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A mutation in gene MPN142 (orf6) was identified in the Mycoplasma pneumoniae cytadherence mutant III-4.
MPN142 encodes virulence-specific proteins P90 and P40 (proteins B and C, respectively). Analysis of MPN142
in a cytadhering revertant and complementation using a recombinant wild-type allele confirmed the role of this
mutation in the cytadherence defect.

The cell wall-less bacterium Mycoplasma pneumoniae is a
significant cause of bronchitis and atypical pneumonia in hu-
mans. Early in the course of disease the bacteria establish an
intimate association with the host respiratory epithelium (cytad-
herence), mediated largely by a differentiated polar structure,
the attachment organelle. A number of proteins have been
identified that are associated with the attachment organelle
and involved in cytadherence, some directly but most by means
other than a classical receptor-binding role. These accessory
proteins are essential to the architecture of the attachment or-
ganelle, providing a scaffolding for the localization and/or mat-
uration of other proteins such as the major adhesin, P1. This
large transmembrane protein is densely clustered, although not
exclusively, at the attachment organelle of wild-type M. pneu-
moniae cells (9).

Passage of M. pneumoniae in broth culture leads to the
spontaneous loss of cytadherence at a high frequency (11).
One such cytadherence mutant, designated III-4, lacks the
three virulence-specific proteins A, B, and C (72, 85, and 37
kDa, respectively), originally described by comparing virulent
and avirulent strains of M. pneumoniae by two-dimensional
polyacrylamide gel electrophoresis (PAGE) (6). Proteins B
and C appear to correspond to the 90- and 40-kDa products
of MPN142 (orf6), respectively. The predicted product of
MPN142 is 130 kDa, but antisera raised against recombinant
protein fragments derived from regions at the 5� and 3� ends of
MPN142 detected proteins of 40- and 90-kDa, respectively, in
wild-type M. pneumoniae (22), indicating that the gene product
undergoes a processing event (14). P90 and P40 are integral
membrane proteins located at the attachment organelle in
wild-type M. pneumoniae (3) in proximity to P1 (15). In mutant
III-4 and the apparently similar noncytadherent strain M5
(13), which also lacks the 90- and 40-kDa proteins, P1 is lo-

cated at a focus in one or more but not all branched structures
(19, 20). Mutants III-4 and M5 and an avirulent high broth-
passage strain (6, 12, 16) lack the 90- and 40-kDa proteins
detected with antibodies to the MPN142 gene products, sug-
gesting that B and C correspond to the 90- and 40-kDa pro-
teins, respectively. Despite the availability of the M. pneu-
moniae genome sequence, the identity of protein A or its gene
remains unknown.

The genetic defect responsible for the cytadherence pheno-
type of mutant III-4 has not been previously determined. Here
we identify a frameshift mutation in MPN142 of mutant III-4
and demonstrate that a spontaneously arising, cytadhering re-
vertant of III-4 (III-4-R1) restores the MPN142 reading frame.
Furthermore, a recombinant wild-type MPN142 was engi-
neered and introduced into mutant III-4, restoring a wild-type
phenotype.

Using primers corresponding to the published genome se-
quence (7) and genomic DNA from mutant III-4 as templates,
regions of MPN142 and flanking sequences were amplified to
yield five overlapping PCR fragments. These were cloned into
pCRII using a TA cloning kit (Invitrogen, Carlsbad, Calif.) and
sequenced for both strands (Integrated Biotech Laboratories,
University of Georgia). A direct repeat of the sequence TAAA
was identified at nucleotide 14 in the coding sequence of
MPN142 in mutant III-4 but not in wild-type M. pneumoniae,
causing a frameshift (Fig. 1). This difference from the pub-
lished sequence was confirmed by repeated amplification and
sequencing. The resulting gene encodes a peptide of 98 resi-
dues, compared to 1,218 residues for wild-type MPN142.

In previous studies the identification of cytadhering rever-
tants of M. pneumoniae adherence mutants required enrich-
ment by attachment to erythrocytes (10) or inert surfaces (18).
A cytadhering revertant of mutant III-4 (III-4-R1) was ob-
tained by repeatedly enriching for attachment to plastic. The
attachment of erythrocytes to M. pneumoniae colonies (hemad-
sorption) is a convenient model for cytadherence (21), and
III-4-R1 was hemadsorption positive (Fig. 2A) according to
the qualitative hemadsorption assay performed as described
previously (4) except that sheep blood was used. The MPN142
gene of III-4-R1 was sequenced as described for III-4, reveal-
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ing that the reading frame was restored by a single deletion in
a stretch of five thymine bases starting at nucleotide 37 in the
coding sequence of wild-type MPN142. The resulting deduced
amino acid sequence differed from the wild type by the nine
residues defined by the sites of the original and second-site
mutations (Fig. 1). In addition to a hemadsorption-positive
phenotype, III-4-R1 produced wild-type levels of P90 and P40
(Fig. 3) and exhibited a wild-type cellular morphology and P1
localization pattern (Fig. 4A) when examined using methods
described previously (1).

The genetic tools available for M. pneumoniae are limited.
Neither allelic exchange nor suitable plasmid vectors have
been described, but complementation is possible by recombi-
nant transposon delivery (4). Further, complementation stud-
ies with mutant III-4 have been difficult because of the com-
plexity of the operon that includes MPN142. The MPN142
gene lacks an obvious ribosome-binding site, and a frameshift
mutation in the upstream MPN141 gene encoding P1 also re-

sults in the loss of proteins B and C (23), raising the possibility
of translational coupling between P1 and the B/C precursor.
Therefore, a construct was engineered with MPN141 and
MPN142 in Tn4001mod (5) under the transcriptional control
of the Pout promoter (2) of the transposon and with certain
restriction sites removed to facilitate future studies. Briefly, a
9.1-kb fragment beginning 345 bp upstream of MPN141 and
extending through MPN142 was excised from pCOS_E07 (24)
using PmeI and SphI (Fig. 5) and cloned into pGEM-7zf�
(Promega, Madison, Wis.) to yield pKV208. The construction
of pKV258 from pKV208 is illustrated in Fig. 5.

In order to engineer a construct that would not introduce

FIG. 1. Sequence comparisons of MPN142 of wild-type M. pneumoniae, cytadherence mutant III-4, and revertant III-4-R1. (A) Nucleotide
sequence. Nucleotide 1 is the annotated start of the gene. The TAAA acquired in mutant III-4 and the T lost in the reversion of III-4 to III-4-R1
are shown in bold. (B) Deduced amino acid sequence. Dashes show an alignment gap. The ellipsis denotes a break in the representation. The
asterisk denotes a translational stop. Note that the order of the strains differs between panels A and B for convenience in alignment.

FIG. 2. Qualitative hemadsorption screening of M. pneumoniae
colonies. (A) Wild-type (WT), mutant (III-4), and revertant (III-4-
R1). (B) Transformants (III-4 plus pKV258 or pKV264).

FIG. 3. Western immunoblot analysis of wild-type (WT), mutant
(III-4), revertant (III-4-R1), and transformant M. pneumoniae lysates.
Two independent transformants are shown for each transposon-back-
ground combination. Forty micrograms of protein was used per lane.
Anti-P90 (upper) and anti-P40 (lower) sera were used at a dilution of
1:1,000.
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a second copy of wild-type MPN141, we created a deletion
derivative of pKV258. Briefly, a plasmid containing a 5.7-kb
EcoRI fragment bearing MPN141 in pUC19 (a gift from
J. Baseman) was digested with BsaBI and StuI and religated.
This resulted in an in-frame internal deletion of 95% of
MPN141 (88 residues compared to 1,627 in the wild type). The
1.1-kb EcoRI fragment bearing the altered MPN141 was
exchanged with the 5.7-kb EcoRI fragment of pKV258 con-
taining MPN141 to yield pKV264, which contains the altered
MPN141 and wild-type MPN142 (Fig. 5). We hypothesized that
this altered MPN141 would allow the production of MPN142
at wild-type levels if translational coupling were required,
while removing potential effects of higher MPN141 gene dos-
age when transformed into the M. pneumoniae mutant III-4
background.

Plasmids pKV258 and pKV264 were transformed into wild-
type M. pneumoniae and mutant III-4. Transformants were
isolated and immunoblot and hemadsorption analyses were
performed as previously described (4). Several transformants
were examined for each transposon-background combination
to control for potential variability associated with the site of
transposon insertion. Wild-type levels of P90 and P40 were
observed in wild-type and mutant III-4 M. pneumoniae trans-
formed with pKV258 or pKV264 when examined by sodium
dodecyl sulfate-PAGE and immunoblotting with P90- or P40-
specific antisera; as expected, P90 or P40 were not observed in
mutant controls (Fig. 3). The transformants attached to plastic
(data not shown), were hemadsorption positive (Fig. 2B), and
exhibited a wild-type P1 localization pattern (Fig. 4B). Mutant
III-4 transformed with pKV258 had a pronounced extended

FIG. 4. Phase-contrast, anti-P1 immunofluorescence, and merged micrographs of M. pneumoniae. (A) Wild-type (WT), mutant (III-4), and
revertant (III-4-R1). Due to the poor growth of mutant III-4 and its sparse distribution on the slide, individual cells are shown in separate panels.
(B) Mutant III-4 transformed with pKV258 or pKV264. Bar, 2 �m.
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cellular morphology compared to wild-type M. pneumoniae
and mutant III-4 transformed with pKV264 (Fig. 4B). This
phenotype was consistent in independent transformants, and
we speculated it might be due to the increased gene dosage of
MPN141 in mutant III-4 with pKV258. However, when an
extra copy of MPN141 without MPN142 was added to wild-
type M. pneumoniae, transformant cells appeared normal (data
not shown), and the explanation and importance of this obser-
vation are not known.

Several lines of evidence suggest that the virulence-specific
proteins B and C described originally by Hansen et al. (6)
correspond to the P90 and P40 protein products of MPN142,
but a definitive relationship has not been previously estab-
lished. Thus, the possibility remained that the cytadherence
defect in mutant III-4 for example was not the direct result of
the absence of proteins B and C. Furthermore, the inability to
identify the gene for protein A has contributed some measure
of uncertainty regarding cause and effect. Here we demon-
strate conclusively that the genetic defect responsible for the

loss of cytadherence in mutant III-4 is a frameshift in the gene
MPN142. This defect can be rescued by a second-site mutation
that restores the MPN142 reading frame or by complementa-
tion with the wild-type MPN142 allele.

Our attempts to determine the identity of the protein A
spot, which is seen in wild-type M. pneumoniae only by two-
dimensional PAGE using isoelectric focusing in the first di-
mension (6) and is absent in mutant III-4 (11), were unsuc-
cessful. While the identity of protein A remains unclear, we
speculate that its loss may be a secondary consequence of the
mutation in MPN142, perhaps in the same manner that loss of
cytadherence-associated protein HMW2 is accompanied by re-
duced steady-state levels of HMW1, HMW3 (17), and P65 (8).

Finally, the construction of pKV258 and pKV264 and the
ability to express their recombinant proteins in and comple-
ment a mutant background provide opportunities for more-
detailed studies into the nature of proteins B, C, and P1. For
example, recombinant derivatives of each can be examined in
wild-type and mutant M. pneumoniae for structure-function

FIG. 5. Creation of pKV258 and pKV264. 1. The 7.5-kb SphI-BamHI fragment from pKV208 was subcloned into the corresponding sites of
pALTER-1 (Promega). 2. Into this was cloned the 1.5-kb BamHI fragment spanning the 5� end of MPN141. 3. A 7.7-kb BsiWI fragment was
removed to reduce the size of the plasmid temporarily for efficient silent mutagenesis. 4. The second and third EcoRI sites in MPN142 were silently
changed to GGATTC using an AlteredSites II mutagenesis kit (Promega), and the SphI site was replaced with an MfeI site using complementary
synthetic linkers (5�-CAATTGTCATG and 5�-ACAATTGCATG). 5. The resulting 1.4-kb BamHI-MfeI fragment was cloned into the BamHI and
EcoRI sites of the Tn4001mod-bearing plasmid pKV74 (5). 6. The 7.7-kb BsiWI fragment was then restored to yield pKV258. To create pKV264,
the 4.6-kb BsaBI-StuI fragment in MPN141 was removed to create a massive internal in-frame deletion, as described in the text. B, BamHI; Bi,
BsiWI; Bs, BsaBI; E, EcoRI; e, destroyed EcoRI site; S, StuI; Sm/P, SmaI/PmeI junction; M/E, MfeI/EcoRI junction at the former SphI site. Open
arrow from Tn4001mod in pKV74 shows the location and direction of the Pout promoter. Note that the inserts are inverted when cloned into
Tn4001mod. The figure is not created to scale.
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analyses of these proteins, their interrelationships, and the
mechanisms of their processing and maturation.
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