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Abstract
Salmonella enterica ser. Typhimurium was isolated from freshwater sediments and chromosomally labelled with a stable
variant of the green fluorescent protein (GFP). The pUT mini-Tn5 Km transposon was used to introduce the gfp gene onto the
chromosome of the S. Typhimurium strain by tri-parental mating. Southern Blot hybridisation confirmed that the gene had
integrated into the chromosome. The gfp gene was stably maintained and the labelled strain was not growth-rate impaired.
The incorporation of the gfp gene did not convey any significant loss of phenotype which would affect the survival and
behaviour of the tagged strains. The tagged S. Typhimurium strain was used to spike an established drinking water biofilm
and was able to colonise and persist within the biofilm. The tagged strain was also successfully used to study the survival of
S. Typhimurium in natural sediments under different temperatures. These tagged strains can therefore be used to study the
fate and survival of different Salmonella strains in water environments.
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Introduction
Salmonella enterica is a primary agent of gastroenteritis in both
humans and animals and each year an estimated 12.5 million
people are affected (Hunter, 1997). Although often associated
with food-borne transmission, Salmonella is also frequently isolated from water sources, which may serve as a reservoir for
infection. Salmonella have been detected in sewage, freshwater,
marine, coastal and groundwater (Baudart et al., 2000; Ho and
Tam, 2000; Gannon et al., 2004). The presence of this bacterium
in the aquatic environment is often linked to direct or indirect
contamination by human or animal excretion (Baudart et al.,
2000; O’Shea and Field, 1992; Moganedi et al., 2007).
Compared to E. coli, Salmonella appears to withstand a
wider variety of environmental fluctuations and may persist in
various water environments for extended periods. (Winfield
and Groisman, 2003). Biofilms of potable water distribution
systems have the potential to harbour Salmonella. This is problematic, as these pathogens could be released back into the flow
following detachment (Camper et al., 1999; Szewyk et al., 2000).
Sediments may protect enteric bacteria from certain stressors
associated with aquatic environments and they are known to act
as nutrient sources that may support bacterial growth (Lim and
Flint, 1989). Salmonella enterica serovar Typhimurium mr-DT104 was found to survive for several months in aquatic environments, with enhanced survival in sediments relative to overlying
water (Moore et al., 2003). In order to protect and manage the
quality of water sources, a clear understanding of the fate, survival and transport of this bacterium in various aqueous environments is necessary.
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Detailed studies on the fate and persistence of non-typhoidal Salmonella in water environments have been limited due to
the lack of a stably tagged strain readily distinguishable in vivo
from the rest of the bacterial community. A range of specific
detection techniques has been described in the past decades,
including use of fluorescent antibodies (Cloete and De Bruyn,
2001) and fluorescent in situ hybridisation (FISH) (Amann et al.,
1995). Genetic tags described include the luciferase (lux) operon
(Meikle et al., 1994), the expression of which exerts significant
energy drainage on the cell. A more recent approach to study
the behaviour of a specific strain in natural environments is by
tagging the bacterial cell with the gene encoding the green fluorescent protein (GFP) (Möller et al., 1998). GFP can be visualised by epi-fluorescence microscopy, fluorescing green during
excitation with UV or blue light. The gfp gene obtained from
the jellyfish Aequorea victoria (Chalfie et al., 1994) overcomes
many of the limitations posed by systems such as luciferase and
end-point approaches such as FISH. Cells tagged with gfp therefore do not require prior fixing, staining or addition of substrate
for visualisation (Chalfie et al., 1994; Valdivia et al., 1996). GFP
is a very stable protein (Andersen et al., 1998) and its detection
is independent of cellular energy reserves at the time of viewing. Green fluorescence phenotypes are detectable in all growth
phases even under starved conditions (Tombolini et al., 1997).
Frana and Carlson (2001) developed and used a plasmid encoding gfp in Salmonella Typhimurium phagetype DT104. It was
found that fluorescence was maintained for up to 50 propagations under non-selective conditions. For strains that are destined for use in an environmental study, it is imperative that the
desired traits are encoded and maintained on the chromosome,
ensuring stability of the engineered phenotype (Eberl et al.,
1997). The chromosomal tagging of bacterial strains using GFP
allows for the possibility of performing survival studies under
mixed culture conditions including temporal observations over
extended periods of time. In this way, a more realistic indication
of the growth potential of Salmonella in aquatic environments
can be obtained due to the interaction with competing indigenous micro-organisms.
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