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Abstract. Specific binding between bacterial cells and host tissue is an early step of the pathogenesis of
infection. Burkholderia pseudomallei cells, the causative micro-organisms of melioidosis, were demonstrated
to bind specifically to tissue glycolipids (asialo GM1 and asialo GM2) by solid phase binding assay on thin
layer chromatograms. The detection limit was around 400 pmol of the glycolipids. Acid phosphatase
purified from the culture filtrate of B. pseudomallei was tested for such binding properties, and the same
results were obtained. According to our previous studies, the enzyme is a glycoprotein located on the cell
surface, and hydrolysed tyrosine phosphate most actively among the substrates so far tested. The mode of
binding between the enzyme and the glycolipids was analyzed by comparison of binding levels among three
samples different in protein content, sugar content and specific phosphatase activities per protein and sugar
residue. The results suggested the possibility of a receptor-ligand relationship between the bacterial enzyme

and the host-cell glycolipids (asialo GM).

INTRODUCTION

B. pseudomallei is the causative agent of
melioidosis, a tropical or subtropical infectious
disease, whose endemic areas are mainly Southeast
Asia and northern Australia (Leelarasamee and
Punyagupta, 1988). Though this species of bacteria
is usually living in the natural environment (soil
and water), it causes opportunistic infections with a
wide spectrum of clinical course from acute or
subacute septicemic type to chronic or asympto-
matic latent case (Dance, 1991).

A multifactorial mechanism has been proposed
for the pathogenesis of melioidosis (Wongwanich
et al, 1996). In the present paper, an additional
aspect of the pathogenesis will be introduced, a
specific receptor-ligand system which may be oper-
ating to mediate adhesion between B. pseudomallei
cells and host tissue.
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For the past several years, we have been engaged
in studying acid phosphatase activity of B.
pseudomallei and have come to a conclusion that
the enzymatic activity is mainly due to the presence
of tyrosine phosphatase of glycoprotein nature lo-
cated on the cell surface or secreted therefrom
(Kondo and Kanai, 1994). During the course of this
study, we received information that cell-cell adhe-
sion can be mediated by a receptor-like protein
tyrosine phosphatase (Gebbink et al, 1993).

Meanwhile, B. cepacia, which is a near relative
of B. pseudomallei taxonomically, was reported to
bind specifically to gangliotetraosylceramide (asialo
GM1) and gangliotriasylceramide (asialo GM2),
possibly in a receptor-ligand relationship (Krivan
et al, 1988).

Taking together the information, we were inter-
ested in the possibility that tyrosine phosphatase of
B. pseudomallei may function as a receptor to bind
asialo GM1 and asialo GM2. The results of our
study described here are favorable to our assump-
tion.

781



SOUTHEAST ASIAN J Tror MED PuBLIiCc HEALTH

MATERIALS AND METHODS
Microorganisms

Test strains (UB12, UB26, UB165) were se-
lected from our collection of fresh isolates of B.
pseudomallei donated by Sappasittiprasong Hospi-
tal, Ubon Rajthani, Thailand. The strains were
identified in the hospital laboratory on the basis of
routine identification tests. After receiving them,
further confirmation was made in our laboratory by
fatty acid pattern analysis by GLC and also by assay
for pH-activity pattern of acid phosphatase (Kondo
et al, 1991). B. cepacia (UB 146) was employed
for control tests.

Culture of microorganisms

A stock culture of each strain was plated directly
onto blood agar of 9-cm diameter. After overnight
incubation at 37°C, one colony on the plate was
selected and transferred to triptic soy broth. The
overnight growth was then plated with a cotton
swab onto triptic soy agar (16cm diameter). The
overnight growth was used for preparation of a
bacterial suspension for the binding experiment
and also as the inoculum to two flasks each contain-
ing 1.5 liter of Mueller-Hinton liquid medium.
These flasks were incubated at 37°C for 10 daysand
the culture filtrate was subjected to fractionation.

Glycolipid standards

Eight glycolipid standards employed in this study
are listed in Table 1.

Preparation of glycolipids

All natural glycolipids used were purified in the
University of Shizuoka by Y Suzuki and his associ-
ates from the following sources. GMla, GDla,
GD1b, GT1b and GalCer were obtained from bo-
vine brain (Hirabayashi et al, 1978; Suzuki et al,
1986). GlcCer, LacCer, and Gb,Cer were from
porcine erythrocytes (Clarke et al, 1971). GM3 was
from human liver (Seyfried et al, 1978), and GM2
was from Tay-Sachs brain (Suzuki et al, 1985).
Gg,Cer (asialo-GM1) and Gg,Cer (asialo-GM2)
were from guinea pig erythrocytes (Svenrerholm et
al, 1973; Seyama and Yamakawa, 1974). Concen-
trations of gangliosides and glycolipids were quan-
tified by densitometric analysis using oricinol-HCl
or resorcinol-H,SO, staining as described previ-
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ously (Suzuki et al, 1992).

Thin-layer overlay method for detection of the
binding of bacterial cells to glycolipids

Thin-layer chromatography of glycolipids was
carried out on silica gel high performance plates
(Merck, West Germany) of 5 cm x 10 cm. After
spotting, the glycolipids were developed with chlo-
roform; methanol; 0.25% aqueous KCI (50:40:10).
The plates were dried, dipped in hexane containing
0.1% poly-isobutylmethacrylate, and air dried. They
were then sprayed with PBS containing egg-white
albumin (EWA) for 2 to 3 hours. After excess
buffer was drained from the plates, the plates were
overlayed for 4 hours with a bacterial suspension of
107-108 cells per ml and left to stand overnight in a
refrigerator. The plates were then washed with PBS
several times to remove unbound becteria, and
blocked again by EWA solution and washed with
PBS three times for 20 to 30 minutes by occasional
shaking. The plates were subjected to treatment
with a 1:500 dilution of mouse antibodies against
the bacteria or their components for 1 to 2 hours and
washed with EWA and PBS. To make the location
of glycolipid-bound bacteria visible, the plates were
then treated with a 1:1000 dilution of anti-mouse
1gG labeled with peroxidase, washed three times
with PBS for 1-2 hours, and finally exposed to a
mixture consisting of tris-HCI buffer, 0.3% 4-
chloro-1-naphthol and H,0, in the ratio of 5:1:0.02.
After being washed with water and dried, the plates
were monitored by a densitometer set at 578 nm.
All the steps in this procedure were carried out at
4°C excepting the last step at 37°C.

Isolation of phosphatase-active fractions from
the culture filtrate of B. pseudomallei

After termination of incubation for 2 days, each
culture was added with formalin to a concentration
of 0.35% and left to stand overnight at 37°C. The
sterility test showed no detectable living bacilli at
this time. The bacterial cells were removed
therefrom by centrifugation at 10,000 rpm for 30
minutes. The supernatant was concenrated to 0.1
volume in a rotary evaporator. The concentrate was
mixed with an equal amount of a saturated ammo-
nium sulfate solution and left to stand overnight at
4°C. The resulting pricipitate was collected by
centrifugation at 4,000 rpm for 30 minutes. The
precipitate was dissolved in 150 ml of 0.067 M
phosphate buffer, pH 7.0, and the half saturation
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Table |

Structure of glycolipids tested for binding to B. pseudomallei cells.

Glycolipids

Structure

Gg,Cer (Asialo-GM1)
Gg,Cer (Asialo-GM2)
GMIla
GM2
GM3
GDla
GDI1b
GTI1b
4Glc P1-Cer

Gal B1-3Gal NAc B1-4Gal B1-4Glc B1-Cer

GalNAc B1-4Gal B1-4Glc p1-Cer

Gal B1-3GalNAc B1-4 (NeuSAc o 2-3) Gal f1-4Glc B1-Cer

GalNAc B1-4 (NeuSAc o 2-3) Gal B1-4Glc B1-Cer

NeuSAc a 2-3Gal B1-4Glc B1-Cer

NeuAc o 2-3Gal B1-3 GalNAc B1-4 (NeuSAc a 2-3) Gal B1-4Glc B1-Cer
Gal B1-3GalNAc Pl1-4(NeuSAc 0:2-8NeuSAc o 2-3) Gal B1-4Glc P1-Cer
NeuSAc o 2-3Gal B1-3Gal NAc B1-4 (NeuSAc o 2-8Neu 5Ac o 2-3) Gal B1-

procedure with ammonium sulfate was conducted
twice more. The final precipitate was dissolved in
100 ml of distilled water and dialysed against water
at 4°C for 4 to 7 days. Then the dialysis bag was
placed in Ficol powder to concentrate the inside
solution to about 60 ml.

The above ammonium sulfate precipitated frac-
tion was then applied to a Sephadex G-75 column (2
x 30 cm) equilibrated and eluted with water. The
loaded amount was 20 ml, and the eluates were
collectd in 3g amounts. A 20 pl portion from each
tube was employed for determination of protein and
sugar. Pooled eluate fractions of each peak were
lyophilized.

The Sephadex fractions were then applied to a-

DEAE-cellulose column (preswollen Microgranular
Anion Exchanger DE 52, Whatman Bio Systems
Ltd, England) of 1.5 x 11 c¢cm equilibrated with
0.025 M Tris-HCl bufferpH 7.1. The loaded amount
of the Sephadex fractions was 100 mg dry weight
each. Elution was made stepwise, first with 100 ml
0f0.025 M Tris-HCl bufferpH 7.1, then 0.1 MNaCl
and finally with 0.5 M NaCl in 0.025 M Tris-HCI
buffer. The fraction size was 4 g. The eluates in
each peak depicted by protein and sugar
determinations were pooled, dialyzed, and
lyophilized.

Determination of protein and sugar content

Protein levels were determined by the method of
Lowry et al (1951) or by Bio Rad protein assay
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reagent (Bio Rad Chimical Division, Richmond,
CA, USA). Bovine serum albumin (fraction V,
Sigma) was used as protein standard. Sugar deter-
mination was made by the phenol-H,SO, method as
follows. A sample of 20 pl was placed in a test tube
of 1.2 x 7 cm (Corning) with 780 pl of water, to
which was added 20 pl of 80% phenol. This
mixture was then treated with 2 ml of concentrated
sulfuric acid. After the temperature dropped to 25-
30°C, the developed color was read with a Coleman
spectrophotometer set at 490 mp. Glucose was used
as sugar standard. The anthrone test was also em-
ployed for sugar determination in some experi-
ments.

Phosphatase assay

Non-specific phosphatase activity was assayed
in a reaction mixture consisting of 0.8 ml of buffer,
0.1 ml of the enzyme sample, and 0.1 ml of p-
nitrophenyl phosphate (PAP) solution (0.2%). For
pH range from 3.19 to 6.22, acetate buffer solutions
(0.1M) were prepared. For pH range higher than
6.5,0.1M Tris-HCl buffer solutions were employed.

The reaction mixture was incubated in a water
bath at 40°C for 30 minutes. To stop the reaction
and develop the yellow color of released p-
nitrophenol, 1.0 ml of 0.5M NaOH was added.
After addition of one ml distilled water the reaction
mixture was subjected to colorimetric determina-
tion with a Coleman spectrophotometer set at 420
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mp. To the blank tube NaOH solution was added at
zero time.

In our previous studies (Kanai and Kondo, 1991,
Kondo et al, 1994) the substrate specificity of this
phosphatase activity was examined in the whole
bacterial cells and the enzyme preparation isolated
from the culture filtrate. In both cases, tyrosine
phosphate was the most efficient substrates among
those so tested, showing 120 to 180% higher reac-
tion than that with PNP, thus suggesting that the
screening assay of phosphatase activity with PNP
prevides a meaure of the level of tyrosine
phosphatase.

Immunofluorescence staining and microscopy

Coloies of B. pseudomallei on tryptic soy agar
were suspended in PHS to a concentration of ap-
proximately 109 cells per ml. This suspension was
made by turbidity comparison with a McFarland
standard tube. It was then treated with 0.35%
formalin to kill the cells. One drop of the suspen-

sion was placed on a glass-slide and air-dried. The
cells were fixed with acetone for 15 minutes. The
fixed smears were coverd with a 1:20 dilution of the
pooled monoclonal antibodies to the phosphatase
fraction provided from the Department of Pathol-
ogy, NIH, Tokyo and incubated in a moist chamber
at 37°C for 45 minutes. The smears were washed 3
times with fresh PHS each-time, and air-dried.
Finally, the smear was treated with 20 pl of a 1:20
dilution of fluorescein isothiocyanate-conjugated
anti-IgG of homologous species (ICN Immuno-
biologicals, IL, USA) and incubated in a moist
chamber at 37°C for 45 minutes. Fluorescence
microscopy was conducted with a fluorescence
microscope Olympus BH).

RESULTS
Binding of whole bacterial cells to glycolipids

A thin-layer plate of silica gel was spotted with
ten kinds of glycolipids (10 pg/lane each) as shown

Table 2

Glycolipids tested for binding B. pseudomallei.

B. pseudomallei

Glycolipids strains

B. cepacia
Cell-fractions* strain

UB16S

UB26

UB26-C UB26-E UB146

Asialo GM1
Asialo GM2 +

+++

Galactosylceramide (CalCer) -
Lactosylceramide (CDH) -
Globotriapsy 1 ceramide (Gb,) -
GMla -
GM2 -
GM3 -
GDla -
GDIb+GTI1b -

+++

+++ + -

++ ++

i
|

+ + + + + + + + o+
!

* UB26-C is a membrane-rich fraction and UB26-E is the cell-free supernatant fraction each obtained by
differential centrifugation of the homogenate of UB26 B.pseudomallei cells (Kondo and Kanai, 1994).

+++, ++, + indicate the level of binding intensity graded arbitrarily.
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in Table | and developed with the solvent system as
described before. The plate was overlayed with a
formalin-killed bacterial suspension of B.
pseudomallei (strain UB165, UB26) and of B.
cepacia (UB146) of 4 day growth, then treated by
mouse sera to whole bacterial cells, and finally by
peroxidase-labeled anti-mouse IgG. During this
procedure, the blocking of the plate with EWA
solution and the washing with PBS were done
between each step. Detection of the binding sites of
bacterial cells was monitored by treatment the plate
with 0.3% 4-chloro-1-naphthol and H,0, to de-
velop blue color, and the level of reaction was read
by a densitometer set at 578 mu. The results shown
in Table 2 indicate that only asialo GM1 and asialo
GM2 bound to B.pseudomallei cells.

Being encouraged by this observation, we pro-
ceeded to a further experiment with the graded
amounts of asialo GM 1 and asialo GM2 from 2,000
pmol down to 400 pmol. The results are given in
Fig 1, which shows that asialo GMI had a stronger
affinity to the bacterial cells and 400 pmol is suffi-
cient to produce a detector response.

The test with living B. pseudomallei cells (strain
UBI12, UB26) was also conducted to examine the
dose-response of binding to four-graded amounts
(2.0 nmol to 0.5 nmol) of asialo GM1 and GM2.
Asialo GM1 gave a stronger affinity to living cells
than asialo GM2. An example of the results is
shown in Fig 2, where the difference in the spot-size
of migrated lipids at the same Rf site is clearly
revealed on the TLC plate.

Finally, the binding expriment was carried out

(mm?)
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15 F

asialo GM1

-
Q

Betector tesponse

5 o
—l’
asialoGM2
0 N 1 ]
0 400 800 1200 1600 2000 (pmol)

Amount of asialo GM1 or Asialo GM2

Fig 1-Binding of three day-culture-cells of B.pseudo-
mallei to asialo GM1 and asialo GM2.
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Fig 2-Bindingofone day-culture-living cells of B. pseudo-
mallei to asialo GM1 and asialo GM2.
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Fig 3-Three fractions (A, B, C) separated by DEAE
cellulose-column chromatography of the
component obtained from the culture filtrate of
B.pseudomallei by precipitation with ammonium
sulfate and gel-filtration with sephadex G-75
column.

with cell-fractions a membrane-rich fraction and
cell-free supernatant (Kondo and Kanai, 1994),
separated from the homogenate of mechanically
disrupted B. pseudomallei cells to identify the main
site of binding to the glycolipids. The results are
included into Table 2. The membrane fraction was
found to bind more effectively asialso GM1 and
GM2.

Binding of isolated acid phosphatase fraction to
glycolipids

On the assumption that the binding of B.
pseudomallei to host tissue glycolipids may be due
to the presence of some cell-surface component of
this species of bacteria as receptor, we employed
acid phosphatase fractions (tyrosine phosphatase)
separated from the culture filtrate as a candidate for
such receptors since we have been working for the
past several years on the characterization of this
enzymatic activity. Several pieces of evidence
indicated that the enzyme is a heat-stable
glycoprotein located on and/or secreted from the
cell surface (Kondo and Kanai, 1994).
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Table 3

Specific activity of acid phosphatase in DEAE-column fraction (A, B, C)
of the culture filtrate of B. pseudomallei (UB12).

Specific activity of acid phosphatase

Fraction Contents (ug) per 100mg sample (PNPuM/ 30min/ 100pg of the below)

Protein Sugar Sample Protein Sugar

A 5.0 77.5 0.004 0.08 0.005

B 23.0 75.0 0.017 0.074 0.023

C 40.0 40.0 0.035 0.087 0.085
o5~ binding experiment with the three fractions (A, B,
w @ = C) using the same procedure as before, except that
g ; b the antisera were monoclonal antibodies to the
i . isolated enzymatic fraction. As a negative control,
o2 B whole cells of B. cepacia were employed to demon-
&2 o c strate that the antigenic specificity of B.
2o R pseudomallei does not cross with B.cepacia. The

.é_ é ul- PROTEIN SUGAR . results are shown in Fig 4.

e 8 o) Table 3 and Fig 4 show that fraction A had the
b § [~ highest sugar content per weight but the lowest
g ‘3 (2] protein content. Fraction C was the lowest in sugar
§ E' A 'Ye) content and the highest in protein content. Fraction
- T I B T B was of intermediate level in sugar and protein

oo 100 200 300 400 500 600 700 800 900
PROTEIN OR SUGAR CONTENTS(JG)PER MG SAMPL E
Fig 4-Specific activity (PNP mM/30 min/ mg fraction)
of acid phosphatase in DEAE column-fractions

(A, B, C) of the culture filtrate in relation to
protein and sugar content.

Instead of whole bacterial cells, we employed
three fractions obtained from the culture filtrate by
ammonium sulfate precipitation, gel-filtration with
Sephadex G-75 and column chromatography with
DEAE-cellulose (Fig 3). These three fractions
(A, B C) were different in the level of enzymatic
activity, sugar content, and protein content.

Fraction A was the pooled eluate of the first peak
(void volume) from the DEAE-cellulose column,
Fraction B was the second peak eluted by 0.1M
NaCl, and Fraction C was the third peak eluted by
0.5M NaCl. Protein and sugar contens of each
fraction were determined and the specific activity
of acid phosphatase was calculated as released PNP
UM/30 minutes/ 100 pg sample (Table 3).

With these data in mind, we proceeded to the
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content between A and C.

Accordingly, it is natural that the specific
phosphatase activity per fraction weight is the high-
est in fraction C, since the enzyme is a protein.
However, it is remarkable that the specific activity
per protein was almost the same among these three
fractions, thus suggesting that the phosphatase con-
tained in each fraction (A, B, C) may be due to the
distribution of the identical enzyme.

Most interesting is the result that the specific
activity per sugar was increasingly higher in the
order A, B and C, and that the specific activities per
protein and sugar were almost the same as in frac-
tion C. This will be explained reasonably if we
admit that the enzyme is a glycoprotein separated
essentially pure in fraction C.

Fig 5 is the result of the binding experiments
with fractions A, B and C to asialo GM1 and asialo
GM2. Detector responses indicated the highestlevel
of affinity of fraction C to both glycolipids. To
illustrate the characteristics of this binding, we
prepared Figs 6 and 7 from the data shown in Table
3 and Fig S.

Vol 28 No.4 December 1997



GANGLIOSIDE BINDING OF B. PSEuDOMALLE!

100
B asialo GM1

B asial GM2
80 | °

DETECTOR RESPONSE(%)
(AFFINITY TO ASIALO-GM 1)

A
pseudomallej

Fig 5-Adhesion to asialo GM1 and asialo GM2 of
phosphatase-active fractions (A, B, C) separated
by DEAE-column chromatography from the
culture filtrate of B. pseudomallei (UB12).
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Fig 6-Affinity to asialo GM1 of three DEAE-column
fractions (A, B, C) of the culture filtrate of
B. pseudomallei (UB12) is associated with specific
activity of acid phosphatase per sugar, not the per
protein activity.

The data here, that fraction C showed the highest
level of detector response, suggest two possibili-
ties: 1) the sugar moiety of the enzyme is responsi-
ble for the binding, since the level of specific
phosphatase activity per sugar is the highest in
fraction C; 2) the binding occurs with the protein
moiety of the enzyme, since fraction C has the
highest amount of enzyme protein per sample
weight.

The cells of B. cepacia did not reveal a positive
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Fig 7-Affinity to asialo GM2 of three DEAE-column
fractions (A, B, C) of the culture filtrate of
B. pseudomallei (UB12) is associated with specific
activity of acid phopsphatase per sugar, not the per
protein activity.

adhesion reaction in this system, as shown in Table
2. This may be because that the antiserum is
specific to B. pseudomallei but not to B. cepacia as
we experienced in our previous experiments
(Naigowit, 1993).

Indirect immunofluorescence staining of B.
pseudomallei cells employing the antisera to
isolated phosphatase fraction

To confirm the positive staining as additional
evidence to support the concept that the phosphatase
of B. pseudomallei is associated with the cell-
surface, the authors repeated such experiments us-
ing clinical specimens (pus, blood, sputum) of
melioidosis patients. The staining was successful
in more than 90% of the samples. The photoil-
lustrations were presented previously (Naigowit,
1993, 1994).

DISCUSSION

In 1988, Krivan, Ginsburg and Roberts demon-
strated that P. aeruginosa and B. cepacia have
receptor(s) to bind specifically tissue glycolipids
(asialo GM1 and asialo GM2). Their study was to
examine the possibility that the carbohydrate moi-
ety of these tissue glycolipids may mediate adhe-
sion of the bacteria to host tissue as the initial step
of the pathogenesis leading to cystic fibrosis.
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In their experiments, such binding was demon-
strated by detection of isotopically labeled bacte-
rial cells on the thin-layer chromatograms impreg-
nated with asialo GM1 and asialo GM2. From the
comparative observations of the stractualy related
glycolipids with asialo GMI and asialo GM2, they
suggested that at least terminal or internal GalNAc
B 1-4Gal sequences in glycolipids may be critical
for the binding of these two pathogenic species of
bacteria.

Iwamori et al (1993) also reached the same
conclusion working on recombinant E. coli which
has the gene encoding the adhesion factor of P.
aeruginosa.

Once cystic fibrosis is established it is difficult
to eradicate P. aeruginosa cells completely from
lung tissue. The same is true with the case of
pnuemonia due to B. pseudomallei, even more seri-
ous than the case of P. geruginosa. In the detail of
pathogenic morphology, there would be some dif-
ferences between pneumonia caused by B.
pseudomallei and cystic fibrosis caused by P.
aeruginosa. However, the binding of the causative
microorganisms to target tissue cells is undoubt-
edly the crucial initial step of the pathogenesis of
infection.

Krivan et al (1988) reported also that P. cepacia
has the receptors for asialo GM1 and asialo GM2.
P.cepacia is now grouped into the Genus
Burkholderia according to the recent taxonomy
proposed by Yabuchi et al (1992). B. cepacia is
very similar to B.pseudomallei in many biochemi-
cal characteristics, though less pathogenic and dif-
ferent in the antigenicity. Therefore, we have been
concerned with a question whether or not B.
pseudomallei binds to asialo GM1 and asialo GM2.
As reported above, the answer was positive. Be-
sides, an additional finding was obtained that cell-
surface acid phosphatase may be one of the candi-
dates for the ligand molecules in B. pseudomallei.

As stated, acid phosphatase activity of B.
pseudomallei as screened using the nonspecific
substrate PNP is actually tyrosine phosphatase,
most probably protein tyrosine phosphatase (PTP)
which is considered to be a two-component system
playing an important role in the signal transfer
mechanism. In our previous paper (Kanai et al,
1996), we reported that PTP in B. pseudomallei has
a receptor molecule which interacts with insulin.
Just like protein tyrosine kinase which is thought to
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work as a regulator of cell growth, differentiation,
and metabolism (Jin and Inoue, 1993), PTP is also
responsible for such regulation participating in the
dephosphorylation of phosphorylated materials
(Hashimoto et al, 1992; Bourret et al, 1991).

We have new information that the phosphatase
of B. pseudomallei has a strong affinity to asialo
GM1 and asialo GM2. In the present state of our
knowledge, however, this binding remains only as
a mechanical event for the bacteria to attach to host
tissue. Our future efforts should be directed to the
analysis of the functional aspects of this binding,
especially in relation to the signal transduction of
environmental changes into cell-inside.

Our last question is whether or not the
phosphatase of B.cepacia can bind to the glycolipids.
This question arises from our findings that the
phosphatase has almost the same nature of enzy-
matic activity (Kondo et al, 1991), but they are not
the same in the antigenicity test, suggesting a dif-
ferent antigenic structure of the sugar chain of the
enzyme. This question must be answered by the
future experiment with tyrosine phosphatase
purtified from B. cepacia for binding assay. It is
generally accepted that the binding in question
occurs as the result of interaction between sugar
chains of the enzyme and the glycolipids. We have
also a concern about the information that PTP of
Yersinia is a virulence factor of this species (Bliska
et al, 1991; Guan and Dixon, 1990). Interaction of
insulin with Pseudomonas pseudomallei in con-
nection with the infection also attracted recent in-
terest (Woods et al, 1993).
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