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SUMMARY

We have previously examined the genetic organization and regulation of the TnZO tetracycline-resistance
determinant in Escherichia coli K-12. The structural genes for retA, the TnlO tetracycline-resistance
function, and for tetR, the TnlO lef repressor, are transcribed in opposite directions from promoters in a
regulatory region located between the two structural genes. Expression of both t&I and t&R is induced by
tetracycline. Here we report the DNA sequence of the TnlO tet regulatory region. The locations of the tetA
and tetR promoters within this region were defined by Sl nuclease mapping of the 5’ ends of in vivo tet
RNA. The t&4 and tetR promoters overlap; the transcription start points are separated by 36 bp. We
propose that two similar regions of dyad symmetry within the TnlO tet regulatory region are operator sites
at which tet repressor binds to tet DNA, thereby in~biting transcription initiation at the ietA and tetR
promoters. The TnlO ret regulatory region and the pBR322 tet regulatory region show significant DNA
sequence homology (53%).

INTRODUCTION

The transposable element TnZO determines
high-level Tc resistance in E. coii and other enteric
bacteria (Foster et al., 1975; Kleckner et al., 1975).
Expression of TnZO Tc resistance is regulated;
exposure of resistant bacteria to subinhibitory
levels of Tc induces maximal expression of resis* Address
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tance (Franklin, 1967; Robertson and Reeve,
1972). Although the mechanism of Tc resistance is
not completely understood, recent studies indicate
that active efflux of Tc is a major component of
the resistance mechanism (MeMurray et al., 1980;
Ball et al., 1980). The TnZO Tc resistance determinant (tet) directs the synthesis of two proteins, a
36-kDal membrane protein that is essential for Tc
resistance (Levy and McMurray, 1974; Levy et al.,
1977, Jorgensen and Reznikoff, 1979) and a 25-kDa
repressor protein that, in the absence of Tc, inhibits synthesis of the 36-kDa resistance protein
(Yang et al., 1976; Wray et al., 1981). The repres-
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of plasmid pRT29 (Jorgensen and Reznikoff, 1979)
was determined
by the procedures of Maxam and
Gilbert (1980). pRT29 contains a single Tn 10 Hpa I
fragment that is comprised of 695-bp and 1275-bp
HincII fragments (Fig. 1); the plasmid has a unique
X&I site within the tet regulatory region. Following treatment
by bacterial alkaline phosphatase,
the 5’ ends of X&I-linearized
plasmid DNA were
labeled with T4 polynucleotide
kinase
32PIATP. The 3’ ends of XbaI-linearized
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was verified

by analysis

ment labeled

at its HincII

of the BfpI-HincIf

frag-

end (bp 87-92).

TnlO

(b) Sl nuclease analysis of tet RNA
1275

891 II 2790
d

WA

lbswsnca

Reprsssor

Fig. 1. Physical

maps of the TnlO element.

of two 1400-bp
right) flanking
(Bottom)

inverted

repeat

a 6400-bp

The 2790-bp

largely

within

within

central

transcribed

from

tween the structural

region

Rg/II fragment

the 695-bp

the 1275bp
promoters

genes.

(Top) TnlO consists

sequences

of TnlO spans tbe terR repressor
is located

E.

*

WR

(Halling

et al., 1982).

within the central

and tetA resistance

HincII

HincII

(IS10 left and ISlO

fragment;
fragment;

located

near

region

genes; terR

retA is located
fetR and retA are

the HincII

site be-
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Tn 10 tet

plasmid pRT29 was grown in LB broth containing
10 pg/ml tetracycline
hydrochloride
(Sigma). LB
broth

contained

per liter:

10 g tryptone

(Difco),

8

g NaCl and 5 g yeast extract (Difco). At an Asso of
0.35 the cells were rapidly chilled and, following
addition
of 20 ,ccg/ml chloramphenicol
(Sigma),
harvested by centrifugation.
The cells were lysed
by addition of 300 pg/ml lysozyme (Sigma) and
1% sodium dodecyl sulfate, the lysate was ex-

151

tracted
ous

with phenol,

phase

were

and nucleic

precipitated

acids in the aquewith

ethanol.

RESULTS
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as described by Favaloro et al. (1980) and Treisman and Kamen (198 1). In particular, the hybridizations were at 30°C for 16 h, and the hybrids
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arily an artifact of the Sl nuclease procedure, since
the relative amounts of the Sl-resistant
fragments
vary with the concentration
of Sl nuclease employed. Assuming
that the 5’ ends of the RNAs
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transcription
initiation
sites, the principal
right-
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and sequence
reactions
of appropriate
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promoter
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sequence
(TTGACA,
bp 88-93, Fig. 2) whereas the probable - 35 sequence of the tetR promoter
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homologous to the consensus sequence (TTGTAA,
bp 116-121, Fig. 2). Like other E. coli promoters,
the tetA and tetR promoters
are comparatively
A + T rich (tetA, bp 83-142, 67% A + T; tetR bp
67-126, 70% A + T). Moreover, the entire 201-bp
region that spans the tet regulatory region is 65%
A + T. The high A + T content of this region is
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1979), is located
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is likely that RNA polymerase
poised to initiate
transcription
at either the tefA or tetR promoter
would protect the HincII site from cleavage. It is
also noteworthy
that the tetA RNA transcript
is
initiated
within a run of pyrimidine
nucleotides
(CTCCCT,
bp 122-127), a feature that has been
reported for relatively few promoters (Rosenberg
and Court, 1979; Siebenlist et al., 1980).
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The physical overlap between the t&A and tetR
promoters suggests that RNA polymerase interaction with these promoters is mutually exclusive,
and it raises the question of whether or not some
mutations that reduce the efficiency of one promoter might thereby increase the efficiency of the
other promoter by affecting the competition between the two promoters for RNA polymerase
binding. The bioA and bioB promoters in E. coli
(Guha et al., 1971; Otsuka and Abelson, 1978) and
thep, andp aM promoters in phage h (Ptashne et
al., 1980) are additional examples of divergent
overlapping promoters. In neither of these cases is
the overlap as extensive as it is for the tetA and
t&R promoters. There does not appear to be strong
competition between the bioA and bioB promoters;
however, this may reflect the fact that the bio
promoters are relatively weak (Barker et al., 1981).
Expression of both tetA and tetR is regulated by
Tc and the tetR repressor (Levy and McMurray,
1974; Yang et al., 1976; Wray et al., 1981; Beck et
al., 1982). Hillen et al. (1982) purified the tetR
repressor, demonstrated that it binds to tet DNA
in the absence of Tc but not in the presence of Tc,
and localized repressor binding site(s) within the
187 bp AluI-HaeIII region (bp 24 to beyond 201
Fig. 2). Since regulatory proteins have, in general,
been found to bind DNA sequences that exhibit
varying degrees of dyad symmetry (Gilbert and
Maxam, 1973; Bennett et al., 1976; Musso et al.,
1977; Ptashne et al., 1980), it is highly probable
that one or both of the regions of dyad symmetry
within the ret promoter region (bp 93-l 11 and
123-141) are the operator site(s) to which tetR
repressor binds. The two regions of dyad symmetry show extensive homology; the sequence CCTATCA-TGATAG-G
is present in both regions.
The DNA sequence suggests a model in which tetR
repressor binds to tandem operators in the
tetA-tetR promoter region. Furthermore, the topology of the tet promoters and the putative operator
sites suggests that repressor bound at either operator site would almost certainly inhibit tetA transcription. Repressor bound at the leftward operator site (bp 93-111) would, likewise, almost certainly inhibit tetR transcription; however, it is
difficult to predict what the effect of repressor
bound at the rightward operator site (bp 123-141)
would be on tetR expression. Thus, it appears that

transcription pf the tetA and tetR structural genes
may be regulated by repressor binding to shared
operator sites. Multiple operators have previously
been described for the c1 repressor and cro genes
of phage lambda (Ptashne et al., 1980) and the
ZexA protein of E. coli (Little et al., 1981).
Predicted amino-terminal amino acid sequences
for the tetA and tetR gene products are shown in
Fig. 2. Genetic analyses (K. Postle, T. Nguyen and
K.P. Bertrand; K.P. Bertrand, L.V. Wray and W.
Reznikoff, in preparation) suggest that the aminoterminal coding regions for the tetR and tetA
structural genes are located between the XbaI site
and the Hid1
site (bp 60-93, Fig. 2), and the
H&c11 site and the Tag1 site (bp 88-162), respectively. DNA sequence data (Hillen et al., 1983; K.
Postle, T. Nguyen and K.P. Bertrand, in preparation) indicate that the designated translational
reading frames are the only open reading frames
that extend through the tetA and tetR structural
genes. The predicted translation initiation codons
are, in each case, preceded by polypurine sequences that resemble the sequences of known
ribosome-binding sites (Shine and Dalgarno, 1974;
Atkins, 1979; Scherer et al., 1980; Gold et al.,
198 1). Assuming the predicted translation initiation sites are correct, the tetA and tetR structural
genes are separated by a non-translated regulatory
region of 81 bp.
Tc-resistance determinants have been classified
by several criteria, including the level of Tc resistance conferred, the level of resistance conferred to
Tc analogs, and DNA homology as judged by
DNA-DNA hybridization experiments (Mendez et
al., 1980). By these criteria the Tc-resistance determinants of TnlO and the plasmid pBR322 represent two distinct classes of Tc-resistance determinant (Mendez et al., 1980). Therefore, it is of
interest to compare the DNA sequences of the
T&O tetA and pBR322 ter regulatory regions (Fig.
4). The pBR322 tet promoter region, defined by
mutational studies (Rodriguez et al., 1979) as well
as its sequence homology with other E. coli promoters (Sutcliffe, 1979), shows si~ificant sequence
homology (53%) with the TnZO tetA promoter
region, including the conserved hexanucleotide
TTGACA which is present in the - 35 regions of
both promoters. The pBR322 tet promoter, like the
TnlO tetA promoter, is A + T rich (66% A + T for
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