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ABSTRACT

 In search for the evolutionary origin of the conjugative F-like plasmid pRK100, we determined 
the plasmid’s functional replication region(s) and performed targeted genetic analysis of the plasmid. 
Construction of minireplicons via ligation of Tn1725 with plasmid fragments and targeted cloning 
of putative replication regions, followed by sequence analysis indicated two functional replication 
regions, a plasmid F-like RepFIB and a plasmid R1-like RepFIIA replication region. Partial nucleo-
tide sequencing of regions of the plasmid revealed genes that encode a putative enterochelin iron 
uptake system previously associated with an Escherichia coli pathogenicity island, PAI III536, and the 
pColV-like aerobactin genes. In addition, a homologue of the plasmid R100-like rmoA gene was 
found that exhibits strong similarity to the Hha/YmoA class of modulators of gene expression. PCR 
and hybridisation experiments further demonstrated that pRK100 harbours IS2 and IS3 insertion 
sequences that may have facilitated in the acquisition of elements from other DNA molecules. These 
data together with the previous identification of a F-like tra region and a pColIa-like colicin Ia, indi-
cate that pRK100 has a highly mosaic structure with elements derived from many different known 
large natural plasmids, and also from chromosome.

Key words: replication region, RepFIB, RepFIIA, F-like plasmid, ColV-like plasmid, construction of 
minireplicons, transposable element, iron uptake system 
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1. INTRODUCTION

 Plasmids are self-replicating extrachromosomal DNA elements that may embody 1% to more 
than 10% of the genome of a given bacterial strain. To propagate and maintain themselves, plasmids 
have developed sophisticated replication functions that are encoded by distinct gene replication re-
gions. These regions typically contain the origin of replication (generically termed ori), a gene encod-
ing the protein involved in the initiation of replication, and genes whose products are required for 
the control of replication (18). To further ensure their stability in a bacterial population plasmids also 
encode systems responsible for resolution of plasmid multimers, equipartitioning at cell division, and 
post-segregational killing of plasmid free cells that arise in a population. 
 Conjugative plasmids can transfer themselves to other bacteria via the plasmid-encoded conju-
gation machinery. In addition they can facilitate the transfer of non-mobilisable genetic elements. 
Conjugative plasmids have been demonstrated to be important gene transfer vehicles in the spread 
of resistances to antibiotics and chemicals as well as of metabolic properties and virulence genes. The 
growing evidence from genome sequence analysis that microbial evolution has to an important de-
gree been shaped by horizontal gene transfer has further renewed the interest in plasmid conjugation 
and the properties of large natural conjugative plasmids. 
 Genetic and functional analyses of the various kinds of large natural conjugative plasmids that 
have been isolated suggest that they are generally larger than 40 kb in size and may have evolved from 
the integration into small plasmids of distinct chromosomal or plasmid elements and/or fusion of 
plasmids. Major classes of large natural plasmids are the IncFI and IncFII plasmids. This strict clas-
sification however, may turn out to be rather artificial as members of the plasmid families appear to 
have exchanged genetic information. 
 In order to learn more about the dynamic nature and the evolution of large natural conjugative 
plasmids, we investigated the plasmid pRK100. pRK100 is a 145 kb F-like conjugative plasmid that 
was discovered in a uropathogenic Escherichia coli strain. The plasmid harbours the transposon 
Tn5431 that carries genes that confer resistance to ampicillin and tetracycline, and genes that encode 
the colicins V and Ia and an aerobactin iron uptake system (1), suggesting that it has acquired gene-
tic elements from different origins. In the present study, we further investigated the mosaicism of 
pRK100 by determining the active origin(s) of replication, and targeted hybridisation and sequencing 
based on typical characteristics of other large natural plasmids. 

2. MATERIALS AND METHODS

Bacterial strains, plasmids and growth conditions
 The bacterial strains and plasmids used in this study and their characteristics are listed in Table 1. 
Bacteria were grown in Luria-Bertani (LB) medium with aeration at 37 °C. Ampicillin (Ap, 100 μg/
ml), tetracycline (Tc, 10 μg/ml), kanamycin (Km, 30 μg/ml), chloramphenicol (Cm, 50 μg/ml), and 
nalidixic acid (Nal, 25 μg/ml) were added to the growth media, when appropriate.
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Table 1. Bacterial strains and plasmids

Strain or DNA Relevant features Reference or 
source*

Strains

KS533 Rough:K1:H7 harbouring pRK100 23

HB101 hsdR hsdM recA13 supE44 leuB6 lacZ proA2 D. Ehrlich1

CL225 HB101 harbouring pRK100 D. Žgur-Bertok

DH5α Φ80dlacZΔM15 Δ(lacZYA-argF)U169 endA1 recA1 hsdR17 deoR BRL Life 

thi-1 supE44 gyrA96 relA1 Technologies

RU4404 MM294::Tn1725 Cmr thi endA hsdR 21

RU4405 MM294::Tn1731 Tcr thi endA hsdR 21

PC1994 thyA argA bio pheA endA polA NCCB 

Plasmids

pMW2 plasmid with kanamycin cassette; Apr, Knr M. Wösten2

pBluescript SK− E. coli vector plasmid; Apr Stratagene

pGEM-T Easy T-vector for cloning of PCR products; Apr Promega

pRK100 colV colIa natural plasmid; Apr, Tcr 1

pS2 pBluescript SK- with the 1731 bp SalI fragment of pRK100 This study

pS3 pBluescript SK- with the 2156 bp SalI fragment of pRK100 This study

pS10 pBluescript SK- with the 2062 bp SalI fragment of pRK100 This study

pSA11 pGEM-T Easy with the 1204 bp PCR product of pS3
(Sal11-A/Sal11-B)

This study

pSA14 pGEM-T Easy with the 839 bp PCR product of pS10 
(Sal14-A/Sal14-B)

This study

*1 Laboratoire Genetique Microbienne, INRA, Domain de Vilvert, Jouy en Josas, France
2 Department of Infectious Diseases and Immunology, Utrecht University, The Netherlands

General DNA manipulation techniques
 Plasmid DNA isolation, ligation, transformation and stringent hybridisation experiments were 
performed using standard methods (17). Restriction endonuclease digestions were carried out as 
specified by the manufacturer (Promega, Madison, WI). DNA fragments were isolated from agarose 
gels using the QIAquick Gel Extraction kit (Qiagen, Valencia, CA). DNA sequencing was performed 
using the ABI dye terminator cycle sequencing kit in an ABI PRISMTM 310 Genetic Analyzer auto-
mated sequencer. Sequences were analysed using Lasergene software (DNAstar, Inc.). The primers 
used for sequencing are listed in Table 2.

PCR amplification 
 The polymerase chain reactions (PCR) were performed in a 50 μl PCR reaction mixture with 20 
pmol of forward and reverse primer (Table 2), 5 μl of purified template DNA, 0.2 mM of dNTP mix-
ture (Pharmacia), 0.625 U Taq DNA polymerase (Promega) and 1× PCR buffer (Promega). The PCR 
conditions are given in Table 2. Each PCR started with a prolonged denaturation step (4 min, 94 °C), 
and ended with a prolonged extension step (10 min, 72 °C) after the last cycle. The pGEM-T Easy 
system (Promega) was used for cloning of the PCR products.



48

C        3    P RK100: M

49

P RK100: M   C        3

Table 2. Oligonucleotide primers and PCR conditions

Oligonucleotide primer* Nucleotide sequence PCR conditions

for RepFIIA PCR:
FinO-1
Sal14-B

      Sal11-A
Sal14-B

for RepFIIA sequencing:
Sal11-B
Sal14-A
565-PS3
568-PS10

for RepFIB PCR:
RepA-f1

RepA-r1

RepFIB-5
RepFIB-6

for RepFIIA sequencing:
FIB2-1
FIB2-2
RepFIB-3
RepFIB-4

for RepFIC PCR:
RepC-1
RepC-2

for RepZ PCR:
RepZ-1
RepC-2

for RepFIA PCR:
RepFIA-f2

RepFIA-r2

for aerobactin PCR:
aer1
aer2

for traM and finP PCR:
FinP-1
FinP-2

for traJ PCR:
PtraJ-1
TraYN-2

for traY PCR:
TraY-f1

TraY-r1

for traD PCR:
TraD-f1

TraD-r1

5’-CGGATAAAGGCAGAACTTCAGGC-3’
5’-GAAAGGCGGCACTCTGTTGT-3’

5’-CCGGAAAGTTATATGACAGT-3’
5’-GAAAGGCGGCACTCTGTTGT-3

5’-GCTACGCCACAAAGTAAAGT-3’
5’-CCCTGAAGTGACCTCCTCTG-3’
5’-CTCAATGAGGAAGTCACTGC-3’
5’-AAACCTATTCACTGCCTGTC-3’

5’-GGAATTCTCGCTGCAAACCTTGTCACT-3’
5’-GGAATTCGGAGATCCTGCGTACACTGCCT-3’

5’-GCGGACAATCCAAATGGTGA-3’
5’-ATATGCTGTTCGCCACCCTC-3’

5’-CAATAACAACACCGTACAACC-3’
5’-ACAGTTTATGTTCAGCGGGAT-3’
5’-TATCAGTAACATGCCACAGC-3’
5’-TCCCGTAACCTGATGCTGAG-3’

5’-TTCATCTAGTTTGGCGACGAGG-3’
5’-GCTGTCTTTCGGGCTGATTTCT-3’

5’-CCATATAACGCAGTACACTGGA-3’
5’-GCTGTCTTTCGGGCTGATTTCG-3’

5’-CTCACTGAGGCGGCATATAGTC-3’
5’-ATGGAAGTGATATCGCGGAAGG-3’

5’-TACCGGATTGTCATATGCAGACCGT-3’
5’-AATATCTTCCTCCAGTCCGGAGAAG-3’

5’-TATTGAGAAGCGTCGACAGG-3’
5’-TGACGAACATGAGCAGCATC-3’

5’-CGGGATCC-TCCAAAAAATGATGATGAAT-3’
5’-GCAGAACGTGTACCAAATCTT-3’

5’-GGAATTCAAGATTTGGTACACGTTCTGC-3’
5’-GGAATTCCTTCCTCTTTATCTGCCTCCC-3’

5’-GGAATTCCAGATTGCGTCCATGCGTATCC-3’
5’-GGAATTCATCACCACACATATCACCGCGC-3’

(94 °C-1:00, 58 °C-0:30, 
72 °C-4:00) 30×

(94 °C-1:00, 55 °C-0:30, 
72 °C-3:00) 35×

(94 °C-0:30, 63 °C-0:30, 
72 °C-1:30) 30×

(94 °C-1:00, 55 °C-0:30, 
72 °C-3:00) 30×

(94 °C-1:00, 63 °C-1:00, 
72 °C-2:00) 30×

(94 °C-1:00, 58 °C-0:30, 
72 °C-1:30) 30×

(94 °C-0:30, 63 °C-0:30, 
72 °C-1:00) 30×

(94 °C-0:30, 62 °C-0:30, 
72 °C-0:50) 30×

(94 °C-1:00, 55 °C-1:00, 
72 °C-1:00) 30×

(94 °C-1:00, 55 °C-0:30, 
72 °C-1:00) 30×

(94 °C-1:00, 63 °C-1:00, 
72 °C-2:00) 30×

(94 °C-1:00, 63 °C-1:00, 
72 °C-1:00) 30×
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Oligonucleotide primer* Nucleotide sequence PCR conditions

for traI PCR:
TraI-1
FinO-4

for finO PCR:
FinO-f1

FinO-r1

for ccdB PCR:
CcdB-1
CcdB-2

for IS2 PCR:
IS2-1

abcIS2-2
for IS3 PCR:
abcIS3-1
abcIS3-2

5’-ACAGCGAATATACGTGACGG-3’
5’-CGTGGTGACATTGATGATGG-3’

5’-GGAATTCGAAGCGACCGGTACTGACACTG-3’
5’-GGAATTCGCCTGAAGTTCTGCCTTTATCCG-3

5’-GAGAGCCGTTATCGTCTGTT-3’
5’-CTGAGATCAGCCACTTCTTC-3’

5’-ACTTAACCCATTACAAGCCCGC-3’
5’-AACCTGCTGTACCGCCATCGAA-3’

5’-AGTTCAGCATCAAAGCAATGTG-3’
5’-GCAGGCATTATCGTAGCAGCAA-3’

(94 °C-0:30, 57 °C-0:30, 
72 °C-3:00) 30×

(94 °C-1:00, 63 °C-1:00, 
72 °C-2:00) 30×

(94 °C-1:00, 55 °C-1:00, 
72 °C-1:00) 30×

(94 °C-0:30, 61 °C-0:30, 
72 °C-1:00) 30×

(94 °C-0:30, 59 °C-0:30, 
72 °C-1:00) 30×

*1 Nucleotide sequence is based on Boyd, et al. (4)
   2 Nucleotide sequence is based on Mulec, et al. (12)

Construction of minireplicons
 To construct minireplicons using transposon Tn1725 (21), pRK100 (Apr, Tcr) was first conjugally 
transferred to strain RU4404 that carries Tn1725 (Cmr) on the chromosome (21). Transconjugants 
were selected on LB plates with Cm, Ap, and Tc and incubated at 30 °C for several days to allow trans-
position of Tn1725 into pRK100. pRK100 plasmids with inserted transposon (pRK100::Tn1725) were 
selected by conjugal transfer to DH5α (Nalr) on LB plates containing Cm, Ap, Tc, and Nal. Several 
pRK100::Tn1725 plasmids from independent experiments were isolated, partially digested with SalI, 
self-ligated with T4-ligase (Gibco), and introduced into DH5α by electrotransformation. Transfor-
mants carrying minireplicons were selected on LB plates containing Cm.
 Construction of minireplicons using PCR products of the putative replication regions was carried 
out by either cloning the PCR product into pGEM-T Easy, or by joining the DNA polymerase I po-
lished PCR product with the SmaI fragment of pMW2 that harbours the kanamycin resistance gene. 
Transformants carrying minireplicons were selected on LB plates containing Km.
 The obtained minireplicons were analysed by restriction enzyme digestion analysis, PCR and 
sequencing, as described above.

3. RESULTS

Identification of a functional RepFIB region
 To determine the functional replication region(s) of pRK100, we initially utilised the randomly 
inserting transposon Tn1725 (Cmr) (21). For this purpose, pRK100 was transferred into the Tn1725 
carrying E. coli strain RU4404. After induction of the transposition event by growth at 30oC, pRK100 
was re-isolated from strain RU4404, and partially digested. Self-ligation of the obtained plasmid frag-
ments and re-introduction of the ligated plasmid fragments into DH5α, yielded several Cm resistant 
transformants. Plasmid analysis indicated that these transformants carried Tn1725 (Cmr) containing 
minireplicons with sizes between 19.3 and 24 kb.
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 Assuming that pRK100 contains a replication region that resembles one of the identified rep 
regions in other large natural plasmids, the pRK100 derived functional replication region of the 
minireplicons was investigated by PCR using RepFIIA, RepFIA, RepFIB, RepFIC, and RepZ specific 
primers (Table  2). Partial nucleotide sequencing of the obtained PCR products indicated that all of the 
minireplicons, which were obtained in independent experiments, harboured a RepFIB-like replication 
region. 

Fig. 1. Map of pRK100 and the constructed minireplicons
e large map depicts the known coding regions of pRK100 and the position of the newly identified replication 
regions. e smaller maps represent the RepFIIA (pRK100-5) and RepFIB (pRK100-1, pRK100-2, pRK100-3, 
pRK100-4) minireplicons. e restriction sites for EcoRI (E), EcoRV (EV), SalI (S), HindIII (H), SmaI (Sm) and 
XhoI (X) are indicated. 
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 Further nucleotide sequencing of the pRK100-1 RepFIB replicon using primer walking showed 
that RepFIB of pRK100 was highly similar (96%) to RepFIB replication regions of the plasmids F, 
pColV-K30, pO157, R124 and other related plasmids (data not shown). Restriction analysis of the 
obtained RepFIB minireplicons located the RepFIB region in proximity of the aerobactin encoding 
region on the pRK100 plasmid map (Fig. 1). 

Identification of a functional RepFIIA region 
 Previous hybridisation experiments suggested that pRK100 may carry a RepFIC replication region 
downstream of the transfer tra region (1). In order to further investigate the nature and functionality 
of this region, which was not obtained as a minireplicon with Tn1725 approach, we PCR amplified 
the region with the primers FinO-1 and Sal14-B that encompass the downstream finO gene of the tra 
operon and the downstream ColIa region of plasmid pRK100, respectively (Fig. 1). This yielded a 4.5 
kb PCR product, which was sequenced using primer walking. Sequence analysis using the BLAST al-
gorithm (www.ncbi.nlm.nih.gov.) revealed that the obtained sequence was 95% similar to the RepFIIA 
replication region of plasmid R1 of Escherichia coli and 94% similar to that of the virulence plasmid 
pWR100 of Shigella flexneri.
 To assess the possible functionality of the newly identified RepFIIA region of the pRK100, we 
amplified the region with the primers Sal11-A and Sal14-B (Table 2) and attempted to clone the am-
plified fragment into pGEM-T Easy. Introduction of these constructs into either a polA+ or polA– 
E. coli background yielded no transformants. As an alternative approach, the RepFIIA PCR product 
was ligated to the kanamycin resistance cassette derived from the plasmid pMW2. Electrotransforma-
tion of these constructs into E. coli DH5α yielded several Km resistant transformants. Restriction 
enzyme digestion analysis, PCR and nucleotide sequencing confirmed the successful construction of 
the RepFIIA minireplicon (Fig. 1). Together, these results strongly suggest that pRK100 has two intact 
replicons, RepFIB and RepFIIA.

Heterogeneous origin of pRK100
 The presence of two intact replication regions, RepFIB and RepFIIA, with high similarity to those 
present on the large natural plasmids F, pColV-K30, pO157 and R124, and pWR100 and R1, respe-
ctively, and the mapping of RepFIB and RepFIIA to different parts of pRK100 (Fig. 1), suggested that 
pRK100 may constitute a plasmid chimera composed of elements from different plasmids. To obtain 
further evidence for the mosaic nature and origin of pRK100, we tested the plasmid for the presence 
of several other large natural plasmid specific regions, and sequenced several thus far unidentified 
DNA regions.
 Since large F-like plasmids frequently harbour multiple insertion sequences that may facilitate in 
the acquisition of elements from other plasmids, PCR reactions with primers specific for either IS2 or 
IS3 were performed. PCR products were obtained in both reactions indicating that at least one copy 
of each insertion sequence is carried by pRK100. PCR amplification and hybridisation experiments 
aimed at the detection of ccdB, which encodes the CcdB protein of the post-segregational CcdAB kill-
ing system in F plasmid (9), yielded no positive results (data not shown), indicating that pRK100 has 
not acquired this killing system. 
 To gain more information about the nature and origin of the region upstream of RepFIB, we 
cloned and partially sequenced a 1731 bp SalI restriction fragment (pS2). Hybridisation experiments 
mapped this fragment to the correct region (data not shown). Sequence analysis indicated that the 
fragment carried two adjacent open reading frames that were 95% and 98% similar at the amino acid 
level to the iroD and iroC genes, respectively, of the uropathogenic E. coli strain 536 pathogenicity 
island PAI III536 (Genbank accession number X16664). The iroD gene encodes a putative ferric ente-
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rochelin esterase, while the iroC gene product is an ABC transport protein. These data suggest that 
this part of pRK100 may be of chromosomal origin. 
 Nucleotide sequence analysis of a 2156 bp SalI restriction fragment (pS3) that mapped by hy-
bridisation to a region downstream of the tra region (Fig. 1) revealed an open reading frame that was 
95% identical to the RmoA protein encoded on plasmid R100. In R100, this protein is a modulator of 
R100 conjugal transfer (15). The protein sequence of R100 RmoA is highly homologous to chromo-
somally encoded protein Hha (14) that downregulates the expression of the virulence factor haemo-
lysin in E. coli (13), and to YmoA that modulates the expression of Yop proteins and the YadA adhesin 
in Yersinia enterocolitica (5). Both Hha and YmoA belong to a protein family that downregulates gene 
expression in enterobacteria (11). 
 Sequence analysis of the PCR product obtained with primers aer1 and aer2 demonstrated the 
presence on pRK100 of genes encoding an aerobactin iron uptake system consistent with earlier 
reported DNA hybridisation data (1). BLAST analysis of the obtained aerobactin showed that the re-
gion was 100% identical to the sequence found on E. coli pColV-K30, and 97% identical to sequences 
found on the Shigella flexneri SHI-2 pathogenicity island and the Shigella boydii 0-1392 aerobactin 
island SHI-3.
 
Mosaic nature of pRK100
 The newly identified traits of pRK100 described above, together with the previous identifica-
tion of a F-like tra region and a pColIa-like colicin Ia (1), indicate that pRK100 has a highly mosaic 
structure with elements derived from the chromosome and other known large natural plasmids. In 
Figure 2, the mosaic nature of pRK100 as well as that of other large natural plasmids is illustrated by 
a systematic comparison of the identified pRK100 elements with sequences present in other large 
natural plasmids. 

Fig. 2. Mosaicism of pRK100 
The obtained pRK100 sequences with the assigned functions were analysed using the BLAST algorithm for their 
similarity with other plasmids. In the Figure, the regions of pRK100 that are present in one or more of the other 
plasmids are marked as boxes (note that the differences in box sizes are only approximate). The shaded parts of 
the boxes are very similar (>95%) to the obtained pRK100 nucleotide sequence. The nonshaded parts represent 
sequences that were not compared due to the fact that the corresponding pRK100 regions were not sequenced. 
The smaller size of distinct boxes in some of the other plasmids denotes that part of the region is missing. 
Only the presence of IS sequences is denoted. Note that only large natural plasmids whose complete nucleotide 
sequences are available in Genbank are represented.
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4. DISCUSSION

 Conjugative plasmids are increasingly recognised as important vehicles of horizontal gene trans-
fer and knowledge of their evolution and mechanism of action is important in understanding the 
spread of traits of medical and ecological significance. The data obtained in the present study indicate 
the large natural conjugative plasmid pRK100 as a plasmid mosaic that is composed of a diverse set 
of plasmid and chromosomal genetic elements. The most prominent evidence of the highly mosaic 
plasmid structure of pRK100 was the demonstration of the presence of two intact replication regions, 
RepFIB and RepFIIA. The RepFIB replication region was found to be most similar (96%) to the Rep-
FIB replication region of plasmid F and other related plasmids. In these plasmids, this region typically 
contains a single initiator gene repA that is flanked by a series of repeat elements. The repA promoter 
is located within the upstream repeat elements and the expression of the gene is autoregulated by the 
binding of RepA to the repeats, which presumably prevents RNA polymerase access to the promoter 
(19). 
 The sequence of the RepFIIA replication region of pRK100 was most similar (95%) to the RepFIIA 
of plasmid R1. IncFII replicons (originally designated RepFIIA) typically consist of repA2 encoding a 
repressor, the copA gene that encodes an antisense RNA molecule, a repA1 gene whose protein initiates 
plasmid replication by binding to the downstream ori, the tapA gene encoding a short leader peptide, 
and a repA4 region. In this system, the RepA2 repressor is assumed to regulate transcription of repA1 
mRNA, while the antisense RNA CopA, which is complementary to the leader region of repA1 mRNA 
(CopT), regulates translation. When CopA binds to CopT, tapA, which is necessary for RepA1 synthe-
sis, is not expressed (3). The repA4 appears to be important for the stability of plasmid maintenance 
(10). 
 The presence of two replication regions with distinctive mechanisms of action within one large 
natural plasmid is not unique and has previously been reported for several plasmids, such as pO157 
and pB171 (2). The successful construction of minireplicons carrying either RepFIB or RepFIIA in-
dicates that both replication regions of pRK100 are functional in E. coli. The identification of the rep-
lication regions required different experimental strategies. The RepFIB minireplicon was isolated by 
religation of plasmid pRK100 digestion fragments carrying Tn1725. The fact that we were not able to 
isolate RepFIIA minireplicons using this approach may be due to the apparent preference of Tn3-like 
transposons (such as Tn1725) (8) for the RepFIIA replicon (16). The alternative approach of ligating 
the PCR generated RepFIIA fragment with DNA carrying a kanamycin resistance gene circumvented 
this problem and resulted in the formation of functional RepFIIA minireplicons. The functionality of 
the identified replication regions in the setting of pRK100 remains to be defined.
 Previous DNA hybridisation experiments suggested that pRK100 may harbour a RepFIC replica-
tion region belonging to the IncFII extended family of replicons (1). The inability to obtain a PCR 
product with primers specific for RepFIC indicated that the RepFIC probe may have cross-hybridised 
with another replication region. Indeed it is known that the used pULB2440 derived RepFIC probe is 
not highly specific and thus may hybridise with different replication regions including Rep9, RepFIIA, 
RepI1, RepB/O and RepK (6). The mapping of RepFIIA to the same position in pRK100, as previously 
suggested for RepFIC, further supports the idea that pRK100 carries RepFIIA and not RepFIC. 
 The presence of genes that exhibit a strong similarity with sequences present on of a wide variety 
of other plasmids further underlined the mosaic nature of pRK100 and suggests that during its evolu-
tion pRK100 apparently sequestered genetic information from many different sources. Typical exam-
ples of the mosaicism of pRK100 are the tra region that enables conjugal transfer and the RepFIB 
replication region that appear to be acquired from a F-like plasmid, the replication region RepFIIA 
that is probably derived from a R1-like plasmid, the aerobactin uptake system and the colicin V deter-
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minants likely originating from a pColV-like plasmid, the Shigella flexneri SHI-2 pathogenicity island 
and/or the Shigella boydii 0-1392 aerobactin island SHI-3, and the colicin Ia encoding region derived 
from a ColIa harbouring plasmid into which transposon Tn5431 had inserted (24). Particularly note-
worthy is the newly identified putative enterochelin-based iron uptake system on pRK100 that is most 
similar (98%) to sequences on the pathogenicity island PAI III536 of the uropathogenic E. coli strain 
536. This PAI also harbours the cvaB gene required for colicin V export (7). The two convergent oper-
ons required for colicin V synthesis, export and immunity are encoded by ColV plasmids (22) as well 
as by pRK100.
 An additional noteworthy finding was that partial nucleotide sequencing revealed that pRK100 
carries a gene that is very similar to the rmoA gene on plasmid R100 (Fig. 2). This in conjunction 
with the finding that rmoA is situated between the promoter distal region of the tra operon and the 
RepFIIA replication region in both pRK100 and R100 suggests that these plasmid regions are related. 
RmoA seems to be involved in modulation of plasmid transfer in response to some environmental 
factors (15) and comparative sequence analysis has shown the same gene organisation in a number of 
other characterised F-like plasmids. The DNA sequences of the corresponding region in plasmid R1 
remains to be defined.
 The backbone of pRK100 has previously been suggested to be similar to that of plasmid F (1). Our 
data suggest that this may be only partially true as we found no evidence for the presence on pRK100 
of the CcdAB post-segregational killing system of plasmid F. It can be imagined that in pRK100 the 
colicinogenicity and conjugal transfer are the important factors in the maintaining plasmid stability 
among the population. Under this scenario, bacteria that have lost the plasmid are no longer immune 
and can be killed by plasmid-harbouring cells producing the colicin, while bacteria that have lost the 
plasmid can serve as recipients in conjugal transfer. An additional factor that may contribute to per-
sistence of the plasmid is the presence of Tn5431. The resolvase of the transposon may function as a 
multimer resolution system and thus prevent dimerisation of plasmids and unequal plasmid distribu-
tion to daughter cells (20). 
 The mechanism(s) that contributed to the mosaicism of pRK100, are unknown. However, hy-
bridisation and PCR experiments showed that pRK100 harbours several insertion sequences includ-
ing IS1 (1) and, as demonstrated in this study, IS2 and IS3 elements that can mediate recombination 
and rearrangement events. Some of the genes, such as the enterochelin uptake system, appear to 
originate from a chromosomal pathogenicity island. Pathogenicity islands (PAI) range in size from 
approximately 20-120 kb and have been proposed to be horizontally transferred via temperate bac-
teriophages. Extensive analysis of the PAIs of uropathogenic E. coli strains indicate that they contain 
mosaic sequences (7). The discovery of plasmid encoded enterochelin and aerobactin may imply that 
conjugative plasmids could be involved in the flux of chromosomal PAI sequences and, possibly, their 
horizontal transfer. To this end, the highly mosaic plasmid structure of pRK100 may be considered 
as an important player in the development of genome plasticity by acting as an intermediate in the 
transfer of a variety of virulence, antibiotic resistance, or metabolic traits between populations.
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