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S. HÄUßLER,1 M. NIMTZ,2 T. DOMKE,2 V. WRAY,2 AND I. STEINMETZ1*

Institute of Medical Microbiology, Hannover Medical School, 30625 Hannover,1 and Department of Molecular
Structure Research, Gesellschaft für Biotechnologische Forschung mbH, 38124 Braunschweig,2 Germany

Received 22 September 1997/Returned for modification 24 November 1997/Accepted 6 January 1998

Burkholderia pseudomallei is the causative agent of melioidosis, an infectious disease, which is increasingly
recognized as an important public health problem in various tropical regions. This study describes the
identification and characterization of a heat-stable extracellular toxin of B. pseudomallei. After cultivation of B.
pseudomallei in liquid media, the heated cell-free supernatant was concentrated by ultrafiltration. The con-
centrate exhibited a cytotoxic and hemolytic activity which showed remarkable resistance against alkaline and
acidic treatments. For further purification, reversed-phase chromatography using a fast-performance liquid
chromatography system was performed. After elution with an acetonitrile gradient, a single cytotoxic and
hemolytic peak was detected. Structural characterization of the toxin was performed by a combination of mass
spectrometric and nuclear magnetic resonance spectroscopic techniques. A highly purified glycolipid, 2-O-a-
L-rhamnopyranosyl-a-L-rhamnopyranosyl-b-hydroxytetradecanoyl-b-hydroxytetradecanoate (Rha-Rha-C14-C14),
with a molecular mass of 762 Da was identified. The purified exolipid showed a time- and dose-dependent
cytotoxic effect on phagocytic (HL60) and nonphagocytic (HeLa) cell lines. In addition, a time- and dose-
dependent hemolysis of erythrocytes from various species was observed. The toxin structure makes a deter-
gentlike action most probable. Interestingly, the cytotoxic and hemolytic activities of the glycolipid could be
neutralized by albumin. Future studies will concentrate on the role of this exolipid as a virulence factor in the
pathogenesis of melioidosis.

The gram-negative, saprophytic rod Burkholderia pseudo-
mallei is the causative agent of melioidosis, an infectious dis-
ease of humans and animals with a protean clinical spectrum.
Southeast Asia and northern Australia are the main areas of
endemicity where the bacterium can be found in soil and sur-
face waters (18, 27). In northeastern Thailand, melioidosis is a
major public health problem and an important cause of com-
munity-acquired septicemia (2). There is evidence that mel-
ioidosis might also be endemic in Africa, the Indian subconti-
nent, and Central and South America (5). However, it is
possible that the disease remains greatly underdiagnosed in
many areas of the tropics where sophisticated laboratory facil-
ities are not available (5). The clinical manifestation of mel-
ioidosis is extremely variable, ranging from acute or chronic
localized forms to fulminant septic infections (6, 18). Severe
septicemic melioidosis is significantly associated with underly-
ing diseases, such as diabetes and chronic renal failure (2).
However, fulminant melioidosis does occur in healthy individ-
uals. Epidemiological studies suggest that mild or undetected
infections are common and manifested only by seroconversion
(26). The proportion of such seropositive individuals who may
harbor viable B. pseudomallei is unknown. Long periods of
latency and frequent relapses after antibiotic treatment are
characteristic features of melioidosis (6). It is assumed that the
majority of infections occur by inoculation of organisms from
the environment into minor cuts or abrasions especially in
people in regular contact with soil and muddy waters (7),
although inhalation might also be an important route of infec-
tion under certain circumstances (14); the role of ingestion is
unclear.

Laboratory investigations on the pathogenesis of melioidosis
and the contribution of single bacterial structures to the viru-
lence of B. pseudomallei have so far been carried out only on a
very limited scale. Putative virulence factors of B. pseudomallei
include endotoxin (25), a constitutively expressed exopolysac-
charide recently identified in this laboratory (28), several rel-
atively uncharacterized extracellular enzymes (1), and heat-
labile toxic activities detected in cell-free filtrates of B.
pseudomallei liquid cultures (11). In the present study, we have
identified a heat-stable, extracellular glycolipid with cytotoxic
and hemolytic properties produced by B. pseudomallei. Very
pure exolipid was obtained, and the chemical structure has
been elucidated.

MATERIALS AND METHODS

Bacteria and culture conditions. B. pseudomallei NCTC 10274 used in this
study was obtained from the National Collection of Type Cultures. Bacteria were
stored until use in Luria broth supplemented with 20% (vol/vol) glycerol at
270°C. Working cultures were maintained on Columbia blood agar plates. For
the production of the toxic exolipid, bacteria were grown in chemically defined,
modified Vogel-Bonner medium (3.3 mM MgSO4, 10 mM citric acid, 28 mM
NaNH4HPO4, 37 mM K2HPO4, 214 mM D-gluconic acid; medium pH 7.4).
Twenty milliliters of a culture of B. pseudomallei grown overnight served as an
inoculum for a 2-liter culture incubated at 37°C on a rotary shaker for 6 days.
When bacteria were cultured in a glycerol medium (4% [vol/vol] glycerol, 0.15 M
NaCl; medium pH 7), a different inoculum was used. Bacteria were grown
overnight on Columbia blood agar plates and suspended in the glycerol medium.
Ten milliliters of this bacterial suspension at a concentration of approximately
1011 cells per ml was used as an inoculum for 100 ml of medium. Cultures were
incubated at 37°C with shaking under aerobic conditions. The growth of the
cultures was monitored by plating properly diluted samples on Columbia blood
agar plates and counting the colony-forming units (CFU).

Measurement of hemolytic activity. Purified-toxin- or toxin-containing super-
natants were serially diluted twofold in 10 mM phosphate-buffered saline (PBS)
(10 mM sodium phosphate buffer, 0.15 M NaCl, 3 mM KCl; solution pH 7.2).
One hundred microliters of diluted toxin was added to 100 ml of 1% (vol/vol)
human erythrocyte suspension prepared by washing the cells obtained from
EDTA-treated blood with 10 mM PBS. Incubation was carried out in microtiter
plates at 37°C for 1 h. After centrifugation for 3 min at 1,000 3 g, the highest
dilution showing complete hemolysis was defined as 1 hemolytic unit (HU).
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Comparative testing of mouse and sheep erythrocytes was performed in the same
way. For a more precise determination of the hemolytic activity, the microtiter
plates were centrifuged and the extent of hemolysis was determined by measur-
ing the absorption of liberated hemoglobin in the supernatant at 540 nm. Human
erythrocytes were incubated in 0.15 M NH4Cl, pH 7.3, to determine total lysis,
and the background lysis was determined with erythrocytes incubated in 10 mM
PBS. A standard curve of various concentrations of lysed erythrocytes was used
to determine the percentage of hemolysis. When the time course of hemolysis of
different toxin concentrations was determined, 1 ml of diluted toxin and 1 ml of
the erythrocyte suspension was incubated in a microcentrifuge tube. Samples of
100 ml were removed at given time intervals, and liberated hemoglobin was
determined as described above. The capability of bovine serum albumin to
reduce the hemolytic activity of the exolipid was tested by diluting purified toxin
with various concentrations of human and bovine serum albumin (Sigma, St.
Louis, Mo., and Boehringer, Mannheim, Germany, respectively). The hemolytic
activity of these samples was then tested as described above. Human and bovine
gamma globulins (both from Sigma) at the appropriate concentrations were used
as controls.

Determination of cytotoxity. The cell lines for the cytotoxicity tests were
obtained from the German Collection of Microorganisms and Cell Cultures in
Braunschweig, Germany. HeLa cells (DSM ACC 161) were grown in Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine serum. For the cytotox-
icity test, confluent cells were treated with trypsin-EDTA and diluted in serum-
free medium (105 cells per ml) (Hybridomed DIF 1000; Seromed, Berlin, Ger-
many). To prevent adherence of the HeLa cells, culture plates were shaken
gently. Three hundred microliters of the cell suspension was incubated with 200
ml of various concentrations of purified toxic exolipid diluted with serumfree
medium for 7 h. Samples of 20 ml were removed at given time intervals, stained
with trypan blue, and the percentage of viable cells was determined. For a
control, 300 ml of the cell suspension was incubated with 200 ml of serumfree
medium under the same conditions. The nonadherent phagocytic cell line HL60
(DSM ACC 3) was grown in serumfree medium and tested in the same way.

Purification of the toxic exolipid. B. pseudomallei supernatants obtained by the
two different culture conditions described above served as starting material for
the purification process. First, a 2-liter culture of B. pseudomallei grown in
modified Vogel-Bonner medium for 6 days was used. The bacteria were pelleted
by centrifugation at 6,000 3 g for 40 min, and the supernatant was heated for 10
min at 100°C. Two ultrafiltration steps with a ProVario 3 apparatus (Pall-Filtron,
Karlstein, Germany) followed. In the first ultrafiltration step, the supernatant
was filtered through a membrane with a cutoff of 10 kDa. The filtrate was
subjected to a second filtration step with a membrane cutoff of 3 kDa. The
hemolytic and cytotoxic retentate was further purified on a 3-ml Resource RP
column (Pharmacia) by fast-performance liquid chromatography. The column
was equilibrated with 0.1% (vol/vol) trifluoroacetic acid, and the retentate (.3
kDa) was injected onto the column. The material was eluted with a linear
gradient of 0 to 90% acetonitrile (vol/vol) in 0.1% trifluoroacetic acid (vol/vol) at
a flow rate of 1 ml/min within 70 min. Fractions (1 ml) containing the hemolytic
activity were collected and lyophilized. In the second purification procedure, a
supernatant of B. pseudomallei that had been cultured in the glycerol medium for
6 days was used. After the bacteria were pelleted and the supernatant was
heated, ultrafiltration with a Centricon concentrator with a membrane cutoff of
10 kDa (Amicon) followed. This time the retentate (.10 kDa) exhibited hemo-
lytic and cytotoxic activity and was further purified on the Resource RP column
by fast protein liquid chromatography as described above.

Stability after pH treatment. Solutions of purified toxin were adjusted to pH
values ranging from 1 to 10 by adding 5 M HCl or 5 M NaOH. After incubation
at 37°C for 1 h, the samples were adjusted to pH 7, and the hemolytic activity was
determined.

Structural analysis. After methanolysis (0.625 M HCl in methanol, 12 h,
70°C), the constituents (monosaccharide methylglycoside and fatty acid methyl-
ester) were pertrimethylsilylated and analyzed by gas chromatography-mass
spectrometry (GC-MS) on a 30-m DB5 capillary column connected to a Finnigan
GCQ ion trap mass spectrometer (Finnigan MAT Corp., San Jose, Calif.) run-
ning in the electronic impact mode. The components were identified by their
retention time on the GC column and their mass spectra. Exact quantification
was achieved by electronic peak integration and the use of correction factors
determined by addition of internal standards (1 mg each of fucose and alpha-
hydroxytetradecanoic acid). The absolute configuration of the monosaccharide
component was determined by separation of its trimethylsilylated S-(1)-but-2-yl
glycoside (10) on the same column. A Finnigan MAT TSQ 700 triple-quadrupole
mass spectrometer equipped with a Finnigan electrospray ion source (Finnigan
MAT Corp.) was used for analysis by ESI-MS. The sample was dissolved in
methanol (concentration approximately 10 pmol per ml) and injected at a flow
rate of 1 ml per min into the electrospray chamber. In the positive-ion mode, a
voltage of 15.5 kV was applied to the electrospray needle. For collision-induced
dissociation experiments, parent ions were selectively transmitted by the first
mass analyzer and directed into the collision cell with argon as the collision gas
at a kinetic energy of ca. 235 eV. For the detection of negative ions, all voltages
were reversed.

Prior to all nuclear magnetic resonance (NMR) analyses, the sample (approx-
imately 0.4 mg) was repeatedly lyophilized against D2O (.99.95 atom% D;
Fluka) at pD 7 and ambient temperature. All 600-MHz 1H spectra were recorded

at 300°K on a Bruker AVANCE DMX 600 NMR spectrometer incorporating a
gradient unit and locked to the major deuterium resonance of the CD3OD
solvent. 1H chemical shifts are referenced to the residual methanol signal (3.35
ppm). Phase-sensitive two-dimensional (2D) 1H-correlated spectroscopy
(COSY), total correlated spectroscopy (TOCSY), and rotating frame nuclear
Overhauser enhancement and exchange spectroscopy (ROESY) were performed
on the same instrument with mixing times of 80 and 500 ms, respectively, for the
two latter techniques.

RESULTS
Identification of a heat-stable exotoxin secreted into the

supernatants of B. pseudomallei liquid cultures. Direct testing
of heated culture supernatant of B. pseudomallei grown in
modified Vogel-Bonner medium for 6 days showed no hemo-
lytic activity. The supernatant was then subjected to the first
ultrafiltration with a membrane cutoff of 10 kDa. Since no
hemolytic activity was detected in the retentate, the filtrate was
then concentrated 40-fold by using a membrane cutoff of 3
kDa. After this procedure, cytotoxicity to HeLa cells and he-
molytic activity to human erythrocytes could be detected in the
retentate (data not shown). No loss of activity was observed
after acid and alkaline treatment within a pH range from pH 1
to 12. Since significant amounts of either cytotoxic or hemolytic
activity were found only in the heated culture supernatant of
modified Vogel-Bonner medium after bacteria reached the
stationary phase of growth, culture conditions where B.
pseudomallei was incubated at high cell densities in a sodium
chloride solution containing glycerol were used. Under these
conditions, bacteria replicated slowly and toxin formation
could be measured in heated supernatant without any concen-
tration step. Exotoxin production was detected after only 24 h
of incubation (Fig. 1). Continued incubation led to increasing
toxin levels, with a maximum after 5 days. The resistance of the
toxic activity in the glycerol medium to acid and alkali treat-
ment was the same as that observed with the modified Vogel-
Bonner medium.

Purification of the exotoxin. The exotoxin was purified from
the supernatants obtained by the two different culture condi-
tions described above. The toxic fraction derived from modi-
fied Vogel-Bonner medium was concentrated within the mo-

FIG. 1. Time course of production of the exotoxin into the supernatant of a
B. pseudomallei culture grown with glycerol. Bacteria were inoculated at high
density in 0.15 M NaCl containing 4% (vol/vol) glycerol at pH 7 and incubated
for 6 days. Symbols: F, CFU per ml; �, HU.
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lecular mass range from 3 to 10 kDa by ultrafiltration.
Surprisingly, the toxic activity of the culture grown in glycerol
was found to be .10 kDa, as it could be concentrated by using
a membrane cutoff of 10 kDa. Interestingly, no matter which
retentate was further purified by reversed-phase chromatogra-
phy, in each case, a single sharp toxic peak consisting of four
fractions eluted between 73 and 78% acetonitrile. This obser-
vation led to the hypothesis that the toxic molecules in the
glycerol medium were present in an aggregated form due to its
higher concentration. Indeed, when toxin concentrations ex-
ceeded 8 HU per ml, toxic activity was found in the retentate
after ultrafiltration (10-kDa exclusion size), whereas with con-
centrations below 8 HU per ml, toxic activity was found in the
filtrate. About 15% of the initial toxic activity of the glycerol
culture supernatant was recovered after reversed-phase chro-
matography. The fact that only a small portion of the initial
heat-stable toxic activity in the glycerol-grown culture was re-
covered in purified form could at least partly be explained by a
significant loss during the first ultrafiltration step (data not
shown). After lyophilization of the purified-toxin-containing
fractions, a colorless powder was obtained, which was then
subjected to structural analysis.

Structural elucidation of the exotoxin. Compositional
analysis of the exotoxin sample revealed the presence of L-
rhamnose and b-hydroxytetradecanoic acid in a ratio of ap-
proximately 1:1, suggestive of a glycolipid. The absolute con-
figuration of the lipid moiety was not determined, but
published data for bacterial glycolipids (22) and the biosynthe-
sis pathway of b-hydroxy fatty acids in gram-negative bacteria
(13) suggest the presence of the D enantiomer. Molecular ions
with a m/z of 785 [M1Na]1 in the positive-ion mode and a m/z
of 761 [M-H]2 in the negative-ion mode were detected by
ESI/MS and were compatible with a compound consisting of
two residues each of L-rhamnose and b-hydroxytetradecanoic
acid. MS/MS of the positively charged molecular ion with a m/z
of 785 yielded the daughter ion spectrum depicted in Fig. 2,
which clearly indicates a linear arrangement of a disaccharide
moiety linked to two b-hydroxytetradecanoic acid residues, as
depicted in the fragmentation scheme. Structural details were
resolved by 600-MHz 1H 1D and 2D NMR techniques. After
assignment of the resonances of the two a-rhamnopyranosyl
systems and two b-hydroxytetradecanoic acid residues by 2D
COSY and TOCSY techniques (Table 1), the interresidual
linkages were determined from 2D ROESY spectra (Table 2).
Thus, an 1-2 linkage between the rhamnose residues was es-
tablished by the detection of an interresidual ROE correlation
between H-1 of the terminal and H-2 of the second internal
rhamnose moieties. Similarly, this disaccharide unit was linked
glycosidically to the b-hydroxyl group of the internal lipid res-
idue, detected by a correlation between H-1 of the internal
rhamnose moiety and H-3 of the internal lipid group. The low
field shift of H-3 of the terminal lipid moiety was indicative of
the ester linkage between the two lipid units. The presence of
only single signals for H-1 of the internal rhamnose and for
H-3 of both b-hydroxy fatty acid moieties clearly indicated the
presence of only one enantiomeric form for the latter, al-
though the NMR data did not allow distinction between D and
L enantiomers. Figure 3 shows the proposed structure of the
rhamnolipid produced by B. pseudomallei.

Hemolytic characteristics of the exolipid. Mouse and sheep
erythrocytes were found to be equally susceptible to the lytic
action of the rhamnolipid, whereas human erythrocytes were
found to be slightly more sensitive (about twofold). The rham-
nolipid displayed a dose- and time-dependent hemolytic activ-
ity against human erythrocytes. The time course of hemolysis
with various levels of purified exolipid is shown in Fig. 4.

Approximately 250 mg of rhamnolipid was equivalent to 1 HU.
High toxin levels showed complete hemolysis within a short
time, whereas low concentrations exhibited a lag period that
was inversely proportional to the toxin level. Liu (19) reported
the neutralization of a heat-stable hemolytic activity of B.
pseudomallei by animal and human sera. Interestingly, the he-
molytic activity of the rhamnolipid could be neutralized by
either human or bovine serum albumin (Fig. 5), whereas the
respective gamma globulins showed no effect.

Cytotoxic activity of the exolipid. In addition to the hemo-
lytic activity, the rhamnolipid also displayed a time- and dose-
dependent cytotoxicity against nonphagocytic HeLa and
phagocytic HL60 cells. As there was also an inhibitory effect of
serum albumin on cytotoxicity (data not shown), serumfree
medium was used for the cytotoxicity assay. The toxin concen-
trations showing toxic effects on the cell lines were significantly
higher than the levels needed for complete hemolysis. Analo-
gous to the lysis of erythrocytes, the percentages of dead cells
for HeLa cells (Fig. 6A) and HL60 cells (Fig. 6B) are propor-
tional to the toxin concentration and the lag period is inversely
proportional to the toxin level.

DISCUSSION

It has been known for some time that cell-free filtrates of B.
pseudomallei liquid cultures possess toxic activities in mice and
hamsters (3, 12). It was suggested that two heat-labile toxic
components, which are responsible for either lethal activity or
the immediate development of hemorrhagic and necrotic le-
sions after intradermal inoculation, must be present in these
filtrates (12). In crude preparations, necrotoxicity was found to
be associated with proteolytic activity, whereas the lethal ac-
tivity of culture filtrates was correlated with a potent antico-
agulant activity (11). In addition, a heat-stable toxic compo-
nent, which showed a delayed type of skin reaction, was
described (23). It was speculated that this heat-stable toxic
activity was due to endotoxin present in the filtrates (23).
Hemolytic activity was not observed in those filtrates contain-

FIG. 2. Positive-ion mode ESI-MS/MS of the molecular ion (sodium adduct)
of the exotoxin isolated from B. pseudomallei. The detected fragments and their
m/z values are shown in the fragmentation scheme at the top of the figure.
Detailed information on the fragmentation of glycoconjugates can be found in
reference 8.
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ing the different toxic activities (12). By using a cellophane
plate technique, Liu (19) detected a heat-stable hemolytic ac-
tivity of B. pseudomallei, which was neutralized by animal and
human sera, most likely due to albumin. It was suggested that

the appearance of only weak hemolysis around confluent
growth but not individual colonies could be explained by the
inhibition of hemolysis by the serum present in ordinary blood
agar medium (19). More recently, Ashdown et al. (1) described
the production of small hemolytic zones around heavy growth
on brain heart infusion agar containing washed sheep erythro-
cytes in the majority of clinical strains. These researchers could
not detect hemolytic activity in broth culture filtrates of those
strains.

It seems likely that the acidic rhamnolipid identified in this
study is responsible for the heat-stable hemolytic activity ob-

FIG. 3. Proposed structure of the rhamnolipid produced by B. pseudomal-
lei.

FIG. 4. Time- and dose-dependent hemolysis of human erythrocytes by the
rhamnolipid at various levels. Symbols: F, 4 HU per ml; ■, 2 HU per ml; Œ, 1
HU per ml.

TABLE 1. 1H shift NMR data for the exotoxin in CD3OD
at 300°Ka

Moiety of exotoxinb Atom Shift (ppm)

A H-1 4.93
H-2 4.01
H-3 3.70
H-4 3.42
H-5 3.72
H-6 1.29

B H-1 4.95
H-2 3.76
H-3 3.83
H-4 3.30
H-5 3.69
H-6 1.28

C H-2A 2.58
H-2B 2.50
H-3 4.15
H-4 1.59
H-(5–13)c 1.36
H-14 0.94

D H-2A 2.51
H-2B 2.51
H-3 5.37
H-4 1.64
H-(5–13)c 1.36
H-14 0.94

a Sequential ROEs were observed between H-1 of moiety A and H-2 of moiety
B and between H-1 of moiety B and H-3 of moiety C.

b The moieties of the exotoxin, Rha-Rha-C14-C14, are as follows: A, the first
rhamnose; B, the second rhamnose; C, the first C14 sequence; and D, the second
C14 sequence.

c All methylene group signals form C5 to C13.

TABLE 2. 1H coupling NMR data for the exotoxin in CD3OD
at 300°Ka

Moiety of exotoxinb Linkage Coupling (Hz)

A 1-2 1.8
2-3 3.4
3-4 9.5
4-5 9.5
5-6 6.1

B 1-2 1.7
2-3 3.1
3-4 9.7
4-5 9.7
5-6 6.1

C 2A-2B 15.0
2A-3 8.0
2B-3 4.8
13-14 7.0

D 13-14 7.0

a Only couplings to first-order well-resolved signals are given.
b The moieties of the exotoxin, Rha-Rha-C14-C14, are as follows: A, the first

rhamnose; B, the second rhamnose; C, the first C14 sequence; and D, the second
C14 sequence.
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served by Liu (19). The loss of activity of the purified toxin in
the presence of albumin described here is in accordance with
this assumption. In this study, hemolytic activity of B.
pseudomallei liquid cultures was observed only prior to con-
centration steps when supernatants of very high bacterial den-
sities and limited growth conditions were tested. This might
explain the fact that hemolytic activity was not detected in
liquid cultures by others (1, 12). The purification protocol
established in this study, which is based on ultrafiltration and
reversed-phase chromatography, resulted in a rhamnolipid of
very high purity with a molecular mass of 762 Da. The fact that

the high toxin levels obtained in the culture grown in glycerol
medium could be concentrated by a 10-kDa-cutoff membrane
implies that under these conditions the critical micelle concen-
trations was reached and the rhamnolipid molecules aggre-
gated to form micelles of more than 10 kDa, whereas the toxin
production and the degree of aggregation after cultivation in
the modified Vogel-Bonner medium were obviously lower. The
B. pseudomallei rhamnolipid demonstrated remarkable toxicity
on various cell lines and hemolytic activity on erythrocytes
from different species. It seems likely that the hemolytic and
cytotoxic activities of the amphilic B. pseudomallei rhamnolipid
are due to detergentlike properties and cell membranes are
most likely perturbed by the introduction of its fatty acid chains
into the organized lipid layer of cells.

Pseudomonas aeruginosa strains have been shown to produce
a unique glycolipid very similar to the B. pseudomallei rham-
nolipid that also contains rhamnose and b-hydroxycarboxylic
acids (15). The two principal P. aeruginosa glycolipids pro-
duced in liquid cultures consist of either two molecules of
rhamnose and two molecules of b-hydroxydecanoic acid (Rha-
Rha-C10-C10) or of one molecule of rhamnose and two mole-
cules of b-hydroxydecanoic acid (Rha-C10-C10) (24). The rham-
nolipids of P. aeruginosa are responsible for the heat-stable
hemolytic activity in culture supernatants (9) and were recently
shown to inhibit macrophage functions (20, 21). In contrast,
the B. pseudomallei rhamnolipid identified in this study is com-
posed of two molecules of rhamnose and two molecules of
b-hydroxytetradecanoic acid (C14). The exolipid preparations
in this study had completely homogeneous fatty acid chains.
Unlike, e.g., the trehalose lipids of mycobacteria, corynebac-
teria, and nocardia (4), the fatty acids of the rhamnolipid are
not bound to the sugar by acyl bonds. A glycosidic bond with a
hydroxyl group of the first fatty acid is formed, and the second
acid is bound to the first acid by an ester linkage, resulting in
a glycolipid with a free carboxyl group. It is generally assumed
that bacteria growing on water-insoluble hydrocarbon sub-
strates benefit from the presence of a surfactant (e.g., glyco-
lipids) with emulsifying capabilities (4). It will be interesting to
investigate the influence of the rhamnolipid on the hydro-

FIG. 5. Neutralization of hemolytic activity (64 HU) of the B. pseudomallei
rhamnolipid by bovine serum albumin (F). Bovine gamma globulin (■) showed
no neutralizing effect. The same results were obtained with human albumin and
gamma globulin.

FIG. 6. Time- and dose-dependent cytotoxicity of the B. pseudomallei rhamnolipid on HL60 cells (A) or HeLa cells (B). Symbols: F, 80 HU per ml; ■, 40 HU per
ml; Œ, 20 HU per ml.
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carbon fermentation of B. pseudomallei. The P. aeruginosa
rhamnolipid was detected in sputum samples of cystic fibrosis
patients colonized with P. aeruginosa, and the highest concen-
trations were found in phases of acute exacerbations (17).
Further investigations should focus on the role of the B.
pseudomallei rhamnolipid on intracellular (16) and extracellu-
lar growth in acute and chronic melioidosis. The generation of
B. pseudomallei rhamnolipid knockout strains in the future
should help to elucidate the role of this toxic exolipid in ex-
perimental infections with this organism.
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