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The nucleotide sequence of pKP1433 (55,417 bp), a blaKPC-2-carrying plasmid from Klebsiella pneumoniae sequence type 340,
was determined. pKP1433 displayed extensive sequence and structural similarities with the IncN plasmids possessing the KPC-
2-encoding Tn4401b isoform. However, the replication, partitioning, and stability of pKP1433 were determined by sequences
related to diverse non-IncN plasmids.

Most of the KPC-producing Klebsiella pneumoniae strains be-
long to sequence type 258 (ST258) or other STs of clonal

complex 292 (1, 2). blaKPC commonly occurs as part of the
Tn4401a isoform carried by similar IncFIIK plasmids (3, 4). How-
ever, an increasing diversity of clonal lineages and plasmids is
being observed among KPC producers (5). We have previously
reported on the sporadic occurrence in Greek hospitals of K. pneu-
moniae ST340 isolates containing a plasmid-borne blaKPC-2 gene
associated with the Tn4401b isoform (5). We describe here the
sequence of pKP1433, representing the KPC-2-encoding plasmids
harbored by this distinct group of K. pneumoniae strains.

Plasmid pKP1433 could not be transferred by conjugation to
Escherichia coli hosts (5) and was nontypeable by the PCR-based
replicon typing (PBRT) method (6). Plasmid DNA was extracted
from an E. coli DH5� transformant using the Qiagen large-con-
struct kit (Qiagen, Hilden, Germany). Sequence analysis was per-
formed by using the 454 genome sequencer FLX system on a stan-
dard DNA fragment library (Sistemas Genomicos, S.L., Valencia,
Spain). The results were assembled into four contigs using 454 New-
bler Assembler software (7). Gaps were filled by sequencing of PCR-
produced fragments. The final contig assembly was carried out using
Laser Gene software (DNAStar, Madison, WI). For sequence analysis
and annotation, the BLAST algorithm (www.ncbi.nlm.nih.gov
/BLAST), insertion sequence (IS) finder (www-is.biotoul.fr/), and
open reading frame (ORF) finder (www.bioinformatics.org/sms/)
were utilized.

pKP1433 was 55,417 bp in size and included 59 coding se-
quences (48 complete and 11 truncated). The plasmid showed a
complex structure, being mainly composed of an IncN-derived
segment, as well as sequences of diverse origin, and was punctu-
ated by mobile elements. A linear map of pKP1433 is shown in
Figure 1.

A sequence of 13,836 bp (nucleotides [nt] 1 to 13836) shared
common features with the backbone of the IncN prototype plas-
mids R46 (GenBank accession no. AY046276) and pKM101 (8),
including kikA, korB, and two tra arrays (TRAI and TRAII; 10.1
kb). Genes comprising TRAIII were not found, explaining the
inability of pKP1433 to transfer via conjugation. Also, pKP1433
carried sequences (nt 13837 to 26798 and 51415 to 55417) that
have been found in the KPC-encoding IncN plasmids 9, 12, and
pBK31551 from K. pneumoniae strains isolated in the United
States (9, 10). Adjacent to TRAII and within the coding sequence
of the nuc gene, there was a truncated form of the KPC-2-encod-

ing transposon Tn4401b (�Tn4401b; 9,395 bp) that was 100%
identical to that carried by plasmid 9 (9). �Tn4401b consisted of
ISKpn6, blaKPC-2, ISKpn7, tnpA, and part of tnpR (�tnpR). The
latter gene had been truncated by the insertion of a Tn1000/Tn2*
hybrid transposon comprising a Tn1000-like tnpA and part of
Tn2* tnpR. This segment was 97% identical to that found in plas-
mid 12, although the associated ars operon was not present in
pKP1433. Genes encoding a restriction endonuclease, an EcoRII
methylase, and an EcoRII endonuclease were located down-
stream from kikA, as in the aforementioned KPC-encoding
plasmids and other multiresistant IncN plasmids, such as
pNL194 (11), pKOX105 (12), and pKP96 (13). An intact group
II intron (2,270 bp; nt 45033 to 47302) was identified upstream
from the EcoRII endonuclease. It included an intron RNA that
may promote self-splicing and intron mobility, as well as an
ORF encoding a multifunctional protein with reverse trans-
criptase and RNA maturase activities required for site-specific
DNA insertion (14–16). A similar region (90% identity) has
also been described in plasmid 9, although it is disrupted by the
insertion of a copy of Tn4401b (9).

pKP1433 lacked the replication region and stability operon
that are characteristic of the IncN plasmids. However, in the
24,616-bp segment adjoining the boundaries of the presumably
IncN-derived part (nt 26799 to 51414), sequences most probably
implicated in essential plasmid functions were identified. A repB-
like sequence of 693 bp exhibiting 79, 73, and 71% identity with
the repB genes of pCTU3 from Cronobacter turicensis strain z3032
(GenBank accession no. FN543096) (17), p14-120 from Salmo-
nella sp. strain 14 (GenBank accession no. JQ418538), and
pPAT9B05 from Pantoea sp. strain At-9b (GenBank accession no.
CP002438), respectively, was located at positions 39393 to 40085.
None of the latter plasmids could be assigned to any of the known
incompatibility groups, thus explaining the failure of the PBRT
method to classify pKP1433. The putative repB product of
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pKP1433 showed high amino acid sequence similarity (from 91 to
96%) with the replication initiation proteins of the aforemen-
tioned plasmids. The similarities with other replicases were signif-
icantly lower, the higher scores being observed with RepHI1A
(77%) (18) and RepFIB (65%) (19). Upstream from repB, a single-
strand initiation sequence motif (ssiF) was present (nt 40421 to
40476). A resD-like gene, belonging to the family of the xerCD
site-specific recombinases, was located at positions 37992 to
38768. Its putative product (resolvase) is probably involved in the
multimer resolution of pKP1433, thus contributing to plasmid
maintenance (20). Of note, similar resD-like genes have also been
found downstream from the repB genes of pCTU3 and p14-120.

A sequence resembling the parFG operon of plasmid pMET1
from K. pneumoniae FC1 (77% identity) (21) was carried by
pKP1433 (nt 40619 to 41525), as well as pCTU3, at a similar po-
sition (i.e., upstream from repB). The ParF and ParG proteins are
involved in the partitioning of plasmid replicates (22). Upstream
from the parFG operon, a putative operator and a centromere-like
site (parH) comprising five and eight degenerated 5=-ACTC-3=
tetramer motifs, respectively (arranged either in direct [n � 8] or
inverted [n � 5] orientation), were identified between nt 41526
and nt 41756. Thus, parFG may be functional, contributing to
pKP1433 maintenance.

The non-IncN-derived segment of pKP1433 also included a
6,715-bp sequence (nt 29676 to 36390) exhibiting 97% identity
with a contiguous region described in pKP187 from K. pneu-
moniae strain 342 (23) that is related to the virulence plasmid
pLVPK of this species (24). This sequence (not found in the plas-
mids sharing common replication and partition regions with
pKP1433) contained nine ORFs (�orf3, orf4, mceG, mceH, orf5,
orf6, orf7, vagC, and vagD). The products of mceG and mceH may
form a type I secretion system (25). The VagC and VagD proteins
encoded by the vagCD operon (nt 35636 to 36279) are believed to

be involved in the coordination of plasmid replication with cell
division (26).

pKP1433 was punctuated by a variety of mobile elements (n �
8) (Fig. 1). Two of them, an IS903.B-like element (IS903.B-1) and
a novel insertion sequence of the IS3 family (designated ISKpn20),
were inserted in the restriction endonuclease and the EcoRII en-
donuclease of the IncN backbone. Target site duplications of 9 bp
(GCCATGCGC; direct repeat 2 [DR2]) and 4 bp (GAGG; DR1) at
the boundaries of the latter ISs indicated insertions by transposi-
tion. The non-IncN region included three copies of IS26, a second
copy of IS903.B (IS903.B-2), an ISSen4, and an ISEhe3 disrupted
by intron II. Transposition of IS903.B-2 and ISSen4 within
pKP1433 was indicated by the presence of target site duplications
of 9 bp (GTTCTCCGG; DR4) and of 3 bp (AAG; DR3). Of note,
the non-IncN region was bracketed by two IS26 copies in reverse
orientation (Fig. 1).

The sequencing data may indicate that the progenitor of
pKP1433 was an IncN plasmid carrying the KPC-encoding
Tn4401b. A plausible hypothesis is that, at a certain step of the
evolution of pKP1433, the IncN formed with another plasmid a
fusion multireplicon structure that, after resolution, evolved fur-
ther through rearrangements facilitated by insertion sequences.
Nevertheless, en block acquisition of an IncN-derived large seg-
ment containing Tn4401b by a plasmid carrying the repB gene
cannot be excluded. Whichever is the case, the IS26 elements bor-
dering the two distinct segments constituting pKP1433 most
probably played an important role in shaping this novel plasmid.
The findings of this study underscore the diversification potential
of plasmids carrying important resistance determinants such as
blaKPC-2.

Nucleotide sequence accession number. The complete nucle-
otide sequence of plasmid pKP1433 has been assigned GenBank
accession no. JX397875.

FIG 1 Linear depiction of pKP1433 (GenBank accession no. JX397875). ORFs are shown as rectangles containing arrowheads indicating direction of transcrip-
tion. Intact insertion sequences (ISs) are represented by arrows, while truncated ISs appear as rectangles. The IncN-related sequences are shaded gray, and the
non-IncN sequences are indicated as white rectangles. �Tn4401b and repB are shown in blue and green, respectively. Red arrows indicate IS26 elements; the other
ISs are shown in black. The lines below the map correspond to highly similar sequences from other plasmids. Target site duplications (TSDs) generated by
transposition are marked as DR1, DR2, DR3, and DR4.
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