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Bacterial resistance to antibiotics has become an important concern for public health.

This study was aimed to investigate the characteristics and the distribution of the

florfenicol-related resistance genes in bacteria isolated from four farms. A total of 106

florfenicol-resistant Gram-negative bacilli were examined for florfenicol-related resistance

genes, and the positive isolates were further characterized. The antimicrobial sensitivity

results showed that most of them (100, 94.33%) belonged to multidrug resistance

Enterobacteriaceae. About 91.51% of the strains carried floR gene, while 4.72% carried

cfr gene. According to the pulsed-field gel electrophoresis results, 34 Escherichia coli

were subdivided into 22 profiles, the genetic similarity coefficient of which ranged from

80.3 to 98.0%. The multilocus sequence typing (MLST) results revealed 17 sequence

types (STs), with ST10 being the most prevalent. The genome sequencing result

showed that the Proteus vulgaris G32 genome consists of a 4.06-Mb chromosome,

a 177,911-bp plasmid (pG32-177), and a 51,686-bp plasmid (pG32-51). A floR located

in a drug-resistant region on the chromosome of P. vulgaris G32 was with IS91 family

transposase, and the other floR gene on the plasmid pG32-177 was with an ISCR2

insertion sequence. The cfr gene was located on the pG32-51 flanked by IS26 element

and TnpA26. This study suggested that the mobile genetic elements played an important

role in the replication of resistance genes and the horizontal resistance gene transfer.
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INTRODUCTION

Florfenicol is a new type of broad-spectrum antibiotics of chloramphenicol for veterinary use,
which was successfully developed in the late 1980’s. It can also be recalled that thiamphenicol has
the chemical formula C12H14Cl2FNO4S. CH3SO4 replaced the -NO2 group of chloramphenicol and
gave florfenicol an obvious advantage in safety and efficacy compared with chloramphenicol. The
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Analysis of the Regions of the Plasmids
Containing floR and cfr Genes
In addition to the chromosome-encoded floR, P. vulgaris G32
also harbored another copy of floR gene on the plasmid
pG32-177 with an ISCR2 insertion sequence. A series of

TABLE 5 | Basic characteristics of P. vulgaris G32 genome.

Statistics Chromosome pG32-177 pG32-51

Gene number 3,590 251 80

Size of genome (bp) 4,006,607 177,911 51,686

G+C content (%) 38.10 35.12 43.99

Coding region size (bp) 3,391,731

Coding region/genome length (%) 84.65

Average gene length (bp) 944

Intergenic region size (bp) 614,876

Ratio of intergenic region (%) 15.35

Number of rRNA operons 22

Number of tRNA genes 83

Plasmid 2

transposition-related genes including tnpM, tnpR, and tnpA
was also observed near ISCR2, equipping this region with the
autonomous transposition. This 13,177-bp segment is highly
homologous with those of chicken-derived E. coli YJMC8 from
Guangzhou, China, in 2017 and of porcine enteropathogenic E.
coli SHP45 from Guangzhou, China, in 2016 (Figure 6).

The cfr gene is located on pG32-51, flanked by two or
three identical copies of the 820-bp IS26 element encoding
TnpA26 in the same orientation. Similar resistance gene regions
have been detected in other sequenced plasmids of E. coli
8ZG12D, SH21G, and the sequences of P. vulgaris PV-01
(Figure 7). Compared with IS26 insertion sequence, pG32-51
lacks a 1,030-bp segment whose function has to be further
studied but has a segment of 4,150 bp which cannot be found
in E. coli 8ZG12D. Rep, which exists at 3,927 bp downstream
of cfr between rec/mob and tnpA26 in P. vulgaris PV-01,
was located in the upstream of cfr immediately of tnpA26 of
pG32-51. In addition, the resistant insertion segment of pG32-
51 containing cfr follows a segment of 1,568 bp containing
tnpA26. So, the main structure of the drug-resistant region is
IS26-cfr-recombinase-rec/mob-tnpA26.

FIGURE 3 | The circular map of the pG32-51 genome. Counting from outside toward the center, the first circle refers to the position in base pairs. The second circle

consists of two-direction arrows which indicate the position of the gene and the marked genes encoded on the leading strand (outwards) or lagging strand (inwards).

The different function genes are shown in different colors: red, drug-resistance related genes; purple, conjugation and transfer; green and yellow,

transposase/insertion sequences; rose red, replication; blue, recominase; silver, unknown function genes. The third circle shows the GC skew (G–C/G+C), with a

positive GC skew toward the outside and a negative GC skew toward the inside. The fourth circle shows the GC content with an average of 50%, whereby a G+C

content of more than 50% is shown toward the outside and a G+C content of <50% toward the inside.
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FIGURE 4 | Genome structure comparison of P. vulgaris G32 with CYPV1 and FDAARGOS_366. The corresponding blocks from these three strains are shown

according to the gene content or sequence similarities. The blocks below the line in strains CYPV1 and FDAARGOS_366 genome indicated that the sequence in the

block was in a reverse direction compared to the corresponding region in P. vulgaris G32. The denser and higher lines represented more genes and higher similarities

between the sequences.

FIGURE 5 | Comparison of the floR gene regions on the chromosome of P. vulgaris G32, Proteus CYPV1 (accession number CP012675), Proteus FDAARGOS-366

(accession number CP023965), and V. cholerae HC1037 (accession number CP026647.1). The homolog genes are marked with the same color and lined together,

respectively.

Resistance Gene Cloning and Functional
Analysis
We cloned the complete ORFs of both floR and cfr into pET-28a
vectors and transformed them separately into E. coli BL21. The
MICs of the antibiotics and the recipient controls against a group
of antimicrobial drugs were detected (Table 3). BL21[pET28a-
floR] and BL21[pET28a-cfr] showed resistance to florfenicol
and chloramphenicol.

DISCUSSION

Man has developed new anti-bacterials to inhibit and eliminate
the increasingly widespread and complex drug resistance of
bacteria. However, new resistant strains are also appearing along
with the clinical application of new antibiotics. The problem of

florfenicol resistance is becoming serious; more and more drug-
resistant bacteria have been found in the breeding environment
and in animals (Bossé et al., 2015a). In 2000, White et al.
studied the resistance of E. coli isolated from diarrhea cattle
to chloramphenicol and florfenicol and got the result that 42
out of 44 strains (florfenicol MICs ≥ 16µg/ml) carried floR
gene (White et al., 2000). Kuo found that the resistance of
E. coli isolated from pigs in Taiwan to florfenicol increased
from 39.2% in 2003 to 78.3% in 2007, and the prevalence
rate of floR gene showed a rising trend (Kuo et al., 2014).
From a breeding farm in Heilongjiang Province, China, 60
strains of E. coli from swine were detected with positive rate
as 50% of cmlA and 80% of floR (Zhao et al., 2017). In this
study, we have examined the prevalence of florfenicol-related
resistance genes in bacteria of animal origin. The results suggest
that floR was the main epidemic resistance gene of florfenicol
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FIGURE 6 | Comparison of the floR gene regions on the pG32-177, the sequenced plasmids of E. coli YJMC8 (accession number KY019259.1) and E. coli SHP45

(accession number KU341381.1).

FIGURE 7 | Comparison of the cfr gene regions on pG32-51, E. coli 8ZG12D (accession number KY865320.1), E. coli SH21G (accession number KJ453115.1), and

the sequences of P. vulgaris strain PV-01 (accession number JF969273.1).

(91.74%); only five strains were positive to cfr (4.59%), and
the rest of the resistance genes were not detected. In addition,
the positive rate of floR gene was similar to the proportion
of strains (MICs ≥ 32 µg/ml), agreeing with the results of
Claudia et al. (2011). A PFGE analysis suggested that the
degree of similarity of the bacterial diversity was low, and
clone transmissions might exist in the multidrug-resistant E. coli
strains carrying floR genes. In addition, the MLST analysis
indicated that E. coli sequence types ST10, ST3544, and ST48
all belonged to clone complex 10 (CC10), the largest and most
popular clone complex in the world (Shabana et al., 2013;
Maluta et al., 2014). The detection of the common sequence

type (ST10) in E. coli isolated from patients, farm workers, pigs,
wild birds, and river water was reported, suggesting a possible
transmission among animals, humans, and the surrounding
environments (Fischer et al., 2017; Gomi et al., 2017). In
other words, the popular strains in our research shared a
high degree of homology with other major epidemic clones in
the world.

There are many reasons for the emergence of resistance.
Among them, the most important and widespread resistance
mechanism is the acquisition and the transmission of various
resistance genes. Most of the florfenicol resistance genes are
located in the mobile plasmids and the transposons. The
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florfenicol resistance gene pp-flo (Kim and Aoki, 1996) was
located in the multidrug-resistant R plasmid. An analysis of
the plasmid pMBSFl with floR gene of the E. coli isolates
from pigs (Blickwede and Schwarz, 2004) indicated that
the flanking regions of floR gene are composed of three
sequences from different sources. They are highly homologous
to transposon Tn5393, plasmid with floR from E. coli 10660, and
transposon Tn1721, respectively. The floR in pM3446F of these
Pasteurellaceae plasmids was described as a transposable element
encoding floR, transcriptional regulator lysR, and transposase
tnpA genes initially (Bossé et al., 2015b). Zhang et al. confirmed
that an IncA/C plasmid carrying the multiresistance gene cfr in a
porcine E. coli strain was flanked by two copies of IS256 (Zhang
et al., 2014). Our study indicated that florfenicol resistance genes
not only existed in the plasmids but also in the chromosomes
of a bacterium. The floR gene in the chromosome of P. vulgaris
G32 was mediated by the transposon IS91, which is different
from the usual insertion sequence (Mataseje et al., 2014).Meunier
et al. found the floR gene from bovine E. coli, which was shown
to be associated with the insertion sequence ISCR2 (Meunier
et al., 2010). Similarly, our floR in pG32-177 is also next to an
ISCR2 insertion sequence, mediated by Tn21, indicating that
the gene can be transferred with the composite transposons.
The cfr gene in pG32-51 formed the structure of the composite
transposon, recombinase-rec/mob-tnpA26, which can mediate
the resistance genes mobile by homologous recombination or
transferred by conjugation. That is consistent with the report
of Doublet et al. (2005). Obviously, the molecular genetic
background of florfenicol resistance genes is very complex. The
transference of resistance plasmids in bacteria strengthens the
resistance of drug-resistant bacteria and accelerates the spreading
of resistance, and transposition links the resistance genes among
chromosomes, plasmids, and phages and enriches the source of
resistance plasmids.

The resistance problem of florfenicol has become a major
problem in the development of animal husbandry, which needs
to be tackled urgently. Resistance encoding genes determine the
genetic complexity of the strains. The study on the prevalence and
the environment of florfenicol resistance genes will contribute
to the understanding of its origin, expression, and metastasis in
molecular biology. It can also provide references for the rational
usage of antibiotics and the further prevention of drug resistance
in veterinary medicine.
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