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A Possible Role of Lipopolysaccharides in the Prevention of
Lysosome-Symbiosome Fusion as Studied by
Microinjection of an Anti-LPS Monoclonal Antibody
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Lack of lysosomal fusion with symbiosomes in symbiont-bearing Amoeba proteus may be due
either to the presence of a component in the symbiosome membrane or to the absence of a
component needed in the fusion process. Using monoclonal antibedy as a probe, lipopoly-
saccharides were identified as symbiosome-membrane components contributed by symbionts and
were found to be exposed on the cytoplasmic side of the membrane. In order to test whether
lipopolysaccharides may piay a role in the prevention of lysosome-symbiosome fusion, the
antilipopolysaccharides antibody was microinjected and processed for double immunostaining
in comjuction with anti-lysosome antibody as a lysosome-fusion indicator. Microinjection of the
anti-LPS antibody caused symbiosomes to fuse with lysosomes, suggesting that X-bacterial
lipopolysaccharides could be ‘fusion-preventing’ factors.
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symbiosis

X-bacteria are unidentified Gram-negative
bacteria that spontancously infected the D strain
of Amocba proreus in  the laboratory and
established a stable symbiosis within a few years
(17). At present. each amoeba harbors about
42,000 bacteria. which are enclosed by membra-
neous vesicles called symbiosomes. and the host
and symbionts arc mutually dependent for
survival. It has been found that the host and
symbionts synthesize and exchange a few pro-
teins between them (18).

One of the unanswered questions is how X-
bacteria avoid destruction by amoebae that are
rich in lysosomal enzymes and digest any other
ingested living organisms. Although a number
of studies regarding the prevention of lysosomal
fusion in symbiosis and pathogenicity have been
conducted. little is known about the mechanism
for the inhibition of lysosomal fusion or identity
of the components involved in the fusion
inhibition (22). The lack of lysosomal fusion with
symbiosomes in xD amoebae may be due either
to the presence of a component in the vesicle
membrane or to the absence of a component
needed in the fusion process.

In the previous study, we produced mono-
clonal antibodies (mAbs) against the symbio-
some membranes and identified the antigen as
lipopolysaccharides (LPS) on the symbiosome
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membranes (4). Since X-bacterial LPS were
found to be located on the cytoplasmic side of
the symbiosome membranes, it has been sus-
pected that LPS may be involved in the preven-
tion of lysosome-symbiosome fusion. Thus, it was
of interest to see if the LPS play any role in the
inhibition of lysosomal fusion. To test the possi-
bilty. anti-LPS mAb was purified and microin-
jected into amoeba cytoplasm. The result sug-
gested that LPS might play a role in the preven-
tion of the symbiosome-lysosome fusion.

MATERIALS AND METHODS

Amoebae

Two strains of Amoeba proteus, D and xD were
grown in a modified Chalkley’s solution (19) with
axenically cultured Tetrahymena pyryformis as
food organism. Amoebae were grown in Pyrex
baking dishes (34 X22X4 cm), feeding every day.
Tetrahymena were grown in 2% proteose peptone,
0.2% liver concentrate, and vitamin concentrate
().
Isolation of lysosomes

Amoebae (5-m/ packed cells) were harvested
and lysed by homogenization in 5 m/ of the
homogenizing buffer. The lysate was filtered
through a 45-pm-pore-size nylon screen to
remove unbroken cells and large pieces of
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plasma membranes. The filtrate (5 m/} was placed
on top of 10~50% linear gradient of Percoll in
a 50-m/ tube and centrifuged for 30 min at 10.000
Xg and 1-m/ fractions were pulled from the top
of the tubes. The fractions were combined
together, diluted 5 times with the homogenizing
buffer, and collected by centrifugation for 10 min
at 15.000Xg.
Purification of lipopolysaccharides

LPS were purified from X-bacteria according
to Darveau and Hancock (7). Purified LPS were
subjected to SDS-PAGE in 14% polyacrylamide
gel with the Laemmli buffer system (21). After
electrophoresis, the gel was cut into two parts, one
was silver stained for detecting LPS (15, 25) and
the other half was electrophoretically transferred
to nitrocellulose membrane and processed for
immunoblotting (24).
Production and purification of mAbs

The mAbs to bacterial LPS (4) and lysosomal
membrane proteins (6) were obtained as described
previously. For the production of larger amount
of mAbs, ascites fluids were obtained from mice
injected with hybridoma cells. To induce tumors,
BALB/c mice were first injected with 0.5 m/ of
pristane (2.6.10,14-tetramethylepentadecane). For
purification of mAbs, 5 m/ of ascites fluids were
centrifuged for 10 min at 15000Xg, and the
supernatant was diluted 4 times with PBS. MAbs
were precipitated by adding an equal volume of
saturated ammonium sulfate for 30 min with a
gentle stirring and collected by centrifugation for
10 min at 7.000Xg. The pellet was suspended in
PBS and dialyzed extensively against PBS. A
protein-A column (I-m/ packed volume) was
prepared and washed extensively with PBS. The
dialyzed solution was centrifuged for 30 min at
12000 Xg to remove insoluble aggregates and the
supernatant was applied to the column. The
column was washed with PBS until the absor-
bance of unbound protein came down the the
background level and antibodies were eluted with
0.1 M glycine-HCI (pH 2.5). The antibody solution
was neutralized with the addition of 1 M Tris and
concentrated by spinning in Centricon-30 (Ami-
con) to make final concentration of 5 mg/m/.
Biotinylation of mAbs

Biotinylation of protein-A purified mAbs was
performed according to Boorsman er al. (1). BNHS
(Biotin-N-hydroxy-succinimide, Molecular Probes)
was dissolved in dimethylformamide (DMF) at 10
mM concentration. The reaction was initiated by
adding 10 @/ of the BNHS solution to 1 m/ of mAb
solution (I mg/m/ in 0.1 M sodium hydrogen
carbonate) and proceeded for 1 hr at room
temperature. The excess of BNHS was removed
by dialysis overnight at 4°C. For indirect immuno
fluorescence microscopy of biotinylated mAbs,
FITC-conjugated streptoavidin (Molecular Probes)
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was used at a concentration of 10 ug/ml.
Indirect immunofluorescence microscopy

Amocbae were collected in Syracuse watch
glasses and the medium was removed by
aspiration. Cells were fixed with cold methanol
(—20°C) for 5 min, washed 3 times with PBS, and
treated with culture fluids of hybridoma cells{1: 1
dilution in PBS) or ascites fliud (1 : 50 dilution
in PBS) for 3 min. After washed with PBS 3 times,
amoebae were incubated in goat anti-mouse IgG
antibody (1:50 in PBS) for 30 min at room
temperature. The labeled amoebae were washed
3 times with PBS and mounted in a solution
containing 90% glycerol, 1 mg/m/ p-phenylene-
diamine, and 10% PBS (23), and observed with
a Leitz epifluorescence microscope.
Microinjection of mAbs

For the preparation of agar-coated coverslips,
0.6% agar in the Chalkley's solution was boiled,
filtered, and poured onto clean glass coverslips
(17). Twenty amoebae were picked up with a
fine-tipped pipette and placed on top of an agar-
coated coverslip (22X40 mm) in 4 groups of 5
amocbae. Excess medium was removed to make
amoebae firmly attached. To remove aggregates
formed during concentration and storage, the
antibody solutiom was filtered through a 0.25-
um-pore-size filter unit (West Coast Scientific).
The antibody concentration of the filtrate was
adjusted to 5 mg/m/ before injection. About 5%
10" pl of antibody solution (approximately 1/50
of amoeba cell volume) was injected into an
amoeba using a micropipette mounted on a de
Founbrune micromanpulator. After 3 hr, microin-
jected amoebae were fixed with 3% paraformalde-
hyde in PBS. permeabilized with cold ethanol,
and treated with goat anti-mouse IgG antibodies
conjugated with Texas Red to detect LPS. Then.
to localize lysosomes. the cells were treated with
biotinylated anti-lysosome mAb and stained by
treating with streptavidin conjugated with FITC.

RESULTS AND DISCUSSION

The rationale for the microinjection experiment
was that. if the injected anti-LPS mAb abolished
the ability of the LPS to prevent lysosomal fusion,
symbiosomes in injected cells would fuse with
lysosomes. Consequently, the lysosome-symbiosome
fusion complex could be formed. If the injected
mAbs did not affect the ability of LPS. the
symbiosome would not fuse with lysosomes. In
this case. lysosomes and symbiosomes would be
detected as separate identities. Thus. the fusion
events could be monitored by double immuno-
fluorescence staining in conjuction with anti-
lysosome mAb as a lysosome-fusion indicator (6).

In order to check the specificities of the
antibodies used in this study. X-bacterial LPS and
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Fig. 1. /mmunoreactivies of anti-LFS and  ant-
lysosome mAbs.
(A) Purified X-bacterial LPS visualized by a
silver-staining method (lane 1) and the
corresponding immunoblot  probed with
anti-LPS mAb (lane 2). (B) Amoeba lysosomal
proteins separated by SDS gel electrophoresis
(lane 1) and the corresponding immunablot
probed with anti-lysosome mAb. The anti-
lysosome mAb specifically recognized a protein
band of 9% kDa. The arrowhead indicates the
position of the immunorcactive band.

amocba lysosomes were isolaled. separated by
SDS PAGE. and immunobloted (Fig. 1). For
microinjection. the two mAbs and anti-HSP 60
mAb. a control antibody for microinjection (5).
were first purified by protein-A affinity chromato-
graphy. and then concentrated (Fig. 2). Since both
the anti-lysosome mAb and anti-LPS mAb were
obtained from mousc. both of them were reco-
gnized by the same secondary antibody after
double immunofluorcscence staining. Thus, the
anti-lysosome mAb was biotinylated after purifi-
cation to be distinguished from the injected anti-
LPS mAb.

In order to see if microinjection of an anti-LPS
mAb cause fuston between lysosome and
symbiosome. xD Amocbae were microinjected
with the anti-LPS mAbs or anti-HSP 60 mAb
solution. To monitor the lysosome fusion event,
the gells were processed for double immunostaining
to localize lysosomes and symbiosomes. In xD
amocbae injected with an anti-LPS mAb, some
of the symbiosomes showed positive staining with
the anti-lysosome mADb, indicating that they had
fused with lyvsosomes (Fig. 3 B & b). However, in

Fig. 2. An SDS polyacrylamide gel of purified mAbs.
Lane 1. anti-LPS mAb; 2, anti-lysosome mAb:
3, anti-HSP 60 mAb. The anti-HSP 60 mAb
was generated against groEL protein of
X-bacteria and confirmed to be present in
X-bacteria cytoplasm. Thus. it was used as a
control antibody for microinjection.

the amocbae injected with an anti-HSP 60 mAb,
as a control. none of the symbiosomes stained
with the anti-lysosome mAb (Fig. 3 A & a). The
result of double immunostaining experiments in
conjuction with microinjection of the mAbs
indicated that X-bacterial LPS appeared to be
involved in the prevention of lysosomal fusion.

A fair number of studies have been reported
regarding the inhibition of lysosomal fusion in
human pathogens (2.3.8.9). So far. no known
factor inhibiting lysosomal fusion has been
identified. Furthermore. little is known about the
mechanism. Some polycations and sulfatide lipids
have been known to inhibit lysosomal fusion
(10.12). However. the mechanism of these
inhibitors is now controversial (13.14). The
microinjection experiments showed that the anti-
LPS mAbs injected into xD amoeba cytoplasm
appeared to let symbiosomes fuse with amoebalet
symbiosomes fuse with amoeba lysosomes. One
interpretation of the results in that X-bacterial
LPS are involved in the prevention of lysosomal
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Fig. 3. Symbiosome-lysosome fusion after microinjection of anti-LPS mAb.
Indirect immunofluorescence micrographs of amoebae injected with a control mAb (A. a) and anti-
LPS mAb (B. b). A and B. stained for symbiosomes: a and b. stained for lysosomes. It has been seen
that symbiosomes became fusible with lysosome only when the anti-LPS mAb was microinjected into
amoeba cyvtoplasm. The arrows indicate the position of svmbiosomes (magnification. 1100 X).

fusion and that they are the fusion-preventing
factors. Recently. Joiner ¢r al. (20) demonstrated
that the mechanism of fusion inhibition is likely
to reflect a modification of the vacuole membrane
at the time of its formation. as opposed to the
opinion that a soluble fusion inhibitor is secreted
by the parasite. The result further strengthens the
view that the inhibition of lysosome-symbiosome
fusion in amoeba-bacteria symbiosis is caused by
a component on symbiosome membranes. such
as X-bacterial LPS.

One approach to confirm that X-bacterial LPS
are fusion-preventing factors is to clone X-bacterial
genes for the synthesis of LPS. Once the genes
are available, E. coli transformed with a plasmid
inserted with the cloned genes could be tested for
the survival inside amoeba cytoplasm after induced
phagocytosis.
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