
473

Am. J. Trop. Med. Hyg., 61(3), 1999, pp. 473–475
Copyright q 1999 by The American Society of Tropical Medicine and Hygiene
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RECEPTOR COMPLEX

AHMAD HAMID GORI, KAMRUDDIN AHMED, GLENDA MARTINEZ, HIRONORI MASAKI, KIWAO WATANABE, AND

TSUYOSHI NAGATAKE
Department of Internal Medicine, Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan

Abstract. Melioidosis is the term given to any infection caused by Burkholderia pseudomallei. This bacteria is
one of the important causative agents of life-threatening pulmonary infections in the tropical and subtropical areas.
The initiation of respiratory infections is attachment of this bacteria to pharyngeal cells. The precise mechanism of
attachment of B. pseudomallei is not known. In this study, we found that asialoganglioside GM1 at concentrations
of 25, 12.5, and 5 mg/ml significantly decreased the attachment of B. pseudomallei strain Sp-186 in a dose-dependent
manner. On the other hand, asialoganglioside GM2 decreased the attachment of B. pseudomallei, but only at a
concentration of 25 mg/ml. At a concentration of 1 mg/ml, glucose, N-acetyl-galactosamine, and galactose caused a
significant decrease in attachment. However, at concentrations of 250 mg/ml, no decrease in attachment was observed
in B. pseudomallei treated with these carbohydrates. Mannose and fucose at concentrations of 1 mg/ml had no effects
on the inhibition of attachment of B. pseudomallei. Four other isolates of B. pseudomallei showed a significant
decrease in attachment after treatment with asialoganglioside GM1. We conclude that asialogangliosides GM1 and
GM2 are part of the receptor complex for B. pseudomallei on human pharyngeal epithelial cells.

Burkholderia pseudomallei can cause a variety of serious
and life-threatening infections, collectively known as meli-
oidosis.1,2 High relapse, treatment failure, slow response to
antibiotic treatment, and drug resistance have made this sit-
uation more difficult.3–7 Septicemia and pulmonary infec-
tions are two main form of infection caused by B. pseudom-
allei. Kanaphun and others have shown that there is a rela-
tionship between pulmonary infection and pharyngeal col-
onization by this bacteria.8 The initial step in the
pathogenesis of respiratory infection is the attachment of
bacteria to pharyngeal epithelial cells. The bacteria then en-
ter the lower respiratory tract by microaspiration9 and estab-
lish an infection by overcoming a series of body defense
mechanisms. In a recent report, we have shown that B. pseu-
domallei has the capacity to attach to pharyngeal epithelial
cells, and have developed a method for the in vitro study of
the attachment of this bacteria to these cells.10 Bacteria ex-
press adhesin, which mediates attachment to a specific re-
ceptor present on the host cell. It has been suggested that
the receptor of B. pseudomallei on the pharyngeal epithelial
cells is a polysaccharide.10 Unraveling the mechanism of at-
tachment will help in understanding the pathogenesis of this
infection and aid in the development of prevention or treat-
ment strategies based on the anti-attachment mechanism.
Therefore, the present study was undertaken to identify the
receptor for B. pseudomallei on human pharyngeal epithelial
cells.

MATERIALS AND METHODS

Bacteria. Five isolates of B. pseudomallei were used in
this study. Three strains (Sp-186, Sp-335 and Sp-140) were
isolated from sputum of patients with respiratory tract infec-
tions and two strains were isolated from blood (H-99) and
urine (U-232) of patients with septicemia and urinary tract
infections. All isolates were stocked in brain heart infusion
broth (BBL, Microbiology System, Becton Dickinson and
Co., Cockeysville, MD) containing 5% defibrinated horse
blood and kept at 2408C until use. Burkholderia pseudom-

allei was cultured on brain heart infusion agar (BBL, Mi-
crobiology System, Becton Dickinson and Co.) and grown
overnight at 378C.

Pharyngeal epithelial cells. Pharyngeal epithelial cells
were collected from a healthy adult male. The oropharynx
was scraped with a cotton swab and cells were collected in
tubes containing 0.066 mM phosphate buffer, pH 7.2. The
cells were washed three times (10 min/wash) by centrifu-
gation at 80 3 g at room temperature, and adjusted to a
concentration of 2.5 3 104 cells/ml.

Treatment of bacteria with carbohydrates. Burkhold-
eria pseudomallei at a concentration of 1 3 108 colony-
forming units (cfu)/ml was treated with different concentra-
tions of glucose, mannose, fucose, N-acetyl-galactosamine,
galactose (Wako Pure Chemical Industries, Ltd., Tokyo, Ja-
pan), asialoganglioside M1 (AGM1), and asialoganglioside
M2 (AGM2) (Sigma Chemical Co., St. Louis, MO) sus-
pended in phosphate buffer in a shaking water bath for 30
min at 378C.

Attachment assay. The attachment assay was done as
previously described.10 Bacteria at a concentration of 1 3
108 cfu/ml suspended in phosphate-buffered saline (PBS),
pH 7.2, and pharyngeal epithelial cells at a concentration of
2.5 3 104 cells/ml, were mixed at a ratio of 1:1 (i.e., 4,000
bacteria per pharyngeal epithelial cell). The mixture was in-
cubated in a shaking water bath at 378C for 30 min. Unat-
tached bacteria were removed by three washings (10 min/
wash) with PBS by centrifugation at 80 3 g at room tem-
perature. Cells were collected on a glass slide with a Cytos-
pin apparatus (Shandon, Astmoor, United Kingdom). Smears
were Gram-stained and viewed under an oil-immersion lens
of a light microscope to count the number of bacteria at-
tached to 50 consecutive cells. The mean of duplicate ex-
periments was determined in each case.

Statistical analysis. Statistical analysis was done using
the t-test. Data were considered significant if a P value was
, 0.05.
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TABLE 1
Attachment of Burkholderia pseudomallei to pharyngeal epithelial cells after treatment with different carbohydrates

Carbohydrate* No. of experiments Amount Attachment† P‡

AGM1 4
4
5
3

25 mg/ml
12.5 mg/ml
5 mg/ml
2.5 mg/ml

38.3 6 13.9
65.0 6 8.9
68.6 6 15.5
92.3 6 8.5

,0.005
,0.005
,0.05

NS
AGM2

Glucose

4
4
3
4
3

25 mg/ml
12.5 mg/ml
5 mg/ml
1 mg/ml

250 mg/ml

53.7 6 24.4
73.2 6 21.0
95.9 6 12.4
50.1 6 16.4
85.5 6 8.9

,0.05
NS
NS

,0.01
NS

Galactose

N-acetyl-galactosamine

Mannose
Fucose

3
3
3
3
3
4

1 mg/ml
250 mg/ml

1 mg/ml
250 mg/ml

1 mg/ml
1 mg/ml

53.2 6 5.3
77.9 6 13.6
41.8 6 13.7
86.9 6 8.9
82.0 6 22.5

111.3 6 61.8

,0.005
NS

,0.05
NS
NS
NS

* AGM1 5 asialoganglioside GM1; AGM2 5 asialoganglioside GM2.
† Attachment (mean 6 SD) of bacteria after treatment with different carbohydrates is expressed as the percentage of bacterial attachment compared with the control.
‡ NS 5 not significant.

TABLE 2
Effects of 12.5 mg/ml of asialoganglioside GM1 on the attachment

of different isolates of Burkholderia pseudomallei on pharyngeal
epithelial cells

Strain no. Attachment*

Sp-140
Sp-335
U-232
H-99

33.0 6 0.4
56.5 6 12.0
55.4 6 0.5
49.7 6 2.6

* Percentage of control (P , 0.0005).

RESULTS

The mean 6 SD attachment value of strain Sp-186 was
4.9 6 2.6 bacteria/cell. After treatment with AGM1 at con-
centrations of 25, 12.5, 5, and 2.5 mg/ml, attachment was 38
6 13.9% (P , 0.005), 65 6 8.9% (P , 0.005), 68.6 6
15.5% (P , 0.05), and 92.3 6 8.5% (P not significant) of
the control, respectively. A dose-dependent effect was found
in the inhibition of attachment by AGM1. Conversely, after
treatment with AGM2 at concentrations of 25, 12.5, and 5
mg/ml, attachment was 53.7 6 24.4% (P , 0.05), 73.2 6
21.0% (P 5 not significant), and 95.9 6 12.4% (P 5 not
significant) of the control, respectively.

At glucose, N-acetyl-galactosamine and galactose concen-
trations of 1 mg/ml, attachment of B. pseudomallei to pha-
ryngeal epithelial cells was 50.1 6 16.4% (P , 0.01), 41.8
6 13.7% (P , 0.05), and 53.2 6 5.3% (P , 0.005) of the
control, respectively. However at a concentration of 250 mg/
ml, no significant decrease in attachment was observed in
B. pseudomallei treated with these carbohydrates. Mannose
and fucose had no effects on the inhibition of attachment of
B. pseudomallei at concentrations of 1 mg/ml. These data
are summarized in Table 1.

After treatment with 12.5 mg/ml of AGM1, there was a
significant (P , 0.0005) decrease in the attachment of four
different isolates (Sp-140, Sp-335, U-232, and H-99) of B.
pseudomallei (Table 2) to pharyngeal epithelial cells com-
pared with the control. The mean 6 SD attachment of these
isolates was 5.4 6 1.6 bacteria/cell.

DISCUSSION

For several respiratory pathogens, the receptor for attach-
ment to cells is located in sequences of gangliosides. Pseu-
domonas aeruginosa and B. cepacia, which are closely re-
lated to B. pseudomallei, has been shown to bind to AGM1
and AGM2.11 It has been shown by thin-layer chromatog-
raphy (TLC) that B. pseudomallei also binds to AGM1 and
AGM2.12 Therefore, we assumed that the receptor for B.
pseudomallei on pharyngeal epithelial cells might be AGM1
and/or AGM2. Our data showed that although both AGM1
and AGM2 could inhibit the attachment of B. pseudomallei,
AGM1 could inhibit attachment at a lower concentration
than AGM2 and in a dose-dependent manner. The sequences
of AGM1 and AGM2 are Gal(b1-3)GalNAc(b1-4)Gal(b1-
4)Glc Cer and GalNAc(b1-4)Gal(b1-4)Glc Cer, indicating
that the constituents carbohydrates are glucose, galactose
and N-acetyl-galactosamine. To show the contribution of
each carbohydrate, attachment inhibition was done. It was
found that they could inhibit attachment only at a higher
concentration (1 mg/ml), but not at a lower concentration
(250 mg/ml). Fucose and mannose, two carbohydrates that
are unrelated to AGM1 or AGM2, had no effect on attach-
ment inhibition, even at a concentration of 1 mg/ml. This
indicates that the constituent carbohydrates of AGM1 and
AGM2 cannot individually act as a receptor for B. pseudom-
allei. Four other clinical isolates of B. pseudomallei showed
a significant decrease in attachment after treatment with
AGM1. This shows the universality of AGM1 in inhibiting
attachment to B. pseudomallei. From these data, we conclude
that AGM1 and AGM2 are part of the receptor complex for
B. pseudomallei on pharyngeal epithelial cells.

Attachment inhibition and TLC are two methods used to
identify the receptors for bacteria on cells. Thin-layer chro-
matography requires many washing steps, which is thought
to disturb the binding of bacteria and ganglioside13 because
the binding of bacteria to lactosylceramide receptors is com-
monly weak.14 This low-affinity binding is suggested to be
responsible for the inability of TLC to detect the receptors
for Moraxella catarrhalis and Haemophilus influenzae.13,15
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However, the attachment inhibition method identified the re-
ceptors for both M. catarrhalis and H. influenzae.16,17 There-
fore, in this study the attachment inhibition method was used
to detect the receptor for B. pseudomallei on pharyngeal ep-
ithelial cells.

The incidence of melioidosis is underestimated in many
areas. It affects mainly malnourished and immunocompro-
mised hosts.2 Studies in the United States and Singapore
have shown that melioidosis can affect young military per-
sonnel without underlying illnesses.18,19 The nature of mili-
tary training increases exposure of healthy, young individ-
uals to the bacterium. Recently, the Center for Disease Con-
trol and Prevention (Atlanta, GA) designated B. pseudom-
allei as one of the pathogens most likely to be misused as a
biologic weapon (Atlas RM, unpublished data). No vaccine
is available for this infection, although a large number of
people live in and travel to areas (Southeast Asia and north-
ern Australia) where the bacteria is endemic. Part of the
reason for not identifying a vaccine candidate is that the
pathogenesis of this infection is unknown. The present study
shows that attachment of B. pseudomallei is mediated by the
AGM1-AGM2 receptor complex. Therefore, it may be pos-
sible to develop prevention methods for melioidosis based
on the anti-attachment mechanism. Additional studies are
needed to precisely identify the receptor sequence of B.
pseudomallei.
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