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The ampC promoter and attenuator regions of an Escherichia coli clinical isolate from a public hospital
in KwaZulu-Natal was investigated to detect the presence of mutations in these regions. The isolate was
subjected to MIC determinations, IEF analysis, PCR for the presence of B-lactamases and sequencing of
the ampC gene. Analysis of the ampC promoter and attenuator regions of the isolate showed that the
isolate had mutations in the promoter region and this included insertions of nucleotides in the spacer
region between the -10 and -35 Pribnow boxes. The insertion of an extra nucleotide in the spacer region
between the -10 and -35 boxes affects the resistance of bacteria to -lactam antibiotics.
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INTRODUCTION

All strains of Escherichia coli possess a gene that
encodes an AmpC B-lactamase (Clark et al., 2003). The
AmpC gene in E. coliis normally located on the chromo-
some and is weakly expressed because of a weak
promoter and a weak transcriptional attenuator (Siu et al.,
2003; Mulvey et al., 2005). Most E. coli strains do not
produce clinically relevant levels of the chromosomally
encoded AmpC [-lactamase (Martinez-Martinez et al.,
2000). Wild-type strains produce a basal level of this
enzyme which does not result in ampicilin and
cephalosporin resistance (Siu et al., 2003; Mulvey et al.,
2005). Gene amplification or mutations at either the
promoter and/or attenuator regions of the structural 3-
lactamase gene can result in AmpC hyper-production
(Martinez-Martinez et al., 2000). Such hyper-production
of AmpC B-lactamase contributes to resistance to ampi-
cillin, extended-spectrum cephalosporins and -lactam-§3-
lactamase inhibitor combinations (Martinez-Martinez et
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al., 2000; Siu et al., 2003). AmpC B- lactamases display
similar MIC values to extended-spectrum B-lactama-
ses (ESBLs). However, in contrast to ESBLs, AmpC B-
lactamases are poorly inhibited by B-lactam-B-lactamase
inhibitor combinations (Siu et al., 2003).

Unlike other members of the family Enterobacte-
riaceae, in E. coli, ampC is not inducible since there is no
ampR regulatory gene (Caroff et al, 2000) and
consequently, in E. coli the level of transcription of the
ampC gene depends mostly on the strength of the ampC
promoter. E. coli harbours two hexamers of conserved
sequences, the -35 region and the -10 one, called the
Pribnow box, which play an important role in gene
transcription. The -35 consensus sequence TTGACA and
the -10 consensus sequence TATAAT have been des-
cribed (Corvec et al, 2002). Genetically, promoter
changes, an optimized distance (17 bp) in the Pribnow
box (-35 and -10) and the presence of more than one
copy of ampC, have been described as crucial factors for
ampC hyper-production (Nelson and Gay Elisha, 1999;
Siu et al.,, 2003). Mutations in the promoter region of
ampC have been described as a mechanism for AmpC
hyper-production. The mutations are thought to generate
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Table 1. Primers used in PCR studies.

Primer Sequence Purpose of primer Reference
TEM1(F) | 5-ATGAGTATTCAACATTTCCGTG-3 Amp Essack et al., 2001
TEM2(R) | 5-TTACCAATGCTTAATCAGTGAG-3’ Amp/Seq Essack et al., 2001
TEM3(R) | 5-TTCTGTGACTGGTGAGTACT-3’ Seq Essack et al., 2001
TEM 4(R) | 5-GAGTAAGTAGTTCGCCAGTT-3 Seq Essack et al., 2001
TEM5(F) | 5-CTGCAGCAATGGCAACAAC-3’ Amp/Seq Designed for this study
COLA 5-ACGACGCTCGCGCCTTA-3 Amp/Seq Bret et al., 1998
COLB 5-AAGAATCT GCCAGGCGGC-3 Amp/Seq Bret et al., 1998
AmpC R1 | 5-GTTTGCTGCGTGACGGGCTG -3 Amp/Seq Designed for this study
AmpC F1 5-ACCACGCGAT GCACGATCTG-3 Amp/Seq Designed for this study
AmpC R2 | 5- GATGACA GCAAGGAAAAGCGGAG-3 Amp/Seq Designed for this study
AmpC F2 | 5-GCCGGTAAATCCTGACACCATC-3 Amp/Seq Designed for this study
CTX-MF 5-TTTGCGATGTGCAGTACCAGTAA-3 Amp/Seq Edelstein et al., 2003
CTX-MR 5'-CGATATCGTTGGTGGTGCCATA-3 Amp/Seq Edelstein et al., 2003

F, forward primer; R, reverse primer; Amp, amplification; Seq, sequencing.

promoters that more closely resemble the E. coli con-
sensus, which leads to over-expression of the normally
low level constitutively expressed ampC (Mulvey et al.,
2005; Tracz et al., 2005). The most frequently described
E. coli ampC ‘strong’ promoter harbours mutations at
positions -88, -82, -42, -18, -1 and +58 (Caroff et al.,
2000). Attenuator mutations are thought to destabilise the
hairpin structure allowing greater read-through (Mulvey et
al., 2005; Tracz et al., 2005).In this study we examined
the DNA sequence upstream of the ampC gene in an E.
coli isolate from a patient in a hospital in KwaZulu-Natal,
South Africa with increased resistance to cefoxitin to
determine mutations occurring in the promoter and attenuator
regions.

MATERIALS AND METHODS
Bacterial strains

E. coliNGZ55 was isolated from a patient in a public sector hospital
in KwaZulu-Natal, South Africa in 2000. The identity of the isolate
as E. coli was confirmed using the API20E identification system
(bioMérieux sa, Lyon, France). E. coli ATCC 25922 was used as
the MIC control.

Antibiotic susceptibility testing

Susceptibility testing was undertaken using the disc diffusion test
according to CLSI guidelines (2005). MICs values were extra-
polated by the BIOMIC an automated reading system and software
(Giles Scientific, New York), using the following antibiotics:
ampicillin, ampicillin/sulbactam, amoxicillin/clavulanate, ticarcillin,
piperacillin, piperacillin/tazobactam, cephalotin, cefuroxime, cefoxi-
tin, ceftriaxone, cefotaxime, ceftazidime, cefepime, meropenem and
aztreonam (Mast Diagnostics, Merseyside, UK).

B-lactamase analysis

The B-lactamases of the E. coli clinical isolate was extracted from a

Nutrient Broth (Biolab, South Africa) culture as described previously
(Livermore and Williams, 1996). Analytical isoelectric focusing (IEF)
was performed in ampholine polyacrylamide gels (pH 3.5 - 9.5;
Amersham Biosciences, Uppsala, Sweden). B-lactamase bands
were detected with nitrocefin (Oxoid). An isoelectric point marker pl
calibration kit (4.7 to 10.6; BDH, England) was used as the
standard.

PCR detection of blarem, blactx, and blaamyc genes

Bacterial DNA was prepared by suspending few freshly grown
colonies from an overnight Nutrient Agar (Biolab, South Africa)
culture of E. coliin 50 yul of purified water and heating the cells at
95°C for 5 min. PCR amplifications were then performed in a Gene
Amp PCR System (Applied Biosystems, USA). The primers used
are described in Table 1. PCR conditions for the amplification of
blarem was carried out as described by Essack et al. (2001). The
amplification mixture for the detection of blactx and blaampc genes
were each made up to 50 pl and contained 25 pyl AmpliTag Gold
PCR Master Mix (Applied Biosystems, California, USA), purified
water, 10 pmol of each primer (Ingaba Biotechnology, Pretoria,
South Africa) and 2 pl of the template DNA. PCR conditions were
as follows: AmpC: an initial denaturation for 30 s at 94°C, 30 cycles
of 30 s at 94°C, 30 s at 57°C, 1 min at 72°C and a final extension
step of 7 min at 72°C; and CTX: an initial denaturation for 5 min at
94°C, 35 cycles of 1 min at 94°C, 1 min at 56°C, 1 min at 72°C and
a final extension step of 7 min at 72°C. PCR products (5 ul) were
analyzed by gel electrophoresis. Gels were stained with ethidium
bromide and photographed using UV illumination. PCR products
were purified and sequenced (Spectrumedix SCE2410 genetic
analysis system, Spectrumedix, Pennsylvania, USA).

RESULTS

The MIC results obtained for E. coli NGZ55 and the
control strain, E. coli ATCC 25922 are shown in Table 2.
E. coli NGZ55 was resistant to amoxicillin/ clavulanate,
ampicillin, cephalotin, cefoxitin and cefuroxime. IEF ana-
lysis revealed the presence of B-lactamases with pls of
6.5 and 6.6. PCR and sequencing data showed that the
isolate harboured TEM-1 and CTX-M1. Comparison of
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Table 2. MIC (ug/ml) profiles of E. coli NGZ55 and E. coli ATCC 25922 (control strain).
Isolate AMP PIP | AMC TZP CEF CXM FEP FOX CTX CRO CAZ MEM ATM
NGZ55 6 10 >64 4 >128 8 2 >96 1 2 6 0.5 4
ATCC 25922 4 ND 6 1 24 4 <1 2 <0.5 <1 1 <0.5 <2

AMP, ampicillin; PIP, piperacillin; AMC, amoxicillin/clavulanate; TZP, piperacillin/tazobactam; CEF, cephalotin; CXM, cefuroxime; FEP, cefepime;
FOX, cefoxitin; CTX, cefotaxime; CRO, ceftriaxone; CAZ, ceftazidime; MEM, meropenem; ATM, aztreonam.

ND = not determined.

Table 3. Mutations in promoter and attenuator regions®.

Isolate

Mutation

E. coliNGZ55

Extra G between -26 and -25; A(-10)C; extra A between +8 and +9;
extra C between +39 and +38; extra C between +54 and +53

4Compared with E. coli K-12 (Caroff et al., 2000).

the AmpC sequences using Blast 2.0
(http://www.ncbi.nlm.nih.gov/Blast; last accessed June
2006) showed that the sequences corresponded to the
chromosomal AmpC sequences of E. coli.

The E. coli isolates showed changes in the AmpC
promoter region compared to that of E coli K-12. The
changes observed in the promoter and attenuator regions
are shown in Table 3. The optimal distance between the -
10 and-35 Pribnow boxes is 17bp. E. coli NGZ55 had an
additional nucleotide, G, between positions -26 and -25.
Mutations in the -10 box included changes at position -10
and this changed the -10 box from TACAAT to TACCAT
(changes in boldface). Changes upstream of the -35 box
included A(-82)C, T(-47)G, A(-43)C, G(-40)C, A(-39)C
and A(-37)T.

Isolate E. coli NGZ55 in addition showed a further
nucleotide addition, A, between positions +8 and +9.
Changes between the attenuator region and the start
codon included the following: T(+41)G, T(+43)A and
T(+45)G. E. coli NGZ55 also had the following extra
nucleotides: an additional C between positions +39 and
+38 and an additional C between positions +54 and +53.

No SHV-, OXA- and plasmid-mediated AmpC type-B-
lactamases were detected (data not shown).

DISCUSSION

E. coli is an important pathogen that commonly causes
serious infections (Forward et al., 2001) and therefore,
the emergence of E. coli strains resistant to the cepha-
mycins should be a cause for concern to clinicians
managing infections in both the community and institu-
tional setting. Some of these strains have become
resistant by virtue of their hyperproduction of chromoso-
mally encoded AmpC p-lactamases whilst others have
acquired plasmidic B-lactamases; most often those
derived from Citrobacter freundii (Clark et al., 2003).

The chromosomal cephalosporinase gene, ampC, of E.

coliis regulated by a weak promoter and a transcriptional
attenuator. Strains carrying the wild-type gene produce
low basal amounts of AmpC and are inherently
susceptible to ampicillin. Occasionally, this enzyme is
overproduced in E. coli and these strains are resistant to
cefoxitin and have reduced susceptibilities to the newer
B-lactams such as the oxyiminocephalosporins. Some
hyperproducers also contain more than one copy of
ampC, while others contain mutations in the regulatory
and/or attenuator regions of ampC, resulting in more
efficient transcription of the structural gene (Nelson and
Gay Elisha, 1999).

AmpC B-lactamase production in E. coli is controlled by
a typical E. coli promoter. There is no repressor gene, as
is seen in Enterobacter cloacae and C. freundii. An
analysis of the promoter region in E. coli revealed the
presence of two conserved regions, the -35 box and the -
10 box, also called the Pribnow box. The sequence of the
-35 and -10 hexamers and the interbox distance are
crucial for efficient binding of RNA polymerase, thereby
influencing the level of transcription of the gene (Caroff et
al., 2000; Forward et al., 2001; Corvec et al., 2002). An
interbox distance of 16 bp and the presence of a hairpin
attenuator structure contribute to low-level transcription of
the gene (Corvec et al., 2002). For most promoters the
degree of homology to the -35 box consensus sequence,
TTGACA, and the -10 box consensus sequence,
TATAAT, is directly related to promoter strength.
Variations in the promoter and attenuator regions of
ampC are a mechanism of hyperproduction of the AmpC
protein that results in resistance or reduced susceptibility
to cefoxitin (Mulvey et al., 2005). Susceptible strains of E.
coli have an inefficient ampC promoter that differs by
several nucleotides from the strong promoter sequence.
Consequently, very little AmpC B-lactamase is produced
(Forward et al., 2001).

In this study, isolate E. coli NGZ55 had an extra
nucleotide, G, between positions -26 and -25. This
created an optimal distance of 17 bp between the -10 box
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and the -35 box and this has been shown in previous
studies to play a role in promoter strength (Forward et al.,
2001; Siu et al., 2003; Mulvey et al., 2005). This isolate
was resistant to cefoxitin with reduced susceptibility to
ceftazidime and aztreonam. However, this isolate was
susceptible to piperacillin/tazobactam and ampicillin/
sulbactam (results not shown) and this MIC profile is
suggestive of an ESBL-producer. However, PCR and
DNA sequencing studies have shown the presence of
only TEM-1 and CTX-M1 in this isolate. This isolate, in
addition to the extra nucleotide between positions -26
and -25, also had a mutation at position -10 to give a new
-10 box which changed it from TACAAT to TACCAT
(change shown in boldface). It also had nucleotide
insertions in the regions just outside the attenuator region
and this included an extra A between positions +8 and +9
and an extra C between positions +39 and +38.
Sequencing data have also shown an extra nucleotide, C,
between positions +54 and +53 which are situated close
to the ATG start codon. Previous studies (Forward et al.,
2001) have shown that mutations in the attenuator region
result in increased transcription of the ampC gene.

Conclusion

While chromosomal-mediated resistance might spread
more slowly than mobilized B-lactamases, it is likely that
with intense antibiotic pressure seen in today’s medical
practice that chromosomal-mediated resistance will
become an increasing problem and may further limit our
antibiotic choices (Forward et al., 2001). Routine
surveillance of sensitivity to cefoxitin in E. coli is thus
advocated.
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