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Abstract

We constructed a family of conditionally replicating plasmids, the pTX1 family, which are based on thedridPorigin of replication
that is dependent on theA-encoded protein. We constructed seve&saherichia coli derivatives expressirtgfA from different chromosomal
loci, which can be transduced by phage P1 to Bngoli strain. The pTX1 plasmids also carry theTrp4 origin of transfer, and can be
conjugated tde. coli, Vibrio cholerae and likely to a broad range of bacteria from the commonly used donor strains SM10 and S17-1, which
sustain replication of the plasmids through thi& gene carried by their integrated RP4. If TrfA is not provided in trans, these plasmids
behave as suicide vectors. As such they can be used as a platform for a variety of applications such as those developed on the populz
conditionally replicating plasmids carrying toeiVgek,, origin of replication that is controlled by thig protein. Their ability to be used as
efficient suicide vectors for gene disruptionMncholerae has been demonstrated.
0 2004 Elsevier SAS. All rights reserved.
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1. Introduction The R6K plasmid is a member of a large group of replicons
(IncX) whose replication depends on the binding of an ini-

Allelic replacement and transposon mutagenesis are pow-tiator protein to specific nucleotide sequence repeats called
erful techniques that form the basis of many physiological iterons [8,11,12]. R6K replication is dependent on the bind-
and genetic studies of bacteria. However, these approacheng of thepir encodedT protein, and trans-complementation
are still difficult to achieve in numerous species. Indeed, of a pir-dependent plasmid derivative byTa protein ex-
only a few bacterial species are naturally competent for DNA pressed from another replicon can be performed [13]. From
transformation, while artificial transformation is inoperative, this seminal observation several plasmids carrying thexR6K
or inefficient, for many other species. In numerous cases origin of replication that can only be replicated in strains
the limitations for exogenous DNA delivery have been over- expressingir have been constructed. When these plasmids
come by using, as a first step, conjugation with broad host also carry a RP4 (or RK2) transfer origin, they can be trans-
range plasmids, and several systems have been describeterred to various bacterial cells through the broad-host range
based upon the InePplasmid RP4 (RK2) transfer func-  conjugation system of RP4. As these plasmids behave as sui-
tions (see for example [22]). The second step, replacementcide vectors impir~ recipients, they have been successfully
or integration, is in most cases achieved through the useused to create mutants through gene disruption by insertion
of a non-replicative DNA molecule; the most popular sys- [18] or transposon mutagenesis [9]. A wide range of Gram-
tem for Gram-negative species is the one using conditionally negative bacteria can be engineered with such tools and most
replicative R6K plasmid derivatives, such as pGP704 [18]. of the proteobacteria can be used as recipients for conjuga-
tion (see for example [6,7,9,16-18,23]). Several counterse-
lectable markers have been described [19] and some of them

E-mail addresses. mashimo@cc. osaka-dent.ac.jp have been successfully used in R@KH rp4 derivatives for
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of identity totalling at least 400 bp: a R6Korigin of
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perform allelic exchange experiments. Antibiotics were used

replication and an RP4 oriT. These regions of identity can at the following concentrations: ampicillin (Ap), 100 jrgl,

be the source of recurrent problems when further insertionschloramphenicol (Cm), 25 yenl, gentamicin (Gm), 10
using the same technique are attempted in strains thatug/ml, kanamycin (Km), 25 pygml, streptomycin (Sm)
already carry such a derivative integrated into their genome, 50 pg/ml, spectinomycin (Sp) 50 panl, and thymidine (dT)

as mis-integrations of the next suicide vector could occur was supplemented when necessary to a final concentration
through homologous recombination between the identical of 0.3 mM. Methionine (Met) was added at 0.01% final

oriVReky Of OriTrp4 regions they share instead of between
the vector and the targeted chromosomal loci.

In order to circumvent these problems we have devel-

oped a broad host range conjugative platform differing from
the IncP RP4 family (G. Demarre and D. Mazel, in prepa-
ration) and a family of conditional replicating plasmids,
the pTX family, which do not rely on R6K These plas-
mids are based on the IngPRoriV origin of replication for
which replication is dependent on thdA encoded protein
[3,14]. Four different derivatives expressing different antibi-
otic resistance markers and carrying the RFAZ have been
built. We constructed thre. coli derivatives harboring the

concentration. Primers weabtained from Proligo (France).
2.2. Polymerase chain reaction (PCR) procedures

PCR performed for plasmid assembly was done in 50 pl
volumes using th&fu DNA polymerase (Promega) follow-
ing the manufacturer’s instructions. Other PCR reactions
were performed in 50 pl volumes using PCR Reddy Mix
(Abgene, UK) according to the manufacturer’s instructions.
The primers for PCR are listed in Table 3. Conditions for
amplification were as follows: 94C for 5 min, followed by
30 cycles of 94C for 30 s, 60°C for 30 s, and 72C for

trfA gene integrated in their chromosome, which support the 60—-360 s (as a function of the expected product size from 1

replication of these plasmids and allow their production. We

also demonstrated that the pTX1 derivatives can be repli-

to 6 kb).

cated and transferred by conjugation from the commonly 2.3. Construction of the thyAA::aac3.IV-trfA E. coli

used S17-1 and SMI® coli strains, which carry a RP4 im-
mobilized in their chromosomé&y different types of bacter-
ial species.

2. Materialsand methods

2.1. Bacterial strains, plasmids and media

strain w135

The E. coli thyA locus and its neighborhood were am-
plified from the E. coli MG1655 genome using primers
Thyl4 Thy2 (Table 3). AftelEcoRI digestion, the generated
1628-bp PCR fragment, encompassthgA, the upstream
503 bp and the downstream 351 bp, was cloned aEthR|
site of pNot218, generating plasmid p1003 (Table 2). Plas-
mid p1539, a p1003 derivative in which thigyA gene was

The bacterial strains and plasmids used in this study aredeleted from the ATG to the stop codon and substituted by

described in Tables 1 and 2, respectivElycoli strains were
grown in Luria—Bertani (LB) or, when specified, Mueller—
Hinton (MH) broth at 37C, or 30°C when grown to

anMfel site (thyAA), was constructed by inverse PCR from
p1003 using primers Thy3 and Thy5, followed by digestion
with Mfel and self ligation.

Table 1

Bacterial strains used in this study

E. coli strains Description/relevant characteristics Reference

MG 1655 E. coli K12 wild type Laboratory collection

DH5a SUpE44 AlacU169 ($80lacZ AM15) AargF hsdR17 Laboratory collection
recAl endAl gyrA96 thi-1 relAl

TG1 SUpE hsdA5 thi A(lac-proAB) Laboratory collection
(F' laczAM15 lacl9 traD36 proA™, proBT)

BW19610 (acJZzYA)(lac)X74 AuidA::pir-116 recAl AphoA532 [17]
A(phnc?DEFGHIJKLMNOIP)33-30

SM10 RP4-2-Tc:MurecA [KmR] [22]

S17-1 RP4-2-Tc::Maph::Tn7 recA [SmR] [22]

2163 MG1655dapAA::erm RP4-2-Tc::Mu [Krﬁ?] D. Mazel, unpublished

DH5x(p1437) DH5x (pSU38::trfA) This work

DH5x(pKOBEG) DH5x (pSC1015::Pyaq redyp o) [4]

TG1(pKOBEG) TG1 (pSC10%:Pyaqredyp o) [4]

w135 DH5x thyAA ::aac3’ . IV-trfA [GmR] This work

w170 DH5x metAA ::aac3’.IV-trfA [GmR] This work

w182 TG1metAA:cat-trfA [CmR] This work

a Abbreviations used for antibiotic resistanc®):( Ap, ampicillin; Cm, chloramphenicol; Gm, gemticin; Sm, streptomycin, Sp, spectinomycin.

Concentrations used to select for afgilz resistance are given in the text.



C. Matsumoto-Mashimo et al. / Research in Microbiology 155 (2004) 455-461 457

Table 2

Plasmids used in this study

Plasmid Descriptich Reference

pJB7 Derivative of pFF1 (RK2 minimal replicon), Rp [2]

pJB3 Derivative of pJB7 carryingla, ApR [2]

pJB3A Self ligation of the larges®Pwull fragment of pJB3, Af This study

p1509 Pwull-Pwull MCS polylinker andlacZ« fragment from pUC18 cloned into pJB3 This study
(Pwull), ApR

pTXla p1509 deleted of the duplicated 89 bp This study

pTX1k Identical to pTX1a exceftla was replaced bgph, KmR This study

pTXlc Identical to pTX1a excefifa was replaced byat, cmR This study

pTX1lg Identical to pTX1a exceyiia was replaced bgac3' -1V, GnR This study

pSuU3s oriVpsa, KmR [1

pl437 pSU38trfA; pJB7Pstl-Pwull fragment containing th&fA gene cloned in pSU38 This study
(Pstl-Smal), KmR

pSB118 pUC18 with a secordcZ« in-frameEcoRI site 3 nt downstream of the uniqtndlll, J. Bouvier and P. Stragier,
ApR unpublished

p1512 pSB118trfA; Kpnl—Pstl fragment from p1437 cloned in pSB11&gni—Pstl), ApR This study

pl521 pSB118aac3 .IV-trfA; aac3'.IV Kpnl-Kpnl PCR fragment (Aprkpl, AprKp2) of This study
cartridge in p1512Kpnl—Kpnl), KmR GmR

pNot218 pTZ18R containing twi@cZ o in-frameNotl sites (AF480833), AB [20]

p1003 pNot218thyA; EcoRI-EcoRI PCR product (Thy1, Thy2) ofhyA gene into pNot218 This study
(EcoRl), ApR

p1539 pNot218thyAA; (Thy3+ Thy5) inverse PCR on p1003, digested at the addéd sites This study
and self-ligated, AB

pl541 pNot218thyAA::(aac3’ .IV-trfA); EcoRI-EcoRI aac3'.IV-trfA fragment from p1521 This study
cloned inMfel digested p1539, Ap GmR

pSW25 oriVrek, S SN D. Mazel, unpublished

p1559 pSW25thyAA::(aac3 .IV-trfA); EcoRI-EcoRI thyAA::(aac3'.IV-trfA) fragment from This study
p1541 in pSW25EcoRI), GmR SgR SR

p2254 pSB118cat-trfA; Kpnl—Kpnl cat gene PCR fragment (CatKpf CatKp2) in
p1512Kpnl), ApR CmR

p2279 pNot218AthyA::(cat-trfA); EcoRI-EcoRI cat-trfA fragment from p2254 in p1539 This study
(Mfel), ApR CmR

p2286 pPSW25AthyA::(cat-trfA); EcoRI-EcoRI AthyA::(cat-trfA) fragment from p2279 into This study

pSW25 EcoRl), ApR CmR

@ Abbreviation used for antibiotic resistanc%};( Ap, ampicillin; Cm, chloramphenicol; Gm, gemticin; Sm, streptomycin, Sp, spectinomycin.
Concentrations used to select for afdtir resistances are given in the text.

Two differentthyAA alleles harboringrfA and an an-

as thyAA::aac3.IV-trfA and thyAA::cat-trfA, respectively.

tibiotic resistance marker were constructed as follows. We Both p1541 and p2278yAA alleles were then transferred

first constructed a plasmid expressitrfA by subcloning
the Pstl-Pwull fragment carryingtrfA from pJB7 [2], in
the p15A derivative pSU38 [1] that was digested Rgl—
Smal, creating plasmid p1437. The p14&pnl/Pstl frag-
ment containing thérfA gene was then cloned in pSB118,
leading to p1512. Theac3'.IV-trfA andcat-trfA were built
by cloning, at the uniqu&pnl site of p1512, upstream of
the trfA gene, theaac3'.1V or cat genes after amplification
with primers (AprKpl+ AprKp2) or (Catkpl+ CatKp2),
respectively, and digestion witlpnl. One plasmid of each

cloning, p1521 and p2254, respectively (Table 2), carrying

the resistance marker in the same orientationrfs was
further used.

to pSW25, a conditional replicating R6K derivative, leading
to p1559 and p2286, respectively.

Construction of theE. coli w135, athyAA::aac3.IV-
trfA derivative of DH%, was performed following the
allele replacement procedure described by Chaveroche and
collaborators [4]. Briefly, oncerppared, electrocompetent
DH5x (pKOBEG) cells expressing the red genes were
transformed with 1 pg of the PCR product obtained using
primers Thyl+ Thy2 on p1559 as template, and plated on
the appropriate selective plates, MH dT Gm.

2.4. Construction of the metAA::aac3.IV-trfA and

metAA::cat-trfA E. colistrains w170 and w182

Plasmid p1541 was assembled by ligation ofahe3'.I V-

trfA EcoRI fragment from p1521 at thiglfel site introduced
between thehyA 5 andthyA 3' segments of p1539. Plas-
mid p2279 was assembled by ligation of ta-trfA EcoRl
fragment from p2254, at thielfel of p1539. ThethyAA al-

The metAA alleles were assembled in vitro through a
two-step PCR construction method. We independently am-
plified fromE. coli MG1655 genomic DNA the region start-
ing 103 bp upstream ahetA and ending at codon 109 us-

leles carried by p1541 and p2279 are hereafter referred toing primers MetAl and MetA2 and the region starting at
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Table 3

Oligonucleotides used in this study

Oligonucleotide Sequence Restriction sité
atrcAl CAATAATATTGAAAAAGGAAGAGTATGCAATACGAATGGCGAAAAGCCGAGC

atrcA1C GCTCGGCTTTTCGCCATTCGTATTGCATACTCTTCCTTTTTCAATATTATTG

atrcA2 GCTAGACAATTGCTGTCAGACCAAGTTTACTCATAT Mfel
atrcA3 ACGGTACAATTGTCAGCCAATCGACTGGCGAGCG Mfel
ktrcAl CAATAATATTGAAAAAGGAAGAGTATGATTGAACAAGATGGATTGCAC

ktrcA1C GTGCAATCCATCTTGTTCAATCATACTCTTCCTTTTTCAATATTATTG

ktrcA2 GCTAGACTCGAGCTGTCAGACCAAGTTTACTCATAT Xhol
ktrcA3 ACGGTACTCGAGTCAGAAGAACTCGTCAAGAAGG Xhol
pTXC.1 CAATAATATTGAAAAAGGAAGAGTATGGAGAAAAAAATCACTGGATATACCAC

pTXC1l.1C GTGGTATATCCAGTGATTTTTTTCTCCATACTCTTCCTTTTTCAATATTATTG

pTXC.3 ACGGTACTCGAGTTACGCCCCGCCCTGCCACTCAT Xhol
DelDu.1 GATATCGAGATCTGAATTAATTCTTGAAGACGAAAGGG Bglll
DelDu.2 CGCCAGCAGATCTGCATGTTCTTT Balll
AprKpl GGGGTACCTTCATGTGCAGCTCCATCAG Kpnl
Aprkp2 CCGGTACCGGGCATTGAGCGTCAGCA Kpnl
Thyl TAAGAATTCCGTTTGGTCTTGGTGCCG

Thy2 CGGGAATTCACGTAAATAGAGCAAATAGTCC

Thy3 AGATCTCAATTGGCTATCTAATTACGAAACATCC Mfel
Thy5 AATGATCAATTGTCAGGAAACGTGTTGCTGTGGG Mfel
CatKpl TATGGTACCGCGCCGAATAAATACCTGTGA Kpnl
CatKp2 TTCGGTACCGCGCAGACCAAAACGATCTCA Kpnl
MetAl GAATTCTCACCTTCAACATGCAGGCTCG EcoRlI
MetA2" GAAACGTGTTGCTGTGGGCTGCCAATTGGGCGCACCAGTTACAATCAAACCGTC

MetA3" TCTAATTACGAAACATCCTGCCAATTGGGGATGCATATCTGTTTGCCAGTAAAG

MetA4 GAATTCTATTCACCTGCTGAGGTACGTTTCGG EcoRlI
TTAl TGCGCCCAATTGGCAGCCCACAGCAACACGTTCCTGA Mfel
TTA2 ATGCATCCCCAATTGGCAGGATA TTCGTAATTAGATAGC Mfel
M13 reverse AGCGGATAACAATTTCACACAGGA

VCR1 GTCCCTCTTGAGGCGTTGTTA

@ Oligonucleotide restriction endonuclease recognititessused for plasmid construction. See Table 2.

codon 217 ofmetA and ending 98 bp downstream of the 2.5. Conjugations
metA stop codon (310) using primers MetAand MetA4.

We also independently amplified tiaec3".IV-trfA and cat- The different conjugation experiments were done by the
trfA fragment using primers TTA1 and TTA2 from p1559 fjiter mating procedure as described by Timmis and collab-
and p2286. The TTA1 and TTA2 primers were respectively orators [9], with a recipient/donor ratio of 10. The trans-
designed from the sequence just upstream and just down+er of pTX1a was tested from SM10 0135 using a 1 h
stream from theMfel site of thethyAA allele, facing each mating time and transconjugants selected on LB Gm Ap.
other in order to allow the amplification of any sequence Conjugation frequencies were calculated as the number of
cloned at this site. The primers MetA2nd MetA3 also [GmR ApR] colonies compared to the number of donors
included a sequence complementary to the TTA1 and TTA2, ([KmR]). The presence of pTXlain a sample of 6 transcon-
respectively. jugants was verified by plasmid minipreparation. Suicide

After gel purification of all four different PCR prod-  conjugation from SM10 to an Stnderivative of Vibrio
ucts, two independent assemblies were set up by mix-cholerae N16961 was performed in overnight filter mat-
ing together 100 ng of three PCR products: those from ing, using pTXlacatB9, a pTXla derivative carrying the
(MetAl + MetA2"), (MetA3" + MetA4), and the (TTAL- catB9 gene found in theV. cholerae N16961 superinte-
TTA2) product from either p1559 or p2286. The final step gron. pTXla:catB9 was constructed by cloningatB9 from
was carried out by PCR with the most external primers the pBADVChCAT [21] into pTX1a that was digested with
metAl and metA4. The expectatktAA ::aac3’.|V-trfA and EcoRI and Pstl. V. cholerae [ApR Snf] transconjugants
metAA::cat-trfA products were then gel-purified and 1 pg were obtained and the conjugation-recombination frequency
of each was used for the allelic exchange procedure as decalculated as the number of [RBnT] recipients from the
scribed for thev135 construction and selection on HBGm total number of recipient ([SA]). The chromosomal inte-
or LB + Cm. w170, a DH5 metAA::aac3.1V-trfA deriva- gration of pTXZla:icatB9 through homologous recombina-
tive andw182, a TGImetAA::cat-trfA derivative, were fur- tion with the chromosomaiatB9 copy was verified by PCR
ther studied and used (Table 1). analysis using primers M13 reverse and VCR1 [15].
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3. Resultsand discussion
3.1. pTXlaconstruction

Since our objective was to produce plasmids for which
replication was dependent on TrfA provided in trans, we
first constructed a plasmid expressing ttnéA gene by
subcloning thePstl-Pwvull fragment carryingtrfA from
pJB7, in the pl5A derivative pSU38 digested Bgtl—
Smal, leading to plasmid p1437. We then constructed an
oriVrp4 plasmid deleted of thefA gene, pJBA, from the

459

(pTX1k) andcat (pTX1c), Mfel for aac3'-1V (pTX1g). The
different resistance genes were amplified using priner
extended in 5by the 24 nt region covering thela RBS

up to the ATG in pTXla. The'3primers of each alterna-
tive resistance genes were extended in order to introduce
the same unique restriction site as that used to amplify the
pTX1 core (see Fig. 1 and Table 3). pTX1k was finally as-
sembled by mixing 100 ng of the (ktrcA2ktrcA1C) pTX1
core PCR product with 100 ng of the (ktrcAl ktrcA3)

aph PCR product and by performing a PCR amplification
using primers ktrcA2 and ktrcA3. The expected product

plasmid pJB3, an RK2 autoreplicative derivative described was then gel-purified, digested wikhol and self-ligated

by Blatny and collaborators [2]. This was achieved through
digestion of pJB3 withPwull, self-ligation of the 2.6-kb
fragment carryindpla, oriVrk2 andoriT and transformation
of both DH5x and DH5x (pl437) expressindrfA in
trans. As expected, no Apclones were obtained in the
DH5a transformation attempt, while many Bpclones
were obtained in DH& (p1437). Analysis showed that,
in addition to the p1437, these Rpclones carried the
expected 2.6 kb long plasmid pJB3demonstrating that the
replication can be sustained IsfA in trans. Construction
of the conditional replicating plasmid pTX1a was achieved
by ligating thePwvull fragment carrying the multiple cloning
sites and lacz from pNot218 to pJBA digested byPvull,
and transformation of DH® carrying p1437. One plasmid,

to create pTX1k. pTX1k was introduced by heat-shock into
the trfA expressing strainu135 described below. pTX1c
was created by the same strategy using the products from
the (pTXC.1C+ ktrcA2) and (pTXC.3+ pTXC.1) PCRs
and a final assembly using primers pTX1.1 and pTX1.3.
pTX1g was built using the products from the (atrcA3C
atrcA2) and (atrcA3t+ atrcAl) PCRs in a final step of as-
sembly using primers atrcAl and atrcA2 (Fig. 1 and Ta-
ble 3) and transformation of the strainl182 described be-
low.

3.3. Construction of a set of E. coli strains sustaining
pTX1 replication

p1509, showing the expected size and restriction map was We constructed threE. coli derivatives carrying a chro-
chosen for further constructions. We noticed that pJB3 mosomaltrfA gene, in order to facilitate the manipulations

carried an inverted duplication of 89 bp corresponding to
a portion of thelacZx gene, located outside of tHevull
fragment carrying thdacZo and polylinker region. This

of the different pTX1 derivatives. We insert&dA in two
different chromosomal locithyA and metA. thyA encodes
thymidylate synthetase, and in consequehga& mutants re-

inverted duplication was also by essence present in ourquire thymidine to growmmetA codes for the homoserine O-
plasmid p1509 and proved problematic as it impeded the succinyltransferase andetA mutants require methionine to

use of the classical M13 forward primers, which hybridized

grow. We built twothyAA alleles,thyAA::aac3'.IV-trfA and

to the duplicated segment. We then deleted the duplicatedthyAA::cat-trfA, respectively, [Gl] and [CnF], and two

copy located outside of the polylinkBrull fragment using
inverse PCR with primers DelDu.1 and DelDu.2, followed
by digestion withBglll, self ligation and transformation of
strainw135 described below. One plasmid, pTX1a, showing
all expected properties (expedtsize and restriction map),
was chosen for further constructions.

3.2. pTX1k, pTX1c and pTX1g constructions

Three additional pTX1 derivatives: pTX1k [KFh
pTXlc [CnT] and pTX1g [GnY], were constructed using

metAA alleles: metAA::aac3'.IV-trfA and metAA ::cat-trfA,
respectively, [GM] and [CnTY]. The wild-type thyA was
substituted by theéhyAA::aac3'.IV-trfA allele in the chro-
mosome of DH% to provide strainw135. Another DH%
derivative carrying thanetAA::aac3'.IV-trfA allele on the
chromosomew170 was also constructed. Finally 182, a
TG1 derivative carrying a chromosonmatAA ::cat-trfA al-
lele was built (Table 1).
We then tested these three strains and also the commonly

usedE. coli strains SM10 and S17-1, which both carryf&
gene encoded in their chromosomally integrated REKB5,

pTXla as template. These three pTX1 derivatives were as-w170,w182 and SM10 were able to replicate the different
sembled following the principle depicted in Fig. 1 for the pTX1s. Curiously, we found that S17-1 was able to replicate
construction of pTX1k. In each case, we designed primers the pTX1a, pTX1g and pTX1k, but not pTXL1c; the cause of
in order to amplify pTX1a devoid of thela gene from the this last observation is unknown.

ATG to the TAA codons. We designed the primers on the

ATG side in such a way that they carried the sequence of the3.4. Transfer of pTX1afromE. colito E. coli

first 8 codons of the resistance gene chosen to substitute for

bla: aph, cat, oraac3'-1V. The TAAS3 primers were also ex- We tested the ability of the pTX1a to be transferred using
tended in order to introduce a unique restriction site down- its oriTrk2 from SM10 using the RP4 transfer functions
stream of the resistance marker stop coddml for aph encoded by the integrated RP4. Conjugation by the filter
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ktrCA1

pTXia

aph
‘L(trcAZ ktrcA3

Xhol

aXhol

PCR

PCR

Xhol

KtrcA2 i~
i Eg

Xhol

s kircA3
Xhol

Xhol
[ pTX1

Xhol digestion and self-ligation

Fig. 1. Schematic representation of the resistance gene substitution process used in construction of the different pTX1 derivatives. PCRkgtrinverasar
solid black arrows. Relevant restriction sites are also indicated. Resistance gene orientations are indicated by patterned arrows.

mating technique was tested from SM10 &l35 and commonly used pGP704 as delivery vector and SMpD-
transfer of pTXla towl35 was observed to occur at as the donor strain. The presence of the pT>tBtB9 inte-
frequency of about 1 (8 x 10~1 on average). grated at the proper site in the chromosome was verified by
PCR with the appropriate primers (data not shown).
3.5. Transfer of pTXlafromE. colito V. cholerae
3.6. Conclusions
We also tested the ability of the pTXla to be trans-
ferred from SM10 as suicide vector to perform chromo-  We have developed a family of conditional replicating
somal integration through homologous recombination be- plasmids, the pTX1 family, which do not rely on R§K
tween a pTXla carried insert and the corresponding targetoriV. These plasmids, are based on the ka®iV origin
in the chromosome of a chosen bacteria. We tested this ca-of replication for which replication is dependent on thi
pability for V. cholerae using thecatB9 cassette of strain  encoded protein. We also constructed seviérabli deriva-
N16961 [21] as a target for recombination and integration tives expressintyfA from two chromosomal loci. These al-
in the V. cholerae chromosome 2. Alp transconjugants of  leles can be transduced by P1 to aegA™ strain. A set of
V. cholerae were obtained at a frequency ofsx710~7, on IncPx oriV plasmids for which replication was made con-
the same order as that obtained {1®n average) with the  ditional through control of therfA expression by a regu-



C. Matsumoto-Mashimo et al. / Research in Microbiology 155 (2004) 455-461

461

lated promoter had been previously developed by Valla and [5] K.A. Datsenko, B.L. Wanner, One-step inactivation of chromosomal

collaborators [10]. However, in their publication these au-
thors mentioned that the control was variable withEheoli

host strain and, for example, was inefficient in MC4100. We
chose to develop a system in which TrfA was provided in
trans in order to circumvent such limitation. In mutant con-

genes irEscherichia coli K-12 using PCR products, Proc. Natl. Acad.
Sci. USA 97 (2000) 6640-6645.

[6] C. Dehio, M. Meyer, Maintenance of broad-host-range incompatibility
group P and group Q plasmids and transposition & ifirBartonella
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