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A multidrug resistance gene, cfr, and a phenicol resistance gene, fexA, were detected in a Bacillus strain,
BS-01, isolated from swine feces. The cfr gene was carried on a novel 16.5-kb plasmid, designated pBS-01. A
complete Tn917 structure, which harbors the macrolide-lincosamide-streptogramin B resistance gene erm(B),
was located downstream of the cfr gene. The fexA gene was discovered in the chromosomal DNA of the BS-01
strain and identified in a Tn558 variant.

The gene cfr was initially discovered on the 17.1-kb multire-
sistance plasmid pSCFS1 in a bovine Staphylococcus sciuri iso-
late (12). This gene was recently shown to encode Cfr, an RNA
methyltransferase that affects the binding of at least five chem-
ically unrelated antimicrobial classes: phenicols, lincosamides,
oxazolidinones, pleuromutilins, and streptogramin A antibiot-
ics, ultimately leading to a multidrug-resistant phenotype
(PhLOPSA) (6). The gene cfr has been detected in staphylo-
coccal isolates of animal and human origin, located on differ-
ent plasmid types (2, 3, 7, 12), and also in the chromosomal
DNA (14). Recently, the first human outbreak of cfr-carrying
Staphylococcus aureus was reported in Spain (8). To date, no
cfr-carrying bacteria other than staphylococcal species have
been reported.

During a surveillance study for bacterial susceptibility to
phenicols on animal farms in Shandong province, China, in
2008, a Bacillus strain, BS-01, which was isolated from swine
feces, exhibited elevated MICs for florfenicol and chloram-
phenicol. Bacterial culture and morphological observation
showed that BS-01 cells are aerobic, Gram-positive, spore-
forming motile rods. The API 50 CH system, associated with
the API 20 E system (bioMérieux, France), identified strain
BS-01 as a Bacillus species without a specific species name.
Analysis of the 16S rRNA sequence of this strain using the
universal prokaryotic primers fD1 and rD1 (15) showed a
maximum identity of 96% with the 16S rRNA sequence of
Bacillus sphaericus and formed a distinct phylogenetic line
within the genus Bacillus. Therefore, it is suggested that the
BS-01 strain belongs to a novel Bacillus species. Further
identification of this Bacillus strain is in progress.

BS-01 was screened for genes cfr and fexA (4) that con-
tribute to florfenicol resistance using previously described

primers (3). Positive PCR results were obtained and then
confirmed by sequencing. In order to localize these two
genes, genomic DNA was isolated from the BS-01 strain
using a commercial kit (TianGen, Beijing, China) and fol-
lowing the manufacturer’s instructions, and plasmid DNA
was extracted following the maxiprep alkaline lysis proce-
dure (10). Only a single plasmid was detected; it was sub-
sequently transformed into the S. aureus recipient strain
RN4220 by electroporation as described previously (11).
This plasmid was designated pBS-01. Comparison of the
restriction pattern of the plasmid from BS-01 and from its
transformant did not show any differences. Southern blot-
ting of the HindIII-digested pBS-01 plasmid DNA showed
the cfr gene hybridized to an approximately 6-kb fragment.
The transformant S. aureus RN4220::pBS-01 exhibited ele-
vated MICs (at least 4-fold) for phenicol, lincosamide,
oxazolidinone, and pleuromutilin antibiotics (Table 1),
which confirmed the functional activity of the gene cfr.

To investigate the genetic environment of the cfr gene, the
16,492-bp plasmid pBS-01 was sequenced by primer walking
starting from the terminal parts of the amplified cfr gene. The
plasmid pBS-01 contains two regions with homology to se-
quence in plasmid pSCFS1 from S. sciuri (Fig. 1). The first
1,935-bp fragment, with only 4 nucleotides that differ, com-
prises a potential promoter structure and the reading frame of
the cfr gene (12). The second fragment comprises 1,852 bp with
90% similarity to the corresponding sequence of pSCFS1 and
another newly reported multiresistance plasmid, pKKS825 (1),
in which there are a truncated tnpB gene (coding for trans-
posase B of Tn554) and a rep gene (coding for a putative
protein possibly involved in the plasmid replication). Upstream
from cfr, a 3� truncated segment of the gene pre/mob is present.
The product of pre/mob is considered essential for plasmid
recombination and mobilization. This �pre/mob nucleotide se-
quence revealed high similarities to those on plasmids of var-
ious staphylococci, including S. aureus (GenBank accession no.
FM207105), Staphylococcus epidermidis (GenBank accession
no. GQ900381), and Staphylococcus saprophyticus (GenBank
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accession no. AM159501), and to plasmid/chromosomal DNAs
from other species, such as Enterococcus faecalis (GenBank
accession no. AF503772) and Streptococcus suis (GenBank ac-
cession no. FM252032). Analysis of the region downstream of
the cfr gene revealed the presence of a complete transposon
structure of Tn917 from E. faecalis (13) in the opposite tran-
scriptional direction to the cfr gene. It contains two transposase
genes, tnpA and tnpR, and the resistance gene erm(B), which
encodes an rRNA methyltransferase and confers resistance to
macrolides, lincosamides, and streptogramin B (MLSB resis-
tance) (13). The 5-bp direct repeats, 5�-CTAAA-3�, found at
the left- and right-end junctions revealed the presumable in-
tegration site. The sequence of the pBS-01 plasmid did not
show the presence of the IS21-558 element, which was consid-
ered to be very important in the mobility of the cfr gene in
either animal isolates (2, 3) or clinical strains (7, 14).

Repeated negative results were obtained for PCR amplifi-
cation of fexA in the transformant S. aureus RN4220::pBS-01.
Moreover, hybridizations of plasmid DNA extracted either
from strain BS-01 or its transformant using the fexA fragment
as the probe also showed negative results, but positive hybrid-

ization was observed when genomic DNA isolated from strain
BS-01 was used as the template. All of the above-described
evidence suggested a chromosomal location of the fexA gene
in the BS-01 strain. Since Tn558 (5) was shown to be closely
associated with the mobility of the fexA gene, previously
described primers (3) were used to detect different parts in
Tn558 and its intermediate circular form which precede the
integration of the transposon into a new target sequence (5).
The amplicons of the transposase genes tnpB and tnpC and
of the tnpB-fexA segment showed the expected sizes, but the
tnpA amplicons and the amplicon of the almost-complete
Tn558 differed in their sizes from those discovered in staph-
ylococci. No intermediate circular form was obtained. Se-
quence analysis of the tnpA amplicon identified a 1,212-bp
fragment, with a 283-bp sequence inserted into the tnpA
gene (Fig. 2). A direct repeat sequence, 5�-TACATG-3�, was
detected immediately flanking the 283-bp sequence. Since
TnpA and TnpB are essential for transposition (9), trunca-
tion of these genes resulted in the immobility of Tn558, as
confirmed by the lack of detection of circular forms in the
Tn558 variant of strain BS-01. Similar Tn558 variants were
observed among staphylococcal isolates (3). The Tn558 vari-
ant detected in the BS-01 isolate suggests that Tn558 is
important in the spread of the fexA gene among different
bacterial species.

In conclusion, this is the first time that the cfr and fexA
genes have been found in a species other than the staphy-
lococci. The potential dissemination of these resistance
genes among different bacterial species, especially in com-
mon pathogens of human and animal origin, such as entero-
cocci and streptococci, is worrisome and should be under
surveillance.

Nucleotide sequence accession numbers. The 6,678-bp se-
quence of the incomplete Tn558 variant of strain BS-01, as well
as the 16,492-bp sequence of a cfr-carrying plasmid, pBS-01,
have been deposited in the GenBank database under accession
no. GU591496 and GU591497.

TABLE 1. Antimicrobial susceptibility profiles of strain BS-01, S.
aureus RN4220, and the transformant S. aureus RN4220::pBS-01

Antimicrobial agent

MIC (�g/ml)

BS-01 S. aureus
RN4220

S. aureus
RN4220::pBS-01

Chloramphenicol 32 4 16
Florfenicol 32 4 16
Linezolid 2 1 4
Clindamycin �32 �0.625 �32
Erythromycin �64 0.25 �64
Tiamulin 256 �0.5 32
Gentamicin 8 0.5 0.25
Ciprofloxacin 8 0.5 0.5
Tetracycline 32 1 1
Vancomycin 0.5 1 1

FIG. 1. Physical maps of the entire plasmids pBS-01, extracted from isolate BS-01, and pSCFS1, from a staphylococcal isolate. The positions
and orientations of the genes are indicated by solid arrows, with the direction of transcription shown by the arrowhead. The 5-bp direct repeats
at the junctions of transposon Tn917 are shown in boxes. The two regions of homology on plasmids pBS-01 and pSCFS1 are connected by dashed
lines. The two 482-bp imperfect inverted repeat sequences (with 93% similarity) flanking Tn917 in pBS-01 are shown by arrows. The indicated
6,145-bp HindIII-digested fragment is the area where the cfr probe hybridized.
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FIG. 2. Organization of transposon Tn558 and its variant in strain BS-01. This Tn558 variant is shown in comparison with the original
fexA-carrying transposon Tn558 located on plasmid pSCFS2 (GenBank accession no. AJ715531). The positions and orientations of the genes
coding for transposition functions (tnpA, tnpB, and tnpC), resistance to florfenicol and chloramphenicol (fexA), and unknown functions (CDS1) are
indicated by arrows, with the direction of transcription shown by the arrowhead. The 283-bp sequence inserted into the tnpA gene of the Tn558
variant is indicated between two dashed lines. The 6-bp direct repeats immediately flanking the 283-bp sequence in the Tn558 variant are shown
in boxes.
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