Biofilm formation of B.
thailandensis wild type and Abth 10249 and Abth pilZ mutant strains under static conditions by
confocal microscopy. The 18 hour-broth cultures were diluted to give an OD at 540 nm of 0.8 - 0.9 in
fresh medium and 2 ml of cultures were transferred to glass cover slips submerged in six-well plates.
The plates were incubated at 37°C, under static conditions for 48 hours. Modified Vogel and Bonner's
medium (MVBM) was replaced on each plate every 24 h. The attached bacteria, representing a 2-day

biofilm culture under static conditions were analyzed by confocal microscopy (Zeiss, Jena, Germany).
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3. B. thailandensis Abth_i0249 and Abth_pilZ mutants were reduced in biofilm formation

under laminar shear conditions

Using laminar shear flow cell conditions, the ability of B. thailandensis to form biofilms was
determined. B. thailandensis was grown in a flow cell and biofilm formation was characterized over
time (12-96 hours) using confocal microscopy. By 24 hours, microcolony formation was observed
throughout the flow cell surface, with colonies sizes 10-20 um (Figure 3A). No attached cells were
observed at 12 hours (data not shown). After 48 hours of biofilm formation, macrocolony formation was
observed, as shown in Figure 3A. A phenotypic switch was clearly observed at 72 hours with the larger
macrocolonies being replaced with a mix of small and large cell clusters indicating biofilm maturation.
Following mature biofilm formation, biofilm detachment was observed after 96 hours of incubation. In
contrast to static conditions, biofilms grown in flow-thought medium conditions exhibited rough curved
structures and covered all of the surfaces.

For the 4bth 0249 and its conserved domain, the 4bth_pilZ mutants, biofilm formations, both
micro- and macrocolonies, were delayed (Figure 3B). After 48 hours, microcolonies (10 pm) and small
macrocolonies (20 um) were observed, however, cell clusters around the macrocolonies were not
observed at 72 hours, as compared to wild type controls. Taken together, inactivation of bth 0249 and
its conserved domain pilZ, affects biofilm formation and maturation under both static and dynamic

conditions.
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Figure 3 Phenotypic analysis of B. thailandensis wild type biofilm formation under laminar shear in flow
cells (A). Phenotypic analysis of B. thailandensis Abth (0249 and Abth pilZ mutant biofilm

formation at 48 and 72 h under confocal microscopy (B).
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Discussion and Conclusion

Biofilm formation is a biological process that bacteria enter in response to environmental
conditions, such as a low nutritional source, oxidative stress, or exposure to sub-inhibitory concentrations
of antibiotics. When bacteria switch from planktonic to biofilm mode of growth, they undergo a
phenotypic shift. There are several steps involved in this phenotypic shift commencing with reversible
attachment, followed by irreversible attachment, maturation, and dispersion. In the present study, two
different biofilm growth conditions, static and shear force (flow cell), were used to characterize and
identify genes involved in biofilm formation of B. thailandensis. These data provided the first steps in
unraveling the functional consequences of the biofilm formation process in Burkholderia subspecies.

The phenotypic characterization of B. thailandensis biofilm formation and maturation
demonstrated that this organism is capable of forming biofilms under static conditions, as previously
described [8, 14-16]. Under static conditions, large macrocolonies were observed exhibiting a uniformly
flat structure when seen under CLSM analysis after 48 h of incubation.

Model biofilms grown in the laboratory likely differ from the biofilms developed in clinical and
environmental settings, which are more dynamic. To more closely mimic these dynamic environments,
biofilms were grown under laminar shear force in flow cells. When B. thailandensis biofilms were grown
in the presence of laminar shear in flow cells, the biofilm phenotypes were different from those being
grown under static growth conditions. In the flow cell experiments, initial cell attachment and
microcolony formations were observed earlier at 24 h. The flow cell phenotypes showed larger and
taller clusters of cells that had a haze surrounding individual bacterial cell clusters at 48 h of incubation.
These results were similar to those seen with Pseudomonas aeruginosa biofilms, in which extracellular
DNA has been identified as a part of exopolysaccharide matrices [17-18]. A mature biofilm formation
was seen at 72 h of incubation by achieved with thicker and more organized mushroom-shape masses
with the maximal cell clusters surrounded by water channel voids. This phenotype has been reported
frequently for developmentally mature biofilms in flowing conditions with the complex architecture
known to facilitate efficient nutrient uptake [19], thereby delivering nutrients and other essential
components to deeply embedded regions of a biofilm community. Biofilms entered into the
detachment process of the biofilm life cycle at 96 h of the incubation. The detachment process in
biofilm maturation is poorly understood but it is assumed that physical forces, such as hydrodynamics
or shear forces are known to cause biofilm detachment either via erosion of single cells or sloughing of
large aggregates of biomass [20]. Collectively, wild-type B. thailandensis readily formed biofilms under
static and shear conditions and exhibited multiple phenotypes during biofilm formation and maturation.

The broad similarities between B. pseudomallei and B. thailandensis also raise the possibility
that B. thailandensis could be useful as a potential model organism to study certain aspects of
B. pseudomallei biology [7]. Herein, the 4bth i0249 and its conserved domain of 4bth pilZ mutants

were generated. The PilZ domain (Pfam domain PF07238) is identified in the sequences of bacterial



B\ 5930 1. @Uududindnw) U1 23 atufl 2: wweu-Siguisu 2566 131
/ KKU Research Journal (Graduate Studies) Vol. 23 No. 2: April-June 2023

cellulose synthases, alginate biosynthesis protein Algd4, and proteins of enterobacterial YcgR. The PilZ
domain can bind with the central regulator of the prokaryote, 3',5"-cyclic diguanylic acid (c-di-GMP) to
control the biofilm lifestyle, indicating that this domain might play an important role in biofilm formation
[21]. In B. thailandensis, bht 0249 encoded a 252 amino acid that is similar to the YcgR protein of E.
coli, which functions as a motility regulatory protein. Interestingly, bht 0249 itself possesses the
conserved PilZ domain (gi|83718394:282218-282331). The bht 0249 and its PilZ mutants biofilms were
characterized under static and laminar shear conditions and that bht 0249 and its PilZ mutants were
unable to produce flat biofilm structures on glass cover slips after 48 hours of growing under static
conditions when compared with their parental strains. For the flow cell studies, formation of
microcolonies and macrocolonies of bht 0249 mutants was delayed, with small microcolonies (10-20
pm) after 72 hours of incubation under flow-cell growth suggesting that the PilZ domain is required for
biofilm formation.

The genes involve in biofilm formation of B. thailandensis were identified using differential microarray
data from other Gram-negative bacteria that exhibited differential expressions in biofilms, as compared with
free-living cells. The bht 10249 and its conserve PilZ domain with central regulator of the prokaryote, 3',5-
cyclic diguanylic acid (c-di-GMP) were found to regulate the biofilm formation both in static and flow cell
conditions. Although B. thailandensis is not an important bacterial pathogen for human, its close relation with
B. pseudomallei, a causative agent of fetal melioidosis, make this biofilm study is useful. Because in the
biofilm induced conditions, B. pseudomallei will resist to ceftazidime, a drug of choice for melioidosis
treatment [15]. Continued studies will elucidate more about genetic mechanisms of biofilm production, as

well as the role of biofilms in infections of melioidosis.
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Supporting Information
Supporting Information S1: Show sequence of deleted fragment (bth_i0249) and position of
primer binding sites

>gi|83718394:280837-283595 Burkholderia thailandensis E264 chromosome I,
complete sequence

BTH_10249 - F1
AGATGATGTTGAAGAGCATGCGCGAT GCGACGCCGTCGGACGGCCTGCTCGATTCGAACT CGTCGAAGAT GTACA

CGTCGATGCTCGATCAGCAGCTCGCGCAGCAGATGTCGTCGAAGGGCATCGGCGTTGCCGACGCGCTGACGAAGT
AGTTGCTGCGCAACGCGAACGTGGCGCCCGACGCGCAGAGCGAAGGCGGGCTCGCGGCGATGAACGCGCTCGCGA
AGGCGTACGCGAATTCGAATGCGTCGTCCGGCAACGGCGCGCTCGCGGGCACGCACGGCTATTCGGCGGCGAGCE
CGCTCACGCCGCCGCTCAAGGGCAACGGCTCCCCGCAGGCGGAGGCGTTCGTCGAGAAGATGGCGGGCGCCGLGL
AGGCGGCGAGCGCGGCCACCGGCATTCCGGCGCGCTTCATCGTCGGCCAGGCGGCGCTCGAATCCGGCTGGGGCA
AGCGCGAGATTCGCGGCGCGAACGGCGAATCGAGCTACAACGTATTCGGCATCAAGGCGACGAAGGGCTGGACCG
GCCGCACGGTGTCGGCCGTCACGACCGAGTACGTGAACGGCAAGCCGCACCGCGTCGTCGCGCGGTTCCGCGCGT
ACGATTCGTACGAGCACGCGATGACCGATTACGCGAGCCTCCTGAGCGAACAACCCGCGCTACGCGAGCGTGCTGA
ACGCGGGCCACAGCGCGGAGGGCTTCGCCAACGGGATGCAGAAGGCCGGCTACGCGACCGATCCGCACTACGCGA
AGAAGCTGATTTCGATCATGCAGCAGATCGGCTGATGTAAGCCGAGCAACCGTTCGGTACATTTCGGACCGCGCC
GGGCTTCGCCTCGCGCGGTTTTAACGTTTGCTGAARAAATAAACTCCGGTTTCGATCTAAACTTTGCGCAGCCGT
TGCCGCTAAACGTGAGAGACCAGCGATCGGGCGGATCACGCCCGGTCATAACGCGCCCCCGAAATCCGCCAGGCG
CATAGAGATAAAAT%%T%%?%&ICATGMTACCGMCAGTCGAC GAGTCCGCCCGCGAACGCCGCCGCGCATTC
CGGCCACGATTACGGCCGCCGCAATCCGCTCGAGATCGGCGTGCAGTTGCGCAACCTCGTCAATCGCGGCGATTT
CCTGACCEGTCCAGTATCAGGGCGGCCAACTCGTCACCCGCATCCTCGACGTCGACGTCGGCGCGCGGACCTTCGT
ATTCGACTGGGGCGCGCTTGCCGACCAGAACGCGGGCATCCTCGCCGCGCAGCGCTGCGTGTTCCATGCGTCGCC
GGACGGCGTGCGCGTCGAATTCTCGACCGCGACCCCGCGCGAAACCCGTTACGAGAACCTGCCGGCGTTCGAGGC
CGACTTTCCCGATGTGCTGTACTGCGTGCAGCGCCGCGAATATTTCCGGGTCGACGCGCCGATCCTCGATCCGTA
CGTGTGCCGAGGCAAGCTGCCCGACGGCGAGAGCTTCCTGTTCGAGGTGCACAACCTGTCGCTCGGCGGCCTGGG
GCTGCGCACGGGCGACGATCGCGTGGCGTCGTTCGAGCCGGGGATGACGCTGCCCGACGTGGAGCTGAACCTGAA
CGGCCACGGGATGCTGTCGCTCGACCTGCAGCTCGTGTCGCACCGCGCAACCGAGACGCCGAGCGGTGCGCGCCG
CTACCAGTTGGGCTTTCGCTTCCTGTCGCTGCCGGGCAATGCCGAGAATACGTTGCAGCGCATCATCACGCAGCT
CGAGATGAAGCGCCGGCAACTCGCGCGCGCCTGACGAAACGLCGLGGLELCECGGCCGGELCGAACCCGLTCGGGEELEE
CAGAAACGCATGCGGCGGCGCTCGCGCGCAGGCCGC%;E}(%C%%‘C&'G_G?ACGCATTTTTGCGCGTGC GATCCCTCAAT
TTTCTCGACGCGCGGCCGTTATACCGGGAGTCCACGCAACCCGGCGGLCGLGGCGCEGCCGGCTCATAGGATCGC
GCATGTCCAATACCCTCATGAACCTCGGGGTCAGCGGCCTGAACGCCGCACTCTGGGGGCTCACCACGACCGGLC
AGAACATCAGCAACGCGGCGACGCCCGGCTATTCCGTCGAGCGCCCCGTCTACGCGGAGGCGAGCGGCCAGTACA
CGAGCAGCGGCTATCTGCCGCAAGGCGTGTCGACCGTCACCGTCGAGCGCCAGTACAACCAGTATCTGTCGAATC
AGCTGAACGCCGCGCAGACGCAGGGCAGTTCGCTGTCGACCTACTACACGCTCGTCGCGCAACTGAACAACTACG
TCGGCAGCCCGACGGCCGGCATCGCGACCGCGATCACGAACTACTTCACCGGCCTGCAGACGGTCGCGAACAACG
CGGCTGACCCGTCCGCGCGGCAGACCGCGATGAGCAACGCGCAGACGCTCGCGAGCCAGCTCGTCGCCGLGGGLL
AGCAATACTCGCAACTGCGCCAGAGCGTGAATTCGCAGCTCACCGATACCGTCACGCAGATCAACAGCTACACCT
CGCAGP\TCGCGCAGCTCAACGAGCAGATCEEI(.;ITI(E%EE,C_G}%CTCGCAGGGGCAGCCGCCGA}'\CCAGCTTCTCGA’TC

**Gray color is the region that was deleted.
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Supporting Information S2: Show sequence of deleted fragment (pilZ) and position of primer

binding sites

>gi|83718394:281837-282595 Burkholderia thailandensis E264 chromosome I,
complete sequence

PilZ_BT0249 - F1
ATGAATACCGAACAGTCGACGAGTCCGCCCGCGAACGCCGCCGCGCATTCCGGCCACGATTACGGCCGCC

GCAATCCGCTCGAGATCGGCGTGCAGTTGCGCAACCTCGTCAATCGCGGCGATTTCCTGACCGTCCAGTA
TCAGGGCGGCCAACTCGTCACCCGCATCCTCGACGTCGACGTCGGCGCGCGGACCTTCGTATTCGACTGG
GGCGCGCTTGCCGACCAGAACGCGGGCATCCTCGCCGCGCAGCGCTGCGTGTTCCATGCGTCGCCGGACG
GCGTGCGCGTCGAATTCTCGACCGCGACCCCGCGCGAAACCCGTTACGAGAACCTGCCGGCGTTCGAGGC
CGACTTTCCCGAT GTEI(IZZ"‘I‘_GB'ITXéé?G—Cg'![‘GCAGCGCCGCGAATATTTCCGGGTCGACGCGCCGATCCTCGAT
CCGTACGTGTGCCGAGGCAAGCTGCCCGACGGCGAGAGCTTCCTGTTCGAGGTGCACAACCTGTCGCTCG
GCGGCCTGGGGCTGCGCACGGGCGACGATCGCGTGGCGTCGTTCGAGCCGGGGATGACGCTGCCCGACGT
GGAGCTGﬂ%’c‘%‘?ﬁ%éé‘%CACGGGATGCTGTCGCTCGACCTGCAGCTCGTGTCGCACCGCGCAACCGAG
ACGCCGAGCGGTGCGCGCCGCTACCAGTTGGGCTTTCGCTTCCTGTCGCTGCCGGGCAATGCCGAGAATA

CGTTGCAGCGCATCATCACGCAGCTCGAGATGAAGCGCCGGCAACTCGCGCGCGCCTGA
PilZ_BT0249 - R2

**Gray color is the region that was deleted.
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Supporting Information S3: Comparison of the growth between B. thailandensis wild type, 4bth 0249
and 4bth _pilZ mutants in MVBM medium

0.2 WT
0.15 —i— BTH0249 mutant
—&— BT _PilZ mutant

1357 9111315171921232527293 1333537394 143454749
Time (h)

Comparison of the growth between B. thailandensis wild type, bth 10249 and pilZ mutants in
MVBM. The bacteria were cultured in MVBM medium and measured for turbidity (wave length

540 nm) at various time points.



