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The spread of orfS13-bearing class 1 integrons is associated with blax 1., in gram-negative clinical isolates
in Argentina, with In35 being the most frequently found integron (74%). Among 65 isolates without bla 1x_ 1.2,
only one harbored a novel orf513-bearing class 1 integron with the dfr43b gene. The finding of orf513 not
associated with class 1 integrons in two gram-positive strains indicates the widespread occurrence of this

putative site-specific recombinase.

Multiple-antibiotic resistance is common in clinical isolates
from Argentina. Although integrons belonging to all classes
have been found in clinical and environmental strains of mul-
tiresistant bacteria (21), class 1 integrons predominate among
gram-negative microorganisms (10) and have been recently
described in gram-positive bacteria (4, 17). Class 1 integrons
are composed of three DNA segments, two that are conserved
and one that includes the antibiotic resistance gene cassettes of
various lengths and sequences. The 5’ conserved segment (5'-
CS) includes the int/] gene, and downstream of the last gene
cassette, most of the studied class 1 integrons contain at least
part of the 3’ conserved segment (3'-CS) formed by the
qacEAI gene, sull, and orf5, of unknown function (14). Most
class 1 integrons are found on defective transposons related to
Tn402 that keep the tid and miBAI genes. Several contain
one or two insertion sequences between the conserved seg-
ments and the transposition genes.

A novel group of orf513-bearing class 1 integrons, also called
unusual class 1 integrons, of which pDGO100 is the prototype
was first described in 1990 (6). These integrons begin with
typical class 1 integron structures with one or more gene cas-
settes located between the 5'-CSs and the 3'-CSs. These 3'-
CSs, called the first 3'-CSs, include only the first 1,355 bases of
a typical 3’-CS (6). In all studied orf513-bearing class 1 inte-
grons, the first 3’-CSs end at the same point, 24 nucleotides
(nt) after the stop codon of the sull gene, as described for In6
and In7 (16). Following the first 3’-CSs, there is a common
region which includes orf513 (GenBank accession number
L06418) and a region unique to each orf513-bearing class 1
integron. The unique regions differ in length and sequence,
containing the antibiotic resistance gene dfr410 (In7), catll
(In6), blapyaq (PSAL-1), blacrx v (In60), or blacrx o
(In35 and InS21) (1, 5, 11, 16, 20). Adjacent to the unique
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regions are the second 3'-CSs with different deletions in the 5’
ends (1).

In Argentina, CTX-M-2 is by far the most frequent extend-
ed-spectrum B-lactamase, comprising 69% of all extended-
spectrum B-lactamases found among clinical isolates in Argen-
tinean hospitals (M. Galas, M. Rapoport, F. Pasteran, R.
Melano, A. Petroni, P. Ceriana, A. Rossi, and the WHONET
Group, Abstr. 39th Intersci. Conf. Antimicrob. Agents Che-
mother., abstr. 1474, 1999). A previous study with a small
number of isolates reported that blarx_y.- is always located
at the same sequence position in orf513-bearing class 1 inte-
grons with different arrays of cassettes in the variable regions
(1). Nevertheless, genes encoding some different enzymes of
the CTX-M family have been identified located near other
genetic elements such as ISEcp!, 1S26, and 1S903C (2, 3, 7, 12)
in isolates from Europe and Asia. The goals of the present
study were (i) to examine the orf513-related structures and
look for their association with resistance genes and (ii) to
identify the different arrangements of cassettes in the variable
regions of orf513-bearing class 1 integrons.

We studied 130 nonredundant multiresistant clinical isolates
collected during nosocomial outbreaks at different hospitals in
Buenos Aires, Argentina, between 1993 and 2000. Of these,
100 were gram-negative bacterial isolates resistant to B-lac-
tams and aminoglycosides and were divided into blayx_po-
positive (n = 35) and blarx_\»-negative (n = 65) isolates
(Table 1). Thirty were gram-positive bacterial isolates with
diverse mechanisms of resistance: Enterococcus faecium, resis-
tant to vancomycin (n = 8); beta-hemolytic Streptococcus, re-
sistant to tetracycline and erythromycin (n = 6); Staphylococ-
cus aureus, resistant to methicillin (n = 8); and coagulase-
negative Staphylococcus, resistant to methicillin (n = 8).
Isolates were identified by using the API systems (Biomerieux
SA, Marcy-I’Etoile, France) and conventional biochemical
tests. Susceptibility to antimicrobial agents in all the isolates
was determined by the E-Test method (AB Biodisk, Solna,
Sweden) according to the guidelines proposed by the manu-
facturer (Table 1). Bacterial DNA was extracted using stan-
dard techniques (13). Isolates were subjected to PCR analysis
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TABLE 1. MIC,,“ of antimicrobial agents for the studied multiresistant isolates

MICy, (p.g/ml)
CAZ

IPM

GEN

AMK

CTX

AMP?

No. of blacrxa.o-

No. of blacrx o

Type of isolate (n = 100)

positive isolates

negative isolates

—
bt
S —_
S~ N
|N\o‘—<§\ [=R==leN]
Ag(\llo_o'l,«\lol,'\'—“
TSV T Say
NS —TonoSoL
> N Nl
=) N =)
S o DnS v
- o So-= o
< < AAA ~~
a 494 g8 _&
W N — oo
) nn PR A
ANaANGTITNANY T o
= s | T
A lowCPnoad=a
~ O ~— \-/\-/\-/m\-/m
S s <t 0 0 —<
— — NoNo\Nol| O
w w —
[
—~
T ~F ~mmd
NSRS
v LT T 12
S+S SOt
SIS JILIFSIF
Ne} <+ oot T
— — — N o
—
g — —~
qJaa a8xe o
i ni el EaN i)
Y =12 Teond
o N= IS TS
— | 0 T — A L
AN TN =TT
m;H — o
;: :
Q B
o o =8 4.5
—
S ) =
) [T} | QNNQ = O
& & BNFTTZ |53
— ™ —«ooz\ovz e
NelhS giNeINoN o le'e] o Q-:
nOownrn——=a — a -
IS IS 7\17\4 B4
=
g Z
g
< E
v Qo
—~
= 235
N 58
< v =
— S E
A E'—“
! =
(“_\41 a a g
n Z Z |37
— Eg
<+ <<+ttt ‘=5
AN AN 22
SSsSsSss oo EE
— e e e — 'Ofg
ANNANNN  AA 25
< an
E7
2
£0
g
S g
g
—oO—NOANYTANNO |5
— Ef
= E
s
=R
E¥
‘BE
5 <
ol
-
[S i}
'~
v <
S &
ottNoNOoONNST | 5D
N — — '6'0
AN
L <
S0
hol3)
=
85
5|52
T|s$
3 NN
g S| BX
v S | 2 H
v 8 B g(°50
-::% S ® §w 8‘”
£S5 fs5 . §|3E
ASITITS g3 |eB
PN S8R e XIS
SE5°sss2x =
SeSsEs5s358 |28
EISSESSEX N 5o
. S
SS8E3esSs58s |8
\)"kaa QQQQ
SR8SSY¥sS88g |22
w”::%&t\)a\ém&f S
TORKRXEAAAANA

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 2. Oligonucleotides used for PCR mapping

Accession
Primer Primer sequence (5’ to 3") Position no. or
source
1 TCA CTT TAT CGG GAC CAC blacrxa.. X92507
2 ATG ACT CAG AGC ATT CGC blacrx.m.n  X92507
3 CAT TCT GCG GIC GGC TT orfD X72585
4 CGC AAG TAA TCG CAA CAT CC 3'-CS U49101
5 AGC CCC ATA CCT ACA AAG CC 3'-CS U49101
6 ATG GIT TCA TGC GG TT orf513 L06418
7 CTG AGG GIG TGA GCG AG orf513 L06418
8 GCG AAC ACT GCG GCG GTC AC orf513 L06418
9 GAC GGT GIT CGG CAT TCT 3'-CS U49101
10  TTT GAA GGI TCG ACA GC 3'-CS U49101
11  AAA CAC GCC AGG CAT TC aacA4 AF231133
12 CGC AGA TCA GIT GCGA AG aadA AF326210
13 CCG CAG CTA GAA TTT TG aadB X04555
14 GCC TGA CGA TGC GIG (A 5'-CS M73819
15 GAC TTG ACC TGA ATG TTT GG 3'-CS M73819
16 CAT CGG TTT TGT AAG GIT bla gy, 4 This study

with internal primers for detection of the blac-rx \.» gene,
orf513, class 1 integrons, and orf513-bearing class 1 integrons.
The characterization of the different arrays of cassettes in the
variable regions was performed by PCR mapping (Table 2) (8),
and several PCR products obtained were sequenced to confirm
the data.

All the isolates carrying bla rx_nm.» harbored orf513-bearing
class 1 integrons and, as described previously (1), this gene was
always found located at the same position in these structures,
with different arrays of cassettes in the variable regions. The
cassette array aacA4-blaoxa-0orfD was identified in 26 iso-
lates (74%) harboring blayx_n.- In the remaining nine iso-
lates, the following cassettes were characterized: aadA1 in four
isolates (11%), aadB-aadAl in two isolates (6%), and aacA4,
aacA4-aadAl, and orfD in one isolate each (Fig. 1). The pres-
ence of different types of cassettes was not correlated with the
bacterial species. The arrangement of cassettes most fre-
quently found, aacA4-blagx,-orfD, has been recently de-
scribed (1, 5). The sequence reported for the blagx 4., gene in
InS21 of a Salmonella enterica serovar Infantis isolate from the
province of Santa Fe, Argentina, is that of a pseudogene (Gen-
Bank file AJ311891) (5). In contrast, the blagya., gene se-
quenced in In35 of pMAR-12 (1), identical to that reported
previously (GenBank file M95287) (15), was active as demon-
strated by the presence of a band of pI 7.7 showing -lactamase
activity in isoelectric focusing experiments. Also, other
blagx > sequences in Klebsiella pneumoniae and Salmonella
enterica serovar Typhimurium isolates were identical to that of
the complete gene reported previously (M95287) (15). The
orfS13-bearing class 1 integron In35 carrying the blarx v
gene was found located in different conjugative plasmids, as
shown by different restriction patterns obtained with HindIII
(data not shown).

All the strains without bla ., carried at least one class 1
integron (data not shown). In addition, 23% (15 of 65) of the
isolates carried class 2 integrons. Only one of the 65 isolates
studied (1.5%) harbored a novel orf513-bearing class 1 inte-
gron that was characterized in a Citrobacter freundii isolate and
was termed In38, with the aacA4-blax 5_4 cassette array within
the variable region. This novel genetic structure (Fig. 2) has,
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FIG. 1. (A) Structure of In35 containing the bla x> gene. Orf3::QacEAL is a fusion protein (GenPept AAM03346). (B) Percentages of the
different arrangements of cassettes characterized in the variable regions (solid bars) of the unusual class 1 integrons harboring bla -rx_n.o-

intll  aacA4 blaogxas qacEAl sull orf513 dfrA3b qacEAl sull

A ————>>—> > —>——>—>

5’-conserved cassettes 3’-conserved common region 3’-conserved
segment segment with In6-In7 segment
1300bp 2100bp 940bp

P t—————Pt——————— P ——Pp

B Primers 8-5 1500bp

Primers 6-10 3200bp

Primers 9-7 _ 2000bp

Primers 4-7 | 2400bp

Primers 11-7 3400bp

Primers 14-15  2100bp

Primer14-16 1900pb

C L _____________________________________]

FIG. 2. Characterization of the genetic structure of In38 from an isolate of Citrobacter freundii. (A) Region characterized by PCR mapping.
(B) Lengths of the PCR products obtained with different combinations of primers listed in Table 2. (C) Representation of sequence reported in
this study (GenBank accession number AY162283) relative to structures depicted in panels A and B.
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37°~-CS TTAGATGCACTAAGCACATAATTGCTCACAGCCARACTATCAGGTCAAGT 50
In35 CTTGATATCCGTGCGGTGTATGCCGCAAAGCGACGGGCGGAGAAGAAAAT
In7 TATAGCTTGTCTATTGATAAGTTTGTTAGACCAGCTTCGCTGGTTGGGGT
ING e —————
In38 GCTATGCTAAAGTTCAACCTACAAGAAGGCTTCCCAGCGACCACATGCAA
3°-CS CTGCTTTTATTATTTTTAAGCGTGCATAATAAGCCCTACACARATTGGGA 100
In35 GGGTGCTGATATCAATACGCCGTGCATAATAAGCCCTACACAAATTGGGA
In7 GCCAAATGATATTAATACGTGATTACTAATAAGCCCTACACRAATTGGGA
ING e
In38 AGGTTTAGCTTGGAAAGCTTTTTTATTTGTCCGCCGGGCGCGGATAATGG
3°-C8 GATATATCATGAARAGGCTGGCTTTTTCTTGTTATCGCAATAGTTGGCGAA 150
In35 GATATATCATGARAAGGCTGGCTTTTTCTTGTTATCGCAATAGTTGGCGAA
In7 GATATATCATGAAAGGCTGGCTTTTTCTTGTTATCGCAATAGTTGGCGAA
InG e e
In38 ATCAGATTATGCAGTGTCACAATGGCCTTACCGGGATTGGCGTAAGCGTG
3°-CS GTAATCGCAACATCCGCATTAAAATCTAGCGAGGGCTTTACTAAGCTTGC 200
In35 GTAATCGCAACATCCGCATTAARAATCTAGCGAGGGCTTTACTAAGCTTGC
In7 GTAATCGCAACATCCGCATTAARATCTAGCGAGGGCTTTACTAAGCTTGC
Inb6 ~-~GGATATCCGCATGGAAGCGCAGGATTCCCCGGCAGAAACGGTGTGCCA
In38 CGGGATATCCGCATGGAAGCGCAGGATTCCCCGGCAGAAACGGTGTGCCA
3°-Cs CCCTTCCGCCGTTGTCATAATCGGTTATGGCATCGCATTTTATTTTCTTT 250
In35 CCCTTCCGCCGTTGTCATAATCGGTTATGGCATCGCATTTTATTTTCTTT
In7 CCCTTCCGCCGTTGTCATAATCGGTTATGGCATCGCATTTTATTTTCTTT
In6 CTCATCCCCCAGCCGCAGTTGTAATGCGCCTTCCAGTACAATGACATGTT
In38 CTCATCCCCCAGCCGCAGTTGTAATGCGCCTTCCAGTACAATGACATGTT
3°-Cs CTCTGGTTCTGARATCCATCCCTGTCGGTGTTGCTTATGCAGTCTGGTCG 300
In35 CTCTGGTTCTGAAATCCATCCCTGTCGGTGTTGCTTATGCAGTCTGGTCG
In7 CTCTGGTTCTGARAATCCATCCCTGTCGGTGTTGCTTATGCAGTCTGGTCG
Iné CTCTGGTTCTGAAATCCATCCCTGTCGGTGTTGCTTATGCAGTCTGGTCG
In38 CTCTGGTTCTGAAATCCATCCCTGTCGGTGTTGCTTATGCAGTCTGGTCG

FIG. 3. Deletions at the 5’ ends of the second 3'-CSs in In35 (blacrx.m.), In7 (dfrA10), In6 (catll), and In38 (dfrA3b). Base 1 corresponds to
the first base of a typical 3'-CS. Nucleotides that differ from those in a typical 3’-CS are shown in bold.

like others already described, a common region that includes
orf513. This region starts 24 nt after the sull gene stop codon
in the first 3’-CS and ends with the same segment of 28 nt
described for In6 and In35 (1, 19). The unique region located
between the common region that includes orf513 and the sec-
ond 3'-CS is an open reading frame of 714 nt that starts 123 nt
downstream of the end of the common region and shows no
similarity to any reported sequence. The first 47 amino acids of
the product of this uncharacterized open reading frame have
96% identity with the N-terminal protein sequence of dihydro-
folate reductase type IIIb from an isolate of Shigella sonnei
(PIR accession number A37174) (18), and the corresponding
gene has been named the dfr43b gene. The last 96 nt of the
unique region and the following partial second 3'-CS of this
orfS13-bearing class 1 integron have 100% identity with the
sequence of In6 reported by Valentine et al. (GenBank acces-
sion number U04278) (19). No duplications of the common
region were observed at the beginning of the unique region, as
described for In6. Deletions in the second 3'-CSs have been
described to be different in length, but in the case of this new
structure the second 3’-CS starts at the same point as that
described for In6 (Fig. 3) (19).

The entire gene of orf513 was detected in one Enterococcus
faecium isolate and in one group G Streptococcus isolate. The
analysis of the sequence revealed that it was identical to that of
the orf513 gene described in pDGO100 (GenBank accession
number L06418). These isolates did not harbor either int! or
the sull gene, and the putative association of orf513 with re-
sistance genes was not determined. This finding indicates the
widespread occurrence of this putative site-specific recombi-
nase in the bacterial population and demonstrates that it is not
associated solely with class 1 integrons. Further analysis to
determine the environment of orf513 in these gram-positive
isolates is in progress in our laboratory.

It is noteworthy that only 5 of 39 multiresistant nonferment-
ing isolates, one Acinetobacter and four Pseudomonas aerugi-
nosa isolates, harbored orf513-bearing class 1 integrons. In this
regard, one possible explanation is that chromosomal resis-
tance mechanisms such as efflux pumps are more common than
plasmid-mediated resistance factors in these genera in this
bacterial population.

In conclusion, almost all orf513-bearing class 1 integrons are
associated with bla 1 ., in the gram-negative bacterial pop-
ulation under study and the sequences adjacent to the
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blacrx.nm.» gene are conserved in all the studied isolates. As
has been described for class 1 integrons (9), it seems that once
located in these orf513-bearing class 1 integrons, the whole
genetic structures are transferred among different plasmids,
thus enabling them to be disseminated. Therefore, the capture
of the blay, 4., gene from the chromosome of Kluyvera ascor-
bata by an as yet unknown mechanism that possibly involves
orf513 has taken place once, and since that event, the gene has
spread through different plasmids under selection due to an-
timicrobial pressure. These findings may explain the unusual
distribution of B-lactamases among the bacterial population in
Argentina.

Nucleotide sequence accession number. The sequence of
In38 has been submitted to GenBank under accession number
AY162283.
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