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Synopsis

This study was designed to determine the regulatory network that controls expression
from two Escherichia coli K-12 promoters, pyeaR and pogt, during anaerobic growth. These
promoters were identified from transcriptomic studies as being positively regulated by NarL.
independently of FNR, the master regulator of anaerobic respiration. Biochemical and genetic
analyses presented in this study confirmed that expression from both the yeaR and ogt
promoters is dependent upon NarL, which binds to a single site in the yeaR promoter and two
sites in the ogt promoter. The nucleoid-associated protein, Fis, repressed transcription from
both promoters, especially in rich medium, by binding to sites that overlap the NarL site,
excluding the essential activator.

Both promoters were more active in the absence of functional FNR. However,
mutational analysis revealed that FNR does not bind to the yeaR promoter region, so this effect
is indirect. How the absence of functional FNR might affect NarL-dependent nitrite signalling
was investigated.

The Ogt protein is known function as an 06—alkyguanine methyltransferase. However,
the functions of the gene products of yeaR-yoaG and another operon implicated in nitrosative
stress management, hcp-hcr, were unknown. Strains carrying a chromosomal yeaR-yoaG
deletion were not more sensitive to nitric oxide or hydroxylamine compared with the parental
strain, suggesting that the products of this operon are not essential for dealing with these toxic
nitrogen species. Conversely, a strain deleted in hcp-hcr was shown to be slightly more
sensitive to both nitric oxide and hydroxylamine, implicating Hcp and Hcr in nitrosative stress

management.
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Chapter 1

Introduction

The facultatively anaerobic bacterium Escherichia coli, and its life in the
mammalian gut

The Gram-negative enterobacterium, Escherichia coli, is found in many diverse
environments including the mammalian gut (Drasar ef al., 1966). As a result of its lifestyle, E.
coli must be able to adapt from the aerobic environment outside the host to the anaerobic
environment in the gastro-intestinal tract (Cole, 1996). Within the host, E. coli uses an array of
alternative electron acceptors in order to respire efficiently in the absence of oxygen
(Richardson, 2000). The two most powerful oxidants available in the mammalian gut are
nitrate (NO3’) and nitrite (NO;’), which E. coli can reduce readily to ammonia (reviewed by
Cole, 1996; Saul et al., 1981). When inhabiting the gastrointestinal tract, E. coli must be able to
protect itself from host defences, which generate an array of cytotoxic nitrogen-based
chemicals to destroy the bacterium, as well as the toxic intermediates E. coli and other bacteria
sharing the gastro-intestinal tract produce during anaerobic nitrate respiration (Bogdan et al.,
2000; Nathan, 1997; Nathan and Shiloh, 2000). Several systems have been identified in E. coli
that reduce or detoxify nitric oxide. However, many other genes, some of unknown function,
have been implicated as being involved in nitrosative stress management (Constantinidou et
al., 2006). This study aims to discover how E. coli regulates the expression of genes of
unknown function that are implicated in nitrosative stress tolerance. Therefore, this chapter will
describe: how and when E. coli is likely to encounter nitric oxide while growing in an
anaerobic environment; how the bacterium is able to detect nitric oxide and its precursor
molecules; the mechanisms by which E. coli can detoxify NO or repair the damage it has

caused and how E. coli regulates the expression of specific genes at the transcription level.



The environmental nitrogen cycle

The element nitrogen is an essential component of many biological molecules, most
importantly in proteins and nucleic acids. It is present in the environment in redox states from
+5 to -3 and is inter-converted between these states by highly specialised enzymes, many of
which contain metal iron cofactors (reviewed by Richardson and Watmough, 1999). The inter-
conversion of nitrogen between varying oxidation states, facilitated by biological, geological
and chemical catalysts, forms the basis of the global nitrogen cycle. Within this complex cycle,
bacteria play a key role. Assimilation of di-nitrogen gas (N;) into organic matter, otherwise
known as nitrogen fixation, is facilitated by a more limited number of bacterial species, which
possess nitrogenase enzymes. Denitrification, or the reduction of nitrate and nitrite to nitric
oxide (NO), nitrous oxide (N,O) and di-nitrogen (N;), is a conserved respiratory pathway
utilised by denitrifying bacteria (reviewed by Berks et al., 1995a; Ferguson, 1998).

The reduction of nitrate to nitrite and the successive reduction of nitrite to other
nitrogen oxides play a key role in the loss of fixed nitrogen from the environment. The
eventual production of nitrous oxide, a greenhouse gas, from the reduction of nitric oxide by
bacteria has led to world wide interest in the biogeochemical nitrogen cycle and the
introduction of control on the use of N-fertilisers in agriculture (Butler, 2003; Lane, 2007).

The enteric bacterium E. coli is able to use a number of enzymes to capitalise on the
presence of nitrate and other alternative electron acceptors. Using these alternatives, either in
the host or in the environment, E. coli is able to respire efficiently in the absence of oxygen
(Richardson, 2000). The ability of E. coli to switch from aerobic to anaerobic growth is
fundamental to its life as an intestinal pathogen as well as an environmental bacterium, and is
therefore the subject of intense study (Cole, 1996; Lundberg et al., 2004). Although the
regulation and function of many aspects of nitrate metabolism are well understood, recent
insights into the endogenous generation of nitric oxide and other toxic nitrogen species during

nitrite reduction has raised interest in the subject. One key aspect, which is the focus of this
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study, is how E. coli is able to detoxify or remove the cytotoxic reactive nitrogen species such
as nitric oxide that it generates itself during anaerobic nitrite metabolism (Corker and Poole,
2003). The resistance of pathogeni