
363

Braz J Med Biol Res 30(3) 1997

Tetracycline resistance in Proteus mirabilis

Mini-Mu insertions in the
tetracycline resistance determinant
from Proteus mirabilis

Departamento de Microbiologia, Imunologia e Parasitologia,
Escola Paulista de Medicina, Universidade Federal de São Paulo,
04023-062 São Paulo, SP, Brasil

V.D. Magalhães
and B.A. Castilho

Abstract

The inducible tetracycline resistance determinant isolated from Pro-
teus mirabilis cloned into the plasmid pACYC177 was mutagenized
by insertion of a mini-Mu-lac phage in order to define the regions in
the cloned sequences encoding the structural and regulatory proteins.
Three different types of mutants were obtained: one lost the resistance
phenotype and became Lac+; another expressed the resistance at lower
levels and constitutively; the third was still dependent on induction but
showed a lower minimal inhibitory concentration. The mutant pheno-
types and the locations of the insertions indicate that the determinant
is composed of a repressor gene and a structural gene which are not
transcribed divergently as are other known tetracycline determinants
isolated from Gram-negative bacteria.
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The tetracycline resistance (TcR) deter-
minants isolated from Gram-negative bacte-
ria have been classified from A through H
based on hybridization experiments and
nucleotide sequencing data (1,2). The ma-
jority of TcR determinants share the same
genetic organization - a gene encoding the
tetracycline resistance structural protein
(tetA) and another encoding the repressor
(tetR). The two genes are transcribed diver-
gently from a region where consensus se-
quences of overlapping promoters and two
palindromic operator sequences were de-
scribed (3). The resistance phenotype is in-
ducible by subinhibitory concentrations of
tetracycline (4,5).

The resistance protein is localized in the
cytoplasmic membrane and promotes the
efflux of the drug. It has been described as a

highly hydrophobic protein with 12 trans-
membrane domains in α-helical conforma-
tion (6). The primary structure of the protein,
deduced from nucleotide sequencing, re-
vealed a prominent hydrophilic region lo-
cated in the center of the polypeptide chain,
which is also a feature of other integral
membrane proteins with transport function
(6). Point and deletion mutations of the re-
sistance protein characterized two comple-
mentation groups, which define two domains
called tetα and tetß (7). There is evidence
that the efflux of tetracycline is driven by a
multimeric form of the TetA protein (8).

The repressor protein negatively regu-
lates its own synthesis as well as that of the
resistance membrane protein (5). Tetracy-
cline, complexed with a divalent metal ion
(Mg2+), functions as an inducer of the system
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(3). The drug has a much stronger affinity for
TetR than for the ribosome, and the repres-
sor also binds preferentially to tetracycline
rather than to the operator region (9). The
binding of tetracycline to the two repressor
dimers, that cooperatively occupy both op-
erators, induces conformational changes in
TetR, hindering the interaction with DNA
(10). Mutants of the repressor show a lower
level of resistance, and a constitutive pheno-
type. The former observation has led to the
hypothesis that TetR may participate in the
mechanism of resistance mediated by TetA
(11,12).

P. mirabilis expresses an inducible chro-
mosomal tetracycline resistance that does
not hybridize to the already described sys-
tems (1). This determinant has been isolated
as part of a 2.1-kb DNA fragment obtained
by partial Sau3A digestion of P. mirabilis
chromosomal DNA and cloned at the BamHI
site of the medium copy number plasmid
pACYC177 (ApR, KmR) (13), where ApR

indicates ampicillin resistance and KmR in-
dicates kanamycin resistance, originating
plasmid pVM3. This fragment confers on
the E. coli host a fully inducible resistance to
tetracycline. The cloned determinant has also
been characterized as promoting the efflux
of the drug (Magalhães VD, Schumann W
and Castilho BA, unpublished data).

We describe here the use of a transpos-
able element, the mini-Mu phage MudII1734
(14), to mutagenize the fragment carrying

the TcR determinant sequences of P. mirabilis
in order to locate both the repressor and the
structural resistance protein genes. This
method was chosen because the cloned se-
quence possesses few restriction sites suit-
able for subcloning to aid in the precise
localization of these genes. This information
was important both for sequencing a limited
region of DNA and later for assigning an
open reading frame to its function.

The MudII1734 phage lacks the genes
involved in transposition/replication and lytic
functions; these can be provided in trans by
a helper phage (Mucts), which codes for a
temperature-sensitive repressor. In addition,
MudII1734 carries a kanamycin resistance
marker (KmR) for selection and contains the
lac operon structural genes, without the pro-
moter or the translation initiation signal of
the lacZ gene. Transcription and translation
initiated in bacterial sequences outside the
right end of the phage can proceed across the
Mu sequences, and, provided that the correct
reading frame is used, result in the expres-
sion of ß-galactosidase activity. Thus, mu-
tagenesis with this phage allows the localiza-
tion of promoters and of translated sequences.
MudII1734 has 9.5 kb and a unique HindIII
recognition site located 1.0 kb from the left
end. It also has two recognition sites for
BamHI, 0.1 kb from the right end and 2.7 kb
from the left end.

Because the pVM3 plasmid confers re-
sistance on kanamycin, derived from
pACYC177, and this was also the marker
carried by MudII1734, the sequences of the
vector responsible for this phenotype had to
be eliminated. A 7.2-kb ClaI-BstEII frag-
ment of pVM3 was isolated (Figure 1), and
its termini were made blunt by treatment
with Bal31. It was then circularized by liga-
tion in the presence of a BamHI linker. The
resulting plasmid, called pVM383, contains
the complete P. mirabilis-derived fragment
conferring resistance to tetracycline.

Plasmid pVM383 was then used to trans-
form E. coli POII1734, which harbors the

HindIII

ClaI

HindIII

pVM3
8.40 kb

Ap

Tc

Km

HindIII

HindIII HindIII

BstEII

Figure 1 - Structure of the plas-
mid pVM3 and the location of
mini-Mu insertions. A partial re-
striction map of the original plas-
mid pVM3 is shown with the
recognition sites for relevant
enzymes. The locations of the
MudII1734 insertions (triangles)
in plasmid pVM383, derived
from pVM3 after removing a
7.2-kb ClaI-BstEII fragment, de-
duced from BamHI and HindIII
digestion of the mutated plas-
mids, are also shown, since the
P. mirabilis sequences were
maintained in both plasmids. 1,
pVM27; 2, pVM77; 3, pVM91.
The HindIII recognition site at
the left end of MudII1734 is
shown to indicate the orienta-
tion of the insertions. Kanamy-
cin (Km) and ampicillin (Ap) were
used, when appropriate, at the
concentrations of 50 µg/ml and
100 µg/ml, respectively. Trans-
formation of E. coli cells by the
CaCl2 method, plasmid isola-
tion, DNA manipulation meth-
ods and gel electrophoresis
were performed according to
Sambrook et al. (15), where the
media are also indicated. Diges-
tion with restriction enzymes
was performed as recom-
mended by the manufacturer
(GIBCO-BRL). Tc, Tetracycline.
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mini-Mu phage MudII1734 and a lysogenic
Mucts, with selection for KmR and ApR. In
order to isolate random insertions of the
mini-Mu specifically into plasmid sequences,
a lysate prepared as previously described
(14) from POII1734 carrying pVM383 was
used to infect Xph43Mucts cells (16), and
KmRApR transductants were selected. In this
process, after induction, the mini-Mu trans-
poses to several locations, including plasmid
sequences; in this case, co-integrated struc-
tures can be formed with two copies of the
MudII1734 flanking the plasmid molecule.
These are packaged in viral particles and
upon infection of a recipient strain, homolo-
gous recombination can occur, reforming
the plasmid molecule now carrying an inser-
tion of the mini-Mu phage. These events can
be obtained by applying selection for both
the plasmid (ApR) and the mini-Mu (KmR).

The phenotype of the transductants ob-
tained was tested by tooth-picking colonies
to Mueller-Hinton (MH) plates containing
tetracycline (1 µg/ml, for full induction of
resistance) or without the antibiotic (non-
induced cells). They were then transferred to
McConkey plates supplemented with tetra-
cycline (1 µg/ml) to test the Lac phenotype
and to MH plates containing different con-
centrations of the drug (20, 50 and 100 µg/
ml.

Three transductants with different phe-
notypes (Table 1) had their plasmids named
pVM27, pVM77 and pVM91, analyzed by
digestion with HindIII and BamHI, followed
by agarose gel electrophoresis in order to
locate the site of insertion of MudII1734
(Figure 1). This analysis allowed the map-
ping of the insertions as shown in Figure 1.

Cells carrying plasmid pVM27 show a
constitutive low level of tetracycline resist-
ance. This phenotype resembles mutants al-
ready described carrying deletions in the
repressor gene of other systems, which, to-
gether with the constitutive phenotype, have
also lower levels of resistance (11,12). Re-
striction enzyme analysis of this plasmid

showed only one band of approximately 8.8
kb after HindIII digestion; this band should
be a doublet, not only because there are two
recognition sites for this enzyme (one in the
P. mirabilis sequence and the other in the
mini-Mu), but also because the size of the
plasmid plus the mini-Mu is 17 kb. This
result suggests an insertion of the phage very
close to the HindIII site of the sequence from
P. mirabilis. The band pattern generated by
BamHI digestion allowed the assignment of
the location and orientation of this insertion
as shown in Figure 1. Based on the pheno-
type observed, we may conclude that the
mini-Mu was inserted in the repressor gene
and that this gene is localized near the HindIII
site of the insert in pVM3.

The restriction pattern of plasmid pVM91
indicated that the MudII1734 phage was lo-
calized to 1.4 kb from the HindIII site of the
cloned fragment, as shown in Figure 1. The
cells harboring this plasmid are Lac+, indi-
cating that transcription and translation of
lacZ could be driven by sequences outside
the Mu phage. Thus, the direction of tran-
scription in this region is probably towards
the HindIII site. Loss of the resistance phe-

Table 1 - Phenotypes conferred by plasmids har-
boring the tetracycline resistance determinant
from P. mirabilis after insertion of the mini-Mu
phage.

The minimal inhibitory concentration (MIC) of tet-
racycline was determined by the agar dilution pro-
cedure, following the standard test suggested by
the National Committee for Clinical Laboratory
Standardization (18). The final concentrations of
tetracycline on Mueller-Hinton (MH) plates were
prepared from two-fold serial dilutions of 200 µg/
ml and 150 µg/ml. Cells were grown in the pres-
ence of 1 µg/ml tetracycline for 18 h for induction
of tetracycline resistance.

Plasmids Inducibility MIC Lac phenotype
(non-induced/

induced)

pVM383 + 20/100 -
pVM27 - 20/20 -
pVM77 + 20/50 -
pVM91 - 1/1 +
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notype suggests that the insertion occurred
in the tetracycline resistance determinant.
Assuming 1.2 kb as the approximate size
necessary for coding the structural protein
and 0.8 kb for the repressor and regulatory
region, as deduced from other TcR determi-
nants (9), the insertion into pVM91 probably
occurred in the region coding for the α do-
main of the TetA protein, a region that is
essential for its function.

The third mutated plasmid, pVM77, gave
rise to restriction enzyme fragments that lo-
cated its insertion approximately 1.0 kb from
the HindIII site, as shown in Figure 1. This
plasmid enabled the host cells to grow in the
presence of 50 µg/ml tetracycline, and not at
100 µg/ml as does the wild type. However,
the resistance phenotype is still inducible.
The lower TcR level presented by cells har-
boring plasmid pVM77 suggests that the
insertion occurred at the carboxyl end of the
resistance polypeptide, since this phenotype
is consistent with previously described dele-
tions of the ß domain of this protein, which
also lead to lower MIC’s (7,17). Further-
more, lacZ fusions to the carboxyl terminus
of the TetA protein have been reported to
still maintain some level of resistance (8).

The data presented here indicate that the
P. mirabilis tetracycline resistance determi-

nant cloned in plasmid pVM3 is composed
of two genes, one coding for the resistance
protein and the other coding for the repres-
sor. Given that transcription and translation
in the region that encodes for the resistance
protein take place towards the HindIII site of
the cloned sequence, as deduced from plas-
mid pVM91, and that the insertion that abol-
ished regulation in plasmid pVM27 occurred
closer to this restriction site than that in
pVM91, it is reasonable to assume that the
repressor and resistance genes are not tran-
scribed divergently from overlapping pro-
moters, as is the case for other TcR determi-
nants (1). The possibility that these sequences
have been shuffled during the Sau3A partial
digestion and cloning is highly improbable,
because another independently isolated frag-
ment of P. mirabilis chromosome encoding
the complete TcR determinant was shown to
have a restriction map identical to that of
pVM3 in the region that was shown here to
carry the determinant (Magalhães VD,
Schumann W and Castilho BA, unpublished
data). Furthermore, for the determinants char-
acterized so far, the overlapping promoters
cannot be split into two independent pro-
moters. Sequencing data in progress will
provide further insights into this peculiarly
organized TcR determinant.
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