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Class 1 integron had been well-known as a mobile genetic element involved in the antibiotic resistance
of various bacteria. Up to date, most of the relevant publications concentrated on gram-negative
bacteria, with limited exceptions. However, in recent studies, class 1 integron had been detected in
methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-resistant coagulase negative
staphylococci (MRCNS). So in this study, we tested in S. aureus, the class 1 integron mediated excision
and integration. We first asked 8 plasmids from previous studies, then established some transformants
and perform the excision and integration reaction. As the results revealed, we observed positive
excision assay, which had been confirmed by further integration assays. This observation may raise the
public attention of integron as a novel antibiotic resistance determinant in gram-positive bacteria,
especially in staphylococci.
Key words: Staphylococcus aureus, class 1 integron, mobile genetic element, excision and integration,
antibiotic resistance.
INTRODUCTION
In recent years, the role of integrons and gene cassettes
in the dissemination of resistance genes has been well
established, which is responsible for the facile spread of
resistance genes and the rapid evolution of resistance to
a wide range of unrelated antibiotics among diverse
bacteria (Tauch et al., 2002; Yang et al., 2004; Yu et al.,
2003). An integron comprises three elements including
the integrase gene (intI) encoding an integrase, a recom-
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bination site, attI and a promoter gene. Several
classes of integrons have been reported on the basis of
the intI gene and classes 1 to 3 are so-called multiresistant integron. Of these, the class 1 integron platform
is the most ubiquitous among resistant clinical isolates of
gram-negative bacteria and is found to be associated
with the Tn21 transposon family, while the class 2
integrons are associated with the Tn7 transposon family
(Arakawa et al., 1995; Barlow et al., 2004; Correia et al.,
2003; Hall and Stokes, 1993; Nandi et al., 2004; Nesvera
et al., 1998; Nield et al., 2001; Sun et al., 2002). Class 1
integron can capture the gene cassettes, which also
contain attC site for recombination, via a site-specific
recombination event between attI and attC. Its 3’
conserved segment (3’CS) possesses qacE≥1 and sul1
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genes, encoding resistance to quaternary ammonium
salts and sulfonamide, respectively (Recchia and Hall,
1997). Although, the role of class 1 integron in the spread
of antibiotic resistance genes in gram-negative bacteria is
clear, little is known about the prevalence of class 1
integron in gram-positive bacteria, especially in
Staphylococcus aureus (Clark et al., 1999; Nandi et al.,
2004). Increasng antibiotic resistance in gram-positive
bacteria has become a great concern.
In the past decades, methicillin-resistant S. aureus
(MRSA) has become one of the most prevalent
pathogens that cause nosocomial infections throughout
the world. Since it can spread easily by direct or indirect
contact between patients and environment or through
patients or medical personnel, MRSA is an important risk
factor for nosocomial infection and MRSA mediated
nosocomial outbreaks are common in hospitals. As
consequence, MRSA mediated nosocomial infections
continue to be a challenge for clinicians, hospital
epidemiologists and administrators since such infections
may lead to a serious problem for therapy of patients and
infection control. MRSA shows resistance to practically all
β-lactam antibiotics, which is caused by mecA gene. The
mecA gene is carried by a mobile genetic element,
designated by staphylococcal cassette chromosome mec
(SCCmec), which contains the mec gene complex (the
mecA gene and its regulators) and the ccr gene complex
encoding site-specific recombinases responsible for the
mobility of SCCmec (Ito et al., 2001; Kuroda et al., 2001;
Xu et al., 2007, 2008a,b, 2010c, 2011a and b).
In recent years, class 1 integron had been found
commonly existed in MRSA and methicillin-resistant
coagulase negative staphylococci (MRCNS) strains (Xu
et al., 2007, 2008a and b, 2009, 2010a and b). In this
study, we investigated class 1 integron-mediated recombination in staphylococci, including class 1 integron
mediated excision of different gene cassettes with 2 att
sites and 3 arrays of cassettes and further integration of
them by site-specific recombination.
MATERIALS AND METHODS
Bacteria and plasmids
Plasmid-free S. aureus strain RN4220 was used as recipient
bacterial, with storage, culturing and processing performed as
described previously (Hauschild et al., 2003). S. aureus strain
RN4220 was routinely cultured in Luria-Bertani (LB) medium or
agar supplemented with or without appropriate antibiotics as
ampicillin
(100
µg/ml),
chloramphenicol
(25
µg/ml),
sulfamethoxazole (25 µg/ml) or trimethoprim (25 µg/ml). Plasmids
R388 (a 33 kb IncW plasmid containing In3 with cassettes dfrB2orfA, antibiotic phenotype including Tpr (trimethoprim resistan) Sur
(sulfamethoxazole resistant)) and pSU2056 (1,176 bp RsaI-BamHI
fragment of In2 in pUC9, antibiotic phenotype including
Apr(ampicillin resistant)) had been acquired from Hall et al. (1991).
PLQ425 (with blaimp as gene cassette and GTTAGAG as associated
attC), PLQ431 (with pse-1 as gene cassette and GTTAGCC as
associated attC), PLQ438 (with blaimp as gene cassette and

GTTAGAA as associated attC), PLQ440 (with aacA1a-orfG + orfH
as gene cassette and GTTAGGG as associated attC), PLQ443
(with aadA1 as gene cassette and GTTAAAC as associated attC)
and PLQ444 (with aacA1a-orfG + orfH as gene cassette and
GTTAGGGG as associated attC) were obtained from Leon and Roy
(2003).
Electroporation of cassettes carried plasmids into RN4220
To establish different transformants for the excision and integration
assay, the aforementioned plasmids had been transformed into
RN4220 by electroporation, which had been performed as
described previously (Hauschild et al., 2003). In brief, 100 µl of the
competent cells and 1 or 2 µg of each plasmid were subjected to
electroporation, 200 µl aliquots were then streaked on plated
supplemented with proper antibiotics according to relevant
phenotypes.
Excision and integration reaction
In vivo excision and integration tests were performed by double
transformants (pSU2056 with one of the cassette containing PLQ
clones) and triple transformants (R388, pSU2056 with one of the
cassette containing PLQ clones), respectively. Growth condition
and induction of IntI1 in transformants were performed as described
previously (Leon and Roy, 2003; Martinez and de la Cruz, 1990). In
brief, transformants were grown overnight at 37°C in blood medium
supplemented with selective antibiotics (ampicillin 50 g/ml,
chloramphenicol 50 g/ml) and 2% of the overnight culture was then
inoculated in 15 ml of new medium (without antibiotic). Isopropyl-βD-thiogalactopyranoside (IPTG) was added (with final concentration
of 0.4 mM for overnight induction) when the optical density at 600
nm reached 0.6. Plasmid isolation was performed as described
previously (Schwarz et al., 1989). Excision events were determined
by polymerase chain reaction (PCR) amplification and further
confirmed by excision-integration tests, with different primer pairs
as indicated (Table 1). All experimental procedure had been
performed as described previously with slight changes (Leon and
Roy, 2003). In brief, for excision assays, sixty-four colonies had
been randomly selected and further subjected to PCR amplification
for each transformant. For integration assays, ten colonies
recovered had been selected to sequencing. In detail, PCR
products were purified from agarose gels and the DNA fragments
were ligated with the pGEM-T easy vector (Promega, Madison, WI,
USA). The ligation mixture was transformed into E. coli DH5α strain
and the recombinants were selected on Luria agar containing
ampicillin (100 µg/ml). Recombinant plasmid DNA was purified by
standard method and subjected to sequencing and further
analyses. The nucleotide sequences of the insert DNA was
determined using the BigDye terminator cycle sequencing FS ready
reaction kit on an ABI PRISM 310 genetic analyzer (Perkin-Elmer
Japan Applied Biosystems, Tokyo, Japan). The nucleotide
sequences were analyzed and compared using GenBank database
by using the BLAST algorithm, which is available through the
National Center for Biotechnology Information (NCBI) website
(http://www.ncbi.nlm.nih.gov). Definition of excision and integration
efficiency was according to previous report (Leon and Roy, 2003).

RESULTS
Transformants in this study
Twelve different types of

transformants

had been
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Table 1. Primes used for the different mobile gene cassettes constructs.

Primer
pACYC184-5'
pACYC184-3'
ATTINEU
AADA1
BLAIMP
AACA1a
PSE-1

Nucleotide sequence (5’ - 3’)
TGTAGCACCTGAAGTCAGCC
AGTGATCGAAGTTAGGCTG
AGGCGTGATAGATTCTC
TGCATGACGCCAACTAC
TGCGGTAGCAATGCTGC
TAATTGCTGCATTCCTCCGC
CGGATGGTATTAAAAGC

Temperature (°C)
55
48
48
48
48
44

Function

Reference

Excision test

Leon and Roy (2003)
Leon and Roy (2003)

Integration test

Leon and Roy (2003)

Table 2. List of transformants and its characteristics.

Transformant
RN4220-PLQ425
RN4220-PLQ431
RN4220-PLQ438
RN4220-PLQ440
RN4220-PLQ443
RN4220-PLQ444
RN4220-R388-PLQ425
RN4220-R388-PLQ431
RN4220-R388-PLQ438
RN4220-R388-PLQ440
RN4220-R388-PLQ443
RN4220-R388-PLQ444

Plasmid
pSU2056 and PLQ425
pSU2056 and PLQ431
pSU2056 and PLQ438
pSU2056 and PLQ440
pSU2056 and PLQ443
pSU2056 and PLQ444
pSU2056 and PLQ425
pSU2056 and PLQ431
pSU2056 and PLQ438
pSU2056 and PLQ440
pSU2056 and PLQ443
pSU2056 and PLQ444

constructed in this study (Table 2), including RN4220PLQ425 (Apr, Cmr, with pSU2056 and PLQ425),
r
r
RN4220-PLQ431 (Ap , Cm , with pSU2056 and PLQ431),
r
r
RN4220-PLQ438 (Ap , Cm , with pSU2056 and PLQ438),
RN4220-PLQ440 (Apr, Cmr, with pSU2056 and PLQ440),
r
r
RN4220-PLQ443 (Ap , Cm , with pSU2056 and PLQ443),
r
RN4220-PLQ444 (Ap , Cmr, with pSU2056 and PLQ444),
RN4220-R388-PLQ425 (Apr, Cmr, Sur, Trr, with R388,
r
pSU2056 and PLQ425), RN4220-R388-PLQ431 (Ap ,
r
r
r
Cm , Su , Tr , with R388, pSU2056 and PLQ431),
RN4220-R388-PLQ438 (Apr, Cmr, Sur, Trr, with R388,
pSU2056 and PLQ438), RN4220-R388-PLQ440 (Apr,
Cmr, Sur, Trr, with R388, pSU2056 and PLQ440),
r
r
r
r
RN4220-R388-PLQ443 (Ap , Cm , Su , Tr , with R388,
pSU2056 and PLQ443), RN4220-R388-PLQ444 (Apr,
Cmr, Sur, Trr, with R388, pSU2056 and PLQ444).

Phenotype
Apr, Cm r
Apr, Cm r
Apr, Cm r
Apr, Cm r
Apr, Cm r
Apr, Cm r
Apr, Cm r, Sur, Trr
Apr, Cm r, Sur, Trr
Apr, Cm r, Sur, Trr
Apr, Cm r, Sur, Trr
Apr, Cm r, Sur, Trr
r
r
r
r
Ap , Cm , Su , Tr

attC site on the left-hand neighbour comparing with attI,
based on 7.8% (5/64) for RN4220-PLQ425 with 31.2%
(20/64) for RN4220-PLQ438, 25% (16/64) for RN4220PLQ440 with 53.1% (34/64) for RN4220-PLQ444. In
addition, transformants containing aadA1 and aacA1aorfG+orfH obtained higher efficacy than pse-1 and blaimp,
as excision efficacy was 15.6% (10/64) for RN4220PLQ431 and 31.25% for RN4220-PLQ438, comparing
with 53.1% for RN4220-PLQ444 and 62.5% (40/64) for
RN4220-PLQ443. These results were similar to those
published previously (Hansson et al., 1997; Leon and
Roy, 2003) and had also been further confirmed by
subsequent integrations of excised cassettes into
relevant attI site. Amplicons obtained were around
expected 200 bp and sequencing amplicons confirm that,
the excised cassettes were integrated specifically into the
G/TTRRRY consensus site of the attI1 or attC site.

Excision and integration reaction
DISCUSSION
According to the results, excision efficacy ranged from
7.8 to 62.5%, which was thoroughly lower than previous
reports when the assays induced in bacteria other than S.
aureus (Leon and Roy, 2003). Two major factors affecting
the excision included att site and gene cassettes. As the
results showed, greater efficacy had been observed when

Since the first description of class 1 integron in 1989
(Stokes and Hall, 1989) integrons have been identified as
a primary source of resistance genes and were suspected to serve as reservoirs of antimicrobial resistance
genes within microbial populations (Xu et al., 2007,
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2009). However, most of these studies were done in
gram-negative bacteria with only a few exceptions. While
in recent years, integrons had been identified as a novel
and unexpected antibiotic determinant in gram-positive
organism, especially in MRSA and MRCNS (Xu et al.,
2007, 2008a and b, 2009, 2010). The Integron system
had been well-known as a mobile genetic element,
playing key role in antibiotic resistance in various bacteria
(Rowe-Magnus and Mazel, 2001). In this study, we tested
and investigated the class 1 integron-mediated excision
and integration in S. aureus RN4220 and positive result
had been observed for both assays. Up to date, no report
is available on the dissemination of class 1 integron in
any species of staphylococci strain and we are convinced
that, the observation of the class 1 integron-mediated
excision and integration in S. aureus may definitely raise
the attention of integron as the novel antibiotic
mechanism in gram-positive bacteria, especially in
staphylococci, which had been neglected throughout the
time.

ACKNOWLEDGEMENTS
We sincerely thank Dr. Stokes and Dr. Roy for providing
us plasmids [Stokes et al., 1989; Leon et al., 2003], and
Xu et al [Xu et al., 2007] for technical support and kind
assistance in writing for this study. This work was
supported by National Natural Science Foundation
(30872584), Guangdong Natural Science Foundation
(8251008901000018), Science Research Fund of Wuhan
Institute of Technology (10113201), China; Innovative
Experiment
Projects
of
Experimental
Teaching
Demonstration Center for Environmental and Chemical
Engineering Clean Production of Wuhan Institute of
Technology (2011), China; College young teacher indepth business project of Hubei Provincial, Department of
Education (XD20100620) Hubei province, China and
State Scholarship Fund of China Scholarship Council
(2009679002).

REFERENCES
Arakawa Y, Murakami M, Suzuki K, Ito H, Wacharotayankun R, Ohsuka
S, Kato N, Ohta M (1995). A novel integron-like element carrying the
metallo-β-lactamase gene blaIMP. Antimicrob. Agents Chemother.
39: 1612-1615.
Barlow RS, Pemberton JM, Desmarchelier PM, Gobius KS (2004).
Isolation and characterization of integron-containing bacteria without
antibiotic selection. Antimicrob. Agents. Chemother. 48: 838-842.
Chang S, Sun C, Yang L, Luh K, Hsieh W (1997). Increasing
nosocomial infections of methicillin-resistant Staphylococcus aureus
at a teaching hospital in Taiwan. Int. J. Antimicrob. Agents, 8: 109114.
Clark NC, Olsvik Ø, Swenson JM, Spiegel CA, Tenover FC (1999).
Detection of a streptomycin/spectinomycin adenylyltransferase gene
(aadA) in Enterococcus faecalis. Antimicrob. Agents. Chemother. 43:
157-160.
Correia M, Boavida F, Grosso F, Salgado MJ, Lito ML, Cristino JM,
Mendo S, Duarte A (2003). Molecular characterization of a new class

3 integron in Klebsiella pneumoniae. Antimicrob. Agents Chemother.
47: 2838-2843.
Hall RM, Brookes DE, Stokes HW (1991). Site-specific insertion of
genes into integrons: role of the 59-base element and determination
of the recombination cross-over point. Mol. Microbiol. 5: 1941-1959.
Hall RM, Stokes HW (1993). Integrons: novel DNA elements which
capture genes by site-specific recombination. Genetica, 90: 115-132.
Hansson K, Skold O, Sundstrom L (1997). Non-palindromic attI sites of
integrons are capable of site-specific recombination with one another
and with secondary targets. Mol. Microbiol. 26: 441-453.
Hauschild T, Kehrenberg C, Schwarz S (2003). Tetracycline Resistance
in Staphylococci from Free-living Rodents and Insectivores. J. Vet.
Med. 50: 443-446.
Ito T, Katayama Y, Asada K, Mori N, Tsutsumimoto K, Tiensasitorn C,
Hiramatsu K (2001). Structural comparison of three types of
staphylococcal cassette chromosome mec integrated in the
chromosome in methicillin-resistant Staphylococcus aureus.
Antimicrob. Agents Chemother. 45: 1323-1336.
Kuroda MT, Ohta I, Uchiyama T, Baba H, Yuzawa I, Kobayashi L, Cui
A, Oguchi K, Aoki YN, Lian J, Ito T, Kanamori M, Matsumaru H,
Maruyama A, Murakami H, Hosoyama A, Mizutani-Ui Y, Takahashi
NK, Sawano T, Inoue R, Kaito C, Sekimizu K, Hirakawa H, Kuhara S,
Goto S, Yabuzaki J, Kanehisa M, Yamashita A, Oshima K, Furuya K,
Yoshino C, Shiba T, Hattori M, Ogasawara N, Hayashi H, Hiramatsu
K (2001). Whole genome sequencing of methicillin-resistant
Staphylococcus aureus. Lancet, 357: 1225-1240.
Leon G, Roy PH (2003). Excision and Integration of Cassettes by an
Integron Integrase of Nitrosomonas europaea. J. Bacteriol. 185:
2036-2041.
Martinez E, de la Cruz F (1990). Genetic elements involved in Tn21
site-specific integration, a novel mechanism for the dissemination of
antibiotic resistance genes. EMBO J. 9: 1275-1281.
Nandi S, Maurer JJ, Hofacre C (2004). Gram-positive bacteria are a
major reservoir of class 1 antibiotic resistance integrons in poultry
litter. Proc Natl. Acad. Sci. USA. 101: 7118-7122.
Nesvera J, Hochmannova J, Patek M (1998). An integron of class 1 is
present on the plasmid pCG4 from gram-positive bacterium
Corynebacterium glutamicum. FEMS. Microbiol. Lett. 169: 391-395.
Nield BS, Holmes AJ, Gillings MR, Recchia GD, Mabbutt BC,
Nevalainen KM, Stokes HW (2001). Recovery of new integron
classes from environmental DNA. FEMS Microbiol. Lett. 195: 59-65.
Recchia GD, Hall RM (1997). Origins of the mobile gene cassettes
found in integrons. Trends Microbiol. 5: 389-394.
Rowe-Magnus DA, Mazel D (2001). Integrons: Natural tools for bacterial
genome evolution. Curr. Opin. Microbiol. 4: 565-569.
Schwarz S, Cardoso M, Blobel H (1989). Plasmid-mediated
Chloramphenicol Resistance in Staphylococcus hyicus. J. Gen.
Microbiol. 135: 3329-3336.
Stokes HW, Hall RM (1989). A novel family of potentially mobile DNA
elements encoding site-specific gene-integration functions: integrons.
Mol. Microbiol. 3: 1669-1683.
Sun XG, Wang ZQ, Chen L, Luo SY, Jin XY, Zhang WH (2002).
Etiological analysis on bacterial ocular disease in northern China
(1989-1998). Chin. Med. J. 115: 933-935.
Tauch A, Gotker S, Puhler A, Kalinowski J, Thierbach G. (2002). The
27.8-kb R-plasmid pTET3 from Corynebacterium glutamicum
encodes the aminoglycoside adenyltransferase gene cassette aadA9
and the regulated tetracycline efflux system Tet 33 flanked by active
copies of the widespread insertion sequence IS6100. Plasmid, 48:
117-129.
Xu Z, Shi L, Zhang C, Zhang L, Li X, Cao Y, Li L, Yamasaki S (2007).
Nosocomial infection caused by class 1 integron-carrying
Staphylococcus aureus in a hospital in South China. Clin. Microbiol.
Infect. 13: 980-984.
Xu Z, Shi L, Alam MJ, Li L, Yamasaki S (2008). Integron-bearing
methicillin-resistant coagulase-negative staphylococci in South
China, 2001-2004. FEMS. Microbiol. Lett. 278: 223-230.
Xu Z, Li L, Alam MJ, Yamasaki S, Shi L (2008). First confirmation of
integron-bearing methicillin-resistant Staphylococcus aureus. Curr.
Microbiol. 57: 264-268.
Xu Z, Li L, Shirtliff ME, Alam MJ, Yamasaki S, Shi L (2009). Occurrence
and characteristics of class 1 and 2 integrons in Pseudomonas

Guo et al.

aeruginosa isolates from patients in Southern China. J. Clin.
Microbiol. 47: 230-234.
Xu Z, Li L, Shirtliff ME, Peters BM, Peng Y, Alam MJ, Yamasaki S, Shi L
(2010a). First report of class 2 integron in clinical Enterococcus
faecalis and class 1 integron in Enterococcus faecium in South
China. Diag. Microbiol. Infect. Dis. 68: 315-317.
Xu Z, Li L, Shirtliff ME, Peters BM, Li B, Peng Y, Alam MJ, Yamasaki S,
Shi L (2010b). Resistance class 1 integron in clinical methicillinresistant Staphylococcus aureus strains in Southern China, 20012006. Clin. Microbiol. Infect. 17: 714-718.
Xu Z, Li L, Shi L, Shirtliff ME (2010c). Class 1 integron in staphylococci.
Mol. Biol. Rep. (DOI: 10.1007/s11033-011-0676-7).
Xu Z, Li L, Chu J, Peters BM, Harris M, Li B, Shi L, Shirtliff ME (2011a).
Development and application of loop-mediated isothermal
amplification assays on rapid detection of various types of
staphylococci
strains.
Food.
Res.
Int.
(DOI:10.1016/j.foodres.2011.04.042).

12851

Xu Z, Li L, Zhao X, Chu J, Li B, Shi L, Su J, Shirtliff ME (2011b).
Development and application of a novel multiplex polymerase chain
reaction (PCR) assay on rapid detection of various types of
staphylococci strains. Afr. J. Microbiol. Res. 5: 1869-1873.
Yang H, Chen S, White DG, Zhao S, McDermott P, Walker R, Meng J
(2004). Characterization of multiple antimicrobial resistant
Escherichia coli isolates from diseased chickens and swine in China.
J. Clin. Microbiol. 42: 3483-3489.
Yu HS, Lee JC, Kang HY, Ro DW, Chung JY, Jeong YS, Tae SH, Choi
CH, Lee EY, Soel SY, Lee YC, Cho DT (2003). Changes in gene
cassettes of class 1 integrons among Escherichia coil isolates from
urine specimens collected in Korea during the last two decades. J.
Clin. Microbiol. 41: 5429-5433.

