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Abstract. Melioidosis, caused by Burkholderia pseudomallei, is an enigmatic infec-
tious disease that afflicts individuals in many tropical and developing regions.
Treatment is hampered by the organism’s innate antibiotic resistance and the
disease’s non-pathognomic presentation. Recently, added attention has been given
to this organism due to its classification as a potential biowarfare agent. There-
fore, methods of preventing acquisition of infection are needed. We investigated
antagonism between Burkholderia spp and B. pseudomallei derived from the same
ecological niche in a melioidosis endemic region in Papua New Guinea. Isolates
of environmentally derived non-pseudomallei Burkholderia spp (n=16) were
screened for antibiosis against 27 B. pseudomallei isolates. Three isolates subse-
quently identified as B. ubonensis produced specific antagonistic activity against
all B. pseudomallei isolates tested. The antagonistic compound in a cell-free state
was obtained from a representative producing strain, with subsequent biological
characterization revealing a pepsin sensitive peptide moiety consistent with a bac-
teriocin-like compound. To our knowledge, this is the first report of antagonistic
activity demonstrated by near-neighbor Burkholderia against B. pseudomallei . This
antagonism may be important in the micro-ecology of B. pseudomallei, and could
also have application in the biocontrol of this pathogen.
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INTRODUCTION

Burkholderia pseudomallei is the caus-
ative agent of melioidosis, an often fatal
disease in endemic tropical and develop-
ing countries. The presentation of melioi-
dosis is frequently ambiguous, thus ham-

pering targeted therapeutic treatment.
Even with optimal targeted therapy, mor-
tality rates approach 25% (Leelarasamee
and Bovornkitti, 1989). B. pseudomallei is
known to exist in the environment in
moist, clay soils, in association with plant
rhizospheres but also in articulated and
stored water for human and animal use
(Currie et al, 2000; Inglis et al, 2001). The
environmental prevalence of the organism
is linked to clinical incidence of the dis-
ease and considerable spatial clustering of
the organism may impact upon localized
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disease prevalence (Trakulsomboon et al,
1999). However, little is known of factors
that influence the organism’s persistence
and dispersal in the environment. Melioi-
dosis is endemic in low-income tropical
regions of the world where accurate clini-
cal diagnosis is unlikely due to poor labo-
ratory facilities or a lack of clinical aware-
ness (Currie et al, 2000; Inglis et al, 2001).
A better understanding of factors influenc-
ing local distribution of B. pseudomallei
could improve clinical outcomes.

Studies within melioidosis endemic
regions have noted that in environments
where B. thailandensis populations out-
number B. pseudomallei, the incidence of
melioidosis is considerably lower than in
environments where B. pseudomallei out-
numbers B. thailandensis (Trakulsomboon
et al, 1999; Warner et al, 2008). While other
environmental factors influence microbial
diversity, antibiosis mediated microbial
antagonism may also play a role in the
survival and persistence of Burkholderia
spp. Antibiosis has been described in the
Burkholderia genus, such as pyrrolnitrin
in the B. cepacia complex (el-Banna and
Winkelmann, 1998; Cain et al, 2000), but
production of an antagonistic agent by
Burkholderia spp against B. pseudomallei
has not been previously described. This
study investigates antagonism between
Burkholderia spp and B. pseudomallei de-
rived from the same environmental niche
in a melioidosis endemic region in Papua
New Guinea (PNG). Preliminary studies
into the nature of the microbial antago-
nism by biological characterization of the
antagonistic compound are also docu-
mented.

MATERIALS AND METHODS

Bacteria used in this study
Isolates of B. thailandensis (n=4) and

B. ubonensis (n=11) collected in the Balimo
region of PNG (Warner et al, 2008) were
presumptively identified using typical
biochemsitry and sequencing of the recA
gene as described by Payne et al (2005)
(data not shown).

Of the panel of B. pseudomallei isolates
used as targets, 17 were clinical or envi-
ronmental isolates from PNG, and 9 were
clinical isolates from northern Australia.
Control type strains of B. pseudomallei and
B. thailandensis were also included. All the
Burkholderia isolates were taken from stor-
age in the James Cook University culture
collection and recovered onto Ashdown
selective (ASH) agar (Ashdown, 1979). A
variety of clinical or taxonomic related
gram-positive and gram-negative organ-
isms were also taken from the James Cook
University culture collection and used for
specificity screening. These organisms
(Table 1) were recovered onto nutrient agar
or blood agar.

Antagonism screening
Two antagonism screening techniques

were used based on modifications of
Govan and Harrris (1985). Fresh cultures
of the Burkholderia spp were grown on
ASH agar at 30ºC for 48 hours. The organ-
isms used for specificity testing were
grown on nutrient agar at 35ºC for 24
hours prior to use in the antagonism as-
say. Saline suspensions of all isolates used
were prepared to 0.5 MacFarland using
physiological saline.

Spot on lawn screening. A 1 µl suspension
of each “producer” Burkholderia spp iso-
late was spot inoculated onto the surface
of a 10 ml (half depth) Mueller Hinton
(MH) agar plate (8 per plate), then incu-
bated at 30ºC for 24 hours. Suspensions of
each “target” B. pseudomallei isolate and
each isolate used for specificity testing
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were prepared and 100 µl inoculated into
10 ml aliquots of molten (44ºC) MH agar.
The inoculated molten agar was poured
over the surface of the agar plates previ-
ously incubated with “producer”
Burkholderia spp. Plates were incubated at
37ºC for 5 days and observed daily for
zones of inhibition (ZOI) in the overlay
(Fig 1a). Results were recorded qualita-
tively (zone/no zone).
Flip streak screening. Spot inoculums (1 µl)
of “producer” Burkholderia spp were dis-
pensed onto 20 ml MH plates (8 per plate,
on duplicate plates) and incubated at 30ºC
for 24 hours. The agar was aseptically de-
tached from the Petri dish, inverted, and
placed back into the dish. Suspensions of
each B. pseudomallei isolate were prepared

points reflecting lag, exponential, station-
ary and decline phase (data not shown).
Samples were centrifuged at 10,000g for 30
minutes and filter sterilized to remove
cells. Antagonistic activity was measured
in the cell free supernatant (CFS) using a
well diffusion assay. A suspension of B.
pseudomallei was inoculated onto the en-
tire surface of an MH plate. After drying,
wells 6 mm in diameter were cut into the
agar and 100 µl of CFS was dispensed into
the wells. Plates were incubated at 30ºC
for 48 hours and ZOI measured. The ZOI
measurements include the diameter of the
well (6 mm). As such, a recorded zone of 6
mm corresponds with no antagonistic ac-
tivity, and zones >6 mm are indicative of
increasing antagonistic activity.

Fig 1b–Flip streak method.

Fig 1a–Direct spot on lawn method.

and aliquots of 10 ml of molten
(44ºC) MH agar were inoculated
with 100 µl of the suspension. The
molten agar was poured over the
surface of the agar plates previ-
ously incubated with “producer”
Burkholderia spp. Plates were incu-
bated at 37ºC for 5 days, and ob-
served daily for ZOI in the B.
pseudomallei lawn (Fig 1b). Results
were recorded qualitatively (zone/
no zone).

Specificity testing was con-
ducted using the flip streak
method. Suspensions for each or-
ganism were made and inoculated,
and plates incubated and inter-
preted as for the B. pseudomallei iso-
lates, above.

Obtaining the antagonistic com-
pound in a cell free state

One B. ubonensis isolate (A21)
demonstrating specific antagonism
towards B. pseudomallei was se-
lected for further study. The isolate
was grown in LB broth at 30ºC and
aliquots taken from culture at time

Producer isolate

Producer isolate Target isolate

Producer isolate Producer isolate
Target isolate



BURKHOLDERIA ANTIBIOSIS

Vol  41  No. 4  July  2010 907

Characterization of antagonistic compound
The antagonistic compound was char-

acterized in terms of its heat stability, pH
sensitivity, and susceptibility to proteolytic
enzymes and catalase. The effect of each
treatment was determined using the well
diffusion assay and measuring zones of
inhibition (as above) of triplicate samples.

To determine heat stability aliquots of
CFS were heated to three different tem-
peratures (50, 70 and 100ºC) for three dif-
ferent durations (10, 30 and 60 minutes),
resulting in nine different heat treatments.

To determine pH stability two aliquots
of CFS were adjusted to pH 4.0 by adding
6M HCl and incubated at room tempera-
ture for 30 minutes, then one aliquot was
readjusted back to pH 7.0 using 1M NaOH.
Two CFS aliquots were adjusted to pH 9.0
using 1M NaOH and incubated at room
temperature for 30 minutes, and then one
aliquot was readjusted back to pH 7.0 with
6M HCl. The pH of the uninoculated LB
broth was adjusted in parallel as a control.

For determination of proteolytic en-
zyme and catalase susceptibility, aliquots
of normal, heat treated (70ºC for 10 min-
utes) and pH adjusted (pH 4.0 and 9.0) CFS
were prepared. Pepsin, trypsin, papain
and catalase were added to CFS to a final
concentration of 2 mg/ml and proteinase
K to a final concentration of 0.5 mg/ml.

Samples were incubated at 37ºC for 2
hours prior to inoculation o the well dif-
fusion assay (as above).

RESULTS

Antagonism screening
Ten of the 15 test isolates and the con-

trol strain exhibited antagonistic activity
against one or more B. pseudomallei isolates
(Fig 2). Five of the 11 B. ubonensis isolates
inhibited over half the B. pseudomallei iso-
lates, whereas the B. thailandensis isolates
that were inhibitory were active against
less than 20% of isolates. Of particular in-
terest were three B. ubonensis isolates (A20,
A21 and A23) which exhibited antagonism
against all 27 B. pseudomallei isolates in both
the spot on lawn and flip streak assays.
Moreover, the antagonism exhibited by
these three isolates was specific, with none
exhibiting antagonism against any of the
taxonomically and clinically related organ-
isms (Table 1). In contrast, broad spectrum
inhibitory activity was demonstrated by the
B. thailandensis isolates including the con-
trol B. thailandensis (Table 1).

Characterization of antagonistic activity
in the CFS

The onset of antagonistic activity in
CFS occurred at between 21 and 24 hours,
consistent with late log phase (data not
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Fig 2–Spectrum of antagonistic activity by B. thailandensis (E1 – E4; n = 4) and B. ubonensis  (A4 –
A38; n = 11) against B. pseudomallei (n = 27). Control B. thailandensis. Means value of three
experiments.
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did not inhibit the antagonistic effect of the
CSF per se, however CFS that were pH
adjusted to either 4.0 or 9.0 were suscep-
tible to catalase.

DISCUSSION

We report for the first time Burkhol-
deria spp capable of producing antagonis-
tic activity against B. pseudomallei. This
could be an important determinant in the
microbial ecology of B. pseudomallei in
terms of its survival and persistence in its
environmental niche, and it also raises the
potential of antibiosis as a biocontrol op-
tion for melioidosis and perhaps as a thera-
peutic agent.

Treatment ZOI (mm) Interpretation

Temperature
Control 10 Inhibition
50ºC, 10 minutes 21 Enhanced activity
50ºC, 30 minutes 23 Enhanced activity
50ºC, 60 minutes 24 Enhanced activity
70ºC, 10 minutes 24 Enhanced activity
70ºC, 30 minutes 24 Enhanced activity
70ºC, 60 minutes 24 Enhanced activity
100ºC, 10 minutes 6 No inhibition
100ºC, 30 minutes 6 No inhibition
100ºC, 60 minutes 6 No inhibition
pH
Control (no treatment) 10 Inhibition
Control (water added) 10 No effect
pH 4.0 16 Enhanced activity
pH 7.0 ↔ pH 4.0 16 Enhanced activity
pH 9.0 13 Enhanced activity
pH 7.0↔ pH 9.0 17 Enhanced activity

Table 2
The effect of heat and pH treatments on the antagonistic activity of B. thailandensis

cell free supernatant against B. pseudomallei A78 using the well diffusion assay.
ZOI values represent the mean of triplicate samples.

ZOI, Zone of inhibition, including the diameter of the well (6 mm)
Control (water added), an equivalent volume of water was added as the volume of acid/base re-
quired to adjust pH to 4.0/9.0, to account for dilution effect.
↔ , pH of CFS was taken from original value (~ 7.0) to acid or alkaline, and then re-adjusted back
to neutral.

shown). Heating the CFS to 50 and 70ºC
enhanced antagonistic activity but antago-
nistic activity was completely lost when
heated to 100ºC. Adjustment of pH to ei-
ther 4.0 or 9.0 also enhanced antagonistic
activity (Table 2). The antagonistic com-
pound was susceptible only to pepsin, the
other proteases did not inhibit the antago-
nistic activity of the CFS. Exposure of the
CFS to heat and alkaline conditions prior
to pepsin treatment rendered the antago-
nistic compound resistant to pepsin, but
exposure to acidic conditions had no such
effect. None of the pre-treatments im-
pacted upon the effect of the proteases to
which CFS was not susceptible. Catalase
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Our findings suggest the antagonism
is due to the production of a bacteriocin
or bacteriocin-like inhibitory substance
(BLIS). Bacteriocins, both those naturally
produced by endogenous flora and as ad-
ditives, are commonly used to control the
growth of target bacteria in foods (Cleve-
land et al, 2001; Galvez et al, 2007). Recent
investigations have shown a potential role
for bacteriocins in the control of plant
pathogens (Hammami et al, 2009; Hert
et al, 2009). Much effort has been spent on
the environmental control of other human
pathogens, either directly or through vec-
tor control measures, but to date no stud-
ies have comprehensively addressed the
possibility of using bacteriocins for the
biocontrol of naturally occurring patho-
gens in the environment. This is despite
the evolution of bacteriocins to offer pro-
ducer strains a competitive advantage in
natural environments (Czaran et al, 2002).
Limiting the reservoir of B. pseudomallei in
clinically relevant environments, and thus
the exposure to the organism, may de-
crease the incidence of melioidosis. Re-
moval of B. pseudomallei has been at-
tempted using quicklime to alter soil pH
(Na-ngam et al, 2004), however large
amounts of lime were required, and such
a control measure may negatively impact
on other macro- and micro-biota. Much
future work is required, including viru-
lence studies of the producer isolates in
animal models, as Burkholderia spp of the
cepacia complex have the potential to
cause opportunistic infection in immuno-
compromised people (Glass et al, 2006), but
bacteriocin-mediated environmental con-
trol warrants further investigation, par-
ticularly given its specific nature.

Two broad groups of Burkholderia spp
isolates screened demonstrated antibiosis.
Isolates of B. ubonensis that were inhibitory
to B. pseudomallei generally produced spe-

cific, narrow spectrum activity with little
or no activity against the taxonomically and
clinically related isolates in the specificity
group. Isolates A20, A21 and A23 demon-
strated diffusible activity against all B.
pseudomallei tested. In contrast, the inhibi-
tory B. thailandensis isolates (E1, E2 and E3)
inhibited less than 20% of the B. pseudomallei
isolates, yet produced a broad spectrum
activity against almost 50% of the isolates
in the specificity group. This is in agreement
with the control B. thailandensis which pro-
duced similar activity.

Inhibition using the flip streak method
is indicative of a diffusible compound, and
rules out bacteriophage activity through the
physical separation of the producer organ-
ism and the target organism. B. thailandensis
is known to harbor a bacteriophage specific
for B. mallei that has demonstrated no cross-
reactivity with B. pseudomallei (Woods et al,
2002). The findings of our study do not rule
out a role for bacteriophages produced by
B. thailandensis being active against B.
pseudomallei, and this line of investigation
warrants further attention. However, our
results are indicative of bacteriocin or BLIS
production, as similar levels of antagonis-
tic activity were observed using both as-
say methods. As such, efforts were made
to preliminarily characterize the active
component of the CFS of a representative
isolate (A21). Analysis revealed that the
antagonistic compound contains a peptide
moiety which is responsible for antibacte-
rial activity.  Due to its narrow spectrum
of activity and resistance to heat shock, pH
and various proteases, yet susceptibility to
pepsin, it appears that the antagonistic
compound is a bacteriocin or a BLIS.

Characterization studies revealed that
activity of the CFS was enhanced follow-
ing moderate heat treatment (50ºC and
70ºC, but not 100ºC). Perhaps heat pro-
moted conformational change, allowing
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for new intermolecular interactions which
henceforth enhanced the antagonistic ac-
tivity of the protein (Pretzer et al, 1991;
Rondeau et al, 2007). Conformational
changes are also suspected following pH
adjustment. Enhancement of antagonistic
activity, particularly bacteriocin activity,
has been demonstrated when the pH is
lowered (Blom et al, 1997; Houlihan et al,
2004).

Enzyme studies provide further in-
sight into the nature of the inhibitory com-
pound. Pepsin preferentially cleaves aro-
matic amino acids, particularly phenyla-
lanine and tyrosine, and has no effect on
valine, alanine or glycine (Silver and
Stoddard, 1972). This suggests that phe-
nylalanine or tyrosine form part of the ac-
tive site of the B. ubonensis BLIS, due to
the loss of activity following pepsin treat-
ment. Pepsin is irreversibly inactivated
above pH 6.0 which accounts for the loss
of sensitivity when the pH of the super-
natant was adjusted to 9.0. Heat treatment,
promoting structural changes as described
above, is suspected responsible for the
pepsin resistance observed in heat treated
supernatant in our study.

Further characterization of the BLIS
and its expression will assist to determine
if it can be exploited in therapy or as a
biocontrol agent. Also, evidence that
Burkholderia spp can inhibit the survival
and persistence of B. pseudomallei through
antibiosis in situ will aid our understand-
ing of the ecology of melioidosis.
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