








encoding a conjugation apparatus, and also taxA, taxB, and taxC
genes, implicated in plasmid transfer. The taxC gene sequence was
compared to IncX plasmids recently reviewed (46), and the high-
est similarity was observed with IncX3 plasmids pEC14_35 (Gen-

Bank accession no. JN935899) (95.4%) (47) and pIncX-SHV
(GenBank accession no. JN247852) (95.3%) (48).

Plasmid pEc2A has a single copy of the blaNDM-1 gene flanked
upstream by a truncated ISAba125 and downstream by the bleMBL

FIG 2 Comparison of Tn3000 transposons of plasmids detected in different continents. *, a single-base-pair deletion in the blaNDM-1 gene at position 25509
created a stop codon at positions 25532 to 25534. #, a single-base-pair deletion in the orf2 gene from ISKpn19 at position 32162 altered the reading frame originally
described. Gene names in bold indicate revision of the original annotation.
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gene. As observed for the IncF plasmid pEh1A, the blaNDM-1 gene
occurred within Tn3000.

Plasmid pEc2A has a class 1 integron that is 99% similar to In37
(GenBank accession no. AY259086) (49). It possesses a variable
region encompassing four gene cassettes, namely, aac(6=)-lb-cr,
blaOXA-30, catB3, and arr3. MICs of tobramycin, amikacin, kana-
mycin, ciprofloxacin, and rifampin in the transformants harbor-
ing plasmid pEc2A were 2- to 64-fold increased compared to those
for E. coli TOP10, while no elevation in chloramphenicol and gen-
tamicin MICs was observed (Table 1).

DISCUSSION

The present study describes a new genetic element harboring
blaNDM-1, Tn3000, which was found on plasmids of distinct in-
compatibility groups detected in different continents. Upon iso-
lation of NDM-1-producing E. coli and E. hormaechei from a sin-
gle rectal swab, our first hypothesis was that plasmid transfer
occurred between these enterobacterial species, but plasmid anal-
ysis showed sizes that were significantly different. We subsequently
introduced both plasmids into a single E. coli TOP10 strain and
observed that they replicated and coexisted stably, which sug-
gested different incompatibility groups. DNA sequence analysis
confirmed that they belonged to different incompatibility groups:
IncFIIK and IncX3. These are the first complete sequences of
blaNDM-1-carrying plasmids from Brazil. blaNDM-1 has so far been
found on plasmids of incompatibility groups IncF, IncH, IncL,
IncM, and IncX (7, 50), as well as untypeable ones. Plasmid
pEh1A, belongs to the IncFIIK incompatibility group and was
found from “E. hormaechei subsp. steigerwaltii” in 2013; it is highly
similar to the partial sequence of a plasmid isolated from “E. hor-
maechei subsp. oharae” in 2012 (23) in Porto Alegre, 1,571 km
away from Rio de Janeiro.

The pEh1A IncFIIK plasmid has genes commonly found in
IncF plasmid backbones, such as repA, parA, resD, and ccdAB,
but is unusual in having an arsenic resistance operon (arsR,
arsD, arsA, arsB, and arsC) instead of a mercury resistance
operon (51).

The genetic structure observed in the plasmid extracted from
E. coli (pEc2A) is as described by Norman and colleagues (52):
pir-bis-par-hns-topB-pilX-actX-taxCA. The antimicrobial resis-
tance genetic determinants located on the plasmid were embed-
ded into two distinct genetic structures, namely, In37 and Tn3000.
Concerning the In37 integron, the increased MICs of tobramycin,
amikacin, kanamycin, ciprofloxacin, ampicillin, and rifampin ob-
served for the transformant harboring plasmid pEc2A were con-
sistent with the expression of gene cassettes driven by the Pc pro-
moter. Of note, there was likely a lack of expression of the third
gene cassette in In37 (catB3), as indicated by the low MICs ob-
served for chloramphenicol in both the wild type and the trans-
formant. If we consider that the genes upstream (blaOXA-30) and
downstream (arr3) of the catB3 gene are expressed, the lack of
chloramphenicol MIC elevation is most probably due to a post-
transcriptional attenuation, as previously reported by Stokes and
Hall (53).

The pEc2A plasmid isolated from E. coli belongs to the IncX3
incompatibility group. This suggests considerable potential for
dissemination of blaNDM-1 in Brazil, as recently reported from
China (54) and the United Arab Emirates (55).

We have found that the same genetic structure Tn3000 is pres-
ent in plasmids of different sizes and incompatibility groups de-
tected during the period from 2010 to 2013 in different countries
and continents. IS3000 was originally described by Sabaté et al.
(56). It was found in the In60 integron but oriented in the opposite
direction of gene cassettes. These authors detected the presence of
In60 containing IS3000 in a total of 30 E. coli and Salmonella spe-
cies strains isolated from unrelated sources, but they were not able
to demonstrate the occurrence of transposition events using a
positive-selection vector strategy (57). One possibility to explain
the presence of this element in different plasmids would be ho-
mologous recombination, but in this case the regions flanking
IS3000 would be identical in different plasmids. This is not the
case in the plasmids we have described or cited. If IS3000 and
Tn3000 are not mobile elements, it would be hard to explain how
they could be found flanked by different structures.

FIG 3 Polymorphisms in the Tn3000 transposon in unique plasmids detected in different continents. A dot indicates a nucleotide identical to that from the
Tn3000 of the pEh1A plasmid in a given position. A dash indicates the absence of a nucleotide in a given position compared to Tn3000 of the pEh1A plasmid in
a given position. Nucleotide numbering refers to the Tn3000 sequence. *, original IS3000 GenBank deposit; **, original ISAba125 GenBank deposit; ***, original
blaNDM-1 gene GenBank deposit.
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The presence of a truncated IS3000 in the 3= portion of Tn3000
in plasmid pKPX-1 from India indicates that Tn3000 is the ances-
tral structure. Its insertion into this plasmid preceded a second
transposition event that resulted in truncation of the IS3000. The
full Tn3000 transposon sequence was found in two others plas-
mids, pPMK1-NDM (GenBank accession no. CP008933.1) (45)
and pNDM-MAR (GenBank accession no. JN420336.1) (13),
from Nepal and Morocco, respectively. If we consider that the
Tn3000 sequence from the plasmids we described in this work,
which were isolated in Rio de Janeiro, Brazil, in August 2013, is
identical to that from the plasmid isolated in Porto Alegre, Brazil,
in September 2012, the frequency of mutations in Tn3000 is less
than one per 11 months. Zhao et al. (44) analyzed 110 strains
harboring three plasmids with lengths of 70,057 to 147,416 bp by
Illumina sequence analysis. When they compared the full plasmid
sequences obtained in different years from different strains, they
found 331 to 1,256 SNPs, depending on the plasmid studied (44).
If we extrapolate this number to a pair of strains and a 11.8-kb
structure as in the case of Tn3000, this range would be from 1 to

2.8 SNPs in 4 years in a 11.8-kb fragment. Consequently our find-
ing of no SNPs when comparing the DNA sequences from Tn3000
in the plasmids isolated in Brazil 11 months apart is consistent
with the findings of Zhao et al. (44). If we use these mutation
rates to calculate the evolutionary distance in years between
Tn3000 detected in Brazil and those detected in different con-
tinents, the smallest distance would be with the element from
Nepal, with the time required to accumulate the three observed
SNPs being 4.3 to 12 years. The plasmid isolated in Nepal was
detected in August 2011. If we compare the Tn3000 DNA se-
quence from Brazil to that from Morocco, also detected in
2011, there are five SNPs, and their evolutive distance would be
7.1 to 20 years.

Conclusions. In summary, we have described the first two
complete plasmid sequences harboring blaNDM-1 from Brazil and
have described a new transposon, designated Tn3000, which ap-
pears to mediate the transfer of blaNDM-1 among plasmids from
different incompatibility groups in Brazil, Nepal, Morocco, and
India.

FIG 4 Circular map of IncX3 plasmid pEc2A plasmid from E. coli. Genes encoding hypothetical proteins are in green, genes encoding the conjugation apparatus
are in pink, and genes from Tn3000 are in red.
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