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Restriction enzyme fingerprinting of genomic DNA and Southern blots probed with subclones of the
Mycoplasma pneumoniae cytadhesin Pl gene were used to characterize clinical isolates of M. pneumoniae. On
the basis of the examination of 29 individual M. pneumoniae isolates, two distinct groups were established.
Group 1, which displayed a 12-kilobase band following DNA digestion with HindIII, consisted of strain
M129-B16 and three others obtained in the state of Washington during the 1960s. The remaining M.
pneumoniae strains belonged to group 2, which lacked the 12-kilobase band and included samples from the
1940s, 1970s, and 1980s. This category also included the only M. pneumoniae strain isolated from the synovial
fluid of an arthritic patient.

Mycoplasma pneumoniae, a cell wall-less, flask-shaped
procaryote that infects the human lower respiratory tract, is
the causative agent of primary atypical pneumonia (3). A
5-year surveillance study (1963 to 1968) in Seattle, Wash.,
indicated that 20% of all pneumonia cases in the general
population were associated with M. pneumoniae (9). The
incidence of M. pneumoniae infection in more restricted
settings, such as àmong young adults in military installa-
tions, is even higher. Epidemiological data collected in a

study with the U.S. Armed Forces suggested that between
20 and 45% of pneumonia cases were caused by M. pneu-
moniae (5). Current routine methods for the diagnosis of M.
pneumoniae infection include direct isolation of microorgan-
isms on complex media (22), demonstration of seroconver-
sion during acute and convalescent phases of infection (14),
and complement fixation (17) and metabolic inhibition assays
(21). However, no method is consistently reliable, and none
can differentiate among strains of M. pneumoniae.

Molecular analysis of virulent M. pneumoniae isolates
revealed that a 170-kilodalton surface protein, designated
Pi, clusters densely at the tip-like organelle and mediates
cytadherence (1, 8, 11). The Pi gene of wild-type M.
pneumoniae M129-B16 has been cloned, and its entire nu-
cleotide sequence has been determined (20). When the
cloned Pi gene was used to probe other clinical isolates of
M. pneumoniae by Southern blot hybridization, two distinct
hybridization patterns were detected. In order to better
understand the Pi gene variation observed among clinical
isolates, we used Pi DNA probes to study M. pneumoniae
isolates collected at different times and from different loca-
tions.

MATERIALS AND METHODS
Origin of M. pneumoniae strains. M. pneumoniae M129-

B16 (ATCC 29342) was originally isolated from a patient in
1968 (15). Strain FH (ATCC 15531) (2, 7) and strain Mac
(ATCC 15492) (7, 16) were obtained from the American Type
Culture Collection, Rockville, Md. Other clinical isolates
included the TW series and R32P, which were obtained from
J. G. Tully of the National Institute of Allergy and Infectious
Diseases, Bethesda, Md., and originated from a M. pneumo-
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niae vaccine trial conducted with military recruits in 1974
and 1975 (24). Strain UTMB was isolated from the synovial
fluid of an arthritic patient by C. P. Davis at the University
of Texas Medical Branch at Galveston (4). Strains PN 597,
PN 6644, and PN 14366 were obtained from patients in the
1960s in Seattle, Wash. (9, 10, 23). Six M. pneumoniae
strains were isolated in 1988 in France by C. Bebear and H.
Renaudin and were provided by J. G. Tully.

Extraction of genomic DNA. M. pneumoniae isolates were
grown at 37°C for 3 days in 32-oz (920-ml) glass prescription
bottles containing 70 ml of SP4 medium (22). Glass-attached
mycoplasmas were rinsed with phosphate-buffered saline
twice (10 mM sodium phosphate [pH 7.2], 0.1 M NaCl) and
harvested. Cell pellets were resuspended in phosphate-
buffered saline and lysed by the addition of a 1/10 volume of
10% sodium dodecyl sulfate (19). Cell lysates were treated
successively with RNase and proteinase K and then ex-
tracted with phenol, phenol-chloroform (1:1), and chloro-
form-isoamyl alcohol (24:1). Individual DNA preparations
were precipitated with 2 volumes of ethanol in the presence
of 0.3 M sodium acetate (pH 5.4). Each DNA pellet was
dissolved in Tris-EDTA buffer and quantitated by measuring
UV A260 and A280.

Restriction enzyme digestion and Southern blot analysis.
DNA from each clinical isolate was digested overnight with
sufficient amounts of restriction enzymes to ensure complete
digestion. Digested DNA (5 ,ug) was loaded on 0.75%
agarose gels, separated by electrophoresis, stained with
ethidium bromide, and photographed. DNA was transferred
to nitrocellulose filters as described by Southern (18) and
probed with 32P-labeled subclones of the Pi gene under
stringent conditions (19).

RESULTS

Because of the small genomic size (about 830 kilobases
[kb]) of M. pneumoniae, digestion of mycoplasma DNA with
restriction enzymes that recognize 6-base-pair sequences

provided discrete and manageable DNA patterns (finger-
printing). When each DNA preparation was digested with
restriction enzymes such as BamHI, EcoRI, PstI, or SmaI,
all M. pneumoniae isolates exhibited the same restriction
pattern. However, digestion with HindIII provided two
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FIG. 1. Fingerprinting of M. pneumoniae genomic DNA. DNA
(8 ,ug) was digested to completion with 40 U of HindIII restriction
enzyme at 37°C overnight. The digested DNA was electrophoresed
in 0.75% agarose gels to separate fragments by size. Gels were

stained with ethidium bromide and photographed. Lanes: 1, B16
(group 1); 2, PN 597 (group 1); 3, HindIII-digested A phage DNA
used as a molecular weight standard; 4, FH (group 2); 5, TW 7-5
(group 2); 6, UTMB (group 2). The arrow indicates the 12-kb
HindIII band present in group 1 but absent in group 2.

distinct patterns (Fig. 1). One pattern was representative of
strains M129-B16 and PN 597 (group 1), in which a high-
molecular-weight HindIII band of about 12 kb was observed.
In contrast, three other isolates, TW 7-5, FH, and UTMB,
were lacking this band (group 2).
The presence or absence of this 12-kb HindIII band

correlated directly with the different Pi probe hybridization
patterns of HindIII-digested M. pneumoniae DNA (Fig. 2).
When subclone B, which represents a multiple-copy region
from the Pi structural gene of wild-type strain M129-B16
(19), was used to probe HindIII-digested genomic DNA, it
hybridized to 12-, 4.4-, and 3.1-kb bands in group 1 and to
5.2-, 3.1-, and 1.3-kb bands in group 2. Subclones F and G
hybridized to a 4.4-kb band in group 1 and a 3.1-kb band in
group 2. Subclones L and M hybridized to a 2.1-kb LfindIII
band in group 1 and a 4. i-kb band in group 2. No differences
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FIG. 2. Southern blot analysis of the cytadhesin Pi gene. Sub-
clones of Pi were used to probe the genomes of different M.
pneumoniae strains. I and Il indicate the hybridization patterns of
group 1 and group 2, respectively. The restriction enzymes used
were, from left to right, EcoRI, HindIII, SacI, and SmaI. In all three
panels (B, F & G, and L & M), only HindIII-digested DNA
discriminated between the hybridization patterns of group 1 and
group 2 strains. The letters) on top of each panel indicates the Pi
subclone(s) used (21). Numbers on the left indicate the sizes of
molecular weight standards in kilobases.

TABLE 1. Categorization of M. pneumoniae clinical isolates on
the basis of cytadhesin Pl gene polymorphism

Strain Yr(s) of isolation Origin

Group 1
M129-B16 1968 North Carolina
PN series 1964, 1969, 1974 Washington

Group 2
Mac 1944 California
FH 1959 California
TW series 1974 South Carolina
R32P 1974 South Carolina
UTMB 1986 Texas
French series 1988 France

a Includes strains 597, 6644, and 14366.
b Includes strains 1-6, 2-4, 7-4, 7-5, 7-6, 8-6, 10-5, 10-6, 11-4, 14-4, 23-5,

25-6, 48-5, and 49-5.
C Includes six strains isolated in France.

were detected between group 1 and group 2 strains when
DNA was digested with EcoRI, SacI, or SmaI. The ob-
served restriction length polymorphism is apparently caused
by the divergence of the Pi genes among different strains of
M. pneumoniae, on the basis of detailed analysis of these
two classes of Pi genes (unpublished observation).

Because of the prominent role of Pi in the cytadherence
(1, 8, 11) and virulence (12, 13) of M. pneumoniae and in the
host immune response to M. pneumoniae infection (14, 23),
DNA fingerprinting and Southern blot analysis with Pi
subclones were used to characterize M. pneumoniae strains
collected at different times and from different locations.
These results are summarized in Table 1. Of the 29 isolates
examined, strain M129-B16 and three other clinical isolates
obtained from the state of Washington during the 1960s (PN
597, PN 6644, and PN 14366) were classified as being in
group 1, whereas the remaining 25 isolates belonged to group
2.

DISCUSSION

Although it is well established that M. pneumoniae is a
human pathogen of the respiratory tract (3, 5), other ana-
tomical sites for colonization and subsequent disease have
been implicated (4, 21). Investigations concerning variations
in M. pneumoniae strains that might be associated with
different epidemics or virulence potentials have not been
possible, because current diagnostic tests are unable to
differentiate among M. pneumoniae isolates. The DNA
fingerprinting method and Southern blot analysis using sub-
clones of the Pi cytadesin gene as probes allowed us to
classify clinical isolates into two groups. The basis of our
classification is the divergence of the major cytadhesin gene
among these mycoplasmas. Since Pi is a key virulence
factor that also stimulates a strong host immune response
(14, 23), the observed differences could be significant in
understanding M. pneumoniae disease pathogenesis.
Our results clearly indicate that group 2 M. pneumoniae

strains are more frequently isolated from clinical specimens
than group 1 strains, since only 4 of 29 mycoplasma isolates
examined belonged to group 1. Group 2 M. pneumoniae
isolates include Mac and FH strains, which were originally
isolated in California in the 1940s and 1950s (6, 7, 16), all TW
isolates from the South Carolina study of military recruits in
the early 1970s (24), the French isolates derived from clinical
specimens in 1988, and the single isolate from an infectious
site other than the respiratory tract (strain UTMB from
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synovial fluid; 4). It is interesting that M. pneumoniae
isolates from a given study belong to the same group, as seen
with all TW (group 2), PN (group 1), and French (group 2)
strains (Table 1). Further research should attempt to corre-
late the Pi structural gene differences of clinical isolates with
tissue tropism, host immune responsiveness, and severity of
disease.
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