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The nucleotide sequence of the biphenyl catabolic transposon Tn4371 has been completed and analyzed. It
confirmed that the element has a mosaic structure made of several building blocks. In addition to previously
identified genes coding for a tyrosine recombinase related to phage integrases and for biphenyl degradation
enzymes very similar to those of Achromobacter georgiopolitanum KKS102, Tn4371 carries many plasmid-
related genes involved in replication, partition, and other, as-yet-unknown, plasmid functions. One gene cluster
contains most of the genes required to express a type IV secretion-mating pair formation apparatus coupled
with a TraG ATPase, all of which are related to those found on IncP and Ti plasmids. Orthologues of all Tn4371
plasmid-related genes and of the tyrosine recombinase gene were found, with a very similar organization, in the
chromosome of Ralstonia solanacearum and on the yet-to-be-determined genomic sequences of Erwinia chry-
santhemi and Azotobacter vinelandii. In each of these chromosomal segments, conserved segments were sepa-
rated by different groups of genes, which also differed from the Tn4371 bph genes. The conserved blocks of
genes were also identified, in at least two copies, in the chromosome of Ralstonia metallidurans CH34. Tn4371
thus appears to represent a new family of potentially mobile genomic islands with a broad host range since they
reside in a wide range of soil proteobacteria, including plant pathogens.

Tn4371 is a 55-kb transposable element, which allows its
host to degrade biphenyl and 4-chlorobiphenyl. It was isolated
after a mating between Ralstonia sp. strain A5 (a strain resem-
bling Ralstonia oxalatica [P. Vandamme, unpublished data])
carrying the broad-host-range conjugative plasmid RP4 and
Ralstonia metallidurans CH34. Selection was applied for
transconjugants that expressed the heavy metal resistances
from CH34 and grew with biphenyl as a sole source of carbon
and energy (31). This provided transconjugants, which carried
an RP4 plasmid with a 55-kb insert near its tet resistance
operon. The insert was shown to transpose to other locations
and hence was called Tn4371 (20, 30, 31). Previous partial
sequencing revealed a modular structure formed of groups of
genes, which have orthologues in widely divergent bacteria and
mobile elements. These include (i) an int gene encoding a
tyrosine recombinase of the same family as many bacterio-
phage, conjugative transposons, and pathogenicity island inte-
grases; (ii) biphenyl catabolic genes (bph) very similar in orga-
nization and nucleotide sequence to the bph gene cluster
characterized in Achromobacter georgiopolitanum KKS102
(formerly named Pseudomonas sp. strain KKS102 [16]); and

(iii) at least one RP4- and Ti-plasmid-like gene, trbI (20),
involved in the formation of conjugating mating pairs.

Tn4371 transposition most likely involves a site-specific ex-
cision/integration process since the ends of the element can be
detected covalently bound (20). In the CH34 chromosome and
on the pMOL30 plasmid of that strain, transposition is tar-
geted to a low number of sites, as it is the case on the RP4
plasmid where 2 sites were identified so far. The main target
site in RP4 consists of a 5�-TTTTTCAT-3� sequence, which is
also present between the covalently joined ends of the trans-
poson (20).

We now report the complete nucleotide sequence of
Tn4371, which was found to contain several plasmid-related
genes, in addition to a complete type IV secretion gene
cluster and an orthologue of the TraG motor protein re-
sponsible for DNA transfer during conjugation (see refer-
ence 9 for a short review). Comparison of the whole Tn4371
sequence with both complete bacterial genomic sequences
and bacterial genomic sequences still being determined revealed
the presence in Ralstonia solanacearum (27), R. metallidurans
(http://www.jgi.doe.gov/JGI_microbial/html/ index.html), Azo-
tobacter vinelandii (NZ_AAAD01RO000088), and Erwinia
chrysanthemi (http://tigrblast.tigr.org/ufmg/index.cgi?database
�e_chrysanthemi|seq) of chromosomal regions closely related
in their sequence and organization to several segments of
Tn4371, including the left and right regions flanking the bph
genes, but in which the bph gene cluster was in all cases re-
placed by a different set of open reading frames (ORFs).
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MATERIALS AND METHODS

Bacterial strains, growth conditions, and chemicals. The plasmids used in the
present study derive from pLAFR3 (32) (pECG212, pECG236, and pECG293),
pBluescript II SK(�) (Stratagene) (pECG319, pECG316, pECG328, pECG327,
pECG332, pECG344, pECG346, pECG317, and pECG345), or pDrive (Qiagen)
(pDrive2kbTn4371 and pDrive0.3kbTn4371). The first plasmids were isolated
from a cosmid library built by cloning fragments resulting from a partial SauIIIA
digestion of RP4::Tn4371 in pLAFR3. The pECG300 series contain DNA frag-
ments resulting from PstI digestion of appropriate cosmid clones (19). The origin
of the pDrive series is described below. L broth (17) was used as a rich medium
to grow Escherichia coli containing the plasmids, at 37°C. Where needed, tetra-
cycline, ampicillin, and chloramphenicol were added to the broth at 20, 50, and
30 mg liter�1, respectively.

Sequencing strategy. DNA for sequencing was isolated by Qiagen plasmid
Midi kit (Qiagen). PstI fragments from characterized members of a Tn4371
library in pLAFR3 (19) were sequenced by primer walking from both ends after
a cloning step in vector pBluescript II SK(�). Junctions between the fragments
present on pECG319 and pECG316 and between fragments present on
pECG316 and pECG328 were sequenced by primer walking on cosmid clones
pECG212, pECG293, and pECG236, starting from primer sequences chosen on
the basis of the sequences obtained for the pBluescript clones. Two remaining
gaps between fragments present on pECG317 and pECG345 and between frag-
ments present on pECG345 and pECG322 were sequenced after the correspond-
ing region had been amplified by PCR by using the following primers:
pECG317fw (5�-GCAATCAGATGTACCTCGATGC-3�) and pECG345rv (5�-
TGGTCAGCTTGAACTCGATCAG-3�) for the pECG317-pECG345 gap and
pEG345fw (5�-CTTGTCATCACCACAAGCCG-3�) and pEG322rv (5�-AACT
GGATGTAGACCTTCTGGCC-3�) for the pECG345-pECG322 gap. Amplifi-
cation was performed after a short denaturation cycle of 3 min at 95°C by using
35 cycles as follows: 95°C for 20 s, 58°C for 20 s, and 72°C for 30 s for the 0.3-kb
fragment and 2 min for the 2-kb fragment, with a final elongation cycle at 72°C
for 10 min. The PCR products were then cloned into the pDrive cloning vector
from the Qiagen PCR cloning kit. The generated pDrive2kbTn4371 and
pDrive0.3kbTn4371 were used for sequencing by primer walking. Sequencing
reactions were performed with the BigDye terminator sequencing master mix
(Applied Biosystems). Sequences available under accession numbers AJ012075,
Y10831, X97984, X98271, and Y10832 were included where appropriate. Nucle-
otide sequencing was performed either on a Pharmacia ALF or an ABI 310
genetic analyzer from Applied Biosystems or by GenomExpress (Grenoble,
France). The complete Tn4371 sequence was annotated by using the iAnt envi-
ronment (27) and is available under accession no. AJ536756 and at http:
//graton.ulb.ac.be/Tn4371/. Preliminary sequence data for E. chrysanthemi was
obtained from The Institute for Genomic Research (http://www.tigr.org) and
from a collaborative annotation effort (8). Sequence data for R. metallidurans
CH34 are available online (http://www.jgi.doe.gov/JGI_microbial/html/ralstonia
/ralston_homepage.html/). Comparisons between Tn4371 ORF products and
these unfinished sequences were performed by using local TBLASTN access (2).

RESULTS

The nucleotide sequence of Tn4371 was completed, ana-
lyzed, and annotated as described in Materials and Methods. It
consists of 54,657 bp. As previously reported, it is flanked by an
8-bp direct repeat (5�-TTTTTCAT-3�), which might be part of
its site-specific recombination site (20). A restriction digest
simulated from the sequence (Fig. 1A) confirmed the previous
experimental observation that restriction sites tend to cluster
in two different regions (0 to 12 kb and 20 to 40 kb on the
map), suggesting some heterogeneity in Tn4371 DNA compo-
sition (19). The average Tn4371 percent G�C (%GC) content
was 63.5% (molar ratio) close to that found in the genus
Ralstonia (63.8 to 68.3%) but was not uniform (10). Figure 1B
shows the %GC calculated in a 500-bp window moved along
the sequence by 10-bp steps. The %GC fluctuated between
51.2 and 78.6%, appearing as a succession of peaks sitting on
a basal platform. The platform stood at 54% from 0 to 12 kb,
63% from 12 to 24 kb, 67% from 24 to 28 kb, 60% from 28 to
41 kb, and 65% from 41 to 54 kb, likely reflecting the trace of

building blocks of different origins that came together to con-
stitute Tn4371.

Fifty-three ORFs were identified (using the FrameD soft-
ware included in the iANT annotation package, Fig. 1C).
Functional assignment was possible for 20 of them, based on
their similarity with known proteins in the National Center for
Biotechnology Information (NCBI) database. All of the others
but four had an orthologue of unknown function in the data-
base. Details are available online at http://graton.ulb.ac.be
/Tn4371/.

Comparison with the sequences in the databases further
demonstrated, to the right of the previously sequenced left end
of Tn4371 (defined as 5�-TTTTTCAT-3� and the integrase-
tyrosine recombinase gene int) the presence of plasmid related
genes (orfRO00013 and -14; repA, parAB, and traF; and the
traG-trb gene cluster) organized in three conserved blocks
(orfRO00013 to -18, orfRO00055 and -33 to -41, orfRO00054,
and all of the ORFs to its right). The first set included two
conceptual proteins similar to proteins of unknown func-
tions encoded by genes located near the transfer origin of E.
coli plasmid F (Q9WTE4 and Q9S4W2). The genes located
between int and orfRO00013 could not be assigned with any
function, except for an insertion sequence (IS) element
transposase (orfRO0005) closely related to R. metallidurans
IS1090 (GenBank accession no. AJ010060) and R. so-
lanacearum ISRso7 of the IS256 family (see the IS database
at http://www-is.biotoul.fr/). Alignments with the related IS
suggested that this one was truncated. The second set of
Tn4371 plasmid-related genes contained ORFs whose trans-
lated products were, respectively, related to (i) the RepA
protein of Erwinia stewartii plasmid pSW500 (GenBank ac-
cession no. S65577), Pseudomonas aeruginosa plasmid pVS1
(GenBank accession no. BAA96327), and plasmid pEMT8
(GenBank accession no. CAC94910) isolated from a pol-
luted environment; (ii) a ParA partition protein of the type
Ib family (7) and its associated ParB protein, whose AUG
start codon overlapped the ParA UGA stop codon by one
base; and (iii) the conjugation protein TraF (one of the pilus
assembly proteins) of IncP plasmids. The third and largest
cluster of plasmid related genes mapped to the right of the
bph gene cluster. Their translated products were very similar
to the so called T4CP, i.e., type IV coupling proteins TrwB/
TraG/VirD4 (4a) and to proteins of the mating-pair forma-
tion (mpf) apparatus, related to the type IV secretion sys-
tem, from plasmids RP4, R388, and Ti. The mpf genes were
named trbB-I according to their orthologues in RP4 despite
their different organization [BC(D)EFG(H)IJ(K)L in RP4
and BCEJLFGI in Tn4371].

As shown in Fig. 1B and C, the successive platforms in GC
content aligned with the different functional blocks, supporting
the hypothesis that these originated from various sources and
were brought together through successive rounds of recombi-
nation events, most likely via horizontal transfer.

Related gene clusters in other bacterial chromosomes. Se-
quence comparison with the genome sequence of the phyto-
pathogenic bacterium R. solanacearum revealed, on its chro-
mosome, four blocks of genes with a significant level of
similarity and the same organization as in Tn4371 (27) (see
also Fig. 2). Comparison with available bacterial genome se-
quences, including some currently being determined, uncov-
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ered further related chromosomal segments. Some were found
in R. metallidurans CH34, split over two or more as-yet-unde-
termined contigs (contigs 696, 668, 600, 620, 573, 185, and 373
[http://www.jgi.doe.gov/JGI_microbial/html/ralstonia/ralston
_homepage.html]). One single segment in the E. chrysanthemi
3937 and one in the A. vinelandii chromosome (GenBank ac-
cession no. NZ_AAAD01000088, ORFs avin3078 to avin3126),
contained an int-related gene at one end and the same three
sets of conserved plasmid-related genes with the same relative
organization (Fig. 2). The int gene was in all cases followed by
nonconserved ORFs. The E. chrysanthemi segment missed the
parAB related ORFs. It carried orthologues (Ech00008 and -9)
of plasmid F genes coding for the poison antidote proteins
CcdA and CcdB (18) at about the same position as those of
orfRO00002 and orfRO00003 in Tn4371. In view of their size
and organization, these orthologues could encode the products
of another poison antidote system. Possible orthologues of
RadC lay in more or less the same position in the R. solanacea-
rum, E. chrysanthemi, A. vinelandii, and R. metallidurans contig
C668, although in the latter case it was split by several int-
related ORFs. In all of the DNA segments that carried a trb
gene cluster, it was flanked by two additional conserved ORFs.
The one on the left was an orthologue of bphR in Tn4371,
despite the absence of the other bph genes in the other se-
quences.

Orthologues of many of the above-mentioned genes were
also found in Mesorhizobium loti (GenBank accession no.
NC_002682; see also Fig. 2) in the region of the pMLb plasmid
that carries nodulation genes. However, their relative positions
were not the same as those in the chromosomal regions con-
sidered so far.

Pairwise comparisons between Tn4371 gene products and

their orthologues in all of the bacterial and plasmid sequences
mentioned thus far showed that conservation was always stron-
ger between Tn4371, R. metallidurans, R. solanacearum, A.
vinelandii, and E. chrysanthemi than with the next-closest rel-
ative in the databases. Clearly, the levels of sequence similarity
do not match the taxonomic proximities. In phylogenetic trees
built from multiple alignments of these amino acid sequences,
each family of orthologues showed very similar clustering of
the set of genes from Tn4371, R. metallidurans CH34, R. so-
lanacearum, E. chrysanthemi, and A. vinelandii. The M. loti
pMLb-encoded proteins again appeared to be less related
based on these criteria (see Fig. 4 for a few examples). This did
not hold true for the E. chrysanthemi integrases, which were,
respectively, ca. 12 and 15% identical to their orthologues.

In our attempts to define the ends of the potential genomic
islands, we found that the Tn4371, R. solanacearum, R. metal-
lidurans CH34 C696 and C668, and A. vinelandii sequences
upstream of the int gene could be aligned at the nucleotide
level (see Fig. 3). These alignments all included the 5�-TTTT
TCAT-3� sequence, which in Tn4371 is duplicated upon inser-
tion of the transposon in its preferred target site on RP4 (20)
and which could constitute one end of the islands. However,
the other end of Tn4371 (400 last bp), including the 5�-TTTT
TCAT-3� repeat, had no significant similarity to any of the
other genome sequences, even farther away and on either side
of the last conserved ORF after trbI. This finding was unex-
pected since both ends of the islands should bear Int-binding
sites and thus present some similarity. Consistent with the low
level of similarity between E. chrysanthemi encoded Int pro-
teins and their orthologues on the other islands, no similarity
could be detected between their upstream region and the
Tn4371 left end. It is thus still difficult to be sure which of the

FIG. 3. Alignment of the left ends of Tn4371 and related chromosomal islands. A stretch of 200 bp from the Tn4371 left end was compared
to individual genome sequences of E. chrysanthemi 3937 and R. metallidurans CH34 (contigs 668 and 696 [C668 and C696], resepctively), A.
vinelandii OP (Avin), and R. solanacearum GMI1000 (TnRso) by using BLASTN. All of the aligned regions are located just to the left of the int
orthologues in the islands shown in Fig. 2. E. chrysanthemi 3937 and CH34 contig 636 did not contain any sequence significantly similar to the other
islands’ left ends. The coordinates indicated are those of the Tn4371 sequence.
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E. chrysanthemi int-related ORFs belongs to that island and to
further assign its left end.

DISCUSSION

Completion of the nucleotide sequencing of the biphenyl
transposon Tn4371 confirmed the presence of a complete mat-
ing-pair formation trb operon, of a traF gene responsible for
the processing or circularization of the TrbC pilin protein (14),
and of a motor protein TraG related to those of the RP4/Ti
family of plasmids. A more surprising finding was the presence,
in Tn4371, of additional plasmid-related genes, some of which
appear to be involved in replication (repA) and partition
(parAB), i.e., functions associated with the maintenance of an
extrachromosomal genetic element. Indeed, the combined
presence of a site-specific recombinase gene (int) and conju-
gative transfer machinery rather suggested that Tn4371 might
be a conjugative transposon. The conjugative transfer of
Tn4371 could, however, never be clearly demonstrated (20).

Attempts to integrate the transposon in the chromosome of a
plasmid-free derivative of R. metallidurans CH34, the only
strain easily amenable to conjugation experiments and in which
transposition of Tn4371 can be easily traced experimentally,
led to the isolation of a new element, called Tnbph. It carries
the Tn4371 right portion, including the complete bph and traG-
trbI gene clusters. Tnbph transfers by conjugation between
CH34 derivatives (20), between CH34 and Comamonas sp.
strain BR60, and between BR60 derivatives (C. Wyndham,
unpublished data). The discovery of at least one potentially
complete traG-trb gene cluster in the CH34 chromosome (Fig.
2, contigs 573 and 373) now, however, introduces the possibility
that conjugative transfer of either Tn4371 or/and Tnbph from
CH34 could rely on host genes, for instance, to complement a
transfer machinery that is not completely functional. Alterna-
tively, Tnbph could be a recombinant between Tn4371 and
homologous chromosomal genes. Experiments are in progress
to test that hypothesis. The BR60 genome sequence is not yet
available, and thus it is still impossible to draw any conclusions

FIG. 4. Phylogenetic trees of Tn4371 RepA, TraF, TraG, TrbE, TraR, and their orthologues. The phylogenetic trees were built by using the
PHYLIP package. Proteins similar to individual Tn4371 ORF products were identified by searching the NCBI protein database by using BLASTP.
Multiple alignments in the PHYLIP format were performed by using CLUSTALW software (http://www.infobiogen.fr/services/analyseq/cgi-bin
/clustalw_in.pl). The alignments were analyzed with Protdist (PHYLIP package), which uses protein sequences to compute a distance matrix. The
distance for each pair of species estimates the total branch length between the two species and was used in the distance matrix programs
NEIGHBOR with the Jones et al. (13) model of amino acid change. The Protdist output was then analyzed with the NEIGHBOR program
(PHYLIP package), which implements the neighbor-joining method of Saitou and Nei (26) (26) and the UPGMA (unweighted pair-group method
with arithmetic averages) method of clustering. NEIGHBOR constructs a tree by successive clustering of lineages, setting branch lengths as the
lineages join. The resulting tree was displayed by using Treeview in a phylogram format. Avin, Rme, and Rso stand for A. vinelandii, R.
metallidurans, and R. solanacearum, respectively. pMOL28 is one of the two endogenous plasmids of R. metallidurans CH34. Identity levels between
Tn4371-encoded proteins and their orthologues from A. vinelandii, R. metallidurans, and R. solanacearum ranged from 39 to 49% identity for the
less-conserved TrbJ up to 97% for the most-conserved protein, ParA. It was ca. 80% for most of the proteins. E. chrysanthemi proteins were less
conserved. Identity levels were about 60% for the majority of the proteins and ranged from 35 to �80% for the less- and most-conserved ones,
TrbJ and RepA, respectively. BphR (BAA07613) belongs to the Achromobacter georgiopolitanum KKS102 bph gene cluster, which is very closely
related to that of Tn4371 (19, 22).
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concerning the transfer of Tn4371 between BR60-derived
strains. Further investigation is required to clarify this point.

Another puzzling observation is that no ORF encoding for a
TraI relaxase and TraK orthologue could be identified on
Tn4371. Thus far, these proteins, which organize and nick the
DNA at oriT as the first step in conjugative transfer, were
always found to be associated with the TraG-TypeIV secretion
conjugation apparatus (for a review, see reference 36). Some
plasmids use tyrosine recombinases to resolve dimers (1). This
could also be the case for Tn4371, which, overall, would then
rather appear as a plasmid. In CH34 at least, Tn4371 could not
be detected as an autonomously replicating circular entity (20;
unpublished results). All of the conclusions drawn thus far for
Tn4371 also apply to the other DNA segments analyzed above.
In R. solanacearum GMI1000 the island is on the chromosome
(27). E. chrysanthemi 3937 and A. vinelandii strain OP (ATCC
13705), a derivative of which was used for the sequencing
project, do not host any plasmid (15, 25), and the R. metalli-
durans CH34 contigs concerned do not belong to either the
pMOL28 (J. Dunn, unpublished data) or the pMOL30 (M.
Mergeay, unpublished data) plasmid endogenous to that
strain. Several hypotheses appear to be reasonable to account
for this apparent contradiction. All of the DNA islands dis-
cussed above could be plasmids that cannot assume their plas-
mid mode of life in their present host. However, the high
conservation of such a large set of genes with the same orga-
nization would appear to be unlikely for a defective genetic
element that did not recently undergo selective pressure for its
maintenance functions. Alternatively, the plasmid mainte-
nance functions could in these cases rather assume a function
related to conjugative transfer, despite the absence of similar-
ity with TraI and TraK. Their conceptual RepA proteins in-
clude several Y residues, but none of them is in a context that
fits the TraI relaxase consensus sequence (36). In addition to
their nicking activity, TraI relaxases have a helicase activity
that is also essential for DNA transfer. This helicase activity
could here depend on a second protein, for instance, the prod-
uct encoded by orfRO00008 from Tn4371, which carries do-
mains typical of DNA helicases (PRODOM domains

PD460075, PD001658, and PD002094). RepA could conceiv-
ably here nick the DNA for transfer initiation and, in conjunc-
tion with the helicase, couple it to the TraG protein for DNA
transfer through a conjugation pore consisting of Trb proteins.
Clearly, the existence of a potential oriT and its location, as
well as the elucidation of the mechanism of conjugative trans-
fer of these DNA segments, requires further experimental
analysis.

As mentioned earlier, the Tn4371 bphR gene and its ortho-
logue in the very closely related bph gene cluster in Achro-
mobacter georgiopolitanum KKS102 were shown not to be in-
volved in the regulation of the bph operon (21, 22). The
presence of orthologues of this gene next to the traG-trb region
in all of the DNA segments analyzed here suggests that these
orthologues actually regulate the expression of the transfer
genes. On plasmids Ti and RK2/RP4, the conjugal transfer
genes are regulated in completely different ways: by quorum
sensing for Ti (23) and cooperative interactions between TrbA
and KorB for RK2/RP4 (L. Bingle, M. Zatyka, S. E. Manzoor,
and C. M. Thomas, unpublished data). This most likely corre-
lates with the different life-styles of the bacteria carrying either
of those two plasmids. Regulation of the TraG-Trb transfer
machinery genes by a LysR regulator would thus represent a
third mode of regulation of very similar gene clusters, illustrat-
ing, once more, the fact that regulatory genes and the genes
they regulate do not necessarily evolve together (5).

A clear modular picture emerges from the comparisons
shown in Fig. 2. Very similar traG-trb operons and their po-
tential LysR family regulator are separated from the conserved
segment, including the repA and traF genes, by a set of com-
pletely unrelated ORFs. Preliminary results (S. Monchy and
M. Mergeay, unpublished data) indicate that R. metallidurans
CH34 contigs C636, C620, C573, and C373 are contiguous on
the chromosome and thus likely to form one island, where the
set of nonconserved genes is replaced by an IS1071 insertion
sequence. On the other islands that contain C696 and C668
more sequencing is needed in order to determine whether a
stretch of 10 to 15 kb of unpredictable nature indeed separates
the repA-traF from the traG-trb region.

Other places in the islands seem to be prone to shorter
insertions. Two of these, which flank the conserved region that
covers Tn4371 orf RO00013 and orfRO00014, include trun-
cated IS elements and serine recombinase encoding genes.
These might be the footprints of rearrangements that led to the
present structure.

Despite the fact that the mobility of the sequences discussed
here has not yet been demonstrated experimentally (except for
that of Tn4371), these sequences reside in a wide range of
species in the �-proteobacteria (Ralstonia) and �-proteobacte-
ria (A. vinelandii and E. chrysanthemi), including soil and plant
pathogenic strains, suggesting that the conjugation transfer
machinery might confer a broad host range, as for the similar
machinery of the IncP plasmids.

Tn4371-related sequences have been identified in other bi-
phenyl- and chlorobiphenyl-degrading isolates by using DNA-
DNA hybridization with appropriate Tn4371-borne gene
probes (31a). A group of �-proteobacteria contained bph
genes that are highly similar in organization to those of Tn4371
and KKS102. Three of these bacterial strains were able to
transfer their bph genes to R. metallidurans in a mode similar

FIG. 4—Continued.
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to that of Tn4371; a 50-kb chromosomal fragment carrying the
bph genes was, after insertion in RP4, transferred to CH34.
The transferred DNA segment of two strains (1C3 and 4A4)
showed an extended similarity with Tn4371, to the right of the
bph catabolic genes and up to trbI. However, no homology was
found with a Tn4371 int probe, which might be related to the
fact that Int orthologues tend to be less conserved than Tra
and Trb orthologues (except for TrbJ, see the legend to Fig. 4).
Strains 1C3 and 4A4, although derived from the same geo-
graphical locations as strain A5, might carry Tn4371-related
elements with a different int gene but the same bph gene
cluster, again pointing toward a reassortment of building blocks.

Nomenclature. Several generic terms have been proposed
for elements that, like those discussed here, carry a site-specific
recombinase (usually of the tyrosine recombinase family, but
which a priori could just as well be serine recombinases) and a
conjugative transfer machinery. The first recognized family of
conjugative transposons was that of the gram-positive elements
related to Tn916 (6). Their transfer machinery appears to be
different from the type IV secretion system, although it clearly
bears a similar function. A second family of integrated and
conjugative elements was described in the genus Bacteroides
(for a review, see reference 28), whose conjugative machinery
is still different. Another family, the so-called integrative plas-
mids, was identified in Streptomyces spp. (29). These elements
can sustain either an integrated or an autonomous plasmid
state, as do the IncJ family of plasmids in enterobacteria (3).
The Streptomyces elements seem to use a mode of conjugative
transfer that differs from that of all other conjugative plasmids
known today. DNA transfer here would involve a motor pro-
tein related to the SpoIIIE family of enzymes (24) and hence
would be more related to the double-strand transfer or segre-
gation of the chromosome in the prespore of sporulating gram-
positive bacteria such as Bacillus subtilis (35). A generic term
was proposed for those elements, ICE (for integrative and
conjugative elements) (4). The generic term “genomic island”
has been proposed for a wider range of large integrated mobile
(or potentially mobile) elements. It is intended to include
pathogenicity islands (PAI; see, for instance, reference 12),
symbiotic islands (genes encoding components of the symbiosis
machinery of nitrogen-fixing bacteria) (33) or, as in the case of
Tn4371, catabolic islands, i.e., large mobile DNA segments,
which encode enzymes that degrade a variety of toxic com-
pounds (34). More general terms such as “fitness islands” or
“ecological islands” have also been proposed (11), none of
which is appropriate here since no experimental evidence is yet
available to support a “fitness” or “ecological” role for the
islands described. We thus called them “genomic islands.” This
term, we think, should be more widely used for a general
description of mobile entities located on chromosomes, espe-
cially in the annotation of bacterial genomes. Genomic islands
should include elements that can move between strains either
by conjugation, in which case they will be ICEs; by means of
transduction by a phage, in which case they will be a defective
prophage; or by transposition onto another mobile element,
plasmid, or phage, in which case they would be a transposon.
Provided their capacity to transfer by conjugation can be dem-
onstrated (studies are currently under way for the E. chrysan-
themi element), the elements described here would thus most
likely fit among the ICEs.
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