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2002 and 2003 and collected relevant epidemiological and clin-
ical data. We observed the presence of new tst-positive MRSA
clones responsible for both hospital- and community-acquired
infections.

MATERIALS AND METHODS

Bacterial isolates. Among the 1,550 unconstrained strains sent to the French
National Reference Center for Staphylococci during 2002 and 2003, 103 isolates
from 42 towns were 1sf positive. As controls we used nine fst-positivc MRSA
isolates from Australia (one isolate, provided by Graeme Nimmo), Switzerland
(three isolates), and Japan (five isolates causing neonatal toxic shock-like exan-
thematous discases, TWCC3812, TWCC390861, TWCC4082, TWCC4382, and
TWCC4410) (16). We also used an isolate representative of the Pediatric clone
and an isolate representative of the New York/Japan clonc.

Data collection. For each S. aureus strain we collected relevant clinical infor-
mation (age, sex, type, and site of infection) by using a standard form provided
by the French National Reference Center for Staphylococci. TSS, staphylococcal
scarlet fever, and nconatal toxic shock syndrome-like NTED were diagnosed by
using published criteria (11, 21, 30, 32). For this study, MRSA infection was
considered to be community acquired if the specimen was obtained outside the
hospital setting or less than 2 days after hospital admission of a patient with no
direct or indirect exposure to the healthcare system in the previous year (2).

DNA extraction. Strains were grown on brain heart infusion agar or in brain
heart infusion broth at 37°C overnight. Genomic DNA was extracted with 2
standard procedure, and its concentration was estimated spectrophotometrically
(18). Amplification of gyr4 was used to confirm the quality of each DNA extract
and the absence of PCR inhibitors. All PCR products were analyzed by electro-
phoresis on ethidium bromide-stained 1% agarose gels (Sigma, France).

Identification of agr alleles. The agr group (agr! to -4) was determined by PCR
as previously described (15).

Detection of the mecd gene and SCCmec typing. The mecA gene coding for
methicillin resistance was detected by PCR as described by Murakami et al. (20).
The staphylococcal chromosomal cassette mec (SCCinec I to IV) was detected by
using the method of Oliveira ct al. (23). The following reference strains, kindly
provided by Herminia de Lencastre and Alexander Tomasz, were used as con-
trols: COL (SCCmec 1), BK2464 (SCCmec 1), HUL06 (SCCrmiec 111), and
BK2529 (SCCmec V).

Detection of texin and adhesin genes. Sequences specific for staphylococcal
enterotoxin genes (sea-e and seg-0), the toxic shock syndrome toxin gene (fsr),
exfoliative toxin genes (cfa and eth), PVL genes (lukS-PV-lukF-PV), the LukE-
lukD leukocidin genes (lukE-lukD), the class F lukM leukocidin gene (fukM), and
hemolysin genes (gamma [/ig], gamma variant [l/gv], and beta [Alb]) and for nine
MSCRAMM genes (microbial surface components recognizing adhesive matrix
molecules), bone sialoprotein binding protein (hsp), clumping factors A and B
(clf4 and -B), collagen binding protein (cna), elastin binding protein (¢hpS),
laminin binding protein (eno), fibronectin binding proteins A and B (fiubA and
-B), and extracellular fibrinogen binding protein (¢/b), were detected by PCR as
described elsewhere (15, 23, 26, 27, 35, 37).

Antimicrobial susceptibility testing. Susccptibility tests were performed with
the ATB System (bioMérieux, France).

Capsular typing, Capsular scrotyping was performed for all MRSA strains and
for randomly sclected MSSA strains. The strains were grown for 24 b at 37°C on
Columbia agar plates containing 2% MgCl, and 0.5% CaCl,. Several colonies of
each strain were suspended in 0.9% saline and tested by slide agglutination with
rabbit polyclonal antibodies specific for capsular polysaccharide types 5 and 8 (8, 9).

Fingerprinting by PFGE. Smal macrorestriction patterns were obtained by
using a contour-clamped homogeneous electric field DR-IT apparatus (Bio-Rad),
as described clsewhcere (19). Strain NCTC 8325 was used as a pulsed-field gel
electrophoresis (PFGE) control. Resolved macrorestriction patterns were com-
pared as recommended by Tenover ct al. (33). Isolates were assigned to a single
clonal group if they differed by less than six bands. PFGE patterns with more
than six band differences (<75% similarity) were considered to correspond to
different types.

The mecA gene was tested for in one of the PFGE bands, as follows: the
fragment was cut out from the agarose gel, DNA was extracted by using the
MinElute gel extraction kit protocol (QIAGEN), and PCR with the #ecA prim-
ers and multiplex PCR for SCCimec typing were performed on the extract as
described above,

spa typing. spa typing was performed on MRSA isolates and on agr2 MSSA
isolates, as previously described (14). The x region of the spa gene was amplified

J. CLIN. MICROBIOL.

TABLE 1. Distribution of the mecA gene and agr alleles among
103 French §. aureus isolates containing the tst gene
collected between 2002 and 2003

No. (%) of isolates

agr allele

type i mecA” mecA deficient

ype (n = 27) (n = 76) Total
| 0(0) 1(1) 1
2 25 (93) 5(7) 30
3 2(7) 70 (92) 72
4 0(0) 0(0) 0

by PCR. spa types were determined with Ridom Staph Type software (Ridom
GmbH, Germany), which automatically detects spa repeats and assigns a spa type.
MLST. MLST was performed on strains representative of each clonal group,
as described elsewhere (6, 36). The allelic prolile of each strain was obtained by
sequencing internal fragments of seven housekeeping gencs (arcC, aroE, glpF,
gmk, pia, Ipi, and yqil) and entering them on the MLST home page (http:
/fsaureus.mlst.net), where seven numbers depicting the allelic profile were as-
signed which defined an ST (6). To determine genelic relationships, MLST data
were examined with BURST software (bascd upon related sequence fypes; details
are available from http:/www.mist.net/BURST/burst.htm). The algorithm places
STs that sharc five out of scven MLST aflcles in a common clonal complex (7).

RESULTS

Distribution of isolates according to methicillin resistance
and agr group. Among the 103 tst-positive S. aureus isolates,
27 were methicillin resistant (mecA™), and 76 were methi-
cillin susceptible (mecA deficient) (Table 1). Twenty-five
tst-positive MRSA isolates had agr allele type 2, and two had
agr allele type 3. Seventy fst-positive MSSA isolates had agr
allele type 3, five isolates had agr allele type 2, and one isolate had
agr allele type 1.

Clinical characteristics of tst-positive MRSA infections. The
median age of the 27 patients with fs-positive MRSA infec-
tions was 3 years (range, <1 month to 84 years), and the sex
ratio was L. Five patients had toxic shock syndrome, two had
NTED (31), and one had staphylococcal scarlet fever; nine
patients had toxic shock syndrome but did not fulfill all the
criteria of a TSST-1-mediated syndrome (i.e., fever and rash
without shock) (Table 2). Five skin infections occurred in pa-
tients with varicella. Eight patients had deep-seated infections
(pneumonia or osteoarthritis), and no clinical information was
available for two other patients. Two deaths occurred. The
isolates were recovered from skin and soft tissues (14 isolates),
blood (7 isolates), the umbilicus (2 isolates from cases of
NTED), bronchopulmonary secretions (2 isolates), a prosthe-
sis (1 isolate), and a ligament (1 isolate).

Information on the hospital or community acquisition of the
infection was available for 20 MRSA infections and 51 MSSA
infections. The origin of MRSA infection was unknown in
seven cases. Eight of the 27 patients with fst-positive MRSA
isolates had no known link to healthcare facilities and no
known risk factors for MRSA acquisition; these cases were
considered to be community acquired. Twelve cases were hos-
pital acquired.

Microbiological characteristics of fst-positive MRSA iso-
lates. The 25 tst-positive agr2 MRSA strains all harbored the
sec, sed, sel, sem, seo, lukDE, and hlgv toxin genes and the
clfA-B, ebpS, eno, and efb adhesin genes (Table 3). These
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TABLE 2. Clinical data on tst-positive MRSA infections

Clinical presentation ittl':t';t ::f,l ifoll[ay ti(())fn (Ayff) Sex” Samples Site of acquisition t;i,:c P[I; SCE
True TSS¢ 1, HT20020212 Lyon 2 M Skin Community 2 Al
: 2, HT20020255 Bordeaux 42 F Blood Nosocomial 2 Al
3, HT20020256 Bordeaux 0 F Blood Nosocomial 2 Al
4, HT20030603 Lyon 25 F Blood Nosocomial 2 Al
S, HT20030159 Geneva 0 ND¢  Skin Unknown 2 A3
Possible TSS? 6, HT20030119 Marseille 3 F Skin Nosocomial 2 Al
7, HT20030369 Lyon 0 M Skin Unknown 2 D
8, HT20030416 Lyon 9 F Skin Community 2 A7
9, HT20030618 Lyon 8 F Skin Unknown 2 A2
10, HT20030434  Marseille 0 F Blood Unknown 2 Al
11, HT20030727  Lyon 84 M Skin Community 2 Al
12, HT20030769  Fréjus 2 F Skin Unknown 2 A3
13, HT20030695  Lausanne 2 ND Skin Unknown 2 Al0
14, HT20030849  Geneva 2 ND  Skin Community 2 A9
Superinfection of varicella 15, HT20020188  Lyon 1 M Skin Community 2 Al
16, HT20020277  Paris 1 M Skin Community 2 A8
17, HT20020369  Lyon 7 M Skin Community 2 E
18, HT20030228  Lyon 0 M Skin Community 2 A3
19, HT20030651  Lyon 4 M Skin Community 2 Al2
NTED 20, HT20020780  Tours 0 ND Umbilicus Nosocomial 2 A3
21, HT20020781  Tours 0 ND Umbilicus Nosocomial 2 A3
Staphylococcal scarlet fever 22, HT20030157  Lille 0 M Skin Unknown 2 A3
Pneumonia 23, HT20020132  Boulogne 27 F Skin Nosocomial 2 AS
24, HT20020417  Annecy 1 M Bronchopulmonary secretion Unknown 2 Al2
25, HT20030216  Lyon 65 M Blood Nosocomial 2 Al
26, HT20030639  Lyon 31 M Blood Nosocomial 2 AT
27, HT20020459  Rouen 1 F Bronchopulmonary secretion Nosocomial 3 G2
Osteoarthritis 28, HT20030749  Bondy 0 F Blood Unknown 2 Ad
29, HT20030095 Lyon 28 M Ligament Nosocomial 2 A3
30, HT20020665  Marseille 14 F Prosthesis Nosocomial 3 G3

“ Isolates 5, 13, and 14 from Switzerland were not among the 27 French tst-positive MRSA.

# M, male; F, female.
 Cases associated with TSS according to the reference criteria.

¢ Cases associated with TSS but that did not fulfill all criteria of TSST-1-medialed syndrome.

“ND, no data.

isolates were of capsular type 5, except for two isolates which
‘could not be typed with this method. All but one were resistant
to penicillin, oxacillin, kanamycin, and tobramycin and had
intermediate resistance to fusidic acid; the remaining isolate
was susceptible to kanamycin and tobramycin (Table 3). Seven
isolates were resistant to other antimicrobial agents such as
erythromycin, lincomycin, or tetracycline. All had an SCCrmec
element type IV, except for one isolate which had an SCCmec
element type IVA and two isolates which were nontypeable
(possibly new SCCmec variants). PFGE gave more diverse
results: all but two of the isolates belonged to PFGE type A (14
subtypes), while the remaining isolates were of types D and E
(Fig. 1). The main spa type was spa 2 (21 isolates). The other
isolates had a related spa type that differed by one (spa 10 and
spa 242) or two (spa 568) repeats. These isolates were all of
STS, as determined by MLST. Overall, the 25 tst-positive agr2
MRSA isolates were highly clonally related. This clone was
detected in 12 towns in France, and three isolates from Swit-
zerland had similar characteristics. Five Japanese tst-positive
agr2 MRSA isolates from patients with NTED were related to
this clone (Table 3).

Two fst-positive agr3 MRSA isolates were identified. They
possessed the sea, sem, seo, hlg, clfA-B, cna, and ebpS genes and
were of capsular type 8. These two isolates were resistant to
penicillin, oxacillin, kanamycin, tobramycin, and erythromycin

and had intermediate resistance to fusidic acid. One isolate
had the SCCmec IV element, whereas the other had the
SCCmec IVA element. Their PFGE patterns differed by three
bands, and both isolates belonged to PFGE type G (Fig. 1). Their
spa types differed by only four repeats (spa 638 and spa 584),
and both isolates were ST30, as determined by MLST. These
two isolates were considered to be clonally related.

Comparison of the tst-positive agr2 isolates with the New
York/Japan clone and the Pediatric clone. The 25 fst-positive
agr2 MRSA isolates were ST5 and belonged to capsular type 5,
like the New York/Japan and Pediatric clones. The New York/
Japan clone contained the fst toxin gene, contrary to the Pe-
diatric clone. The New York/Japan clone also did not contain
the toxin gene (sed), contrary to the 25 sst-positive agr2 MRSA
isolates. The 25 fsi-positive agr2 MRSA isolates and the Pedi-
atric clone harbored SCCmec element IV, whereas the New
York/Japan clone harbored SCCrmec element type II. The 23
tst-positive agr2 MRSA isolates and the New York/Japan clone
were spa type 2, while the Pediatric clone was spa type 311
(diverging by only one repeat).

Comparison of fst-positive MRSA isolates with MSSA iso-
lates. The 25 sst-positive agr2 MRSA isolates and the 5 fst-
positive agr2 MSSA isolates had similar virulence determi-
nants, an identical capsular type (type 5) and sequence type
(ST5), and a common PFGE type (A) which differed by a
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Isolates
Percemtage of similarity PFGE types Origin No ST
69 80 190

Al France 9 5
A2 France 1 5

France 6
5

A3 Switzerland 1
Ad France 1 5
AS France 1 5
A6 NY/Japan 1 5
A7 France 2 5
A8 France 1 5
A9 Switzetland 1 5
Al0 Switzerland 1 5
All France 2 5
Al2 France 2 5
Al13 France 2 5
Ald France 1 5
B Pediatric 1 5
Ct Japan i 5
c2 Japan 1 5
c3 Japan 1 5
c4 Japan 1 5
L L. C5 Japan 1 5
D France 1 5
E France 1 5
P Australia 1 45
Gl France 1 30
I"E @2 Fance 1 30
S— a3 France 1 30
H France 1 22
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FIG. 1. Unweighted pair group method with averages dendrogram of PFGE results based on the Dice matrix and schematic representation of
the pulsotype (Smal restriction enzyme) of tst-positive MRSA isolates; S. aureus NCTC 8325 is the reference strain for the size marker (SM),
expressed in kilobases. Isolates differing by more than six fragments were considered to be subtypes of a given clonal type. The agr2 MRSA clone
belonged to the PFGE type A except two isolates of PFGE types D and E. NT®, nontypeable.

single band between the MRSA isolates (192 kb) and the
MSSA isolates (151 kb). We concluded that the #st-positive
agr2 MRSA and MSSA clones were closely related. The pres-
ence of the SCCmec IV element in the 192-kb band of MRSA
isolates was demonstrated after excising this band from the
gel and amplifying mecA and the elements characteristic of
SCCmec type IV. mecA and SCCmec PCR were negative for
the 151-kb band.

The spa types of the MSSA isolates (spa 88, spa 105, spa 548,
spa 570, and spa 572) were very similar to the spa type 2 of the
MRSA isolates, diverging by only one or three repeats.

The two fst-positive agr3 MRSA isolates shared characteris-
tics with 25 of the 70 tst-positive agr3 MSSA isolates; their
PFGE patterns differed by a single band containing mecA in
MRSA isolates. The spa types of two fst-positive agr3 MSSA
isolates (spa 12 and spa 17) were closely related to spa types
638 and 584 of the #st-positive agr3 MRSA strain.

DISCUSSION

A passive survey of S. awreus infections in France during
2002 and 2003 identified sst-positive MRSA clones. We iden-
tified a major ST5 agr2 clone which included 25 of the 27
tst-positive MRSA. isolates, and a minor ST30 agr3 clone ac-
counted for the remaining two isolates. Both clones mainly
caused hospital-acquired infections (12 cases), but the STS
agr2 clone was also sometimes acquired in the community
(8 cases). These infections mainly affected children (overall
median age, 3 years) and corresponded to both TSS and sup-
purative infections. The clones were widely disseminated
throughout France, as fst-positive MRSA isolates were recov-
ered from 12 French towns between 2002 and 2003. In our
database, this clone was also detected in 2000 (one case) and in
2001 (two cases); these three cases were hospital acquired. The
STS5 agr2 clone was also detected in Switzerland.

—159—



852 DURAND ET AL.

The two French tst-positive MRSA clones had similar anti-
biotic resistance profiles: they were usually resistant to oxacil-
lin, kanamycin, and tobramycin and had intermediate resis-
tance to fusidic acid, while resistance to erythromycin was
more variable. This antibiotic resistance profile is uncommon
among French hospital MRSA isolates. Intermediate fusidic
acid resistance is rare in French hospital MRSA clones, which
are usually susceptible to fusidic acid and resistant to quino-
lones (39). It is noteworthy that the antibiotic resistance pro-
files of the two French fst-positive MRSA clones are very
similar to that of the major community-acquired ST80 MRSA
clone harboring the PVL genes, which is currently spreading
throughout Europe (37). For instance, the ST80 clone is also
resistant to oxacillin and kanamycin and has intermediate re-
sistance to fusidic acid, whereas it is susceptible to tobramycin
and resistant to tetracycline. These differences in antibiotic
resistance profiles may help to identify the PVL-positive clone
ST80 and the st-positive clones STS and ST30 in the clinical
setting. It is surprising that these emerging clones, which are
either tst or PVL positive, share certain genetic determinants
encoding resistance to antibiotics despite their very different
genetic backgrounds. This may reflect a peculiar pattern of
antibiotic usage in France, notably in the community.

Two categories of MRSA had previously been recognized in
France. The first comprises hospital strains (H-MRSA) that
can potentially spread into the community, giving rise to infec-
tions in patients with risk factors such as recent hospitalization
or surgery, chronic underlying diseases, immunosuppression,
or intravenous drug use. The second category corresponds to
MRSA strains arising de novo in the community (C-MRSA),
which infect patients with no established risk factors. H-MRSA
infections differ from C-MRSA infections in their epidemio-
logical, clinical, and microbiological characteristics: C-MRSA
infects younger subjects and mainly causes skin infections,
whereas H-MRSA is associated with a wider range of infec-
tions (urinary tract, respiratory tract, skin, etc.). C-MRSA usu-
‘ally harbors the PVL genes, which are associated with skin and
soft tissue infections (37), and occasionally the exfoliative toxin
genes (17). The epidemiology of the tst-positive MRSA clones
is atypical. Like C-MRSA, #st-positive MRSA generally infects
children in the community, but 12 of our cases were strictly
hospital acquired. However, it is not known whether the pa-
tients with “hospital-acquired” infections were nasal carriers of
ist-positive MRSA or whether they actually acquired the strain
in the hospital. None of the hospital-acquired fst-positive
MRSA infections was associated with hospital outbreaks or
with documented horizontal transmission. The known preva-
lence of H-MRSA in French pediatric units is low (9.8% in our
hospital in Lyon {J. Etienne, personal communication]), as is
the overall prevalence of ts-positive MRSA in France (27
isolates from 12 different hospitals in a 2-year period). This
suggests that these tst-positive MRSA strains are being im-
ported into hospitals from the community. fst-positive MRSA
strains appear to be highly virulent and to cause a variety of
illnesses, ranging from toxic shock syndrome to various suppu-
rative infections.

The two tst-positive MRSA clones, with agr2 or agr3 genetic
backgrounds, seem to be clonally related to their respective
agr2 or agr3 tst-positive MSSA counterparts. A single PFGE
band difference, corresponding to an SCCrmec IV element,
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distinguished the MRSA isolates from the MSSA isolates. It is
unclear whether insertion of a mecA element can occur in such
MSSA strains. The tst-positive agr?2 MSSA clone has rarely
been detected in France (only 5 isolates in our collection),
contrary to the fst-positive agr3 MSSA clone (70 isolates in our
collection). It is surprising that the major tst-positive MRSA
clone (agr2) should have emerged from an infrequently de-
tected st-positive MSSA background. We compared our #st-
positive agr2 MRSA clone with the well-described New York/
Japan and Pediatric MRSA clones that have spread worldwide.
Our tst-positive agr2 MRSA clone has the same genetic back-
ground as the New York/Japan clone. Even if SCCmec acqui-
sition by MSSA clones was four times more common than the
replacement of one SCCmiec by another, we cannot exclude the
possibility that our clone arose from the New York/Japan
clone through SCCmec II substitution by SCCmec IV (28).
Further phylogenetic studies are needed to determine the pre-
cise origin of our clone, and these studies may help to identify
factors that tend to promote the spread of sst-positive agr2
MRGSA rather than tst-positive agr3 MRSA.

Most emerging C-MRSA isolates with heightened virulence
have been found to harbor the PVL genes and, less frequently,
exfoliative toxin genes (17). The emergence and spread of
virulent C-MRSA isolates harboring the fst gene is of major
concern, as they appear to share certain characteristics with
PVL-positive C-MRSA, including a predilection for children.
Prospective studies are needed to determine the incidence of
infections due to these different clones, in order to bolster
measures aimed at limiting the spread of C-MRSA.
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Mycoplasma penetrans is a newly identified species of the genus Mycoplasma. It was first isolated from a urine
sample from a human immunodeficiency virus (HIV)-infected patient. M. penetrans changes its surface antigen
profile with high frequency. The changes originate from ON<OFF phase variations of the P35 family of
surface membrane lipoproteins. The P35 family lipoproteins are major antigens recognized by the human
immune system during M. penetrans infection and are encoded by the mpl genes. Phase variations of P35 family
lipoproteins occur at the transcriptional level of mpl genes; however, the precise genetic mechanisms are
unknown. In this study, the molecular mechanisms of surface antigen profile change in M. penetrans were
investigated. The focus was on the 46-kDa protein that is present in M. penetrans strain HF-2 but not in the type
strain, GTU. The 46-kDa protein was the product of a previously reported mpl gene, pepIMP13, with an
amino-terminal sequence identical to that of the P35 family lipoproteins. Nucleotide sequencing analysis of the
pepIMP13 gene region revealed that the promoter-containing 135-bp DNA of this gene had the structure of an
invertible element that functioned as a switch for gene expression. In addition, all of the mpl genes of M.
penetrans HF-2 were identified using the whole-genome sequence data that has recently become available for
this bacterium. There are at least 38 mpl genes in the M. penetrans HF-2 genome. Interestingly, most of these
mpl genes possess invertible promoter-like sequences, similar to those of the pepIMP13 gene promoter. A

model for the generation of surface antigenic variation by multiple promoter inversions is proposed.

Mycoplasmas are bacteria with no cell wall and the mini-
mum range of genome sizes necessary for self-replication.
They lack most of the genes required for nutrient metabolism
and adopt a parasitic lifestyle in host organisms. Over 100
mycoplasma species have been isolated from a wide range of
host organisms. Several of these species are well recognized as
pathogens (29, 30). As parasitic bacteria, mycoplasmas can
continue to colonize the host even in the presence of a specific
immune response. This property of mycoplasmas may explain
the slowly progressive chronic manifestations of mycoplasma-
associated diseases. The mechanisms for evasion of host im-
mune responses in mycoplasmas are poorly understood. How-
ever, a number of recent studies have demonstrated that many
mycoplasma species can modify their surface antigenic mole-
cules with high frequency (31, 32), which might play a key role
in circumventing the host immune system. The rapid change of
surface antigenic molecules may generate phenotypic hetero-
geneity in the propagating mycoplasma population and provide
advantages not only for evasion of host immune responses but
also for other aspects of mycoplasma survival, such as adapta-
tion to environmental changes.

Most of the variable surface antigenic molecules of myco-
plasmas are lipoproteins (5, 45). These lipoproteins, depending
upon the species, are encoded by single or multiple genes and
undergo frequent phase and size variation during mycoplasma
growth (31, 32, 46). A variety of genetic mechanisms are used
to modulate the expression of these lipoprotein genes, includ-
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ing DNA rearrangements, nucleotide insertions and deletions,
gene conversions, and site-specific recombination (3, 7, 12, 26,
37). The characterization of these mechanisms may provide a
detailed understanding not only of mycoplasma antigenic vari-
ation but also of bacterial gene regulation systems.

Mycoplasma penetrans is a newly identified species of myco-
plasma that infects humans. It was first isolated froma urine
sample from a human immunodeficiency virus (HIV)-infected
patient (21). Epidemiological studies have demonstrated that
M. penetrans detection is mainly associated with HIV infection
(14, 42, 43); however, M. penetrans has also been isolated from
a patient with a case of primary antiphospholipid syndrome
without HIV infection, suggesting that M. penetrans may be
pathogenic for humans without HIV (47). The morphology of
this mycoplasma is that of an elongated flask with a tip-like
structure at one pole of the cell (10, 20).

M. penetrans also has the ability to change its surface anti-
genicity (24, 33). The surface-exposed lipid-associated mem-
brane proteins (LAMPSs) of M. penetrans frequently change
their profiles. The most abundant LAMP is the P35 lipopro-
tein, a major antigen recognized by the human immune sys-
tem during M. penetrans infection (25). P35 undergoes high-
frequency ON«<>OFF phase variation, causing the change of
LAMP profile (24). In addition to P35, LAMPs contain a
considerable number of the P35 family lipoproteins that are
encoded by the mp! genes (for M. penetrans lipoprotein). These
lipoproteins also independently undergo ON<«>OFF phase
variation (24, 33). Although the phase variation of the P35
family lipoproteins seems to occur at the transcriptional level
of mpl genes, the precise mechanism remains unclear.

In this study, we investigated the molecular mechanisms of
LAMP profile change in M. penetrans, focusing on the anti-
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genic variation of the 46-kDa protein, which is present in the
M. penetrans isolate HF-2 but not in the GTU type strain. We
established that the 46-kDa protein is the product of the pre-
viously reported mpl gene pepIMP13 and demonstrated that
the antigenic variation was caused by promoter inversion.

Furthermore, the whole genome sequence of M. penetrans
strain HF-2 has been determined recently. This information
has enabled us to identify all of the mpl genes and their local-
ization in the genome. The M. penetrans HF-2 genome con-
tains at least 38 mpl genes, and most of them possess indepen-
dent invertible promoter-like sequences. We propose a novel
system for generating antigenic variations by multiple pro-
moter inversions.

MATERIALS AND METHODS

Mpycoplasma strains and culture conditions. M. penetrans GTU-54 was the
original isolate from a urine sample of an HIV-infected patient (21) and was
kindly provided by S.-C. Lo (Armed Forces Institute of Pathology, Bethesda,
Md.). M. penetrans HF-2 was isolated from an HIV-negative patient with primary
antiphospholipid syndrome (47) and was kindly provided by L. Cedilio and A.
Yiéfez (Centro de Investigacién Biomédica de oriente-IMSS and Benemérita
Universidad Auténoma de Puebla, Puebla City, Mexico). M. penetrans strains
were cultured in PPLO medium (2.1% PPLO broth [Difco Laboratories, Detroit,
Mich.], 0.25% glucose, 0.002% phenol red, 5% yeast extract [Difco Laborato-
ries], 10% horse serum [Gibco BRL, Rockville, Md.}, 50 g of ampicillin per ml)
at 37°C.

Antibodies. A murine monoclonal antibody (MADb) specific to P35 (MAb 7)
was established by T. Sasaki and was previously shown to react specifically with
the P35 protein (24, 33). MAb 7 was used in this study at a 1:5,000 dilution for
immunoblot analysis. Serum 6 (anti-HF-2) was produced by immunization of
mice with total cell lysate of M. penetrans HF-2 and was used at a 1:500 dilution
for immunoblot analysis. :

Protein analysis. M. penetrans proteins were analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under the conditions
described by Laemmli (19). In most cases, 12% gels were used. Fractionation of
LAMPs was done by the Triton X-114 (TX-114) phase-partitioning method (9).
Membrane and cytosolic protein fractionation and TX-100 partitioning were also
performed using published methods (28). For immunoblot analysis, proteins
were transferred to nitrocellulose membranes after electrophoresis (38) and
were detected by antibodies.

Peptide sequencing of the 46-kDa protein. The 46-kDa protein was extracted
from strain HF-2 by TX-114 phase partitioning and was purified by SDS-PAGE.
The 46-kDa protein band was excised from the gel and treated with Staphylo-
coccus aureus V8 protease (Sigma-Aldrich, Steinheim, Germany). The digested
peptide fragments were separated using SDS-15% PAGE gels, transferred to a
polyvinylidene difluoride membrane (Bio-Rad, Hercules, Calif.), and stained
with Coomassie blue. Two major peptide fragment bands (approximately 15 and
8 kDa) were excised from the membrane, and the N-terminal sequences were
analyzed by Edman degradation. Peptide sequencing was performed at APRO
Life Science Institute (Tokushima, Japan) using the Procise 494 HT protein-
sequencing system (Applied Biosystems, Foster City, Calif.).

DNA-sequencing analysis of pepIMP13 gene region of strain GTU. Genomic
DNA was isolated from a 5-ml culture of M. penetrans strain GTU (QIAmp
DNA Mini Kit; Qiagen, Hilden, Germany) and was used as a template for PCR
amplification. The pepIMP13 gene region was amplified by PCR with the oligo-
nucleotide primers IMP13-CF (GCAACTGCAGATGGCAACAA) and IMP13-
CR (ATGGCACCGCCTGATAACAT) using a high-fidelity DNA polymerase,
Pyrobest (Takara, Tokyo, Japan). The amplified fragments were ligated into the
Smal site of the pUC19 plasmid. Sequencing of cloned PCR fragments was
performed by a primer-walking method with the Big Dye terminator cycle-
sequencing kit and the DNA sequencer PRISM 310 (Applied Biosystems). To
avoid the artificial factor of mutations generated in the course of PCR, three
independent plasmid clones were sequenced, and the data were integrated.

RNA isolation and slot blot analysis. Total cellular RNA was isolated from
mid-logarithmic-phase cultures of both M. penetrans GTU and HF-2 (RNeasy
Mini Kit; Qiagen). Twenty micrograms of total RNA were treated with 10 U of
RNase-free DNase (Takara) for 1 h at 37°C. One microgram of RNA was diluted
in RNase-free denaturation solution containing formamide (66%), formalde-
hyde (8%), and MOPS (morpholinepropanesulfonic acid) buffer and heated at
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65°C for 5 min. The RNAs were blotted onto a GeneScreen Plus membrane
(NEN, Boston, Mass.) by vacuum, using the Convertible Filtration Manifold
System (Invitrogen, Carlsbad, Calif.). The oligonucleotide probes P35-P (CCC
TTAATTGCAGCAGAATCACC) for the p35 gene transcript and P42-P (TTA
AATCTGTTTCAGCTGTAATTT) for the p42 gene transcript were enzymati-
cally labeled with digoxigenin (DIG)-labeled ddUTP by using the DIG oligonu-
cleotide 3'-end labeling kit (Roche Diagnostics, Mannheim, Germany) according
to the manufacturer’s instructions. The blots were hybridized with the probes at
37°C for 16 h in DIG Easy Hyb solution (Roche Diagnostics). After incubation,
the hybridization signals were detected with the DIG luminescence detection kit
(Roche Diagnostics) and visualized by exposure to medical X-ray film (Fuji Film,
Tokyo, Japan).

Primer extension analysis. Two oligonucleotide primers, P42-EXT3 (GCAA
CAATCCCAAAAGCT) and P42-EXT4 (TCCATTTCCATTATTGTTAT), were
used for primer extension analysis to identify the 5’ end of the p42 gene tran-
script. The primer extension reaction was performed using the primer extension
system-avian myeloblastosis virus (AMV) reverse transcriptase (Promega, Mad-
ison, Wis.). Briefly, the primers were end labeled using T4 polynucleotide kinase
and [y-*P]ATP. Ten micrograms of total RNA prepared from M. penetrans
HF-2 was mixed with each of the {abeled primers in the AMV primer extension
buffer and heated at 58°C for 20 min. The mixtures were cooled at room
temperature for 10 min, and the AMV reverse transcriptase mix solution, con-
taining 1 U of enzyme, was added. The extension reaction mixtures were incu-
bated at 42°C for 30 min, 20 pl of loading dye was added, and the extension was
terminated by heat inactivation at 90°C for 10 min.

The p42 gene region was cloned from M. penetrans HF-2 genomic DNA by
PCR with primers IMP13-CF and IMP13-CR. The amplified p42 gene fragment
was purified with the QIAquick PCR purification kit (Qiagen) for use as a
template for DNA-sequencing reactions. The same primers that were used for
primer extension were also used for sequencing. The fimol DNA-sequencing
system (Promega) was used for DNA-sequencing reactions. The products of
primer extension and sequencing reactions were analyzed by electrophoresis,
using a 5% polyacrylamide sequencing gel. After electrophoresis, the gel was
dried and exposed to X-ray film overnight to visualize the products.

Nucleotide seq e accessi bers. The complete genome sequence of
M. penctrans strain HF-2 was recently determined by our group in collaboration
with Kitasato University. The detail of the genome sequence analysis will be
described in another paper (33a). The whole-genome sequence data for M.
penetrans HF-2 will appear in the DDBJ, EMBL, and GenBank databases under
accession numbers AP004170, AP004171, AP004172, 'AP004173, and AP004174.
The nucleotide sequence data for the p42 gene region of M. penetrans GTU will
also appear in the DDBJ, EMBL, and GenBank nucleotide sequence databases
under accession number AB084070.

RESULTS

Comparison of protein profiles between M. penetrans strains.
The protein electrophoresis patterns of the M. penetrans type
strain, GTU, and isolate HF-2 were compared to identify mo-
lecular polymorphisms between M. penetrans strains (Fig. 1A).
The major surface lipoprotein P35 of M. penetrans was present
in both strains. However, a 34-kDa protein was present only in
GTU, and a 46-kDa protein was found only in HF-2. The
electrophoresis patterns were reproducible when the protein
samples were prepared from cultures of other single colonies
of each strain. Immunoblotting analysis gave a similar result
(Fig. 1B and C). MADb 7 detected the P35 protein in both
strains (Fig. 1B), while serum 6 (anti-HF-2) reacted with many
proteins of both strains (Fig. 1C). Although the strongest re-
action was observed against the P35 protein, serum 6 clearly
detected a 46-kDa protein only in HF-2.

Characterization of 34- and 46-kDa proteins. We thought
that the 34- and 46-kDa proteins were variable surface lipopro-
teins of the P35 family (products of mpl genes) because of their
different expression patterns among M. penetrans strains. To
confirm this, we characterized the properties of the 34- and
46-kDa proteins. First, we fractionated the proteins of M. pen-
etrans strains GTU and HF-2 by a TX-114 extraction proce-
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FIG. 1. Analysis of protein profiles of M. penetrans strains GTU and HF-2. (A) Coomassie blue-stained SDS-12% PAGE of total proteins of
M. penetrans. A protein molecular mass marker (Bio-Rad, Hercules, Calif.) is in lane M, and the masses are shown on the left. The P35 and 34-
and 46-kDa proteins are indicated. (B) Immunoblot analysis of M. penetrans proteins. Anti-P35 MAb (MAb 7) was used for detection. The P35
protein is indicated. (C) Immunoblot analysis with the polyclonal serum 6 (anti-HF-2). The positions of the P35 and 46-kDa proteins are indicated.

dure that is used to separate LAMPs of M. penetrans (9, 33).
The 34- and 46-kDa proteins were found in the TX-114 deter-
gent phase together with the P35 protein (Fig. 2). Differences
between the TX-114 extraction profiles of strains GTU and
HF-2, in addition to the 34- and 46-kDa proteins, were also
observed (Fig. 2). The GTU strain had at least two distinct
bands, between 36 and 40 kDa, that were missing in the HF-2
profiles. One of these bands might be the P38 lipoprotein
previously reported to be present in strain GTU (24, 33). We
then analyzed the GTU and HF-2 proteins by membrane and
cytosolic separation or by the TX-100 extraction method (28).
In these analyses, the 34- and 46-kDa proteins were separated
into membrane or TX-100-soluble fractions, along with the
P35 protein (data not shown). These results suggested that the
34- and 46-kDa proteins are hydrophobic proteins with prop-
erties similar to those of the P35 lipoprotein.

The 46-kDa protein was chosen for amino acid-sequencing
analysis. Initial attempts to analyze the intact 46-kDa protein
by Edman degradation were unsuccessful, probably because of
N-terminal blockage. Therefore, the 46-kDa protein was di-
gested with protease V8 and peptide fragments of ~15 and 8
kDa were sequenced by Edman degradation. The sequence
LNDKVSLAGS was obtained from the N terminus of the 15-
kDa fragment. Two sequences, TDLKITVDGG and FNFNIG
IDST, were obtained from the analysis of the 8-kDa fragment,
suggesting that it was a mixture of two peptides. These partial
amino acid sequences of the 46-kDa protein matched the de-
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FIG. 2. Analysis of LAMP profiles of M. penetrans. The total cell

lysate and TX-114 phase-fractionated proteins of M. penefrans strains

GTU and HF-2 were analyzed by SDS-12% PAGE. The proteins were

stained with Coomassie blue. The positions of the P35 and 34- and

46-kDa proteins are indicated. A protein molecular mass marker is in
jane M, and molecular masses are on the left.
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FIG. 3. Alignment of amino acid sequences of P35 and 46-kDa (pepIMP13) proteins. The 46-kDa protein was designated P42 based on the
caleulated molecular mass. The three partial amino acid sequences of P42 determined by Edman degradation of digested peptide are underlined.
The signal sequence of the P35 family lipoprotein is shown in boldface characters. The cysteine residue marked with an asterisk is the potential

binding site of fatty acid chains.

duced amino acid sequence of a previously reported putative
mpl gene, pepIMP13 (24). The previously reported pepIMP13
sequence is derived from strain GTU (GenBank accession no.
AJ006698) and is truncated at the N terminus. To obtain the
full-length pepIMP13 gene sequence, the complete genome
sequence of strain HF-2 (see Materials and Methods) was
searched. The pepIMP13 gene was found in the M. penetrans
HF-2 genome as an open reading frame (ORF), designated
MYPEG6630 in accordance with the nomenclature system of the
genome project. The ORF MYPE6630 was located at nucleo-
tide positions 850970 to 852142 of the genome. The amino
acid sequence of the 46-kDa protein was deduced from the
MYPEG6630 sequence and was compared to that of the P35
protein (Fig. 3). The full-length 46-kDa protein (the pep-
IMP13 protein) consists of 390 amino acids (aa) and possesses
an N-terminal sequence identical to that of the P35 protein.
This 30-aa N-terminal sequence is thought to be the signal
peptide of the P35 family lipoproteins (24). The calculated
molecular mass of the 46-kDa protein was 41,814 Da, some-
what smaller than that estimated by SDS-PAGE. We desig-
nated the 46-kDa protein P42, based on the calculated molec-
ular mass.

Analysis of the nucleotide sequence of the p42 gene and
flanking region. To investigate the mechanism that underlies
the antigenic variation of the 46-kDa protein (P42), we ana-
lyzed the nucleotide sequences of the p42 gene of strains HF-2

and GTU. The nucleotide sequence containing the p42 gene
and flanking regions of HF-2 was obtained from complete
genome sequence data. Using this sequence, we designed PCR
primers to amplify the corresponding region from strain GTU.
The PCR-cloned p42 gene region from GTU was sequenced by
the primer-walking method and was compared to the sequence
from HF-2. There were no differences in either the p42 struc-
tural gene itself or the downstream region between the two
strains. However, sequence differences were found in the up-
stream region of the p42 gene (Fig. 4). The difference began
238 bp upstream from the ATG start codon of the p42 gene
and was 135 bp in length (Fig. 4A). It was found that the
135-bp DNA sequence was inverted between the GTU and
HF-2 strains and was flanked by 12-bp inverted-repeat se-
quences (Fig. 4A), suggesting that the inversion might be pro-
duced by site-specific recombination between 12-bp inverted-
repeat sequences. We hypothesized that this inversion was the
cause of the antigenic variation of the P42 protein and would
affect the structure of promoter or other regulatory sequences.
As expected, inspection of the 135-bp inverted DNA sequences
revealed the presence of a promoter-like sequence in this re-
gion. The promoter-like sequence was very similar to the ex-
perimentally characterized promoter of the p35 gene (24). In
the region containing a —10-like consensus sequence and a +1
transcription start site, the p42 promoter-like sequence and the
p35 promoter were identical (Fig. 4B). In strain HF-2, the
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FIG. 4. Nucleotide sequence of p42 gene upstream region. (A) Comparison of p42 gene upstream regions from strains GTU and HF-2. The
12-bp inverted-repeat sequences adjacent to the 135-bp inverted DNA region (see the text) are boxed. The solid arrow indicates the core of the
promoter sequence in the HF-2 sequence (panel B). The hatched arrows indicate a 16-bp inverted repeat in the GTU sequence. The deduced
amino acid sequence of the P42 protein (the first 10 aa) is shown. The nucleotides are counted from 330 bp upstream from the ATG start codon.
(B) Comparison of p42 gene upstream sequence with promoter from p35 gene. The —10 and — 35 consensus sequences of the p35 promoter are

boxed (24). The probable start site of p35 transcription is also marked
sequences is underlined with an arrow.

promoter-like sequence was oriented to transcribe the p42
gene, but this orientation was inverted in strain GTU (Fig. 4A).
The directions of the promoter-like sequence (toward the p42
structural gene or not) were consistent with the expression
patterns of the P42 protein in strains GTU and HF-2 (Fig. 1
and 2).

The existence of the 12-bp inverted repeat that flanked the
promoter-like sequence raised the possibility that inversion of
the promoter-like sequence would be reversible. Therefore, we
analyzed the shotgun clones that were used in the whole-
genome sequencing of strain HF-2 and found a clone that
carried the p42 promoter region in the inverted orientation
that was identical to the promoter region found in strain GTU
(data not shown). This finding strongly suggests that the p42
promoter region is inverted in the strain HF-2 population
during culture.

A characteristic 16-bp inverted repeat that partly overlapped
one of the 12-bp inverted-repeat sequences adjacent to the
135-bp DNA was also found (Fig. 4A and SA). This 16-bp

+1. The highly conserved region between the p35 and p42 promoter

inverted repeat seems to form a hairpin structure that resem-
bles a terminator sequence (Fig. 5B). The calculated AG of this
structure is —22.5 kcal/mol. The 16-bp inverted repeat can be
formed only in the promoter orientation that is characteristic
of GTU. In HF-2, DNA inversion between 12-bp inverted-
repeat sequences disrupts the formation of the 16-bp inverted
repeat and the hairpin structure (Fig. 5).

Transcriptional analysis of p42 gene. To confirm whether
the inversion of promoter-like sequence actually affects the
expression of the p42 gene, we analyzed the transcription of
the p42 gene. Total RNAs were isolated from strains GTU and
HF-2 and analyzed by slot blot hybridization (Fig. 6). Using the
oligonucleotide probe for the p35 gene transcript, the hybrid-
ization signals from both strains were observed. In contrast, a
hybridization signal was obtained only from HF-2 with the
probe for the p42 transcript. These results indicate that p42
transcription occurs in HF-2 but not in GTU. To further char-
acterize the p42 promoter-like region, we performed primer
extension analysis. Using the oligonucleotide primer P42-
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FIG. 5. Structure of 16-bp inverted-repeat sequence located upstream of p42 gene. (A) Nucleotide sequences of 16-bp inverted-repeat regions
from strains HF-2 and GTU. The nucleotide sequence corresponds to nucleotides 63 to 110 in Fig. 4A. The solid arrow indicates a 12-bp
inverted-repeat sequence adjacent to a 135-bp inverted DNA sequence. The hatched arrows indicate the 16-bp inverted repeat that is formed only
in the GTU sequence. (B) Hairpin structures of the 16-bp inverted repeat. Formation of the hairpin structure is disrupted in the HF-2 sequence
by DNA inversion between 12-bp inverted-repeat sequences. The hairpin structures are shown as RNA sequences. The calculated AGs of these

hairpin structures are shown at the bottom.

EXTS3, the extension product was obtained with RNA from the
HF-2 strain (Fig. 7A). The probable transcriptional start site
was identified 137 bp upstream from the ATG start codon.
This position corresponds to 3 bp upstream of the previously
reported transcriptional start site of the p35 gene (24) (Fig.
7B). The primer extension product was also obtained with the
other oligonucleotide primer, P42-EXT4, and the same start
site was identified (data not shown). These results indicated
that the p42 promoter-like sequence is an active promoter in
M. penetrans cells.

Organization of mpl genes in M. penetrans HF-2 genome. It
was demonstrated that the promoter inversion was the cause of
antigenic variation of P42 protein. The involvement of a pro-
moter inversion mechanism in p42 gene expression raised the
question of whether other mpl gene expression is regulated by
a similar mechanism. To answer this question, we searched for
all of the mpl genes in the whole-genome sequence of M.
penetrans HF-2, using the p35 gene sequence as a query. Ho-
mology search revealed that the M. penetrans HF-2 genome
contains at least 38 mpl genes, including p35 and p42. The
deduced amino acid sequences of these mpl genes showed
homology to that of the P35 protein (34 to 70% identity) and
had almost identical mpl signal sequences in the N termini
(data not shown). The signal sequences contain one cysteine
residue (Fig. 3) that is thought to be the site which is modified
with fatty acids, as are other known surface lipoproteins (3, 45).
In contrast to the signal peptide sequences, the rest of the
amino acid sequences of the mpl genes were of low homology.

The homology search also detected six other genes (ORFs
MYPE7020, -7030, -7040, -7050, -7060, and -7070) that were
similar to the p35 gene, with homology ranging from 28 to 44%
identity (data not shown). However, the deduced amino acid

GTU HF-2

FIG. 6. RNA slot blot analysis of p35 and p42 gene transcription in
M. penetrans strains GTU and HF-2. RNA samples from M. penetrans
strains GTU and HF-2 were blotted in duplicate. The blots were
hybridized with the oligonucleotide probes for p35 and p42 transcripts
as indicated on the left.
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FIG. 7. Primer extension analysis of p42 gene transcription. (A) Autoradiogram of sequencing gel used to analyze the primer extension product.
PE indicates the primer extension product obtained with M. penetrans HF-2 RNA as a template. The corresponding nucleotide sequence is shown
on the left, and the probable start site is indicated by arrows. (B) Comparison of the transcriptional start sites in p35 and p42 promoters. Probable
start sites determined by primer extension of the p35 promoter (24) and the p42 promoter (panel A) are indicated as +1. The putative —10 and

—35 consensus regions are boxed.

sequences of these six ORFs did not have the P35 signal pep-
tide sequence in their N termini, so we did not include these
genes among the members of the mpl gene family.

The 38 mpl genes clustered at three positions of the genome
(Fig. 8). The largest cluster was located at nucleotide positions
830000 to 882000 of the genome (Fig. 8A). This 50-kb region
contained 30 mp! genes and 6 non-mp! genes. The p35 and p42
genes were found in this cluster (MYPEG6810 and -6630). The
second cluster was found in a 20-kb DNA region at nucleotide
positions 335500 to 355500 (Fig. 8B). In this region, two pairs
of mpl genes are separated by five non-mpl genes. The last mpl
gene cluster was located at nucleotide positions 966000 to
975000 (Fig. 8C). In this region, four mpl genes were found
within 9 kb of DNA. In all three clusters, all the identified mpl
genes were oriented in the same direction. The previously
identified mpl genes, p344 (pepIMP14), p30 (p33), and p38
from strain GTU (24, 33), were also found in the largest cluster
(Fig. 8). However, the previously reported pepIMP12 gene of
GTU (24) (GenBank accession no. AJ006697) was not found
in the HF-2 genome sequence. To determine whether the
missing pepIMP12 gene in the HF-2 genome was the result of
genomic polymorphism between strains GTU and HF-2,
we used PCR to amplify the pepIMP12 gene sequence with

primers IMP12-F (TAATATTAAATCTTTAGATG) and
IMP12-R (AATTAAATGATAAAGTTAGC). Unexpectedly,
the pepIMP12 sequence was not amplified from our GTU and
HF-2 strains (data not shown). The reason is as yet unknown.
It was also found that three mpl genes (MYPE6520, -6500, and
-7380) possessed frameshift mutations in their sequences and
were disrupted by internal stop codons. Of 14 non-mpl genes
that exist in the three mpl gene clusters, MYPE6600, -6610,
and -6620 showed relatively high homology to the transport
system permease protein P69 (Mycoplasma hyorhinis), the
ABC transporter ATP-binding protein (Mycoplasma pulmo-
nis), and the high-affinity transport system protein P37 (M. hyo-
rhinis), respectively. However, the other non-mpl genes did not
show any significant homology to other known proteins (data
not shown).

To investigate the mechanism involved in the expression of
these mpl genes, we analyzed the intergenic sequences of these
clusters. This showed that the intergenic sequences are well
conserved and have structures similar to that of the p42 pro-
moter region, namely, 133- to 138-bp DNA sequences were
flanked by 12- to 14-bp inverted-repeat sequences, suggesting
that these regions are also invertible DNA (data not shown).
Specifically, it was also noted that the 133- to 138-bp DNA
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