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A purified preparation of membranes was obtained by using a unique method of treating Mycoplasma
pneumoniae with the ATPase inhibitor, diethylstilbestrol. This method was shown to yield highly purified
membranes with little or no cytoplasmic contamination. These membranes were used to immunize mice for
subsequent productions of monoclonal antibodies (MAbs). Hybridoma culture supernatants were screened by
enzyme-linked immunosorbent assay with whole-cell M. pneumoniae and lipid extract antigens. Four stable
MAbs were obtained and characterized. MAb CP3-46F5 reacted with a protein of a molecular weight of
approximately 52,000 as determined by Western blot (immunoblot). MAbs CP3-50C2, CP3-53C5, and
CP3-53C8 did not react with any antigens on Western blots but did bind to at least 10 distinct glycolipid bands
as determined by orcinol staining on thin-layer chromatograms ofM. pneumoniae lipid extracts. The MAbs did
not react with similarly prepared lipid extracts from Mycoplasma genitalium, Mycoplasma neurolyticum, and
Mycoplasma gallisepticum. These MAbs did not inhibit M. pneumoniae metabolism or attachment to WiDr cell
cultures. The anti-glycolipid MAbs recognize determinants specific to M. pneumoniae, unlike polyclonal
hyperimmune sera against M. pneumoniae, which cross-react with lipid extracts of M. genitalium.

Mycoplasma pneumoniae, the agent of primary atypical
pneumonia, has many in vitro activities which are related to
pathogenicity in vivo. The organism adheres to erythro-
cytes, cultured cells, and tracheal organ cultures; inhibits
protein and RNA synthesis; and alters nucleotide metabo-
lism of cells in culture. It also causes ciliostasis and cyto-
toxicity of tracheal organ cultures and induces leukocyte
recruitment in hamster lungs (reviewed in references 11 and
28). A number of these activities have also been produced
with cell extracts of M. pneumoniae (7, 8). The correlation
between virulence and in vitro cytadsorption has been
established (1, 8).
One approach to identify and characterize the virulence

components of an organism has been to develop a library of
monoclonal antibodies (MAbs) with defined specificities.
Since the adherence activities of M. pneumoniae are local-
ized on the surface, it is desirable to produce MAbs which
are specific for membrane-associated antigens. The rationale
of immunizing with membrane preparations was to enhance
the production of MAbs specific for membrane determi-
nants. However, since M. pneumoniae is osmotically stable,
membrane studies have been hampered by the lack of an

efficient method to isolate purified membrane preparations
(27). Recent studies have shown that the ATPase inhibitor
N,N'-dicyclohexylcarbodiimide (DCCD) causes lysis of My-
coplasma gallisepticum, yielding membrane preparations of
high purity (33). However, this same method was not effec-
tive for the preparation of membranes from M. pneumoniae.

In this study we report a unique procedure for preparing
purified M. pneumoniae membranes by treating the intact

* Corresponding author.
t Present address: Food and Drug Administration, Center for

Food Safety and Applied Nutrition, Division of Microbiology,
Washington, DC 20204.

tPresent address: The Hebrew University-Hadassah Medical
School, Jerusalem 91010, Israel.

cells with the ATPase inhibitor, diethylstilbestrol (DES)
(22). These membranes were used to immunize mice for the
production of MAbs. The biological activities of these
MAbs, which are specific for M. pneumoniae glycolipids,
are also described.

MATERIALS AND METHODS

Growth and labeling of organisms. Virulent M. pneumo-
niae M129 and Mycoplasma genitalium G37C were grown
on the surfaces of T150 tissue culture flasks in Edward-
Hayflick broth (8). Mycoplasma neurolyticum PG28 and M.
gallisepticum A5969-T4 were also grown in Edward-Hay-
flick broth, and cells were harvested and washed with
phosphate-buffered saline (PBS) by centrifugation at 10,000
x g for 20 min. M. pneumoniae was radiolabeled by addition
of [3H]palmitic acid (Dupont, NEN Research Products,
Boston, Mass.) to the medium (1 mCi/liter). Harvested,
washed cells were stored frozen in small portions at -70°C,
as previously described (5, 6).

Preparation of M. pneumoniae membranes. After M. pneu-

moniae was grown, the growth medium was decanted, and
the organisms attached to the surface were washed twice
with 25 ml of 0.25 M NaCI solution in 25 mM N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid buffer, pH 8.5
(NaCI-HEPES). Five milliliters of 100 mM DES in NaCl-
HEPES was added to each of the flasks and incubated for 1
h at 37°C with constant shaking. Membranes and unlysed
cells were scraped off the surface, passed twice through a
23-gauge needle to disperse clumps, and sonicated in a bath
sonicator for 10 min. Unlysed cells were removed by cen-
trifugation at 3,000 rpm for 3 min in a Sorval RC2-B
centrifuge (Dupont Instruments, Wilmington, Del.), and
membranes were collected by centrifuging the supernatant
fluid at 34,000 x g for 30 min in an L-5 centrifuge (Beckman
Instruments, Inc., Fullerton, Calif.). The membrane prepa-
rations (2 mg of protein per ml) were washed twice, resus-
pended in the NaCI-HEPES solution, and stored frozen at
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-70°C until used. Membranes labeled with tritiated palmitic
acid were used for the initial characterization, and unlabeled
membranes were used to immunize mice for preparation of
MAbs.

Protein concentration was determined by the method of
Lowry et al. (21). Lipids were extracted by the procedure of
Bligh and Dyer (3). Sucrose density gradient analysis of the
membrane preparation to determine lipid content was per-
formed as previously described (9). NADH dehydrogenase
activity in intact M. pneumoniae cells and cell fractions was
determined in reaction mixtures containing 10 to 100 pg of
cell protein, 0.2 M NaCl, 25 mM Tris hydrochloride (pH
7.5), 5 mM 2-mercaptoethanol, and 1 mg of sodium deoxy-
cholate in a volume of 1 ml. The reaction mixture was
preincubated for 2 min at 37°C, and the reaction was started
by the addition of 50 >1l of a freshly prepared NADH solution
(3 mg/ml in 25 mM Tris hydrochloride, pH 7.5). The initial
rate of enzymatic activity was expressed as the decrease in
A340 per minute per milligram of protein.

Immunization of mice and hybridoma preparation. Two
BALB/c mice were initially injected intraperitoneally (i.p.)
with 240 p,g of M. pneumoniae membrane protein emulsified
in complete Freund adjuvant. On days 14 and 29, these
animals received additional i.p. injections of 240 ,ug of M.
pneumoniae membrane protein in incomplete Freund adju-
vant. An additional two mice were initially injected with 240
jig of M. pneumoniae membrane protein adsorbed to alum
and mixed with an equal volume of U.S. Standard Pertussis
Vaccine lot 7B. On days 14 and 29, these animals received
additional i.p. injections of 240 jig of M. pneumoniae mem-
brane protein adsorbed to alum (without pertussis vaccine).
On day 42, all mice received i.p. injections of 240 pug of M.
pneumoniae membrane protein in PBS. On day 45, the
spleen was removed from one mouse from each immuniza-
tion group, and 2.3 x 108 washed mononuclear cells were
mixed with 2.1 x 108 Sp2/0-Agl4 myeloma cells. Fusion was
performed by a modification of the method of Galfre et al.
(12) as previously described (13).
ELISA procedures. The initial screening of the hybridomas

with whole-cell suspensions was performed by enzyme-
linked immunosorbent assay (ELISA) as reported previ-
ously (14). For lipid ELISAs, total mycoplasma lipid ex-
tracts were prepared by the procedure of Bligh and Dyer (3)
as described by Morrison-Plummer et al. (23) and were
dissolved in chloroform-methanol (1:10) at approximately
1.25 mg/ml. ELISA plates prepared by coating wells with the
lipid preparations diluted 1:50 in 95% ethanol were used to
screen the MAb preparations.
Western blot (immunoblot) procedures. A whole-cell sus-

pension of M. pneumoniae was run on a sodium dodecyl
sulfate-polyacrylamide gel (12% acrylamide, 2.7% bisacryl-
amide) by the method of Laemmli (18). Proteins were
electrophoretically transferred to nitrocellulose as described
by Dunn (10) at 0.8 A for 1.5 h at 10°C. After transfer, the
nitrocellulose sheet was cut into strips, and one strip was
stained for protein with 0.01% amido black in 45% metha-
nol-10% acetic acid. The other strips were incubated over-
night at room temperature with MAb preparations diluted
1:100 or 1:1,000. The strips were individually washed three
times, incubated with the peroxidase-conjugated anti-mouse
antibody (1:500, 3 h, room temperature), washed, and incu-
bated with the peroxidase substrate 4-chloro-1-naphthol (60
mg in 20 ml of cold methanol, 100 ml of deionized water, and
75 ,ul of 30% H202). Color development was stopped by
transferring the strips to a solution of 2 mM sodium azide.

High-performance thin-layer chromatography of mycoplas-

mal lipids and immunostaining. Lipid extracts enriched for
glycolipids were prepared as described by Brockhaus (4).
Briefly, the procedure entails suspending the mycoplasma
cell pellet from 500 ml of culture in 2 ml of methanol. An
equal volume of chloroform was added, and the mixture was
incubated at room temperature for 15 min. After centrifuga-
tion (5,000 rpm, 5 min, Sorvall RC2-B), the supernatant was
transferred to another tube and emulsified with 2 ml of
chloroform and 1.2 ml of water by repeated passage through
a Pasteur pipette. The phases were separated by centrifuga-
tion at 5,000 rpm for 5 min (Sorvall RC2-B), and the aqueous
phase containing a preparation enriched for glycolipids was
dried at 56°C under N2. The preparation was suspended in
chloroform-methanol (1:9) and stored at -20°C. Reference
standards of monogalactosyl diglyceride, digalactosyl di-
glyceride, cholesterol, and phosphatidylcholine were pur-
chased from Sigma Chemical Co., St. Louis, Mo.
Mycoplasma glycolipid preparations (30 ,ug) or 1 pxg of

each standard was applied to aluminum-backed high-perfor-
mance thin-layer chromatography sheets (10 by 20 cm;
Camag Scientific, Wrightsville Beach, N.C.) and chromato-
graphed for 35 min in 50% chloroform-40% methanol-0.25%
KCI. The chromatogram was cut into strips, and one set of
strips was sprayed with orcinol reagent (Sigma) while repli-
cate strips were used for immunostaining.
For immunostaining, thin-layer chromatography plates

were coated with polyisobutylmethacrylate (0.1% in hexane;
Sigma) and allowed to dry. The treated plates were coated
with 0.5% bovine serum albumin (BSA) in PBS, incubated in
MAbs diluted 1:100 in 0.5% BSA-PBS for 2 to 3 h, rinsed
three times in BSA-PBS, incubated in peroxidase-labeled
goat anti-mouse antibody (Cappel Laboratories, Cochran-
ville, Pa.), diluted 1:200, rinsed, and submerged in the same
peroxidase substrate used for visualization of Western blots.
Bands developed within 20 min, and the strips were rinsed in
distilled water and photographed.
Adherence assays. Procedures for attachment and inhibi-

tion of attachment with radiolabeled M. pneumoniae and
human WiDr cell monolayers were performed as described
previously (6). Attachment of WiDr cell suspensions to M.
pneumoniae monolayers was also performed by using a
modification of the procedure of Jacobs et al. (13). To screen
the MAbs for inhibition of attachment, the M. pneumoniae
monolayers were preincubated with the hybridoma superna-
tants or ascites fluid prior to the addition of the WiDr cell
suspensions.

Epi-immunofluorescence. Hybridoma supernatants con-
taining MAbs diluted 1:10 to 1:80 in Hanks balanced salt
solution were incubated for 30 min at room temperature with
M. pneumoniae colonies grown on agar or on cover slips (10
by 22 mm). The colonies were washed with PBS, and
prefiltered, fluoresceinated, affinity-purified goat anti-mouse
immunoglobulin (Cappel) diluted 1:50 in PBS plus 10%
heat-inactivated fetal calf serum (Flow Laboratories, Inc.,
McLean, Va.) was applied for 30 min at room temperature.
The samples were washed with PBS and examined by
epifluorescence microscopy.
MI test. Tests of metabolic inhibition (MI) by antibody

were carried out as described elsewhere (36). Complement
was not used.

RESULTS

Preparation of M. pneumoniae membranes. Initial attempts
were made to prepare membranes of M. pneumoniae by
treatment with DCCD, as previously described for M. galli-
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TABLE 1. Characteristics of M. pneumoniae membranes
isolated by DES-induced lysis

Radioactivity NADH

Prepna Protein Density cpmlmg dehydrog-(mg) (g/ml) cpm of enaseb
(106) protein activity'

Untreated intact cells 4.10 NDC 10.5 2.55 2.95

DES-treated isolated 0.55 1.17 3.20 5.82 0.15
membranes

Soluble fractions 0.90 ND 0.11 0.12 9.10
DES-treated unlysed 2.80 ND 8.68 3.10 2.10

cells

a M. pneumoniae M129 cells were grown on the surface of eight T150 tissue
culture flasks containing Edward-Hayflick broth and [3H]palmitic acid. Four
of the flasks were treated with DES, and four were kept for untreated control
cells. Membrane isolation was performed as described in Materials and
Methods.

b NADH dehydrogenase activity measured as decrease in A340 per minute
per milligram of protein.

c ND, Not done.

septicum (33). M. pneumoniae was resistant to DCCD-
induced lysis but was susceptible to lysis induced by another
ATPase inhibitor, DES (22).

Characteristics of the M. pneumoniae membranes. The
radiolabeled membranes obtained by DES lysis were exten-
sively analyzed, and their properties are given in Table 1.
The values for counts per minute per milligram of protein,
the lipid-to-protein ratio of these membranes, were two to
three times higher than those of intact cells; and as deter-
mined by a sucrose density gradient, the membranes ap-
peared as a sharp band having a density of 1.17 g/ml. The M.
pneumoniae membranes prepared by DES lysis were within
the density range reported for membranes of other myco-
plasmas obtained by osmotic lysis (32), digitonin treatment
(31), or DCCD lysis (33). Furthermore, retention of cellular
lipids in the membranes was greater than 95%, as determined
by the ratio of radioactivity (counts per minute) in the
membranes to total radioactivity in the membrane prepara-
tion plus soluble fraction after unlysed cells were centrifuged
out, although the percentage of radioactive cells lysed by
DES was 20 to 30%. Membranes obtained by DES lysis
exhibited very little or no NADH dehydrogenase activity,
previously shown to be localized in the cytoplasmic fraction
of Mycoplasma species (26). These results indicate that this
procedure provides a simple method for lysis of M. pneu-
moniae and that the preparations of M. pneumoniae mem-
branes obtained by lysis with DES are of high purity.

Characteristics of MAbs. Four stable MAbs were obtained
with the M. pneumoniae membrane preparations. Some of
the immunologic characteristics of the MAbs obtained from
this fusion are presented in Table 2. Three of the MAbs
(CP3-50C2, CP3-53C5, and CP3-53C8) displayed reactivity
with the whole M. pneumoniae cells and with M. pneumo-
niae lipid extract. These MAbs did not react with similarly
prepared lipid extracts or with glycolipid extracts from M.
genitalium cells, or with glycolipids prepared from M. neu-
rolyticum or M. gallisepticum cells (not shown). In contrast,
rabbit antisera raised against whole M. pneumoniae or M.
genitalium cells (Table 2) showed significant cross-reactivity
with the lipid extract of the heterologous species. One MAb
(CP3-46F5) displayed approximately sevenfold-greater
ELISA reactivity with the whole-cell preparation than with
the lipid extract. It was also the only MAb of the four to

TABLE 2. Characteristics of MAbs and rabbit sera prepared
against M. pneumoniae membranes

ELISA reactivity (A410)
Immuno- M

MAb or serum globulin M. pneu- M. geni-
isotype moniae talium

Cells Lipid lipid

CP3-5OC2 M 0.684 0.819 0.002
CP3-53C5 G3 0.912 1.000 0.003
CP3-53C8 M 0.993 1.009 0.000
CP3-46F5 Gl 0.833 0.130 0.000

Rabbit anti-M. pneumoniae NDa 1.156 0.337
(1:100 dilution)

Rabbit anti-M. genitalium ND 0.440 1.545
(1:100 dilution)

Rabbit normal 0.000 0.000 0.000
(1:100 dilution)
a ND, Not determined.

show reactivity in a Western blot of an M. pneumoniae cell
extract (Fig. 1). This MAb reacted strongly with a single
band that migrated with a relative molecular weight of
52,000.

High-performance thin-layer chromatography of lipid ex-
tracts. To examine the specificity of the three MAbs that
exhibited no affinity for protein, M. pneumoniae glycolipids
from whole cells were separated by high-performance thin-
layer chromatography, reacted with MAbs, and visualized
with an enzyme-linked second antibody. No immunostaining
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FIG. 1. Western blot of M pneumoniae homogenate. The first

nitrocellulose strip shows the amido black staining pattern of the
electrophoresis standards and of the M pneumoniae homogenate.
Strips A through E and strip M were incubated with 10 p.1 of ascites
fluid diluted to 10 ml with Brij 35-Dulbecco PBS (DPBS). Strips F
through K were incubated with 100 RI of hybridoma culture medium
(culture passage number [CPN] given in parentheses) diluted to 10 ml
in Brij 35-DPBS. Strip L was incubated with Brij 35-DPBS only. Each
strip had approximately 25 jig of protein of M. pneumoniae homoge-
nate. A, CP3-50C2; B, CP3-46F5x3; C, CP3-53C5; D, CP3-53C8x6; E,
a nonspecific CP3 clone; F, CP3-53C5 (CPNd and 6); G, CP3-46F5x3
(CPN 10); H, CP3-50C2 (CPN 8 to 11); I, CP3-53C5 (CPN 11); J,
CP3-53C8x6 (CPN 6 and 7); K, a nonspecific CP3 clone (CPN 7 to 10);
L, blank; M, 18.2.12.6 (a MAb specific for tetanus toxin).
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FIG. 2. Immunostaining of M. pneumoniae glycolipids with
MAbs raised against M. pneumoniae membranes. Strips a, b, and c

are chromatograms of 30 ,ug of M. pneumoniae lipid extract incu-
bated with MAbs. Strip d is a chromatogram of 1 ,ug of each
standard (phosphatidylcholine, cholesterol, digalactosyl diglycer-
ide, and galactosyl diglyceride) incubated with a MAb. Strip e is a

chromatogram of both the standards and M. pneumoniae lipid
extract, sprayed with orcinol reagent. a, CP3-5OC2; b, CP3-53C5; c,

CP3-53C8; d, CP3-53C8; e, orcinol reagent.

was observed with the MAb CP3-46F5. Figure 2 shows the
results of immunostaining with MAbs CP3-53C5, CP3-5OC2,
and CP3-53C8. The MAbs reacted with at least 10 distinct
bands on the thin-layer chromatograms, and all three MAbs
appear to recognize the same bands. This reactivity is
apparently missing from the glycolipid extracts of M. neii-

rolyticum, M. gallisepticum, and M. genitalium whole cells,
because there was no reactivity by immunostaining with the
lipid extracts of these species. The bands which reacted with
the MAbs are presumed to be glycolipids since they all stain
blue with the orcinol reagent, in contrast to the faint brown
or gray staining observed with other lipid bands. These
MAbs also bound to the reference standards monogalactosyl
diglyceride and digalactosyl diglyceride. A major glycolipid
component of M. pneumoniae extracts migrates with the
same mobility as the digalactosyl diglyceride standard, but
there were a number of other components with mobilities
slower than that of the digalactosyl diglyceride. Some of
these components were distinguishable only on the MAb-
reacted immunostains, demonstrating that the immunostain-
ing procedure is more sensitive than the orcinol stain.
However, a band comigrating with monogalactosyl diglycer-
ide was not detected in the M. pneumoniae lipid extracts.

Biological effects of MAbs. The effect of these MAbs on
adherence was examined by using two experimental proce-
dures, adherence of radiolabeled M. pneumoniae to WiDr
cell monolayers and adherence of WiDr cell suspensions to
M. pneumoniae colonies. The three glycolipid-specific
MAbs had no effect on adherence as measured by these
assays, although inhibition of attachment of WiDr cells to M.
pneumoniae was readily observed with hyperimmune rabbit
antiserum, which was used as a positive control (data not
shown).

Neither the antibodies reacting with the M. pneumoniae
glycolipids nor the antibody reactive with the 52-kilodalton
protein exhibited detectable inhibitory activity in the MI
test, although hype-immune anti-M. pneumoniae serum pre-

pared in rabbits and a reference mule antiserum gave posi-
tive reactions. The MI titers were 1:1,024 for the reference
mule antiserum and 1:128 for rabbit anti-M. pneumoniae
antisera.
The ability of these MAbs to react with surface compo-

nents of M. pneumoniae was examined by indirect immuno-
fluorescence microscopy. The glycolipid-reactive antibod-
ies, CP3-5OC2, CP3-53C5, and CP3-53C8, were strongly
reactive with M. pneumoniae colonies (data not shown).

DISCUSSION

Although mycoplasmas lack a cell wall and are bound by
a single membrane, several Mycoplasma species, including
M. pneumoniae, are osmotically stable (27). Therefore, it
has been difficult to prepare M. pneumoniae membranes free
of cytoplasmic components. In this article, we describe a
unique procedure for the isolation of purified M. pneumo-
niae membranes by treating intact cells with the ATPase
inhibitor DES. The procedure resulted in only 20 to 30% of
the cells being lysed, probably because surface-grown cul-
tures form clumps and only cells exposed to the DES-
containing buffer may have lysed. Nevertheless, these mem-
brane preparations were highly purified, because they lacked
soluble NADH dehydrogenase activity and retained over
95% of the cellular lipids (Table 1).

Shirvan et al. (33) prepared purified membranes of M.
gallisepticum by inhibiting ATPase activity with DCCD.
They suggested that the membrane-bound ATPase of M.
gallisepticum plays a major role in cell volume regulation by
pumping out Na+ that enters the cells by diffusion (30). The
Na+ is pumped out by either a direct mechanism operated by
an Na+-dependent ATPase (34) or a secondary Na+-H+
exchange reaction that follows proton translocation by a
H+-dependent ATPase (20). Our finding that lysis of M.
pneumoniae was induced by the ATPase inhibitor DES
suggests that an ATPase might play a major role in volume
regulation of this mollicute as well. If so, the inability to
induce lysis of M. pneumoniae by DCCD suggests that
ATPases with different modes of action or sensitivities are
found in M. pneumoniae and M. gallisepticum.
The MAbs produced by using the DES-lysed cell mem-

branes recognize determinants present on a number of lipid
components of M. pneumoniae. These components were
most likely glycolipids, since there was correspondence
between the immunostaining pattern and the blue-staining
orcinol reactivity which indicates the presence of carbohy-
drate. Moreover, the MAbs also reacted with both the
monogalactosyl and digalactosyl diglyceride standards but
not with cholesterol or phosphatidylcholine. The possibility
that the determinants recognized are on the lipid portion of
the molecules has not been ruled out. Morrison-Plummer et
al. (23) also described anti-M. pneumoniae lipid MAbs which
cross-reacted in ELISAs with multiple fractions of thin-layer
chromatography-separated lipids, some of which contained
carbohydrate.
The MAbs showed no inhibitory effect on the ability of M.

pneumoniae to attach to human WiDr cells. These observa-
tions differ from those of Morrison-Plummer et al. (24), who
found that the anti-lipid MAbs enhanced attachment of M.
pneumoniae to chicken erythrocytes by 20 to 50%. Either
the MAbs have different specificities or M. pneumoniae
attaches to WiDr cells and chicken erythrocytes by different
mechanisms.
The concept that glycolipids are responsible for much of

the classical serological activity of M. pneumoniae has long
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been accepted. Complement fixation activity (2, 16, 17, 25),
as well as MI activity (29), was found in sera specific for M.
pneumoniae glyceroglycolipid fractions composed of diga-
lactosyl diglyceride and triglycosyl diglycerides containing
both galactose and glucose (35). Morrison-Plummer et al.
(24) reported that anti-lipid MAbs did not inhibit incorpora-
tion of [3H]thymidine by M. pneumoniae. In our study, the
mouse MAbs which recognized epitopes on M. pneumoniae
glycolipids did not have MI antibody activity but were
reactive with M. pneumoniae surface components by indi-
rect fluorescence microscopy. This lack of functional inter-
action could indicate that the MAbs react with an epitope(s)
not involved in these metabolic activities or that the MAbs
cannot cross-link to produce inhibition of metabolic func-
tions.

Cross-reactivity of antibodies against M. pneumoniae
lipids with the lipids of M. neurolyticum and M. genitalium
has been reported (15, 19; K. Lind, Lancet ii:1158-1159,
1982). Chloroform-methanol extracts of M. pneumoniae
MAC and extracts of M. genitalium G37C showed antigenic
cross-reactions with rabbit and human immune sera by
complement fixation (Lind, Lancet) and by crossed immu-
noelectrophoresis (19), reactions which were attributed to
similar cross-reactive glycolipid antigens. In our studies with
the ELISA, the MAbs reactive with M. pneumoniae gly-
colipids did not bind to whole-lipid extracts of M. genitalium
cells (Table 2). However, polyclonal rabbit antisera reacted
with the chloroform-methanol extracts of both species.
Furthermore, the MAbs reactive with the glycolipids of M.
pneumoniae did not result in immunostaining of the thin-
layer chromatograms of lipid extracts from M. genitalium,
M. neurolyticum, or M. gallisepticum. Thus, these MAbs
can differentiate M. pneumoniae from M. genitalium and
may provide a useful diagnostic tool to distinguish species. A
better understanding of the antigenic specificity of the sero-
logical responses to M. pneumoniae and its cross-reactions
with M. genitalium is needed and may require a more
thorough structural analysis of the glycolipid components of
these two species.

In summary, this report describes a unique method of
producing high-purity preparations of M. pneumoniae mem-
branes. Three MAbs produced by using the membranes as
antigens appear specific for M. pneumoniae glycolipids,
without cross-reactivity to M. genitalium, M. neurolyticum,
and M. gallisepticum.
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