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To examine the participation of P1 adhesin in gliding of Mycoplasma pneumoniae, we examined the effects of
an anti-P1 monoclonal antibody on individual gliding mycoplasmas. The antibody reduced the gliding speed
and removed the gliding cells from the glass over time in a concentration-dependent manner but had only a
slight effect on nongliding cells, suggesting that the conformational changes of P1 adhesin and its displacement
are involved in the gliding mechanism.

Mycoplasma gliding. Mycoplasmas are parasitic, occasion-
ally pathogenic, small-genome bacteria lacking a peptidoglycan
layer (20). Several mycoplasma species, including Mycoplasma
pneumoniae, M. genitalium, M. pulmonis, M. gallisepticum, and
M. mobile, have distinct cell polarity and exhibit gliding motility
in the direction of the tapered end (2, 10, 13). The mechanisms
underlying gliding motility are intrinsically different from those
of other motility systems and are not well understood (8, 12–
15, 26).

M. pneumoniae and P1 adhesin. M. pneumoniae, a human
pathogen, forms a membrane protrusion, an attachment or-
ganelle, at a cell pole (11, 13). The cell surface of the attach-
ment organelle exhibits clustering of a 170-kDa transmem-
brane protein, P1 adhesin, which is responsible for binding to
animal cells and glass surfaces (4, 6, 19, 24). It shares structural
similarities with the adhesion proteins of other mycoplasma
species, such as MgPa of M. genitalium (7) and GapA of M.
gallisepticum (5), but not with Gli349 of M. mobile, the fastest
species (26). It is known that an antibody raised against P1 can
block the binding of M. pneumoniae to animal cells and glass
(4, 6, 19, 24), but the effects on glass binding or gliding have not
been observed for individual cells (4, 6). Here we analyzed the
effects of such an antibody on individual cells under conditions
optimized for gliding.

Optimizing conditions for gliding. In previous work, we
found that a greater proportion of M. pneumoniae cells glided
at higher speeds in a phosphate-buffered saline (PBS) solution
containing serum than in the growth medium (9). Accordingly,
in the present study we examined the effects of medium on
gliding. M. pneumoniae M129 cells grown in Aluotto medium
(1, 17) were suspended in fresh medium, dispersed as previ-
ously described (21, 22), put on a clean coverslip, and incu-

bated at 37°C for 60 min to let the cells bind to the glass. The
coverslip with mycoplasma cells was then assembled into a
tunnel slide, as previously described (12, 26). After incubation
of the cells on a microscope stage chamber at 37°C for 10 min,
the growth medium was replaced by PBS containing 10% horse
serum or by a fresh medium. The microscopic images were
recorded and analyzed (15–17, 26). Since all cells are not
always gliding (9), we examined both the proportion of gliding
cells in relation to the total cells and the gliding speeds to
evaluate the effects of the various conditions. The gliding ac-
tivity presented by the two parameters did not change when the
medium was replaced by fresh medium, but it increased in
response to the replacement with PBS containing 10% serum.
The proportion of gliding cells was 0 out of 406 cells at time
zero but increased with time and reached 0.37 at 60 min, when
the growth medium was replaced by PBS containing 10% se-
rum. This proportion stayed at 0, however, when the growth
medium was replaced with fresh medium. The gliding speed in
PBS containing 10% serum also increased with time and pla-
teaued at 0.93 �m/s at 15 min, although it did not change in the
fresh medium. The average gliding speed of M. pneumoniae
was originally reported to be as fast as 0.4 �m/s in a medium,
comparable to the speed observed here in the PBS containing
serum (3, 18). The content of the Aluotto medium used here
was slightly different from that of the Hayflick medium used in
the previous studies. We did try the Hayflick medium, but no
difference in the gliding results was observed. These observa-
tions may suggest that the active gliding of M. pneumoniae is
induced by starvation, which was unexpectedly achieved in the
previous studies (3, 18).

We next examined the effects of serum concentrations, tem-
perature, and gelatin. Once cells were bound to glass with 10%
horse serum, gliding continued even in its absence but was
better in concentrations ranging from 5 to 20%. The number of
cells that glided was approximately the same over a tempera-
ture range of 27 to 42.5°C, but their speed increased linearly
with temperature over this range from approximately 0.5 to 0.8
�m/s, as previously observed in the gliding of the fastest my-
coplasma species, M. mobile (15). The addition of 1 to 5%
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gelatin did not prevent cells from leaving the glass during
gliding (9, 18). Therefore, the effects of antibody were exam-
ined in PBS plus 10% horse serum without gelatin at 37°C.

Inhibition of gliding by anti-P1 adhesin antibody. We made
a monoclonal antibody by immunizing mice with a recombi-
nant protein comprising 1,160 to 1,518 amino acids of a whole
P1 molecule of 1,627 amino acids, which is known to have a site
responsible for cell and glass binding (19). The specificity of
antibody was confirmed by immunoblotting, immunofluores-
cence microscopy of fixed cells with and without permeabili-
zation, and immunofluorescence microscopy of living cells (12,
22, 23, 26).

The effects of the antibody on gliding of individual cells were
examined (Fig. 1 and 2). Cultured mycoplasma cells were re-
suspended in PBS containing 10% serum and bound to a clean
coverslip at 37°C for 70 min. Then, PBS containing 10% serum
was replaced by PBS containing 10% serum and various con-
centrations of the antibody, ranging from 0 to 300 �g/ml at
time zero, and cells bound to glass with and without gliding
motility were counted separately, as presented in Fig. 1A and
B, respectively. The addition of antibody removed the gliding
cells from the glass over time in a concentration-dependent
manner (Fig. 1A). However, the antibody affected the glass
binding of nongliding cells only slightly (Fig. 1B). These ob-
servations indicate that the displacement of a cell along a glass
surface during gliding is essential to cell removal by the anti-
body. The effects of antibody on the gliding speed were exam-
ined (Fig. 2). The average speed of gliding cells was found to
be reduced by the addition of antibody in a concentration-
dependent manner, an effect similar to that for the inhibition
of glass binding, indicating that the binding of antibody re-
duces the gliding speed.

Involvement of P1 adhesin in gliding. The dependence of
the antibody’s ability to inhibit glass binding during gliding on
its concentration indicates that P1 is responsible not only for
static binding but also for that during gliding (Fig. 1A).

The obvious difference in resistance to the antibody between
gliding cells (Fig. 1A) and nongliding cells (Fig. 1B) suggests
that P1 induces conformational changes in gliding. In other
words, the P1 molecules should be in a state where the acces-
sibility of the antibody is significantly reduced when the cell is
not gliding on glass, compared to the states occurring in glid-
ing. This observation can be explained by an assumption that
the P1 molecule itself is involved in a “power stroke” that
propels a cell like a leg.

The binding of antibody to a cell was found to decrease the
gliding speed (Fig. 2), consistent with the observation of M.
mobile with anti-Gli349 antibody (26). The results of the
present study can be explained by one of the following three
hypotheses, based on the assumption of a power stroke of the
P1 molecule. The first hypothesis is that the binding of anti-
body reduces the rate of release of P1 molecules from the
glass, resulting in generation of a drag force, and also blocks
rebinding after the release, as discussed for M. mobile (refer to
Fig. 7 of reference 26). The second hypothesis is that only a
fraction of P1 molecules are in the propelling cycle, while
others are in a state of static binding, keeping the cells on the
glass and also causing a drag force in normal gliding. In this
case, the binding of antibody causes a decrease in the number
of P1 molecules in the cycle, resulting in a shortage of propel-

ling force for a cell with the normal speed. In the third hypoth-
esis, a fraction of P1 molecules are in the propelling cycle, as
proposed in the second hypothesis, but the drag force is not
large enough to balance the propelling force exerted through a
P1 molecule in the cycle. However, the duration of a stroke is
short, and the speed of a cell depends on the sum of stroke
durations. In this case, the decrease in the number of P1
molecules in the cycle directly reduces the cell’s gliding speed.

Conclusions. We showed that P1 is involved in the gliding
motility of M. pneumoniae. This finding may suggest that the

FIG. 1. Decrease in the number of bound cells after the addition of
antibody. The number of bound cells relative to the initial number in
a field of 9,600 �m2 is shown. (A) The ratio of gliding cells remaining
on the glass is shown for each time point after the addition of antibody
to 300 (closed circles), 30 (open circles), 3 (closed triangles), and 0
(open triangles) �g/ml relative to the number of cells gliding at time
zero. (B) The number of nongliding cells remaining on the glass is
shown relative to the number of nongliding cells at time zero. The
same symbols as those in panel (A) are used. More than 100 cells were
analyzed to determine the total number of gliding and nongliding cells
at the zero time point.
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gliding of other mycoplasma species sharing an adhesion pro-
tein structure with P1 (5, 7, 25) also depends on their adhesion
molecules.
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FIG. 2. Gliding speed after the addition of antibody. The gliding
speeds normalized according to the initial speed are presented for each
time point after the addition of antibody to 100 (closed circles), 30
(open circles), 10 (closed triangles), 3 (open triangles), and 0 (closed
squares) �g/ml.
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