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Mpycoplasma pneumoniae cytadhesin P1 was purified by monoclonal antibody affinity chromatography
followed by preparative sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The N-terminal 18-amino-
acid sequence of P1 was determined and used to design two synthetic oligonucleotides, a 14-mer corresponding
to amino acids 1 to 5 and an 18-mer corresponding to amino acids 7 to 12. These oligonucleotides served as
hybridization probes for the identification of the P1 gene by Southern blot analysis of M. pneumoniae DNA. The
P1 gene was cloned into plasmid pUC19 and mapped by using appropriate restriction endonucleases. The DNA
sequence of the entire P1 gene was determined by subcloning appropriate DNA fragments into bacteriophage
M13 and sequencing the DNA by the dideoxy-chain-termination method. The P1 gene contains an open reading
frame of 4,881 nucleotides coding for a protein of 1,627 amino acids with a calculated molecular weight of
176,288. Properties of the amino-terminal sequence suggest that protein P1 may be synthesized as a precursor
with subsequent processing to a mature protein of a calculated molecular weight of 169,758. Potential antigenic
sites were determined by hydrophilicity plots. A computer search revealed that part of the predicted P1
sequence is homologous to cytoskeletal keratin of mammalian species and human fibrinogen alpha chain

precursor. These results demonstrate the uniqueness of P1 as a cytadhesin and virulence determinant.

Mycoplasma-mediated human disease represents a major
class of infections which are poorly understood. Myco-
plasma pneumoniae, the etiological agent of primary atypi-
cal pneumonia, possesses a tiplike organelle which permits a
highly oriented extracellular parasitism of the respiratory
epithelium (5, 11, 26). A surface-localized, trypsin-sensitive
protein designated P1 (165 kilodaltons [kDa]) clusters at the
mycoplasma terminus and is essential for the cytadherence
event (1, 2, 6, 10). Mutants of M. pneumoniae which lack P1
or are unable to mobilize and anchor P1 at the tip are
avirulent (1, 15, 16). Also, trypsin treatment of wild-type
virulent mycoplasmas abrogates the functionality of P1 as an
adhesin (1, 2, 10, 11, 23). Thus, it is well established that P1
is a critical virulence determinant but efforts to define
structural-functional domains of this hydrophobic, integral
membrane protein have failed.

Our previous attempts to clone the P1 gene by introducing
recombinant molecules containing M. pneumoniae DNA
into E. coli and screening immunologically for the expres-
sion of protein P1 were of limited success (31). This may be
due to the premature termination of M. pneumoniae proteins
in Escherichia coli since Yamao et al. (35) recently reported
that in Mycoplasma capricolum TGA encodes tryptophan
rather than a termination signal.

In this report we describe the cloning of the P1 gene using
an approach which does not require expression of the P1
protein in E. coli. We also present the DNA sequence of the
P1 gene and the deduced sequence of the P1 protein.

MATERIALS AND METHODS

Organisms and growth conditions. Virulent hemadsorbing
M. pneumoniae M129 in the 16th broth passage was grown at
37°C in 32-0z. (ca. 946-ml) glass prescription bottles contain-
ing 70 ml of Edward medium as previously described (23).
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Cells were harvested 72 h after inoculation and stored at
-70°C.

E. coli HB101, DHS5a, and JM107 were purchased from
commercial sources and grown in LB broth (20).

Purification of P1 protein by affinity chromatography. The
P1 protein was purified by antibody affinity chromatography
according to the method described previously by us (18).
Four anti-P1 monoclonal antibodies secreted by indepen-
dently derived hybridomas (23, 24) were combined and
purified by protein A-Sephadex column chromatography.
Anti-P1 affinity columns were prepared by coupling 50 mg of
purified anti-P1 antibody to 15 ml of cyanogen bromide-
activated Sephadex gel (Pharmacia Fine Chemicals, Piscat-
away, N.J.). Pellets from 100 bottles of M. pneumoniae were
suspended in 50 ml of 20 mM Tris hydrochloride (pH 8.0),
0.2% sodium deoxycholate (Fisher Scientific Co., Pitts-
burgh, Pa.), 0.1% sodium dodecyl sulfate (SDS; BDH Chem-
icals, Poole, England), 10 mM EDTA, and 0.2% Triton
X-100 containing 1 mM phenylmethylsulfonyl fluoride. Sol-
ubilization of proteins was assisted by passing the cell
suspension through successively smaller-gauge needles (22
to 27 gauge). Insoluble material was removed by centrifuga-
tion at 100,000 X g for 30 min.

Solubilized proteins were applied to the affinity column at
4°C and washed with 5 column volumes of the same buffer
minus sodium deoxycholate. Bound protein was eluted with
0.1 M acetic acid (pH 3) containing 0.15 M NaCl and 0.1%
SDS. The eluted protein was immediately neutralized with
1.0 M Tris and concentrated in a pressure ultrafiltration
concentrator (Amicon Corp., Danvers, Mass.).

The affinity column-derived P1 protein was further puri-
fied by preparative polyacrylamide gel electrophoresis
(PAGE). After staining, the P1 protein band was cut out of
the gel, electroeluted according to Hunkapiller et al. (12),
and reprecipitated several times with 80% methanol at
—20°C.

During the purification process, the amount of P1 protein
was estimated by comparisons with known amounts of



3024 SU ET AL.

molecular weight standards (Bio-Rad Laboratories, Rich-
mond, Calif.) after Coomassie blue staining.

N-terminal amino acid sequence determination of P1 pro-
tein. The purified P1 protein was sequenced from the amino
terminus with a gas phase protein sequencer by C. Y. Yang
in the Department of Medicine, Baylor College of Medicine,
Houston, Tex. Approximately 50 g of purified P1 was used
(300 pmol) for each of three sequence analyses.

Oligonucleotide probes. Two oligonucleotide probes were
designed on the basis of the N-terminal amino acid sequence
of the P1 protein. These oligonucleotides were synthesized
in the Department of Biochemistry, Baylor College of Med-
icine, and purified by electrophoresis in a 20% polyacryl-
amide gel containing 8 M urea (3). For use as hybridization
probes, the oligonucleotides were labeled at the 5’ end with
[y-*?P]ATP by the T4-polynucleotide kinase reaction (20).

Southern blot analysis of M. pneumoniae DNA. M. pneu-
moniae DNA was prepared from exponentially growing cells
as previously described (31). DNA (12 pg) was digested to
completion with appropriate restriction enzymes before
electrophoretic separation on 0.7% agarose gels. Gels were
stained with ethidium bromide and photographed under UV
illumination. DNA was transferred to nitrocellulose filter
paper (30) with 20x SSC (1x SSC is 0.15 M NaCl plus 0.015
M sodium citrate), rinsed once with 6x SSC, and then baked
at 80°C for 2 h under vacuum. Filters were prehybridized
overnight at 37°C in 20 ml of prehybridization solution
containing 6x SSC, 60 mM sodium phosphate (pH 7.0), 5%
Denhardt solution (bovine serum albumin, polyvinylpyr-
rolidone, Ficoll [Pharmacia] at 1 mg/ml), and 0.1 mg of
denatured herring sperm DNA per ml. Hybridizations were
done for 12 h in 10 ml of prehybridization solution plus 10%
dextran sulfate and 3?P-labeled oligonucleotide probes (3 x
10 cpm) at 25°C (14 base pairs [bp], 14-mer) or 37°C (18 bp,
18-mer). After incubation, filters were rinsed twice with 6x
SSC at 4°C (30 min each) and then washed twice in wash
solution (3 M tetramethylammonium chloride, 50 mM Tris
hydrochloride [pH 8.0], 2 mM EDTA, 0.1% SDS) at the
appropriate temperature (14-mer at 37°C and 18-mer at 45°C)
for 20 min (34). After being washed, filters were rinsed in 6 X
SSC at 4°C, dried, and exposed to X-ray film using an
intensifying screen.

Cloning of M. pneumoniae P1 gene. M. pneumoniae DNA
(500 ng) was digested to completion with selected restriction
enzymes and electrophoresed in 0.7% agarose gels. The
DNA of the size range which hybridized to both the 14- and
18-bp oligonucleotide probes was purified by electrophoresis
onto DE-81 paper, eluted from the paper with 20 mM Tris
hydrochloride, pH 8.0, and 1.5 M NaCl, precipitated with
ethanol, and redissolved in TE buffer (20).

Plasmids pUC9 and pUC19 were used as cloning vectors.
Vectors were digested with appropriate restriction enzymes,
and the 5'-end phosphate was removed by calf intestinal
alkaline phosphatase (20). Mycoplasma DNA and vector
were mixed at 1:1 molar ratios and ligated at room temper-
ature for 4 h with T4 DNA ligase (20). After incubation the
reaction was stopped by adding EDTA to 10 mM and diluted
fivefold with distilled H,O, and the DNA was used to
transform competent HB101 or DH5a E. coli cells according
to the instructions of the manufacturer (Bethesda Research
Laboratories, Inc., Gaithersburg, Md.). Transformants were
selected on LB agar plates containing 50 wg of ampicillin per
ml. Individual colonies were picked and grown overnight in
5 ml of LB broth containing 50 g of ampicillin per ml.
Plasmid DNA was isolated from overnight cultures by the
alkaline lysis method (13) and analyzed on agarose gels. To
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determine which insert-containing plasmids carried the P1
gene, plasmid DN As were blotted onto nitrocellulose filters.
The filters were then hybridized to the 32P-labeled 18-mer
oligonucleotide probes, washed, and exposed to film as
described above.

DNA sequencing. DNA sequences were determined by the
dideoxy-chain-termination method of Sanger et al. (29). M13
sequencing kits were purchased from Bethesda Research
Laboratories, and the reactions were performed according to
the instructions of the manufacturer, except that deoxy-7-
deaza GTP (Boehringer Mannheim Biochemicals, Indianap-
olis, Ind.) was used in sequencing reactions in place of dGTP
(22). Some DNA fragments were sequenced by subcloning
appropriate restriction enzyme fragments into an M13 bac-
teriophage vector (21), and the single-stranded DNA was
purified for use as a sequencing template. To sequence the
rest of the P1 gene, a large piece of DNA was subcloned into
an M13 vector and a series of deletions from the 3’ end were
generated by treating the double-stranded DNA with
exonuclease III according to the method of Henikoff (8).
Subclones with progressive deletions were selected for use
as sequencing templates. Both strands of the entire P1 gene
were sequenced. Nucleic acid and protein computer analy-
ses were performed by using the Microgenie program (Beck-
man Instruments, Inc., Palo Alto, Calif.). Comparisons of
the P1 DNA and deduced protein sequences were with the
most recent releases of the National Institutes of Health
GenBank DNA sequence database and the National Bio-
medical Research Foundation protein sequence database,
respectively.

RESULTS

Purification of P1. M. pneumoniae cytadhesin protein P1
(165 kDa) was isolated by using monoclonal antibody affinity
chromatography as an initial step. Immunoaffinity chroma-
tography selectively enriched for the expected 165-kDa
species (Fig. 1A to C). Approximately 400 g of P1 protein
was recovered after the immunoaffinity step from an initial
M. pneumoniae extract containing 300 mg of total protein.
The affinity column-purified P1 was further processed by
preparative gel electrophoresis through a 5% polyacryl-
amide-SDS gel, and the 165-kDa protein was recovered by
electroelution. About 60% recovery was achieved after 24 h
of elution at room temperature in 50 mM ammonium carbon-
ate containing 0.1% SDS. The eluted protein was then
precipitated in 80% methanol to remove SDS. SDS-PAGE
analysis of the recovered P1 revealed that the sample con-
tained intact P1 protein (Fig. 1D), and the gel was deliber-
ately overloaded to show the purity of the sample. Finally,
the purified protein was shown to be P1 since it reacted with
anti-P1 monoclonal antibodies in Western blot analyses (data
not shown).

Generation of oligonucleotide probes. The amino-terminal
amino acid sequence of P1 protein was determined by gas
phase microsequencing. Three separate determinations
yielded the sequence shown in Fig. 2. Two oligonucleotide
probes complementary to all the possible mRNA combina-
tions encoding different portions of the protein were synthe-
sized, a 14-mer corresponding to amino acids 1 to 5 and an
18-mer corresponding to amino acids 7 to 12 (Fig. 2).
Because M. pneumoniae may use TGA instead of TGG to
encode tryptophan, both C and T were used in the third
position of the tryptophan codon of the 18-bp oligonucleo-
tide.

Cloning of the P1 gene. The synthetic oligonucleotides
were used to probe the M. pneumoniae genome for the P1
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FIG. 1. SDS-PAGE analysis of protein samples during the puri-
fication of P1. (A) Total protein extract from M. pneumoniae. Arrow
at right indicates the position of P1. (B) Same sample as in panel A
after a single passage through the anti-P1 affinity column. (C) Protein
eluted from the anti-P1 affinity.column. (D) P1 after preparative gel
electrophoresis and electroelution. Proteins were separated by 7.5%
PAGE and stained with Coomassie blue.

gene. M. pneumoniae DNA was digested overnight with
several restriction endonucleases and separated by 0.7%
agarose gel electrophoresis (Fig. 3). These DNAs were
transferred to nitrocellulose filters and exposed to the 14-
and 18-bp oligonucleotide probes. Both probes hybridized to
several DNA bands in each digestion. A 4.3-kilobase (kb)
HindIIl fragment hybridized most intensely to both the
14-mer and 18-mer (Fig. 4), strongly implicating this DNA
fragment as containing the N-terminal sequence of P1.

To clone this DNA fragment, M. pneumoniae DNA was
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FIG. 2. The N-terminal 18-amino-acid sequence of protein P1
and the 14-mer and 18-mer oligonucleotide probes designed to
hybridize to the P1 gene. The 14-mer covers amino acids 1 to 5, and
the 18-mer covers amino acids 7 to 12. X = ACGT.

CLONING AND SEQUENCE OF CYTADHESIN FOR M. PNEUMONIAE 3025

ALiBEC . PR E B G H

(U

- .
L |
= |
t1

FIG. 3. M. pneumoniae DNA (12 pg per lane) digested with
different restriction enzymes and separated by 0.7% agarose gel
electrophoresis. Lanes: A, standard; B, EcoRI; C, Haelll; D, Pstl;
E, Hindlll; F, BamHI; G, Kpnl; H, Sall.

digested with HindlIII, separated by agarose gel electropho-
resis, and stained briefly with ethidium bromide. DNA in the
4.3-kb size range was eluted from the gel. The DNA was
then ligated into the HindlIII site of pUC9 and transformed
into E. coli HB101. About 5,000 transformants were ob-
tained, of which 200 transformants were picked, and their
plasmid DNA was isolated and analyzed on agarose gels to
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FIG. 4. Southern blot analysis of M. pneumoniae genome. M.
pneumoniae DNA was digested with Hindlll, separated by 0.7%
agarose electrophoresis, and transferred to nitrocellulose paper
according to the method of Southern (30). The nitrocellulose strip
was then hybridized to the 14-mer (A) and 18-mer (B) probes labeled
with 32P. A single band (4.3 kb) hybridizes to both probes (arrow).
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B=BamHI H=Hind I S =Smal
E=EcoR I K=KpnI SA=Sal I
EV=EcoR ¥ P =Pst I SC =SacI

FIG. 5. Restriction enzyme map of the P1 gene. The first clone
(62A) contains the 4.3-kb Hindlll piece, and the second clone
contains the 6-kb EcoRI piece. Both the 14-mer and 18-mer probes
hybridize to the DNA at a site very close to the first Smal site.
Symbol: @z , P1 structural gene.

check for insert size. DNAs from 40 plasmids with inserts in
the 4- to 5-kb range were blotted onto nitrocellulose paper
and hybridized with the 14-mer and 18-mer probes. Three
clones hybridized strongly to both probes. By restriction
endonuclease analysis, the three clones were shown to
contain the same insert, designated 62A (Fig. 5).

The DNA sequence which hybridized to both probes was
narrowed to a 350-bp Haelll restriction fragment by digest-
ing the 62A plasmid with Haelll, separating the DNA on a
5% polyacrylamide gel, and transferring the DNA from the
gel onto nitrocellulose paper for hybridization with each
individual probe (data not shown). The 350-bp Haelll piece
was subcloned into M13mpl8, and its sequence was deter-
mined. It contains both the 14-mer and 18-mer sequences,
and most importantly the DNA has an open reading frame
which codes for the 18 amino acids found by sequencing the
amino terminus of the P1 protein (Fig. 6). Thus, clone 62A
contains the gene for protein P1. However, on the basis of
the location of the sequenced Haelll fragment in the 62A
clone, the 4.3-kb HindIIl DNA fragment was not large
enough to encode the entire 165-kDa P1 protein. Therefore,
we used an EcoRI-PstI restriction fragment from 62A to
clone a larger DNA fragment. The EcoRI-PstI piece from
62A was purified, labeled by nick translation, and used as a
hybridization probe to clone a 6-kb EcoRI fragment of M.
pneumoniae genome DNA by using the agarose gel proce-
dure described above. Restriction enzyme analysis of this
DNA fragment indicated that we had cloned a piece of DNA
which overlapped clone 62A and was sufficiently large to
encode the entire P1 protein. _

Sequence analysis of P1 gene. The nucleotide sequence of
much of the 6-kb EcoRI fragment was determined and is
shown in Fig. 6. There is an open reading frame of 4,881
nucleotides, and at the end of the gene is a TAG stop codon
followed by two in-frame TAA stop codons 21 and 27 bp
downstream. This sequence could encode for a protein of
1,627 amino acids with a calculated molecular weight of
176,288. The open reading frame contains the 18 amino acids
identified by gas phase sequencing (Fig. 6, box). However,
instead of being at the amino terminus of the open reading
frame, the 18 amino acids are found at positions 60 to 77 of
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the deduced protein. The reason for this apparent discrep-
ancy could well be that P1, as for many outer membrane
proteins, is initially synthesized as a precursor (25). Consist-
ent with this hypothesis is the observation that the extra 59
amino -acids found at the amino terminus of the deduced
protein appear like a signal peptide; they include positively
charged amino acids followed by a stretch of hydrophobic
amino acids (25). If protein P1 is indeed synthesized as a
precursor and processed into a mature protein, then the
molecular weight of the mature protein would be 169,758,
which is very close to the 165 kDa we have reported earlier
(1, 17, 18, 23) and almost identical to the value (168 kDa)
determined by Jacobs et al. (14) by SDS-PAGE.

The predicted P1 protein has several interesting features:
(i) it contains high percentages of hydroxy amino acids
(17.7% are serine and threonine); (ii) the protein contains no
cysteine; (iii) the TGA codon of tryptophan is slightly
preferred over the TGG codon (21:16); and (iv) the high
proline content (13 of 26 amino acids) at the carboxy
terminus is unusual and may place structural restraints on
the protein and assist in regulating the topological organiza-
tion of the cytadhesin in the membrane (1, 2, 15, 17).
Hydrophilicity plots (9) of the predicted protein sequence
suggest several potential antigenic sites (Fig. 7) at positions
240 to 260, 280 to 304, 314 to 333, 450 to 479, 680 to 690, 746
to 767, 898 to 913, 1244 to 1260, and 1476 to 1485. A
computer search against existing protein sequence files
revealed that the predicted P1 sequence is homologous to
coat protein A of bacteriophage Ike (protein P1 amino acid
numbers 1308 through 1322 compared with bacteriophage
amino acid numbers 240 through 254, 73.3% homology; 257
to 290 versus 231 to 264, 41.2% homology), protein 3A of
brome mosaic virus (956 to 979 versus 133 to 159, 52%
homology), ‘coat proteins vp2 and vp3 of mouse polyoma-
virus (733 to 746 versus 24 to 38, 66.7% homology), and coat
protein A precursor of bacteriophages fd, M-13, and F1
(1296 to 1330 versus 245 to 280, 51.3% homology). The 1290

" to 1350 region of P1 also shares extensive homology with

cytoskeletal keratin of mammalian species. In addition, two
regions of P1 share extensive homology with human fibrinogen
alpha chain precursor (337 to 352 versus 338 to 354, 70.6%
homology; 822 to 852 versus 544 to 565, 59.1% homology).

Other relevant features of the sequence include elements
upstream of the first ATG codon which are similar to those
of typical eubacterial promoters (27). Although the base
sequences in these regions are almost identical to those
found at —10 and —35 in the consensus E. coli o’ promoter
(27), their separation distance is unusually close (14 bp
versus 16 to 18 bp in the E. coli promoter). No typical
ribosome-binding site is observed between the putative
promoter and the proposed initiation codon for translation.
Also, an imperfect inverted repeat sequernce followed by
several thymidines is detected 19 bp downstream from the
TAG stop codon. This sequence element is a common
feature of RNA terminators (28).

DISCUSSION

Our earlier difﬁculﬁes in characterizing the P1 cytadhesin
gene (31) prompted us to approach its isolation by obtaining

FIG. 6. Complete nucleotide sequence and deduced amino acid-sequence of the P1 gene. The presumed starting codon of P1 (ATG) is
numbered as 1. In the 5’ flanking region, the possible promoter elements (—10 and —35) are underlined. The 18 amino acids which match those
determined by protein sequencing of P1 are boxed (nucleotides 178 to 231). In the 3’ flanking region, a sequence with dyad symmetry, which
may be a termination signal, is indicated by the arrows, and the asterisk indicates mismatched sequences in this sequence. The complete P1
gene contains 4,881 nucleotides coding for a protein of a calculated 176,288 daltons, which includes an apparent leader peptide (see the text).
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FIG. 7. Plot of hydrophilicity value versus sequence position of
P1 according to the method of Hopp and Woods (9). Hydrophilicity
values are averaged over six amino acids through the length of P1;
highest positive values represent charged hydrophilic regions.

a partial amino acid sequence of protein P1 and then synthe-
sizing two oligonucleotides (14-mer and 18-mer) complemen-
tary to the corresponding gene in order to identify appropri-
ate clones. Because of the small size of the M. pneumoniae
genome (approximately 800 kb), we calculated that se-
quences which hybridized to the 14-mer or 18-mer probes
should occur only one or two times. If the same piece of M.
pneumoniae DNA hybridized to both 14-mer and 18-mer
probes, this DNA fragment should contain the sequence
coding for the amino terminus of P1. The 4.3-kb HindIII
piece of M. pneumoniae (Fig. 4 to 6) contains the appropri-
ate P1 gene sequence not only because it hybridizes to both
14-mer and 18-mer probes, but also because it codes for all
18 amino acids determined from the N-terminal sequencing
of the purified P1 protein. Of interest is the observation that
the 10th amino acid that we sequenced from the N terminus
is a tryptophan, which further suggests that if E. coli uses the
P1 promoter sequence, the protein might be terminated
prematurely.

From the nucleotide sequences, a possible translational
initiation site ATG occurs in frame, which is 177 nucleotides
from the P1 N-terminal sequence. There are conventional
transcription initiation sites at —35 and —10 upstream with a
distance of 14 nucleotides between these two consensus
sequences (27), but no ribosome-binding site is observed
between —10 and the initiation codon. This predicts a
protein with an extension of 59 amino acids from the N
terminus. Another possible translational initiation codon is
the GTG (7) at position 91. Use of this initiation site would
predict a 28-amino-acid precursor. Since all of the predic-
tions are made on the basis of the study of E. coli and other
procaryotic organisms and no information about myco-
plasma promoter or initiation sites is available, further study
is needed to determine the precise transcriptional and trans-
lational initiation sites.

The predicted P1 gene sequence is consistent with avail-
able information about protein P1: (i) the predicted molecu-
lar weight of P1 approximates the reported values; (ii) the
predicted N-terminal amino acid sequence fits exactly with
the gas phase sequence analysis of purified P1 protein; (iii)
the predicted P1 sequence contains more basic amino acids
(Arg + Lys + His = 169) than acidic (Asp + Glu = 143) (our
unpublished isoelectric focusing data show that P1 has an
isoelectric point at a basic pH); (iv) the predicted P1 has no
intramolecular disulfide bonding, which correlates with our
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previous observation that the P1 position in polyacrylamide
gels is not changed after exposure to sample buffer contain-
ing reducing agents.

Since cytadhesin P1 is strongly immunogenic based upon
humoral immune response data in humans and hamsters (19)
and the appearance of anti-P1 antibodies correlates with
resolution of the infection (19), we are interested in identi-
fying the antigenic sites which may serve as effective vaccine
candidates. The hydrophilicity plot (Fig. 7) implicates sev-
eral potential sites. It is fascinating that parts of the P1
sequence are homologous to specific viral coat proteins and
mammalian cytoskeletal keratin as well as the human fibrin-
ogen alpha chain precursor, which may relate to previous
observations of autoimmune-like mechanisms of patho-
physiology associated with mycoplasma disease (4, 33).

Now that the gene sequence of M. pneumoniae cytadhesin
P1 has been delineated and its protein sequence has been
deduced, we can begin to address other relevant issues. Do
gene duplications or rearrangements of the P1 gene occur?
Why does P1 lose functionality as an adhesin after brief
protease treatment? What factors regulate the mobilization
and clustering of P1 at the tip organelle, and what is the basis
for the cooperative interactions between P1 and other mem-
brane proteins (1, 17)? Will synthetic peptides which substi-
tute for the immunologically and functionally relevant do-
mains of P1 serve as effective vaccine candidates and
diagnostic probes? Can the available P1 gene and protein
data assist in characterizing the immunologically related
140-kDa protein (23) of the newly discovered human patho-
gen, Mycoplasma genitalium (32)? In addition, identification
of the host cell receptor(s) which mediates M. pneumoniae
cytadherence in the respiratory tract has been elusive, and
information provided by the P1 sequence may assist in
defining tissue tropism at the molecular level.
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