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A second cytadhesin-like protein, MGC2, was identified in the avian respiratory pathogen Mycoplasma
gallisepticum. The 912-nucleotide mgc2 gene encodes a 32.6-kDa protein with 40.9 and 31.4% identity with the
M. pneumoniae P30 and M. genitalium P32 cytadhesins, respectively. Functional studies with reverse transcrip-
tion-PCR, immunoblotting, double-sided immunogold labeling, and attachment inhibition assays demon-
strated homology to the human mycoplasmal P30 and P32 cytadhesins. These findings suggest that there is a
family of cytadhesin genes conserved among pathogenic mycoplasmas infecting widely divergent hosts.

The genus Mycoplasma is unique among prokaryotes be-
cause the member species lack cell walls, use UGA to encode
tryptophan, and utilize cholesterol in their cell membranes
(40). They have been described as minimal cells due to their
unusually small size and streamlined genetics, with the smallest
recorded genomes of self-replicating organisms (15, 21, 35).
Pathogenic mycoplasmas are highly specialized, successfully
exploiting respiratory and urinogenital tract niches in a wide
variety of vertebrates. Mycoplasma gallisepticum is a significant
pathogen of domestic poultry and wild birds. In chickens, the
agent produces chronic respiratory disease, while ovaduct in-
fection causes lowered egg production and allows transovarial
transmission (49).

M. gallisepticum shares similar pathogenic mechanisms with
two human mycoplasmas, Mycoplasma pneumoniae and Myco-
plasma genitalium (10, 30). These mycoplasmas exhibit a flask-
shaped morphology characterized by a unipolar terminal or-
ganelle, or bleb, that is involved in mucosal attachment and
gliding motility (7, 25, 46). The tip organelle of M. pneumoniae
has been extensively studied and functions through the inter-
actions of cytadhesins, cytadhesin accessory proteins, and ele-
ments of a primitive intracellular cytoskeleton (26).

We previously reported the sequence and characterization
of MGCl1, the M. gallisepticum homolog of M. pneumoniae P1,
M. genitalium MgPa, and the Mycoplasma pirum cytadhesins
(24, 45). A second cytadhesin has been identified in both M.
pneumoniae and M. genitalium. Attenuated class II variants of
M. pneumoniae are hemadsorption negative and lack a 30-kDa
protein designated P30 (4, 5, 27). Revertants expressing P30
reacquire virulence (28). P30 was also found to be membrane
associated and localized on the tip organelle (4, 5). Further-
more, a monoclonal antibody raised against P30 blocked M.
pneumoniae attachment, suggesting its importance in cytadher-
ence (36). Additional analysis of P30 mutants has suggested
the importance of a repeated proline-rich amino acid domain
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in cytadherence, virulence, and postinfection autoimmunity
(12, 31). The genes encoding P30 and the M. genitalium ho-
molog, P32, have been sequenced and mapped (11, 15, 22, 41).

Cloning procedures and DNA sequencing. The MGC1 gene
is located within plasmid pMG25, which contains an 8.3-kb
fragment of the M. gallisepticum genome cloned into Bluescript
vector KSII (24). The 1.3-kb region upstream from mgcl was
subcloned from pMG?2S5 into KSII as two PstI fragments and
sequenced with Sequenase version 2.0 (U.S. Biochemical,
Cleveland, Ohio) according to the manufacturer’s instructions.
We designed specific primers to sequence the two subclones
and the PstI junction in pMG2S5. Oligonucleotide primers were
purchased from Ransom Hill (La Jolla, Calif.). The nucleotide
sequence was analyzed with the Sequence Analysis Software
Package of the Genetics Computer Group (13).

An open reading frame (ORF), 912 nucleotides (nt) long
and with a G+C content of 44.8%, was identified and desig-
nated mgc2. The deduced MGC2 protein contains 304 amino
acids (aa), with a predicted molecular mass of 32,700 Da.
There is a single tryptophan, encoded by TGA, at amino acid
position 62. At the amino terminus there is a positively charged
10-aa region followed by a 20- to 21-aa hydrophobic core
(Leull-Leu30), suggestive of a signal sequence (Fig. 1 and 2).
Based on von Heijne’s —3, —1 rule for identifying signal se-
quence cleavage sites (47), a possible signal sequence cleavage
site exists after Thr31 or Ser32. A Kyte-Doolittle hydrophilicity
plot of MGC2 (averaged over a 7-aa window) shows a second
highly hydrophobic region, consistent with the presence of a
transmembrane domain, from Phe63 to Ala89. The carboxy-
terminal two-thirds of the protein (aa 102 to 304) is rich in
proline (20%) and glycine (15%) residues.

Comparison of MGC2 to the M. pneumoniae cytadhesin P30
and to the P32 sequences of M. genitalium showed the deduced
MGC2 sequence to be 40.9% identical to that of P30 and
31.4% identical to that of P32. In addition there are 30 shared
proline residues, including consensus tryptophan residues at
amino acid positions 73 in P30, 68 in P32, and 62 in MGC2.
The hydrophilicity plots of the three proteins are nearly super-
imposable (Fig. 2). The carboxy end of MGC2 (aa 185 to 304),
like those of P30 and P32, has the characteristics of cytoskel-
etal matrix proteins, such as collagen, elastin, vitronectin, and
keratin. The carboxy end of the molecule is distinguished by
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FIG. 1. Comparison of the deduced amino acid sequences of MGC2, M. pneumoniae P30 (10), and M. genitalium P32 (15, 36) with the GAP alignment program
from the Sequence Analysis Software Package of the Genetics Computer Group (13). Residues conserved in all three proteins are shaded in black, while sequences

shared by two of the three mycoplasmas are shaded in gray; dashes represent gaps.

two identical overlapping 24-aa sequences, located from
Met185 to Pro208 and from Met206 to Pro230 (Fig. 1). These
repeats share the residues Met206, Pro207, and Pro208. Over-
lapping sequence repeats are also characteristic of P30 and P32
(11, 12, 41). Within the repeated regions (aa 185 to 229 of
MGC2, 177 to 254 of P30, and 163 to 260 of P32) the proteins
share the following repeated amino acid motifs: Arg-Pro-Gly-
Phe, Arg-Pro-Gly, and Pro-Gly.

Transcriptional analysis and organization of the cytadhesin
operons. The transcription initiation site of mgcl, the first gene
of an approximately 8-kb operon, is located within the mgc2
coding region (24). Immediately upstream from mgc2 is a 67-nt
A+T-rich (83.6%) region. Although two Escherichia coli con-
sensus —10 promoter sequences were found 38 (TATTAT)
and 100 nt (TATAAT) from the ATG initiation codon of
mgc2, and a possible —35 TTGAAA promoter sequence is
found 112 nt from the start site, no consensus Shine-Delgarno
sequence was located. Primer extension was unable to identify
a transcriptional start site for mgc2 within the region, and
Northern blot analysis suggests that the gene is part of a larger
transcript (data not shown). Further characterization of the
complex regulatory relationship between these two M. gallisep-
ticum cytadhesin-containing operons is currently under way.

The complete genome sequences of M. genitalium (580 kb)
and M. pneumoniae (816 kb) have been completed (15, 22).
Both genomes contain six segments in which the order of
orthologous genes is conserved. However, within the respective
genomes, these segments are arranged differently (23). The

regions bordering the M. pneumoniae segments have one or
more repetitive sequences (RepMP1, RepMP2/3, RepMP4,
and RepMP5), and relics of these sequences, with the excep-
tion of RepMP1, were found between segments in the M.
genitalium genome. It was concluded that reorganization of M.
genitalium took place by translocations of the segments
through homologous recombination in regions between the
repetitive elements (23). The three operons encoding cytadhe-
sin and cytadhesin accessory genes found in M. genitalium and
M. pneumoniae are similarly ordered and transcribed in the
same direction but map to different segments.

In contrast, the proximity of mgc2 and mgcl and the pres-
ence of the mgc! transcriptional start site within mgc2 indicate
a different genomic organization in M. gallisepticum, since the
human homologs for these genes are widely separated and
located within different segments of the M. pneumoniae and M.
genitalium genomes. We recently completed sequencing the
ORF downstream from mgcl and found it to show 26 and 25%
deduced amino acid identity with M. pneumoniae ORF6 and
M. genitalium ORF192, respectively, genes found immediately
downstream from cytadhesin-encoding P/ and MgPa. At this
time it is not known if complete sets of homologous cytadhesin
operons are present in M. gallisepticum, organized in one or
more genomic regions that might represent an ancestral cytad-
hesin operon organization. It will be of interest to obtain the
complete M. gallisepticum genome sequence, which would al-
low comparative analysis of a more distantly related patho-
genic mycoplasma, infecting another vertebrate class, with the
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FIG. 2. Amino acid hydrophilicity plots of MGC2, M. pneumoniae P30, and M. genitalium P32 made with the Kyte-Doolittle algorithm averaged over a 7-aa window
(MacVector version 4.1; IBI Kodak, New Haven, Conn.). Positive values indicate increased hydrophilicity, while negative numbers represent increased hydrophobicity.

The ordinate values represent the amino acid residues.

two closely related human pathogens. The presence or absence
of related genome segments and cytadhesin operons shared by
the three mycoplasmas could provide evolutionary insight into
the origins of these organisms.

RT-PCR. To further investigate mgc2 functionality, reverse
transcription-PCR (RT-PCR) was performed. Log-phase M.
gallisepticumn  S6 cells were pelleted by centrifugation at
10,000 X g for 30 min. The cell pellet was extracted with Trizol
reagent (Gibco BRL, Gaithersburg, Md.). The aqueous layer,
containing RNA, was layered on a 4 M cesium chloride cush-
ion and centrifuged at 90,000 X g for 16 h at 17°C. The RNA
pellet was extracted with phenol-chloroform-isoamyl alcohol
(29:28:1), ethanol precipitated, and resuspended in diethyl py-
rocarbonate-treated water. All RNA samples were subse-
quently treated with RNase-free DNase (Promega Biotech,
Madison, Wis.) for 30 min at 37°C and then phenol-chloro-
form-isoamyl alcohol extracted as described above. One mi-
crogram of M. gallisepticum RNA was RNase treated for use as
an RT-PCR negative control. Reverse transcription was con-
ducted with a GeneAmp RNA PCR kit (Perkin-Elmer, Foster
City, Calif.).

Two mgc2 primers, located at nucleotide positions 144 to
174 and 359 to 341, were used in the PCR. PCR products were
electrophoresed on a 1.5% agarose gel and transferred to a
nylon membrane for Southern analysis. The nylon blot was
incubated in a solution of 1% sodium dodecyl sulfate (SDS),
6X SSC (1X SSC is 0.15 M NaCl plus 0.015 M sodium citrate

[pH 7.0]), 5X Denhardt’s solution (1X Denhardt’s solution is
0.02% Ficoll, 0.2% polyvinyl pyrrolidone, 0.02% bovine serum
albumin), and 200 pg of salmon sperm DNA/ml for 2 h at
50°C. A *?P-labeled mgc2 oligonucleotide probe corresponding
to nt 198 to 235 was added, and incubation at 50°C was con-
tinued for 12 h. The membrane was washed twice in 0.2X
SSC-0.1% SDS for 10 min at room temperature, twice in 0.2X
SSC-0.1% SDS for 30 min at 50°C, and once in 0.1X SSC for
30 min at 50°C. As controls for the analysis, we used previously
described primers to amplify by RT-PCR a portion of the M.
gallisepticum elongation factor (fuf) gene (20). As an additional
control, primers at nucleotide positions 2346 to 2372 and 2940
to 2916 (24) were used to RT-PCR amplify a portion of the
mgcl gene. RT-PCR with total M. gallisepticurn RNA con-
firmed the transcription of mgc2. An mgc2-specific RT-PCR
product of the predicted size, 211 bp, was identified (Fig. 3A).
The controls, portions of the M. gallisepticum tuf and mgcl
transcripts, were amplified by RT-PCR (210 and 580 bp, re-
spectively). No PCR products were observed in samples
treated with RNase. Southern analysis was done with a *2P-
labeled probe corresponding to nt 198 to 215 of mgc2 (Fig. 3B).
The mgc2 primer hybridized only to the mgc2 RT-PCR prod-
uct.

Site-directed mutagenesis and expression cloning of MGC2.
In order to further characterize the mgc2 gene product, we
prepared recombinant MGC2 antigen for use in antiserum
production. This antiserum was used in immunoprecipitation,
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FIG. 3. RT-PCR of M. gallisepticumn RNA. (A) Agarose gel of RT-PCR
results. (B) Gel transferred to a nylon membrane and hybridized with a 32P-
labeled oligonucleotide from within mgc2. Lanes 1, M. gallisepticum tuf gene;
lanes 2, mgcl; lanes 3, mgc2; lanes 4, RNase-treated mgc2; lanes 5, RNA tem-
plate without reverse transcriptase. The photographed gel and nylon membrane
blot were scanned on an Apple Color I scanner, cropped with Photoshop (Adobe
Systems Inc., Mountain View, Calif.), and enlarged and labeled with QuarkX-
Press (Quark, Inc., Denver, Colo.).

Western blotting, immunoelectron microscopy, and attach-
ment inhibition assays. This required site-directed mutagenesis
to alter a single TGA (tryptophan codon for amino acid posi-
tion 62) in the MGC2 gene to a TGG codon with the Altered
Sites II site-directed mutagenesis kit (Promega) and the mu-
tagenesis primer 5’ CCCGAACCTTGGTTTTACCA 3’ (the
altered codon is underlined). Mutants containing the altered
tryptophan codon were confirmed by sequence analysis.
MGC?2 was overexpressed in E. coli SG13009(pRep4) cells as a
six histidine-maltose binding protein-MGC2 fusion protein
(Qiagen, Chatsworth, Calif.). The fusion protein was identified
as a 75,000-Da band on a 12% SDS polyacrylamide gel after
purification on a Talon nickel affinity chromatography column
(Clonetech, Palo Alto, Calif.).

Production of anti-MGC2 antiserum and MGC2 detection.
The portion of the SDS polyacrylamide gel corresponding to
the migration position of the fusion protein was excised and
homogenized with an equal volume of Freund’s complete ad-
juvant. New Zealand White rabbits were injected subcutane-
ously with the preparation as previously described (24).

Immunoprecipitations were performed as described by
Krause and Baseman (29). Adherent M. gallisepticum S6 cul-
tures, grown in 75-cm? polystyrene tissue culture flasks con-
taining Frey broth, were washed with phosphate-buffered sa-
line (PBS; 120 mM NaCl, 2.7 mM KCI, 10 mM Na,PO,, pH
7.4). Adherent cells were then disrupted in solubilization
buffer (35 mM Tris [pH 8.2], 0.25 M NacCl, 1.6% deoxycholate,
0.1% SDS, and 1 mM phenylmethylsulfonyl fluoride). Cellular
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FIG. 4. Identification of MGC2. Solubilized M. gallisepticum cells were im-
munoprecipitated with rabbit anti-MGC2 antiserum and subjected to Western
blot analysis (lane 1); preinoculation rabbit serum was used as an assay control
(lane 2). Molecular mass markers and the mass of MGC2 (arrow) are indicated.
The Western blot was scanned on an Apple Color I scanner, cropped with
Photoshop (Adobe Systems Inc., Mountain View, Calif.), and enlarged and
labeled with QuarkXPress (Quark, Inc., Denver, Colo.).

debris was removed by centrifugation at 60,000 X g for 30 min.
Rabbit anti-MGC2-specific antibody (20 pl) was added to 200
wl of solubilized M. gallisepticum cells and incubated on ice for
1 h. Twenty microliters of Protein G Plus-Protein A agarose
(Calbiochem, La Jolla, Calif.) was added to the mixture, and
incubation was continued at 4°C for 1 h with gentle mixing. The
immunoprecipitate was collected by centrifugation at 17,000 X
g for 1 min and washed three times by repeated centrifugation
in solubilization buffer. Following the last centrifugation, the
precipitate was resuspended in a solution of 3% mercaptoetha-
nol, 3% SDS, 0.3% bromophenol blue, and 10% glycerol load-
ing buffer, boiled for 5 min, and centrifuged for 5 min at
17,000 X g. The supernatant was loaded onto an SDS-10%
polyacrylamide gel. After electrophoretic separation, the pro-
teins were transferred to nitrocellulose for Western blot anal-
ysis as previously described (24). A 1:100 dilution of rabbit
anti-MGC2 antiserum and a 1:2,000 dilution of goat anti-rabbit
alkaline phosphatase-conjugated antibody (Bio-Rad, Rich-
mond, Calif.) were used in the analysis.

The polyvalent rabbit antiserum detected MGC2 from early-
log-phase M. gallisepticum cultures (Fig. 4). The rabbit anti-
MGC?2 antiserum precipitated a 38-kDa protein (Fig. 4, lane
1), while the preinoculation rabbit serum control did not detect
this protein (Fig. 4, lane 2). Additional bands found in the
immunoblot with both preinoculation and anti-MGC2 serum
treatments were expected, since alkaline phosphatase-labeled
goat anti-rabbit immunoglobulin G reacts with the heavy and
light chains of rabbit anti-MGC?2 antibodies. In addition, both
rabbit and goat antibodies could react in immunoblots via their
respective Fc fragments with proteins G (30 to 35 kDa) and A
(42 kDa). Because of the importance of insuring the specificity
of rabbit anti-MGC?2 for subsequent experiments, we infected
chickens with M. gallisepticum to obtain preinoculation and 4-
and 6-week postinfection serum samples. These sera were in-
dividually reacted with solubilized M. gallisepticum cells, im-
munoprecipitated, and subjected to Western blotting as de-
scribed above. All the chickens from the 4-week (n = 8) and
6-week (n = 8) bleedings showed the 38-kDa band in immu-
noblots developed with rabbit anti-MGC2 and conjugated goat
anti-rabbit antisera. None of the preinoculation and uninfected
control sera (n = 8) precipitated the 38-kDa band (data not
shown).

The difference between the predicted (32-kDa) size of
MGC2 and the observed (38-kDa) size was also observed in
Western blotting assays with solubilized M. gallisepticum cells
(data not shown). Several M. pneumoniae proteins are known
to have observed molecular masses higher than their predicted
masses, as determined from the primary amino acid sequences.
Anomalous migrations of M. pneumoniae P30, HMWI,
HMWS3, P65, and P200 proteins have been reported (5, 14,
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37-39). One explanation for these observations is the proline-
rich repeated amino acid regions found in these proteins. Pro-
lines provide rigidity and extend the structures of proteins (48).
Computer analysis of MGC2 showed that the proline-rich car-
boxy end of the molecule had homology with collagen, a pro-
line-rich molecule whose beta chain exhibits lower electro-
phoretic mobility and higher molecular weight than predicted
(16).

The results of immunoblotting, taken together with the de-
tection of an RNA transcript by RT-PCR, indicate that mgc2
functions to encode an immunogenic protein.

Immunoelectron microscopy. To determine the cellular to-
pology of MGC2, double-sided immunogold labeling was con-
ducted with thin sections of M. gallisepticum cells. M. gallisep-
ticum cells were grown to early log phase in Frey broth (pH
7.0), fixed in equal volumes of Frey broth and 2% paraformal-
dehyde in 0.2 M sodium cacodylate buffer (pH 7.2), and har-
vested by centrifugation. The resulting pellet was resuspended
in 2% low-melting-point agarose, rinsed in buffer (twice for 15
min each time), dehydrated in a graded series of ethanol, and
embedded in HM20 resin (Electron Microscopy Sciences, Fort
Washington, Pa.) according to the manufacturer’s instructions.
The double-sided labeling technique was based on the proce-
dures described for lectin probes and actin (6, 9). Ultrathin
sections were examined and photographed at X20,000 magni-
fication with a Zeiss CEM 902 transmission electron micro-
scope.

Flask-shaped cells, cut through different longitudinal planes,
were clearly visible in the electron micrographs (Fig. 5). Var-
ious cross sections through the bleb were also visible. Immu-
nogold labeling was localized on the terminal bleb organelle in
sections treated with anti-MGC2 antiserum (Fig. 5B). Gold
particles were not visible in the preimmune serum-treated sec-
tions (Fig. 5A). As is typical of the flask-shaped pathogenic
mycoplasmas, M. gallisepticum attachment to host cells is me-
diated by the terminal bleb organelle, which permits an inti-
mate association with the host cell membrane (46). In M.
pneumoniae and M. genitalium, cytadhesin proteins are con-
centrated on this structure (26). We demonstrated through
immunogold labeling that MGC2 appears to be highly concen-
trated on the tip of the terminal bleb. In similar experiments,
MGC1 was found to be more widely distributed across the bleb
(data not shown).

Based on primary amino acid sequence and electron micro-
scopic labeling, it would appear that MGC2, like P30 and P32,
is membrane associated, surface exposed, and localized on the
bleb attachment organelle.

Attachment inhibition studies. Preliminary experiments
were conducted to evaluate the use of chicken embryo fibro-
blast (CEF) cells in subsequent attachment inhibition assays.
Erythrocytes were not used because M. gallisepticum has sep-
arate hemagglutinating gene products, distinct from those for
MGC1 and MGC2 (3, 20, 32-34). CEF monolayers were
treated with neuraminidase at 2.5, 5, and 10 mU for 1 h at 37°C
before the application of radioactivity-labeled M. gallisepticum
cells. After vigorous washing, M. gallisepticum cell-associated
radioactivity was significantly (P < 0.05) lower than that of
untreated CEF cells, indicating that the sialic acid glycoprotein
receptors found on erythrocytes are present on CEFs (2, 18,
19). Neuraminidase treatments reduced binding by 55 to 65%
at M. gallisepticum concentrations ranging from 5.5 X 107 to
7.3 X 107 CFU, a result similar to the 58% reduction of M.
gallisepticum binding after neuraminidase treatment of the
MRC-5 human lung fibroblast cell line (17).

The involvement of MGC2 in attachment to host cell recep-
tors was investigated with the previously described rabbit anti-
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FIG. 5. Electron micrographs showing double-sided immunogold labeling of
M. gallisepticun MGC2 cytadhesin on sectioned M. gallisepticum cells. (A) Sec-
tions treated with rabbit preinoculation serum prior to incubation with 10-nm-
diameter colloidal-gold-labeled goat anti-rabbit antiserum. (B) Sections reacted
with rabbit anti-MGC2 antiserum. Secondary antibodies containing gold parti-
cles are distributed on the bleb organelle. The bleb regions in more longitudinal
sections are visible (large triangles), while blebs in different planes of cross
section are marked (small triangles). Transmission electron microscopy at
X20,000 on a Zeiss transmission electron microscope. Bar, 250 nm.

MGC2 antiserum. Mixtures of antiserum and radiolabeled M.
gallisepticum cells were added to CEF cells. After incubation,
reduced CEF-associated radioactivity was used to quantitate
attachment inhibition.

M. gallisepticum S6 cells, grown to mid-log phase in Frey
broth (pH 6.7), were pelleted at 10,000 X g for 2 min, washed
once in PBS, and resuspended in Hanks’ balanced salt solution
(Gibco BRL, Grand Island, N.Y.) containing 10% methionine-
free porcine serum. Prior to being radiolabeled, the cultures
were filtered through an 0.8-pm-pore-size membrane to re-
move clumped cells. M. gallisepticum cells were then labeled
with 40 wCi of [**S]methionine (Amersham, Arlington
Heights, 111.) per 10° CFU for 3 h at 37°C with shaking. Ra-
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FIG. 6. Antiserum raised against MGC2 blocks [**S]methionine-labeled M.
gallisepticum attachment. Increasing numbers of radiolabeled M. gallisepticum
cells were pretreated with buffer alone (OJ), rabbit preinoculation serum diluted
1:10 (m), or rabbit anti-MGC2 antiserum diluted 1:10 (). The values represent
means (* standard errors) of three replicate treatments. a, Significant (P < 0.01)
difference from the corresponding treatment without antibody; b, significant
difference (P < 0.01) from corresponding treatments reacted with preinoculation
rabbit serum. The numbers in parentheses indicate the percent inhibition from
the preinoculation serum {100 — [(average counts per minute of anti-MGC2
serum treatment/counts per minute of preinoculation serum treatment) X 100]}.

diolabeled cells were washed three times with Hanks’ balanced
salt solution and resuspended in M199 medium (Gibco).

CEFs were prepared as previously described (42) and cul-
tured on 96-well tissue culture plates (Corning Costar Corpo-
ration, Cambridge, Mass.). The CEFs, grown to confluence in
M199 medium containing 5% fetal calf serum, were then
washed twice with PBS. Initial titrations of labeled cells and
CEFs were used to optimize conditions. The attachment inhi-
bition assay used a 1:10 anti-MGC?2 antibody dilution and, as a
control, a 1:10 dilution of MGC2 preinoculation rabbit serum,
reacted with eight labeled mycoplasma concentrations ranging
from 5 X 10° to 40 X 10° CFU. Antibody and mycoplasmas in
200-pl aliquots were incubated for 1 h at 37°C with gentle
mixing, added to the washed CEFs, and incubated for an ad-
ditional 1 h at 37°C. An antibody-free control was also reacted
with labeled mycoplasmas diluted only with M199. Following
incubation, CEFs with attached M. gallisepticum cells were
rigorously washed three times with PBS. Each mycoplasma-
and-serum treatment was replicated three times. Individual
wells were separated and placed in ScintiVerse (Fisher Scien-
tific, Fair Lawn, N.J.) and counted to determine cell-bound
radioactivity. After subtraction of background radioactivity,
cell-bound counts were analyzed by two-way analysis of vari-
ance, with pairwise comparisons determined by the method of
Tukey (43). We also determined that rabbit anti-MGC2 was
not mycoplasmacidal or inhibitory of metabolic processes re-
quired for attachment, since undiluted antibody did not pro-
duce growth or metabolic inhibition by the previously de-
scribed assays (8, 44).

The preinoculation serum and labeled cells without antibody
showed a near-linear increase in attachment with increasing
numbers of M. gallisepticurn CFU (Fig. 6). Pairwise treatment
analysis determined that there was significant attachment in-
hibition (P < 0.01) of anti-MGC2 antibody-treated mycoplas-
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mas at concentrations ranging from 20 X 10° to 30 X 10° CFU,
which resulted in 37 to 48% inhibition. The lack of complete
inhibition of attachment is likely due to the presence of one or
more additional cytadhesins. In parallel attachment inhibition
assays conducted under the assay conditions described above,
rabbit anti-MGC1 antiserum caused 52 to 60% attachment
inhibition compared to controls (P < 0.0001) with M. gallisep-
ticum cells at 5 X 10° to 40 X 10° CFU (data not shown).

The products of the M. gallisepticurn pMGA gene family,
unique surface-exposed protein hemagglutinins distinct from
MGC1 and MGC2, are putative cytadhesins (3, 20, 32-34).
Homologs of the pMGA genes are not found in M. pneu-
moniae or M. genitalium. In different M. gallisepticum strains,
the number of complete pMGA genes that show varying de-
grees of deduced amino acid homology ranges from 32 to 70
(33, 34). RT-PCR was used to detected four simultaneously
expressed pMGA transcripts in the M. gallisepticum S6 strain
(20). Recently, the proteins involved in high-frequency phase
variation of hemadsorption positive (HA™") and HA™ pheno-
types were identified (1). The HA™ phenotypes expressed pro-
teins p30, p48, p50, and p80, while p72 was only expressed in
the HA™ phenotype. The p69 protein, expressed in both HA™
and HA™ phenotypes, was the only protein identified as the
product of a member of the pMGA family of genes in Western
blotting. It has been suggested that the HA phase variation
may be important in immune evasion (1, 33). Taken together,
these data point to a complex regulation of HA. The relation-
ship of proteins involved in HA and hemagglutination with
MGC1 and MGC?2 cytadhesins remains unclear, since antisera
directed at hemagglutinating and hemadsorbing proteins have
not been used to examine attachment inhibition in cells other
than erythrocytes. To address this issue, we examined the hem-
agglutination inhibition (HI) properties of rabbit antisera spe-
cific for MGC1 and MGC2 by using chicken erythrocytes in the
routine HI diagnostic test (49). These high-titered antisera
react in immunoblots at 1:1,000 (MGC1) and 1:2,500 (MGC2)
dilutions. However, no HI activity was shown by these sera,
suggesting that they do not bind to M. gallisepticum hemagglu-
tinins.

In summary, the data presented in this study provides com-
pelling evidence that MGC2 is the homolog of M. pneumoniae
P30 and M. genitalium P32, including 40.9 and 31.4% amino
acid homology between MGC2 and the P30 and P32 proteins,
respectively. The MGC2 protein has a predicted mass of 32.7
kDa and migrates at an apparent size of 38 kDa. By double-
sided immunogold labeling, MGC2, like P30 and P32, is local-
ized on the terminal bleb. Finally, antiserum directed at MGC2
inhibited attachment to CEF cells. The initial attachment of M.
gallisepticum to host tissues appears to involve sets of genes
closely related to those found in the human mycoplasma
pathogens. The fact that mycoplasma pathogens from widely
divergent hosts utilize homologous cytadhesins suggests the
importance of these membrane proteins to successful exploi-
tation of the host mucosal niche.

Nucleotide sequence accession number. The nucleotide se-
quence discussed in this paper was submitted to GenBank
under accession no. U23842.
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