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A 150-kDa cytadhesin-like protein from Mycoplasma gallisepticum has been identified. A previously described
583-bp fragment (J. E. Dohms, L. L. Hnatow, P. Whetzel, R. Morgan, and C. L. Keeler, Jr., Avian Dis. 37:380-
388, 1993) was used to probe a genomic library of M. gallisepticurn DNA. An 8.0-kb Sacl fragment was identified,
cloned, and partially sequenced. Analysis of the resulting 3,750-bp sequence revealed the presence of a
3,366-nucleotide open reading frame, mgcl. The 1,122-amino-acid protein encoded by this open reading frame,
MGC1, has characteristics of a class I membrane protein and has homology with the MgPa cytadhesin of
Mycoplasma genitalium (26.3%) and the P1 cytadhesin of Mycoplasma pneumoniae (28.7%). A portion of MGC1
was expressed as a glutathione S-transferase fusion protein and used to produce antiserum in rabbits. The
antiserum recognizes a 150-kDa protein from M. gallisepticum. The protein is sensitive to trypsin, confirming
that it is surface exposed. Primer extension analysis indicates that the mgcl RNA starts within an upstream
open reading frame, suggesting complex control of its expression. This is the first description of a functional

gene from M. gallisepticum showing homology to cytadhesin genes from human mycoplasmas.

Members of the prokaryotic class Mollicutes, family Myco-
plasmataceae, can colonize the respiratory tract of vertebrates,
establish chronic infections, and cause disease. Although my-
coplasmas possess the smallest recorded genomes of self-rep-
licating organisms, like other pathogens, they use strategies
that allow attachment to the host’s mucosae in the face of
innate and specific defense mechanisms. To colonize the res-
piratory tract, mycoplasmas must first penetrate a moving mu-
cous sheet, using mechanisms thought to involve surface-de-
pendent motility (5, 30, 41). Once attached, mycoplasma cells
maintain a close association with the epithelial cell surface. By
mechanisms that are not clearly understood, this relationship is
needed for the bacterial cells to obtain essential nutrients.

Human, rodent, and avian mycoplasmas attach in vitro to a
variety of cells, including ciliated epithelial cells (8, 15, 16, 24,
40), erythrocytes (2, 20, 35), spermatozoa (46), and fibroblasts
(17-19). Mycoplasma-encoded cytadhesins mediate attach-
ment to specific cells via sialylated glycoproteins or glycolipids
(2, 3, 33). Cytadhesins of the human pathogens Mycoplasma
pneumoniae, the causative agent of atypical pneumonia, and
Mycoplasma genitalium, an agent implicated in nongonococcal
urethritis, have been the subject of intensive study (41).

Mycoplasma gallisepticum is a significant respiratory patho-
gen of poultry, although infections may produce disease signs
that vary in severity (49). Concurrent viral and bacterial infec-
tions produce a severe chronic respiratory disease character-
ized by high morbidity and mortality. In severe, uncomplicated
infections, poultry flocks often show signs that include tracheal
rales, nasal discharge, and coughing. At necropsy, sinusitis,
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pneumonia, and airsaculitis are commonly observed. M. galli-
septicum infections of chicken and turkey reproductive tracts
result in decreased egg production and permit vertical trans-
mission to progeny (49).

M. gallisepticum, M. pneumoniae, and M. genitalium share
structural and functional features involved in attachment to
host tissues. All three mycoplasmas possess a terminal tip or-
ganelle that is involved in motility and is oriented toward the
epithelium cell surface after attachment (24, 30). The major
cytadhesin molecule of M. pneumoniae, P1, is an immunodom-
inant 170-kDa protein found concentrated on the tip organelle
(4, 14, 23-25). Western blot (immunoblot) analysis showed
that antibodies directed against P1 cross-react with a 140-kDa
M. genitalium adhesin, designated MgPa (7, 26, 39). It was
further shown that antibodies directed against either P1 or
MgPa cross-react with an M. gallisepticum protein variously
reported to be 170 or 155 kDa (7, 9, 26). The M. pneumoniae
and M. genitalium cytadhesin genes and their corresponding
operons have been sequenced and characterized (10, 27-29,
44). Both the P1 and the MgPa genes are the second genes of
three-gene operons. Significant homology also exists between
the genes flanking the P1 and MgPa genes (28). Dallo and
Baseman (9) used either P1 or MgPa DNA as probes in low-
stringency Southern hybridizations to identify a related M.
gallisepticurn DNA fragment. Collectively, these findings sug-
gest that there may be a conserved family of pathogenic my-
coplasma cytadhesins that are utilized to colonize widely di-
vergent hosts.

Recently, we identified a portion of the putative M. gallisep-
ticum cytadhesin gene (13). Using degenerate oligonucleotide
primers designed from conserved regions of the P1 and MgPa
sequences, we amplified and sequenced a 583-bp M. gallisepti-
cum DNA fragment, using the PCR. In this study, the work has
been extended to include the complete sequence analysis and
partial characterization of the putative M. gallisepticum cytad-
hesin gene.



1542 KEELER ET AL.

MATERIALS AND METHODS

Organisms and growth conditions. M. gallisepticum S6 was obtained from
Y. M. Saif (Ohio Agricultural Research and Development Center, The Ohio
State University, Wooster). Cultures were passaged in Frey broth medium ac-
cording to previously described procedures (13). Broth stocks (100 ml), stored at
—70°C, were used to inoculate 1 liter of Frey broth. Cultures were incubated at
37°C for 12 h and harvested during log phase for DNA isolation.

DNA isolation. M. gallisepticum cell pellets were washed with phosphate-
buffered saline (PBS), resuspended in 6 ml of lysis solution (0.2 mg of proteinase
K per ml, 0.5% sodium dodecyl sulfate [SDS], 10 mM NaCl, 1 mM EDTA, 50
mM Tris; pH 8.0), and incubated for 3 h at 37°C. Cell lysates were extracted three
times with an equal volume of Tris (pH 8.0)-buffered phenol and once with
chloroform-isoamyl alcohol (24:1). Chromosomal DNA was ethanol precipitated
from the aqueous phase, pelleted, and resuspended in TE buffer (10 mM Tris
[pH 7.6], 1 mM EDTA [pH 8.0]).

Construction and screening of an M. gallisepticum genomic library. Genomic
M. gallisepticumn S6 DNA was partially digested with Sau3AIl. DNA fragments
were separated on a 10 to 40% sucrose gradient. Fragments 9 to 23 kb in length
were purified on a low-melting-point 1.2% agarose gel and ligated into the
bacteriophage vector LambdaGEM-11 according to the manufacturer’s instruc-
tions (Promega Corp., Madison, Wis.).

The resulting recombinant M. gallisepticurn LambdaGEM-11 library was
screened by using a previously described 583-bp, 3?P-labeled PCR fragment
homologous to a portion of the P1 gene of M. pneumoniae and the MgPa gene
of M. genitalium (13). Plaque lifts were hybridized at 37°C in 50% formamide for
12 h (1). Membranes were washed twice with 0.1% SDS-2X SSC (1X SSCis 0.15
M NaCl plus 0.015 M sodium citrate) for 30 min at 65°C and three times in 0.1%
SDS-0.5x SSC for 30 min at 70°C. Viral DNA was purified from plaques that
hybridized to the PCR probe.

Subcloning and sequencing. DNA was cloned, digested, and mapped with
restriction endonucleases by standard techniques (1). Double-stranded plasmid
DNA templates were sequenced with sequencing primers appropriate to Blue-
script plasmids (Stratagene, La Jolla, Calif.) as well as internal oligonucleotide
primers. Both strands were sequenced with Sequenase II T7 DNA polymerase
(United States Biochemical Corp., Cleveland, Ohio) by the dideoxy-chain ter-
mination method (42). DNA and protein sequences were analyzed with the
Sequence Analysis Software Package of the Genetics Computer Group (12).

RNA analysis. RNA was extracted from mid-log-phase cultures of M. gallisep-
ticum S6 according to the procedure of Chirgwin et al. (6). Primer extension
analysis was performed essentially as described by Ausubel et al. (1). Thirty
picomoles of primer was end labeled with [y-*>P]JATP and purified on an Elutip
minicolumn (Promega Corp.). The labeled probe was hybridized to 30 g of total
RNA at 30°C for 17 h in 30 pl of hybridization buffer (1 M NaCl, 0.17 M HEPES
[N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid] [pH 7.5], 0.3 mM EDTA
[pH 8.0]). After ethanol precipitation, the primer was extended with Moloney
murine leukemia virus reverse transcriptase (2.5 U) for 15 min at 42°C in reverse
transcriptase buffer (50 mM KCl, 5 mM MgCl,, 4 mM deoxynucleoside triphos-
phates, 10 mM Tris [pH 8.3], 1 U of RNase inhibitor per wl). Primer extension
products were phenol extracted as described above, resuspended in loading
buffer, and electrophoresed for 3 h at 1,800 V on a 6% polyacrylamide sequenc-
ing gel.

Expression cloning and antibody production. A 390-bp Hincll fragment of M.
gallisepticum DNA (13) was cloned into the Smal site of pGex3X, a glutathione
S-transferase (GST) gene fusion vector (Pharmacia LKB Biotechnology, Inc.,
Piscataway, N.J.). Two UGA codons, which code for the amino acid tryptophan
in mycoplasmas, are located near the 3’ end of the mycoplasma insert. The
resulting plasmid, pGex-in, expresses a 37-kDa fusion protein (GST-MGC1)
consisting of the 26-kDa GST protein fused to an 11-kDa mycoplasma polypep-
tide. The fusion protein was partially purified as an insoluble aggregated protein
(48). A sample of the fusion protein was electrophoresed on an SDS-10%
polyacrylamide gel, and the portion of the gel corresponding to the migration
position of the protein was homogenized with an equal volume of Freund’s
complete adjuvant and injected subcutaneously and intramuscularly into New
Zealand White rabbits. The rabbits were given three booster injections of the
recombinant protein in Freund’s incomplete adjuvant at approximately monthly
intervals. Seven days after the final inoculations, the rabbits were anesthetized
with ketamine hydrochloride (25 mg/kg of body weight) and xalazine (3 mg/kg)
and bled by cardiac puncture. An immunoglobulin G-enriched fraction of the
sera was prepared by ammonium sulfate precipitation (22), stored at —20°C, and
used for immunological studies.

Trypsin sensitivity and Western blot analysis. Log-phase cultures of M. galli-
septicum S6 were grown in Frey broth medium in 25-cm? plastic flasks. When the
broth medium reached a pH of 7.0, the cells were washed and scraped in ice-cold
PBS, pelleted at 10,000 X g for 10 min at 4°C, and resuspended in 8 ml of PBS.
Trypsin was added to 2-ml aliquots of cells at a final concentration of 500 pg/ml,
and the mixture was incubated for 5, 10, or 20 min at 37°C (32). Samples from
each trypsin treatment (300 pl) were transferred to a tube containing trypsin
inhibitor (type 1-S; Sigma, St. Louis, Mo.) at a concentration of 1.5 U/ung of
trypsin, and the cells were pelleted by centrifugation at 10,000 X g for 5 min at
4°C.
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The resulting cell pellets were washed once in PBS and resuspended in 200 pl
of loading buffer (15% B-mercaptoethanol, 3% SDS, 0.3% bromophenol blue,
10% glycerol). Proteins (10-ul aliquots) were separated on an SDS-8 to 15%
polyacrylamide gel and transferred to nitrocellulose. The membranes were
blocked with BLOTTO (5% nonfat dry milk-0.03% Tween in PBS) and reacted
with a 1:600 dilution of rabbit GST-MGC1 antiserum for 1 h. After two washes,
the membranes were incubated in a 1:3,000 dilution of goat anti-rabbit alkaline
phosphatase-conjugated antibody (Bio-Rad, Richmond, Calif.) for 30 min,
washed four times with PBS, and rinsed with 100 mM Tris (pH 9.5). Bands were
visualized with nitroblue tetrazolium (50 wg/ml) and 5-bromo-4-chloro-3-indolyl
phosphate (100 pg/ml) in 100 mM NaCl-5 mM MgCl,-100 mM Tris (pH 9.5).

Nucleotide sequence accession number. The DNA sequence of the M. galli-
septicum mgcl gene has been determined and submitted to GenBank under
accession no. U34842.

RESULTS

Identification and DNA sequence of a putative M. gallisep-
ticum cytadhesin gene. A PCR-amplified 583-bp fragment of
M. gallisepticum (13) was used to probe an M. gallisepticum
LambdaGEM-11 genomic library. DNA from one positive
clone (A\4) was purified, and Southern hybridizations (data not
shown) determined that the PCR fragment hybridized to an
8.0-kb Sacl fragment (Fig. 1A). This Sacl fragment was cloned
into Bluescript vector KSII, creating plasmid pMG25. Restric-
tion mapping and additional Southern hybridizations posi-
tioned the PCR fragment within a 1.08-kb PstI-EcoRI frag-
ment (Fig. 1B).

Analysis of the sequence of a 3,750-bp region of pMG25,
contained within five subclones, revealed a complete 3,366-
nucleotide (3,366-nt) open reading frame (mgcl) with a G+C
content of 35.3%. The initiation codon of the open reading
frame is a GTG start codon (valine) 281 nt from the beginning
of the sequenced region (Fig. 2A). The mgc! gene is flanked by
open reading frames. The first 107 nt of the sequenced region
encodes the carboxy-terminal 35 amino acids of a gene
(ORF1) which is homologous to the p30 gene of M. pneu-
moniae, not the ORF4 gene of the M. pneumoniae P1 operon
(Table 1). The mgcl gene is separated from ORF1 by 173 nt
(84.4% A+T). Another open reading frame (ORF3) begins 22
nt after the termination codon for mgcl.

Transcriptional analysis of mgcl. The transcription start site
for the mgcl gene was determined by primer extension. An
oligonucleotide primer complementary to the mgcl coding se-
quence (nt 383 to 356; Fig. 2A) was hybridized to 30 ug of total
M. gallisepticumm RNA as described in Materials and Methods.
A single RNA transcript initiating at nt 76 (G) was observed
(Fig. 2B). This result suggests that the 5’ end of the mgcl
transcript initiates within the upstream open reading frame
and not within the AT-rich (84.4%) 173-nt intergenic region.
These results were confirmed by RNase protection assays (data
not shown). No consensus promoter elements are found im-
mediately upstream of the start of transcription, and no con-
sensus —35 promoter sequences are found in the 173-nt region
between the two open reading frames.

Comparative analysis of the MGC1 protein. The predicted
translation product of mgcl corresponds to an unmodified
protein of 1,122 amino acids with a predicted molecular mass
of 121,259 Da. This protein exhibits characteristics of a class I
membrane protein. The 30-amino-acid region at the amino
terminus of the predicted protein (Fig. 3) contains a strongly
hydrophobic core followed by a potential signal sequence
cleavage site. Cleavage following Ala-30 would result in a ma-
ture protein of 118,491 Da. A potential 35-amino-acid trans-
membrane domain is located from residues Ala-992 to Asn-
1026, near the carboxy terminus of the protein.

The M. gallisepticurn MGC1 protein was compared with the
P1 adhesin of M. pneumoniae and the MgPa protein of M.
genitalium. At the nucleotide level, mgcl exhibits 37.4% ho-
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FIG. 1. Location of the M. gallisepticum mgcl gene. (A) The 11.55-kb region of M. gallisepticum cloned into LambdaGEM-11 recombinant A4. (B) Expanded and
detailed diagram of the cloned 8.0-kb Sacl fragment containing the mgcl gene (pMG25), with relevant restriction sites used in constructing subclones indicated. The
location of the 583-bp PCR fragment used to identify the lambda clone (solid box) and the sequencing strategy (sequences generated by using Bluescript-specific primers
[solid arrows] and sequences generated with internal primers [dashed arrows]) are shown. (C) Diagram of the gene organization of the 3,750-bp portion of pMG25
sequenced in this study, showing the relative location of mgcl and two flanking open reading frames.

mology to the P1 gene and 42.3% homology to the MgPa gene.
At the amino acid level, MGCI1 shares 28.7 and 26.3% identity
to the P1 and MgPa proteins, respectively. Figure 4 graphically
compares the three proteins. Although regions of homology
are scattered throughout, most of the regions of extended
homology are found in the carboxy-terminal portions of the
proteins. Further analysis (Table 1) indicates that although
MGCI is significantly shorter than its human mycoplasma
counterparts, it shares the attributes of having a proline-rich
carboxy terminus, is rich in serine and threonine residues
(18.2%), and lacks cysteine residues.

Expression and surface location of MGC1. The identity of
the protein encoded by the open reading frame was deter-
mined by Western blotting of M. gallisepticum proteins. A
portion of mgcl was cloned into the expression plasmid
pGex3X, as described in Materials and Methods, creating plas-
mid pGex-in. Polyvalent rabbit antiserum (anti-MGC1) to the
GST-MGC1 fusion protein produced in Escherichia coli by this
plasmid was raised. Western blot analysis of log-phase cultures
of M. gallisepticum S6 detected a single 150-kDa protein spe-
cies when immunostained with this antiserum (Fig. 5, lane 1).
The larger observed size of MGCI1 is probably due to the
proline-rich cytoplasmic domain of the protein.

As cell surface proteins, mycoplasma cytadhesins are sensi-
tive to protease digestion. To determine if the 150-kDa MGC1
protein was surface localized, whole M. gallisepticum cells were
treated with trypsin for various times, subjected to SDS-poly-
acrylamide gel electrophoresis, and immunostained with anti-
MGCI. The band corresponding to MGC1 was visibly reduced
with time, confirming its surface location (Fig. 5, lanes 2 to 4).

DISCUSSION

This work expands our initial study in which we identified a
portion of a potential M. gallisepticum cytadhesin gene (13).
The aims of this study were to obtain the complete nucleotide

sequence of mgcl and to identify its protein product from M.
gallisepticum cells.

The M. gallisepticum mgcl cytadhesin gene is defined by an
open reading frame of 3,366 nt and 1,122 codons and starts
with a valine residue. Analysis of the predicted amino acid
sequence indicates that the protein has structural features in
common with class I membrane proteins (47). There is a hy-
drophobic region of about 30 amino acids at the amino termi-
nus of the predicted protein that has characteristics of a signal
peptide (47). There is also a 35-amino-acid hydrophobic se-
quence near the carboxy terminus that is predicted to span
the mycoplasma cell membrane. Consistent with other myco-
plasma cytadhesins, MGC1 contains no cysteine residues and is
rich in serine and threonine residues (Table 1). In addition, all
15 tryptophan residues in MGCI1 are encoded by UGA codons.

Computer analysis reveals homology between this gene and
the two major human mycoplasma cytadhesins. Most of the 26
to 29% amino acid homology is found in the carboxy-terminal
region of the protein. Although epitopes involved in cytadher-
ence are thought to be localized to the carboxy termini of these
proteins, a specific 13-amino-acid M. pneumoniae P1 cytadher-
ence epitope (11) is not found in MGCI. This could reflect
differences in mycoplasma receptor proteins found on the sur-
faces of human and avian epithelial cells. Portions of the M.
pneumoniae P1 cytadhesin gene exist as multiple or single
copies (43). Only one hybridizing DNA fragment is observed
when genomic M. gallisepticumm DNA is hybridized with the
internal 583-bp PCR fragment initially used to identify the
gene (13), suggesting that at least part of the M. gallisepticum
mgcl gene exists as a single copy.

The cytadhesin genes of the two human mycoplasmas are
located as the second genes in three-gene operons (Table 1).
The M. gallisepticum cytadhesin gene appears to have a differ-
ent genomic structure. Northern (RNA) blot analysis suggests
that mgcl is part of an 8.0-kb transcript (data not shown).
Further examination of the sequence flanking mgcl suggests
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that it is the first gene in at least a two-gene operon. An
AT-rich, 173-nt region separates mgcl from an upstream open
reading frame, while a 24-nt AT-rich region separates the
termination codon of mgcl from a downstream open reading
frame. A primer from within the coding region of mgcl was
used in primer extension assays to map the 5’ end of the mgcl

FIG. 2. (A) DNA and predicted amino acid sequences of a portion of the M.
gallisepticun mgcl gene and a flanking open reading frame. The underlined G
residue at nt 76 represents the transcription initiation site for the mgcl gene. The
complement of the underlined sequence was used for primer extension assays.
(B) Primer extension analysis of mgcl. The transcriptional start site for RNA
synthesized in vivo was determined by the primer extension procedure using an
oligonucleotide primer (within the mgc! coding region) as described in Materials
and Methods. The DNA sequence ladder was generated by the dideoxy-chain
termination method using the same primer used for the primer extension reac-
tion. Lane P, primer extension product (arrow). The nucleotide sequence of the
region is indicated on the right, with the transcription start site underlined.

transcript. The 5’ end of the transcript maps not to the 173-nt
intergenic region, as expected, but to a region within the up-
stream gene. These results were confirmed by RNase protec-
tion assays. The 173-nt region is 84.4% AT and has the poten-
tial to form two stem-loop structures. As for some other
mycoplasma genes (45), no consensus promoter sequences
were identified upstream from the start of transcription. Fur-
thermore, the upstream open reading frame (ORF1) encodes
a gene homologous to the P30 cytadhesin of M. prneumoniae
(data not shown). This gene is not homologous to the first
genes of the P1 and MgPa gene operons of M. pneumoniae and
M. genitalium. Further studies of the transcriptional regulation
of these two M. gallisepticum genes are clearly warranted.

As definitive evidence that the open reading frame encodes
an authentic M. gallisepticum surface membrane protein, a
trypsin-sensitive protein product for the gene was identified. A
single 150-kDa band was detected when polyvalent rabbit an-

TABLE 1. Properties of mycoplasma adhesins®

Property P1 (M. pneumoniae) MgPa (M. genitalium) MGC1 (M. gallisepticum)
Gene
Length (nt) 4,881 4,335 3,366
Mol% G+C 535 39.9 353

Tryptophan codons (no.)
Genome organization

Protein precursor
No. of amino acids
Mass (Da)
Leader sequence (no. of amino acids)

Mature protein
Mass (Da)
Cysteine
Proline
% serine + threonine
Trypsin sensitivity
Serological activity
Location

TGA (21) and TGG (16)
Second gene of operon
(ORF4-P1-ORF6)

TGA (16) and TGG (12)
Second gene of operon
(ORF1-MgPa-ORF3)

TGA (15) and TGG (0)
First gene of operon
(MGC1-ORE3-?)

1,627 1,455 1,122
176,288 159,660 121,259
59 58 30
169,758 153,134 118,491
Absent Absent Absent
Proline-rich C terminus Proline-rich C terminus Proline-rich C terminus
17.7 17.34 18.2
Sensitive Sensitive Sensitive
Immunodominant Immunodominant Not known
Clustered at tip organelle Clustered at tip organelle Not known

“ Modified from the data of Razin and Jacobs (41). Data are from Dallo et al. (10, 11), Inamine et al. (27-29), Mader et al. (34), Su et al. (44), and this study.



1545

Scale = Kyte-Doolittle

CLONING OF A CYTADHESIN FROM MYCOPLASMA GALLISEPTICUM

Hydrophilicity Window Size =7

VoL. 64, 1996

L w4 ' ) Lo
5 eO.MAhmoaG 2393 non PEEY -xe =z ra =4 EZ.. Az cxT . 6. ez --w caa wa - >60 -z x -
Q. =} V/.HG‘L o Q.= = < W cre aa  crR o ow>> ¥xn <06 o . O<< Zo FrFw cmu 00 T ) ~wo a x
© o200 o8 =20 Qg ,>> F¥FY ‘0 - sna Wk a0G k- Gam zzZ zZ<a X0 > Ww- -+ 0co oz . -
5 g 3= 0, 8 £ ©%39 P - co. z<< .z% aue o.. <ua -6 so- .Z68 n- .aw %o . 2oz as . zo=z
z S v o 3 & 4 ><0 PIT <o - woo -ooc VP PEYY PN >u ++O 0Z k- cda 0w ~a- >0 - roon
o Q= nd [=] 3 — m 42w 0zZO 0o z>> << —a> Vww X0k ca wuz on 68 << >> Xaa a> > ==
a0 v O < <X S < o << oxx z0O >au >>% Od< Ou- 0nOZ >x zxwx we nz aze na zuz >z e
= S g .= 0 9]
g S .= 5 8 E mn = = a>=- 00+ x-u wr< MY B -+ 00 zr 66 .- Cuz wrr wa> -z - [
g 5 S5%255%E S .8 cww we . >4> FXK MR oo FPEER 2z -: oo >> PEYM >ir wus .z . P
o en= .= = 8 =« wzz wo -=-> z00 >332 0O - - x % co rz ex >> <<o [ uweoe a zzz
o ~ o o. - (==Y
5 bm =5 o w =9 R=EE Fuw >FF >k >or cow EFE] waoo zz -- zuw Zz a4 aE> cx- e co B
=1 = S o o — eﬂ = O & O EXX] z00 aoon << WAO ke Zuww w o 23 ro >- —-zz XN - LX) XN - - |
B s v = So & = =T orr wor ®0r o00o >uu EEE] Occa =z an ro “4a oo R wz >> or ouwuw
Q an o=
] w O a,UlG =l e o -~a- van <O« 3 . o P .zz >4 a0 >> >> XX o- o-> FER PTT
< = = [0} ) . QO ng nox ><< -0 x % X< > >u w 30O aa '0aQ GO0 ar NWOO o -o [EWR
8 S o8& CMkM = = m ac<z ‘00 ono rox XX >4 ‘00 rmo --- .00 -0z -00 aor oo [
o < S O = & T~ O EEX] ‘voo aax zZrn woo 00 ua wmaz o oo oa e =>a Ja - FEEEY
£ m = =1 mf17 = o nM FOn O0F ‘R ZOW WEE GCOw VOO 2F >u o<« 6o Rk 0a o - oox PPFE XX
o Of oS K Q0 a = > MY ..o -3 xx& >Ea 0FzZ ZO0O0 << -00 x o aa 33 on > 00 -u - PEES
i W S OA o-R o wm 5} m < zuz <00 § ‘x« (P <<a << 2> .00 ac s ez ox ono zzo MMM EER
= =8 &0 @ 0rz Fuw -~ 0zz wzr PEPY F4 cau Z> ®O0 cua < OTOC KIF  cuww bvx
g 2O ’.E .wm Wms = EFE] _coc <o< CXX] P < . ras <co ->r -cc PEF] .00 -0. coo oee -a. [N
mOM o W m.l o .m.l CEZ XOX <hk WO @+ - -zz <oon -on 2> Qa4 -oa a arz —<r -cc FIE
8 ¢ 32 SR EE BB ) @ >3 =z << PITW 0 x - wdd wx> OGN 00 wud RO € XOZ w<w 4> —>>
2 ST o= o p= - €rF Zuw cww z<+ O0-- z-- rzz [XX] ‘>0 ‘<4 Gaa => -F . -—uz <zr ‘0O
i 40! = = s £ S = O mc m €3 <06 0<0 —oda - - ow- rox PEEY aa 66 00 aa >0 006 o0 caa
| 2 pMD S0 0 o Om SO 2 <aa 0z0 <6+ ZFa a4 -- wu>> FwWW waa ZZ bk <Z ;Fk -O0< >»00 -wa o
3 - a [t Lo =TS = < P >0+ a8 Buw X&EX 6Ja Z>> wa 33 cx -<o0 X+ O&n ‘0 : -00 xO0x
N 2D A4 anm N M a. w . PPN <o cEx OO E>= <wWO --> 60 +a=- 00 -xw 40 <« w o auwz
= = MIU.—/_ =] — tm = g o M o-- oxx -3 E XN >z - 00 <& oo 0o x-< .x. zzu
- Py S 26 = 2 3D 0 5= O 4er >-a cuww < -< CESES PR L xx ®r a0 -z2 00 22 - EEE] ~+- - -oa
~ Oop m @) S.ﬂom.n am > zaw MIMM ozo >ow [EK] BN - .x < wu  cZw 2z -z >4 ¥ -0 0>~ <0 - <<a
o o - 154 nza <oo TS oo FFFY -.. cax e <o PER czo o z-x KK cw -
- = oS Qg9 WDT. = OtM O=> rrz <xx cou woo CEEE <cc ao wo 0z azz ‘On Wx ® 0 =>- 0o -
- = M.kT S 05 a5 = 0<< 404 ancn -ow s> PEE] XM x+- -u> -oo PHWY wo >a m~aa 5> ‘o o=
° =) = m =1 = B o 0z0 000 wrw 00c - oz NI o, .. o > fa=- cuw o< cr >xx a >+ xx0
@ O [T - = e.m m =] wr0 zecae coo oca - (XXl <oco x>> zz -az e Ok = 0o <r< zz x - [,
a S« 9SS 2 cm Q < 205 ZIX FrO0 w<x 2z . x<< w<z Frr 'xx ‘0o -x> PP .yx ..a ze- a0 - -a- <<
5 HG3 = % edm % N valu. Tax a> ow> =-o axXZ Wwrr x<< o w> > BEE  -uw €0 a>x =k ‘e - xOx
=] ~— —_ wa> - O<a 0z »%> =zzxzr [ w T o EXEI roo za <0-~ zz c>> Emxx
=] .lM\l/n s = ndunlu. W/.S = o<n cn oz wo 00 z<u XN 2> oo« T R > zz 3Ine s EFE
b N o m OB S s A < > >>a oo <x®w 0O - x - >0% a - - co EEE ‘6z 3% .ox > rax az x> Oxa
1 C =y s pm Qo = HW,.d m.ﬂc cwo EEE] a>0 0o . < - Fxx u oo xn ozz ou ao -aa oo rar oo an oz
3 Z ©n on 5 Wf.ﬂF& 5 eG m n.mnu zox W Fxx wo - PYY =z - - -— Ekr k% <o - -a 06 Lar z z- EEE
= > - - 4= < 0 on »FF > O - - wa coz -z - o cx FPFFE < > > LSS
o OoE s 50 = o= o o o]
— 1) . 17,) < = XX Ndd v wa=- .xxX O - - << aoa 5o an o0 wu OZd =a L - — -
NS 0 o= oS bM 738 =Ry X0 On<d OO+ 0w+ xOO Z.+ cOW aFZ RT k0 rZ c<® ez < - e
- E= &
ut © 3 o th+~ o WJd = = S.m - Guo WuE aa zzx o >> ZFaa 00 -—a- krk - woa xzZ oo [
] = [ONS o e“.m 5 m % 20 = vw'® “»» 0oz <30 < zzx XX >+ <<z -or zzo -zz z3 44 ok - 0 <
S = Sa2g o >=2¢ O O ‘M wa= @<k ko >zZ 233 20 »>a ‘0 - @az Bk 66 ‘00 zo - oou [FEE
L g How oD EBE 20 ao s == dew _.w-nn oo o <33 [~ - ] oz wren -o- XY oo €0 ear aon --z CEE
20z F>>» QRZ ‘w -+ ZXX d>- ——2 ‘=2 Mwdd cd - -aa couw a8 O0F rFr - > -> NN
- o 200 -aa Oru -ox [AEY >au <r-r o> Xa ko Z< ‘0w AL FAZ LZ c dud <FF
= = aE> ><< <VN OW Z -+ >a> NOO «z oo -« - ra 00 3F rxr <o - FEE L>>
> xxXn Zx e <o re < a - - <o O << -N-] zZ c0 - > > I badd »a«< »ow « oo <00
[0 IRZ I N U -1 ) R B - B : <s0 BN az- -xw x-- coz FFEME oo MMM .- z ‘E . - co< XX - [ o ]
- - M o= mu w./.a 00 .m N ore »<z <00 M x .. coco s> .E- me .23 e r. .<r oom e TSI SSS
> o +— pa ygvm »nn S0 N 3 WFO 442 00F FOX > * Xu= =Jd4 ‘00 ‘WO <® ‘<& ‘ZT- -C° Okr 0nz -00 [EEN
3 ] =g Q = O = = .0 >rx XX own< >> w -+ <F< zZwWO aa >»< PPP -ux o 00 w>< aaz aa ->>
= o s gmM 5 m OM o= <z —>> cwx ® 0 - »k> OEZ ZZT cWW X - 0N - kc GXO OdO0 >> =>>
5 o o o= B sno PEEY 3+> OWw 4 -+ 4a3 zoO zz zz o> -0 FFRY w< . Fx> >0x ->>
[~ = S0 3S=¢g gpt = S Orz vEr wew 6o > 0zz <>> za -<w FEE] ‘o - 999 PIYY] vea coon au
S dm Lo = % R S .2 M -.- >o0a oo z- - BFK] cuws wu €< a>> - wuwz ro oxw <>0 =z ->>
- ° SRR = m.l o etD <= PE << zown We s amm EXX > muk oz <+ x>a @< <>~ >au E OFR
o <] 2 o wu SE 85 8 M B=E] 60w cuw waw -wz - PEE] a<> >T Zww == Z . Zaa £OO Xdda FEuw >z —-—>
_ W . 5.2 3 mh w wt w—/_ o S0 > FZ wax Ox X - F<< @ - aa m zz o << PP xzx z0x zaa <<-
w/. STM m = gn6 d . .V“ TN “Gv =X o - - - W b L <0 3 o0 o - Z o < zow > a4 Z >0 x -0 >
w2 =} e ” o> cxx z-- PE¥Y > .. zu Oxx -uw ‘0- EFFE] >ro BENY o>- zuu PELY
o §38 S . 3B T £ 0 g s Li> <0 000 x-u <-- O<< EXE] -xx ‘606 -rr - ® o Ak rwr aaa [
= [3°]
S =35 Z < S g7 O <
N =3 = o+ @7 [0 o of ro xcz XY o - - ZFuwuw O<n “® F>> oo + >a> rOr vo - PIE zouw PEES
L g2 == tfbm < rtm = & “FF ‘4d ROZ +<x O - - mm ‘00 wxw caa o EEE - M& > - zrr PEOY
a. o— CM O < 15 - <> ¥Xaa xzX O - - wE - >- u - wn -06 zOO oa + O0>> GOoO
=8 8~ 9 a 5= e & = <<~ +<x 00z a<< PEWM Fos =35 -ouw PPI -v. -wo ozz <o ore zo. DEEN aa<
=5 o) m < & »n = Q m.l. = da> cww wwr -—auw cxx << EEX] we zoo -« - oc FFEY >> 3 aa @z a aFE
S =% anQ 2 m.l wm R= QW =~ ‘oo > o>»>» xoco EEH --- XX ®wo aam o - on zww 0oo cor oo - [PXYY <ooO
o< a, o o < « o>w EFE] roo oo EEEY oo FPEE .o - xo EPX] <+ EXK] >> - >uwuw o0zz
2 =2~ LBVED_©9BH O < PYYY -+ < >>u Oxx maa <@ w>> 33 9<0 0. -op —>u xEe Or> 28 . cuu
— 5 en IS he]
S8 = Qwvy ~0O O pb\l./ .lG - g oz <<« ocws A ‘o0 zww <« zZar o -> Q<6 >an 0o > EX¥] oo
=7 m S oy = e - w o c<< 04 <>> 0a- [ER ‘xa >uu co PP .z . z aa zxe 0O Qo< zZz 0O
- & 5 o280 ¢ S = - > o zo. MM 07 o33 .23 To0 £ lax .ua sa- a. aco -is WM
1 -2 nm. m o = ndhwmd = o >a< FX Orx >a- O0<w ‘0 >« aa owa o - oz zz - @ 4G=- >00 was>
(O3] = . . N o — 1 o MM co0 - >r> ‘o azz >J4- aaw - - xa M coce v - XX BB .-
coocooo B —35c37 2k S o =< FFE oz 2> -o. FFE <. oz. E¥¥] xzz .ca .20 -x. re o= or moo EXE
8888388838888 S C O s =) .35 o2 "-% -0a H >z 6<: ‘u- 6zo >oo FEM .ar ‘00 - - cuw oa ow zoz oaa
BTON~-O G ® <D = QS 0= m 154 % oM P ca wo P o0 m ‘¥¥ dud wcxE <-=- ‘00 zOZ o FE ax oW ~a0 woo
TNDP T o Q G V' 2T 23 2 & = = m 23 Co a>> wwo cox <oo FEF] r<< oo <oo Qo >3- >> 6x >wna >0k
Om M./.w Wm S 5 & 5o n6£nm B oo >< - PXX) x00 ‘uwuu Gdu H<<L <L G0 ZZO ow w - << co - PP w -
b4 -, . — L) oz - Q0o - - ro00 <00 o u R w - Tz LS on >0 - L > -
= = o] = = 3] -
AyoinydoapAH S & LS=_ 85 mJlV,I,m.HS, ° PP <x - EXE) wzz .00 <zx oo MMM 0. oca .. EEEl .<< z<. axe EXX
o = H S o O S SH3ESE “ x rFF >xa <x0 <00 -xx IR n PP -+ <<r Q0w ‘00 Zux >0 - 4>- zZow
) . - - . .
.WJE = m ) Om.m .f.lu.z o LMH nﬂ z >z H“” “”H - AMG (XYY wz=z ‘as <on Fr 20O a>> <O PN < < <|
=] G - ==X N 20 g(g | ] [o o o] zx 40z >aa aa FrzZ >X Fdd X>X <O WOW R Z
=e = = — &0 — IR ® 0z . F>> WOO ‘WO Ork 0 - 00« ‘<o oz w0 -00 VWOZ +u - Fak =da
E s < 4~ ..nlu.|0.h ] L o & g - ‘- woo Fww >-u -0k ZOO W - x>> o EFE] ‘3% <322 uw>a -ada CGO Oa>
[ - O g = = M.Aw «n %(e - = m -z o0ax r-> PP ‘zo0 xxa =z - r<n - <00 xx >00 w>o o Y
S Z R i B o E 88 ‘w 00w Oxx uwre 00 rzz o-- EEF]l ‘0. a6x <00 ru> cow EXER >o-
5E £ LAz ED 2 g 5 = “ro -xz FEK] 34a acx >> <>- z “Ww 0 00> ‘OW >4 Z<a 00 <<0 <uuw
< o = =) o 0 = oo <0 k<> << EER] ax a - @ - czz o> - o “0 a- w.-. >a -
> &n = = = >
anlits) en o Ohas =] < = TIX ez <>> Xxx wew LW ow z - ‘>> 0+ OOwWw ‘<0 >uwu <u xzz 9% >0 -
=] < o 3O & . mC mh mh % >33 xzo [N >< n<n 6o o a - wu @ - - F ‘ox > -0 Zn WOO FO< wz -
g = 0% 30 = S . 5 = - = 5 s =
55 mmmm = mwmm £E8E 8 883 $38 RAE HEY B98 935 583 8N8 SUF §EE 828 RIS 28% AR 23% 8B%
s w2 ~ v o=
- - e o
= =22 R g oS - - - - - - - - - - - - - . - -
Tz DO 0O.EB8ESI == £ § 8.5 s g £ 35 & g £ g P s £ 3 8§ & g 5 &
G L2z 2852208222 o 9:2 822 827 925 S2% $23 925 5% 855 855 828 855 808 80§ 825 €28 EqF
= = =

FIG. 4. Comparison of three mycoplasma adhesin proteins. Conserved residues are boxed.

oMM .FJan . xk[pcass
k AMcPiTsaafly. . ...
kx[ExfEIaTeTLY. . . ..

A

1067 T
1590 A
1418

MGC1
MgPa

Pt



1546 KEELER ET AL.

M 1 2

219 —

124 —

67 —> 3

INFECT. IMMUN.

- . < 150

FIG. 5. Trypsin digestion of intact M. gallisepticum. Intact mycoplasma cells were suspended in PBS and digested with 500 pg of trypsin per ml for 0 (lane 1), 5 (lane
2), 10 (lane 3), or 20 (lane 4) min as described in Materials and Methods. Samples were electrophoresed on an SDS-8 to 15% polyacrylamide gel and immunoblotted

with MGCI1 antiserum. Lane M, molecular mass markers (masses shown in kilodaltons).

family of cytadhesin or cytadhesin-like proteins which have
adapted to attach to different hosts. Experiments are under
way to determine whether MGCl1 is clustered on the tip or-
ganelle and whether MGC1 is involved in the attachment of
M. gallisepticum to avian respiratory epithelial cells. Further
studies with MGC1 and its gene may improve our understand-
ing of mycoplasma attachment and gene regulation.
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