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The 64508 bp IncP-1f antibiotic multiresistance
plasmid pB10 isolated from a waste-water
treatment plant provides evidence for
recombination between members of different
branches of the IncP-1f group
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The complete 64 508 bp nucleotide sequence of the IncP-1 antibiotic-resistance plasmid
pB10, which was isolated from a waste-water treatment plant in Germany and mediates resistance
against the antimicrobial agents amoxicillin, streptomycin, sulfonamides and tetracycline and
against mercury ions, was determined and analysed. A typical class 1 integron with completely
conserved 5’ and 3' segments is inserted between the tra and trb regions. The two mobile gene
cassettes of this integron encode a f-lactamase of the oxacillin-hydrolysing type (Oxa-2) and a
gene product of unknown function (OrfE-like), respectively. The pB10-specific gene load present
between the replication module (trfA7) and the origin of vegetative replication (oriV) is composed
of four class Il (Tn3 family) transposable elements: (i) a Tn507-like mercury-resistance (mer)
transposon downstream of the trfA7 gene, (i) a truncated derivative of the widespread
streptomycin-resistance transposon Tn5393c, (jii) the insertion sequence element 1IS7077 and (iv)
a Tn1721-like transposon that contains the tetracycline-resistance genes tetA and tetR. A very
similar Tn507-like mer transposon is present in the same target site of the IncP-1/ degradative
plasmid pJP4 and the IncP-1p resistance plasmid R906, suggesting that pB10, R906 and

pJP4 are derivatives of a common ancestor. Interestingly, large parts of the predicted pB10
restriction map, except for the tetracycline-resistance determinant, are identical to that of R906.
It thus appears that plasmid pB10 acquired as many as five resistance genes via three transposons
and one integron, which it may rapidly spread among bacterial populations given its high
promiscuity. Comparison of the pB10 backbone DNA sequences with those of other sequenced
IncP-1p plasmids reveals a mosaic structure. While the conjugative transfer modules (irb and

tra regions) and the replication module are very closely related to the corresponding segments
of the IncP-1p resistance plasmid R751 and even more similar to the IncP-1§ degradative
plasmids pTSA and pADP-1, the stable inheritance operons kIcAB-korC and kleAEF are most
similar to those of the IncP-1f resistance plasmid pB4, and clearly less similar to the other
IncP-1f plasmids. This suggests that IncP-1p plasmids can undergo recombination in the
environment, which may enhance plasmid diversity and bacterial adaptability.

INTRODUCTION

Mobile genetic elements, especially plasmids, and their
TThese authors contributed equally to this work. horizontal transfer play an important role in the evolution
Abbreviation: IR, inverted repeat. and adaptability of prokaryotes (Davison, 1999). Plasmids
The EMBL accession number for the sequence reported in this article have been studied extensively as vehicles that promote
is AJ564903. the dissemination of antibiotic-resistance determinants
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Fig. 3. Whole plasmid sequence comparison of pB10 with R751, pADP-1 and pB4. The program MUMMER 2.12 (http://
www.tigr.org/software/mummer/) (Delcher et al., 2002) was used to find clusters of matching sequences with 15 bp minimum
length of matches, 800 bp maximal separation between matches in a cluster, and 159% error-rate cut-off in combining

matches to a cluster.

to In2 extends for 101 bp downstream of orf5 but a
characteristic IR sequence motif could not be found at this
end of the integron. The oxa2 cassette encodes a ff-lactamase
of the oxacillin-hydrolysing type, conferring resistance to
amoxicillin, and is identical to both copies of 0xa2 present
in the integron Inl located on the IncN resistance plasmid
R46 (Stokes & Hall, 1992), which contains the gene cassette
arrangement oxaZ—aadAl-oxa2—orfD. The oxa2 cassette
was also found on the resistance plasmid pBP11 from
Salmonella typhimurium (Nicken et al., 1989) and on the
multidrug-resistant conjugative plasmid pBWH301 from
Enterobacter aerogenes and Enterobacter cloacae (Bunny
et al., 1995). The integron of pB10 may have acquired the
oxa2 gene cassette quite recently, since the oxa2 G+C
content of 50 mol% differs considerably from the mean
G+ C content of the whole plasmid (64-2 mol%). The orfE-
like gene cassette downstream of oxa2 on pB10 encodes a
putative protein that is 70 % identical to the orfE gene
product of P. aeruginosa, the function of which is unknown
(GenBank accession no. U12338).

An integron-like element and relics of an integron were
also found in the trb—tra intergenic regions of the IncP-18
plasmids R751 and pB4. The prototype IncP-1f plasmid
R751 harbours an integron termed Tn5090 (Radstrom et al.,
1994) that possesses two tandemly arranged mobile gene
cassettes, not found on pB10. The segment downstream of
the gene cassettes contains the qacE gene but a sull gene is
missing in this Tn5090 element. It thus appears that pB10

is the only IncP-1f plasmid analysed at the sequence level
so far that contains a typical class 1 integron with com-
pletely conserved 5 and 3’ segments. As deduced from
its restriction pattern, R906 most probably carries exactly
the same element (see above). Tn5090 on R751 carries a
complete transposition module composed of the genes
tniA, tniB and tniC downstream of qacE. This module
could not be found in the corresponding region of the
pB10 integron. These observations support the view that
ancestors of plasmids pB10 and R751 acquired their
integron elements by independent events. This assumption
is also supported by the fact that the integrons of pB10
and R751 were inserted in different orientations with
respect to the transcriptional direction of the fraC gene.
In contrast to these two IncP-1f plasmids, plasmid pB4
contains only remnants of an integron structure flanking
the class D oxacillinase gene blayps;, which is located
downstream of the conjugative transfer tra operon (Tauch
et al., 2003). Obviously, pB4 contains neither a functional
integron nor a Tn5090-like element between the tra and trb
regions. The degradative IncP-1f plasmids pTSA (Tralau
et al.,2001) and pADP-1 (Martinez et al., 2001) do not have
any integron structures, but their degradative genes are
integrated in the same region as the class 1 integron in
pB10 and the Tn5090 element in R751, i.e. between the trb
and tra regions.

In summary, pB10 contains a typical and complete class 1
integron with a unique combination of gene cassettes.
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pB10 contains a chimeric mercury-resistance
transposon with the mer genes and the
transposition module derived from different
sources

Plasmid pB10 contains a mercury-resistance (mer) trans-
poson (shown in Figs 4 and 5) that seems to be a chimera,
with the transposition module and the mer genes, respec-
tively, derived from a transposon residing in the genome
of Ralstonia metallidurans and another Tn501-like trans-
poson. The pB10 mer transposon is inserted between oriV
and the replication initiation gene #rfAl. The transposase
gene tnpA,,,, of this transposon is truncated and disrupted
by the insertion of a streptomycin-resistance transposon
(see below). The N- and C-terminal portions of the tnpA,,.,
gene product (88 and 79 aa, respectively) are identical to
the homologous regions of a hypothetical protein (GenBank
accession no. ZP_00023731) encoded in the genome of
the metal-resistant bacterium R. metallidurans. This hypo-
thetical protein on its part is similar to the tnpA gene
product of Tn501 located on plasmid pVS1 of P. aeruginosa
(GenBank accession no. Z00027) and therefore most prob-
ably is also a transposase. The central part of the pB10
tpA .- gene was presumably deleted during transposition
of another transposable element into this gene. Upstream
of the pB10 tnpA,,., gene, a tnpR gene encoding a resol-
vase was found. In summary, the transposition module

thpA,e—tnpR of the pB10 mercury-resistance transposon
shows the highest identity (99-7 % at the DNA sequence
level) to a corresponding module present in the genome of R.
metallidurans (GenBank accession no. NZ_AAAI01000299).
Surprisingly, this R. metallidurans transposition module is
not associated with mercury-resistance (mer) genes. The
stretch of DNA upstream of the pB10 tnpA,,.,—tnpR trans-
position module is nearly identical to the corresponding
region of Tn501 present on the P. aeruginosa plasmid pVS1
(GenBank accession no. Z00027) and on the Shigella flexneri
virulence plasmid pWR501 (Venkatesan et al, 2001) (99:8 %
identity over a sequence length of 4504 bp). This region
contains the mercury-resistance genes merR, merT, merP,
merA, merD, merE and orf-2 which encode a repressor
(MerR), an integral membrane protein for mercuric trans-
port (MerT), a periplasmic mercury ion-binding protein
(MerP), a mercuric reductase (MerA), a co-regulator protein
(MerD) and a protein of unknown function (MerE) (see
Table 2). The deduced orf-2 gene product possesses an EAL
domain (Pfam accession no. PF00563), which was named
after its conserved residues. This domain was found in diverse
bacterial signalling proteins (Galperin et al, 2001) and might
form the active site of a diguanylate phosphodiesterase. It
might be speculated that Orf-2 plays a role in a signalling
cascade to MerR or MerD. In conclusion, the transposition
module and the mer gene region of the pB10 mer transposon
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Fig. 4. Comparison of Tn507-like mercury-resistance (mer) transposon insertions in the IncP-1p resistance plasmid pB10
and the IncP-1f degradative plasmid pJP4. Genes are marked by arrows indicating the direction of transcription. Both
plasmids contain very similar insertions of Tn507-like mer transposons in the same target site. The DNA sequence of the
merR—trfA1 intergenic region containing the IR (IR,,.) sequence and the target site duplication (direct repeat, DR) of the
transposon is identical in both plasmids. The DNA sequence of the pJP4 region containing 'merA-merD-merE-orf2' is also
identical as compared to the corresponding region of pB10. The dashed line in the pJP4 map indicates a region that has not
been sequenced. In pJP4, a copy of the insertion sequence element IS70717 is inserted in orf-2. In pB10, the transposition
module (tnpR-tnpA’) of the mer transposon is located downstream of orf-2. DNA sequence data for pJP4 were taken from the

GenBank database entries PJPTRN501 and AF225973.
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