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SUMMARY

Strains of Escherichia coli harbouring a conjugative plasmid that carries
a transposon for tetracycline resistance (Tnl771) were found to be
adaptable to very high tetracycline concentrations. The molecular
analysis of plasmids isolated from strains with enhanced levels of tetra-
cycline resistance revealed an intramolecular amplification of the resist-
ance determinant of the tetracycline transposon.

A model for the molecular structure of the transposon is presented,
which suggests that there are three repetitive DNA segments on Tnl771.
This accounts for the properties both of transposition and of gene
amplification.

1. INTRODUCTION

Several plasmid-mediated drug resistance determinants have been found to
reside within discrete translocatable DNA segments (Hedges & Jacob, 1974;
Kopecko & Cohen, 1975; Berg etal., 1975; Kleckner et al., 1975; Heffron, Rubens
& Falkow, 1975). These genetic elements, termed transposons, are denned by their
ra^4+-independent transposition to other cellular replicons (Goebel et al., 1977;
Kleckner, Roth & Botstein, 1977).

We recently reported the existence of a complex plasmid system in a multiply
drug resistant clinical isolate of Escherichia coli (Schoffl, Puhler & Heumann,
1977). In this bacterial strain, UR12644, a new transposable genetic element con-
ferring tetracycline resistance was identified. This transposon, designated Tnl771,
has a molecular weight of 7-1 Mdal (megadalton), and two fragments of 3-5 Mdal
and 3-6 Mdal are generated from it by the restriction endonuclease l?coRI
(Schoffl & Puhler, 1979).

The topic of this paper is the intramolecular amplification in E. coli of that part
of the transposon DNA sequence specifying tetracycline resistance.
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2. MATERIAL AND METHODS

(i) Bacterial strains and plasmids. Wild type E. coli C (provided by Dr W. H.
Traub, Erlangen) was used as a host strain for plasmid pFS202. pFS202 was
constructed by inserting Tnl771 into pFS2. Plasmid pFS2 is a naturally occurring
self-transmissible (Tra+) plasmid that originated from the clinically isolated
E. coli strain UR12644 (Schoffl et al. 1977). pFS203 is a spontaneously formed
tetracycline-sensitive (Tc8) derivative of pFS202. The properties of these plasmids
are listed in Table 1.

Table 1. Molecular and genetic properties of plasmids used for the
study of transposon Tnl771

Derivation

Naturally occurring (Schoffl et al. 1977)
By insertion of Tnl771 into pFS2 (Schoffl &

Puhler, 1979)
pFS203 Tra+, Tcs 22-4 Spontaneously formed tetracycline-sensitive

mutant of pFS202 (this paper)
* Determined by electron microscopic length measurements according to Lang (1970)

and/or by agarose gel electrophoresis of restriction fragments using ADNA-fragments as
molecular weight markers (Helling, Goodman & Boyer, 1974).

(ii) Media and growth conditions. Bacterial strains were cultured in Penassay
Broth (Difco, antibiotic medium 3) with continuous aeration at 37 °C. Solid media
contained 1-8% Difco bacto agar. Tetracycline was routinely added to a final
concentration of 3 /ig/ml for the induction of tetracycline resistance of E. coli
strains harbouring pFS202. Enhanced tetracycline resistance of E. coli C (pFS202)
was selected by growth in the presence of 185 figjml tetracycline.

(iii) Isolation of plasmid DNA. Plasmid DNA was isolated from cells grown in
Penassay broth. Cell lysates were prepared according to the sarcosyl method
(Bazaral & Helinski, 1968). Covalently closed circular (ccc) plasmid DNA was
purified by caesium chloride-ethidium bromide centrifugation (Radloff, Bauer &
Vinigrad, 1967). Ethidium bromide was removed from DNA samples by repeated
extraction with iso-amyl-alcohol. The DNA solutions so obtained were extensively
dialysed against TE buffer (10 m Tris, 1 mM EDTA, pH 8).

(iv) Agarose gel electrophoresis of plasmid DNA. ccc-plasmid DNA was analysed
using 1-3 fig DNA loaded on a 0-5 % agarose gel in a buffer containing 36 mM
Tris-HCl, pH 7-8, 30 mM-NaH2PO4 and 1 mM EDTA. Electrophoresis was carried
out at 1-5 V/cm for 15 h at room temperature.

Restriction endonuclease digests of plasmid DNA were analysed in 1 % agarose
gels containing 40 mM Tris-HCl, pH 8-2, 20 mM sodium acetate, 1 mM EDTA at
6 V/cm for 14 h at room temperature.
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Fig. 2. Agarose gel electrophoresis of EcoRl digested plasmid DNA isolated from
E.coli C (pFS202) grown in the presence and absence of high tetracycline concentra-
tions.

(A) UcoRI restriction patterns of pFS202( —), non-amplified by tetracycline
treatment, pFS202( + ), amplified by treatment with 185 /tg/ml tetracycline during
cultivation.

(B) Densitometer tracing of the restriction patterns shown in A. For this experi-
ment a laser scanning densitometer model 504 (Helen Instruments/Biomed
Chicago) was used. Molecular weight estimates of fragments were based on migra-
rates relative to EcoR generated fragments of AcI857 (Helling, Goodman & Boyer,
1974).

https://doi.org/10.1017/S0016672300018395 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300018395


Intramolecular gene amplification of a transposon 257

determinant is carried by the 7-1 mdals Tnl771 element, only a part of the DNA
sequence of the transposon can be involved in the amplification process.

This amplification model was confirmed by further examination of the amplified
pFS202 plasmid DNA, using the restriction endonucleases Smal, Hindlll and
Pstl. For the non-amplified pFS202 plasmid it is known that the restriction sites
of these enzymes are located only on the transposon segment of the molecule
(Schoffl & Piihler, 1979). The relative positions of these cleavage sites on Tnl771
are shown on the physical map in Fig. 3 (A). The Tnl771 DNA is cut by EcoRI
enzyme into two fragments having molecular weights of 3-5 and 3-6 mdal. The
Tnl771 DNA is cut by EcoRI enzyme into two fragments having molecular weights
of 3-5 and 3-6 Mdal. The 3-6 Mdal fragment carries one Hindlll and one Pstl site,
whereas the 3-5 Mdal fragment contains two Smal sites. The analysis of amplified
pFS202 DNA with these restriction enzymes (results not shown) indicated one
part of TNI771 DNA, probably the 3-5 Mdal EcoRI fragment, is involved in the
amplification process. The resultant restriction map of the amplified structure of
the transposon is depicted in Fig. 3(B). This structure differs from the normal
transposon by a tandem repetition of the smaller EcoRI fragment carrying the
two Smal sites. The tandem arrangement of this fragment generates a characteristic
new Smal fragment, not present in the Smal digest of non-amplified pFS202. It
should be noted that Fig. 3 (B) only shows the first step in the amplification
process. Further amplification leads to an increase in the number of the directly
repeated 3-5 Mdal fragments. This model is in accordance with the results shown
in Fig. 1, where eight classes of plasmids isolated from cells with enhanced tetra-
cycline resistance (Fig. 1, lane A) are shown.

Following the models developed for the amplification of R-determinants of
certain R-plasmids in Proteus mirabilis (Rownd, Perlman & Goto, 1975) and
Streptococcus faecalis (Yagi & Clewell, 1977) we suggest that the intramolecular
amplification in pFS202 is due to small directly repeated DNA sequences flanking
an amplifiable DNA region of Tnl771. Recombinational events occurring at these
sites of homology probably result in the gene amplification process. Similar
structures, termed recombination sequences, have been identified by electron
microscopic heteroduplex studies on the Streptococcus faecalis plasmid pAMal
carrying an amplifiable tetracycline resistance determinant (Yagi & Clewell,
1977).

The existence of the proposed direct repeats on Thl771 is also indicated by a
spontaneous formation of tetracycline-sensitive derivatives of plasmid pFS202.
I t was found that tetracycline-sensitive cells are generated at frequencies between
10~2 and 10-3 in E. coli C (pFS202) cultures grown in tetracycline-free medium.
From such Tc8 strains, plasmid variants of pFS202 were isolated; all were found
to lack the 3-5 Mdal EcoRI fragment of Tnl771. One plasmid variant, called
pFS203, was further characterized. The molecular properties of this plasmid are
summarized in Table 1. The restriction map of the residual part of Tnl771 on
pFS203 is shown in Fig. 3(C). This structure of the reduced transposon suggests
that the small direct repeats flanking the 3-5 Mdal fragment carry an EcoBl site.
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One of these proposed direct repeats borders the Tnl771 element at the left end
(Fig. 3A). Since Tnl771 carries a further EcoRI site close to the right end, one can
speculate that a third repetitive sequence bonds Tnl771 at the right end.
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Fig. 3. Endonuclease cleavage maps of the transposon Tnl771. Restriction endo-
nuclease cleavage sites on Tnl771 DNAare shown as B for EcoRI, Sfor /SmoI.H for
HindUI and P for Pstl. The arrows underlining the EcoRI sites indicate the proposed
positions and orientations of small repetitive DNA sequences.

(A) Shows the normal structure of Tnl771, present on non-amplified pFS202
plasmids.

(B) Shows the amplified structure of Tnl771, deduced from the analysis of tetra-
cycline amplified pFS202 molecules.

(C) Shows the residual part of the transposon Tnl771 found on the tetracycline-
sensitive plasmid pFS203.

Horizontal dashed lines mark the connexions to the host plasmid DNA.

Taking into consideration that in general transposons are flanked by inverted
repeats (Kopecko & Cohen, 1975; Berg et al. 1975; Heffron et al. 1975), we propose
the following model (Fig. 3a). The two directly repeated sequences at the left
end and in the middle are responsible for the amplification process whereas the in-
verted repeats at the ends are involved in the transposition process. This model
accounts for the gene amplification and transposition of Tnl771, and also allows
certain predictions that can be tested experimentally: first, it should be possible
to detect the translocation of only the right half of Tnl771 (see Fig. 3c) which
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is also flanked by inverted repeats, and, secondly, the left half of the transposon
should allow the amplification of foreign DNA inserted it.

Note added in proof. During the preparation of this manuscript we were informed
by R. Schmitt (University of Regensburg) of the amplification of a tetracycline
resistance determinant located on a transposable genetic element on a plasmid
which originated from a chicken in India. Both the physical and genetical pro-
perties of this element seem to be very similar to those of Tnl771.
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