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The rtn gene, identified as coming from Proteus vulgaris ATCC 13315, is present in Escherichia coli K-12, and
over a 440-bp region of rtn is identical to the published Proteus sequence, with the exception of a single G
insertion. It was not possible to verify the presence of rtn in P. vulgaris.

Escherichia coli K-12 strain MH034 was isolated as a mini-
Tn10(Cam)-induced mutant of strain SJ134 (F2 DlacZ4680
ebgA51) during a hunt for genes in which mini-Tn10 insertions
alter the adaptive mutation rate. Details of that mutant hunt
will be reported elsewhere. MH034 has a modestly increased
rate of adaptive mutations to ebgR (details reported else-
where). To identify the gene that had been disrupted, genomic
DNA from strain MH034 was digested with restriction endo-
nuclease KpnI, which does not cut within mini-Tn10(Cam),
and the resulting fragments were ligated into the KpnI-di-
gested vector pUF2000. E. coli JM109 was transformed with
the ligation mixture by electroporation, and after an hour for
expression of drug resistance, the transformed culture was
spread onto L broth (3) chloramphenicol plates to select for
hybrid plasmids carrying mini-Tn10(Cam) and the region
flanking the insertion. The resulting plasmid was designated
pMH034.

Plasmid pMH034 was purified with the QiaQuick kit (Qia-
gen) according to the manufacturer’s instructions, and the re-
gions flanking mini-Tn10(Cam) were sequenced on an ABI
model 370A automated DNA sequencer with primers corre-
sponding to bp 1359 to 1383 and the complement of bp 78 to
102 of mini-Tn10(Cam). The resulting sequences were used to
screen the non-redundant nucleotide databases with the
BLAST program as implemented by the National Center for
Biotechnology Information. The results of that search showed
that the region flanking mini-Tn10(Cam) corresponded to the
rtn gene of Proteus vulgaris ATCC 13315 (GenBank accession
number U12780). The alignments of the flanking regions with
the rtn gene showed a virtually perfect match with rtn and
indicated that mini-Tn10(Cam) had inserted at bp 1573 of the
reported rtn gene sequence.

The similarity between the E. coli region flanking mini-
Tn10(Cam) and rtn of P. vulgaris was astonishingly high: 95 and
97% identity for the two flanking regions. Although P. vulgaris
is not used in my laboratory, I considered the possibility that
MH034 was a P. vulgaris contaminant. To test that possibility,
oligonucleotide primers corresponding to bp 1320 to 1345 and
the complement of bp 1797 to 1821 of the published rtn se-
quence were used in PCR amplifications with genomic DNA
from E. coli MH034, its parent strain, SJ134, and a classic
wild-type E. coli K-12 strain, MG1655. Analysis of the ampli-
fication products on 1% agarose gels showed that strains
MG1655 and SJ134 had produced the expected 0.5-kb frag-

ments, and strain MH034 had produced a 1.9-kb fragment
corresponding to the region expected if it contained mini-
Tn10(Cam).

The amplified fragment from the wild-type E. coli strain,
MG1655, was purified with a Qiagen PCR purification kit
according to the manufacturer’s instructions and was se-
quenced with the same two primers used to amplify that frag-
ment. The region from bp 1351 to 1790 was sequenced on both
strands and over that 440 bp was identical to the published
sequence, with the single exception of an additional G that was
between published positions 1584 and 1585.

The rtn gene was originally isolated by shotgun cloning into
plasmid pUC9 with selection of E. coli HB101 transformants
that were resistant to bacteriophage l (1). The resulting plas-
mid was shown to encode a protein that conferred resistance to
both l and to the E. coli phage N4, and on the basis of sodium
dodecyl sulfate-polyacrylamide gel electrophoresis analysis, it
was concluded that the Rtn protein was probably a membrane
protein (1). The sequence of rtn was reported, and rtn was
shown to encode a 484-amino-acid polypeptide that includes
hydrophobic regions that are consistent with its being a mem-
brane-associated protein (2).

Among members of the family Enterobacteriaceae, P. vulgaris
is one of the species most distantly related to E. coli (4). P.
vulgaris is unusual in that the G1C content of its DNA is only
37%, while most members of the Enterobacteriaceae have G1C
contents in the 50 to 55% range (4). Excluding the rtn se-
quence, among the P. vulgaris sequences in the non-redundant
nucleotide databases that are longer than 200 bp and that are
not from plasmids, the G1C content is 41%. In contrast, the
G1C content of the rtn sequence is 50.3%, and the G1C
content of the third positions of the codons, which are the
positions most free to drift toward the overall genomic content,
is 56.6%. On the basis of G1C content, the rtn gene is much
more like an E. coli gene than like a typical P. vulgaris gene.

The divergence rate at synonymous (silent) sites between
E. coli and Salmonella spp. is estimated to be about 1% per
million years (4). E. coli and Salmonella spp. are estimated to
have diverged between 120 and 140 million years ago, while E.
coli and P. vulgaris diverged about four times that long ago (4);
thus, it is extremely unlikely that 440 bp of the rtn genes of E.
coli and Proteus would have accumulated no base substitutions
in that time. If the rtn gene is present in P. vulgaris, it must have
been transferred from E. coli in the very recent past.

To determine whether rtn is present in P. vulgaris, genomic
DNA prepared from P. vulgaris ATCC 13315 was used as a
template in a PCR with the same primers that efficiently am-
plified the rtn gene from the E. coli K-12 strain. It has not
proven possible to amplify rtn from P. vulgaris DNA. I con-
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clude that the published sequence did not originate from P.
vulgaris, but instead originated from the E. coli K-12 strain,
probably as a contaminant in the preparation of the cloning
vector.

Nucleotide sequence accession number. The region se-
quenced from E. coli K-12 strain MH034 has been deposited in
the GenBank database under accession number U83404.
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