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Abstract

Salmonella enterica serovar Enteritidis (SE) is an important Salmonella serotype that causes significant
human infection through its contamination of poultry meat and eggs. Identifying processes that confer
resistance to egg white (EW) might explain, and help combat, the ability of SE to survive in the harsh
conditions of EW. The study described herein builds upon pervious work which shows that a set of
hexonate/hexuronate (Hex) utilisation genes (dgoRKADT, uxuAB-uxaC and SEN1433-6 genes) are the
most strongly induced when SE is exposed to EW. This observation is a surprise since no evidence for the
presence of Hex substrates in EW is available, and these Hex utilisation (hex) genes are not know to have
any role in EW survival. To study the regulation of the above ‘hex’ genes in response to EW, lacZ
transcriptional fusions were generated to each of the potential promoter regions. The resulting
transcriptional fusion data showed that seven of the fusions have activity markedly above that of the vector
control, but two (dgoT; SEN2979) have weak activity, suggesting no promoter is present. To test the role
of hexonates in regulating expression of the hex genes, four distinct hexonate compounds were employed
(D-galactonic acid; D-mannono-1,4-Lactone; L-(+)-gulonic acid y-lactone and gluconate). All four could
act as sole carbon and energy source for SE at 42 °C (hen body temperature). The hexonates induced
distinct regulatory responses in the expression of the various hex genes, indicating that hex gene expression
is controlled in response to hexonates, as expected, and that this response involves multiple regulatory
pathways. However, the data are inconsistent with any role for hexonates in induction of hex genes by EW.

EW, as expected, caused a major inhibition of SE growth, even when added at low levels (0.05%). In
addition, the response of four hex genes (sen1436, sen1432, dgoR and sen2977) to EW was tested, and all
four gave major induction effects (13-61 fold), confirming the previous report of EW induction of these
genes. EW filtrate had little impact on EW-dependent hex gene induction, as did the provision of iron,
temperature (30-42 °C) or pH (7-9). This finding indicated that an EW protein(s) of >10 kDa is responsible
for the EW induction effect. Thus, four major EW proteins (albumin, conalbumin, ovomucoid and
lysozyme) were tested for their ability to induce SEN1436 and a very strong induction effect (48 fold) was
seen with lysozyme, suggesting this protein is primarily responsible for the EW-induction of the hex genes.
Furthermore, three other lacZ fusions (SEN1432, dgoR and SEN2977) tested were also strongly induced by
lysozyme (19-, 13- and 14-fold, respectively). This effect was confirmed with human lysozyme and with
non-commercial sources of hen egg lysozyme. Thus, the results strongly suggest that lysozyme is the key
factor in EW induction of hex gene expression; this is a novel finding.

The SEN1432 and dgoR genes, encoding GntR-like regulators, were inactivated to determine their role in
hex gene control. The deletions caused a moderate increase in the expression of the SEN1432- and
SEN1436-, and dgoR-lacZ fusions, but no major effect on EW or lysozyme induction. Complementation
largely reversed the expression effects of the mutations. Thus, the results indicate that neither DgoR nor
SEN1432 are involved in the induction of the hex genes by EW lysozyme. The membrane-damaging
antibiotic, polymyxin B (PMB), also caused a major induction of the hex genes, although not so great as
that of lysozyme. Experiments with pmrA and phoP global-regulatory mutants showed that the PMB effect
is controlled by the PhoPQ and PmrAB systems, but that the response to lysozyme is only slightly
dependent on these regulators. This conclusion was supported by complementation with pmrAB.

Thus, the control of the hex genes by the PmrAB and PhoPQ systems is complex, and involves additional
factors. These results clearly show that the hex genes are subject to PMB induction and that this is largely
controlled by PmrAB-PhoPQ. However, the response to lysozyme is only partly controlled by these factors
indicating the involvement of another regulator. The results are consistent with a role for the observed hex
gene induction by lysozyme in preserving the integrity of the cell envelope.
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Chapter 1. Introduction

1.1 Salmonella spp.
1.1.1 Characteristics
Salmonella is a Gram-negative, facultatively anaerobic, flagellated, rod-shaped, non-spore

forming and regularly motile bacterium belonging to the Enterobacteriaceae family. It is about 2-3
X 0.4-0.6 um in size forming colonies about 2-4 mm diameter. Optimal growth temperature of
most Salmonella serotypes is 35-37 °C with capability to grow at a range of temperatures from 5
to 47°C (Pui et al., 2011). However, a number of serotypes have the potential to grow at
temperatures as low as 2 °C or as high as 54 °C. The preferred environment is neutral pH 6.5-7.5
with possibility of growth at pH between 4 and 9. Salmonella growth needs high water activity
between 0.99 and 0.94 but it is able to survive in dried foods where water content is less than 0.2
(Pui et al., 2011).

The biochemical characteristics of Salmonella indicate that they are able to reduce nitrates to
nitrites, produce hydrogen sulphide on triple-sugar iron agar, and they are usually able to use
citrate as the sole carbon source, are non-lactose fermenting and D-glucose is fermented with the
production of mixed acids and usually hydrogen gas. Other carbohydrates usually fermented are
L-arabinose, maltose, D-mannitol, D-mannose, L-rhamnose, D-sorbitol (except S. enterica subsp.
indica), trehalose, D-xylose and dulcitol. Salmonella is oxidase negative, catalase positive, indole
and Voges-Proskauer (VP) negative, methyl red and Simmons citrate positive and urea negative

(Neidhardt, 2005).

1.1.2 Classification and nomenclature
The first recognition of this genus was in 1885 with the identification of Salmonella choleraesuis
(later known as Salmonella enterica) by Daniel EImer Salmon, a veterinary pathologist, and his

assistant (Theobald Smith) who were working on a The United States Department of Agriculture

1
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research program on the cause of hog cholera (Berge et al., 2004). The genus of Salmonella
consists of two species: S. enterica and S. bongori (also referred to as subsp. V). S. enterica is
divided into six sub-species; enterica, salamae, arizonae, diarizonae, houtenae and indica,
referred to these sub-species in Latin numerals from I-VI respectively (Figure 1.1) (Le Minorb and
Popoff, 1987; Brenner et al., 2000; Hurley et al., 2014). A number of nomenclature systems have
been applied over time for classification of Salmonella serotypes. Salmonella enterica serovars
can be classified based on antigenic reaction with specific antibodies directed against surface
antigens according to the Kauffmann-White scheme (Pui, et al., 2011). There are three major
antigens employed: somatic (oligosaccharide) antigens (O), flagellar antigens (H) and capsular
antigens (K). They are composed of heat stable lipopolysaccharide of the outer membrane (O),
heat labile proteins associated with flagella (H) and heat sensitive polysaccharide of the capsule
(K), respectively. Agglutination by antibodies specific for the various O antigens is employed to
group Salmonellae into the 6 serogroups: A, B, C1, C2, D and E. According to Pui et al. (2011),
flagellar H antigen is highly specific for Salmonella serotyping, more so than somatic antigens

which often have the disadvantages of cross-reactivity with other genera.
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Phylum: Protecobacteria
Class: Gamma proteobactria
Order: Enterobactiales
Family: Enterobacteriaceae

Gienus | Salmornelia |

5. bongori

Species subsp. V S. enterica
Subs i v enferica salamae arizonge diarizonae howutenae indica
Subspecies f , ,
Pe 1 Il Iila 1Hb v VI
™
Typhoidal MNon-Typhoidal
Serovars
e.g. 5. Typhi & Paratyphi e.z. 5. Typhimurium & Enteritidis
L
1 ]
H H
H H
i i
it
Typhoid & Paratyphoid Gastroenteritis &
Form fevers extraintestinal
(humans) (humans & animals)
»

Figure 1.1: Diagram of Salmonella species, sub species, and groups of serovars, figure adapted from Hurley et al.,
2014.

Salmonella enterica serovars can be also classified as three groups according to their ability to
infect a wide variety of hosts as follows: The first group is unrestricted serovars including
serovars (e.g. S. Typhimurium and S. Enteritidis) which infect nearly all animals and cause enteric
disease. The second group of serovars (e.g. S. Dublin) is host adapted. These serovars prefer
specific hosts causing severe systemic infection in these hosts, but less effectively infect other
hosts. While the third group is host restricted, which are firmly restricted to one very specific
host and only cause systemic infection; serovar examples include Typhi in humans and

Gallinarum in birds (Singh, 2013).
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Previously, Salmonella was named based on the original place of isolation, such as Salmonella
London and Salmonella Indiana. Subsequently, this system was replaced by a phage typing system
based on susceptibility toward different selected bacteriophages (Pui, et al., 2011). This system
was employed successfully in epidemiological investigations of Salmonella outbreaks sources and
resulted in 200 identified serotypes within S. Typhimurium and 27 phage types within S.
Enteritidis (Porwollik et al., 2005). Therefore, a nomenclature system was adopted, designated the
provisional or definitive phage type number (depending on the reliability of the designation),
which depends on phage susceptibility (Akiba et al. 2011). The phage type prevalence in different
geographical areas is varied. For example, phage type 1 (PT1) is common in Baltic countries and
Russia, whereas Phage type 4 (PT4) is most often seen in Western European countries. PT8 is
frequently found in the United States. PT4 was mainly responsible for large epidemics of SE
infection in the UK in the late 1980s and was also a major cause for egg-borne SE outbreaks over
ten years from 1992-2002 (Gillespie et al., 2005). However, a decline in human S. Enteritidis PT4
infection was recorded in England and Wales from 1997 due to industry control programmes in
the poultry sector, including vaccination of layer flocks (Cogann and Humphrey, 2003). Other
studies indicate that the greatest increases have occurred in S. Enteritidis PT1- and PT14b-related
infections since 2000 (Gillespi and Elson. 2005; Janmohamed et al., 2011). PT4, PT8, and PT13a
comprise the majority of Enteritidis infections worldwide (Zhensheng et al., 2009).

The last main classification is based on phylogeny generates phylogenetic trees by comparison of
16S rRNA or other gene sequences. According to this system, there are 2500 recognised serotypes
belong to only two species, based on differences in 16S rRNA sequence analysis: 2463 serotypes
for S. enterica and 20 serotypes for S. bongori. Now, relevant organizations like WHO and CDC

used this system (Pui et al., 2011; Silva et al., 2012). Typically, S. Enteritidis, S. Typhimurium
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and S. Heidelberg are the three most frequent serotypes recovered from humans (Boyen et al.,
2008). Recently whole genome sequencing (WGS) and single nucleotide polymorphisms (SNP)
have been used as bacterial strain discrimination techniques in monitoring Salmonella

epidemiology (Dallman et al. 2018).

There are a wide variety of methods commercially available for Salmonella detection and
identification. These include the use of antibodies to Salmonella antigens (Enzyme-Linked
Immuno-Sorbent Assay [ELISA], immuno-chromatography, antibody coated dipsticks, latex
agglutination), and polymerase chain reaction (PCR). However, these techniques do not have the
ability to detect cell number less than (10*-10° cells/ml), so a pre-enrichment step is needed to
reach detectable numbers of cells which means identification within one day is not possible (Berge

et al., 2004).

1.2 Salmonella pathogenicity

Salmonella is a significant public health concern around the world. Infections by Salmonella are
responsible for more than half a million deaths each year worldwide, 16 million cases of typhoid
fever and 1.3 million gastroenteritis cases according to WHO estimates (Pui et al., 2011). Indeed,
these huge numbers have an economic effect as diagnosis and treatment are expensive as are
studies that monitor outbreaks and research on anti-Salmonella approaches. Monitoring and
control programs have been set up in many countries with varying success (with a 30% decrease
obtained from 2007 to 2014 in the EU) to reduce Salmonella contamination on the farm, such as
national control programs implemented in the European Union (EFSA, 2012). The number of
human cases and outbreaks has decreased in recent years, and efforts in the poultry industry have
contributed in decreasing the flock prevalence. However, Salmonella enterica still remains a major

bacterial pathogen causing a significant fraction of human foodborne disease (EFSA, 2012).
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According to the clinical symptoms, four main human disease patterns are caused by Salmonella:
enteric fever, gastroenteritis, bacteraemia and other complications of nontyphoidal salmonellosis
including the chronic carrier state.

Enteric fever is caused by Salmonella serovars Typhi and Paratyphi which are responsible for
typhoid and paratyphoid fever, respectively. These tend to infect humans through ingestion of
food or water contaminated with human waste. The disease is characterized by fever, headache
and diarrhoea. 10% of patients may relapse, die or encounter serious complications such as
gastrointestinal bleeding and intestinal perforation while proper antibiotic treatment will enable
recovery within 10-14 days (Connor and Schwartz, 2005).

Gastroenteritis is caused by at least 150 Salmonella serotypes, which also called nontyphoidal
salmonellosis or enterocolitis, including S. Typhimurium and S. Enteritidis. The disease is caused
via ingestion of water or food contaminated with animal waste. It is characterized by nausea,
vomiting, diarrhea, headache, chills and fever up to 39 °C. The symptoms can be mild to severe
and may last between 5-7 days (Chimalizeni et al., 2010).

Bacteraemia is one of the nontyphoidal salmonellosis complications: About 8% of untreated
cases of salmonellosis result in bacteraemia if the pathogen passes the intestinal barrier and enters
the blood stream. It has been associated with highly invasive serotypes like Cholearaesuis or
Dublin (Wood et al., 2008).

Chronic carrier state: nontyphoidal serotypes persist in the gastrointestinal tract from 6-12
weeks, thus, salmonellosis can be spread by chronic carriers who potentially infect many
individuals, especially those who work in food-related industries (Pui et al., 2011).

S. enterica has large chromosomal regions, known as Salmonella pathogenicity islands (SPI),

which contains virulence genes. Five pathogenicity islands (SPI-1 to -5) have been found in a
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range of serovars of S. enterica, with a further five islands with characteristics of SPIs identified in
the complete genome of S. enterica serovar Typhi (Makham et al., 2003). Two of these
pathogenicity islands (SPI-1 and SPI-2) encode two type Il secretion systems (T3SS). The SPI-1
T3SS is mainly involved in host invasion while the SPI-2 T3SS plays a role in survival within the
host cell (Desin et al., 2009). The adherence of bacteria to the cell surface is essential for bacterial
invasion and survival inside the host cells (Thiagarajan et al., 1996). The initial step in the
colonization of host tissue and an essential stage in the pathogenesis of salmonellosis involves the
fimbriae. These are an important factor for adhesion to different cell surfaces, and survival and
persistence in the host (Thiagarajan et al., 1996). S. enterica has numerous cell surface structures
involved in the process of infection such as type 1 (SEF21), thin aggregative (SEF17), SEF14,
long polar (LPF) and plasmid-encoded (PEF) fimbriae, and flagella (Cogan et al., 2004). Three
kinds of fimbrial gene are more important in pathogenicity and the attachment of SE to intestinal
epithelium (sefl4, 17, 21) (Salehi et al., 2011). SEF14 fimbriae are present in a few serovars
including SE and closely related serovars suggesting that SEF14 fimbriae may affect serovar-
specific virulence traits (Collighan and Woodward, 2001). SEF14 fimbriae contribute to the
adherence of the pathogen to chicken ovarian granulosa cells. However, there are specific
antibodies for these fimbriae in egg-yolk which reduce the invasion and colonization in the first
stages of egg infection (Thiagarajan et al., 1996).

Salmonella serotypes contain virulence plasmids of different sizes and genetic composition.
However, all contain a preserved region called the spv operon ¢ 8 kb) which is important for the
survival and multiplication of the bacteria inside particular organs such as the liver and the spleen
(Castila et al., 2006). According to reports, there is an increasing resistance of Salmonella towards

common antibiotics. For example, strains have been detected that have multiple antibiotic
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resistances (MAR) in many countries such as UK, USA and Saudi Arabia (e.g. S. Typhimurium
phage type 104-DT104) (Rankin and Shelley, 1998; Yoke-Kqueen, et al., 2008).

WHO consider that SE was the leading cause of food-borne salmonellosis in 2008 which induces
salmonellosis in humans characterized by diarrhea, fever, headache, abdominal pain, nausea and
vomiting (CDC, 2007; Shah et al., 2011). Furthermore, SE is also reported in cases of invasive and
extra-intestinal infections such as septicaemia, arthritis, endocarditis, meningitis and urinary tract

infections (Kobayashi et al., 2009).

1.3 Salmonella and food poisoning

Survival of Salmonella in various environments for long periods contributes to infection
transmission. Salmonella infection can be transmitted to humans through other vectors such as
rats, flies and birds (Newell et al., 2010). Furthermore, there is also the possibility for transfer of
contamination through the food production chain (Bouchrif et al., 2009). Any contaminated raw
materials that come into contact with food processing equipment can cause infection (Wong et al.,
1998). Salmonella infections are a concern in the poultry industry with infection of poultry
leading to meat and egg contamination (Cox and Pavic, 2010). The most common foods
associated with salmonellosis are foods of animal origin, such as egg, poultry, pork, beef and raw
dairy products (Peris et al., 2010). An outbreak highlighted the emerging challenge of controlling
Salmonella in different food environments such as high concentration of salt, low water levels and
high temperature (Shachar and Yaron, 2006). Cross-contamination through carrying ice cream in a
tanker which previously carried contaminated raw egg was the largest recorded outbreak of SE as
it led to over 200,000 illnesses in several states (Hope et al., 2002). In the United States,
contaminated eggs have been estimated to result in 180,000 to over 660,000 illnesses each year

costing around $150-870 million each year (Cox and Pavic, 2010). According to Kamelia et al.
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(2011), poultry infections by SE have increased in Egypt especially the egg industry which has
significant economic effects. Egg products were associated with 45% of the salmonellosis
outbreaks occurring from 1999 to 2008 (Gantois et al., 2008). Guard (2001) also report that most
outbreaks are associated with consumed contaminated eggs.

In general, the consumption of liquid egg products has increased as it used in various food
products like sausage and pasta, and sterilization is an important concern in particular when used
for uncooked food (Baron et al., 1997). An effective way to destroy most microorganisms is
pasteurization, however the egg contains thermos-sensitive protein which is coagulated at around
60 °C. Therefore, pasteurization treatment of egg is difficult and requires incubation between 40
and 48 °C for a period of 1 to 5 days (Baron et al., 2010). This aspect is one of the main concerns
of the egg products industry and may contribute to the prevalence of outbreaks related to
consumption of eggs.

Food of plant origin, such as vegetables, fruits, and juices, are also of increasing concern (Hanning
et al., 2009). Outbreaks of salmonellosis have been linked to a wide variety of fresh fruits and
vegetables including apple, cantaloupe, alfalfa sprout, mango, lettuce, cilantro, unpasteurized
orange juice, tomato, melon, celery and parsley (Pui et al., 2011). These foods, which are usually
eaten without cooking, could be contaminated during production, storage or in retail outlets.
Carrier handlers that have an acute infection could also be a potential source of infection.

Large scale studies using foodborne outbreak data indicate that the most common contributing
factors associated with foodborne salmonellosis are: cross-contamination, inadequate cooling or
refrigeration, inadequate heat treatment or contamination from food handlers (Gormley et al.,
2008). The analysis of contributing factors of 195 outbreaks reported in Europe with a single

implicated food vehicle is provided in Figure 1.2 (Peris et al., 2010). The most commonly
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associated food ingredients were egg (62.6%), chicken (16.9%) and meat (11.8%). Almost all
(92%) of the egg containing food items can be accounted for by either inadequate cooking (66%)

or contaminated raw food (26%), and this dominates the overall analysis of contributing factors.

Chicken
17%

Meat (excluding
chicken)
12%

Seafood

4%

~ Dairy
2%
Grains and beans

2%
Fruits
1%

Egg
62%

Figure 1.2: Food ingredients associated with nontyphoidal Salmonella food poisoning outbreaks in Europe,
2003-June 2011(Peris et al., 2011).

Various methods have been applied to reduce the level of contamination in eggs as a food source.
In general, there are two approaches, those applied before and those applied after laying. The
‘before’ group includes genetic selection, husbandry methods, breeding practices, disinfection
practices and hen vaccination (Baron et al., 2011). A previous study showed there is a relationship
between hen resistance to caecal colonization and genetic background (Berthlot et al., 1998).
Another study comparing two lineages of hens observed significant differences in the expression
of genes encoding proteins involved in the defence against Salmonella colonisation (Sadeyen et
al., 2006). Thus, hen selection may be an efficient way to improve resistance to colonization by
Salmonella. Stress can affect hen infection through weakening the immune system and reducing
the influx of macrophages to the reproductive organs (Wigley et al., 2005). Hen housing systems
have an impact as well via factors such as the size of flock and the design of cages. Furthermore,

levels of air contamination in the breeding environment are related to egg shell contamination (De
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Reu et al., 2005). Another method applied in the European Union is hen vaccination against SE
which became obligatory from 2008 if the Salmonella prevalence exceeded 10% in laying hens.
However, there is no evidence to verify its effectiveness. On the other hand, there is a wide range
of anti-Salmonella food additives used such as organic acids including propionic, formic acid and
lauric acid which lead to reduced colonisation of the digestive tract, this decreasing the
contamination rate of the environment (Van Immerseel et al., 2004).

The “after’ approach includes packaging, transport and storage of eggs. Advance practices for egg
collection on farm, sorting, packaging, storage and delivery contribute to reducing contamination,
and the most important factor of these processes is minimizing the temperature in order to limit
penetration of Salmonella into the egg contents (Baron et al., 2011).

According to WHO (2005), up to one third of the world population suffers from a foodborne
infection each year. There are number of factors that may promote spread of pathogens, which is
an increasing global issue. For example, the increase of food consumption of animal origin and the
globalization of the food trade and international travel. Such diseases have a negative economic
and public health impact. Therefore, many countries have implemented surveillance and
intervention strategies as attempts to limit foodborne illnesses. These systems depend, for
instance, on epidemiological analyses (outbreak investigations) and subtyping approaches to

recognize the source of infection and highlight regional effects (Pires et al., 2011).

1.4 Salmonella enterica serovar Enteritidis (SE).

Salmonella enterica serovar Enteritidis (SE) (Figure 1.3) is one of the serotypes of the genus
Salmonella which has the ability to infect many animal species, including human beings. The
disease can develop in humans causing infections varying from gastroenteritis to septicemia,

leading to severe damage and possibly death (Castila et al., 2006). Adult chickens are one of the

11



Chapter 1 Introduction

most important carriers of this serotype. Over last 25 years, SE has been a continuous worldwide

threat to public health through contaminated eggs (EFSA, 2012).

Cell membrane

Flagella

Figure 1.3: Transmission Electron Micrograph of Salmonella enterica, coloured using feature-detection software;
the colours do not provide any information. Source (http://fineartamerica.com/featured/salmonella-enteritidis-

bacterium-ab-dowsett.html).

SE is passed to humans mainly via handling and consumption of contaminated poultry meat and
eggs - most studies have identified poultry and poultry products as the major source of human
infection (Shah et al., 2011). According to outbreaks report from the Centers for Disease Control
and Prevention, from 1985 to 1999, eggs and egg-containing products (e.g. homemade ice cream
and Caesar salad dressing) were concerned as major vehicles of SE infection in 298 (80%) of the
371 known source outbreaks in US (Patrick et al., 2004; Shah et al., 2011). Lane et al. (2014)
reviewed 67 years of surveillance data of SE in England and Wales as the largest and most
persistent epidemic of foodborne infection associated with the consumption of contaminated
chicken meat and eggs.This survey estimated >525,000 persons became ill during the course of

the epidemic with 27,000 hospitalizations and 2,000 deaths. Reports from outbreak investigations
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in Spain, Hungary, France, Norway and the United States implicated eggs as the source (Kottwitz
et al., 2010). In Brazil, Salmonella species were responsible for 1408 (23.2%) of the 6062 of
investigated outbreaks of food associated infection between 1999 and 2008 related with
consumption of foods of animal origin such as poultry meat, eggs and their products (Kottwitz et
al., 2010). According to WHO data from 2001 to 2005, SE was the most common isolated serovar
from contaminated poultry meat and egg worldwide (65% of the isolates), followed by S.
Typhimurium (12%) and S. Newport (4%) (Hendriksen et al., 2011). In Africa, SE and S.
Typhimurium represented 26 and 25% of the human isolates, respectively, and in Asia, Europe
and Latin America, SE was the most frequent isolate (38, 87 and 31%, respectively). While, in
North America, S. Typhimurium was the most frequently reported (29%) followed by SE (21%)
and other Salmonella spp. (21%) (Galanis et al., 2006). The US state and territorial health
departments reported 677 SE outbreaks between 1990 and 2001, which accounted for 23,366
illnesses, 1988 hospitalizations and 33 deaths. In 2006, countries within the European Union
reported 1729 outbreaks caused by SE leading to 13,853 illnesses, 2714 hospitalizations and 14
deaths. The Health Protection Agency (HPA) of the UK reported 4194 cases of food-
borne SE infection in 2008 (Shah et al., 2010). The last report from HPA (May 2018) referred
there was a decrease in reports of SE from 6,489 (2007) to 2,356 (2016). However, there was an
increase in Salmonella Typhimurium from 1,528 (2007) to 1,770 (2016) reported cases.

Advanced genomic analysis showed that field strains of SE are relatively genetically
homogeneous. However, the main genetic differences between these strains is displayed at the
level of single nucleotide polymorphisms (Shah et al., 2014). Despite the limited genomic
diversity, variation in phenotypic traits, including the ability to form a biofilm, growth to high cell

density, production of high-molecular-mass LPS and survival within egg albumin, have been
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commonly observed among field isolates of SE (Clavijo et al., 2006; Yim et al., 2010). Molecular
methods, including analysis of the macrorestriction patterns of chromosomal DNA after PFGE,
have been used to characterize SE (Zou et al., 2010). For example, molecular analysis of 674
Salmonella isolates from 12 serotypes identified 66 different subtypes (Gaul et al., 2007).

1.5 Egg structure and composition

Humans have used eggs as a food traditionally because they supply essential nutrients. In contrast
with other types of egg, chicken eggs are the most important and the most consumed by humans.
The average weight of a chicken egg is 58 g. It consists of water, protein and lipids (74, 12 and
11%, respectively; Beltiz et al., 2009). The egg consists of three parts: shell 11%, yolk 31% and
egg white 58% (Johnson and Ridlen, 2015). The shell surrounds the albumen and yolk, protecting
the embryo and providing gas permeability (figure 1.4). It is a calcareous and porous shell made of
calcium carbonate of 0.2— 0.4 mm thicknesses (Beltiz et al., 2009). There are two membranes
lining the inside of the shell separated by an air space. The yolk is located at the centre of the egg,
it is composed of water (48%), proteins (17%) and lipid (35%), and is very rich in vitamins
supplying enough nutrients for growth of the embryo (Beltiz et al., 2009).
There is a membrane around the yolk that isolates the egg white and the yolk called the vitelline
membrane. The germinal disc (blastoderm) is located at the top of one side of the yolk. The egg
white is an aqueous medium consisting mainly of water and protein, helping to protect the
embryo. It consists of four layers that differ in viscosity (Beltiz et al., 2009).
e The chalaziferous layer is the inner portion of the egg white which is located between the
inner thin egg white and the egg yolk. It is a thin but very firm, fibrous layer of albumen
closely surrounding the yolk. It branches and twists on the opposite apical sides of the yolk

into two chalazae (keeping the yolk in the centre) that extend into the thick albumen. The
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chalazae are fixed to the ends of the egg and function to position the embryo correctly
(shown in figure 1.4).

e The inner layer of thin albumin lies between the chalaziferous layer and the thick,
fibrous albumin layer

e The thick albumin is dense and fibrous due to high levels of ovomucin. It helps to
centralise the embryo.

e The outer layer of thin albumin is in direct contact with the shell membranes and is

relatively thin.

EGG WHITE:

. . Bl
Inner layer of thin albumin astoderm  leus of Pander
Outer layer Vitelline

of thin albumin membrane

Fibrous layer Air space

Chalaza
White yolk
Yellow yolk Chalaziferous layer

Latebra
Shell membrane

Figure 1.4: Egg structure. Source: http://www.geaugadh.org/poultry/egg_parts.htm.

The production of the bird egg consists of a series of steps that occur as the egg enters and passes
along the hen’s reproductive tract (oviduct) (shown in figure 1.5). The yolk of the egg enters the
top of the oviduct and passes into the infundibulum where it spends about 15 minutes. A

membrane is added around the yolk and, if the hen has been inseminated, fertilisation occurs in
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this section of the oviduct. The yolk then spends about three hours in the magnum where the egg
white is formed and then one hour in the isthmus where the shell membrane is laid down. The
main part of the egg shell is formed in the tubular shell gland and the shell gland pouch which
takes about 20 hours (figure 1.5). The egg shell is sometimes referred to as a bio-ceramic because

it is made up of calcium carbonate with an organic matrix running through it (Beltiz et al., 2009).

perivitelline
Infundibulum Ovary .. _g—membiane
o .

__,—’ { &N W

oy '\—,’féc - chalazae
1\-._,-u =

"-.'r w -‘\ 2
:l i e o _t_.albu men
Magnum —s- j Oviduct ah:l! membiane

Isthmusg / /
L e
Shell Gland K-{/
Uterus
\( \ miestine “tleaving blastodisc

Figure 1.5: Egg production, total time of formation take around 25 hours: 15 minutes in infundibulum, 3 hours in
magnum, 1 hours in isthmus, 20 hours in uterus, 10 minutes for laying. Source:
http://www.wisc.edu/ansci_repro/lec/lecl/female_hist.html.

1.5.1 Albumen (egg white) proteins

Albumen is an intracellular fluid consisting of a 10% aqueous solution of various proteins and
very low amounts of other compounds (Mine et al., 1995). The pH of aloumen of a freshly laid
egg is 7.6-7.9 at 24 °C (Beltiz et al., 2009). Table 1.1 lists the most important albumen proteins.
Ovalbumin (54%), ovotransferrin (12%), ovomucoid (11%), ovomucin (3.5%) and lysozyme
(3.4%) are among the major proteins in egg white (Abeyrathne et al., 2014). These proteins are

known to have unique functions.
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Tablel.1: Proteins of egg white (adapted from Belitz et al., 2009).

Introduction

Protein Total protein ~ MW (kDa) Function
(%)
Ovalbumin 54 44.0 storage protein and major source of
amino acids
Conalbumin 12 76 binds metal ions
(Ovotransferrin)
Ovomucoid 11 28 proteinase inhibitor
Ovomucin 3.5 5.5-8.3x10° inhibits viral hemagglutination
Lysozyme 34 14.3 N-acetylmuramidase
(Ovoglobulin G;)
Ovoglobulin G, 4 30-45 good foam builders
Ovoglobulin G3 4 30-45
Flavoprotein 0.8 32 binds riboflavin
Ovoglycoprotein 1.0 24
Ovomacroglobulin 0.5 760-900 inhibits serine and cysteine proteinase
Ovoinhibitor 1.5 49 proteinase inhibitor
Avidin 0.05 68.3 binds biotin
Cystatin 0.05 12.7 Inhibits cysteine peptidases

(ficin inhibitor)

1.5.1.1 Ovalbumin

Ovalbumin is the major egg white protein with a molecular weight of 45 kDa. It is a monomeric

phosphoglycoprotein composed of 385 amino acids and an isoelectric point of 4.5 (Abeyrathne et

al., 2014). It is a storage protein and major source of amino acids for the developing embryo

(Mine et al., 2008). Ovalbumin is the only egg white protein which contains free sulphhydryl

groups (Nisbet et al., 1981). Ovalbumin is a heterogeneous molecule with variation in its

composition, which includes the degree of phosphorylation, glycosylation and genetic variance.

The amino acid sequence and 3D structure of ovalbumin show similarities to a group of serine

protease inhibitors but it does not have inhibitory activity (Abeyrathne et al., 2014).
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1.5.1.2 Ovotransferrin

Ovotransferrin is the second major egg white protein. It has a molecular weight of 77.7 kDa with a
pl of 6.1 and is a glycoprotein consisting of 686 amino acid residues (Mine et al., 1995).
Ovotransferrin is a member of an iron-binding protein group known as transferrins. Ovotransferrin
is well known to have a strong iron-binding capability (Ko et al., 2009; Wu and Acer-Lopez,
2012). Ovotransferrin is synthesized in the hen oviduct before being deposited in the albumen
fraction of eggs. It comprises two similar domains, the amino (NH;) and carboxy (COOH)
terminal domains. It binds Cu(ll), Al(I11), Co(ll), and other metals, as well as Fe(l1l) very tightly
and specifically (Ichimura et al., 1989.) Ovotransferrin is present in apo- (iron free) and holo-
(iron bound) forms, and the chemical and physical properties of these two forms differ
significantly (Wu and Acer-Lopez, 2012). Ovotransferrin functions as an antimicrobial agent and
transports iron to the developing embryo. Ovotransferrin binds up to two ferric iron atoms at its
two similar anion-binding sites, this makes it difficult for harmful bacteria to acquire sufficient
iron in the egg white. Thus ovotransferrin acts as an antimicrobial component. Considering the
low concentration of iron (around 25 uM) and the high concentration of ovotransferrin (1.7 mM)
in egg white, it can be concluded that ovotransferrin is predominantly iron-free under the natural
conditions of egg white and that all the iron present in egg white is bound to ovotransferrin due to

the strong affinity (K, around 10% mol/l) (Thapon et al., 1994; Baron et al., 2016).

1.5.1.3 Lysozyme

Another important small protein found in egg white is lysozyme. The molecular weight of
lysozyme is 14.4 kDa and it consists of a single polypeptide chain of 129 amino acid residues
(Radziejewska et al., 2008). It is a strongly basic protein with isoelectric point (pl) of 10.7 and has

four disulphide bridges leading to high thermal stability (Abeyrathne et al., 2014). Avian egg
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white is a rich and easily available source of lysozyme (~3.5 g/L) (Pellegrini et al., 1997). This
enzyme activity is essential because is provides non-specific protection mechanisms due to its
ability to control the growth of bacteria (Bera et al., 2005). Lysozyme activity causes degradation
of the glycosidic (1-4) R-linkage between the N-acetylglucosamine and the N-acetylmuramic acid
residues of the bacterial peptidoglycan of Gram-positive bacteria (Nikaido 2003). This activity
leads to destruction of bacterial cells by damaging the cell wall. This activity does not work as
well with Gram-negative bacteria because of the resistance provided by the outer-membrane to the
Iytic action of lysozyme, which prevents entrance into the periplasm of molecules larger than 650
Da (Nikaido 2003). However, there are non-hydrolytic mechanisms of lysozyme activity against
Gram-negative bacteria involving membrane disruption (Masschalck et al, 2003). In particular,
induction of pore formation in the outer membrane of Escherichia coli has been recently
recognized for lysozyme. This occurred due to the high affinity of lysozyme for the LPS
monolayer through its ability to enter this monolayer whenever polysaccharide moieties exist
leading to reorganization of LPS monolayer (Derdre et al., 2013; Baron et al., 2016). Therefore, it
is possible that SE is affected through membrane disruption under the specific conditions of egg
white. In addition, lysozyme causes inhibition against DNA and RNA synthesis in E. coli
(Pellegrini et al., 2000). However, it is not surprising that pathogenic bacteria have developed
mechanisms of resistance to hydrolysis by lysozyme. As suggested from Baron et al. (2016), SE
show resistance to the peptidoglycan lytic activity of lysozyme due to the presence of its outer
membrane and to the periplasmic lysozyme inhibitor (PliC). The pliC gene was identified by
Callewaert et al. (2008) as knockout of this gene showed resulted in susceptibility to the

antimicrobial activity of lysozyme. However, according to Baron et al. (2016), there is still a
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possibility that synergetic activity of other egg white conditions (high pH and metal-ion limitation)

could be supportive to the membrane disruption mechanisms of lysozyme against SE.

1.5.1.4 Ovomucoid

Ovomucoid is a glycoprotein with a molecular weight of 28.0 kDa and pl of 4.1. About 25% of the
protein is carbohydrate attached via Asp residues. There are disulphide bridges and no free
sulfhydryl groups. Ovomucoid is a well-known trypsin inhibitor (Mine et al., 1995). The 3D
structure has three domains which are cross-linked via disulphide bonds. The domains are
homologous to pancreatic secretory trypsin inhibitor. The trypsin inhibitor reactive site is located
in domain 2. Ovomucoid is very stable due to its multiple disulphide bridges (Abeyrathne et al.,

2014).

1.5.1.5 Ovomucin

Ovomucin is a viscous glycoprotein responsible for the gel structure of the thick egg white,
consisting of two subunit types (a and ) which differ in amino acid sequence and carbohydrate
level (Hiidenhovi, 2007; Abeyrathne et al., 2014). It contributes about 3.5% of protein in egg
white has a complex molecular weight of 5.5- 8.3 x 10° kDa (Abdou et al., 2013). There are two
different forms of ovomucin: the soluble form is present in both the thick and thin part of the
albumen, while insoluble ovomucin is found only in thick part. The insoluble form has 2.5-fold
higher levels of f-ovomucin compared to soluble ovomucin. This higher level contributes to the
greater viscosity of the insoluble ovomucin (Hiidenhovi, 2007; Abeyrathne et al., 2014).
Ovomucin showed obvious anti-bacterial activity against Escherichia coli and Salmonella, with an
MIC of 0.05 mg/mL and 0.4 mg/mL, respectively, but showed no effect against Staphylococcus
aureus (Shan et al., 2013). In addition, ovomucin has been shown to inhibit haemagglutination by

viruses (Abdou et al., 2013).
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1.5.1.6 Other proteins

Avidin is a strongly basic glycoprotein synthesized in the hen oviduct and deposited in the
albumen fraction of eggs. It is a homo tetrameric protein (subunits of 15.6 kDa and 128 amino
acid residues). Avidin is a trace component (0.05%) of egg white, it has ability to tightly and
specifically bind biotin of the vitamin B group (Abdou et al., 2013). Ovoglobulin is present as two
forms; ovoglobulins G2 (4%) and G3 (4%), which have molecular weights of 36 and 45 kDa,
respectively. The biological function of these proteins has not been clearly elucidated, but they
appear to be important in the foaming capacity of egg white (Abdou et al., 2013).
Ovomacroglobulin (0.5%) is the second largest egg glycoprotein after ovomucin and its molecular
weight is 760-900 kDa. Ovomacroglobulin, like ovomucin, has the ability to inhibit
hemagglutination (Abdou et al., 2013). Ovoflavoprotein is an acidic protein with a molecular
weight of 32-36 kDa, and contains a carbohydrate moiety (14%) made up of mannose, galactose
and glucosamines, 7-8 phosphate groups and 8 disulphide bonds. After being transported from the
blood to the egg white, most of the riboflavin (vitamin B2) is stored in the egg white bound to an
apoprotein called flavoprotein. One mole of apoprotein binds to one mole of riboflavin (Abdou et
al., 2013). It has antimicrobial properties due to depriving microorganisms of riboflavin (Abdou et
al., 2013).

Cystatin is the third proteinase inhibitor in egg white (also called ficin-papain inhibitor). In
contrast to ovomucin, cystatin is a small molecule (12.7 kDa) and it has no carbohydrates and a
high thermal stability. Ovoglycoprotein is an acidic glycoprotein with a molecular weight of 24.4
kDa. This protein contains hexoses 13.6%, glucosamine 13.8%, and N-acetylneuraminic acid 3%.
The biological functions of ovoglycoprotein are still unclear (Abdou et al., 2013). Other

constituents present in albumin include 0.03% lipids. Carbohydrates (approx. 1%) are partly
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bound to protein (approx. 0.5%) and partly free (0.4-0.5%). Free carbohydrates include glucose
(98%) and mannose, galactose, arabinose, xylose, ribose and deoxyribose, totalling 0.2-2.0

mg/100g egg white (Beltis et al., 2009). The nutrient content of egg white is listed in Table 1.2.

Table 1.2: Nutrient composition of avian eggs (adapted from Belitz et al., 2009).

Nutrient Egg white (%) Egg yolk (%)
Protein 9.7-10.6 15.7-16.6
Lipid 0.03 31.8-355
Carbohydrate 04-09 0.2-1.0
Water 84.3 -88.8 48

Minerals

Sulphur 0.195 0.016
Phosphorus 0.015-0.03 0.543-0.980
Sodium 0.161-0.169 0.026-0.086
Potassium 0.145-0.167 0.112-0.360
Magnesium 0.009 0.016
Calcium 0.008-0.02 0.121-0.262
Iron 0.0001-0.0002 0.0053-0.011

Microorganisms require certain basic nutrients for growth and maintenance of metabolic
functions. Foodborne microorganisms can derive energy from carbohydrates, alcohols, minerals
and amino acids. An example of a pathogen with specific nutrient requirements is SE. The growth
of SE may be limited by the availability of iron (Clay and Board, 1991). The addition of iron to an
inoculum of SE in egg albumen resulted in the growth of the pathogen to higher levels compared

to levels reached when a control inoculum (without iron) (Clay and Board, 1991).

1.5.2 Carbohydrates in egg white

The amounts of saccharides in eggs (in dry matter) is about 10g/kg, of which ~ 9g/kg are present
in egg white and 1g/kg in the yolk. Protein bound saccharide in the form of glycoprotein occurs in

the egg white at a level of about 0.2g/kg in form; galactose, mannose, glucosamine, galactosamine
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and lactaminic acid predominately (VelisSek, 2014). The rest are free sugars, mainly
monosaccharides, with some free oligosaccharides and polysaccharides. About 98% of free
monosaccharides are glucose, while mannose, galactose, arabinose, xylose, ribose, and 2
deoxyribose (2-deoxy-d-erthropentose) are present of at concentration of 2-20 mg/kg (Baron et al.,

2016).

1.6 Sugar acids (hexonates) and Salmonella

Hexonates are straight-chain, six carbon, carbohydrate acid anion molecules. They carry a
terminal carboxyl group and five hydroxylated carbons. Oxidation of the terminal aldehyde of
sugars yields an aldonic acid. Eight isomers are recognised in the ChEBI data base on the basis of
the orientations (‘up’ or ‘down’) of their hydroxyl groups. Each of these eight forms (altronates,
fuconates, galactonates, gluconates, gulonates, mannonates and rhamnonates) exist as two
alternative enantiomeric types (o and L), named according to the glyceraldehyde based designation
system (Robyt,1998). Figure 1.6 illustrates structures of four representative hexonates. Hexonates
can serve as the sole sources of carbon and energy, and they commonly occur in foods as free
substances and components. Frequently these acids are biologically derived from monosaccharides
by oxidation of aldehyde groups (VeliSek, 2014). However, there is no report on their presence in
egg.

Hexuronates or hexuronic acid is a carbohydrate acid formally derived by oxidation of the
hydroxyl group on carbon-6 of any aldose or ketose to a carboxylic acid. There are known forms
of the hexuronates like fructuronic acids, galacturonic acids, glucuronic acids, guluronic acids,
iduronic acids, mannuronic acids, and tagaturonic acids (Dictionary of Food and Nutrition, 2005;

https://www.ebi.ac.uk).
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Figure 1.6: Hexonate/hexuronate structures. Modified from source: http://www.ebi.ac.uk/chebi/chebi-Ontology.

Bonds are shown using the wedge-dash notation.

p-Galactonate can serve as the sole source of carbon and energy for Escherichia coli (Deacon and
Cooper, 1977). The initial step in the degradation of p-galactonate is dehydration to 2-dehydro-3-
deoxy-p-galactonate by p-galactonate dehydratase. Subsequent phosphorylation by 2-dehydro-3-
deoxygalactonate kinase and aldol cleavage by 2-oxo-3-deoxygalactonate  6-phosphate
aldolase produces pyruvate and p-glyceraldehyde-3-phosphate, which enter central metabolism

(Fig 1.7) (Szumito, 1981; Latendresse et al., 2012)

2-dehydro-3-
deaxygalactonakinaze: dgok
4.2.1.140 271178
D—galactunaieTN!—dehydm—:i—denxq—l)-galm:tnnate #-2-dehydro-3-deoxy-D-galactonate 6-phosphate
HxO ATP ADP

H galactonate dehydrataze: dgod
2-tehydro-3-deoxy-6-
phozphogalactanate aldalase: SEMS645
4.1.2.55

L
D-glyceraldehyde 3-phosphate
pyruvate

Figure 1.7: D-Galactonate degradation. Source: Robyt (1998).
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L-ldonate can also serve as carbon and energy source in E. coli. It is catabolized via a pathway in
which p-gluconate is an intermediate. L-lIdonate is converted to p-gluconate by two consecutive
oxidation and reduction reactions. bp-Gluconate is then phosphorylated, forming 6-
phosphogluconate which is an intermediate of central carbon metabolism. 6-Phosphogluconate is
metabolized via the pentose phosphate or Enter-Doudoroff pathway (Bausch et al., 1998) as

shown in figure 1.8 (Lamble et al., 2004).

L-idonate S-debydrogenaze: SEN1433

L-idonate S-dehydrogenase; idnD gluconate S-dehydrogenase: idn0
1.1.1.264 111649
L-idonate #5-dehydro-D-gluconate #D-gluconate
HAD{PY* H H' HAD(P)* /—MP
HAD{PIH HAD{P}H gluconate kinase: gntk

D-gluconate kinase: idnk
27112 ADP
\1- W

A
Enthiet- Doudaroff pathevay |-4—D-gluconate 6-phosphate

Figure 1.8: L-ldonate degradation. Source: Bausch et al. (1998).

Little work has been performed on the role of hexonate utilisation in survival and colonisation of
SE. Coward et al. (2012) investigated the role of a hexonate uptake and catabolism for the SE
genomic island locus, SEN1432-SEN1436, (encoding two suspected dehydrogenases enzymes
and one dehydratase enzymes; see chapter 3 for further detail) during colonization of the chicken
reproductive tract and other organs following oral challenge. The deletion of these loci resulted in
a decrease in bacterial load in the spleen by 14 days post infection suggesting a minor role in
systemic colonization. Another study showed that several genes involved in the transport and
metabolism of p-galactonate (dgo), o-gluconate (gntU, kdgT and kduD) and r-idonate (idn) were
upregulated (2.5-3.5 fold) in SE which was considered indicative of its metabolism in macerated
leaf tissue in cilantro and lettuce soft rot lesions (Goudeau et al., 2013). Comparison of the S.

Enteritidis PT4 and S. Typhimurium LT2 genomes (Thomson et al., 2008) showed a PT4 specific
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region (‘ROD13’) corresponding to the SEN1432-SEN1436 (6 kb) locus encoding one of the
three hexonate-utilisation loci induced by egg white. Although absent in the LT2 strain, this locus
is present in the chicken pathogen, S. Gallinarum. The reason for the absence of this locus in LT2
is unclear. However, the SEN1432-36 genes show sequence similarity as well synteny to the
genes of the gntll locus of E. coli; these are involved in L-idonate catabolism (Bausch et al. 1998)

suggesting a similar function for the SEN1432-36 genes.

1.7 Iron and Salmonella

One of the key obstacles to survival in both the host and non-host environment (including egg
white, as highlighted above) is the lack of essential nutrients, such as iron (Ratledge and Dover,
2000). The absence of free iron makes the egg white quite inhospitable for bacterial growth (Baron
et al., 2016). Iron is an essential element required for the growth of all animals, plants and most
microorganisms. It plays vital roles in many important biological processes such as DNA
synthesis, gene regulation and amino-acid and pyrimidine biosynthesis (Andrews, 1998). Systems
for its acquisition, storage and utilisation exist in nearly all forms of life, and its absence can be
causative lack of growth or loss of pathogenicity in micro-organisms (Ratledge and Dover, 2000).

Iron is soluble under anaerobic conditions at physiological pH where it persists in its reduced
form, favouring bacterial iron acquisition. However, under oxygenic conditions at neutral or
higher pH, iron in the form of Fe** forms insoluble hydroxides, making the metal less accessible
(Andrews, 1998). To obtain iron, the bacterial pathogen secretes siderophores, which chelate
Fe** with high affinity and specificity, even when bound to host proteins transferrin and lactoferrin
(Miethke and Marahiel, 2007). In Gram-negative bacteria, the response to iron concentration is
regulated by the ferric uptake regulator (Fur) which was initially identified in E. coli (Schaffer et

al., 1985; Escolar et al., 1999).
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Bacterial iron acquisition is essential for Salmonella spp. survival and growth within its host

(Andrews et al., 2003). According to Kang et al. (2006), increasing iron concentration enhanced

SE survival in albumen, indicating that iron limiting conditions may contribute to the

bacteriostatic activity of egg albumen.

Salmonella has iron-acquisition systems for both ferric and ferrous iron which are expressed in

response to iron restriction. These include two types of siderophores, enterobactin and its

glucosylated derivative salmochelin. It uses enterobactin and its stable breakdown products, the

linear trimeric, dimeric, and monomeric forms of 2,3-dihydroxybenzoylserine (DHBS3, DHBS2,

and DHBSI, respectively). In addition, salmochelin S4 (two carbohydrate moieties added to

enterobactin) and its degradation products (linear trimer salmochelin S2, the dimer salmochelin

S1, and the monomers salmochelin SX) are also used (figure 1.9) (Chart et al., 1993; Crouch et

al., 2008).
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Figure 1.9: Siderophores of Salmonella Typhimurium. B. Chemical structures and ions (m/z) of enterobactin,

salmochelin and degradation products. (Crouch et al., 2008).
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Salmochelin was the first glucosylated siderophore described. It is a C-glucosylated enterobactin
produced by Salmonella species, uropathogenic and avian pathogenic Escherichia coli strains, and
certain Klebsiella strains (Hantke et al., 2003). The bacteria recover the ferri-siderophore complex
through specific receptors on the outer membrane (Sood et al., 2005). Some bacteria (e.g.
Klebsiella pneumoniae) secrete modified microcins with glucosyl-enterobactin like moiety. Such
microcins are taken up across the outer membrane by the same catecholate siderophore receptors
(IroN, Cir, Fiu, and FepA) used for salmochelin/enterobactin uptake (Muller et al., 2009).

The entABCDEFHS gene cluster is responsible for biosynthesis and export enterobactin (figure
1.10). The production of salmochelin is dependent on the synthesis of enterobactin and the

iroBCDEN gene cluster (Crouch et al., 2008).
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Figure 1.10: Siderophores of Salmonella Typhimurium. Genetic organization of the enterobactin (ent) and
salmochelin (iroA) synthetic (black arrows), export (white arrows), and utilization loci (grey arrows) (Crouch et al.,
2008).

The high similarity of the siderophore systems of E. coli and Salmonella suggests that their uptake
systems behave similarly, so in both cases ferric-enterobaction is transported mainly through FepA
across the outer membrane (Figure 1.11) (Hantke et al., 2003). The ferric-enterobactin complexes
are then transported through the cytoplasmic membrane via the ABC transporter consisting of the
binding periplasmic protein FepB, the membrane components FepD and FepG, and the ATPase
FepC. Inside the cell, the Fes protein is required for iron release from the ferric enterochelin

complex (Hantke et al., 2003).
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Figure 1.11: Scheme of the catecholate siderophore transport systems of S. enterica. DHBS, 2,3-
dihydroxybenzoylserine; Glc, glucose. The iro gene cluster encodes IroB, a C-glucosyltransferase; IroC, an ABC
transporter; IroD and IroE, two esterases; and IroN, the outer membrane receptor for salmochelin (Hantke et al.,
2003).

The activity of most of these specialized transport systems requires the function of the bacterial
outer membrane protein TonB (Zhou et al., 1999) utilising a mechanism that is common among
enterobacteriaceae (Andrews et al., 2003). The TonB-ExbB—ExbD complex is required for the
energy-dependent transport of ferric siderophores across the outer membrane of Gram-negative
bacteria (Postle and Kadner, 2003).

Salmonella grown under iron-limiting conditions have the capability to increase the concentration
of several iron-regulated outer-membrane proteins (IROMP) to augment the acquisition of the
metal (Zarate-Bonilla et al., 2012). S. enterica serovar Typhimurium expresses three outer
membrane proteins of approximately 83, 78, and 74 kDa under conditions of iron starvation (Chart
et al., 1993; Rabsch et al., 2003). FepA is the largest (IROMPs) and was identified over 30 years
ago as a receptor for ferri-enterobactin. Later, the 78-kDa IROMP, IroN was identified to be an
alternative ferri-enterobactin receptor. The iroN gene is present in all phylogenetic groups of SE

(Rabsch et al., 2003). Another type of system identified in Salmonella is encoded by the feoABC
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locus and mediates the transport of iron (I1) through the inner membrane (Kammler et al., 1993).
This anaerobically induced system does not require siderophores, as iron (Il) is soluble and

therefore readily enters the periplasmic space by diffusion through the porins (Zhou et al., 1999).

1.8 Egg white antimicrobial activity

Avian albumen is a complex multifunctional medium promoting the growth and development of
the embryo. It provides water and nutrients to the developing embryo. Eggs have efficient
protective barriers preventing contamination if laid in hygienic conditions (Van Dijk et al., 2008).
There are various protection barriers working together to protect the embryo. These are divided
into physical protection by the egg shell and chemical protection by antibodies, known as IgYs,
mainly concentrated in the egg yolk and other proteins throughout the egg in the form of
numerous peptides and proteins possessing antimicrobial properties (Bedrani et al., 2013). With
regard to egg antimicrobial proteins and peptides, they operate via three main mechanisms. Firstly,
sequestration of essential nutrients from bacteria by chelating minerals (e.g. iron) using proteins
like ovotransferrin, and vitamins (e.g. biotin) using proteins such as avidin. Secondly, inactivation
of exogenous proteases using inhibitors such as cystatin, ovomucoid and ovoinhibitor; such
proteases are necessary for microbial metabolism and invasion of host tissues. The third way is
direct lytic action on microorganisms by proteins such as lysozyme which leads to the disruption
of the bacterial cell wall (Gantois et al., 2009).

Raw hen egg white inhibits the growth of bacteria. Staphylococcus aureus, Shigella dysenteriae,
Escherichia coli, Listeria monocytogenes, Campylobacter jejuni and Saccharomyces cerevisiae
(Sahin et al., 2003; Wellman-Labadie et al., 2009). In addition to protein factors involved in egg
white immunity, there are physicochemical factors that affect the growth of bacteria such as pH,

viscous structure and temperature (Baron et al., 2011). The pH value of egg white rapidly
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increases from 7.6 up to 9.3 a few days after laying due to loss carbon dioxide through the pores of
the egg shell. The alkaline pH of egg white (8.1-9.7) reduces the growth of microorganisms as it is
higher than the growth range of many bacterial species, including Salmonella spp. (Wellman-
Labadie et al., 2009). An alkaline pH mainly affects the respiratory status of bacteria leading it to
suppress the systems that consume high energy, such as flagella biosynthesis (Maurer et al., 2005).
Thus, Baron (1998) has shown that SE lacks flagella at alkaline pH, which may limit its access to
nutrients. Moreover, the activity of egg-white proteins is affected by alkaline pH; e.g.
ovotransferrin is more effective at higher than at lower pH, due to an acceleration of iron release
under acidic conditions and a slowdown under alkaline conditions (Halbrooks et al., 2005).

The viscosity of fresh egg white is around 30-fold higher than that of water (Lucisano et al.,
1996). The viscosity of thick egg white is 40-fold higher than thin egg white and these regions
remain distinctly separate inside the shell egg for at least a few days after laying (Lang and Rha,
1982). This high viscosity may induce heterogeneity and makes motility of bacteria in egg white
difficult, limiting the spread and access to nutrients required for bacterial growth. Moreover,
another source of heterogeneity would be that the ferri-ovotransferrin complexes are probably not
distributed uniformly within egg white (Li-Chan and Nakai, 1989; Baron et al., 2017).

According to previous studies (Ruzckova, 1994; Chen et al., 2005), there is a significant effect of
temperature on the survival in the egg white. There is a bactericidal effect of low temperatures
(below 10 °C). Reasonable growth is observed (1-4 log;o CFU/mI) between 20 and 30 °C.
However, bacteriostatic or bactericidal effects are observed at temperatures above 37 °C._ A
bactericidal effect of egg white is reported in all cases at 42 °C. The destruction ranges from less
than 2 logio CFU/ml to 3.5 logip CFU/mI for incubation times between 24 and 96 hour (Kang et

al., 2006; Guan et al., 2006). Investigating the effect of temperature from 37-48 °C on the
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survival of SE demonstrated that egg white is bactericidal at temperatures higher than 42 °C

(Alabdeh et al., 2011).

Other factors also contribute to antimicrobial mechanisms of egg albumen to control SE, including
nuclease activity and the concentration of bacteria (Lu et al., 2003; Kang et al., 2006). Lu et al.
(2003) identified endonuclease and exonuclease activities of egg white leading to the damage of
DNA as a new bactericidal mechanism. Using in vitro assays it was suggested that egg albumen
degrades DNA by converting supercoiled plasmid DNA to nicked and linear DNA. Moreover,
intracellular plasmid DNA showed increased nicking after exposure to egg albumen which
suggests the same effects on bacterial genomic DNA. However, this activity was affected by
temperature in that it appeared lower at 4 and 25 °C, and higher at 37 and 42 °C; this may explain
the negative effect of high temperatures (37 and 42 °C) upon bacterial survival in egg albumen
(Gast and Holt, 2000). In addition, other possible enzymatic antimicrobial activities are more
active at higher temperatures and thus lead to more antibacterial activity of egg white.

Kang et al. (2006) indicated that the initial bacterial concentration affects the bactericidal activity
of egg albumen; egg white had no ability to control SE when bacterial concentration was higher
than ~10° CFU/ml. Three possibilities could explain this observation: high concentrations of
bacteria may saturate the antimicrobial factors; insufficient local concentration of antimicrobial
factors; and killed bacteria might be releasing their contents supporting the survival of remaining

bacteria.

In the yolk, the situation is different because the bacteria gain access to an environment that is rich
in nutrients, and lacks inhibiting conditions and/or compounds such as lysozyme, iron-binding
ovotransferrin, and an alkaline pH (Cogan et al., 2004). A number of compounds such as vitamins,
amino acids and fatty acids are present that may stimulate bacterial growth by the activation of
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alternative metabolic pathways and in this way contribute to high cell density and thus enhanced
egg contamination (Morales et al., 2005).

Despite all the previous factors, it is thought that the most important protection against bacterial
survival is achieved by the iron restricting influence of ovotransferrin (Ahlborn and Sheldon
2005). Moreover, Baron et al. (2016) summarized the mains defences in egg white as iron
deficiency through iron chelation by ovotransferrin and disruption of bacterial membranes through
particular components such lysozyme, ovotransferrin or other antimicrobial molecules interacting
with the bacterial envelope and forming pores in the bacterial cell wall (Clavijo et al., 2006 and
Kang et al., 2006). However, the various findings highlighted above suggest that all the

antibacterial activity of egg white work together to prevent contamination.

1.9 SE survival in egg white

Usually, SE is the only Salmonella serotype responsible for human infection from intact eggs
(Kang et al., 2006). Keller et al. (1997) reported that only SE survived in eggs after laying but the
frequencies of Typhimurium serovar were higher than the Enteritidis serovar in eggs recovered
from reproductive tracts before they are laid. This means that forming eggs can eliminate most of
the contaminating bacteria and that SE has enhanced survival ability in eggs (Killer et al., 1997). It
is suggested that for SE to contaminate eggs, a specific interaction with the oviduct tissue occurs
which leads to persistent oviduct colonization (Gantois et al., 2008).

There are two possible routes of egg contamination by Salmonella known. The horizontal route
involves penetration through the egg shell. While the vertical route involves direct contamination
of the egg content before oviposition, as a result of Salmonella infection of the reproductive
organs such as oviduct and the ovary (Keller et al., 1995). Salmonella has been found on the

mucosal surface and within epithelial cells, lining the oviduct in naturally and experimentally
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infected hens (Gantois et al., 2008). It also has the capability to cross from egg white to egg yolk
through the vitelline membrane (Gast and Holt, 2000).

It is believed that the start point of the infection pathway relies on some virulence factors such as
type 1 fimbriae and capsular-like lipopolysaccharide (Paker et al., 2002). Evidence suggests that
LPS is a significant factor in SE colonization of the gastrointestinal tract in the chick (Carroll et
al., 2004). SE has a specific ability to contaminate eggs and survive/grow in egg albumen at
chicken body temperature (42 °C) (Hermans et al., 2011). A study with 89 Salmonella strains from
different serotypes incubated for 24 h in egg-white at 42 °C showed that the number of SE strains
able to survive in egg white is significantly higher compared with strains belonging to other
serotypes (Vylder et al., 2013). Therefore, for most studies on the antimicrobial activity of egg
white, SE is used as a model bacterium as it represents the predominant (90%) serotype
responsible for foodborne diseases (salmonellosis) resulting from egg or egg product consumption

(EFSA 2009).

1.9.1 Genetic response of SE to egg white exposure

Most studies aimed at investigating the ability to survive in egg white are carried out with SE. The
high occurrence of this serovar in foodborne diseases can be explained by the enhanced ability of
this serovar, over other Salmonella, to survive in egg white (Clavijo et al., 2006; Gantois et al.,
2008; De Vylder et al., 2013). Studies on SE survival in egg white have mainly focussed on the
identification of specific genes that could endow SE with resistance during incubation in egg
white. The main approaches used to identify such genes are directed mutagenesis (Lu et
al, 2003; Cogan et al, 2004; Kang et al, 2006), insertional mutagenesis (Clavijo et al, 2006), in
vivo expression technology (IVET) (Gantois et al., 2008), and a microarray-based transposon

library screening (Raspoet et al., 2014a). The genes identified or suspected to be involved are

34



Chapter 1 Introduction

implicated in membrane structure and function, metabolism of nucleic acids and amino acids,
motility, synthesis and DNA repair, invasion and pathogenicity. These results provide different
explanations for the response of SE to the antimicrobial effects of egg white.

Raspoet et al. (2014b) showed that 16 genes from 23 induced (e.g rfbABCDFIKMNPU) in SE by
hen body temperature (42 °C for 24 hour) are involved in lipopolysaccharide biosynthesis. In
addition, they showed that an rfal (encoding the enzyme that catalyzes an early step in
lipopolysaccharide biosynthesis) mutant was unable to survive in egg white at 42 °C. Egg white
can also act on the cytoplasmic membrane. During colonization of the oviduct and contamination
of the forming eggs by SE, the induction of bacterial genes involved in membrane stress (uspBA)
and in the monitoring of the status of the cytoplasmic membrane (hflK) was shown (Gantois et
al., 2008). These genes (uspBA) were also induced after contact with egg white (Raspoet et al.,
2011). In addition, the induction of a gene (murA) involved in the synthesis of peptidoglycan was
observed in SE during hen oviduct colonization and in contaminated eggs, suggesting a response
to the permeabilization of the peptidoglycan by lysozyme (Gantois et al., 2008). The motility of
bacteria is also disturbed in egg white. Gantois et al. (2008) showed induction of flgG, that
encodes a component of flagella, during the colonization of the oviduct and in the contaminated
laid eggs. In addition, this study showed that survival of mutants lacking flagella is reduced at the
42 °C in egg white.

Another study focussing on bacterial factors needed to survive within eggs used a genomic DNA
library to show that YafD and XthA (exonuclease I11) provide a survival advantage to SE in eggs
by repairing DNA damage caused by egg albumen (Lu et al., 2003). Moreover, in a transposon
mutant library approach, genes involved in amino acid and nucleic acid metabolism, and cell wall

integrity were indicated as important for SE to survive in egg albumen (Clavijo et al., 2006).
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Raspoet et al. (2011) used in vivo expression technology (IVET) to identify Salmonella genes
involved in the interaction with the oviduct or eggs; such genes included those involved in cell
wall integrity, regulation of fimbrial operons, stress responses and motility; these were identified
as highly expressed in the oviduct tissue. This expression screening method identified two
universal stress protein genes, UspA (a cytoplasmic autophosphorylating serine/threonine
phosphoprotein) and UspB (an anchored cytoplasmic membrane protein) as being highly
expressed in the oviduct tissue and in eggs. They demonstrated that expression of these is induced
after contact with egg white. Intra-oviduct inoculation of SE uspB and uspBA mutant strains
showed that the mutants had a decreased ability to colonize the magnum and isthmus of the
oviduct; they hypothesized uspA and uspB are involved in long term persistence of SE in harmful
environments, such as in the oviduct and eggs, by conferring resistance against compounds that

damage the bacterial cell membrane and DNA (Raspoet et al., 2011).

1.9.2 Induction of genes encoding hexonate/ hexuronate catabolism systems by exposure of
SE to egg-white medium.

Characteristics that have been mentioned previously mark-out the SE serotype as the most relevant
model for studying the response of bacteria to the antimicrobial activities of egg white. This study
is complementary to studies conducted at the Agrocampus Rennes-INRA, France (Egg & Egg
Product Microbiology team) (Baron et al., 2017). The aim of their study is further understanding
SE behaviour towards bactericidal mechanisms of the egg at temperatures >42 °C. To advance this
aim, the global transcriptional response of SE was previously determined, using microarray
technology, upon exposure to egg-white medium (egg-white filtrate with 10% egg-white protein;
EWMM) under bactericidal conditions (45 °C, pH 9.3 - i.e. the pH of egg white several days after
laying) over a 45 min time period. Results showed global expression changes of SE in response to

36



Chapter 1 Introduction

exposure to egg-white medium for 7, 25 and 45 min at 45 °C. This medium was used to avoid the

difficulty of RNA extraction from authentic egg white to enable analysis of the global

transcriptional response. Previous work has shown that this model medium is an accurate mimic of
authentic egg white (Baron et al., 2017). At each incubation time, expression was compared to
that of the inoculum just prior to its exposure to egg-white medium.

Genes with a statistically significant >2-fold change in expression were considered as

differentially regulated. Thus, at 7, 25 and 45 min, 13.4% (288 induced and 277 repressed),

15.3% (304 induced and 362 repressed) and 18.7% (318 induced and 468 repressed) of genes were

differentially regulated. The greatest expression effects were seen at 45 min. Over-represented

categories at 45 min include: signal transduction (25.7% of genes in this category were affected; of
which 77.8% were down regulated), energy metabolism (24.4%; 80.3% down regulated), motility

(23.8%; 96.3% down regulated), metabolism and transport of amino acids (18.4%; 74.4% down

regulated), metabolism and transport of nucleotides (27.2%; 83.3% up regulated genes),

metabolism and transport of coenzymes (26.2%; with 71.1% up regulated), catabolism of

secondary metabolites (22.2%; with 72.2% up regulated), inorganic ion transport (26.6%; 50%

down regulated) and post-transcriptional modification (19%; 50% down regulated). Many of the

genes affected by egg white exposure have functions that had already been reported to be related
to egg-white survival. These are summarised below:

1. Induction of biotin biosynthesis genes, the bioABCDF operon, likely to be due to poor biotin
availability in egg white resulting from the presence of avidin, a powerful biotin-chelating
protein (Beckett, 2007).

2. A major iron-restriction response, induction of iron-uptake genes and repression of iron-

rationing genes (e.g. strong expression of the entABCDEFHS gene cluster which encodes the
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proteins involved in biosynthesis and export of enterobactin). This reflects the low iron
availability of egg white due to the high levels of iron chelating ovotransferrin.

3. Down regulation of energy metabolism genes (e.g. napFDA, dmsABC, frdAB, fdolGH,
sdhCDAB, cyoABCDE and nuoABCDEFGHIJKLM) which is consistent with a homeostatic
adjustment of SE metabolism in response to the high pH, membrane-disruption activity and an
attempt to overcome iron deficiency of egg-white medium by iron rationing.

4. Induction of the Kdp potassium uptake system, the genes specifying the high-affinity K*
uptake system (kdpABCD), which would be consistent with an alteration of turgor pressure
providing the signal for the kdp induction in egg white medium.

5. Down-regulation of amino acid biosynthesis and uptake, genes involved in the synthesis
and transport of amino acids were generally repressed (e.g. lysC which encodes aspartate
kinase); this down-regulation suggests a reduced requirement for amino acids which probably
results from the non-permissive growth conditions provided by the egg-white medium.
Furthermore, the high levels of amino acids (Belitzet al., 2009) found within egg white might
repress expression of genes required for amino acid biosynthesis.

6. Repression of motility and chemotaxis The class Il FIhC,FIhD,.regulated genes, that
encode the flagella basal body export machinery, were down-regulated, as the class Il1 genes
(motAB, cheAW, cheRBYZ, cheM, SEN30590, tcp, tsr, and fliB), encoding chemotaxis proteins
and structural subunits of the flagellum. The reduced expression might, at least partly, explain
the inability of SE to propagate in egg-white medium under the conditions employed. In
addition, reduced-motility could represent an energy-conserving response to the growth-

inhibitory conditions presented by egg white (Zhao et al., 2007)
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7. Repressions of a subset of virulence genes; six genes (invH, invAE and prglHK) within
Salmonella Pathogenicity Island 1 (SP11) were down regulated.

8. Induction of a heat-shock response; the up-regulation of heat-shock proteins genes (groEL,
groES, grpE, SEN1800 and htpG) and down-regulation of two cold-shock proteins; this
correlates well with the temperature upshift experienced by SE upon transfer of the inoculum
(37 °C) to the egg-white medium (45 °C).

9. Induction of an envelope-stress response, suggestive of membrane damage induced by egg
white exposure (e.g. the spy gene which encodes a periplasmic chaperone protein).

10. Induction of hexonate/hexuronate utilization genes.

An unexpected finding of the egg-white exposure data is the high degree of induction for three

distinct gene clusters involved in hexonate/hexuronate utilization: the dgoRKADT operon (13.59-

to 31.13-fold); the uxuAB-uxaC operon (10.68- to 28.2-fold); and the SEN1433-6 genes (5.17- to

33.38-fold) (detailed in chapter 3). The surprise was there is no evidence indicating the presence
of hexonates/hexuronates in egg white. In addition, no role for these genes in survival of SE in egg
had been previously suggested, indicating that they may comprise a novel regulon. Thus, the
reason behind the strong induction of these genes and whether they have any impact on survival in

egg white is unclear and so demands investigation.

1.9.2.1 The dgo genes

The dgo genes (dgoRKADT) were 23.6 - to 31.1-fold induced (at 45 min; Table 1.3) by EW
exposure. It is believed that the general function of these genes in E. coli is utilization of D-
galactonate and 2-keto-3- deoxygalactonate (Neidhardt, 2005). The dgoT encoded permease
transports D-galactonate, which is then converted to 2-deoxy-3-keto-D-galactonate by a dehydrase

encoded by dgoD. After this, the glyceraldehyde 3-phosphate and pyruvate are produced by a
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kinase reaction specified by dgoK, and the phosphorylated intermediate is then cleaved by an
aldolase specified by dgoA. So the latter three genes DKA are suggested to code for enzymes
involved in the conversion of D-galactonate to pyruvate and glycerldehyde-3-phosphate (Cooper,
1978; Neidhardt, 2005; Zhou and Rudd, 2013). dgoD and dgoA mutants of E. coli K-12 were
unable to grow on D-galactonate (Cooper, 1978). The dgoR gene encodes a GntR/FadR-related
regulator which likely acts as a D-galactonate-responsive transcriptional repressor of the dgo
operon (Zhou & Rudd, 2013). These genes, including the regulatory dgoR gene, cluster at min
82.5 in E. coli (Neidhardt, 2005).

The schematic representation of the dgo operon (dgoRKADT) in SE PT4 is illustrated in figure
(Fig. 1.12). Alignment showed that dgoT and dgoD of SE encode proteins are 100% identical to
the E. coli equivalents, and that dgoA, dgoK and dgoR of SE encode proteins 85, 82 and 94%
identical to their E. coli counterparts (Zhou and Rudd. 2013). A few studies showed the up
regulation of genes related to hexonate metabolism in S. Typhimurium. A microarray experiment
global expression effect caused by exposure to macerated lettuce leaf tissue showed the up
regulation of several genes involved in the transport and metabolism of D-galactonate (dgo), D-
gluconate (gntU, kdgT, and kduD), and L-idonate (idn) (Goudeau et al., 2013). Another study
using microarrays to study the effects of expression upon macrophage colonisation by S.
Typhimurium showed up regulation of three genes of the dgo operon (dgoT, dgoK and dgoA)
without any indication of the inducing signal, although it was suggested that hexonates may be an
important source of carbon for intracellular bacteria (Eriksson et al., 2003). Similarly, the
expression data of Baron et al. (2017) suggest that hexonates/hexuronates may be utilised by SE in

egg white.
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Table 1.3: Egg-white induced genes from the dgo cluster involved in D-galactonate metabolisim in Salmonella enterica
serovar Enteritidis (strain PT4-P125109). Strand indicted by S. Fold change indicted by FC. Expression data from
Baron et al. (2017).

No  Gene Aliases Protein names Entry name Length GC S. FC (X)
names aa % (45m.)
bp
1 dgoT SEN3643  D-galactonate B5QUNS8_SALEP 430 5406 R 14
transporter [3,903,869 <- 1293
3,905,161]
2 dgoD SEN3644  D-galactonate DGOD_SALEP 382 5535 R 25
dehydratase [3,905,291 <- 1149
3,906,439]
EC:4.2.1.6
3 dgoA SEN3645  2-dehydro-3- B5QUPO_SALEP 205 5858 R 22
deoxy-6-phospho [3,906,436<- 618
galactonate 3,907,053]
aldolase EC:i4.1.2.21
4 dgoK SEN3646  2-dehydro-3-deoxy B5QUP1_SALEP 292 56.31 R 31
galactono kinase [3,907,037 <- 879
3,907,915]
EC:2.7.1.58
5 dgoR SEN3647  Galactonate operon B5QUP2_SALEP 229 5333 R 27
transcriptional [3,907,912 <- 690
repressor 3,908,601]
6 yidA  SEN3648 Uncharacterized B5QUP3_SALEP 281 5260 R
protein [3,908,862 <- 846
3,909,707]
7 torS SEN3642 Two-component B5QUN7_SALEP 911 5424 F
sensor protein [3,901,108 -> 2736
3,903,843]
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Figure 1.12: Schematic representation of the dgo cluster of SE PT4. The corresponding nucleotide sequence was
analysed and annotated using Vector NTI. Genes that are related to hexonate/hexuronate (Hex) metabolism/control
are in green (those in red are flanking genes, unrelated to Hex metabolism), direction is indicative of polarity. Sizes of
open-reading frames are given in amino acids codons and bp, along with the assigned functional annotation and
coordinates (Fr-To). The position in the genome is indicated in kb (see Appendix 1 for more detail).

1.9.2.2 The uxu-uxa genes

The second cluster, the uxuAB-uxaC operon, is believed to be involved in mannonate utilisation
(Suvorova et al., 2011). These genes were induced by egg white at levels (10.7- to 28.2-fold, at 45
min, Table 1.4) similar to those observed for the dgo genes. uxuA (SEN2978) encodes mannonate
dehydratase that catalyzes the formation of 2-dehydro-3-deoxy-p-gluconate from mannonate. uxuB
(SEN2979) encodes p-mannonate oxidoreductase while the third gene, uxaC (SEN2980), encodes
a glucuronate (hexuronate) isomerase and its function is to catalyse the interconversion of b-
glucuronate to o-fructuronate or p-galacturonate to D-tagaturonate (Suvorova et al., 2011). In a
study on the carbon nutrition of E. coli in the mouse intestine, the hexuronate pathway was
knocked out through uxaB mutation which resulted in no effect on colonizing ability (Chang et al.,

2004). A schematic representation of the uxuAB-uxaC operon is shown in figure 1.13.
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Table 1.4: Egg-white induced genes from the uxuAB-uxaC operon involved in mannonate utilisation in of
S. Enteritidis (strain PT4-P125109). Expression data from Baron et al. (2017). For further details, see Table

3.1
No Gene Aliases Protein names Entry name Length GC% S. FC (X)
names Position aa-bp (45 m.)
1 UXUA SEN2978  Mannonate B5QYBO/UXUA _ 394 - 5249 F 28
dehydratase SALEP 1185
[3,184,087 ->
3,185,271]
EC:4.2.1.8
2 uxuB SEN2979  Mannonate oxido B5QYB1_SALEP 490 - 56.62 F 19
reductase [3,185,382 -> 1473
fructuronate 3,186,854]
reductase EC:1.1.1.57
3 uxaC SEN2980  Glucuronate B5QYB2/UXAC _ 470 - 5400 F 11
isomerase SALEP 1413
=Uronate isomerase  [3,186,866 ->
3,188,278]
EC:5.3.1.12
Flanking genes
4 SEN2977  Hexuronate B5QYA9_SALEP 434 - 5249 R
transporter [3,182,378 <- 1305
3,183,682]
5 SEN2981  Uncharacteri-zed B5QYB3_SALEP 351 - 4280 R
protein [3,188,578 <- 1056
3,189,633]
SEN2977 SEN2978 SEN2979 SEN2980 SEN2981
3.182kb | 3,190kb
3 t 3 ) ;
394 aa- 1185 bp. 90 aa-1473 bp. FI:?O aa-1149 bp.
;3,184,087 1;3,185.382 1; 3,186,866
To; 3,185,271 [ To; 3,186,854 0:3,188.278
B5QYBO B5QYB1 [35QY132
Mannonate Mannonate Glucuronate
dehydratase oxido reductase isomerase

Figure 1.13: Schematic representation of the uxuAB-uxaC operon of SE PT4. The corresponding nucleotide

sequence was analysed and annotated using Vector NTI. uxuAB-uxaC genes are shown as green arrows. For further

details, see Fig. 3.1.
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E. coli is capable of utilizing all forms of sugar acids (hexonates, hexuronates and hexuronides) as
sources of carbon and energy including hexuronate like D-glucuronate and D-galacturonate via the

Ashwell catabolic pathway (Robert et al., 1974; Suvorova et al., 2011).

1.9.2.3 The SEN1433-6 genes

The SEN1433-5 genes form a putative operon adjacent to the functionally related and divergent
SEN1436 gene (Table 1.5). They are induced by 5.17-to 33.4-fold, similar to dgo and uxuAB-
uxaC. Schematic representation of this cluster is shown in Fig. 1.14. The genes of the SEN1432-6
cluster specify three enzymes (two suspected dehydrogenases and one dehydratase), likely to be
involved in hexonate utilization, and a proposed hexonate transporter (Thomson et al., 2008). This
is confirmed using comparative genomic hybridization analysis by Betancora et al. (2012). A
study was conducted by Coward (2012) involving the deletion of specific genomic islands,
including that containing SEN1432-36, to investigate their role in SE in colonization of the
chicken reproductive tract and other organs. The results showed that all tested regions appear to
play a small role in infection of liver and spleen, but not in colonization of the reproductive tract

or macrophages indicating that SEN1432-36 has no role in gut colonisation of chickens.
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Table 1.5: Egg-white induced genes from the SEN1432-6cluster involved in hexonate utilisation in of S. Enteritidis
(strain PT4-P125109). Expression data from Baron et al. (2017). For further details, see Table 3.1.

No Aliases Protein names Entry name Length GC S. FC (X)
Position aa-bp % (45 m.)
1 SEN1433 L-idonate 5- B5R538_SALEP 347 56.90 R 5
dehydrogenase [1,521,017 <- 1044
1,522,060]
EC:1.1.1.264
2 SEN1434 putative hexonate B5R539_SALEP 469 4794 R 6
sugar transport [1,522,077 <- 1410
protein 1,523,486]
3 SEN1435 putative hexonate B5R540_SALEP 255 5286 R 7
dehydrogenase OR [1,523,522 <- 768
gluconate 5- 1,524,289]
dehydrogenase EC:1.1.1.69
4 SEN1436 putative dehydratase =~ B5R541 SALEP 419 5381 F 33
[1,524,621 -> 1260
1,525,880]
5 SEN1432 Putative GntR-family B5R537_SALEP 239 4847 R
regulatory protein [1,520,207 <- 720
1,520,926]
Flanking gene
6 SEN1437 Aminoglycoside B5R542_SALEP 145 5228 R
N(6")-acetyl [1,526,021 <- 438
transferase type 1 1,526,458]
SEN1436 SEN1435 SEN1434 SEN1433
Lszoky oM SEN1432 ) 7k
- DI LI

\

I;I:lg aa 1260 bp. E_ss aa-768 bp. 69 aa-1410 bp. E_4? aa-1044 bp. 39aa-720bp.
;1,524 621 r; 1,523,522 r; 1,522,077 t; 1,521,017 - 1,520,207
To: 1,525,880 To; 1,524,289 To; 1,523,486 To: 1,522,060 0: 1,520,926
[BSR541 [B5R540 BSR539 BSR538
putative [putative [Putative T -idonate 5-
dehydratase lhexonate Hexonate [dehydrogenase

dehydrogenase | [ sugar transport

Figure 1.14: Schematic representation of the SEN1432-6 cluster of SE PT4. SEN1432-6 genes are shown as green
arrows, direction is indicative of polarity. See Fig. 3.1 for further detail.
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Thomson et al. (2008) demonstrated that SE PT4 has a specific region (ROD13) encoding five
proteins displaying sequence similarities and synteny with the gntll locus genes of E. coli which
are associated with the uptake and catabolism of the hexonate sugar acid L-idonate . Another study
showed that E. coli mutants that are unable to utilize hexonates (gluconate) are unable to colonize
the mouse large intestine suggesting that hexonates represent an important source of nutrients at
this site (Sweeney et al., 1996). Moreover, as indicated above, a transcriptomics study showed up-
regulation of the genes involved in the transport of gluconate and related hexonates for S.
Typhimurium in macrophages, suggesting that hexonates may also be an important source of
carbon for intracellular bacteria (Eriksson et al., 2003). Note that as SEN1432 was not reported to
be induced by EW (Baron et al., 2017), this suggests it is constitutive and might be involved in

controlling genes related to hexonate catabolism as it specifies a predicted regulator.

1.9.2.4 ybhC gene

In addition to the three hexonate utilisation pathways, SEN0731 was also induced, up to 5.8 fold
(Table 1.6). This gene encodes a putative exported pectin-esterase, predicted to mediate
conversion of pectin into pectate (poly-1, 4-o-D-galacturonate) and so may also have a function
related to hexonate metabolism. hutl is a flanking gene (Fig. 1.15) and codes for imidazolone-5-
propionate hydrolase; its function is in the histidine catabolism process yielding glutamate and

formamide (it is not induced in egg white medium).
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Table 1.6: Egg-white induced putative pectin esterase gene of S. Enteritidis (strain PT4-P125109). Expression data
from Baron et al. (2017). For further details, see Table 3.1.

No Gene Aliases Entry name Protein Length GC S. FC (X)
names Position names aa-bp % (45 m.)

1 ybhC SEN0731  B5QX57_SALEP Possible 427 57.48 R 5

[809,468 <- 810,751] pectin 1284

EC:3.1.1.11 esterase

Flanking gene

2 hutl SENO732  B5QX58 Imidazolon 407 58.66 F

HUTI_SALEP epropionas 1224

[810,989 -> 812,212] E

EC:3.5.2.7

hutl yhhC
8,090 8,125
: >

Figure 1.15: Schematic representation of the ybhC gene of SE PT4. The ybhC gene is shown as a green arrow, see
Appendix 4 and Fig. 3.1 for more detail.

Apart from the hexonate-related genes, several other genes involved in sugar metabolism were
also induced, but to a lesser degree (3- to 5.6-fold) than the hexonate gene clusters. These include

genes involved in the non-oxidative branch of pentose and glucuronate interconversion.

Interestingly, despite the observed induction in genes involved in hexonate/hexuronate (Hex)
utilization, these sugars are not known to be present in egg white (Velisek, 2014). Therefore, the
identity of the inducer (and its source) responsible for dgoRKADT, uxuAB-uxaC and SEN1433-6
up-regulation is unclear, although evidently these genes are not subject to any substantial

catabolite repression since induction is observed despite the high glucose levels in egg white.
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1.10 Aims and objectives

The aim of this work is to determine the role of the hexonate/hexuronate utilisation genes, as
described above, in the survival of SE upon exposure to egg white. A further aim is to determine
whether these genes are subject to induction by a common regulatory pathway within egg white
and if so to characterise the regulatory mechanism and identify the environmental inducing signal
within egg white. Further understanding of mechanisms applied by pathogenic bacteria to counter
the host protective method might be contributed and help in find ways to prevent the host from
pathogenic survival.

Specific objectives are as follow:

e Confirm the induction of the hexonate/hexuronate (Hex) utilisation genes in egg white.

Determine the factors governing expression of the Hex utilisation genes in egg white.

Identify the regulator that controls the induction of the Hex utilisations genes in egg white

Determine the ability of SE to utilise a range of Hex as substrates for growth.

Investigate the purpose of the hex gene induction in egg white.
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Chapter 2. Materials and Methods
2.1. Materials

2.1.1 Chemicals

All chemicals used were of analytical grade and were from Sigma, Fisher (Fermentas &
Thermo Scientific), Oxoid, Bio-Rad, Fluka and Fermentas unless otherwise stated.

2.1.2 DNA marker

1 kb DNA ladder (Gene Ruler ™) from Thermo Scientific was used to estimate the size and
quantity of DNA following gel electrophoresis, using UV-induced fluorescence in the presence
of Gel Red ™ Nucleic Acid Gel Stain from Biotium at a final concentration of 1X from

10,000X product (Figure 4.1).

by 0.5 g
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Figure 2.1:1kb ladder (Thermo scientific Gene Ruler™). DNA marker was used to estimate the size and

guantity of DNA. Source: http://2009.igem.org/wiki/images/3/3f/Generulers_1kb_marker_ Fermentas.jpg

2.1.3 Protein marker.

Protein molecular weight markers used in this study were: Unstained Protein Molecular
PageRuler™ unstained molecular weight ladder (10-200 kDa) from Fermentas, and
PageRuler™ pre-stained molecular weight ladder (10-170 kDa) from Fermentas. Markers were

used to determine the size and quantity of protein following SDS-PAGE analysis.
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Figure 2.2: Protein marker used to estimate the size and quantity of DNA. (A & B) Fermentas unstained
protein  molecular marker, Fermentas PageRuler™ unstained molecular weight ladder, (C) Fermentas

PageRuler™ prestained molecular weight ladder.

2.1.4 Restriction and polymerization enzymes
Restriction endonuclease (BamHI, EcoRI, Xhol, Hindlll and Ndel) and Phusion® High-
Fidelity DNA polymerase were provided from Thermo Scientific. Optimal conditions were

used according to the manufacturer’s instructions.

2.1.5 Bacterial media.

2.1.5.1 Luria-Bertani broth and agar

LB broth was used for routine bacterial work. One litre volumes were prepared with 10 g/L
tryptone, 5 g/L yeast extract and 5 g/L NaCl dissolved in qH,O which was autoclaved to
ensure sterility before use (Sambrook et al., 2001). Any antibiotics or other sterile additives
were added after sterilization and cooling to 55 °C to protect heat labile additives. Heat-labile
substances were filter sterilized through a 0.22 um Millipore filter. To prepare one liter of LB-
agar, 15 g of agar was added to one litre LB-broth. The medium was mixed and dispensed into

appropriate aliquots and autoclaved. The agar was then cooled to 50 °C before adding any
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antibiotics or other heat labile additives, and then poured (~30 ml) into sterile Petri dishes and
left to solidify before use.

2.1.5.2. Super Optimal Broth (SOC)

The nutrient-rich medium was used in transformation. SOC medium was 2% (w/v) Bacto
Tryptone, 0.5% (w/v) yeast extract, 10 mM NaCl, 2.5 mM KCI, 10 mM MgCl,, 20 mM
glucose (Hanahan, 1983). SOC medium was prepared and autoclaved without MgCl, and
glucose. Stocks of 2 M MgCl,-6H,0 and 20% glucose (both sterile filtered) were used to

make the medium 10 mM in MgCl, and 20 mM in glucose. The final pH was 6.8 to 7.0.

2.1.5.3. M9 minimal medium

Minimal medium was the medium used for the growth of SE in the presence of different
substrates. Minimal medium contained 10 g M9 salts (Sigma) per litre with supplements added
before use: 0.2 mM CaCl;, 2 mM MgSO,, 0.001% vitamin B1 and 0.4% glucose/glycerol. The

M9 minimal solid medium contained 1.5 w/v agar in the M9 minimal medium.

2.1.5.4 Media sterilisation.

Bacterial medium components were prepared as described by Sambrook et al. (2001). All
media and heat stable solutions were sterilised by autoclaving at 121 °C, 20 Ib/in® for 20 min.
Sterilisation of heat labile solutions was achieved by filtration through a sterile 0.22 um
membrane (Whatman). Media were solidified with 1.5% wi/v agar which was added before
autoclaving. Glassware used in microbiological procedures was sterilised by dry heat (150 °C

for 2 to 2.25 h). For all iron-restricted growth, acid-washed glassware was used.
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2.1.6 Antibiotics

Materials and Methods

Antibiotics were prepared as described (Table 2.1) with those dissolved in water being filter

sterilised through a sterile 0.22 um membrane (Whatman) and stored at -20 °C.

Table 2.1: Antibiotics used in this study.

Antibiotic Mode of action Uses Working Strength
Ampicillin: (100  Gram negative bacterial. Inhibits Selection and maintenance of 100 pg/mL
mg/mL stock in cell wall peptidoglycan synthesis E. coli strain carrying the -

nano pure H,0).  at the transpeptidation step lactamase gene

Chloramphenicol:  Bacteriostatic, inhibits 50S Selection and maintenance of 35 pg/mL
(50 mg/mL in ribosomal elongation E. coli strains to carry the cat

ethanol). gene

Kanamicin: (50 Interacts with a 30S subunit of Selection and maintenance of 35 pg/mL

mg/mL stock in

nano pure H,0).

bacterial ribosomes and inhibits
translocation during protein

synthesis

E. coli strain carrying the kan

gene.

2.1.7 Bacterial Strains, Plasmids and Primers

Bacterial strains, plasmids and primers used in this study are listed in Tables 2.2-2.8. For

bacterial growth, a single colony was incubated 16 h at 37 °C with shaking at 250 rpm in 3 ml

LB broth using 6-inch sterile test-tubes with caps. Glycerol was added to cultures (to give

20% glycerol) after growth for long term maintain of strains at =80 °C in cryovials. Primers for

amplification of target genes were designed using Vector NTI 10 software (Table 2.4-2.8).

After design, suitable recognition sites (e.g. BamHI and EcoRI) were added in addition to three

random nucleotides at the 5" end to enable subsequent restriction enzyme recognition of PCR

products. All oligonucleotides were ordered from Eurofins Genomics.
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Table 2.2: Strains used in this study.

Strain Genotype Source
(Reference)
Salmonella Strains
Salmonella Wild type Sophie Jan and
enterica Florence Baron
serovar Rennes, France
Enteritidis

PT4-P125109

JSG210

JSG421

JSG425

Salmonella
enterica
SEN1432

Salmonella
enterica AdgoR

Topl0™

BW25113

XL1-blue

BL21(DE3)
BL21(DE3)
Rosetta®
BL21(DE3)
Star®

(Wild Type) ATCC 14028s

pmrA::Tn10 Atet

A-Pir phoP::Tn10 Atet

ASEN1432

AdgoR

Escherichia coli strains
E. coli F., mcrA,A(mrr-hsdRMS-mcrBC),p80lacZAM15,AlacX74, nupG,
recAl, araD139,A(ara-leu)7697, galE15, galK16, rpsL(Str¥), endAl, A
F’, A (araD-araB)567, Alacz4787(::rrmB-3), /', AfocB740::kan, rph-1,
A(rhaD-rhaB)568, hsdR514

recAl endAl gyrA96 thi-1 hsdR17 supE44 relAl lac [F” proAB lacl®
A(lacZ)M15 Tn10 ( Tet%)]

F ompT hsdSB(rg” mg’) gal dcm (ADE3)

F- ompT hsdSB(rg” mg’) gal dcm (ADE3) pRARE (CamF)

F- ompT hsdSB(rg” mg") gal decm rnel31 (ADE3)

John Gunn
The Ohio State
University
John Gunn
The Ohio State
University
John Gunn
The Ohio State
University
This study

This study

Invetrogen

(Datasenko. and
Wanner, 2000)

Stratagene

Invitrogen
Invitrogen

Thermo
Scientific

Table 2.3 Plasmids used in this study. All plasmid stocks were maintained at -20 °C in ultra-pure water.

Plasmid

Source (Reference)

pJET1.2/blunt
pRS1274

pET21a(+)

pSU18

Genotype
Cloning vector, AmpF. Fermentas
lacZ transcriptional fusion vector Lab stock

containing BamHI-Smal-EcoRI-lacZ
cloning site , lacZ lacY lacA Amp®
Overexpression cloning vector with T7
promoter

Simons et al., 1987

Novagen

Cloning vector with lacZa gene, CmR

Bartolome et al., 1991/ Lab stock
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pKD3 Derived from pANTSy, containing FRT- Wanner and Datsenko, 2000/ Lab stock

flanked cat gene from pSC140, CmR

pCP20 Temperature sensitive plasmid (30 °C) H.Mori, Japan/ Lab stock
encoding a Flp-recombinase, Amp® and
CmR

pKD46 Temperature sensitive replication Lab stock

(repA101®); encodes lambda Red genes
(exo, bet, gam); native terminator (tL3)
after exo gene; arabinose-inducible
promoter for expression (P,..g); encodes
aracC for repression of ParaB promoter;
Amp® | Kan® this plasmid can be cured
of a strain with growth at 37 — 42 °C

pJET1.2 plus target regions from Salmonella enterica serovar Enteritidis PT4-P125109

pJET-ybhC’ Possible pectinesterase

pJET-SEN1435’ Putative hexonate dehydrogenase

pJET-SEN1436’ Putative dehydratase

pJET-SEN1432’ Putative GntR-family regulatory protein

pJET-dgoR’ Galactonate operon transcriptional
repressor

pJET-dgoT’ D-galactonate transporter

pJET-SEN2978’ Mannonatedehydratase

pJET-SEN2977’ Hexuronate transporter

pJET-SEN2979° Mannonate oxidoreductase

pRS1274 plus target regions from Salmonella enterica serovar Enteritidis PT4-P125109

pRS-ybhC-lacZz Possible pectinesterase
pRS-SEN1435-lacZ Putative hexonate dehydrogenase
pRS-SEN1436-lacZ Putative dehydratase
pRS-SEN1432-lacZ Putative GntR-family regulatory protein

pRS-dgoR-lacZz Galactonate operon transcriptional
repressor
pRS-dgoT-lacZ D-galactonate transporter

pRS-SEN2978-lacZ Mannonatedehydratase
pRS-SEN2977-lacZ Hexuronate transporter
pRS-SEN2979-lacZ Mannonate oxidoreductase

pSU18 plus target regions from Salmonella enterica serovar Enteritidis PT4-P125109

pSU18-SEN1432 Putative GntR-family regulatory protein

pSU18-dgoR Galactonate operon transcriptional
repressor

pSU-PmrAB Two-Component System Regulator

BamHI and GAATTC for EcoRl

This study
This study
This study
This study
This study

This study
This study
This study
This study

This study
This study
This study
This study
This study

This study
This study
This study
This study

This study
This study

This study
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Table 2.4 Designed primers. Vector NTI 10 software was used to design primers for amplification of selected
regions. Restriction sites, where present, are in green (GGATCC for BamHI and GAATTC for EcoRl).

Name Sequence 5' - 3' GC% Primer Tm  Fragment
length (°C) length
(bp) (bp)
ybhC-F GAGGGATCCATCAGCGCCTGGTTATCCACCAGC 58.33 24 64.11 446
ybhC-R CACGAATTCTTGATCGGAAGGGATCTGATCGGG 54.17 24 63.94
SEN1435-F GAGGGATCCGCCCTGGCTCGTTGGTTTCTATCTT 52.0 25 61.76 504
SEN1435-R CACGAATTCCAAAGCCCAGTCCTCGTGCAGAAC 58.33 24 62.95
SEN1436-F GAGGAATTCGCCCTGGCTCGTTGGTTTCTATCTT 52.0 25 61.76 504
SEN1436-R CACGGATCCCAAAGCCCAGTCCTCGTGCAGAAC 58.33 24 62.95
SEN1432-F GAGGGATCCGGTGTCAACGATGCTGGTTAAAGAAC  46.15 26 59.12 420
SEN1432-R CACGAATTCAGTTCCACTTCTGAGGGCAAACGG 54.17 24 61.56
dgoR-F GAGGGATCCGAGGTGATGGCGATTGGCGATCAG 58.33 24 65.41 551
dgoR-R CACGAATTCCAGCGCCGAACCGGGTACGTATTT 58.33 24 65.48
dgoT-F GAGGGATCCACTATAACAAGGGCGCGGAGCTGCT 56.0 25 64.05 434
dgoT-R CACGAATTCGTTGGCGCGATCGACGTAGCAAAT 54.17 24 64.87
SEN2978-F GAGGGATCCCCCTACGCAGACCAGGCCGATAAT 58.33 24 63.13 557
SEN2978-R CACGAATTCGATATGGTGTAACGCCGTTACCACGC 58.85 26 63.19
SEN2977-F GAGGAATTCCCCTACGCAGACCAGGCCGATAAT 58.33 24 63.13 557
SEN2977-R  CACGGATCCGATATGGTGTAACGCCGTTACCACGC 58.85 26 63.19
SEN2979-F GAGGGATCCGAAGAAGAGCACCGTCGTAAAGCCGA 53.85 26 64.49 399
SEN2979-R CACGAATTCCCCCGCAGCCCAGATGCACAATAC 62.5 24 66.94
Table 2.5 Sequencing primers.
Name Sequence 5' - 3' GC% Primer Tm (°C)
length
(bp)
pJET T7-F TAATACGACTCACTATAGGG 40 20 45.58
pJET_RP2 AAGAACATCGATTTTCCATGGCAG 42 24 64.18
pRS1274-F GGATTTGAACGTTGCGAA 44.44 18 49.28
pRS1274-R  AAGTTAAAATGCCGCCAG 44.44 18 48.11
Table 2.6 Primers used for knockouts.
Name Sequence 5" - 3' GC% Primer Tm
length (°C)
(bp)
D-dgoR-FOR  GTAAGAGAGTTCACATCGAGCACAAGGACTCTCT 48 67 84.62
ATGACTCTCAATTGTGTAGGCTGGAGCTGCTTC
D-dgoR-REV  CGCAGATTGGTCGATCCCCAGTCAATTGCGATG 48 67 87.45
TAGCGAGCTGTCACATATGAATATCCTCCTTAGT
PDCFO _dgoR TGGCATGATAACGACGGTTG 50.0 20 54.33
PDCRE_dgoR GTGTAACGCCTGCTTCTGATTG 50.0 22 54.24
D-1432-FOR  ATAAAGCACTTCAGCGACATCTTAACGGATACCC 45 69 85.28
ATCTTGAGCATAAATGTGTAGGCTGGAGCTGCTTC
D-1432-REV ~ TCAGATATGTTAAATTGCTCTACTACTTGAGCTTG 35 69 77.59
TAACCAACGGTTACATATGAATATCCTCCTTAGT
PDCFO-1432 TTCGTTTCGATTAACGGTGA 40 20 50.97
PDCRE-1432 GCACTGCCACGATTTTAAAGT 42.86 21 51.53
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Table 2.7 Primers for amplification whole genes of regulators. Restriction sites, where present, are in green
(GGATCC for BamHI and GAATTC for EcoRlI)

Name Sequence 5' - 3' GC% Primer Tm
length (°C)
(bp)

dgoRToT- CACGAATTCTAAGCCAGAGGAGGTGATGGCGATT  50.0 34 70.7
SSSRTOT— GAGGGATCCAGGCGTGTAACGCCTGCTTCTGATT 55.9 34 73.1
1RA??\>/2T0T— CACGAATTCTGAGTTCATCACCGCGGTACGCTGG 55.9 34 73.1
EX;ZTOT- GAGGGATCCGATTTCAGGCCGCACTGCCACGATT  58.8 34 74.3
Rev

Table 2.8 Designed primers for sequencing cloned pmrAB. Restriction sites, where present, are in green
(GGATCC for BamHI and GAATTC for EcoRl)

Name Sequence 5' - 3' GC% Primer Tm (°C)
length
(bp)
pmrAB-FOR CCACGTGTAGTTAATGTTATCGCAA 40.0 25 55.3
pmrAB-REF CAACATCCGCGTATCGATGAATAAA 40.0 25 59.03

Table 2.9 Primers to amplify genes of interest (SEN1432 and dgoA) for over-production. Restriction sites,
where present, are in green (CATATG for Ndel, AAGCTT for HindllI:)

Name Sequence 5" - 3' GC% Primer Tm

length  (°C)
(bp)

OP- GAGCATATGAGCATAAAATCCATTCAAAAACAG 48 36 70.7

SEN1432- AAT

FOR

OP- GTGAAGCTTTTTTGTCCCTGATGTCTCTGTAGA TTT 48 36 73.1

SEN1432-

21R

OP- GTGAAGCTTTTATTATTTTGTCCCTGATGTCTC 50.0 42 73.1

SEN1432- TGTAGATTT

28R

OP-dgoA- GAGCATATGAAAATAACTCACATCACCACGTAC 50.0 33 74.3

FOR

OP-dgoA- GTGAAGCTTCCACTCGGCTACCGATCCGTCA 45 31 65.28

21R

OP-dgoA- GTGAAGCTTTTATTACCACTCGGCTACCGATTCGTCA 35 37 77.59

28R
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2.2 Methods

2.2.1. Chemically competent cells - preparation and transformation

For the preparation of competent cells, a single colony was inoculated from an agar plate into 3
ml LB-broth in a 6-inch test tube and then incubated overnight at 250 rpm and 37 °C. From
this overnight culture, 0.5 ml was transferred to an Erlenmeyer flask containing pre-warmed 50
ml LB broth. The culture was incubated at 37 °C on a rotary shaker (250 rpm) and ODgsonm
measurements were taken with a “WPA Biowave CO8000 Cell Density meter” until this
reached between 0.4-0.5 (usually 2-3 h). Cells were then centrifuged for 5 min at 5000 rpm at
4 °C using pre-chilled and sterile 50 ml Falcon tubes, and then the cell pellet was re-suspended
in 30 ml ice cold 100 mM MgCl, and incubated for 10 min on ice. Cells were again
centrifuged for 5 min at 5000 rpm at 4 °C and then re-suspended in 30 ml ice cold 100 mM
CaCl;, and incubated on ice for 30 min. Cells were centrifuged again and re-suspended in 4 ml
ice cold 100 mM CacCl, plus 20% glycerol. Finally, 0.2 ml of cells were aliquoted in 1.5 ml
Eppendorf tubes on ice, and then stored at —80 °C until use.

For transformation, aliquots were removed from the freezer, placed into an ice box and left to
thaw (not more than 10 min). Competent cells were incubated with 1 pl of plasmid DNA on
ice for 30 min. The transformation mixture was then placed into a water bath (42 °C) for 45 s
for heat-shock and returned to the ice for 5 min. SOC medium (250 pl) was added to the
collection tube and the cells were allowed to recover by incubation at 37 °C on a rotary shaker
(225 rpm) for 1 h. 100 pl of cells were spread onto LB agar containing appropriate antibiotics
and Xgal (2 ml of a 20 mg/ml solution in DMSO added to one litre of medium; 40 pg/ml final

concentration), and plates were incubated inverted at 37 °C overnight.
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2.2.2 Extraction and purification of nucleic acids

All centrifugation involved an Eppendorf mini-centrifuge used at 13,000 rpm. Purification was
carried out in 1.5 ml Eppendorf tubes as described below. DNA was stored at -20 °C until

required.

2.2.2.1 Plasmid miniprep

Plasmid DNA minipreps were carried out using a GeneJET plasmid miniprep (Thermo
Scientific) kit to screen colonies for the correct plasmid. Firstly, transformants were streaked
onto LB Amp plates; the same inoculated loop was used to make the primary smear and to
inoculate a fresh 3 ml overnight culture of Amp containing LB broth, which was grown at 37
°C, 250 rpm, over-night. Dependent on the plasmid copy number, 1 ml (for high copy
plasmids) to 5 ml (for low copy plasmids) of an overnight culture was used to extract DNA. In
the final step, DNA was eluted into 50 pl of sterile water.

Details of the DNA isolation are as follow. The tube was centrifuged at 8000 rpm for 2 min to
pellet the cells in the culture. The supernatant was then carefully discarded leaving a dry pellet
and the pellet was subsequently re-suspended in 250 pl of the Resuspension solution (50 mM
Tris-HCI, 10 mM EDTA, pH 8.0) including RNase A, by vortexing to ensure a homogenous
cell suspension. A 250 ul volume of the Lysis solution (1% SDS, 0.2 M NaOH) was then
added to each tube and each tube was mixed thoroughly by inverting the tube 4-6 times until
the solution became viscous. A 350 pl volume of the Neutralization solution was then added to
each tube and mixed by inverting the tube 4-6 times, a white precipitate formed almost
immediately (chromosomal DNA and proteins). The tubes were left to stand on ice for another
5 min. The tubes were then centrifuged at 13,000 rpm for 5 min, to pellet the white precipitate
along the side of the tube. The supernatants were transferred into the GeneJET spin column by
pipetting. The tubes were then centrifuged 13,000 rpm for 1 min and the flow through

discarded and the column was returned back to the same tube. Then 500 ul of the wash
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solution were added, which included ethanol, and this was centrifuged for 1 min, the flow
through discarded, and this step was repeated. Finally, the column was transferred to a fresh
tube, and then 50 pl of sterilized distilled water were added. A sample (~ 4 pl) was
electrophoresed in a 0.8% agarose gel and the concentration was measured using a

NanoDrop® ND-1000 UV-Vis Spectrophotometer. DNA was stored at -20 °C.

2.2.2.2 Total DNA extraction

Chromosomal DNA was extracted and purified using Thermo Scientific GeneJET Genomic
DNA Purification Kit following the protocol guidelines for Gram-negative bacteria. Around
2x10° bacterial cells (1 ml) were harvested from an overnight culture in a 1.5 or 2 ml
microcentrifuge tube by centrifugation for 6 min at 8000 rpm. After discarding the supernatant,
the pellet was resuspended in 180 ul of Digestion Solution. A 20 pl volume of Proteinase K
solution was added and mixed thoroughly by vortexing or pipetting. The sample was incubated
at 56 °C while vortexing occasionally until the cells were completely lysed (30 min). A 20 pl
volume of RNaseA solution was then added, mixed by vortexing and the mixture incubated for
10 min at room temperature. Then 200 pl of Lysis Solution were added to the sample. This was
mixed thoroughly by vortexing for 15 s until a homogeneous mixture was obtained. A 400 pl
quantity of 50% ethanol was added and mixed by pipetting or vortexing. The lysate was
transferred to a GeneJET Genomic DNA Purification Column inserted in a collection tube. The
column was centrifuged for 1 min at 12000 rpm and the GeneJET Genomic DNA Purification
Column was placed into a new 2 ml collection tube. Then 500 pl of Wash Buffer I (with
ethanol added) were added and the column was centrifuged for 1 min at 12000 rpm. The flow-
through was discarded and the purification column placed back into the collection tube. A 500
ul volume of Wash Buffer Il (with ethanol added) was added to the GeneJET column which
was centrifuged for 3 min at 12000 rpm. The column was transferred to a sterile 1.5 ml

microcentrifuge tube and 200 pl of sterile distilled water were added to the centre of the
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column. This was incubated for 2 min at room temperature and centrifuged for 1 min at 12000
rpm.

2.2.3 Determination of DNA concentration

Prior to ligation reaction, the concentration of the plasmid DNA was determined using the
Nanodrop spectrophotometer. A 2 ul drop of plasmid DNA was placed onto the
spectrophotometer's pedestal and the absorbance of the sample at 260 nm was used to

determine DNA concentration.

2.2.4 Polymerase Chain Reaction (PCR) protocol

All PCR reactions were carried out in an Eppendorf Master cycler® gradient PCR machine.
Primer stocks were produced by suspending primer DNA into the appropriate volume of water
according to manufacturer’s specifications generating a 100 pl stock solution. This was then
diluted 1 in 10 to generate a 10 pl working stock for the PCR reaction. All reactions were
performed in 0.2 ml thin-wall PCR tubes purchased from Eppendorf. DNA polymerase,
MgCl,, 10X reaction buffer and dNTP’s were obtained from Invitrogen. Each reaction was
made up to 50 pl master mix that contained: 10 pl 10X reaction buffer, 2 pl dNTP’s (2 mM), 1
pl of each forward and reverses primer (10 pmol/ul), 1 unit of Phusion® High-Fidelity DNA
polymerase (Fermentas), and 1 ul of template DNA (~100 ng genomic or plasmid DNA).The
PCR reactions were performed using a lid heated to 105 °C with the following steps used as

the standard protocol.
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Initial denaturation - 98°C, 30s

Denaturation - 98 °C, 8s h

Annealing - 57°C,20s - X3 cycles
Extension - 72°C,15s

Denaturation - 98 °C,8s a

Annealing - 67 °C, 20s — X27 cycles
Extension - 72 °C,15s ]

Final Extension - 72 °C, 5 min

Final step - 4 °C, hold

Note: Annealing temperature is changeable according to Tm of primers. Extension time is
changeable according to expected length of PCR product in addition to extension ability of the

used polymerase.

2.2.5 Colony PCR

Colony PCR was used to rapidly screen multiple colonies for successful plasmid constructs
following ligation and transformation. This was achieved using primers flanking the multiple
cloning regions of the selected plasmid. If the selected colony contained a plasmid construct
with the desired fragment, a PCR product corresponding to the insert size would be amplified;
if the plasmid did not contain the insert of interest, any fragment amplified would be of
incorrect size. The protocol for colony PCR was essentially the same as that for standard PCR,
with the difference that a single bacterial colony was used as the DNA template instead of
purified genomic DNA. One colony was selected from an agar plate using a sterile tip. The tip
was touched to a separate agar plate (so that a stock of the colony was retained), then dipped
into an aliquot of sterile water 20 ul and stirred gently. Typical reaction volumes used for
colony PCR were 25 pl reactions consisting of 2.5 pl 10x Dream Taq™ DNA polymerase
buffer, 0.5 ul 20 MM dNTP’s, 1 pl 10 uM forward primer, 1 pl 10 uM reverse primer, 14.75 pul

gH20 and 0.25 pl Dream Tag™ DNA polymerase added on ice. Then, 5 pl colony solution
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was mixed with the reaction constituents by gently pipetting up and down taking care not to
introduce too much air to the PCR reaction. Once all reactions were prepared they were placed
into an Eppendorf Mastercycler® PCR machine to be amplified. The above conditions were
used as a standard with the annealing temperature adjusted according to appropriate primer
Tm. The PCR reactions were cooled to 10 °C and analysed for the appropriate plasmid insert

by agarose gel electrophoresis by using 10 ul of the reaction and visualized under UV light.

2.2.6 Agarose gel electrophoresis

0.8% wi/v agarose gels were prepared by using Melford Molecular Grade Agarose powder in
0.5X TBE buffer (5X solution contains 0.45 M Tris, 0.45 M borate, 0.01 M EDTA). Biotium
Gel Red™ (10,000X in water) was added to a final concentration of 1X for visualization of
DNA fragments. Samples were prepared by the addition of 6X loading buffer (0.25% w/v
bromophenol blue, 0.25% w/v xylene cyanol FF, 15% w/v Ficoll) to a final concentration of
1X. The samples were electrophoresed for 45-60 min in gels submerged in 0.5X TBE buffer
with a voltage gradient of 70 V cm™ in a BioRad horizontal gel tank. DNA bands were
visualised using a G-Box UV transilluminator and photographs taken digitally. DNA

concentration was measured on a NanoDrop® ND-1000 UV-Vis Spectrophotometer.

2.2.7 Purification of PCR products

PCR products were purified using a Thermo Scientific GeneJET PCR Purification Kit
according to the manufacturer’s instructions. One volume of Binding Buffer was added to the
completed PCR mixture, mixed thoroughly until the colour of the mix became yellow. Two
volumes of 100% isopropanol were added and mixed thoroughly. Up to 800 ul of the solution
was transferred to the GeneJET purification column. Tubes were centrifuged for 30-60 s and
the flow-through was discarded. Then, 700 pl of Wash Buffer were added to the GeneJET
purification column. This was centrifuged for 30-60 s, and then for an additional 1 min. The
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column was transferred to a clean 1.5 ml microcentrifuge tube and 30 pl of sterilized ultra-pure
water were added to the centre of the GeneJET purification column membrane and this was
centrifuged for 1 min. The column was incubated for 1 min at room temperature before

centrifugation, and the purified DNA was stored at -20 °C.

2.2.8 Restriction digestion

Digestions with restriction endonucleases of PCR products reactions or plasmid DNA were
performed for cloning purposes or to confirm the desired DNA insert was carried. Reactions
varied but typically a 10 ul reaction was used for plasmid digestion which usually comprised: 4
pl of plasmid DNA, 1 pl of 10x Fast Digest buffer, 0.5 ul of each Fast Digest restriction
endonuclease were added (totalling 0.5-1 pl). The reaction mixture was then made up to 10 pl
using 4 or 4.5 pl of gH,O respectively. Tubes were incubated at 37 °C water bath for 5 min.
Following the reactions, the enzymes were usually inactivated by incubation at 65 °C for 5
min.

2.2.9 PCR extraction from agarose gel

All purification steps were carried out at room temperature. The gel slice containing the DNA
fragment was excised using a clean scalpel or razor blade and blue light box. The gel slice was
placed into a pre-weighed 1.5 ml tube and weighed. One volume (volume:gel-weight) of
Binding Buffer was added to the gel slice. The mixture was incubated at 50-60 °C for 10 min
or until the gel slice was completely dissolved, and then mixed by inversion every few
minutes. The gel mixture was mixed briefly before loading on the column. The colour of the
mix became yellow. One gel volume of 100% isopropanol was added to the solubilized gel
solution. Up to 800 pl of the solubilized gel solution was transferred to the GenelJET
purification column. This was centrifuged for 1 min, the flow-through discarded and the

column back placed into the same collection tube. A 700 ul volume of Wash Buffer (diluted
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with ethanol) were added to the GeneJET purification column. This was centrifuged for 1 min
and the flow-through discarded and the column placed back into the same collection tube and
centrifuged again. The column was centrifuged for an additional 1 min and was then
transferred into a clean 1.5 ml microcentrifuge tube. A 50 pl volume of Elution Buffer was
added to the centre of the purification column membrane. This was incubated for 1 min at

room temperature before centrifugation for 1 min. The purified DNA was stored at -20 °C.

2.2.10 Ligation of vector with PCR product

The first step in this study was determining promoter regions for genes of interest and
designing primers for their amplification using Vector NTI. For this purpose, desired regions
were amplified and the PCR products were initially cloned into the pJET1.2 cloning vector.
PCR cloning was performed using Thermo Scientific CloneJET PCR Cloning Kit. pJET1.2/
blunt is a linearized cloning vector, which accepts inserts from 6 bp to 10 kb. The
recircularized pJET1.2/blunt vector expresses a lethal restriction enzyme after transformation
and so such transformants cannot propagate. As a result, only recombinant clones containing
the insert appear on culture plates. PCR products and any other DNA fragment, either blunt or
sticky-end, can thus be successfully cloned. The vector contains an expanded multiple cloning
site and sequencing primers are included for convenient sequencing of the cloned insert (Fig.

2.3).
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pJET1.2/blunt
2974 bp

Figure 2.3: Map of the pJET1.2/blunt. This plasmid used for cloning PCR fragments. Source:
http://www.bioinfo.pte.hu/f2/pict_f2/pJETmap.pdf.

Purified PCR products were ligated with selected plasmids according to manufacturer’s
instructions and then placed on ice. Reactions consisted of 10 ul of 2X Reaction Buffer, 1 pl
purified PCR product, 1 pl pJET1.2/blunt cloning vector and 1 pl T4 DNA ligase in a final
volume of 20 pl. The ligation mixture was vortexed briefly and centrifuged for 3-5 s. The
ligation mixture was incubated at room temperature 22 °C for 5 min. A 5 ul volume of ligation
mixture was used directly for transformation into chemically competent E. coli TOP10 cells.
Transformants thus generated were grown overnight in Amp containing LB broth for plasmid
isolation. Following purification of plasmids of interest, 5 pl of plasmid DNA (50-100 ng/ul)
was sent for sequencing with an appropriate primer (Table 4.3) to Source Bioscience
(Cambridge, UK) to determine if the insert has the expected sequence. The sequence data was

analysed by NCBI alignment software.
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2.2.11 lacZ fusions construction

The lacZ transcriptional (promoter-less) plasmid (pRS1274, figure 2.4; Simons et al., 1987)
was obtained for generation of transcriptional fusions. The diluted DNA was transformed into
chemically competent Top10 and transformants selected on LB agar containing ampicillin. The
~450 bp EcoRI and BamHI PCR fragments released from the pJET1.2 clones were then ligated
with the digested vector. The same conditions of pJET cloning were used with pRS1274 to
construct lacZ fusions but in this case, 3 pl (~40-100 ng) of released fragments were ligated
with 2 pl (100-200 ng) of EcoRI and BamHI digested cloning vector. Ligation reactions were
incubated at 22 °C for 15 min. Then, ligations were transformed into chemically competent
Top10 using transformation protocol as in section 4.3.1. Transformants were selected on LB
medium with ampicillin and Xgal. Amp® and Lac" transformants were selected for further
analysis. Isolated plasmids were subjected to restriction digestion analysis and nucleotide

sequencing using specific primers (Table 2.5).

BamHI (=) EcoRI (12}
bla AmR, A
N
h lac?
N\
\,\\/
\\
pRS1274 '|
Ndel (7553 2 10752hp .
T ¥
Wdel {308g)
/’[/ lacy
\ Ndel (qzod)
laca

Figure 2.4: Map of pRS1274 lacZ transcriptional vector. Map illustrates the multiple cloning site, lacZ, and

Ampicillin resistance gene.

After sequencing, the pRS constructs were assigned unique designations for easier
identification: pRS-ybhC-lacZ; pRS-SEN1435-lacZ; pRS-SEN1436-lacZ; pRS-SEN1432-lacZ;
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pRS-dgoR-lacZ; pRS-dgoT-lacZ; pRS-SEN2978-lacZ; pRS-SEN2977-lacZ; and pRS-
SEN2979-lacZ (see Table 2.3).

The desired plasmid constructs were also generated in silico using Vector NTI (Figure 2.5 as

example and for the rest see Appendix 7).

SEN1435 1-70 SEN1436 1- 104
BamHI \1 // EcoRI (512)
bla AmpR ' ﬁ
)
>
W lacz
'

pRS-SEN1436-lacZ
11252bp

\ = -\ll Y
= //\\\" ac

R Ndel (4708)
lach

Figure 2.5: Physical maps of the transcriptional pRS-SEN1436-lacZ fusion vectors generated during this
study. All plasmids included pRS1274 as the vector. Inserts are in red and proximal region of fused genes are

indicated by small green arrows just upstream of lacZ. Maps were drawn using the Vector NTI program.

The sequences obtained were compared with the sequence database using BLAST which
confirmed that the inserts have the correct sequence correctly located at the desired cloning

sites.

2.2.12 p-Galactosidase assay

1. The growth of cultures and collecting samples

Fifty ml of LB broth (containing 100 pg/ml ampicillin, as required) in sterile Erlenmeyer
250 ml flask were inoculated with 0.5 ml preculture (grown overnight in 2.5 ml LB broth in 6
inch test tubes, in duplicate). Cultures were grown to stationary phase at 37 °C, 250 rpm for 24
h using a Sanyo Gallenkamp shaker. The OD at 600 nm was measured using a “‘WPA Biowave

CO08000 Cell Density meter’ and once the ODgsonm Was above 0.1 (~2-3 h), samples (0.5 OD
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units) were collected in pre-chilled tubes every hour until growth was complete (~8 h). A final
measurement and sample was taken at 24 h. Samples were centrifuged for 2 min at 13000 rpm,
the residual supernatant thoroughly removed, and cell pellets were stored at -80 °C until use in
the next step.

2. Cell lysis

Samples (E. coli transformants) were defrosted on ice and permeabilised using 100 pl 1X
Bugbuster (Novagen). Pellets were resuspended and incubated at 37 °C with shaking at
250 rpm in a Gallenkamp shaker for 30 min. Samples were centrifuged for 5 min at 13000
rpm, the supernatants were transferred into separate Eppendorf tubes. The same protocol was
followed for measurement of 3-galactosidase activities in Salmonella Enteritidis transformants.
However, Bugbuster failed to fully lyse Salmonella and so B-PER (Thermo Scientific) was
used instead as a cell lysis reagent. The required amount of B-PER was pre-warmed at 37 °C,
then 100 pl (4 ml of B-PER Reagent per gram of cell pellet) were added and the re-suspended

pellet was incubated for 10-15 min at room temperature.

3. p-Galactosidase assay

Reactant solution (Buffer Z: 80 mM Na,HPO,4.7H,0, 45 mM Na,HPO,4.H,0, 10 mM KClI, 1
mM MgS0,.7H,0,) contained 4 mg ml™ o-nitrophenyl-p-D-galactopyranoside (ONPG) and
5mM DTT (aliquots of 20 ml at -20 °C). The B-galactosidase assay was performed as
described by Miller et al. (1972). Four pl of each sample were added to wells (in triplicate) of
a microtitre plate. Using a multichannel micropipette 16 pl of PBS were added into the same
wells, then 180 ul of the reactant solution were added to each well. PBS-only wells were
included as control. The assay was monitored by immediately inserting the plate into a plate
reader equipped with kinetic capacity. Readings were taken every 2 min for an hour at an
Asonm in a Spectra MAX 340 pc (Molecular Devices). After the assay, final absorbance was
taken at 420 nm using the Endpoint programme. Then the data was exported using Excel
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format and used to calculate to calculate B-galactosidase activities (nmol ONPG/min/OD unit)

according to this equation: (raw Abs/minx 100 pl/4 pl x 1/OD used x 0.135 nmoles ONP).

2.2.13 Preparation competent cells of SE

A single colony of Salmonella enterica serotype Enteritidis was inoculated into 5 ml of LB
medium and incubated for overnight at 37 °C, 250 rpm for 24 hours using Sanyo Gallenkamp
orbital shaker (Lee and Chang, 1994; Siguret et al., 1994). One ml of this culture was
transferred to 100 ml of LB medium and incubated at 37 °C with vigorous shaking until the
ODgoonm Of the culture reached 0.6 (~100-120 min). The culture was divided into two 50 ml
Falcon tube and chilled on ice for 30 min (to ensure that the temperature was no more than 4
°C). Cells were harvested at 5000 rpm, for 15 min, at 4 °C; the pellet was re-suspended after
removing the supernatant then the suspensions were combined together. The pellet was washed
twice with 50 ml of ice-cold 10% glycerol (centrifugation was as above). The pellet was re-
suspended to a final volume of 0.2 ml in ice-cold GYT (10% glycerol, 0.125% yeast extract
and 0.25% tryptone; this medium was sterilised by 0.22 um Millipore filter). Forty pl aliquots
in 1.5 pre-chilled Eppendorf tubes were then prepared, and the tubes were subjected to snap

freezing using liquid nitrogen before transfer to storage at -80 °C.

2.2.14 Electroporation

Electroporation was carried out following a method described by Lee and Chang (1994) and
Siguret et al. (1994). Electroporation was performed using a Gene Pulser (Bio-Rad) in a pre-
chilled 1 mm cuvette (at least 40 min on ice), under conditions suggested by the manufacturer
(i.e. 25 pF, 200 Ohms, 1.8 kV). A 2 pl volume (~35 ng/ul) of plasmid DNA was mixed by
pipetting with 40 ul of pre- prepared of Salmonella Enteritidis competent cells, and the mixture
was transferred immediately into a pre-chilled electroporation cuvette (volume capacity 20-90

pl). The cuvette was wiped dry before placement in the electroporation holder, and then two
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red bottoms were pressed together (constant time 4 ms). Then 1 ml of pre-warmed SOC
medium (see Methods 2.1.5.2) was added immediately. Cells were transferred to a
polypropylene tube (17 x 100 mm) and incubated at 37 °C for 1 h. After this, 100 ul were
taken for plating onto LB agar plate containing ampicillin and Xgal; the remaining broth was
micro centrifuged at 13,000 rpm, 800 pl of supernatant were then removed and the pellet was
suspended in the residual supernatant (~150 ul) before plating on to another plate. Plates were
incubated overnight at 37 °C for 18-24 h. Next day, a single colony was selected for

confirmation and experimental use.

2.2.15 Gene inactivation procedure

2.2.15.1 The Red disruption system

Gene knockout in SE (SEN1432 and dgoR) was achieved using the Wanner method (Wanner
and Datsenko, 2000). This method relies upon the presence of a low copy, temperature
sensitive “helper” plasmid encoding components of the homologous recombination system
found in bacteriophage A. These components are called Exo (a 5’-3’ exonuclease, which
processes along double-stranded DNA), Bet (a single-stranded DNA-binding protein, which is
able to anneal complementary single strands) and Gam (an inhibitor of host RecBCD
exonucleases). Expression of these genes is under the control of an arabinose-inducible
promoter (Parasap). When cells expressing the plasmid are grown in the presence of arabinose,
exogenously applied linear DNA is able to undergo homologous recombination with the
bacterial chromosome. In this way, it is possible to generate an in-frame gene deletion using a

PCR product.
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2.2.15.2 Primer design

Primers were designed to anneal at the 4th codon and the penultimate codon of the target gene
(Table 2.6), allowing generation of an in-frame deletion with minimal downstream effects. The
5" end of each primer (between 45-48 nucleotides) was a 100% match to the target gene,
whereas the 3" end of each primer was designed to amplify the chloramphenicol resistance

cassette encoded by pKD3.

2.2.15.3 PCR amplification of CAT cassette

The plasmid pKD3 was used as a template for PCR so that linear DNA encoding the cat
cassette could be generated. PCR was carried out as described in section 2.2.9 and the product

was purified as described in section 2.2.11.

2.2.15.4 Induction and preparation of host cell

Cells expressing pKD46 plasmid were grown in LB (containing antibiotics as appropriate) at
30 °C, 250 rpm for 4 h. At this point, arabinose was added to a final concentration of 10 mM
in order to induce expression of the homologous recombination system. The cells were
incubated under the same conditions for 1 h and then harvested by centrifugation at 4000 rpm
for 20 min at 4 °C. The cell pellet was then aspirated and re-suspended in 1 ml ice cold water.
The cells were then centrifuged at 13000 rpm for 1 min, the supernatant was removed and the
pellet was re-suspended in the same volume of ice cold water. This washing process was
repeated five times in total, after which the cells were re-suspended in a volume of ice cold
water approximately double that of the pellet. The cells were then aliquoted into pre-chilled

electroporation cuvettes and incubated on ice for 15 min prior to use.
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2.2.15.5 Electroporation with linear DNA

About 2 pg of the linear DNA was added to each electroporation cuvette and mixed by
pipetting. The cell-DNA mixture was then subject to electroporation (see Methods 2.2.14) The
cells were then incubated at 30 °C for 1-3 h and subsequently spread on solid media containing
chloramphenicol (8 pg/ml). The plates were then incubated at 37 °C overnight. Next day,
single colonies were selected for further work and were propagated on LB-agar plates

containing (34 pg/ ml) chloramphenicol.

2.2.15.6 Elimination of the chloramphenicol resistance cassette

The CmR cassette was removed from Cm” substitution mutants as above as part of the strain
construction process, and the Flippase (FLP) recognition target (frt) sites were used in order to
do so. The method used to delete the antibiotic resistance gene was as described by Wanner
and Datsenko (2000). Strains from which the CmR cassette needed to be removed were
transformed with pCP20 plasmid (Table 2.3). This is an ampicillin and chloramphenicol
resistant plasmid that displays temperature sensitive replication and thermal induction of FLP
synthesis. The transformed cells were plated onto LB agar containing ampicillin and incubated
overnight at 30 °C. A few colonies were selected, plated on LB agar and incubated overnight
at 44 °C in order to delete the chloramphenicol resistance cassette from the bacterial
chromosome. Single colonies were picked and streaked onto LB agar, LB agar plus ampicillin
and LB agar plus chloramphenicol/kanamycin and grown overnight at 30 °C. The mutants that
grew only on LB agar (without any additional antibiotics) were those that had the Cm® cassette
removed and had also lost the plasmid. The deletion of the resistance cassette was confirmed

by colony PCR (Methods 2.2.9) using primers indicated in Table 2.6.
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2.2.16 Phenotypic studies

All bacterial strains used were grown in the appropriate medium under aerobic conditions,
unless otherwise specified. To prepare an overnight culture, 5 ml of medium was inoculated
with a single bacterial colony from a freshly streaked plate. Overnight cultures were grown in a
shaking incubator for 16 h (stationary phase) at 250 rpm in 6-inch sterile test tubes at 37 °C.
Overnight cultures were used to inoculate 50 ml of the desired medium in 250 ml sterile flasks
and incubated at required temperature with 250 rpm in a shaking incubator for 24 h. Samples
were taken at regular intervals to measure the optical density at 600 nm using a
spectrophotometer.

Alternatively, tests were carried out using a Bioscreen C Microbiological Growth Analyser
(Labsystems, Helsinki, Finland) which measures the turbidity (growth) by vertical photometry.
The set-up of the experiment is based on the use of the non-standard, 100-well honeycomb
micro-plates manufactured for this machine. The test organisms were grown for 16 h
(overnight) in L-broth or M9 minimal medium and incubated in an orbital shaking incubator at
37 °C at 250 rpm. Equal optical density at 600 nm of cultures needed for inoculation at 1:100
dilutions was calculated using the following formula:

Volume of inoculum needed in ml = (desired OD)/(actual OD) x total volume of culture in ml.
Each growth condition was performed in triplicate and 300 pl of each pre-inoculated culture
were loaded in each well. Plates were incubated at a suitable temperature for 24 h and the

ODsgponm Was measured at 60-min intervals.
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2.2.17 Protein work

2.2.17.1 Prepare egg white and egg white filtrate

Egg-white has to be prepared aseptically from fresh eggs (less than one week old) (Baron et
al., 2015). Eggs were bought from the local supermarket (free-range eggs). First, the presence
of cracks of any kind was checked to avoid potentially contaminated egg. Then, eggs were
wiped with 70% ethanol and flamed into a pan covered with aluminium foil. All the material
used (beakers, mixer bar from homogeniser) were sterilised before use, by autoclaving at
120 °C. Eggs (3 to 4 for each batch) were broken and the egg white split from the yolk in a
sterile beaker avoiding any contamination with yolk or shell. Then, the suspension was
transferred to a fresh sterile beaker for homogenisation in a sterile environment with a
Silverson homogeniser for 1-2 min at 10000 rpm (the time depended on the volume of egg-
white, ~50 ml per egg). To verify the sterility of the prepared suspension, 1 ml was inoculated
in Tryptone soy agar and incubated for 4 h at 37 °C. The egg white was stored in at 4 °C in 50
ml sterile Falcon tubes for use within one week.

Egg white filtrate (EWF) (10 kDa cut-off) was provided by Drs Sophie Jan and Florence Baron
(Agrocampus, Rennes, France). It was delivered in 16 ml sterile Falcon tubes and stored at 4
°C until use. It was prepared by ultrafiltration of three different batches of liquid egg white
(from different eggs). Ultrafiltration was performed using a pilot unit (TI1A, Bolléne, France)
equipped with an Osmonics membrane (5.57 m?, 10 kDa cut-off; PW2520F, Lenntech B.V.,
Delft, Netherlands). Filtration was achieved according to Baron et al. (1997). Concentrated egg
white (retentate) was circulated back to the feed tank and permeate (filtrate) was drained off,
collected in a beaker, sterilized by filtration (NalgeneR filter unit, pore size <0.2 pum, Osi,
Elancourt, France), and then stored at 4 °C until use. The pH (9.3 + 0.1) of the egg white

filtrate remained unchanged.
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2.2.17.2 Lysozyme purification process

The method is based on ovomucin extraction by precipitation in a first step, and further
lysozyme extraction by ion exchange chromatography in the second step according to Guérin-
Dubiard et al., (2005). Egg white was collected from 6 to 7 eggs to get 190 ml, this volume
was diluted with 570 ml of distilled water and pH adjustment to 6 with HCI 1N. The diluted
suspension was stirred overnight at 4 °C to enable ovomucin precipitation. The suspension was
centrifuged for 5 min at 3000g at 4°C to remove the precipitate. Once the ion exchange
chromatography ready, the pH of the supernatant is adjusted 8 with 1 N NaOH and then
removing the insoluble material by centrifugation at top speed for 30 min at 4°C. This
suspension is mucin free egg white (MFEW).

A low-pressure chromatography system was used with a 100 ml of cation exchanger (SP
sepharose) packed in a suitable column. The column was equilibrated with two column
volumes of distilled water. A 100 ml of the MFEW was loaded in the column, the flow was
applied at 5 ml/min. At pH 8, lysozyme and avidin are positively charged. Lysozyme and
avidin fraction has been eluted by a washing step with 150 ml gradient 1 M NaCl. Avidin
could be neglected because of its very low concentration (0.05%) in egg white. The resulting
fractions corresponding to the UV absorbance peaks were analysed by SDS-PAGE for protein
content and purity. Fractions containing protein were pooled together and stored at 4 °C. The

column was then cleaned and stored in 30% ethanol.

2.2.17.3 Protein quantification

After determining the level of sample purity via gel electrophoresis, the protein concentration
was then measured using two different methods, Bio-Rad protein assay or absorbance at 280
nm. The Bio-Rad protein assay (a dye-binding assay based on the Bradford method) involved

use of a range of freshly prepared protein standard solutions (bovine serum albumin, 0.025 to 5
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ug/ml). These and samples were combined with the Bio-Rad dye concentrate according to the
manufacturer’s instructions. The absorbance of each solution at 595 nm was measured and a
standard curve was generated (protein concentration vs. absorbance). Reference to the standard
curve then allowed the concentration of the sample to be determined.

Absorbance of protein samples was measured using a Nanodrop ND-100 spectrophotometer
(Nanodrop Technologies). This method allows protein sample concentration to be estimated by
monitoring the absorbance of the sample at 280 nm. Briefly, a small aliquot of the sample (2
ul) was dispensed onto the lower half of an optical pedestal and then drawn up into a column
as the upper half of the pedestal was lowered. The machine determines optical path-length and
measures the absorbance of the sample, then calculates sample concentration (mg/ml) based

upon an assumed extinction coefficient of the protein.

2.2.17.4 Polyacrylamide gel electrophoresis (SDS)

Polypeptide molecular weights and protein purity were estimated by using 15%
polyacrylamide gels and the Bio-Rad Mini Protein Il system. 15% SDS-polyacrylamide gels
contained 5 ml Tris-HCI (0.5 M, pH 8.8), 10 ml 30% w/v acrylamide (Bio-Rad), 0.2 ml 10%
w/v sodium dodecyl sulphate (SDS), 0.07 ml 10% w/v fresh ammonium persulphate, 0.015 ml
TEMED, 4.7 ml gH,O. The gel was cast and, once set, the stacking gel applied to the top. The
stacking gel was made up of 2.5 ml Tris-HCI (0.5 M, pH 6.8), 1.5 ml 30% wi/v acrylamide,
0.035 ml 10% w/v SDS, 0.01 ml 10% w/v ammonium persulphate, 0.015 ml TEMED, 4.9 ml
gqH.0. SDS-loading buffer was made up of 50 mM Tris- HCI (0.5 M, pH 6.8), 10% v/v
glycerol, 2% w/v SDS, 0.1% w/v bromphenol blue, 200 mM dithiothreitol (DTT) or B

mercaptoethanol, and 8.85 ml gH,O.
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2.2.17.5 Western blotting

Proteins were separated by SDS-PAGE and then transferred to a nitrocellulose membrane by
electroblotting at 60 V for 1 h. Following transfer, the membrane was washed in 1x TBS (20
mM Tris, 500 mM NaCl, pH 7) for 10 min on a shaking platform. The membrane was then
blocked in blocking solution (1% BSA-TBS) for 1 h at room temperature or overnight at 4 °C
while shaking gently. After blocking, the membrane was washed twice in TTBS (20 mM Tris,
500 mM NacCl, 0.05% Tween 20, pH 7.0) for 10 min for each wash. The membrane was then
probed with the primary antibody diluted in antibody buffer (1% BSA-TTBS) and incubated
for 1 h at room temperature. Following three 10 min washes in TBST, membranes were
incubated for 1 h with the secondary antibody conjugated to horseradish peroxide (HRP) or
alkaline phosphatase diluted in antibody buffer. Finally, membranes were washed three times
for 10 min each in TBS to remove excess tween detergent followed by signal detection using
BCIP tablets (Sigma). Images were visualised and recorded using a G:BOXChemi (Syngene)

with GeneSys software.

2.2.17.8 Protein overexpression

In order to obtain a large amount of the SEN1432 and DgoA proteins in native form, the
encoding genes were cloned directly into pET21a or pET28 (Novagen) vectors. The plasmids
were transformed into the E. coli BL21/ADE3 or BL21/ADE3 Star or Rosetta strains before
expression was induced by IPTG.

Initial small-scale protein overexpression was conducted as follows, using BL21 (ADE3)
transformants containing an overexpression pET21a vector. Strains were inoculated into 3 ml
LB broth with ampicillin in sterile test tubes and incubated for 12-16 h at 37 °C on a rotary
shaker (250 rpm). Then, 500 ul of overnight culture were used to inoculate 50 ml pre-warmed

LB broth with ampicillin in 250 ml flasks and the cultures were incubated at 37 °C at 250rpm.
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Growth was monitored (ODgsonm) until the OD reached 0.5. At this point, 0.5 OD units of cells
were collected in a 1.5 ml Eppendorf tube on ice which was centrifuged at 13000 rpm for 7
min to the pellet cells. The supernatant was discarded and the dry pellet was stored at -20 °C.
IPTG was then added to the culture to a final concentration of 1.0 mM to induce protein
expression. Each hour for 5 hours after adding IPTG, and after overnight growth, 0.5 OD units
of cells were collected and treated as above. All cell pellets were then defrosted and re-
suspended in 100 pl of 1x SDS sample loading buffer and subjected to analysis by SDS-PAGE

(Methods 2.2.17.4).

2.2.18 Hexonate preparation and synthesis.

Three commercial hexonate forms were purchased (sodium gluconate, D-mannono-1,4-
lactone, and L-(+)-gulonic acid y- lactone) from Tokyo Chemical Industry Co., Ltd. (TCI) in
addition to the synthesis of D-galactonic acid from D-galactose (by Dr Chris Jones, Chemistry
Department, University of Reading). Stock solutions of hexonates were prepared at 10% wi/v
concentration, and the pH of the gulonic and D-galactonic acid was adjusted from 2.5 to 7
using KOH, while Na-gluconate and D-mannono-1,4-lactone were already at pH ~7. All
solutions were sterilized using 0.22 Millipore filters. These hexonates have the chemical

structures as shown in figure 2.6.

COONa oH H

H——0H o OH OH

HI:::;H OH OH =0k O HO™ Y J\fl\fo

H——0H O 0] 20 OH OH OH
CH,OH

Gluconic Acid Sodium  L-(+)-Gulonic Acid y-Lactone D-mannono-1, 4-Lactone D-galactonic acid

Figure 2.6: Structure of three commercial hexonates used in this work and synthesised D-galactonic acid
(Pezzotti et al., 2006).
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The method used for synthesis of D-galactonate was to employ the corresponding hexose (in
this case, galactose), oxidise it with bromine (Br2) in water to give galactonate (Pezzotti et al.,
2006), as follows. Four gram from of D-galactose (22.2 mmol) were dissolved in H,O (150
mL). Br, (1.14 mL, 22.2 mmol) was added and the reaction was stirred at ambient temperature
for 48 h. The remaining Br, was removed by sparging with compressed air for 1 h. Then, the
mixture was concentrated in vacuum at 35 °C (to avoid browning of the solution). The syrup
formed was then made up to 22 mL with H,O to give a 1 M solution of D-galactonic acid. So
the quantitative yield was 22 mmol in 22 mL H,O and the purity was established by NMR.
The final concentration of galactonate was 1 M, which was neutralised in same volume of 1 M

NaOH. The final sample was stored at -20 °C.

79



Chapter 3 Results and discussion

Chapter 3: Generation and preliminary analysis of ‘hex’ gene lacZ transcriptional

fusions.

3.1 Introduction
In order to further understand the behaviour of SE when exposed to the bactericidal conditions
of egg white, Baron and co-workers studied the global transcriptional response of SE to egg-
white (Baron et al., 2017) using microarray technology. The resulting change in expression
involved groups of genes which have functions related to survival in egg white (EW), as
follows:

1- Up-regulated - biotin biosynthesis, iron-restriction response, Kdp potassium uptake

system, heat-shock response, and envelope-stress response; and
2- Down regulated - energy-metabolism, amino acid biosynthesis and uptake, motility and

chemotaxis, and a subset of virulence factors.

Surprisingly, in addition to the effects summarised above, egg-white exposure strongly induced
expression of genes involved in utilisation of hexonates/hexuronates. These systems had not
been previously reported to have any role in EW survival, nor had they been shown to be up-
regulated by EW exposure or to be subject to co-regulation. These genes were located in three
distinct gene clusters: the dgoRKADT operon, the uxuAB-uxaC (SEN2978-SEN2980) operon

and the SEN1432-6 locus.

3.1.1 Aim of this chapter

This chapter aims to confirm induction of these genes by EW. The first objective was to
generate a series of transcriptional reporter constructs for each of the genes of interest (those

anticipated to possess proximal promoters).
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3.2 Generation of hex gene lacZ transcriptional fusions.

For this purpose, the transcriptional fusion vector, pRS1274, was selected for incorporation of
relevant gene fragments from SE PT4. pRS1274 DNA was obtained from lab stocks and used
for generation of further plasmid DNA for use in cloning experiments. Plasmid DNA from lab
stocks was transformed into chemically competent TOP10 and eight of the Amp® colonies.
Plasmid DNA presence was confirmed (section 2.2.2.1) and by agarose gel electrophoresis.

The expected size of the pRS1274 vector is 10,752 bp. The plasmid DNA was analysed
further by restriction digestion (BamHI, EcoRI and Ndel), to confirm identity. The pattern

observed matched with the in-silico analysis.

In a previous study, pRS1274 was used to study the yohD-yohC intergenic regions in S.
enterica serovar Typhimurium (Kenyon et al., 2007), and so this vector is thus suitable for use
in Salmonella.

Genomic DNA was extracted from SE PT4 using the Thermo Scientific GeneJET Genomic
DNA Purification Kit (4.3.2.2) to provide a PCR template for amplification. Results showed

that the quantities and purity of DNA were sufficient for amplification by PCR.

Using Vector NTI, primers were designed for amplification of putative promoter regions for
the induced genes of interest (ybhC, SEN1435, SEN1436, SEN1432, dgoR, dgoT, SEN2978,
SEN2977 and SEN2979) (Table 2.4) from SE using High Fidelity Phusion® DNA polymerase
(section 2.2.4). Seven intergenic regions were selected, two of which contained putative
divergent promoters and so primers were designed to allow cloning in both orientations. The
amplified regions are summarised in Fig. 3.1 below and primer locations are indicated in the
Appendix. The regions were selected to include a portion of the upstream gene (#100 bp) as
well as a similar portion of the gene of interest in an attempt to ensure that the entire promoter

region was included.
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Figure 3.1: Schematic representation of the organisation of the egg-white induced hex genes of SE PT4.
Regions are as follows: A, dgo cluster; B, uxuAB-uxaC operon; C, SEN1432-6; D, ybhC gene. Genes are shown
as green arrows, direction is indicative of polarity. Numbered rectangles indicate amplified regions.

The next step was to PCR amplify the target regions, clone them into pJET2.1, and then to
subclone them into pRS1274 to allow studies on pattern of expression to progress. A two step
cloning procedure was used to since cloning of the PCR fragments into pJET2.1 is highly
efficient and their subsequent subcloning into pRS1274 would be enhanced through the ability
to confirm complete double digestion and sticky-end generation. The target sequences were
amplified successfully with bands at approximately corresponding to the expected sizes of the

target promoter fragments.

Comparing the mobilities of the observed bands with the expected sizes listed below indicates
the validity of the PCR: ybhC (expected size 446 bp); SEN1435 (expected size 504 bp);
SEN1436 (expected size 504 bp); SEN1432 (expected size 420 bp); dgoR (expected size 551
bp); dgoT (expected size 434 bp); SEN2978 (expected size 557 bp); SEN2977 (expected size

557 bp); and SEN2979 (expected size 339 bp).

82



Chapter 3 Results and discussion

Following PCR, the DNA was purified using Thermo Scientific GeneJET™ PCR purification
Kits to remove any contaminants/enzymes (section 2.2.7) and agarose gel electrophoresis was

performed again to ensure the correct bands were present (Fig. 3.2).

13000

PR product

250bp

Figure 3.2: Gel electrophoresis of purified PCR products. Lanes 1 and 8 contain GeneRuler™ 1kb ladder
(250-10,000 bp). Purified PCR products are as follow: lane 2, ybhC(expected size 446 bp); lane 3,
SEN1435(expected size 504 bp); lane 4, SEN1436 (expected size 504 bp); lane 5, SEN1432(expected size 420
bp); lane 6, dgoR(expected size 551 bp); lane 7, dgoT(expected size 434 bp); lane 9, SEN2978(expected size 557
bp); lane 10, SEN2977(expected size 557 bp); lane 11, SEN2979 (expected size 339bp). Electrophoresis was
performed on 2% agarose TBE gels at 60 V for 70 min.

Purification of the PCR products decreased the apparent DNA concentration. This was
confirmed by Nanodrop analysis (for a typical sample, the concentration dropped from 1060 to
46 ng/ul after purification). However, this step enhances the downstream applications of
cloning and digestion.

The Thermo Scientific CloneJET PCR Cloning Kit was used for inserting the purified PCR
products into linearised pJET1.2 cloning vector. Ligation was achieved with T4 DNA ligase
according to the instructions provided, with the ‘Blunt end protocol’. Ligation mixtures were
transformed into chemically competent TOP10 cells (section 2.2.1) and transformants selected
on LB agar with Amp after overnight growth at 37 °C. pJET1.2/blunt vector has the eco47IR
lethal gene which is disrupted by ligation of a DNA insert into the cloning site. As a result,

only cells with recombinant plasmids are able to propagate.
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Two to four colonies for each transformation were then selected for plasmid extraction. The

isolated DNA was then analysed by agarose gel electrophoresis (Fig.3.3).
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Figure 3.3: Plasmids DNA extraction of potential pJET1.2 clones carrying promoter fusion fragments.
Lanes 7, 20: Fermentas GeneRuler™ 1kb ladder. Potential pJET1.2 clones are as follows: lanes 1-4, ybhC insert;
lanes 5-6 & 8-9, SEN1435 inset; lanes 10-13, SEN1436 insert; lanes 14-15, SEN1432 insert; lanes 16-17, dgoR
insert; lanes 18-19, dgoT insert; lanes 21, 22, SEN2978 insert; lanes 23, 24, pJET1.2 and SEN2977 inserts; lanes
25-26, pJET1.2 and SEN2979 insert. Electrophoresis was as in Fig. 3.9.

The insert-carrying plasmids were expected to have a lower mobility (just above the 2 kb
marker) than the re-ligated vector (just below the 2 kb marker). Nearly all of the extracted
plasmids had mobilities suggesting the presence of an insert (Fig 3.3). The presence of inserts
in the pJET1.2 clones was tested by double digestion with EcoRI and BamHI restriction
enzymes (section 2.2.8). Digesting should linearise the plasmids to generate two fragments
corresponding to the vector (~3 kb) and insert (~0.5 kb). Analysis of the digested products by
agarose gel electrophoresis (Fig. 3.4) showed that the PCR products had been cloned in each

case. The plasmids thus verified were designated as follows:
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pJET-ybhC (#1-4); pJET-SEN1435 (#5,6,8,9); pJET-SEN1436 (#10-13); pJET-SEN1432
(#14,15); pJET-dgoR (#16,17); pJET-dgoT (#18,19); pJET-SEN2978 (#21,22); pJET-

SEN2977 (#23,24): pET-SEN2979 (#25,26) (see Table 2.3).
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Figure 3.4: Electrophoretic analysis of pJET1.2 clones by double digestion with EcoRl and BamHI. Lane
8&23: Fermentas GeneRuler™ 1kb ladder. Lanes 1, 15, 16, 30: undigested pJET1.2 vector (constructed).
Digested pJET1.2 vectors are as follow: lanes 2-5, ybhC insert; lanes 6, 7, 9, 10, SEN1435 insert; lanes 11-14,
SEN1436 insert; lanes 17, 18, SEN1432 insert; lanes 19, 20, dgoR insert; lanes 21, 22, dgoT insert; lanes 24, 25,
SEN2978 insert; lanes 26, 27, SEN2977 insert; lanes 28, 29, SEN2979 insert. Electrophoresis was as in Fig. 3.9.
Two plasmids for each PCR product were then selected for further analysis by nucleotide
sequencing. DNA samples were sequenced by Source Bioscience using T7 promoter and
pJET_RP2 primers (Table 2.5) in order to confirm the identity and authenticity of the inserts.
The resulting data were analysed using BlastX and Vector NTI. Both the forward and reverse
primers sequences showed that all plasmids submitted carry the expected inserts and that the
nucleotide sequences exhibit a 100% match to the published SE sequence (accession no
CP008928) (see Appendix 5 for more detail).

One isolate from each sequenced pair was selected for use as a source of DNA for subcloning
into pRS1274 as illustrated in Figure 3.5. Plasmid DNA for each of the selected pJET clones
was subjected to double digestion with BamHI and EcoRI. The inserts thus released were

separated from the vector fragment by agarose electrophoresis and then isolated from the gel

(section 2.2.9).
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Figure 3.5: Cloning steps of potential promoter regions. Red is target regions.

The fragments thus purified were analysed by agarose gel electrophoresis to confirm if the
extractions were successful (Fig. 3.6). Results showed pure bands at approximately 446, 504,
420, 551, 434, 557 and 399 bp which correspond to the sizes of the target putative promoter

fragments released from pJET-clones.
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Figure 3.6: Gel electrophoresis of gel-extracted gene fragments for cloning into pRS1274. Lane 7 is
GeneRuler™ 1kb ladder (250-10,000 bp). Gene fragments are as follow: lane 1, ybhC; lane 2, SEN1435; lane 3,
SEN1436; lane 4, SEN1432; lane 5, dgoR; lane 6, dgoT; lane 8, SEN2978; lane 9, SEN2977; lane 10, SEN2979.
Electrophoresis was as in Fig. 3.9.
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Ligation reactions were as described in Methods (section 2.2.10). The lacZ transcriptional
fusion vector, pRS1274, was first digested with BamHI and EcoRI, and was then purified
(section 2.2.2). Reactions included 3 pl of digested PCR product (45 ng) and 2 ul (100-200ng)
of digested vector. The ligation reactions (5ul aliquots) were used to transform chemically
competent TOP10 (section 2.2.1) and transformants were selected on L-plates containing Amp
and Xgal. Lac*/Amp® colonies were thus obtained in all cases. Four to eight such colonies
were selected for plasmid DNA isolation (section 2.2.2.1). The extracted plasmids were
analysed by agarose gel electrophoresis for the presence of DNA of the expected size (Fig.

3.7).

10000bp

1000bp

Figure 3.7: Plasmids DNA extractions of potential pRS1274 clones. (A) Lanes 13, 29: Fermentas GeneRuler™
1kb ladder. Lanes 14, 28, cut pRS1274 plasmid. Lanes 15, 30, uncut pRS1274. Potential pRS1274 clones are as
follow: lanes 1-8, ybhC insert; lanes 9-12, 16-19, SEN1435 insert; lanes 20-27, SEN1436 insert. (B) Lanes 13, 29,
Fermentas GeneRuler™ 1kb ladder. Lanes 14, 28: cut pRS1274. Lanes 15, 30, uncut pRS1274. Potential
pRS1274 clones are as follow: lanes 1-4, SEN1432 insert; lanes 5-8, dgoR insert; lane 9-12, dgoT insert; lanes16-
19, SEN2978 insert; lanes 20-23, SEN2977 insert; lanes 24-27, SEN2979 insert. Electrophoresis was performed
on 0.7% agarose TBE gels at 60 V for 70 min.

As can be observed from Fig. 3.7, most of the extracts contained plasmid of the expected size
while there are number of extracts that contained a smaller plasmid (circled) likely

corresponding to pJET1.2 which might remain after extraction of fragments from the gel. This
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interpretation was confirmed by restriction digestion (Fig. 3.15) and so these isolates were not
used for further work. The plasmids were further analysed by double digestion with BamHI
and EcoRI (2.2.8) and then the uncut and cut DNA was electrophoresed (Fig. 3.8).

The results showed that the target fragments were released from pRS1274 vector, in all cases,
successfully with bands at approximately 446, 504, 420, 551, 434, 557 and 399 bp which
correspond to the sizes of the target promoter fragments. The plasmids carrying the expected
insert were designated as follows: pRS-ybhC-lacZ (#1-8); pRS-SEN1435-lacZ (#9-12 and 16-
19); pRS-SEN1436-lacZ (#20-27); pRS-SEN1432-lacZ (#1-4); pRS-dgoR-lacZ (#5-8); pRS-
dgoT-lacZ (#9-12); pRS-SEN2978-lacZ (#16-19); pRS-SEN2977-lacZz (#20-23); pRS-

SEN2979-lacZ (#24-27) (see Table 2.3).
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Figure 3.8: Potential pRS1274 clones analysed by double digestion with EcoRl and BamHI. (A) Lanes 13,
28: Fermentas GeneRuler™ 1kb ladder. Lanes 14, 29, cut pRS1274. Lanes 15, 30, uncut pRS1274. Potential
pRS1274 clones are as follow: lanes 1-8: ybhC insert; lanes 9-12, 16-19, SEN1435 insert; lanes 20-27, SEN1436
insert. (B) Lanes 14 & 22, Fermentas GeneRuler™ 1kb ladder. Lane 29, cut pRS1274. Lanes 15, 30, uncut
pRS1274. Potential pRS1274 clones are as follow: lanes 1-2, SEN1432 insert; lanes 3-4, dgoR insert; lanes 5-6,
dgoT insert; lanes 7-8, SEN2978 insert; lanes 9-10, SEN2977 insert; lanes 19, 21, 28, SEN2979 insert.
Electrophoresis was performed on 2% agarose gel and at 60 V for 70 min.

For each plasmid type, as confirmed above, DNA for one isolate was submitted for sequencing

of the fragment inserted at the multiple cloning site. Specific primers (pRS1274-FOR and

88



Chapter 3 Results and discussion

pRS1274-REV, Table 2.5) were used and sequence contained as identical with accession no
CP008928.

3.3 Identification of promoter sites

All the constructs that exhibited expression levels above the vector control were analysed using
the promoter finder BPROM program (http://www.softberry.com/berry.phtml) to recognize
promoters for these genes by determining the -35/-10 sites. For SEN1436 (Figure 3.21),
BPROM indicated that the -35 and -10 sites are located over 153 bp upstream of the SEN1436
start codon (as defined by the NCBI database). The -10 site consists of a sequence similar to
the TATAAT motif (TAAATT) at 4/6 points (upper case), whereas the -35 site matches the
consensus sequence TTGACA (TTGAAT) at 4/6 positions (upper case). The -35 and -10 sites
are separated by 19 bp which is close to the ideal spacing of 17 bp. This supports the
hypothesis that this is a functional promoter

For SEN2977 (Figure 3.9), BPROM indicates that the -35 and -10 sites are located over 244 bp
upstream of the SEN2977 start codon as defined by the NCBI database. The -10 site consists of
a sequence similar to the TATAAT motif (TATCAT) at 5/6 points (upper case), whereas the -
35 site matches the consensus sequence TTGACA (TTGGCT) at 4/6 positions (upper case).
The -35 and -10 sites are separated by 13 bp, which is clearly an unacceptable distance. The
BPROM software showed the presence of a predicted OmpR-binding site (AAATCACA).
OmpR is required for the transcriptional expression of both major outer membrane protein
genes, ompF and ompC, in response to osmolarity (Lijestroem et al, 1988)

For dgoT and dgoR (Figure 3.21), BPROM indicated that the -10 sites are located 54 and 123
bp upstream of the dgoT and dgoR start codons, respectively. For dgoT, the -10 site consists of
a sequence identical to the TATAAT motif (100%), whereas the -35 site matches the
consensus sequence TTGACA (TTTAAA) at 4/6 positions (upper case). The -35 and -10 sites

are separated by the ideal spacing of 17 bp. In addition, BPROM analysis showed that the
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dgoA-dgoT intergenic region contains a potential CpxR binding site; the CpxAR system
responds to envelope and pH stress by activating expression of genes including cpxP, degP,
dsbA and ppiA (Danese et al., 1995). For dgoR, analysis showed a -10 site consisting of a
sequence similar to the TATAAT motif (CATAAT) at 5/6 points (upper case)), whereas the -
35 site matches the consensus sequence TTGACA (TTGTGA) at 4/6 positions (upper case).
The -35 and -10 sites are separated by the ideal spacing of 17 bp. For SEN1435 and SEN2979,
no promoters were predicted by BPROM, and predictions for SEN2978 and ybhC were a poor
match to the ideal promoter. For SEN1432, indicated that the -10 sites are located over 35 bp
upstream of the start codon. The -10 site consists of a sequence similar to the TATAAT motif
(TATAAT) at 6/6 points (upper case), whereas the -35 site matches the consensus sequence
TTGACA (TTGTTC) at 3/6 positions (upper case). The -35 and -10 sites are separated by 17

bp which is ideal spacing. This supports the hypothesis that this is a functional promoter.

SEN1436
<— SEN1435

GGATCCCAAAGCCCAGTCCTCGTGCAGAACCCGTTACCAGCGCCGTTTTCCCAGTTAAATCAAATAAAGCGGTCATGTTGTTTCCTCACTTGTTT

AATTTGTATGACGACTATCCTTTTTTAGGTTGAATTTTCGCCCTGATAAAATCAACAGTTCACCCATGAATTTGCAACAAGGATCACAAACAGCT
Potential -10 site (55) Potential -10 site (56)

CCACATGCCGACCGCGTAATTAATATTAATTAATTGART TATATGTATATATTTGGT TIARATETAACGCAGTTTGATCGCTGTCACAGAATGGCA
<+«— 19bp —p
CTCGCAGCGATCCGCTGTAAAAGAAGCGTGATATAACAGCATAAAGTTGTAGGACAACTTACGTATATCTGTTGTATCATCCACAACGGTATGAC

SEN1436 —»

ATGCGGTAAATTCGCTGAGTTAAGGAGTGAAAGTGAGTAACCTGAAAATTACCAACGTGAAAACGATTCTGACGGCGCCGGGCGGCATTGATTTG

GCAGTCGTTAAGATAGAAACCAACGAGCCAGGGCGAATTC

SEN1432
GGATCCGGTGTCAACGATGCTGGTTAAAGAACTCAACTGGGTCGGCTCATTCCGTTTTATCGGTGAGTTCATCACCGCGGTACGCTGGCTGGAAG

ATGGGCGCGTCGATCCTCGCCCGCTTATCAGCGCCGAGTTCCCGCCCCAGCAAATTGAAGACGCGCTGATTACCGCCACAGACAAAAATGTCTCT
SEN1433 terminator Potential -35 site (37) Potential -10 site (58)
GCTAAGGTACTCATTCGTTTCGATTAACGGTGAAAAGCGCCCGGCCGGGCGCTRIGRTC T TAAAAGAGAATTGT TATATARTAAAGCACTTCAGC
<+—17bp —p
GACATCTTAACGGATACCCATCIETGAGCATAAAATCCATTCAAAAACAGAATGTTGTAAATGAAATTTATGATCAGATAAGTAGCAAANTGCTGG

SEN1432 —p

ACGGCAGTTGGGCGCCGGGTAGCCCTTTGCCCTCAGAAGTGGAACTGAATTC

90



Chapter 3 Results and discussion

SEN2977

GGATCCGATATGGTGTAACGCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCTGACAGCGTTACCGGGTCGTTAGGTCCGTACCAGCGCCA
<4— SEN2978
GGTTTGTTTCATATCTCGTTTCCTCTTCTTGCGATAACGTCTTCGTGGTTGACCCATTGCCAGCCAACATCGAAACGTGCTTTGTAAACCCGTTC
Potential -35 site (33) Potential -10 site (45)

TGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATGEETAACCAAATCACAAATATCATCATTCACGGTCTGCCAAT

ompR TF
<« 13p —»

TTTATTTATTTGATCTGTGTCAATTTTTGCTGGGTGAAAAGCATTCACCATTCAACTTGAAATGAGTTGATGTATTTATTTCAAGAATATTAAGG

GCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATATTGATTGGTCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGA
SEN2977 —p

CGGCGCGGAGCTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAATTAAGATGGTGGATTATCGGCCTGGTCTGCGTAGGGGAATTC

SEN2978
<— SEN2977

GGATCCCCCTACGCAGACCAGGCCGATAATCCACCATCTTAATTTTGTCATCTTCATGATAAAGCCTCGTTAAAAAACATTAGCTCCGCGCCGTC

TGACCTGTAGCGGGAAAACTGAAATCACAAAAATTGGTTGACCAATCAATATTTTCTCATCCGGACCGGTCAAAATCTGGCGGCAACTCCCGCCC
Potential -35 site (56)  Potential -10 site (66)
TTAATATTCTTGAAATAAATACATCAACTCATTTCAAGTTGAATGGTGAATGCT TTTCACCCAGCAAAAATTGACACAGATCAAATAAATARRAT
<4— 13bp —»
TGGCAGACCGTGAATGATGATATTTGTGATTTGGTTAGCCAATTTAGACAATAAGGTTGACATGAGAAAAATTTTGGTTGAATTTAGGGGTCAGA
SEN2978 —»

ACGGGTTTACAAAGCACGTTTCGATGTTGGCTGGCAATGGGTCAACCACGAAGACGTTATCGCAAGAAGAGGAAACGAGATATGAAACAAACCTG

GCGCTGGTACGGACCTAACGACCCGGTAACGCTGTCAGATGTACGCCAGGCTGGCGCAACCGGCGTGGTAACGGCGTTACACCATATCGAATTC

dgoT
GGATCCACTATAACAAGGGCGCGGAGCTGCTCGACTTTGTGAAAAACAAAGAAGACTTCAGCATGGACGGCGGCTTCTTTAAACCCTTAACCAAA

CCGGGTCTTGGCGTAGACATTGACGAGGCCAGGGTGATTGAACTTAGCAAAAGCGCGCCGGACTGGCGTAATCCGTTGTGGCGGCACGCTGACGG

dgoA terminator Potential -35 site (41) Potential -10 site (39)
ATCGGTAGCCGAGTGGTGATCGCCACGCTGTAGGCTCAACAAACGTCGCCCTCCGGGCAACCCAATTTARATATAAAAACACACCCTCTCTARTT
dgoT—p 4—— 17bp —» CcpxARTF

TACAGGGCATGGTGAGCGGCCTCGCTATGCCCAGAATCTGGAGACAGATGACGATGGATATTTCAGTTACAGCAGCACAGCCGGGGCGTCGCCGC

TATCTGACGCTGGTGATGATCTTTATTACCGTGGTGATTTGCTACGTCGATCGCGCCAACGAATTC

dgoR
GGATCCGAGGTGATGGCGATTGGCGATCAGGAAAACGACATTGCGATGATCGAATACGCCGGTATGGGCGTGGCAATGGACAACGCCATTCCGTC

GGTCAAAGAGGTGGCTAACTTTGTGACTAAATCGAACCTTGAAGATGGTGTTGCCTGGGCGATTGAAAAATTTGTGCTGAACCCCGATCACTCAT
yidA terminator
CCGGCCATTTCCCCGCCCGATARGGCATAGCCGCCATCGGGCAAATACGCGCTTAACGACCCGCACTTGCTGCGGGTTTTTTTATGTCTTTCGTT
Potential -35 site (30) Potential -10 site (38)
TACGTCTTATAACGTTCCCATAACCAATTGTTGTTTIRIGEGATCTAAATTGTAGTACAACATART TATGTTGTACTACATTAATGGCATGATAAC
<4+—17bp —p
GACGGTTGATATCACGCTAGTACTACAAAATTGCGGCGTAATTCAGCTATCGCGGTAAAGTAAGAGAGTTCACATCGAGCACAAGGACTCTCTAT

dgoR ——p
GACTCTCAATAAAACCGATCGCATCGTTATCACGCTGGGCAAACAGATTGTCAGCGGTAAATACGTACCCGGTTCGGCGCTGGAATTC
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ybhC

GGATCCATCAGCGCCTGGTTATCCACCAGCCCGTACGGGGCTTGCCGCTGCGGGTCCATTGTCGCCAGCCTGATGTTTCGCCAGACAGTATCGCC
<4———ybhC Potential -35 site (56) Potential -10 site (47)
CGGTAAAAGTTGCCGEATTCCTGTCGCTCTCIRIGEENGTCATGAGTTGTATAGACATTIARERRCTTTCTGCTCCGGATTGTCAACTCAAAGCGC
<+—— 21bp —»p
GAAAGTTGTTGCTTAATTGTGATAAAACTATCTGATGCTACAGGTGTTTCCGGCCTGAAAAGGAACTTTTTACCTTTTCGCCTTCCCGTTTCGTT
hutl —»
CAACTTAGTATAAAAAAGCAGGCTTCAATGGATGTCATTTAACTTTTTCAAGCCCGGAGCAACCTEBTGAATACATTATCGGTTTCCCGTCTGGCG

CTGGCACTGGCTTTTGGCGTGACGCTGAGCGCCTGTAGCTCTACGCCACCCGATCAGATCCCTTCCGATCAAGAATTC

Figure 3.9: Analysis of the potential promoter regions using BPROM. Predicted -35 and -10 sites are
highlighted in grey. The start codons are highlighted in green. Restriction sites generated for the lacZ fusion
construction are highlighted in yellow. The predicted -10 and -35 sites are in grey, with spacing indicated.
BPROM scores indicated in brackets. The predicted transcription factors labelled underlined (cpxAR in dgoT,
ompR in SEN2977).

Table 3.1: Summary of predicted promoters.

Genes TATAAT -10 TTGACA -35 Distance between -10 and -35
SEN1436 TAAATT TTGAAT 19

SEN1432 TAAAAT TTAACG 17

SEN2977 TATCAT TTGGCT 13

SEN2978 TAAAAT TTGACA 13

dgoT TGTAAT TTTAAA 17

dgoR CATAAT TTGTGA 17

ybhc TATTTT TTGCCT 21

SEN1435 No prediction

SEN2979 No prediction
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3.4 Preliminary expression analysis of the hex genes.

Initially, the expression activity of all nine constructs was tested using E. coli as the host.
Expression was determined by measurement of the B-galactosidase activity of corresponding
transformants. The B-galactosidase assays (section 2.2.12) allow the activity of potential
promoter regions fused with the lacZ gene in the promoter-less transcriptional plasmid
(pRS1274) to be monitored. If the promoter is active, the lacZ gene is transcribed and the cell
produces B-galactosidase (which normally cleaves lactose). In this assay, colourless ONPG
was used instead of lactose as the substrate. p-galactosidase hydrolyzes ONPG to produces a
colour change due to release of ONP (yellow) at a rate that correlates with the amount of the

enzyme expressed and activity of the fused promoter.

3.4.1 Activity of lacZ fusions in E.coli TOP10

All nine constructs (pRS-ybhC-lacZ; pRS-SEN1435-lacZ; pRS-SEN1436-lacZ; pRS-
SEN1432-lacZ; pRS-dgoR-lacZ; pRS-dgoT-lacZ; pRS-SEN2978-lacZ; pRS-SEN2977-lacZ
and pRS-SEN2979-lacZ) were selected for expression analysis. Overnight cultures of TOP10
transformants were used to inoculate LB containing Amp, and these cultures were then grown
to stationary phase and samples taken at regular intervals for B-galactosidase activity assay
(Fig. 3.10).

The expression data are shown in Fig. 3.11 summarised in Fig. 3.10, and the full expression
data with error bars are provided in Appendix 6. Seven of the fusions gave expression levels
greater than the vector-only control (~20-700 times higher), suggesting active promoters. The
activity was converted to the following units: nmol ONPG/min/OD unit cells (according the
equation as described in section 2.2.12). Two (SEN1436-lacZ and SEN2977-lacZ) gave
particularly high log-phase activity (maximum of 1250 and 1360 U, respectively); one
(SEN1432-laczZ) gave moderate activity (maximum of 740 U); and four (pRS-SEN1435-lacZ;
pRS-SEN2978-lacZ; pRS-dgoR-lacZ and pRS-ybhC-lacZ) gave relatively weak log-phase
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activities (maximum of 200, 350, 190 and 180 U respectively). Two (dgoT-lacZ and SEN2979-
lacZ) gave very weak activity that was only slightly above that of the vector control (~2- 15 U)
suggesting that no promoter is present directly upstream of dgoT. Thus, dgoT may be
expressed from the dgoR promoter and is likely to comprise part of an operon: dgoRKADT.
SENZ2979 encodes b-mannonate oxidoreductase and as its gene fusion is weakly expressed; this
suggests that it also does not have an independent promoter so would depend upon any distal
promoter associated with SEN2978 for its expression, indicating that the SEN2978 promoter

may be required for expression of downstream genes (SEN2979-80).
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Dashline is growth rate; Solid line is B-gal activity

Figure 3. 10: Expression of hex genes in L-broth using E. coli TOP10 as host. Growth was aerobic in LB with
Amp at 37 °C and 250 rpm. Data given is the average from triplicate cultures each assayed in triplicate. Error bars
are indicated in the Appendix as differences between the triplicate cultures. All experiments were repeated once
or twice, with similar results obtained. Dashed line is growth rate; solid line is f-gal activity.
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The greatest B-galactosidase activity (~500 and 700-fold greater than the control; Fig. 3.11)
was observed for SEN1436- and SEN2977-lacZ, respectively, in the exponential growth phase.
Both exhibited comparatively strong maximum expression levels of ~1250 and 1360 U
respectively. SEN1436 encodes a putative hexonate dehydratase and according to microarray
results (Baron et al., 2017) was induced by 33-fold in egg white medium (45 min). The
expression declined dramatically (~12 fold) towards the end of the exponential growth phase
(6 h). Using different media should be considered as Baron et al. (2017) used EW media while

here LB is used.
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Figure 3.11 Summary of p-galactosidase activity (average and maximum levels) of all nine lacZ fusions. The
data were taken from Fig. 3.10. Averages and maximum taken for activities at 1-8 h growth. Asterisks indicate
significant difference with respect to vector control (P <0.05).

SENZ2977 encodes a putative hexonate transporter (Thomson et al., 2008) and was not reported
as being induced by exposure to EW medium (Baron et al., 2017). SEN2977-lacZ activity was
greatest at 6 h, towards the end of the exponential -growth phase, and declined rapidly
(fourfold) at 8 h in the early stationary phase.
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Moderate activity was observed for SEN1432-lacZ of ~740 U in the exponential growth phase.
SEN1432 specifies a putative GntR-family regulatory protein which could control the
SEN1433-6 genes through interaction with divergent putative promoters at the SEN1436-35
intergenic region. The lacZ fusion data suggest that SEN1432 is well expressed and thus has
an independent proximal promoter such that its expression would not depend upon any
promoter associated with SEN1435. The array data (Baron et al., 2017) showed no evidence
of induction of SEN1432 in egg white which suggests it is constitutive. This would match its
role as a regulator.

SEN1435-lacZ was one of four fusions showing relatively weak expression levels. It had
highest activity at 0-3 h (200-60 U), but activity declined to ~5 U by 4 h and remained
relatively low from then on. This relatively weak expression indicates that SEN1435-lacZ is
repressed under the conditions employed or has a weak promoter. Note that SEN1435 appears
to be the first gene of a three gene operon (SEN1435-33) and all were induced in egg white (5-
7 fold). SENZ2978-lacZ was also quite weakly expressed (~350 U max during exponential
growth). Its expression was very similar to that of SEN1436 with two peaks in expression (2
and 5 h) followed by very low expression levels. SEN2978 is the proximal gene in the
SEN2978-80 (potential) operon. SEN2978 was 28-fold induced in egg white (Baron et al.,
2017) and its relatively weak expression in the results relayed here suggests that it is repressed
under the conditions employed in this work or its promoter is weak. The dgoR-lacZ fusion was
expressed at relatively low but consistent levels during the exponential growth phase (~180-
190 U). ybhC-lacZ was also weakly but consistently expressed (84-170 U) during the
exponential growth phase. dgoR is the first gene in the apparent dgoRKAT operon. The weak
dgoR-lacZ expression suggests that the corresponding operon is repressed in LB (in E. coli), or
that its promoter is weak, although it is subject to strong induction (14-31 fold) in egg white (in

SE PT4). Likewise, the weak expression of the ybhC fusion suggests that it may also be
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repressed or weakly transcribed under the conditions employed here, although is induced by up
to 6 fold in egg white (Baron et al., 2017).

Note that the growth patterns were similar although there was a difference in maximum OD
achieved (between 4-5.2 OD units) and the growth curve for the SEN2977 fusion strain was
clearly delayed with respect to the others. The reasons for these relatively modest effects are

not clear.

3.4.2 Activity of lacZ fusions in S. Enteritidis PT4

All nine lacZ fusion plasmids were transformed into SE by electroporation (section 2.2.13 &
2.2.14). The identity of the resulting transformants was confirmed by re-isolation of the
plasmids from the electro-transformants and double digested with EcoRI and BamHI (Fig.
3.12). Three of the resulting SE transformants were selected on the basis of expression level (in
E. coli, Fig. 3.11), one from each of the three hexonate utilisation gene clusters, for further
study. The three fusions employed were SEN1436- (putative dehydratase), SEN2977-
(hexuronate transporter) and dgoR-lacZ (repressor). These three were selected as representative
genes from the three gene cluster; in addition, SEN1436 and SEN2977 showed the highest

activity in previous the experiments.
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Figure 3.12: Confirmation of transformants of SE by plasmid isolation followed by double digestion with
EcoRI and BamHI. Lanes 11, 20: Fermentas GeneRuler™ 1kb ladder. Potential pRS1274 clones are as follow:
lanes 1-2, ybhC insert; lanes 3-4, SEN1435 insert; lanes 5-6, SEN1436 insert; lanes 7-8, SEN1432 insert; lanes 9-
10, dgoR insert; lanes 12-13, dgoT insert; lanes 14-15, SEN2978 insert; lanes 16-17, SEN2977 insert; lanes 18-19,
SEN2979 insert. Electrophoresis was performed on 2% agarose gel and at 60 V for 70 min. Fragments were
released from pRS1274 vector successfully with bands at approximately 446, 504, 420, 551, 434, 557 and 399 bp
which correspond to the sizes of the target promoter fragments.

As shown in Fig. 3.13, SEN1436-lacZ exhibited highest activity with a maximum (~2200 U)
achieved at the mid to late exponential growth stage. Expression increased ~fourfold from
early to mid-log phase and reduced ~50% by 6-8 h. In contrast, SEN2977- and dgoR-lacZ
expression was much lower (by ~sevenfold) with a maximum level of ~350 U, but expression
was relatively consistent during growth (170-290 U). As shown in Fig 3.13, SEN1436-lacZ
expression was ~2.5-fold higher than achieved in E.coli TOP10 (Fig. 3.11). Maximum
expression of dgoR-lacZ was ~1.7 fold higher than seen in E. coli, whereas SEN2977-lacZ
maximum expression was ~3.5 fold lower than in E. coli (Fig. 3.14). The other six fusions
were tested in SE (data not shown) and showed very similar activity to that seen in E.coli.
These expression differences are relatively minor and are likely to relate to the different

genetic backgrounds and experimental conditions (i.e. use of B-PER in place of Bugbuster).
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Dash line is growth rate; Solid line is B-gal activity
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Figure 3.13: p-galactosidase activity of three pRS1274 lacZ-fusion constructs in SE (SEN1436, SEN2977
and dgoR). Growth was aerobic in LB (containing ampicillin) at 37 °C and 250 rpm. Dashed line;growth rate,
solid line B-gal activity. Each growth was in duplicate and each culture was assayed in triplicate.
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Figure 3.14: Comparison of p-galactosidase activity (average and maximum levels) of three pRS1274
constructs in SE and E. coli TOP10. Average values are shown for activities at 1-8 h growth. The data were
taken from Fig. 3.16 and 3.19. Fold difference with respect to E. coli are shown with asterisks indicating
significance.

3.5 Conclusions and Discussion

Previous work showed that three distinct gene clusters (the dgoRKADT operon, the uxuAB-
uxaC operon and the SEN1432-6 genes) are strongly induced upon SE exposure to EW (Baron
et al., 2017. These three clusters are involved in utilisation of hexonates/hexuronates but have
not previously been reported to possess any role in EW survival or to be up-regulated by EW
and subject to co-regulation. Therefore, this chapter aimed to determine the patterns of
transcriptional regulation of the genes of interest using transcriptional fusions. The first
objective was to clone nine putative promoter regions of the genes of interest upstream of a
promoter-less lacZ reporter gene, to allow promoter activity to be monitored by -
galactosidase assays. These regions were inserted into the pRS1274 lacZYA transcriptional

fusion vector at the multiple cloning sites to generate lacZ fusions. RT-PCR could also be used
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as an alternative to the lacZ fusions, or to confirm results obtained with such fusions. Use of
lacZ fusions offers the advantage of a simplistic enzyme assay for expression analysis and
stability of the lacZ gene product. In contract, mMRNA is highly unstable and assay by RT-PCR
requires comparison with a second message (that may not be stable/constitutive) as well as a
technically challenging two step amplification process.

The transcriptional fusion data in E. coli TOP10 indicated that eight of the fusions had activity
markedly above that of the vector control, but one (dgoT-lacZ) had weak activity only slightly
higher than the vector suggesting no promoter is present, although the in silico analysis showed
a strongly predicted promoter.

The eight active fusions were divided into three groups on the basis of the relative expression
levels during the exponential growth phase in LB. All showed peak activities during the
exponential growth phase with reduced activity in the stationary phase (Fig. 3.10). SEN1436-
lacZ and SEN2977-lacZ exhibited high activity. Both are divergently arranged with respect to
adjacent operons (SEN2978-80 and SEN1435-33) but only SEN1436 was shown to be egg-
white induced (33-fold); SEN2977 showed no induction in egg white (Baron et al., 2017)
which is a surprise and should be confirmed in future work within this thesis.

The SEN1432-lacZ fusion (encoding a putative transcriptional regulator) was moderately
expressed. This indicates that SEN1432 has an independent proximal promoter despite its
location at the end of the SEN1435-33 operon and its co-polarity. Thus, SEN1432 specifies a
regulatory protein which could control the SEN1435 and SEN1435-33 genes through
interaction with divergent putative promoters at the SEN1436-35 intergenic region. As
SEN1432 was not reported to be induced by EW (Baron et al., 2017), this suggests it is
constitutive and might be involved in controlling genes related to hexonate catabolism.

Four fusions (SEN1435-, SEN2978-, dgoR- and ybhC-lacZ) gave relatively weak log-phase

activities (maximum of 180-350 U). These results suggest that these genes are repressed under
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the conditions employed in this work. Three of these fusions represent the first gene in
apparent operons (SEN1435-33, SEN2978-80 and dgoRK-SEN3645-dgoDT) and so the data
suggest that the corresponding operons are repressed in LB (in E. coli). However, all three
operons were subject to strong induction (14-31 fold) in egg white (in SE PT4) which would be
consistent with the suggested repression in L broth.

Little work has been performed on the role of hexonate utilisation in survival and colonisation
of SE. Coward et al. (2012) investigated the role of a hexonate uptake and catabolism SE
genomic island locus (SEN1432-SEN1436) in colonization of the chicken reproductive tract
and other organs following oral challenge. The deletion of these loci did result in a decrease in
bacterial load in the spleen by 14 days post infection suggesting a minor role in systemic
colonization.

Comparison of the S. Enteritidis PT4 and S. Typhimurium LT2 genomes (Thomson et al.,
2008) showed a PT4 specific region (‘ROD13’) corresponding to the SEN1432-SEN1436 (6
kb) locus encoding one of the three hexonate-utilisation loci induced by egg white (section
2.1). Although absent in the LT2 strain, this locus is present in the chicken pathogen, S.
Gallinarum as well as PT4. The reason for the absence of this locus in LT2 is unclear.
However, the SEN1432-36 genes show sequence similarity as well to the genes of the gntll
locus of E. coli; these are involved in L-idonate catabolism (Bausch et al. 1998) suggesting a
similar function for the SEN1432-36 genes.

Two fusions (dgoT- and SEN2979-lacZ) gave very weak activity that was only slightly above
that of the vector control (Fig. 3.15) suggesting that no promoter is active directly upstream of
these two genes. However, both showed induction by egg white in the array data (Baron et al.,
2017) and the upstream promoters (associated with dgoR and SEN2978, respectively) showed

much higher activity, using different media could be contributed in different expression. This
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indicates that these two genes are transcribed from upstream distal promoters as part of
operons and they do not possess independent promoters.

Another study showed that several genes are up regulated (2.5-3.5 fold) in operons involved in
the transport and metabolism of D-galactonate (dgo), D-gluconate (gntU, kdgT, and kduD), and
L-idonate (idn) genes in SE that are indicative of its metabolism in macerated leaf tissue in
cilantro and lettuce soft rot lesions (Goudeau et al., 2013). However, the precise environmental
factor inducing their expression is unclear. Interestingly, genes involved in the utilisation of
gluconate and related hexonates (gntT, STM3134, dgoT, dgoK and dgoA) were up-regulated in
S. Typhimurium upon macrophage colonisation. The reason for this is unclear but one
suggestion was that hexonates may be an important source of carbon for intracellular bacteria
(Eriksson et al. 2003).

The expression of three fusions (SEN1436-, SEN2977- and dgoR-lacZ) was also monitored in
SE and activity levels were similar to those seen in E. coli. Thus, expression experiments can
now be performed in SE using representative fusions and environmental factors relevant to

those associated with egg white exposure.
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induction in egg white is also indicates (X), Expression data from Baron et al. (2017).
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Chapter 4. Egg-white factors influencing expression of SE hex genes

4.1 Introduction

4.1.1 Effect of EW on hex gene expression in SE

The egg white (EW) exposure experiments of Baron et al. (2017) employed an ‘EW model
medium’ (EWMM) composed of EW filtrate with 10% EW protein; this is a medium that closely
mimics EW. The SE control against which expression changes were identified was grown
overnight in TSB (a rich medium) at 37 °C, and the cells were then washed and resuspended in
EWMM at ambient temperature to give the O time point. Then, the SE cells in EWMM were
incubated at 45 °C (to mimic egg incubation temperature and hen body temperature) and samples
were taken at 7, 25 and 45 min for analysis of effects of EW exposure on the transcriptome with
respect to the zero time point. Incubation at 45 °C in EWMM causes a gradual killing effect for
SE (and is entirely growth inhibitory) over a 24 h period, and so the 45 min incubation
corresponds to the early phase of EWMM-induced cell damage/death and is thus a condition under
which SE would be expected to suffer considerable stress. SE was not killed by TSB at 45 °C and
was only growth-inhibited in EWMM at lower temperature. Thus, it is the combined effects of
temperature and EW exposure that causes the loss of viability in EWMM at 45 °C (Baron et al.,
2017).

In general, upon EWMM exposure at 45 °C, the hex genes were weakly induced at 7 min, and
strongly induced at 25 and 45 min, with little change between 25 and 45 min. Of particular
interest is the observation that four of the hex genes (dgoK, dgoR, SEN1436, SEN2978) were
more strongly induced in EWMM than any of the other ~320 EW-induced genes. Thus, the hex
gene response to EW was greater than for any other gene, suggesting that the effect observed is of

considerable physiological significance for EW exposure.
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Although it is clear that the three induced hex gene clusters are subject to major up regulation
during exposure of SE to EW, it remains unclear why these genes are induced, what factors in EW
are responsible for their induction and what transcription factor(s) might mediate their induction in
EW. In total, there were 15 genes associated with hexonate and hexuronate (Hex) metabolism
genes (including eda and yiaE that are unassociated with the dgoRKADT, uxuAB-uxaC and
SEN1433-6 clusters) that showed significant overall induction in EW, by up to 33 fold according
to the microarray data (and by 240 fold for dgoK by RT-PCR; Baron et al., 2017). However,
previous reports had not identified any roles for these genes in the survival of SE in EW or shown
up-regulation by EW exposure (Baron et al., 2017).

Several EW-related environmental factors were interpreted as exerting a major regulatory
influence on the expression profile of SE in EWMM (Baron et al., 2017). These factors were
mainly iron deficiency (mediated by Fur, RfrA and RfrB), envelope disruption (mediated by
CpxAR, RpoE and PspF), high pH (mediated by CpxAR), and temperature (mediated by RpoH).
The possibility that one or more of these factors might be responsible for the hex gene induction

observed cannot be ignored, although such an effect would be novel.

4.1.2 Energy/carbon sources in EW and changes in energy metabolism upon exposure to EW

According to Guérin-Dubiard et al. (2010), EW contains glucose (98% of total sugar; 0.4-0.5%
w/v) as the main carbohydrate, in addition to lower levels of other sugars (mannose, galactose,
arabinose, xylose, ribose and deoxyribose). A key point of note is that hexonates and hexuronates
are not considered to be present within EW (Guérin-Dubiard et al., 2010). Therefore, the reason
for the hex gene induction in EW and the factor stimulating their expression are obscure. It

appears likely that the hex genes are subject to EW induction in response to some factor other than
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a hexonate/hexuronate (Hex). In addition to the hex genes, exposure of SE to EW triggered a
general change in expression of other carbohydrate metabolism genes: the pentose phosphate and
glycolysis pathways were induced, and the TCA cycle was repressed (Baron et al., 2017). Thus,
Hex metabolism was not the only catabolic pathway to be affected by EW exposure.

Heterotrophic bacteria generate energy through catabolic processes and often employ respiratory
pathways to yield energy from the disposal of the reducing equivalents thus liberated. However,
bacteria may switch energy metabolism away from respiration and toward fermentation (where
energy generation generally involves substrate-level phosphorylation) when suitable electron
acceptors are not available (Peter and Jr, 1992). When SE was exposed to EWMM, the up-
regulation of glycolysis along with the down-regulation of both the TCA cycle and respiration
were considered indicative of a switch from respiratory to fermentative metabolism (Baron et al.,
2017). The activation of the acetate kinase (ackA) and ethanol dehydrogenase (adhP) genes
encoding mixed-acid fermentation enzymes further supported this suggestion. The reason for such
a shift in energy metabolism was unclear although this observation does raise the possibility of a

link with the observed induction of hex gene expression.

4.1. Aims of this chapter

In this chapter, the lacZ fusions created in chapter 3 were used to investigate the effect of various
relevant environmental factors on the induction of the hex genes in SE. In particular, the original
findings by Baron et al. (2017) regarding hex genes were re-investigated with the lacZ fusions to

confirm the proposed induction of the hex genes upon EW exposure.
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4.2 Can SE grow on the four available Hex compounds (gluconate, D-mannono-1,4-lactone,

gulonate y-lactone and/or D-galactonate)?

4.2.1 Growth on glucose and glycerol at 37 and 42 °C

Initially, the ability of SE to grow on the four available Hex compounds was tested. However,
before using the Hex compounds, growth of SE at mammal and hen body temperatures (37 and
42 °C; Raspoet et al., 2014; Baron et al., 2017) with standard carbon sources was performed in M9
minimal medium. Glucose was selected as it is present in EW at 0.4-0.5%, and glycerol was used
as an example of a non-fermentable carbon source that does not induce catabolite repression.
Growth on these carbon sources would then be used to compare with growth on the hexonates.
Note that no hexuronates were available. A range of glucose concentrations was employed to
show a quantitative effect on growth, above and below the levels found in EW. All growths were
performed in triplicate and all measurements produced here are the average of three treatments.
Each experiment was performed twice with one representative batch of data presented.

Growth was monitored using a Bioscreen plate reader with up to two 100-well Honeycomb plates
(see 2.2.16). Precultures were prepared overnight in 3 ml of 0.4% glucose M9 medium in sterile
test tubes at 37 °C and 250 rpm and were used to provide a starting a OD of 0.01 in fresh medium.
Then, aliquots of 300 puL were dispensed into wells in triplicate in a Honeycomb plate. The
negative control was un-inoculated medium.

SE growth was tested in ranges of glucose between 0.1% and 1.6% in the M9 minimal medium in

aerobic condition at 37/42 °C and compared with 0.4% glycerol as control as shown in Fig. 4.1.
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Figure 4.1. SE growth in 0.1-1.6% glucose, or 0.4% glycerol, in M9 minimal medium at 37 (A) and 42 °C (B).
Growth was aerobic with continuous shaking. Data is the average of three replicates with errors bars indicating
standard deviation.

As shown in Fig. 4.1a, the SE wild-type strain grew well on both glucose and glycerol. Increasing
glucose caused, in general, an increase in the rate of growth and the final density achieved.
Glucose and glycerol at 0.4% gave similar final densities, but the rate of growth with glycerol
(growth rate ~0.45) was lower than that with glucose (growth rate ~0.55), with an ~1 h difference
in time taken to achieve the same OD during log phase at 0.4% glucose/glycerol. Temperature
had little notable impact on growth, except with 1.6% glucose were the final density at 42 °C
(growth rate ~1.1) was impaired with respect to that at 37 °C (Fig. 4.1; growth rate ~1.5). Previous
work has reported that the optimal growth temperature of most Salmonella serotypes is 35-37 °C,
but that sub-optimal growth is achieved at 5 to 47 °C (Pui et al., 2011). These reason for the major

effect of temperature on growth with 1.6% glucose (e.g. OD 0.7 versus 1 at 14 h; P= 0.48) is
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unclear, but might be related to higher concentrations of metabolic end products (organic acids)
generated with increased glucose availability which might exert an enhanced growth inhibition
effect at higher temperature, as indicted by Charalampopoulos et al. (2002).

In summary, these data indicate that SE P14 grows well at 42 °C with glycerol or glucose at 0.4%,
and thus either of these can be used as positive controls for growth tests with the Hex compounds

at this temperature.

4.2.2 Growth on hexonates at 37 and 42 °C

The ability of the available hexonates (D-galactonic acid; D-mannono-1,4-Lactone; L-(+)-gulonic
acid y-lactone and gluconate), at 0.1-1.6% w/v, to support growth of SE was tested, with glycerol
acting as the control. The results show that SE grows well at both 37 and 42 °C on all four of the
Hex compounds tested (Figs 4.2-4.8). Thus, these hexonates can act as sole carbon and energy
source for SE growth at hen body temperature. This is consistent with previous reports for E. coli
(showing growth on gluconate, gulonate, glucuronate, D-galactonate and D-2-0xo0-3-
deoxygalactonate, galacturonate, fructuronate) and for Salmonella (reporting growth on
galactonate and gulonate) (Deacon & Copper, 1977; Eisenberg & Dobrogosz, 1967; Nemoz, et al.,

1976; Robert-Baudouy et al., 1974; Cooper, 1978; 1980).

110



Chapter 4 Results and discussion

1
A 1 B
= = 0.4% glycerol = = 0.4% glycerol

09 0.1% Gluconate 03 | ——0.1%Gluconate [ [ W [ [ W [ [ W [ [ W (
0.2% Gluconate 0.2% Gluconate l = i s

0.8
0.3 0.4% Gluconate e b = 0.4 % Gluconate J J L

T e s F
0.8% Gluconate w' = ‘-Td:—}{_{_{
0 07 0.8% Gluconate J
- 1.6% Gluconate Jl_ 1.6% Gluconate

0.6 0.6

05 0.5

04 0.4

03 T

Growth OD at 600 nm

0.3

0.2 )/ 0.2
P g o
0.1 2 _:_‘_:,.._-;'I' -
0 0
0 5 10 15 20 75 0 5 10 15 20 25
Time (h) Time (h)

Figure 4.2. SE growth in 0.1-1.6% gluconate in M9 minimal medium at 37 (A) and 42 °C (B). Growth was
aerobic with continuous shaking. Data is the average of three replicates with errors bars indicating standard deviation.

Enhanced growth with increasing gluconate concentration was clear at 37 °C (growth rate from
~0.6 to 1.1), but at 42 °C such an effect was less apparent indicating that raising concentration
from 0.1 to 1.6% has little impact on growth at 42 °C (Fig. 4.2). Growth with gluconate was
superior (growth rate from ~0.5 to 1) to that achieved with the same concentration of glycerol,
with a ~2.x fold higher culture density observed, indicating that gluconate is a good carbon source
for SE growth. In E. coli, gluconate is utilised via the Gntl and Gntll pathways, with Gntll being a
heat labile subsidiary system (Gémez et al., 2011) SE carries the gntK (gluconokinase;
SEN3365), gntU (low-affinity gluconate transport; SEN3364) and gntR (gluconate utilization
operon repressor; SEN3366), gntT (high-affinity gluconate transporter; SEN3338) genes of the
Gntl system, but lacks the Gntll system according to the annotated genome sequence (Parkhill et

al., 2008). These genes are likely to be subject to catabolite repression (Rodionov et al., 2000)
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and induced by gluconate through GntR transcriptional control (see Fig. 4.5). The end products of

the Gntl pathway feed into the ED pathway (Fig. 4.5).
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Figure 4.3. SE growth in 0.1-1.6% L-(+)-gulonic acid y-lactone in M9 minimal medium at 37 (A) and 42 °C (B).
Growth was aerobic with continuous shaking. Data is the average of three replicates.

With L-gulonate (Fig. 4.3), again little overall difference in growth was seen at 37 (growth rate
~0.7) and 42 °C (growth rate from ~5.2). However, at 37 °C the growth with 0.4% glycerol was
similar to that with 0.4% gulonate indicating that growth on gulonate is weaker than with
gluconate. Indeed, growth density was weaker with gulonate than with gluconate at all equivalent
concentrations employed. A clear enhancement of growth was observed at both temperatures as
gulonate levels were increased, except with 1.6% gulonate at 42 °C where a marked reduction in
growth (density and rate) was observed. In addition, growth with 0.2% was greater than with

0.4%; and the reason for this is unclear. Interestingly, unlike with glycerol or glucose, there was a
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raised growth at 42 cf. 37 °C with 0.1-0.8% gulonate and with 0.1-0.4% gluconate, suggesting that
growth on these substrates at the indicated concentrations might better support growth at higher
temperature and thus raise the optimal growth temperature. It is unclear how such an effect would
be exhibited.

It is unclear by which pathway gulonate would be degraded in SE, and whether such capacity
exists in E. coli, but this pathway is likely to involve one or more of the Gntl system, the Dgo
pathway or the SEN1433-6 pathway (Fig. 4.5). Gluconate is slightly more similar to gulonate
than is galactonate, which would suggest that the Gntl pathway (also present in E. coli) may be
responsible for the observed consumption of gulonate. This question could be resolved by
producing and studying the effect of mutations in the corresponding genes.

Galactonate gave very good growth for SE at 42 °C (not tested at 37 °C) (Fig. 4.4A: growth rate
1.92), stronger than same concentration of glycerol (growth rate 0.54) any of the other hexonates
tested (max growth at 15 h of 1 OD unit for galactonate cf. 0.85, 0.69 0.63. for mannonate,
gluconate and gulonate, respectively) or glucose (0.67 OD units at 15 h), indicating that
galactonate is a good carbon source for SE. Galactonate is expected to be catabolised via the Dgo
pathway (Fig. 4.5) and feed end products into the glycolytic pathway. The Dgo pathway in E. coli
is subject to catabolite repression and is induced by D-galactonate (Deacon & Cooper, 1977;
Cooper, 1978). Growth with galactonate was increased as the concentration was raised from 0.1
to 0.2%, but further increases in concentration had little impact indicating other factors limiting

growth (Fig. 4.4A).
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Figure 4.4. SE growth in 0.1-1.6% galactonate (A) or mannonate (B) in M9 minimal medium at 42 °C. Growth
was aerobic with continuous shaking. Data is the average of three replicates with errors bars indicating standard
deviation.

For mannonate, growth was greater at 0.8-1.6% than at 0.1-0.4% (Fig. 4.4B). As for the other
hexonates, growth with mannonate (growth rate ~0.53) was superior to that with equivalent levels
of glycerol (growth rate ~0.43). The pathway by which mannonate is consumed in SE is likely to
be that operated by SEN2977-90 (UxuAB/UxaA,; Fig. 4.5). However, this possibility remains to be
proven in SE. The uxuAB genes of E. coli are subject to multiple regulatory control: glucose
(catabolite) repression via CRP; induction by D-galacturonate via ExuR; induction by D-
glucuronate via UxuR; and repression by peroxide via OxyR (Robert-Baudouy & Stoeber, 1973;
Blanco et al., 1986; Zeng et al., 2001). The uxaA gene of E. coli is also ExuR and CRP regulated,
and in addition is FNR induced anaerobically (Portalier et al., 1980) ExuR is absent in SE, but the
other four regulators are present indicating that the uxuAB-uxaA-SEN2977 genes might be induced

in response to glucuronate via UxuR, and also subject to catabolite and peroxide repression, as
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well as anaerobically induction. The absence of UxaBC as well as the GInP and ExuT transporters
in SE (with respect to E. coli) might explain the associated SEN2977 predicted-Hex transporter
which is absent in E. coli according to no identical found in alignment result of sen2977 sequence
in E.coli genome (Zhou and Rudd. 2013). This transporter is predicted to deliver substrates for

utilisation by UxuAB-UxaA in Fig. 4.5.
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Figure 4.5. Comparison of hexonate and hexuronate utilisation in E. coli K-12 and SE. Transporters are in
orange, enzymes in yellow, the Entner-Doudoroff (ED) pathway in green, and the pentose phosphate pathway (PPP),
TCA cycle and glycolysis pathway are indicated simply in grey. Corresponding regulators are indicated above with
targets in correspondingly coloured or underscored text. Note, most of the pathways above are induced by the cAMP-
CRP complex. Uncertain pathways are dashed. Asterisks indicate proteins present in SE; hashes indicate proteins
absent in E. coli K-12. Information was derived from the following sources: Robert-Baudouy & Stoeber, 1973;
Portalier et al., 1980; Blanco et al., 1986; Zeng et al., 2001.
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4.2.3 Impact of hexonates on hex gene expression in SE.

4.2.3.1 Do the SE transformants grow well with a hexonate as sole carbon/energy source?
The above work shows that SE can utilise all four of the available hexonates as carbon/energy
sources and thus suggests that these hexonates would be suitable for testing the effect of hexonates
on the expression of the hex genes of interest, using the lacZ fusions generated in the previous
chapter. The protocol employed was as described in Methods (2.2.16), with SE PT4 transformants
and growths at 42 °C (250 rpm) in 50 ml medium (100 pg/ml ampicillin) in 250 ml Erlenmeyer
flasks inoculated with 0.5 ml preculture.

Initially, the effect of the presence of the lacZ fusions plasmids on growth in M9 minimal medium
with a hexonate (D-galaconate) was tested, to ensure that the presence of the plasmids did not
unduly influence the growth of SE in the presence of hexonate as sole energy and carbon source.
The results obtained are summarised in Fig. 4.6, and show that all transformants grew well and
similarly with D-galactonate, and gave better growth than with the same level of glycerol, as was
expected from the results above. Thus, the presence of the lacZ fusion plasmids should not greatly

impact growth with hexonates as the carbon source.
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Figure 4.6. Effect of lacZ-fusion vectors on growth of SE in 0.4% glycerol or D-galactonate in M9 minimal
medium. Growth was aerobic in M9 salts medium and ampicillin, at 37 °C with continuous shaking in a BioScreen
apparatus. ODs correspond to the 18 h point of growth. Growths were in triplicate (average provided with errors bars
indicated as standard deviation), and the experiment was performed twice with similar results obtained, Results with
glycerol are indicated by the dark blue bars, and for galactonate by the light blue bars. Asterisks indicate significant
difference (P < 0.05).

4.2.3.2 Effect of D-galactonate of hex gene expression

The effect of 0.4% D-galactonate on expression of the lacZ fusions was compared with that of
glycerol during growth at 42 °C (Fig. 4.7). One fusion (sen2979) that gave very weak expression
in chapter 3, and also gave weak expression in SE (data not shown) was excluded from analysis in
this chapter. One of the seven lacZ fusions showed induction in response to D-galactonate (list the
sen2979), two showed no effect (less than twofold) and three showed a repression effect (sen1436,
senl432, sen2977). Note that the vector control did not respond to D-galactonate. The greatest

induction (sixfold) effect was seen for dgoR. In E. coli, the dgoR gene is known to be
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autoregulatory and to respond to D-galactonate. Indeed, DgoR acts as a repressor for the dgo
genes, mediating their induction in response to D-galactonate (Neidhardt, 2005). The dgoR gene
is the first gene in the dgoRKDA-T cluster of SE, and all of these genes are copolar and closely
adjacent indicating that they are co-operonic. Although there is a 130 bp gap between dgoA and
dgoT suggesting that dgoT may possess an independent promoter, the lacZ fusion data (Fig. 4.7)
indicates that the dgoT-lacZ fusion is only weakly active (53-fold lower than dgoR-lacZ) and is
not subject to D-galactonate induction, and may not carry its own promoter. This would suggest
that the entire dgoRKDA-T cluster is indeed co-operonic. The 130 bp gap between dgoT and the
upstream dgoA may explain the weaker induction of dgoT with respect to the other dgo genes in
EWMM (10.8 fold, cf. 23.9-34.4 fold, respectively at 25 min; Baron et al., 2017). The degree of
induction observed here (Fig. 4.7) does not match that seen in EWMM (up to 28.7 fold; Baron et
al., 2017) suggesting with that either: D-galactonate is not the relevant inducer in EWMM,; that the
lacZ fusions report lower degrees of expression than the microarray; or that the conditions used

here are not sufficiently similar to those used by Baron et al. (2017).

The sen1435-lacZ fusion was only weak expressed (~180 U activity) but was modestly (although
insignificantly) induced by D-galactonate, suggesting that the entire sen1435-1434-1433-1432
operon is weakly expressed under the conditions employed and at most only modestly induced by
galactonate. The sen1432 gene is separated from the rest of the cluster by ~90 bp, and the lacZ
fusion data suggests that it is more strongly expressed than sen1435, indicating that it may be
independently transcribed. Sen1432 encodes a GntR-like regulator and so is expected to control
the expression of the sen1436-32 genes in response to the presence of the cognate substrate. Thus,
the 47-fold higher expression of sen1432 cf. sen1435 is in keeping with the need for continuous

availability of the regulator to mediate transcription control of the cluster. The sen1432-lacZ
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fusion showed a significant repression effect with galactonate which suggests that it responds to a
different effector. In addition, the divergent sen1436 gene was also well expressed in glycerol but
was repressed by galactonate, which further suggests (as in chapter 3) that this gene possesses an
independent divergent promoter, and additionally is not subject to induction by galactonate.

The sen2978-lacZ fusion was well expressed in glycerol and not affected by galactonate indicating
that the entire sen2978-80 (uxaAB-uxuA) operon is similarly expressed. In contrast, the divergent
sen2977 gene (encoding a transporter) was strongly repressed (x20) by galactonate (although was
well expressed in glycerol). This would be consistent with repression by DgoR. The ybhC

expression not effected as well suggested this gene is not under this regulater control.
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Figure 4.7: B-galactosidase activity (maximum levels were taken at 6-10 h growth) of lacZ fusions in Salmonella
enterica serovar Enteritidis (strain PT4-P125109) in the presence 0.4% D-galactonate in M9 minimal medium.
Glycerol, dark blue bar, and 0.4% galactonate, light blue bar. Standard deviation of three values is given as error bars.
Growth was aerobic at 42 °C and 250 rpm. Statistically significant difference (asterisks P= <0.05) as determined by
Student’s T-test and difference are indicted for all expression changes of twofold or more.
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4.2.3.3 Effect of D-mannonate of hex gene expression

Mannonate had little effect on the expression of the hex genes. Indeed, only in one case was there
a significant change in expression of twofold or more caused by mannonate (14-fold induction of
sen2977; Fig. 4.15). The pathway by which mannonate is consumed in SE is likely to be that
operated by SEN2977-90 (UxuAB/UxaA,; Fig. 4.5). This would indicate a role for the sen2977-
UXuAB-uxaA genes in utilisation of mannonate and/or related compounds. The induction of
sen2977 by mannonate is in contrast to its repression by galactonate and gluconate, and indicates a

wide degree (280 fold) of transcriptional control for sen2977 in response to different hexonates.

Previous work has shown that UxuR of E. coli represses its own expression (Ritzenthaler and

Mata-Gilsinger, 1982).
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Figure 4.8: B-galactosidase activity (maximum levels at 6-10 h growth) of lacZ fusions in Salmonella enterica
serovar Enteritidis (strain PT4-P125109) in the presence 0.4% D-mannonate. Glycerol, dark blue bar, and D-
mannonate, light blue bar. Further details are as for Fig. 4.7.
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4.2.3.4 Effect of D-gluconate of hex gene expression

Gluconate failed to cause induction of any of the hex genes tested. However, it did result in
significant repression of twofold or more in three cases (sen1436, dgoT, sen2977; Fig. 4.9). The
greatest effect was seen for sen1436 (17-fold); this gene was also 7-fold repressed by galactonate
(Fig. 4.9). It is unclear which regulator might respond to gluconate, but it is possibly the same
regulator (suggested as DgoR) as caused the observed repression with gluconate. The dgoT gene
was also significant repressed with gluconate (1.6-fold), although its level of expression was
relatively weak in the control (3.4 units), indicating (as suggested above) that any dgoT specific
promoter would be weak. The sen2977 gene was ~six-fold repressed by gluconate also and, like
senl1436, was also down regulated by galactonate — which again suggests a common regulatory
response for gluconate and galactonate. The dgoR gene was also significant repressed with
gluconate (2.4-fold) suggesting that it acts as a repressor for the dgo genes, mediating their

induction in response to gluconate.
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Figure 4.9: pB-galactosidase activity (maximum levels at 6-10 h growth) of lacZ fusions in Salmonella enterica
serovar Enteritidis (strain PT4-P125109) in the presence 0.4% gluconate in M9 minimal medium. Glycerol,
dark blue bar, and gluconate, light blue bar. Further details are as for Fig. 4.7.

4.2.3.5 Effect of L-gulonate of hex gene expression

The expression of three hex genes was found to be significantly affected by gulonate at twofold or
more (sen1435, sen1432, dgoR) (Fig. 4.10). No previous data on gulonate-dependent gene control
in SE or E. coli could be found in the literature so the manner in which such control is exerted is
not clear. Given that the purpose of the senl1432-36 cluster is uncertain and yet all three
corresponding fusions were induced (senl432, x2.1; senl435, x4; senl436, x1.6) this might
provide an indication of a role for these genes in gulonate utilisation with a potential role for the

GntR-like sen1432 product in controlling expression of these genes in response to gulonate. The
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dgoR gene was 3.5-fold repressed by gulonate indicating that the entire dgo operon is down-

regulated by gulonate (possibly through SEN1432-mediated control, as raised above).
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Figure 4.10: B-galactosidase activity (maximum levels at 6-10 h growth) of lacZ fusions in Salmonella enterica
serovar Enteritidis (strain PT4-P125109) in the presence 0.4% L-gulonate in M9 minimal medium. Glycerol,
dark blue bar, and L-gulonate, light blue bar. Further details are as for Fig. 4.7.

In summary, the data above indicate that the hex genes are indeed subject to regulatory control by
hexonates, and that different hexonates elicit distinct regulatory responses suggestive of multiple
regulatory pathways. Arguments for roles of DgoR, GntR and SEN1432 in mediating many of the
hexonate-dependent responses observed have been provided, but these suggestions would require

further experimental work with relevant regulatory mutants in order to confirm.
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4.3 Effect of egg white and EW components on hex-lacZ gene expression in SE PT4.

The above results show that expression of several of the hex genes responds to the presence of
hexonates in the medium, with both positive and negative effects observed. This raises the
possibility that exposure of SE to EW results in release of hexonates that cause the induction of
hex genes, as observed by Baron et al. (2017). However, there was no single hexonate that
resulted in the strong induction of all relevant hex gene fusions (although an exhaustive range
were not employed, due to lack of availability), and it is unclear how hexonates or hexuronates
could be generated upon exposure of SE to EW. Thus, in order to further explore how EW causes
the large increase in hex gene expression for SE, experiments involving exposure of SE hex-lacZ
transformants to EW and EW components were performed (described below). EW, EW filtrate,

EW total proteins and EWMM were prepared as described in Methods (2.2.17.1).

4.3.1 Effect of egg white on the growth of SE.

Initially, the effect of EW on the growth of SE was tested to confirm the inhibitory effect of EW
on SE growth and to determine appropriate levels to employ in subsequent EW expression
experiments. The concentrations of EW employed were from 0.05 to 10% in M9 medium with
0.4% glycerol, initially at 42 °C (hen body temperature). The results show (Fig. 4.11) that even a
low level of EW has a major inhibitory effect on growth at 42 °C, with just 0.05% v/v EW

reducing growth rate and culture density (~fivefold difference at 13.5 h).
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Figure 4.11: The effect of up 10% v/v egg white on growth of SE in 0.4% glycerol M9 minimal medium at
42 °C. Growth was aerobic and carried out at 42 °C with continuous shaking in a Bioscreen apparatus (Methods
2.2.16). All data points are the average of three replicates. The experiment was repeated once and similar results were
obtained. M9, control (glycerol M9 medium only); 0.05-10%, glycerol M9 slats medium with the indicated levels of
EW added.

No growth was observed over 24 h when EW levels were at 0.5% or higher. This observation
confirms the antimicrobial activity of EW as well observed for many bacterial species (Sahin et al.,

2003; Wellman-Labadie et al., 2009).
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Figure 4.12: The effect of egg white concentration in different temperatures on growth of SE in 0.4% glycerol
M9 minimal medium. (A1) 2.5%, (A2) 10% and (A3) 15% v/v egg white at 30, 37 and 42 °C; and the effect of EW
at (B1) 37 °C, (B2) 30 °C and (B3) 40 °C at 2.5, 10 and 15% v/v of EW. Conditions are as for Fig. 4.11.
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To consider the impact of temperature, a similar experiment was performed at 30, 37, and 42 °C.
As shown in Fig 4.12, EW inhibited growth at all three temperatures tested but was far less
effective at 37 °C than at 30 and 42 °C, with no growth seen at 30 and 42 °C with the lowest EW
levels used (2.5%) whereas at 37 °C growth was seen at all concentrations tested, although was
reduced with respect to the EW-free control. Such an impact of temperature on the antimicrobial

activity of EW is reported by Baron et al. (2011).

4.3.2 The effect of the EW, EW filtrate and EW proteins on hex gene induction.

The above results thus indicate that SE fails to grow in glycerol-containing M9 medium at 42 °C
when low levels (>0.25%) of EW are included. Therefore, the effect of EW on hex gene
expression can be tested in M9 medium at 42 °C, as described in Methods (2.2.16), using different
levels of EW for short times post exposure to reduce or prevent growth. Cultures of SE
transformants were grown in TSB until mid-log phase at 37 °C was achieved (OD 0.5), washed in
M9 medium and then used to inoculate fresh M9 medium with EW. The cultures were incubated
at 42 °C and 250 rpm, and samples were taken at.5, 25 and 45 min for expression analysis.

To begin with, a range of EW concentration were used (0.0001-10%) in M9 medium at 42 °C,
with SE carrying pRS-SEN1436-lacZ (encoding a predicted D-galactonate dehydratase); sen1436
was selected for further study as a representative hex gene that showed good expression in the
previous experiments and was the most greatly induced gene in response to EWMM in the

previous work of Baron et al. (2017).
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Figure 4.13: Effect of EW on expression of sen1436-lacZ in wildtype SE in M9 medium at 42 °C. Growth was
aerobic in 0.4% glycerol M9 medium, at 42 °C and 250 rpm, with the indicated levels of EW. Strains were SE
carrying either the vector control (pRS415) or pRS-SEN1436-lacZ). Samples were taken for $-galactosidase assay at
the indicated times post inoculation. Statistically significant difference as determined by Student’s T-test (asterisks P=
< 0.05) between M9 and EW. Results given are the average for xx cultures, each assayed in duplicate. The
experiment was repeated once more and similar results were obtained. Error bars indicated standard deviation.

As shown in Fig 4.13, sen1436 expression was induced by 22-61 fold with 0.01-10% EW. Very
little induction was seen at 0.0001-0.001% EW, and the vector control showed no such response to
EW. There was a general trend towards increased expression as the EW level was raised from
0.01 to 10% (Fig. 4.13), although the increment from 0.1 to 1% resulted in a drop in expression.
The observed 61-fold induction with 10% EW is even higher that that (33-fold) reported by Baron
et al. (2017), and is far greater than that seen above with hexonates, where a maximum 7 fold

induction was observed.
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Figure 4.14: Effect of EW filtrate on expression of senl1436-lacZ in wildtype SE in M9 medium at 42 °C.
Conditions are as for Fig. 4.19, except for the use of EW filtrate in place of EW.

The previous work by Baron et al. (2017) indicated that the induction of the hex genes in EWMM
depended on the presence of EW proteins since EW (10 kDa cutoff) filtrate without addition of
untreated-EW failed to induce the hex genes. Therefore, EW filtrate (10 kDa cutoff) was used in
place of EW, as above, to determine whether the EW proteins of >10 kDa are responsible for the
induction observed for sen1436. As clearly shown in Fig. 4.14, the EW filtrate gave only a very
weak induction of sen1436 expression, of just under twofold compared, compared with the
expression level in the M9 medium. These effects of EW and EW filtrate were consistent as repeat
experiments showed similar results (not shown).

Thus, the data strongly suggest that the EW factor that causes induction of hex gene expression in

SE, is likely to be a protein of mass >10 kDa. Therefore, a test of egg white proteins individually
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is required for further investigation of the specific factor responsible. However, it was first
considered necessary to repeat the experiments above performed with the sen1436-lacZ fusion

using other hex gene fusions.
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Figure 4.15: Effect of EW and EW filtrate on expression of sen1432, sen2977 and dgoR in wildtype SE in M9
medium at 42 °C. Details are as for Figs. 4.13 and 4.14, except for the use of plasmids pRS-sen1432-lacZ, sen2977-
lacZz and dgoR-lacZ. Samples were taken after 45 min incubation only. Statistically significant difference as
determined by Student’s T-test (P < 0.05).

Three other hex gene fusions (SEN1432, dgoR and SEN2977) were thus used to test the effect of
EW and EW filtrate on hex gene induction by EW (Fig. 4.15), using concentrations at 10%. The
results show that expression of all three fusions was induced by EW by 21-, 21- and 13-fold for
SEN1432, dgoR and SEN2977, respectively, with respect to M9 only, whereas the negative
control (pRS1274 empty vector) showed no effect. In contrast, all fusions showed no effect in

expression level during the exposure to EW filtrate which matches the previous finding (Fig. 4.14)
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and supports the conclusion that EW protein(s) of mass greater than 10 kDa is/are responsible for
the induction of hex genes by EWMM. This experiment was repeated twice and the results were

found to be reproducible.

4.3.3 The effect of specific EW proteins on hex gene induction.

4.3.3.1 Use of commercial egg-white proteins.

In order to identify the specific EW component responsible for the observed EW induction of hex
gene expression, it was necessary to purchase and/or prepare the required proteins. The major
proteins, as well as the minor proteins and peptides, found in egg white that exhibit confirmed or
predicted antimicrobial activities in their native state are presented in Table 4.1. Four egg white
proteins (albumin, conalbumin, ovomucoid, and lysozyme) are available commercially; these were
purchased (from Sigma). Stock solutions of all four proteins were then prepared at 10% w/v and
all solutions were sterilized using 0.22 Millipore filters. These proteins were then used to treat SE

transformants carrying hex gene fusions in order to determine their effects on hex gene expression.

Table 4.1: Proteins of egg white (adapted from Belitz et al., 2009).

Protein Total protein Molecular
(%0) weight (kDa)
Ovalbumin 54 44.0
Conalbumin 12 76
(Ovotransferrin)
Ovomucoid 11 28
Ovomucin 3.5 5.5-8.3x10°
Lysozyme 3.4 14.3
(Ovoglobulin G;)
Ovoglobulin G, 4 30-45
Ovoglobulin G; 4 30-45
Flavoprotein 0.8 32
Ovoglycoprotein 1.0 24
Ovomacroglobulin 0.5 760-900
Ovoinhibitor 1.5 49
Avidin 0.05 68.3
Cystatin 0.05 12.7

(ficin inhibitor)
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Three different concentrations (0.01, 0.1 and 1 mg/ml) of each specific EW protein was used to
examine their impact on SEN1436-lacZ induction (Fig. 4.16). Lysozyme gave a very strong
induction effect for SEN1436 expression. The greatest induction (48 fold), with lysozyme, was
seen at 7 min with 0. 1 mg/ml lysozyme. Ovomucoid Il also gave a strong induction (5.6 fold),
but not as large as that seen for lysozyme. The other EW proteins (albumin, conalbumin and
ovomucoid I11) gave little induction (Fig. 4.16). It should be noted that the effect obtained with
lysozyme was ~1.25 lower than that seen with total EW, suggesting that lysozyme may not be the
only factor required for high level EW induction of hex gene expression (although see below).
Note that for the EWMM experiments of Baron et al. (2017), the concentration of lysozyme
provided by the addition of 10% EW would be ~0.35 mg/ml, which is within the range of

concentrations used here.
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Figure 4.16: Effect of lysozyme, albumin, conalbumin and ovomucoid on expression of SEN1436 in wildtype SE
in M9 medium at 42 °C. Conditions were as in Fig. 4.13 and 4.14 except for the use of commercially available EW
proteins at 0.001-0.1% in place of EW and EW filtrate. Incubations times are indicated. Statistically significant
difference as determined by Student’s T-test (P < 0.05).
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The finding that lysozyme gives the greatest response suggests that this protein is primarily

responsible for the EWMM-induction of the hex genes.

However, ovomucin Il also gave

relatively high induction. It is possible that the commercial EW proteins carry contaminants that

might give misleading results. Thus, the purity of the tested proteins was examined by SDS-

PAGE (Fig. 4.17). The SDS-PAGE analysis showed that Ovomucoid Il contains another band of

relatively high abundance that is similar in size to lysozyme (Fig. 4.17); a similar extra bad was

observed for aloumin. No such band could be seen in the ovomucoid 111 samples. This potential

lysozyme contamination might explain the induction of SEN1436 by ovomucoid Il but not

ovomucoid IlI.
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Figure 4.17: SDS-PAGE (12% acrylamide) analysis of the commercial egg white proteins. 10 ul of each protein
at 10 pg/ml were loaded in each well. Well 1 is PageRuler Unstained Broad Range Protein Ladder (Fermentas); well
2, lysozyme; well 3, albumin; well 4, conalbumin; well 5, ovomucin I1; well 6, ovomucin IIl.
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To further investigate contamination of with traces of lysozyme, the samples were analysed by
Western blotting using anti-lysozyme antibodies (Methods 2.2.17.7). As illustrated in Fig. 4.18,
the resulting Western blot clearly shows an immune-reactive band in the lysozyme track, at the
expected size. However, there is also a weaker band at the same migration point for the albumin
and ovomucoid Il, and similar bands for conalbumin and ovomucoid Ill but at even lower
intensities. This suggests that the commercial EW proteins are contaminated with low levels of
lusozyme that might explain the observed induction of SEN1436 by ovomucound Il, and the

weaker induction by alboumin and ovomucoid I11 (Fig. 4.16).
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Figure 4.18: Anti-lysozyme Western blot analysis of the commercial egg white proteins. See Fig. 4.17 for further
details and Methods 2.2.17.7.

There is a possibility that the action of lysozyme on hex gene induction is enhanced by other EW
factors. To test this possibility, the effect of 0.01 mg/ml lysozyme on SEN1436 expression was
tested with and without additional EW proteins (Fig. 4.19). The results show no major or
significant difference in SEN1436 induction in the condition where only lysozyme is used

compared to where lysozyme is used with any of the other three major EW proteins (Fig. 4.19).
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This suggests that lysozyme is likely to be the only major EW protein that contributes to hex gene

induction by EW.
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Figure 4.19: Graph showing B-galactosidase activity at 45 minutes for SEN1436 lacZ fusions in Salmonella
enterica serovar Enteritidis (strain PT4-P125109) in the presence different concentrations (all numbers is
indicted to mg/ml) of egg white proteins. Growth was aerobic and carried out at 42 °C and continuous shaking.
Statistically significant difference cf. M9 medium, as determined by Student’s t-test.

4.3.3.2 The effect of lysozyme-free egg-white protein on hex gene induction.

The results above with SEN1436-lacZ expression and lysozyme suggest that lysozyme is the
major EW protein that is responsible for the observed hex gene induction effect by EW proteins.
To determine whether other hex genes are also subject to induction by lysozyme, the effect of
lysozyme on expression of the SEN1436, SEN1432, dgoR and SEN2977 lacZ fusions was tested

both with lysozyme and with a lysozyme-free EW preparation. The results showed that the
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expression of all three fusions was increased, by 56-, 19-, 13- and 14-fold (respectively), by
lysozyme (Fig. 4.20). In contrast, the fusions showed no induction effect upon exposure to an EW
protein preparation that was free of both lysozyme and mucin (LMFEW; see Methods 2.2.17.2, for
preparation of LMFEW). This experiment was repeated twice and similar results were obtained.
The lack of any induction with EW lacking lysozyme supports the suggestion that lysozyme is the

key factor in EW induction of hex gene expression.
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Figure 4.20: Effect of lysozyme and lysozyme/mucin-free EW (LMFEW) on the induction of SEN1436,
SEN1432, dgoR and SEN2977 in wildtype SE in M9 medium at 42 °C. Samples for assay were taken after 45 min
incubation with EW factors. Other details are as described in Fig. 4.13.

Further exploration of the role of specific EW proteins in hex gene induction was progressed by
analysing the effect of EW protein chromatographic fractions (Fig. 4.21) on the expression of the

SEN1436 lacZ fusion (Fig. 4.22).
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Figure 4.21: Elution profile of the fractionation of mucin-free EW protein by cation-exchange chromatography
(A) and SDS-PAGE analysis (B) of resulting fractions. A. See Methods 2.2.17.2 for preparation of EW protein
fractions. B. 10 ul of each fraction were loaded into each well. Well 1 is PageRuler Unstained Broad Range Protein
Ladder (Fermentas); well 2, Fractions 4-7; well 3, Fractions 8-21 diluted 5X; well 4, Fractions 8-21 (repeat) diluted
5X; well 5, Fractions 31-32; well 6, Fractions 42-44; well 7, Fractions 46-48; well 8, Fractions 49-52; well 9,
Fractions 53-55. Bands of interest are labelled with levels in EW indicated

The results indicate that the fractions (4-32), lacking lysozyme but containing bands
corresponding to ovotransferrin, albumin and ovomucoid, gave a relatively weak (up to fourfold)

or no induction, whereas those containing lysozyme (42-55) gave a strong induction (up to 30
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fold) (Fig. 4.22). It should also be noted that the 10% EW induction effect (31 fold) was similar in
degree to that of pure lysozyme and of the lysozyme-containing fractions, suggesting that

lysozyme is likely to be the sole EW protein that contributes to the induction of hex genes by EW.
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Figure 4.22: Induction of the SEN1436 lacZ fusion in SE PT4 in the purified fractions. Details are as for Fig. 4.13
except for the use of the fractions indicated in Fig. 4.21 at 10ug/ml concentration, EW at 10% v/v and lysozyme at 0.1

mg/ml.

138



Chapter 4 Results and discussion

4.3.4 Comparing the effect of lysozyme from chicken egg with that from human milk

lysozyme, and heat inactivated lysozyme

To determine whether lysozyme must be active in order to induce hex gene expression, and
whether lysozyme from a difference source can also induce expression of the hex genes, and thus
further indicate whether it is the enzymatic activity of the lysozyme that drives the hex gene
induction effect, lysozyme was heat treated to inactivate it and lysozyme from human milk was
compared to that from chicken eggs to determine whether the lysozyme affect is lysozyme-species
specific. Heating inactivation was achieved by incubating the enzyme for 30 min at 100 °C. This
resulted in almost complete loss solubility (not shown).

Human and hen lysozyme from commercial sources gave similar ~50-fold induction effects on
SEN1436 expression. In addition, non-commercial lysozyme purified from chicken eggs (as
described in Methods 2.2.17.2) also gave a 30-fold induction effect (Fig. 4.23). However, the heat
inactivated (now insoluble) lysozyme (commercial, chicken egg source) showed very weak
induction. Thus it can be concluded that the lysozyme effect requires an active enzyme, and that

there is no marked species specificity requirement for the lysozyme effect.
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Figure 4.23: Effect of human and chicken lysozyme, and inactivated lysozyme, on SEN1436-lacZ expression in
SE PT4. Details are as described in Fig. 4.13, except that human milk lysozyme was used (as indicated) at 1 mg/ml,
as was heat (100 °C) inactivated hen-egg lysozyme (Sigma) and non-commercial chicken-egg lysozyme purified as
part of this PhD, as described in Methods (2.2.17.2).

4.3.5 The effect of temperature, pH and iron on EW-mediated induction of hex gene
expression.

The results presented above strongly indicate that lysozyme of EW is the major factor responsible
for the EW induction of hex gene expression. However, there are other (anti-bacterial) factors
associated with EW that might impact the action of lysozyme. Two important factors to consider
are temperature and pH. Studies on the effect of temperature on the antibacterial activity of EW,
from 37 to 48 °C, on the survival of SE demonstrated that EW is more harmful towards SE as the

temperature rises, and indeed become bactericidal above 42 °C (Alabdeh et al., 2011) with
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complete loss of viability (due to lysis) observed at 45 °C. Baron et al. (2015) showed that
bacterial destruction was higher at pH 9.3 (the pH of EW shortly after laying) than at pH 7.8. The
EW pH value dramatically and rapidly increases after laying from 7.6 up to 9.3 in a few days due
to lost CO, through the pores of the eggshell (Sauveur, 1988). Many studies have shown that at
pH >8.8, bacteriostatic or bactericidal effects are observed towards different bacteria in EW,
including Salmonella, which is in contrast to pH 7.5-8 that allow either slight bacterial growth or

cause no more than a bacteriostasis effect (Kang et al., 2006. Messens et al., 2004).

The previous experiments with EW induction of hex gene expression were performed at 42 °C.
Here, these experiments were repeated at lower (37 °C, non-bactericidal) and higher temperature
(45 °C, as originally used by Baron et al., 2017 which represents suitable conditions for
examination of the response of SE to the bactericidal activity of EW), and at two distinct pH
values, 7 and 9 (to determine if the pH-dependent bactericidal nature of the EW affects the
observed EW induction of hex genes). A pH of 7 was the starting pH for the experiments so far
described in this thesis in M9 minimal medium. The EWF in glycerol M9 medium was pH
adjusted with 2.5 M HCI to decrease pH from ~9 to 7 (Methods 2.2.17.1).

As shown in Fig 4.24, temperature and pH made little difference to the EW induction of
SEN1436. In addition, the inclusion of EWF along with EW, also had little impact on SEN1436
induction. Thus, the results suggest that EW protein (lysozyme) is likely the only major EW

factor required for the observed EW induction of hex gene expression.
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Figure 4.24: Effect of temperature, pH and combining EW with EWF on SEN1436-lacZ induction in SE PT4.
Details are as in Fig. 4.13, except that three different temperatures were used (37, 42 and 45 °C) and two different pH
values (7 and 9). Also, 100% EWF was used in many of the incubations (45 min) either with or without 10% EW.
The condition with 10% EW in 100% EWF at pH 9 and 45 °C is a very close match the condition employed by Baron
et al. (2017) for their global transcriptomic analysis of SE gene expression in EWMM.

The expression of one exemplar hex gene (SEN1436, which was selected as it gave the strongest
response to EW) was tested in EW with and without 20 pM ferric citrate. Note that 20 uM ferric
citrate was found to restore the growth of SE in 0.1% EW to levels similar to those achieved
without EW (data not shown). The results showed (Fig. 4.25) that the induction of SEN1436 by
EW is not influenced by provision of iron. Thus, it can be assumed that the EW response of the

hex genes is unrelated to the low iron availability in EW.
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Figure 4.25: Graph showing the effect of iron on SEN1436-lacZ expression in SE wildtype in the presence 0.1%
of EW. Growth was aerobic and carried out at 42 °C with continuous shaking. Expression was measure after 45 min
incubation. Conditions were 0.4% glycerol M9 medium with/without 20 uM ferric citrate and/or 0.1% EW, as
indicated

4.4 Discussion

In this chapter, SE genes involved in Hex metabolism (dgoRKADT, uxuAB-uxaC and SEN1433-6
clusters) were studied.. The high response shown suggested that the effect observed is of
considerable physiological significance during EW exposure. These results confirmed the
significant overall induction at 25 and 45 min upon EW exposure (Baron et al., 2017). Thus, it is
clear that the three induced hex gene clusters are subject to major up regulation during exposure of
SE to EW. However, the inducer was not recognised and was particularly unclear given that the
the presence of hexonates and hexuronates within EW is not recognised (Guérin-Dubiard et al.,
2010). Thus, in this chapter, the relevant environmental factors affecting the induction of the hex

genes in SE were investigated through use of lacZ fusions (created in chapter 3) to confirm the
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proposed induction of the hex genes upon EW exposure and to identify the specific EW factor that

caused this effect. The results obtained can be divided into two main sections.

4.4.1 Effect of hexonates on growth and expression

The growth of SE in the presence of four different hexonates as carbon sources was considered. In
addition, the effect of these substrates on hex gene expression was examined, using lacZ fusions.
Firstly, the growth of SE at mammal and hen body temperatures (37 and 42 °C; Raspoet et al.,
2014; Baron et al., 2017) with standard carbon sources (glucose, glycerol) was performed in M9
minimal medium to compare with growth on the hexonates. Glucose was selected as it is present
in EW at 0.4-0.5% (Guérin-Dubiard et al., 2010), and glycerol was used as an example of a non-
fermentable carbon source that does not induce catabolite repression. A range of glucose
concentrations (0.1-1.6%) was employed in aerobic condition at 37/42 °C to show a quantitative
effect on growth, above and below the levels found in EW and compared with 0.4% glycerol as
control. The wild type SE PT4 grew well at 42 °C with glycerol or glucose at 0.4%, and thus either
of these could be used as positive controls for growth tests with the Hex compounds at this
temperature. Temperature had little notable impact on growth of SE, except with 1.6% glucose
were the final density at 42 °C (~0.69) was impaired with respect to that at 37 °C. The ability of
the four forms of available hexonates (D-galactonic acid; D-mannono-1,4-Lactone; L-(+)-gulonic
acid y-lactone and gluconate), at 0.1-1.6% w/v, to support growth of SE was tested, with glycerol
acting as the control. The results showed that the growth of SE was well supported by all four
hexonates at both 37 and 42 °C, although some differences in the degree of growth supported were
apparent. Best growth was achieved with galactonate, followed by gluconate, then mannonate,
and finally gulonate (maximum ODs of 1.1, 0.9, 0.8, 0.7, respectively, at 42 °C). Galactonate

enhanced growth for SE at 42 “C more than any of the other hexonates tested (max growth at 15 h
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of 1 OD unit for galactonate cf. 0.85, 0.69 0.63. for mannonate, gluconate and gulonate,
respectively) or glucose (0.67 OD units at 15 h), indicating that galactonate is a good carbon
source for SE. Therefore, it was concluded that these four hexonates can act as sole carbon and
energy source for SE growth at hen body temperature. This finding confirmed the ability of
Salmonella to grow on galactonate and gulonate (Cooper, 1980).

SE carries the genes of the Gntl system: gntK (gluconokinase; SEN3365), gntU (low-affinity
gluconate transport; SEN3364), gntR (gluconate utilization operon repressor; SEN3366) and gntT
(high-affinity gluconate transporter; SEN3338). However, the Gntll system is absent (Parkhill et
al., 2008). These genes are likely to be subject to catabolite repression (Rodionov et al., 2000) and
induced by gluconate through GntR transcriptional control (see Fig. 4.5). The gulonate
degradation pathway in SE is unclear. However, this pathway is likely to involve one or more of
the Gntl system, the Dgo pathway or the SEN1433-6 pathway (Fig. 4.5). While galactonate is
expected to be catabolised via the Dgo pathway (Fig. 4.5) and feed end products into the
glycolytic pathway. In E. coli the Dgo pathway is subject to catabolite repression and is induced
by D-galactonate (Deacon & Cooper, 1977; Cooper, 1978). For mannonate, the utilisation
pathway in SE is expected to be that operated by SEN2977-90 (UxuAB/UxaA; Fig. 4.5).

However, this not confirmed in SE.

So, since all four of the available hexonates were utilised by SE as carbon/energy sources, they
were considered suitable for testing their effect on the expression of the hex genes of interest,
using the lacZ fusions generated in the previous chapter. The results confirmed that the presence
of the lacZ fusion plasmids does not greatly impact growth with hexonates as the carbon source.

The hex gene expression results showed a varied response to the four hexonates available. All
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substrates were used at 0.4% was compared with that of glycerol-M9 medium during growth at 42
°C.

For 0.4% D-galactonate, the greatest induction (sixfold) effect was seen for dgoR and a repression
effect was seen for sen1436, sen1432 and sen2977 by 6- , 3.5- and 20-fold, respectively. The
vector control did not respond to D-galactonate. It is likely that DgoR acts as a repressor for the
dgo genes; dgoR is the first gene in the dgoRKDA-T cluster of SE. In E. coli, the dgoR gene is
known to be autoregulatory and to respond to D-galactonate mediating the induction of the dgo
genes in response to D-galactonate (Neidhardt, 2005). The results observed here are consistent
with this since the dgoRKDA-T genes were the only hex genes well induced by galactonate.
However, the induction level observed does not match that seen in EWMM (up to 28.7 fold;
Baron et al., 2017) suggesting with that D-galactonate is either not the relevant inducer in EWMM
or that the conditions used here are not sufficiently similar to those used by Baron et al. (2017) to
enable the same level of induction to be acieved. Mannonate showed little effect on the
expression of the hex genes. The only significant change was with SEN2977 (14-fold). This
would indicate a role for the sen2977-uxuAB-uxaA genes in utilisation of mannonate and/or related
compounds. In contrast, this fusion showed repression by galactonate and gluconate. While
gluconate showed repression effect on most fusions tested with greatest effect was seen for
senl1436 (17-fold). It is unclear which regulator might respond to gluconate, but it is possibly the
same regulator as caused the observed repression with gluconate. Gulonate showed a significant
effect on three fusions (sen1435, senl1432, dgoR) at twofold or more. No previous data on
gulonate-dependent gene control in SE or E. coli could be found in the literature so the regulator
responsible is not clear. However, three corresponding fusions were induced (sen1432, x2.1;

senl435, x4; sen1436, x1.6) which might suggest a role for these genes in gulonate utilisation with
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a potential role for the GntR-like sen1432 product in control. To summarise, it is clear that the hex
genes are indeed subject to regulatory control by hexonates, and that different hexonates show
distinct regulatory responses suggestive of multiple regulatory pathways. Arguments for roles of
DgoR, GntR and SEN1432 in mediating many of the hexonate-dependent responses observed
have been provided. However, these possibilities need confirmation through further investigation

with relevant regulatory mutants.

4.4.2 The role of lysozyme in inducing the hex genes in EW

The up and down regulation in expression of several of the hex genes are clearly response to the
presence of hexonates in the medium. This suggests the possibility that exposure of SE to EW
results due to release of hexonates that cause the change in expression level of hex genes, as
observed by Baron et al. (2017). However, it is unclear how hexonates or hexuronates could be
generated upon exposure of SE to EW. Therefore, further investigation was performed to explore
how EW causes the large increase in hex gene expression for SE. The effect of EW on the growth
of SE was tested at different level (0.05-10%) at hen body temperature (42 °C) to confirm the
inhibitory effect and to determine appropriate EW levels to employ in subsequent EW expression
experiments. The results showed that even a low level of EW has a major inhibitory effect on
growth at 42 °C, with just 0.05% v/v EW reducing growth rate and culture density (~fivefold
difference at 13.5 h). This is in agreement with the well observed antimicrobial activity of EW for
many bacterial species (Sahin et al., 2003; Wellman-Labadie et al., 2009). Growth was observed at
37 °C at all EW concentrations tested, but was reduced with respect to the EW-free control. On the
other hand, at 30 and 42 °C, growth was totally inhibited at relatively low EW levels (2.5%). Such
an impact of temperature on the antimicrobial activity of EW has been reported previously by

Baron et al. (2011).
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Initially, the effect of EW on hex gene expression was tested in M9 medium at 42 °C using
different levels of EW (0.0001-10%) in M9 medium at 42 °C. SE carrying pRS-SEN1436-lacZ
(encoding a predicted D-galactonate dehydratase) was selected for further study as a representative
hex gene that showed good expression in the previous experiments and was the most greatly
induced gene in response to EWMM in the previous work of Baron et al. (2017). The results
showed that sen1436 expression is induced by 22-61 fold with 0.01-10% EW, compared to the
vector control. The induction observed with 10% EW (61-fold) is higher than (33-fold) that
reported by Baron et al. (2017), and is far greater than that seen above with hexonates, where a
maximum 7 fold induction was observed. The experimental conditions applied by Baron et al.
(2017) showed hex gene induction depended on the presence of EW proteins since EW (10 kDa
cutoff) filtrate without addition of EW failed to induce the hex genes. Therefore, EW filtrate (10
kDa cutoff) was tested in place of EW to confirm that the EW proteins of >10 kDa are indeed
responsible for the induction observed for sen1436. The results showed the EW filtrate gave only
a very weak induction of sen1436 expression, of just under twofold compared, compared with the
expression level in the M9 medium. Therefore, this finding strongly suggests that the EW factor
causing induction of hex gene expression in SE, is likely to be a protein of mass >10 kDa.
Therefore, a test of egg white proteins individually was initiated to identify the specific factor
responsible. The experiment was repeated with three other hex gene fusions (sen1432, dgoR and
sen2977) and the results showed that expression of all three fusions was induced by EW by 21-,
21- and 13-fold for sen1432, dgoR and sen2977, respectively using concentrations of EW at 10%.
So, individual EW proteins (albumin, conalbumin, ovomucoid, and lysozyme) at three different
concentrations (0.01, 0.1 and 1 mg/ml) of each were used to examine their impact on SEN1436-

lacZ induction. The results showed lysozyme gave a very strong induction effect for SEN1436
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expression. The greatest induction (48 fold), with lysozyme, was seen at 7 min with 0.1 mg/ml
lysozyme suggesting this protein is primarily responsible for the EWMMe-induction of the hex
genes. The lysozyme impact was confirmed in several ways (different combination of EW
proteins, different source of lysozyme, heat inactivation, different pH, iron and temperatures).

However, the mechanism of by which lysozyme induces the hex genes is unclear.

4.4.4 Conclusion

To conclude, dgo, uxu/uxa and SEN1433-6 gene induction during exposure of SE to EW
suggested that this up regulation is due to hexonate and/or hexuronates. However, the absence of
these organic acids in EW, with the recognition of lysozyme as the main inducer, allows a new
hypothesis to be proposed whereby the induction observed is caused by the release of an
endogenous inducer from SE in response to cell envelope damage elicited by lysozyme. A further
understanding of the precise mechanisms could help development of new approaches towards the

preservation of foods against bacterial infection.
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Chapter 5: Role of the hex gene regulators, SEN1432 and DgoR

5.1 Introduction

Targeted gene knock out is a key approach in studies on gene function. There are various
strategies for gene inactivation in bacteria. For Salmonella spp., the R6K-suicide plasmid, the A
Red disruption system, the suicide plasmid combined with the Red system or the temperature-
sensitive plasmid carrying a sacB gene for negative selection (Geng et al., 2011). The A Red
recombineering technology has been used extensively in Escherichia coli and Salmonella
typhimurium for easy PCR-mediated generation of deletion mutants (Murphy and Campellone,
2003).

The most allelic exchange methods require the engineering of a gene disruption on a suitable
plasmid, although genes can be directly disrupted in some organisms (e.g. Saccharomyces
cerevisiae) by transformation with PCR fragments encoding a selectable marker with sufficient
flanking homologous DNA. However, not all recipients are readily transformable with linear
DNA due to the activity of the intracellular exonucleases that degrade linear DNA. Therefore,
Datsenko and Wanner (2000) developed the simple and highly efficient Red Disruption system
to directly inactivate chromosomal genes in E. coli K-12 using PCR products based on the
phage A-Red recombinase, which is synthesized under the control of an inducible promoter on
an easily curable, low copy number plasmid, such as pKD46 or pKD20 (Geng et al., 2009).
Here, the A Red disruption system (Wanner and Datsenko, 2000) was used for single gene
knockout in Salmonella. This method relies upon the presence of a low-copy, temperature-
sensitive ‘helper’ plasmid encoding components of the homologous recombination system
found in bacteriophage A (pKD46). These components are called Exo (a 5’-3” exonuclease
which processes along double-stranded DNA), Bet (a single-stranded DNA-binding protein
which is capable of annealing complementary single strands) and Gam to inhibit host

exonuclease such RecBCD and SbcCD (Fig. 5.1). Expression of these genes is under the
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control of an arabinose-inducible promoter (Parasap). When cells expressing the plasmid are
grown in the presence of arabinose, exogenously applied linear DNA is able to undergo
homologous recombination with the bacterial chromosome. In this manner, it is possible to

generate an in-frame gene deletion using a PCR product.

o=

Figure 5.1: The components of the lambda Red recombineering system. Exo (a 5’-3’ exonuclease which
processes along double-stranded DNA), Bet (a single-stranded DNA-binding protein which is capable of
annealing complementary single strands) and Gam to inhibit host exonuclease such RecBCD and SbcCD. From:
Beth Kenkel (2016). http://blog.addgene.org/lambda-red-a-homologous-recombination-based-technique-for-
genetic-engineering.

To inactivate chromosomal genes, an amplified fragment carrying an antibiotic cassette flanked
by a region homologous to the target locus is electroporated into a strain that expresses the A
Red recombination system to replace the target gene with an antibiotic resistance gene,. usually
kanamycin or chloramphenicol resistance (Lesic and Rahme, 2008). To generate the PCR
fragment, pKD3 is used as a template to amplify a chloramphenicol resistance cassette flanked
by FRT sites, which allow the removal of the cassettes once inserted in the bacterial

chromosome with an FLP helper plasmid, such pCP20 (Fig. 5.2). Figure 5.3 outlines the

generic A Red recombineering technique.
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Figure 5.2: The pKD3 plasmid linear templates. Arrowheads show locations and orientations of priming sites.
P1 & P2: priming sites, k1, k2, and kt: common test primers, oriR and rgnB show transcription origin and
terminator respectively. Arrows with open arrowheads show the nearly perfect FRT site inverted repeats. The
black arrows show antibiotic markers (Wanner and Datsenko, 2000).
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Figure 5.3: Schematic representation of the L Red recombineering technique. H1 and H2 refer to the
homology extensions or regions. P1 and P2 refer to priming sites (Wanner and Datsenko, 2000).

5.1.1 Aim of this chapter
In this chapter, genes related to hexonate utilisation were selected for further analysis through
knock out (SEN1432 and dgoR) to investigate whether deletion of these genes has any obvious

phenotypic effect.
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5.2 Generation of SE deletion mutant

5.2.1 SEN1432 and dgoR gene knock out

In order to determine the roles of the hex-gene specific regulators in controlling the response of
the Hex genes to EW factors and to hexonates/hexuronates, in this chapter the SEN1432 and

dgoR genes of SE PT4 were targeted for inactivation.

SEN1432 belongs to the GntR subfamily of the FadR family of transcriptional regulators
(Haydon and Guest, 1991) which have similar DNA binding N-terminal winged helix-turn-
helix domains (located at residues 5-78 for the SEN1432 protein; InterPro database) and a C-
terminal effector-binding/oligomerization domain (residues 87-234 for the SEN1432 protein;
InterPro database)SEN1432 is located at 1,520,207 to 1,520,926 bp in the SE PT4 genome
under the entry name B5R537_SALEP and consists of 720 bp encoding a 239 amino acid
residue primary translation product (Fig. 5.4). GntR-family transcription factors interact with
DNA as dimers where they act as repressors. Binding of an inducer (usually the substrate of the
metabolic pathways that the transcription factor regulates; Jain, 2015) appears to trigger a
change in confirmation which releases the transcription factor from the DNA (Resch et al.,
2010). The SEN1432 inducer is suspected to be a hexonate, such as gulonate (see chapter
4.2.3.5) but this remains to be proven. However, it is highly likely that the SEN1432 product
regulates the SEN1435 and/or SEN1436 promoters and this controls the entire SEN1432-36
cluster in response to the cognate catabolite. Although there is no evidence that Hex is present
in EW, confirming the control of SEN1432-6 by the SEN1432 product would give a better
understanding of how the Hex utilization genes are induced in egg-white and would give a
clearer indication of what their role might be. Note that inactivation of SEN1432 is unlikely to
cause any downstream polarity effect on the expression of adjacent genes since it lies at the end

of the SEN1435-2 operon.
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Figure 5.4: Genetic map of the SEN1432 region. From https://biocyc.org/Salmonella enterica enterica P125109
NC_011294: SEN_RS07425

The genes of the SEN1432-6 cluster specify three enzymes (two suspected dehydrogenases and
one dehydratase), likely to be involved in hexonate utilization, and a proposed hexonate
transporter (Baron et al., 2017). Studies conducted by Thomson et al. (2008) comparing the
genomes of S. Enteritidis PT4, S. Gallinarum 287/91 and S. Typhimurium LT2 showed that the
6 kb region called ROD13, carrrying SEN1432-SEN1436 is present in S. Gallinarum as well
as S. Enteritidis but not in S. Typhimurium LT2. This suggests that the SEN1432-6 genes may
be part of the accessory genome of Salmonella spp. and thus subject to variation between

strains according to environmental demand and evolutionary pressures (Betancor et al., 2012).

dgoR also encodes a GntR-related regulator likely acting as a b-galactonate-responsive
transcriptional repressor of the dgo operon (Cooper, 1978; Neidhardt, 2005; Zhou & Rudd,
2013). All of the genes, including the regulatory gene dgoR, cluster at min 83.40 (Neidhardt,
2005). dgoR is located 3,907,912 to 3,908,601 bp in the SE PT4 genome under entry name
B5QUP2_SALEP (SEN3647) and consist of 690 bp coding a 229 residue polypeptide (Fig.
5.5). According to Baron et al. (2017), dgoR was induced by up to 28.7 fold by exposure to egg
white, whereas SEN1432 (unlike other members of the putative SEN1435-2 operon) was not
EW induced, indicating that it may be expressed independently of the SEN1432-5 genes. The
dgoR gene was also induced strongly by EW (and lysozyme) in chapter 4, and its activation by
replacement with a Cm"® cassette would be expected to exert a polar effect on the rest of the

dgo operon (see Fig. 5.5) which could result in a growth defect on a subset of hexonates.
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Figure 5.5: Genetic map of the dgoR region in the SE PT4 genome. https://biocyc.org/Salmonella enterica
Enterica P125109/SEN_RS18935

The general function of the dgoRKADT operon is believed to be in the utilization of D-
galactonate with the release of glyceraldehyde 3-phosphate into the glycolytic pathway and
pyruvate into the TCA cycle (Neidhardt, 2005). Note that in chapter 4, SE grew better on
galactonate than on the other three hexonates tested. dgoT is inferred to encode a D-galactonate
uptake system whereas dgoA, dgoK and dgoD are suggested to code for enzymes required for
the conversion of D-galactonate to pyruvate and glyceraldehyde-3-phosphate (Walters et al.,
2008; Ran et al., 2004; Deacon 1977; Cooper 1978).

To recall results obtained in chapter 4, SEN1432-lacZ showed relatively moderate expression
in SE and was only induced by gulonate, suggesting that gulonate may act as an inducer for
SEN1432 expression and thus that Sen1436 may utilise gulonate as an effector. dgoR-lacZ
was also moderately expressed in SE but was induced by galactonate by sixfold (whereas
SEN1432 was 3.5-fold repressed), but was either unaffected or repressed by the other there
hexonates. This result is consistent with a role in mediation of galactonate repression for

DgoR, and a role in utilisation of galactonate for the dgo gene products.

5.2.1.1 Primers design

Forward and reverse primers were designed to anneal at the 4™ and penultimate codon of the
target gene, respectively (Table 2.6), allowing generation of an in-frame deletion with minimal
downstream effects once the CmR cassette is removed. The 5’ end of each primer (between 45-
48 nucleotides) was homologous to the target gene, whereas the 3’ end of each primer was

designed to amplify the chloramphenicol resistance cassette encoded by pKD3 (Fig. 5.6). Figs
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5.7 and 5.8 illustrate the position of the primers used for the purposes of generating a PCR
product for deletion of the SEN1432 and dgoR genes, respectively. In addition, further primers
were used to confirm that the desired mutation had occurred; these were designed to primer at

the flanking regions of the targeted gene.

T TACCCTCEAGCTCECTTCCAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAR
TAGGAACTTCATTTARATGGCGCGCCTTACGCCCCGCCCTGCCACTCATCGCAGTACTG
TTGTATTCATTAAGCATCTGCCGACATGGAAGCCATCACARACGGCATGATGAACCTGA
ATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAAC
GGGGGCGAAGAAGT TGTCCATAT TGGCCACGTTTAAATCARAAACTGGTGAAACTCACCC
AGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTT TAGGGAAATAGGCCAGG
TTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTC
GTGGTATTCACTCCAGAGCGATGA CAT Cassette TTTGCTCATGGAAAACGGTGTAAC
AAGGGTGAACACTATCCCATATCALLAGLILACLGTCTTTCATTGCCATACGTAATTCC
GGATGAGCATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATARAACT TGTGCTT
ATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGG
TACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATA
TCAACGGTGGTATATCCAGTGAT TTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAR
TCTCGACAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGARAAGTTGG
AACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAARAGTTGGCCCAGGGCTTCCCG
GTATCAACAGGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGTAG
GCGCGCCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGCARETAREGEAG
GATATTCATATG

Figure 5.6: Primer locations for amplifying the cat gene of in pKD3. Grey part: target gene; Green part:
Primers, expected size ~1015 bp.

TTCCTTTCCGATTAACCCTGAAAAGCGCCCGGCCGGGCGCTTTGTTCTTAAAAGAGAATT
GTTATATAATAAAGCACTTCAGCGACATCTTAACGGATACCCATCTTGAGCATAAAATC
CATTCAAAAACAGAATGTTGTAAATGAAATTTATGATCAGATAAGTAGCARAACTGCTGG
ACGGCAGTTGGGCGCCGGGTAGCCGTTTGCCCTCAGAAGTGGAACTGACCGCCTCATTT
AACGTCAGCCGGGT CAGCGTTCGCAGCGCAGTACAGCGTTTTCGTGACCTGGGGATTGT
GGTGACGCGTCAGGGCAGCGGCAGCTACGTGAGCGAARACTTCACCCCGCAGATGTTGA
GTE—‘u?%'CGP&TCCCCG'CCCE—‘&ATCE—"&TGCE—‘&(SENI432 SCGAAGAGTTTCACGATATGATGATT
TTTCGTCAGACCGTGGAGTTCAAATC . __ _ ____CTCGCCGTCACACACGCCACCGATGA
TGACATTCGCCAGCTCGAGGAAGCATTGAACAACATGCTGATCCACAAAGGTGATTATA
AAAAATACTCGGAAGCGGACTACGAGTTCCATCTGGCGATTGTCAGGGCATCGCACAAC
AGCGTGTTCTACAACGTGATGAGCTCGATTAAAGACATCTATTACTACTATCTTGAAGA
GCTTAACCGTGCGCTGGGTATTACCCTTGAAAGTGTGGAAGCCCATATCAAGGTCTACA
TGTCGATAAAGAATCGCGATGCCAGCACGGCCGTCGAAGTGCTCAATGAAGCGATGTCA
GGCAATATTATTGCGATCGAAAAAATCAAATCTACAGAGACATCAGGGACAAAATAACC
GTTGGTTACAAGCT CAAGTAGTAGAGCAATTTAACATATCTGAATCCGAAATAGTTGCC

ATCAACTATTTAGTGACATAGTCCCACTTTAAAATCGTGGCAGTGC

Figure 5.7: Primer locations for inactivation of the SEN1432 gene. Grey part: target gene; Green part: post
deletion confirmation primers; Bold & underlined regions, sequence matching the deletion primers.
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TGGCATGATAACGACGGTTGATATCACGCTAGTACTACAAAATTGCGGCGTAATTCAGC
TATCGCGGTAAAGTAAGAGAGTT CACATCGAGCACAAGGACT CTCTATGACT CTCAATA
AAACCGATCGCATCGTTATCACGCTGGGCAAACAGATTGTCAGCGGTAAATACGTACCC
GGTTCGGCGCTGCCAGCGGAAGCGGATCTGTGCGAGGAGTTT GAAACGTCGCGCAACAT
CATTCGCGAAGTGTTTCGTTCGCTTATGGCGAAGCGGCTAATTGAAATGAAGCGCTATC
GCGGCGCGTTTATCGCACCGCGTAACCAGTGGAATTATCTCGATACCGACGT GCTGCAA
TGGGTGCTGGAAAATGACTACGACCCGA \TCAGCGCGATGAGCGAAATACGAAA
CCTGGTGGAGCCAGCAATAGCACGCTGE °°"  3GAACGGGCAACATCAAGCGATCTGG
CTGAAATTGAGTCGGCGCTAAACGACATGATTGCCAACAACCAGGACCGGGAAGCGTTT
AACGAGGCGGATATTCGCTATCACGAAGCAGTGTTGCAGTCGGTGCATAACCCGGTACT
GCAACAGTTAAATGTAGCGATCAGCTCGCTACAGCGAGCGGTATTTGAACGGACCTGGA
TGGGCGATGCGGCCAATATGCCGAAAACGCTCCAGGAACATAAGGCGCTATTCGATGCG
ATACGGCATCAGGATGGCGATGCGGCAGAGCAGGCGGCATTAACCATGATCGCCAGCTC
GACACGAAGGTTAAAGGAAATCACATGACAGCT CGCTACATCGCAATTGACT GGGGATC
GACCAATCTGCGCGCCTGGCTTTACCAGGGCGACAAATGCCTGGAGAGCAGGLAATCAG
AAGCAGGCGTTACAC

Figure 5.8: Genetic map of the dgoR gene. See Fig. 5.7 for details.
5.2.1.2 Replacement of SEN1436 and dgoR in SE PT4 with a CmR cassette

The first step in the gene inactivation was the generation of the linear DNA PCR products with
the Cm® cassette flanked by sequence matching the flanks of the target gene. The pKD3
plasmid was isolated and Ndel digestion was performed to confirm the size of the linearised
plasmid (Fig. 5.9) by agarose gel electrophoresis, which showed a fragment of the expected

size.
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Figure 5.9: Map of the pKD3 vector. Restriction sites and other key features are indicated.
https://www.addgene.org/45604/

PCR was carried out as described in section 2.2.9 using primers as in Table 2.6. As shown in Fig.

5.10, the target sequences were amplified successfully to give bands at ~1100 bp which

correspond to the sizes of the target fragments. The products were purified using a Thermo

Scientific GeneJET™ PCR purification kit (section 2.2.7).
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Figure 5.10: Gel electrophoresis of PCR amplification products of the CmR cassette of pKD3. Lane 1
GeneRuler™ 1kb ladder (250-10,000 bp). PCR products are as follow: lane 2 & 3, SEN1432 specific Cm~?
cassette; lane 3 & 4, dgoR specific Cm® cassette. Electrophoresis was as in Fig. 5.10.
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After PCR clean up, the purified PCR products were cloned, using the Thermo Scientific
CloneJET PCR Cloning Kit, into the pJET1.2 cloning vector (section 2.2.10). The cloning
reaction products were transformed into E. coli TOP10 and Cm” transformants were selected
for plasmid isolation (seven isolates of each). The DNA thus obtained was subject to agarose
gel electrophoresis (Fig. 5.11) which showed a decreased mobility for 11 out of the 14
plasmids indicative of the presence of an insert of ~1 kb (Fig 5.11). Subsequent nucleotide
sequencing (using primers in Table 2.6) confirmed that desired insert was present, in each case,

and was 100% identical as expected (see Appendix 8 for further detail).
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Figure 5.11: Electrophoretic analysis of pJET1.2 clones contains the CmR cassette PCR fragments from
pKD. Lanes 1 & 9, Fermentas GeneRuler™ 1kb ladder; lanes 2-8, undigested pJET1.2 clones with SEN1432
specific PCR product; lanes 2-5, undigested pJET1.2 clones with dgoR specific PCR product. See Fig. 10 for
further detail.

The pKD46 plasmid was transformed into SE, as described in section 2.2.13. Before

transformation, the identity of pKD46 (6329 bp) was confirmed by single digest with BamHI.

SE PT4 carrying the pKD46 plasmid was grown in LB (with ampicillin) and arabinose was
added to a final concentration of 10 mM in order to induce expression of the homologous
recombination system (section 2.2.15.4). The linear DNA (PCR products derived from
pJET1.2 clones) carrying the Cm® cassette was then electroporated into SE(pKD46) and

transformant selected on Cm (8 pg/ ml) at 42 °C (the non-permissive temperature for pKD46).
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For further work, single colonies (12) were selected and propagated on L-agar plates

containing Cm (34 pg/ ml), and their Ap® status (loss of pKD46) was confirmed.

5.2.1.3 Confirmation of the deletion mutants

The colonies (12 and 12 for SEN1432 and dgoR, respectively) obtained above were subject to
colony PCR (as described in section 2.4.4; Figs. 5.7 and 5.8). The primers used were designed
to anneal to the DNA regions ~100 bp upstream and downstream of the corresponding target
gene. As shown in agarose gel electrophoresis analysis (Fig. 5.12), the target sequences were
amplified successfully for the wildtype, giving bands at ~900 and 930 bp for dgoR and
SEN1432 genes respectively, which correspond to the sizes of the target fragments, and

indicate that the PCR was successful.
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Figure 5.12: Gel electrophoresis of PCR confirmation products of SEN1432 and dgoR genes using wildtype
chromosomal DNA as template. Lane 1 GeneRuler™ 1kb ladder (250-10,000 bp). PCR products are as follow:
lanes 2 & 3, dgoR (expected size 900 bp); lanes 4 & 5, SEN1432 (expected size 930 bp). Electrophoresis was as in
Fig. 5.10.

Figures 5.13 and 5.14 show the confirmation of the (ASEN1432)::cat and (AdgoR)::cat
genotypes by PCR. The presence of DNA bands of the expected size in the mutants (—1200

bp) compared to DNA bands of expected size in wild type SE (900-930 bp) indicates that the
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CmP-cassette replacement had occurred. Isolates 2, 3 and 4 for the dgoR inactivation did not
yield any PCR product and so were discarded, and isolates 10-13 gave products matching that
of the wildtype. Thus, isolates #7 and #8 were used for further work as they gave the expected

PCR product. For SEN1432 mutation, all 12 isolates gave the expected PCR product.
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Figure 5.13: Colony PCR to confirm the (ASEN1432)::cat mutation. Lanes 1 & 9 GeneRuler™ 1kb ladder
(250-10,000 bp). PCR products are as follow: lanes 8 & 16 wildtype (expected size 930 bp); lanes 2-7 & 10-15
(ASEN1432)::cat candidates (expected size ~1200 bp). Electrophoresis was performed as in Fig. 5.10.
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Figure 5.14: Colony PCR to confirm of the (AdgoR)::cat mutation. Lanes 1 & 9, GeneRuler™ 1kb ladder
(250-10,000 bp). PCR products are as follow: lane 10, wild type (expected size 900 bp); lanes 1-8 & 11-16
(AdgoR)::cat (expected size ~1200 bp) candidates. Electrophoresis was as in Fig. 5.10.
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5.2.1.4 Removal of the Cm" cassette from the single-gene knockout strains

In this step, the chloramphenicol resistance genes were removed from the single-gene knockout
strains generated above, as described in section 2.2.15.6. This is optional to some extent, but is
important when additional Cm® mutations are required and eliminates any complications
associated with the presence of the cat gene, such as polarity effects on downstream genes.
Therefore, the Cm" cassette present in the mutant strains was removed. This was achieved by
transformation with pCP20 plasmid into #7 and #8 isolates for SEN1432 and dgoR
respectively; this is an Ap® plasmid that exhibits Ts replication and thermal induction of FLP
synthesis. The Flippase recognition target (frt) sites enable site-specific recombination at such
sites and the subsequent loss of the CmF cassette.

pCP20 transformants were selected for resistance to ampicillin. Several Ap® transformants
were grown on non-selective medium at 44 °C for 48 h and then tested for loss of all antibiotic
resistance. The deletion of the Cm® gene was confirmed by colony PCR (2.2.5) and using
primers indicated in Table 2.6. Fig. 5.15 illustrated the sizes of the PCR products obtained for
both the putative ASEN1432 and AdgoR mutants. Fragments of the expected sizes were
obtained (~300 bp) thus confirming the loss of the Cm® cassette in all 11 isolates tested
mutants. Isolates 6 and 5 for the ASEN1432 and AdgoR mutants were thus designated S.

EnteritidiSASEN1432 and S. EnteritidisAdgoR, respectively.
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Figure 5.15: Colony PCR to confirm the loss of the Cm~ cassette from the SEN1432 and dgoR mutants.
Lanes 1 & 9 GeneRuler™ 1kb ladder (250-10,000 bp). PCR products are as follow: lanes 2-7, putative ASEN1432

isolates; lane 8 (ASEN1432)::cat strain; lanes 10-14, putative AdgoR isolates; lane 15 (AdgoR)::cat strain; lane 16
wildtype (expected size 900 bp). Electrophoresis was performed on 1% agarose gel and at 60 V for 70 min. Lanes
2-8, SEN1432 PCR; lanes 10-16, dgoR PCR.

5.2.2 Phenotypic analysis of SE mutants

Following removal of the CmR® cassette from mutants, the resulting strains
(S. EnteritidiSASEN1432 and S. EnteritidisAdgoR) were used for further phenotypic analysis.
To do this, the corresponding fusions pRS-SEN1436-lacZ, pRS-SEN1432-lacZ and pRS-
dgoR-lacZ were introduced into the respective SE mutants and the wildtype (section 2.2.13
and 2.2.14). The expression levels of the lacZ fusions were then tested in both the wildtype
and mutant strains to investigate the effects of the loss of the regulators on EW and lysozyme
induction.

As observed from Fig. 5.16, SEN1432 deletion showed a significant impact on the expression
level of SEN1432 and SEN1436 with an approximately twofold increase in expression
observed in the presence of either EW or lysozyme when the regulator was absent. A similar
effect was seen for SEN1432 in M9 medium or with EWF, although such an effect was not

seen for SEN1436, possibly because expression levels were relatively low in addition to the of
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impact of using a plasmid based promoter to determine the effect of a chromosomal knock out
of a repressor on the efficiency of repression. Thus, the results are consistent with SEN1432
acting as a repressor for both SEN1432 and SEN1436. The absence of SEN1432 had no major
effect on EW or lysozyme induction of SEN1432 and SEN1436. Thus, it seems unlikely that

SEN1432 regulates the SEN1432-6 genes in response to the lysozyme of EW.
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Figure 5.16: Comparison of the expression of SEN1432 and SEN1436 in the wildtype and ASEN1432 strain
in response to the of presence egg white, lysozyme and egg white filtrate. Growth was aerobic and carried out
at 42 °C with continuous shaking. Lysozyme was from hen egg, and was at 0.1 mg/ml. Growth medium used was
0.4% glycerol in M9 medium and strains were introduced to the same medium with 10% EW or 1 mg/ml
lysozyme, fresh glycerol M9 medium (control) or to 100% EWF. Samples were harvested for B-galactosidase
activity measurement at 45 min. P value < 0.5 indicated with asterisks.

Figure 5.17 show that dgoR deletion also caused a significant impact on the expression level of
the dgo-lacZ fusion. The results show a ~3 fold increase in dgoR-lacZ expression caused by
lack of DgoR. This effect was observed with EW and with lysozyme, and was also seen in M9
medium as well as in EWF, although effect was less intense in EWF (~twofold). Thus, the data

are consistent with DgoR acting as a repressor for the dgoRKAD operon. However, the degree
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of induction by EW and lysozyme was not affected by the lack of DgoR which in both the wild
type and mutant show a threefold induction which clearly indicates that DgoR does not
mediate the hex gene induction effect observed with EW lysozyme. Thus, it appears likely that
another regulator, outside of the set of hex genes considered here, is responsible for the

observed lysozyme induction.
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Figure 5.17: Comparison of the expression of dgoR in the wildtype and AdgoR strain in response to the
presence of egg white, lysozyme and egg white filtrate. Details are as in Fig. 5.17.

5.2.3 Complementation of the SEN1432 and dgoR mutants.

To confirm that the SEN1432 and dgoR gene deletions are indeed responsible the increased
gene expression observed above, it was necessary to generate complementing plasmids
carrying the SEN1432 and dgoR genes. Therefore, specific primers were used to amplify the

SEN1432 and dgoR genes. The forward primers were designed to include at least 100 bp
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upstream of the start codon so that the promoter of each gene (as included in the lacZ fusion
constructs) would be expected to be present within the amplified region (see section 2.2.4).

Agarose gel electrophoresis (Fig. 5.18) showed that the target sequences were amplified
successfully with bands of the expected sizes generated: 1276 and 1082 bp for dgoR and

SEN1432, respectively.
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Figure 5.18: Gel electrophoresis of PCR amplification products of the dgoR and SEN1432 genes. Lanes 1
GeneRuler™ 1kb ladder (250-10,000 bp). PCR products are as follow: lanes 2 & 3, dgoR gene (expected size
1276 bp); lanes 4 & 5, SEN1432 gene (expected size 1082 bp). Electrophoresis was as in Fig. 5.10.

The resulting PCR products were subjected to double digestion with BamHI and EcoRl
(section 2.2.8) and were then purified by extraction from the gel (section 2.2.9). The purified
fragments were then ligated with the medium-copy vector, pSU18 (2300 bp, CmF, see Fig.
5.19), which was also double digested with same enzymes, according to section 2.2.10 (Fig.
5.22). The pSU18 plasmid has the pACYC184 oriV with the lac promoter directing
transcription across the multiple cloning sites (Bartolome et al., 1991, see Fig. 5.21); this

plasmid is compatible with the pRS1274 vector.
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Figure 5.19: Restriction map of pSU18. Modified from Bartolone (1991).
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Figure 5.20: Electrophoretic analysis of pSU18 plasmid following double digestion with BamHI and EcoRI.
Lane 1, Fermentas GeneRuler™ 1kb ladder. Lane 2, undigested pSU18 vector; lanes 3, digested pSU18 vector.
Electrophoresis was as in Fig. 5.10.

The ligation products were used to transform E. coli TOP10 and Cm" transformants isolated.
Plasmid DNA was then isolated and examined by (Fig. 5.21). Of the eight plasmids isolated,
six had mobilities indicative of the presence of an insert, however, plasmids 5 and 6 showed

mobilities consistent with no insert. Subsequent nucleotide sequencing with the forward and
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reverse primers showed that all plasmids (two of each type) submitted carry the expected

inserts and that the nucleotide sequences exhibit a 100% match to SEN1432 and dgoR.
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Figure 5.21: Electrophoretic analysis of pSU18 clones suspected to carry dgoR and SEN1432 PCR
fragments. Lane 1, Fermentas GeneRuler™ 1kb ladder. Lanes 2-5 undigested pUS18-dgoR candidates; lanes 6-8,
undigested pSU18-SEN1432 candidates. Electrophoresis was as in Fig. 5.10.

The plasmids were extracted from each SE transformants colonies and then analysed by double
restriction digestion using BamHI and EcoRI as described in section 2.2.8. As shown in
agarose gel electrophoresis analysis (Figure 5.22), except for plasmids 5 and 6, all others

showed the expected size of inserted fragment (~1.1 and 1.3 kb).
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Figure 5.22: Electrophoretic analysis of double-digested (BamHI/EcoRIl) pSU18-dgoR and -SEN1432
candidates. Lane 1, Fermentas GeneRuler™ 1kb ladder. Lanes 2-5, digested pSU18-dgoR candidates; lanes 6-7,
digested pSU18-SEN1432 candidates. Electrophoresis was as in Fig. 5.10.
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The resulting complementation plasmids (pSUSEN1432 and pSUdgoR) were transformed into
SE strains carrying pRS-SEN1432-lacZ and pRS-dgoR-lacZ to generate double transformants.
Expression studies were then performed, as before, in 0.4% glycerol M9 medium, with EW or
lysozyme, in order to determine whether the complementation plasmids can reverse the raised
dgoR and SEN1432 expression effects seen previously. From Fig. 5.23, expression of
SEN1432 and dgoR fusions were again ~two and threefold increased by the corresponding
SEN1432 and dgoR mutations, respectively. However, the inclusion of the appropriate
complementation plasmids largely reversed this effect with expression levels returning to
levels just above those observed in the wildtype: for dgoR expression, the 3.1-fold increase
caused by the dgoR mutation was reduced to 1.25-1.5 fold by complementation; for SEN1432,

the 2.1-2.4 fold increase in expression was lowered to 1.3-1.4 fold by complementation.
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Figure 5.23: Effect of complementation of the dgoR and SEN1432 mutations on SEN1432-lacZ and dgoR-
lacZ expression. Conditions were as described in Fig. 5.17 & 5.18, except for the inclusion of the complementing
plasmids, pSUdgoR or pSUSEN1432, as indicated. This experiment was repeated twice and similar results were
obtained.
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5.3. Discussion

To summarise the findings above, deletion of the SEN1432 or dgoR genes caused a moderate
increase in the expression of the SEN1432- and SEN1436-, and dgoR-lacZ fusions, of ~two
and threefold, respectively, indicating a role for their GntR-like products in repression of the
corresponding genes. Complementation with plasmid-borne versions of the SEN1432 and
dgoR genes largely reversed the increased expression caused by the mutations. The regulatory
mutations (SEN1432 and dgoR) did not affect induction by EW lysozyme, indicating that
neither DgoR nor SEN1432 are involved in the induction of the hex genes by EW lysozyme.
Both SEN1432 and DgoR are GntR-like transcriptional repressors (Fig. 5.24) with common
structural organisations. Coward et al. (2012) investigated the role of hexonate uptake and
catabolism in SE colonization of the chicken reproductive tract, the results show the deletion of
the genomic island locus (SEN1432-SEN1436) decreased the bacterial load in the spleen by 14
days post infection suggesting a minor role in systemic colonization for this cluster, although
its precise purpose remains unclear. Comparison of the S. Enteritidis PT4 and S. Typhimurium
LT2 genomes (Thomson et al., 2008) showed a PT4 specific region (‘ROD13’) corresponding
to the SEN1432-SEN1436 (6 kb) locus. Although absent in the LT2 strain, this locus is present
in the chicken pathogen, S. Gallinarum. The reason for the absence of this locus in LT2 is
unclear, but the results of Coward et al. (2012) suggest the possibility of a specific role in
chicken reproductive tract (and, by inference, egg) colonisation. However, the SEN1432-36
genes show sequence similarity as well as synteny to the genes of the gntll locus of E. coli,
which are absent in SE PT4 (Fig. 4.5). The Gntll system is involved in L-idonate catabolism
(Bausch et al. 1998) suggesting a similar function for the SEN1432-36 genes. Another study
showed that several genes are upregulated (2.5-3.5 fold) in operons involved in the transport
and metabolism of D-galactonate (dgo), D-gluconate (gntU, kdgT, and kduD), and L-idonate

(idn) in SE in softened leaf tissue in cilantro and lettuce soft rot lesions; this finding was
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considered indicative of the catabolism of these hexonate substrates within these leaf tissue

environments (Goudeau et al., 2013).

Metabolite
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Figure 5.24: Schematic of GntR family protein domains. DBD, DNA binding domain; EBD, effector binding
domain or ‘FadR-like C-terminal Domain’ (FCD). wHTH, winged helix-turn-helix domain which interacts with a

consensus sequence in the operator (N is any nucleotide and n is any number) (Jain, 2015).

Any further work should analyse the effects on the remaining hex gene lacZ fusions in each of
the mutants to investigate more completely the regulatory influences of the GntR-like
regulators. In addition, experiments with mutations in other relevant regulatory genes (e.g.
gntR, idnR) should be included and analysis of the effects of the various hexonates on hex gene
expression with each regulatory mutant should be performed to investigate how the impact of
these hexonate on hex gene expression is affected by absence of these regulators. In this way,
it should be possible to define the effectors that each responds to. Studies on the effect on hex
gene expression of multiple deletions of the genes encoding the regulators of relevance would
contribute to further understand the regulatory processes governing the expression of the hex
genes. Isolation of the DgoR and SEN1432 proteins would enable direct DNA and ligand
binding experiments to proceed which would extend and support the work with the lacZ
fusions. Further, the use of a wider range of hexonates, and use of hexuronates, would allow a

more comprehensive understanding of substrate specificities of the various Hex systems of SE.
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Chapter 6: The Role of the Two-Component Regulators, PmrAB and PhoPQ, in
mediating the hex gene response to lysozyme

6.1 Introduction

In addition to the known enzymatic hydrolysis activity of lysozyme against the peptidoglycan
layer of Gram-positive bacteria, lysozyme also shows the ability to disrupt the bacterial
membranes of Gram-negative bacteria, to inhibit the synthesis of DNA or RNA and to induce
autolysin production. Therefore, lysozyme can affect Gram-negative bacteria and is able to
permeate both the outer and inner membranes of E. coli, depolarize the cytoplasmic membrane
and cause cytosol leakage (Derde et al., 2015).

In egg white, the lysozyme is considered to be more effective against bacteria due to the
synergistic activity of other EW components. Such synergist components potentially include
the chelating activity of ovotransferrin to remove metals associated with the lipopolysaccharide
moieties of the outer membrane of Gram-negative bacteria which could disrupt this membrane
and allow lysozyme access to the peptidoglycan layer (Baron et al., 2015).

The expression data of Baron et al. (2017) were consistent with a considerable membrane-
stress response imposed by EW on SE, a stress that is likely to be caused by lysozyme, in part
at least. The genes thus up-regulated, that are related to membrane-stress, include degP (a
periplasmic/membrane-associated serine endoprotease that degrades abnormal proteins), Tol-
Pal system genes (involved in the maintenance of cell-envelope integrity) and ompC (encoding
an outer-membrane porin). Raspoet et al. (2014) indicate a role for DegP in the survival of S.
Enteritidis in EW at high temperatures, further suggesting that EW induces membrane stress in
SE. In addition, several peptidoglycan hydrolase genes (dacC, dacD amiC, mltA, mltD, emtA,
yfhD) were induced by EW exposure, which provides another indication for an envelope-stress
response. Gantois et al. (2008) suggest that maintenance of cell-envelope integrity is a

significant feature of resistance to EW, with cell wall disruption and progressive cell lysis
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reported as the major mechanisms of EW-mediated bactericidal action at 45 °C for E. coli (Jan
et al., 2013; Baron et al., 2017); a similar effect can be anticipated for SE.

A typical Gram-negative bacterial envelope consists of the three main layers (plasma
membrane, peptidoglycan and the outer membrane) (Fig. 6.1a) and general Structure of
Salmonella LPS (Fig. 6.1b). The outer membrane is anchored to the peptidoglycan layer
through a set of lipoprotein molecules consisting of two layers, a phospholipid layer on the
inner side and a lipopolysaccharide (LPS) layer towards the outer side. This LPS comprises
side chains anchored to a core LPS. The side chains are made up of repeating oligosaccharide
units. The LPS layer is also known as endotoxin and serves as a major virulence factor and
PAMP (pathogen-associated molecular pattern). The outer membrane is selectively permeable
owing to the presence of specialized membrane proteins called porins. The second layer is the
periplasmic space (containing one or two layers of peptidoglycan), which separates the outer

membrane from the third layer (cytoplasmic/plasma membrane).
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Figure 6.1a: A typical Gram-negative bacterial envelope components. https://biologywise.com/gram-
negative-bacteria. Illustrated by Kalyani Dhake.
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Figure 6.1b. General Structure of Salmonella LPS. Glc = glucose; GlcNac = N-acetyl- glucosamine; Gal =
galactose; Hep = heptose; P = phosphate; Etn = ethanolamine; AraN= 4-amino-4-deoxyarabinose; KDO = keto-
deoxyoctulosonate. Ra to Re indicate incomplete forms of LPS.
https://www.hindawi.com/journals/jl/2012/475153/tab1/

Studies reported in chapter 4 show that lysozyme causes strong induction of the hex genes
upon exposure of SE to EW; the most likely reason for the lysozyme-dependent induction
observed would appear to be the release of an endogenous inducer/signal generated by SE in
response to cell-envelope damage. Previous work has shown that two two-component
regulatory systems (PhoP-PhoQ and PmrA-PmrB), that are activated in vivo, are necessary for
resistance to antimicrobial peptides (Fig. 6.2a & b). These regulators control the introduction
of modifications to the LPS that decrease antimicrobial-peptide binding to the envelope and
reduce membrane permeability (Gunn, 2008). A set of PmrAB-regulated genes has been
identified, and partly characterised, that provide antimicrobial-peptide resistance and induce
the resulting LPS modifications. Roland et al. (1993) identified PmrAB from a mutant strain
associated with resistance to polymyxin B (PMB). The pmrCAB operon encoding this two-
component sensor-regulator (TCS) produces three protein products: a phosphoethanolamine
(PEtN) phosphotransferase (PmrC) (also known as EptA or YjdB), a response regulator (PmrA

or BasR) and a sensor kinase (PmrB or BasS). PmrAB regulates over 20 confirmed genes (and
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possibly up to 100 genes in total) in Salmonella, as determined by microarray, mutagenesis and
in silico analyses (Marchal et al., 2004; Tamayo et al., 2005).

Bacterial two-component regulatory systems (TCSs) are key factors in the ability of
microorganisms to sense and respond to changing environmental conditions (Gunn, 2008).
Direct PmrAB activation is thought to be mediated by PmrB which is associated with the
inner-membrane through two transmembrane helices and contains a short periplasmic segment
of just 30 residues that might mediate its sensory activity. Known activating signals for PmrAB

in Salmonella are extracellular ferric iron and aluminium (AI**

), and low extracellular pH (e.g.
pH 5.5) (Zhou, 1999). PmrAB can also be indirectly activated through the PhoPQ TCS (Gunn
and Miller, 1996). PhoPQ activates the expression of pmrD which produces a 9.6 kDa product
that regulates PmrA activity at a post-transcriptional level, as PmrD binds to and stabilizes
PmrA in its phosphorylated form (Kato and Groisman, 2004). S. Typhimurium, PmrA-PmrB
activates gene expression in response to antimicrobial peptides (AP) (including PMB) that are
encountered, for instance, in the phagosomes of professional macrophages and at the surface of

the intestinal mucosa, to enhance AP resistance through LPS modification (Gunn et al., 2000;

Tamayo et al., 2002).

Activation of PmrA-PmrB provides resistance to ST against different type of AP including
polymyxin. In addition, specific conditions in eukaryotic cell vacuoles or phagosomes like low
Mg and acidic pH can activate the PmrA-PmrB regulon in Salmonella (Wosten et al., 2000;

Tamayo et al., 2002).
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Inducers: Low pH, low Mg, APs, macrophage phagosome

Inducers: Low pH, high Fe**/Al** , vandate, macrophage phagosome
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Figure 6.2a: A model of the activation and interaction of the PhoPQ and PmrAB TCSs in Salmonella spp.

From Gunn (2008). The arrow with ‘+’, whose product binds to and stabilizes PmrA in its phosphorylated state.
IM, inner membrane. Note that PmrAB is known as BasRS in E. coli.
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Figure 6.2b: Structure of SE LPS and targets for modification mediating resistance to PM. PmrA-P activates
transcription of LPS modification loci (i.e. Wzz, PmrG, CptA, ugd, pbgP, and pmrC). The O-antigen synthesis is
controlled by products of the wzz gene. The PmrG and CptA proteins are responsible for the phosphorylation
modification of heptose (I) and heptose (II) (blue segments), respectively. Lipid A (red part) can be
phosphorylated with phosphoethanolamine (pEtN) trough the activity of PmrC or L-4-aminoarabinose
(L-AradN) through the action of Ugd and PbgP. P: phosphorylated (from Yu et al, 2015).

One of the primary roles of PmrAB activation is LPS modification. These modifications mask
phosphate groups with positively charged moieties, affecting the electrostatic interaction of
certain cationic APs (e.g. polymyxin) with the bacterial cell surface dramatically (Gunn, 1998).
It should be noted that the pl of lysozyme (N-acetylmuramoylhydrolase) from chicken EW is
unusually high at 11.35 (Wetter & Deutsch, 1951) with an optimal activity at pH 9.2 (matching
the pH of egg white after laying) (Davies et al., 1969). Thus, lysozyme is highly cationic and
as such the PmrAB response might be expected to lessen lysozyme association with the outer

membrane.
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Polymyxins are a type of non-ribosomal cyclic, lipopeptide, cationic, antibiotic produced by
certain Gram-positive bacteria. They were originally discovered in 1947 and since 1959
polymyxin E has been used for the treatment of Gram-negative bacterial infection (Yu et al.,
2015). They bind to the to the outer membrane LPS of Gram-negative bacteria disrupting both
inner and outer membranes, probably via a ‘detergent-like’ action. There are three
antibacterial pathways for polymyxin activity (Fig 6.3); membrane lysis causing death, vesicle-
vesicle contact and hydroxyl radical death (Yu et al., 2015).

The first pathway involves the selective binding of polymyxin to LPS causing loss of integrity
of the phospholipid bilayer of the cytoplasmic membrane (CM) through membrane thinning,
by straddling the interface of the hydrophilic head-groups and fatty-acyl chains, leading to CM
lysis and cell death (Yu et al., 2015). The alternative ‘vesicle-vesicle’ pathway is believed to
occur when polymyxin binds to both the anionic phospholipid vesicles, namely the inner
phospholipid leaflets of the OM and CM, promoting the exchange of phospholipids between
vesicles causing the loss of specificity of phospholipid composition (Yu et al., 2015). The third
pathway is ’hydroxyl radical death’ through the accumulation of hydroxyl radicals causing
oxidative stress due to polymyxin induced formation of reactive oxygen species (Yu et al.,

2015).
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Figure 6.3: Antibacterial mechanisms of polymyxin: (a) classic mechanism of membrane lysis; (b) alternative
mechanism of vesicle-vesicle contact (Yu et al., 2015). The polymyxin is coloured as magenta. LPS:
lipopolysaccharide.

According to a random transposon mutagenesis study (Tamayo et al., 2002), there are three
different phenotypic classes of genes regulated by PmrA-PmrB and/or PMB: those necessary
for PMB resistance and regulated by PmrA; those necessary for PMB resistance and not
regulated by PmrA; and PmrA-regulated genes not required for PMB resistance. PmrA-
regulated loci so far identified include dgoA (a hex gene) and yibD (or waaH, encoding a LPS
(HeplI)-glucuronic acid glycosyl transferase; Klein et al., 2013), which demonstrated a 500-
and 2,500-fold activation by PmrA, respectively (Tamayo et al., 2002). However, according to
Tamayo et al. (2002), both dgoA and yibD showed no effect on PM resistance, and no effect on
resistance to high iron concentrations or virulence in the mouse model. dgoA showed no role in
PmrA-regulated resistance to high iron concentrations, PMB and or in virulence in mice. For
further characterization of the PmrA-regulated gene mutants, the promoter region of dgoA was
analysed for the presence of a putative PmrA-binding site, but no consensus PmrA-binding
sequence was identified for dgoA, either within the putative promoter region upstream of dgoA

nor within the putative promoter upstream of the predicted dgoKAT operon. Therefore, it is
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suggested that regulation of dgoA by PmrA may be indirect. Note that none of the other “hex
genes’ were shown to be PMB/PmrAB regulated (Tamayo et al., 2002).

The above observations thus suggest that the hex genes induced in SE during exposure to EW
in response to lysozyme might be under PmrAB control, which could in turn be PhoPQ
dependent (Fig. 6.3).

6.1.1 Aims of this chapter

In this chapter, the impact of pmrAB and phoPQ mutation on hex gene EW/lysozyme induction

in Salmonella was determined.

6.2 Transformation hex-lacZ fusions into Salmonella phoP and pmrA mutant strains

The first objective was to transform the transcriptional fusions created in chapter 3 into the S.
Typhimurium (ST) phoP and pmrA mutant strains (see Table 2.2 for strain details). Six fusions
were selected (SEN2977-, SEN2978-, SEN1432-, SEN1435-, SEN1436- and dgoR-lacZ).
Previous results (chapter 4) showed that these genes are strongly (SEN1436, 1250 U;
SEN2977, 1360 U), weakly (SEN2978, 350 U; dgoR,190 U, SEN1435, 200 U) and moderately
(SEN1432, 740 U) expressed, and that SEN1436, SEN1432, SEN2977, and dgoR possess
promoters that are EW induced about 60-, 21-, 13- and 21-fold, respectively. In addition, the
microarray results indicated that four are induced by EW (not SEN2978 or SEN1432).
These fusions were electrotransformed (as described in section 2.2.13-14) into three strains:

wild-type ST ATCC 14028s (JSG210);

ST pmrA::Tn10d-TcR (JSG421); and

ST phoP::Tn10d-TcR (JSG425).
The wildtype and two mutants were prepared as a competent cells for electroporation as
described in section 2.2.13.
Note that as the pmrA and phoP genes are upstream of the co-operonic pmrB and phoQ genes,

respectively, it is expected that the corresponding downstream genes would not be well
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expressed. The plasmid DNA was extracted from transformants (section 2.2.2.1) to confirm
their identity by agarose gel electrophoresis; DNA of the expected mobility was observed as

shown in representative samples from each strain (Fig. 6.4).
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Figure 6.4: Electrophoretic analysis of pRS1274 hex gene fusions in ST. Lane 1, Fermentas GeneRuler™ 1kb
ladder; lanes 2-4, SEN1436-lacZ fusions in wild-type; lanes 5-7, SEN2977-lacZ fusions in JSG421; lanes 8-10,
dgoR-lacZ fusions in JSG425. Electrophoresis was performed using a 1% agarose gel and at 60 V for 70 min.

6.3 Phenotypic analysis of ST transformants

The expression levels of the lacZ fusions were tested in both the wildtype and mutant strains to
investigate the effect of pmrA and phoP deletion. Expression was measured with and without
0.1 mg/ml lysozyme (from chicken EW) and 50 pg/pl polymyxin B.

As observed from Fig. 6.5, SEN1435 showed little response to the pmrA and phoP mutations,
and was only weakly induced by PMB and lysozyme (2 and 3 fold, respectively). Indeed, none
of the fusions showed any notable response to the pmrA and phoP mutations in the absence of
PMB or lysozyme. However, five of the six (hot SEN1435) showed strong PMB as well as
lysozyme induction in the wildtype: SEN1432, SEN1436, SEN2977, SEN2978 and dgoR by
2.5-, 18-, 23-, 5- and 9-fold, respectively (Fig. 6.5). However, in all cases induction by

lysozyme was greater than that by PMB in the wildtype, by an average of ~twofold.
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Absence of PmrA resulted in loss of PMB induction for SEN1436, SEN2977 and SEN2978,
and reduced PMB induction for SEN1432 and dgoR by ~twofold. Loss of PhoP also resulted
in loss of PMB induction for SEN1436 and 2977 (but, unlike PmrA had no effect on
SEN2978), a complete loss of PMB induction for SEN1432 (where lack of PmrA gave a partial
loss), and a partial loss of PMB induction for dgoR. These results are thus consistent with roles
for the PmrAB and PhoPQ systems in inducing expression of the hex genes in response to
PMB. Given that the effects of the pmrA and phoP mutations on PMB induction are largely
similar, this indicates that the induction effect is mediated through direct regulation by PmrAB
in response to PhoPQ (acting as the primary sensor for PMB-induced membrane disturbance).

For lysozyme-dependent induction of the hex genes, the loss of PmrA or PhoP had a less
dramatic effect, with on average only an ~twofold reduction in induction seen. SEN1432
showed a slightly lower lysozyme induction (2 fold) in the phoQ mutant, but no effect in the
pmrA mutant, suggesting a partial dependence on PhoPQ, but not PmrAB. SEN1436 showed a
major reduction in lysozyme induction (by 6.4-fold) in the absence of PmrA, but little effect
when PhoP was absent. This indicates direct control of SEN1436 expression by PmrAB in
response to lysozyme with little contribution by PhoPQ. This is in contrast to the response to
PMB which appears to be directly PmrAB dependent, but also requires PhoPQ (presumably as
the initial PMB sensor). For SEN2977, the response to lysozyme resembles its response to
PMB in that loss of either PmrA or PhoP resulted in a similarly-diminished lysozyme induction
(reduced by ~twofold); this indicates that PmrAB is acting as the direct regulator, as for the
PMB effect, with PhopPQ likely acting as the direct sensor. SEN2978 showed a slightly
reduced lysozyme induction (reduced by ~twofold) in the phoP mutant, but there was no effect
on the lysozyme-induction response caused by absence of PmrA. For dgoR, loss of PmrA and
PhoP gave similar reductions is lysozyme induction (3 and 2 fold reductions, respectively),

which resembles the effect observed for PMB where both PhoPQ and PmrAB appeared to
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contribute to PMB induction. Thus, both PhoPQ and PmrAB appear to contribute to lysozyme
induction of dgoR, but at least one other factor must also contribute. Testing both mutant
together contribute in further confirmation for results.

In summary, the hex gene fusions are clearly subject to strong induction by PMB, which is
dependent on the PhoPQ-PmrAB system. However, in general the response to lysozyme is
only moderately controlled by these factors (around twofold) and thus the lysozyme response

of the hex genes appears to be largely controlled by an additional, unknown regulatory

pathway.
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Figure 6.5: Graph showing expression of hex genes in phoP and pmrA mutants in response to lysozyme and
polymyxin. Expression was measured as before (2.2.12) after 45 min incubation at 42 °C in ST. 210, wild-type;
421, pmrA mutant; 425, phoP mutant.
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6.4 Is the effect of the pmrA mutation on hex gene expression reversed by pmrAB
complementation?

In this section, the impact of pmrA mutation on hex gene expression was confrimed through
construction abd utilisation of a complementing plasmid carrying the deleted pmrAB genes in
the medium-copy vector pSU18.

6.4.1 Primer design and the amplification of pmrAB.

To confirm the role of PmrA on hex gene induction by PMB (and by lysozyme), the pmrAB
locus was cloned in order to enable complementation of the pmrA mutant. Specific primers
were used to amplify an appropriate fragment to incorporate the pmrAB coding regions as well
as the upstream promoter (section 2.8). Primers were designed to anneal at least 150 bp
upstream of the start codon of the upstream yjdB/eptA gene, and 150 bp downstream of pmrB
(basS) so that the eptA-pmrAB operon would be present within the amplified region (Fig. 6.6)
(see Appendix 9 for details) together with the promoter. PCR was as described in section 2.2.4.

The genomic DNA of wild-type ST (JSG210) was used as a template.

4537500 (4537 K |4536,500 |4‘538K ‘4,55:5,590 4835 K (4534580 4534 K [4533500 [4533K |4_.5s:5-5m3 4532K 4631500
yjdB basS proP
NP 4431581 NP 4631561 -
yjdE bosk
—_— NP _463157.1 “

Figure 6.6: Schematic representation of the pmrAB (basRS) genes of ST JSG210. basR is referred to as pmrA,
and basS is referred to as pmrB. The target region for amplification is indicated inside the purple rectangle.
https://www.ncbi.nlm.nih.gov/gene/1255818.

As shown by agarose gel electrophoresis (Fig. 6.7), the target sequences were amplified
successfully with a band at approximately ~3712 bp for the eptA-pmrAB operon apparent,

which corresponded to the sizes of the target fragment. This was purified using Thermo

Scientific GeneJET™ PCR purification kits to remove any contaminants (section 2.2.7).

184



Chapter 6 Results and Discussions

10000

G000

3000

1000

Figure 6.7: Gel electrophoresis of PCR amplification products of the eptA-pmrAB genes. Lane 1,
GeneRuler™ 1kb ladder (250-10,000 bp); lane 2 & 3, eptA-pmrAB PCR product (expected size 3712 bp).
Electrophoresis was performed in a 1% agarose gel and at 60 V for 70 min.

6.4.2 Cloning of eptA-pmrAB into pSU18

In order to create sticky ends for cloning the PCR fragment, the purified PCR product was
ligated with the intermediate vector (pJET1.2) as described in section 2.2.10, and the ligations
products were transformed into E. coli TOP10 (section 2.2.1). Five resulting colonies from the
transformation plate were selected for plasmid DNA extraction (section 2.2.2.1). As shown in
Fig. 6.8, bands were observed at ~3 kb; to confirm the presence of the inserted fragment, one
isolate was digested with single restriction enzymes (section 2.2.8) which resulted in a linear
fragment of the expected size (~6 kb). This plasmid was designated pJET-pmrAB. Its identity
was further confirmed by sequencing (with T7-F and pJET1.2 reverse primer) and no errors were

observed within the sequenced regions.
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Figure 6.8: Gel electrophoresis of pJET-pmrAB. Lanes 1, GeneRuler™ 1kb ladder (250-10,000 bp); lanes 2-6,
pJET-pmrAB isolates; lane 7, pJET-pmrAB single digest with BamHI; lane 8, pJET-pmrAB single digests with
EcoRl. Electrophoresis was performed as above.

The product insert was released from pJET-pmrAB by double digestion with BamHI and EcoRl
as described in section 2.2.8, purified by gel extraction (section 2.2.9) and then introduced into
the medium-copy vector pSU18 (Cm"), which was also double digested with same enzymes
(BamHI and EcoRI) (see section 2.2.10). The resulting ligations reactions were used to
transform competent cells and a selection of the Cm" colonies thus obtained were subjected to
plasmid DNA isolation (section 2.2.2.1). These were analysed by agarose gel electrophoresis
which indicated a mobility consistent with the presence of the ~3.7 kb insert (Fig. 6.9). The
plasmids were then analysed by double restriction digestion using BamHI and EcoRlI, as
described in section 2.2.8. As shown in Fig. 6.10, all plasmids showed bands of the expected
size: a 3.7 kb insert and a 2.3 kb vector fragment. Subsequent nucleotide sequencing
confirmed their identity. The plasmid was designated pSU18-eptA-pmrAB. Two step cloning

shows efficiency higher than one step.
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Figure 6.9: Electrophoretic analysis of putative pSU18-eptA-pmrAB clones. Lane 1, Fermentas GeneRuler™
1kb ladder; lanes 2-6, undigested putative pSU18-eptA-pmrAB DNA. Electrophoresis was performed in a 1%
agarose gel and at 60 V for 70 min.
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Figure 6.10: Electrophoretic analysis of putative pSU18-eptA-pmrAB clones double digested with BamHI
and EcoRl. Lane 1, Fermentas GeneRuler™ 1kb ladder; lanes 2, 4 and 6 undigested plasmid DNA from isolates
1, 2 & 3, respectively; lanes 3, 5 and 7, double digested plasmid DNA from isolates 1, 2 & 3, respectively.
Electrophoresis was performed on 1% agarose gel and at 60 V for 70 min.

6.4.3 Effect of complementation of the ST pmrA and phoP mutant, with pSU18-eptA-
pmrAB, on hex gene induction by lysozyme and PMB

The pSU-eptA-pmrAB plasmid or vector control (pSU18) were transformed into the ST
wildtype, pmrA and phoP strains carrying the SEN2977-, SEN1436- and dgoR-lacZ fusions (as
described in section 2.2.14). The transformants were then tested for the effect of lysozyme and

PMB on the expression of the three hex gene fusions, to determine whether the pSU18-encoded
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pmrAB (pSU18::pmrAB) could reverse the impact of the pmrA (or phoP) mutations on hex

gene induction.

210:WT 421:pmrA::Tn10d-TcR 425:phoP::Tni0d-TcR

= M9
500 T

M 0.1 mg/ml Lysozyme

S0pg/ul Polymyxin B Sulfate

B-galactosidase activity [nmol ONPG/min/OD unit cells)

SEN1436 SEN2977 dgoR

Strains

Figure 6.11: Graph showing effect of pmrAB complementation on the expression of three hex genes in phoP
and pmrA mutant backgrounds, in response to lysozyme and polymyxin. The strains carry the corresponding
lacZ fusion plasmids and either pSU-eptA-pmrAB or pSU18, as indicated. See Fig. 6.5 for details.

As observed in Fig. 6.11, the presence or absence of the complementing plasmid had very little
impact on hex gene expression in the wildtype, with expression levels remaining similar in the
vector control and pmrAB-complemented wildtype in all cases, with and without PMB or
lysozyme. For SEN1436 expression in the pmrA mutant (using pSU-SEN1436-421), there was
a clear reduction in the degree of PMB and lysozyme induction (by 6 and 12 fold, respectively)
in comparison to levels seen in the wildtype. However, the provision of pmrAB in multicopy
largely reversed this reduced PMB and lysozyme induction, such that induction levels were

only ~twofold lower than seen in the wildtype. Thus, the pmrAB plasmid successfully
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complemented the reduced expression seen in the pmrA mutant for this gene. In the phoP
mutant, levels of SEN1436 induction by lysozyme were little affected. However, there was a
~9 fold reduction in induction caused by PMB (as seen previously; Fig. 6.5) cf, the wildtype
vector control. This low PMB induction, caused by lack of phoP (425), was largely reversed
by multicopy pmrAB, such that expression was only ~1.8 fold lower than seen in the wildtype
control. This strongly suggests that the weak PMB induction of SEN1436 observed in the phoP
mutant is caused by weak PmrAB activity. Thus, PmrAB is likely to be the direct regulator for
SEN1436 in response to PMB. Given the modest impact of the phoP mutation of the lysozyme
induction of SEN1436, in comparison to the relatively strong effect seen for the pmrA
mutation, it is likely that PmrAB responds directly the lysozyme signal, but indirectly to the
PMB signal (through PhoPQ).

For SEN2977, the effect of the pmrAB complementation was relatively modest (Fig. 6.11).
The pmrA mutation resulted in a reduced induction by PMB and lysozyme by 4.5- and 3-fold,
respectively, but, surprisingly, complementation by pmrAB little affected this reduced
induction, with the only notable effect being an ~twofold increase in induction by PMB. The
reason for this failure of the mutlicopy pmrBA to reverse the effect of the pmrA mutation is
unclear, but could be related to artefacts caused by the multicopy nature of the
complementation that might result in, for instance alter expression of other regulatory factors
influencing SEN2977 expression. In the case of the phoP mutant, there was a ~twofold
lowered PMB and lysozyme induction and this reduction was unaffected by multicopy pmrAB,
thus suggesting that the effect observed is directly mediated by PhoPQ.

For dgoR, there was a 3-4 fold reduction in lysozyme induction caused by the pmrA mutation
that was largely reversed by multicopy pmrAB (Fig. 6.11). The pmrA mutation little impacted
PMB induction, as did addition of multicopy pmrAB to the pmrA mutant. In the phoA mutant,

the degree of dgoR induction by PMS and lysozyme was reduced by ~twofold (Fig. 6.11).
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This reduced lysozyme induction in the phoP mutant was largely reversed by multicopy
pmrAB, but the lowered PMB induction was unaffected by multicopy pmrAB. The relatively
low expression level of dgoR in the phoA strain in the presence of PMB, and the failure of
multicopy pmrAB to reverse this effect suggests that PhoPQ directly induced dgoR in response
to PMB.

It is again notable, that the lysozyme induction effect is only partly mediated by PmrAB and/or
PhoPQ. The major regulatory effect described above are summarised in the model below. A
greater degree of understanding the relatively complicated regulatory influences revealed here
will require further experimentation, which should include identification of PhoP and PmrA

binding interactions with hex gene targets.

Lysozyme PMB
PmrAB PhoPQ
SEN1436 dgoR

Figure 6.12. Summary of the major regulatory effect exerted by PMB and lysozyme through PmrAB and
PhoPQ. Model derived from data in Fig. 6.11. Arrows indicate activation/stimulation effects, blue arrows
indicate an environmental signal, solid orange arrows indicate a direct transcriptional induction, and broken
orange arrow indicates an enhanced activity effect.
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6.5 Discussion

In this chapter, the polymyxin B and lysozyme induction of hex gene fusions was investigated
in the presence and absence of two 2-component transcriptional regulators (PmrA and PhoP)
that might have a role in mediating the hex gene response in EW. The PmrAB and PhoPQ
systems coordinate the expression of genes that enhance survival under conditions where
membrane integrity is threatened, through inducing modifications of the LPS that decrease
AMP (anti-microbial peptide) binding and bacterial cell entry (Gunn, 2008). PmrAB was
shown to induce dgoA by 500 fold (Tamayo et al., 2002); this finding led to the studies
described in this chapter. The PmrAB system responds (directly or indirectly) to high
extracellular levels of ferric iron or A** and acidity, as well as AMPs like PMB (Zhou, 1999;
Ryan et al., 2015; Tamayo et al., 2002). Interestingly, the yibD (waaH) gene is also greatly
(2,500-fold) induced by PmrAB in response to PMB (Tamayo et al., 2002) and this gene
specifies an enzyme (LPS(Heplll)-glucuronic acid glycosyltransferase) that incorporates
glucoronate (a hexuronate) into LPS to improve resistance to SDS and other factors (e.g. PMB)
that damage the outer membrane (Klein et al., 2013). This suggests the possibility that the
reason for the induction of the hex genes by lysozyme (and PMB) might be to generate
hexonate/hexuronates for addition to LPS in order to raise membrane resistance.

In this chapter Salmonella serovar Typhimurium (JSG210) and two isogenic mutants, pmrA
(JSG421) and phoP (JSG425) were utilised, with six hex gene lacZ fusions in lysozyme and
PMB assay. In general, the six hex genes studied showed strong induction by PMB, and this
induction was (generally) markedly reduced or eliminated by loss of either PmrA or PhoP (Fig.
6.5). This strongly indicates that the hex genes have a role in protection against outer-
membrane damage as elicited by exposure to PMB, and that their PMB induction depends on
both PhoPQ and PmrAB. As indicated in Fig. 6.12, it is likely that PhoPQ acts as the direct

sensor for PMB activity, and then activates PmrA through PmrD, resulting in PMB-induction
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of the hex genes. The loss of either PmrA or PhoP, in general, only slightly reduced hex gene
induction by lysozyme (by around twofold). Thus, it is clear that the response to lysozyme is
distinct to that for PMB. In addition, the strong residual hex-gene response to lysozyme in the
absence of PmrA or PhoP indicates that some other factor is mainly responsible to lysozyme
induction. Candidates include RpoE and CpxAR since these regulators respond to envelope
damage and there was strong evidence of their role in the regulatory response of SE to EW
(Baron et al., 2017). Another possibility is that the lysozyme response is controlled directly by
both PhoPQ and PmrAB, such that absence of one or other system only weakly affects the
induction observed. Thus, pmrA phoP double mutants should be employed in any future work
to test for this possibility. It is interesting to note that PmrB has no extensive, recognisable
sensory domain (just a short 30 residue segment in the periplasm) whereas PhoQ has a large
periplasmic domain (~130 residues) that is presumed to respond to the various extracellular
(periplasmic) signals that induce the PhoPQ regulon.

To confirm that the pmrA deletion was indeed responsible for the corresponding hex-gene
regulatory effects, pSU-eptA-pmrAB complementing plasmid was generated and deployed.
Subsequent expression analysis showed that provision of eptA-pmrAB in trans reversed the
lack of induction by lysozyme and PMB of SEN1436 in the pmrA mutant, clearly supporting
the direct control of this gene by PmrAB (Fig. 6.11 & 6.12). The results are also consistent
with a direct response of the PmrAB system to lysozyme, and an indirect response to PMB via
PhoPQ-mediated control (Fig. 6.12). For dgoR, the results suggested direct regulatory control
by PhoPQ in response to PMB, and a degree of direct regulatory control by PmrAB in response
to lysozyme. Thus, the control of the hex genes by the PmrAB and PhoPQ systems is
complex, and involves additional factors. Such additional factors previously identified include
Crp and the various GntR-related repressors responding to Hex compounds (Robert-Baudouy

& Stoeber, 1973; Portalier et al., 1980; Blanco et al., 1986; Zeng et al., 2001; see Fig. 4.5).
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In summary, the results in this chapter clearly show that the hex genes are subject to PMB
induction and that this is largely controlled by PmrAB-PhoPQ. However, the response to
lysozyme is only partly controlled by these factors indicating the involvement of another
regulator. The results are consistent with a role for the observed hex gene induction by
lysozyme in preserving the integrity of the cell envelope. Further work is required using a
mixtures of lysozyme and PMB to determine whether these factors induce gene expression in
an additive fashion, which would confirm the use of distinct regulatory pathways for the
response to these factors. Further, a double pmrAB-phoPQ mutant should be used to test the
possibility that in the absence of one system, the other provides a compensatory activity for
lysozyme-dependent induction. In addition, the possible role of CpxAR and RpoE in the
observed lysozyme induction should be tested, particularly as both these systems were
predicted to be activated in response to EW exposure (Baron et al., 2017) and a potential CpxR
site was identified in the promoter region of one hex gene by BPROM. It would be particularly
interesting to perform a transcriptomic analysis of the effect of lysozyme on global expression

in SE.
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Chapter 7: Attempted overexpression of SEN1432 and dgoD

Two of the hex genes (SEN1432 and dgoD, encoding a predicted transcription factor and D-
galactonate dehydratase, respectively) were targeted for overexpression to enable isolation of the
corresponding proteins for generation of antibodies to allow western blot analysis of expression, as
a second approach for monitoring expression effects. Also, the isolated proteins could be studied
for their biochemical/regulatory activities, encode a regulator and an enzyme respectively. The
vector pET21a was used to overexpress the native and His-tagged version of the proteins from
E. coli BL21/ADE3. Next, the His-tagged proteins was to be purified using Ni-affinity
chromatography for further work (e.g. raising antisera), as indicated above. The native proteins

were also to be purified using alternative chromatographic approaches.

7.1 Amplification of SE genes of interest.

One forward and two reverse primers were designed to amplify each gene (Table 2.9). The
primers were designed to add restriction sites, Ndel and Hindlll, which allows subsequent
cloning into the overexpression vector pET21a (Appendix 10). SEN1432 uses the start codon
TTG which is rarely used by E. coli (~1%) and has a translation efficiency 2-3x lower than
ATG (Makrides, 1996). Therefore, the start codon was changed in the forwardprimer to ATG
using as part of the generation of an Ndel restriction site to avoid this problem. The first
reverse (21R) is used to produce the native protein His-tagged protein. The stop codon has
been removed from the end of the gene such that to allowed translation is allowed to continue
into pET21a during overexpression, which contains the 6x His (CAC) codons containing
region of the vector, such that so a C-terminal His-tagged protein is produced.

While the second primer (28R), two stop codons (TAA) were are added to the end of the gene
to terminate translation and produce the native protein during overexpression. Figure Table 7.1

shows the primerss names and combination used to amplify the target genes.
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Table 7.1: The primers combination used to amplify each gene and the gene product during overexpression.

Gene Primer combination used in PCR product The protein produced during
PCR overexpression

SEN1432 SEN1432-FOR / SEN1432-21R SEN1432-21R His-tagged SEN1432
SEN1432-FOR / SEN1432-28R SEN1432-28R Native SEN1432

dgoD dgoD-FOR / dgoD-21R dgoD-21R His-tagged dgoD
dgoD-FOR / dgoD-28R dgoD-28R Native dgoD

PCR was carried out to amplify the genes of interest (section 2.2.4) using genomic DNA of SE
as a template. As shown in figure Fig. 7.1, successful amplification was observed by gel
electrophoresis of where the PCR products of the expected sizes (were ~720 bp and ~1149 bp

for SEN1432 and dgoD, respectively).

10000
6000
3000 dgoD

1149bp

SEN1432
1000 720bp

Figure 7.1: Gel electrophoresis of PCR amplification products of SEN1432 and dgoD genes. Lanes 1, 4 and
8,: GeneRuler™ 1kb ladder (250-10,000 bp); Lane lane 2: , SEN1432-21R (expected size 720 bp); lane 3:
SEN1432-28R (expected size 720 bp); lanes 5-8:, dgoD-21R (expected size 1149 bp); lanes 9-11, dgoD-28R
(expected size 1149 bp). Electrophoresis was performed on 1% agarose gel and at 60 V for 70 min.

All PCR products (dgoD-21R, dgoD-28R, SEN1432-21R & SEN1432R-28R) were purified to

remove contaminants (section 2.2.7).
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7.2 Cloning amplified genes into the intermediate vector pJET1.2./blunt.

In order to create sticky ends for easy cloning of the PCR fragments, the purified PCR products
were cloned cloning into an intermediate vector (pJET1.2) as described in section 2.2.10 and
transformed into E. coli TOP10 (section 2.2.1). This step is also useful for confirming the
fragments sequence through nucleotide sequencing service.

Three colonies from each transformation plate were selected for plasmid DNA extraction
(section 2.2.2.1). As shown in figure Fig. 7.2, bands were observed at ~3 kb, corresponding to

the expected size of pJET were present as expected size carrying the inserted fragments.

10000

G000
3000
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Figure 7.2: Gel electrophoresis of purified pJET-dgoD21R & 28R and pJET-SEN1432-21R & 28R. Lanes 1,:
GeneRuler™ 1kb ladder (250-10,000 bp); lanes 2-4, pJET-dgoD21R; lanes 6-8: , pJET-dgoD28R. Lanes lanes 8-
10:, pJET-SEN1432-21R; lanes 11-13: , pJET-SEN1432-28R. Electrophoresis was performed on 1% agarose gel
and at 60 V for 70 min.

To confirm the presence of the inserted fragments, 12 isolates were then digested with
restriction enzymes Hindlll and Ndel (section 2.2.8) and electrophoresed in order to confirm
the presence of the inserts. Three bands were expected for each sample: pJET has a Hindlll
restriction site 253bp downstream of the MCS, so bands of ~3 kb and ~250bp were expected,

plus a band at either ~720bp (SEN1432) or ~1200bp (dgoD), depending on the insert.

196



Chapter 7 Results and discussions

In figure Fig 8.3, the electrophoresis of the double digested of the constructed pJET1.2 plasmid
DNA shows the expected sizes of bands confirming that SEN1432-21R & 28R had been
successfully cloned into all pJET isolates. While the figure Fig. 8.4 shows bands of the
expected size for pJET fragments, plus two unexpected bands (A) ~800bp and (B) ~500bp. The
bands in lanes 8 & 9 are faint, probably due to low sample concentration. There were no bands
at ~1200 bp, the expected size of dgoD. This is due to the presence of additional internal
restriction sites of Hindlll & and Ndel in the dgoD sequence. These sites were not recognised
during in-silico analysis which may be a technical error in the software program, and this
caused problems extracting the insert from pJET for subcloning to pET21a. Partial digestion
was attempted in order to release the insert without cutting it, but due to time constraints, this
was not achieved.

Isolate #1 of each construct SEN1432-21R and SEN143-28R were also sent for sequencing in
order to confirm the identity of the inserts. Mutations can occur during PCR amplification
which may prevent the protein being translated correctly during overexpression, so it was
important to confirm the identity of the inserts before proceeding. The sequences of our
constructs were aligned with the sequences of the genes of interest showing a 100% match (no
conflicts) between the insert sequence and the expected sequence of target genes (see
Appendix 11).

Bands at ~720 bp corresponding to the expected size of SEN1432 (Fig. 7.3, indicates inside
rectangles) were extracted from the gel as described in section 2.2.9 for cloning into pET21a

ove rexpression vector.
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Figure 7.3: Gel electrophoresis of pJET-SEN1432-21R & 28R digested with Hindlll & Ndel. Lanes 1 & 5,:
GeneRuler™ 1kb ladder (250-10,000 bp); lanes 2-4, pJET-SEN143-21R; lane 9 undigested pJET, lanes 6-8,
pJET-SEN1432-28R. Electrophoresis was performed on 1% agarose gel and at 60 V for 70 min.
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' Figure 7.4: Gel electrophoresis of pJET- dgoD-21R & 28R digested with Hindlll & Ndel. Lanes 1 & 6,:
GeneRuler™ 1kb ladder (250-10,000 bp); lanes 2-4, pJET- dgoD -21R; lane 5 undigested pJET, lanes 7-9, pJET-
dgoD -28R. Electrophoresis was performed on 1% agarose gel and at 60 V for 70 min.
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7.3 Cloning amplified genes into overexpression vector pET21a

In order to construct the overexpression plasmids vector, the purified fragments of SEN1432-21R
and & 28R, which possess Hindlll & Ndel ends, were cloned ligated with into digested
pET21a (amp®) overexpression vector as described in section 2.2.10. Then, the constructed
plasmids were transformed into competent E. coli TOP10 as described in section 2.2.1. Before
transformation use in cloning, the identity of the prepared pET2la DNA (5443 bp) was
confirmed using by single digest using restriction mapping with Xhol digestion and by double

digest using Hindl1l & Ndel (Fig. 7.5).
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Figure 7.5: Gel electrophoresis of pET21a digested with Xhol, or Hindlll & Ndel. Lane 1, GeneRuler™ 1kb
ladder (250-10,000 bp); lane 2, undigested pET21a; lane 3, single digested pET21a with Xhol; lane 4, double
digested pET21a with Hindlll & Ndel. Electrophoresis was performed on 1% agarose gel and at 60 V for 70 min.

As shown in figure Fig. 8.6, the expected size of pET21a bands in different treatments was
obtained. The double digested form was extracted from the gel, as described in section 2.2.9, in
preparation forming to use it in cloning. The inserts isolated above were then cloned ligated
into with the purified and digested pET21a DNA (section 2.2.10), and the reaction products

were then transformed into competent E. coli XL1-blue, as described in section 2.2.1). XL1-blue
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was chosen in order to propagate the plasmids and it is endA deficient so it should provide high

quality plasmid DNA (Stratagene, 2004).

Five transformants isolates for each form cloning of vector 21R and 28R were selected for
double digestion with Hindlll & and Ndel (section 2.2.8), followed by analysis by DNA
electrophoresis (figure Fig. 7.6) to confirm that they contained the insert. Bands of ~5.5 kb and
0.72 kbObp were expected, corresponding to pET21a and SEN1432 respectively. However, not
all showed transformants show the insert which might be due to the additional restriction site
and this could also explain why there were no bands of ~750 bp in lanes 3, 6, 9, 11, 12 & 13

12.(lanes 2, 4, 5 and 10).
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Figure 7.6: Gel electrophoresis of potential pET21a-SEN1432-21R & and pET21a-SEN1432-28R isolates
digested with Hindlll & Ndel. Lanes 1 & 8,: GeneRuler™ 1kb ladder (250-10,000 bp); lanes 2-6, digested
PET21a-SEN1432-21R; lane 7, undigested pET21a-SEN1432-21R; lanes 9-13, digested pET21a-SEN1432-28R;
lane 14, undigested pET21a-SEN1432-28R. Electrophoresis was performed on 1% agarose gel and at 60 V for 70
min.

The plasmids constructs those showing the presence of the insert were sent submitted to
Eurofins Genomics for sequencing. Sequence alignment was carried out (see Appendix 11),
which. The identity of the insert was confirmed the correct sequence for 28R#10 to give a

predicted as the sequence matched the template. It’s found to be missing the double stop codon
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at the end of the gene which would result in the His-tagged protein being produced during
upon overexpression. Two of 21R constructs (#2 & #4) showed unexpected mutations in
sequences, which are suspected to be errors during sequencing, as the concentration of the
samples was lower than recommended (avg. conc. 23ng/ul), but because the identity could not
be confirmed, these samples were not used. However, for #5 was confirmed the sequence
matched that of the template (see Appendix 11). Thus, the pET21a-SEN1432-28R#10 and -
21R #5 constructs were used to the next step through to transforming them into E. coli BL21
(ADE3) as described in section 2.2.1. The transformants colonies obtained were confirmed to

contain pET21a using by plasmid DNA extraction (2.2.2.1).
7.4 Small-scale overexpression of SEN1432.

Small-scale overexpression of SEN1432 was carried out using overexpression strain in E. coli
BL21(ADE3). E. coli BL21 (ADE3) has a T7 RNA polymerase gene under control of a lac
promoter which is induced by 1 mM IPTG, allowing. When BL21(DE3) is transformed with a
recombinant pET21a vector and grown in media with added IPTG, induction of the T7
polymerase promoter drives expression of the target gene from pET21a.

The pET21a-SEN1432-28R#10 and -21R #5 transformants of E. coli BL21 (ADE3) were
streaked out on ampicillin LA plates and grown overnight at 37 °C. Single colonies were
selected, and following propagated in a small-scale overexpression experiment (section
2.2.17.8), and SDS-PAGE was used to analyse the samples (0.5 OD units) obtained for protein
overexpression content which 0.5 ODs of lysed cells taken (section 2.2.17.6). The bands
between 25.0 and 35.0 kDa were expected, as the size of the His-tagged SEN1432 polypeptide
was calculated expected to be 28.7 kDa.

As shown in Figs. 7.7 and 7.8 for the 28R#10 and 21R #5 transformants respectively, the
expected band does was not appear apparent indicating that overexpression did not work was

unsuccessful. The protocol results obtained were compared to those achieved with a negative
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was verified by using negative (empty vector, BL21(DE3) with- pET21a) and positive control
(BL21(DE3) with- pET21a-N-term-mbfA) which showed good production of MbfA at the
expected mass, and no notable difference between the negative control and the pET21a-
SEN1432 samples (data not shown). In an attempt to enable overexpression, two recipient
other host strains were used. Rosetta® (Novagen, 2011DE3) (Novagen, 2010) which provides
tRNAs for 6 rare codons: (AUA, AGG, AGA, CUA, CCC, and GGA) and BL21(DE3)Star®
(Invitrogen, 2010) which increases mRNA stability due to being deficiency in RNASeE.
However, negative and no bands were no corresponding to the expected size of SEN1432use of

these strains failed to improve expression (data not shown).

Figure 7.7: SDS-PAGE analysis SEN1432 overexpression from of BL21/DE3-(pET21a-SEN1432-21R) (#5)
following overexpression. Lane 1, Fermentas unstained protein ladder; lane 2, before adding IPTG induction;
lane 3-8 - 1, 2, 3, 4, 6 & 16 h post induction. Electrophoresis was carried out in a 15% polyacrylamide gel at 60
mA for 80 min.
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Figure 7.8: SDS-PAGE analysis SEN1432 overexpression from of BL21/DE3 (pET21a-SEN1432-28R). Lane
1, Fermentas unstained protein ladder; lane 2, before induction; lanes 3-8 - 1, 2, 3, 4, 6 & 16 h post induction.
Electrophoresis was carried out in 15 % polyacrylamide gel at 60mA for 80 min. See Fig. 8.7 for details.

Further analysis of SEN1432 shows that codon usage bias could be behind explains the failed
overexpression. It contains of the 37 rarely used (<10%) codons that are used <10% of the
time by E. coli, of which only seven supported with by that RNAs by Rosetta strain. The
presence of rare codons in MRNA can cause transcription to terminate prematurely, which
negatively affects protein expression. There is a correlation between gene expression levels and
codon bias (Gouy and Gautier, 1982). Codon usage analysis using GenScript confirmed that
SEN1432 contains a relatively high number of rare codons, compared to a gene that is highly
expressed by E. coli (ompC) (figure Fig. 7.9). The SEN1432 encodes as is a regulator which is
likely to target only a few operators, its normal expression level is predicted to be expected to
be low, and it was therefore suspected to contain rare codons. Fig. 8.9A & C show the relative
codon usage frequency along the gene for SEN1432 and ompC, respectively. Fig. 7.9B & D
show the distribution of codons in the ‘codon quality groups’, where codons with values lower
than 30 are likely to negatively affect protein expression. Thus, the failure to achieve

overexpression of SEN1432 likely relates to its poor codon usage; this problem could be
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corrected by codon optimisation in any future work. In addition to the GC content of the gene

as <30% or >70% will negatively affect transcription and translation efficiency.
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Figure 7.9: Codon usage analysis of SEN1432 and ompC generated by GenScript. Figures A & C show the
relative codon usage frequency along the gene. Figures B & D show the % distribution of codons in the codon
quality groups.
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7.5 Discussion.

The aim was to overexpress two SE hex genes, SEN1432 and dgoD, in order to discover more
about their function. The genes chosen were: dgoD, which encodes D-galactonate dehydratase,
and SEN1432, which encodes a suspected regulator of the SEN1432-6 cluster. In order to
create constructs for overexpression of native and His-tagged versions of the proteins, the
genes of interest were amplified and cloned into an intermediate vector, pJET1.2. The presence
of Hindlll & Ndel restriction sites within dgoD meant that the gene was digested during release
of the insert from pJET1.2 for subcloning into pET21a, and so it was not possible to clone the
gene into pET2la. SEN1432 was subcloned into pET2la successfully, however, the
overexpression of SEN1432 from E. coli BL21(DE3) in both its native and His-tagged from
failed. Sequencing showed that the correct gene sequence was present in the constructs, in the
correct cloning context, it is thus assumed that the transcript was produced but that translation
was poor. Several problems could affect translation. During initiation of translation the Shine-
Delgarno (SD) sequence recruits the ribosome to the mRNA and aligns it with the start codon —
in E. coli the consensus sequence is UAAGGAGGUGA and it is spaced -2 to -15 bp from the
start codon AUG (optimum -8) (McCarthy and Tuite, 2013). Translation can be negatively
affected if the SD sequence is spaced too close or too far from the start codon, however,
sequencing of our constructs shows that the SD sequence of pET21a is located at -9 bp from
the start codon of the SEN1432 gene, so this should not be a problem. During elongation, the
formation of secondary structures (stem-loop structures) can also affect translation, as it
interrupts the activity of the ribosome (Hall et al., 1982). Higher translation efficiency has been
linked to high A/T content downstream of the start codon, as high G/C content is associated
with secondary structures (Qing et al., 2003). The SEN1432 gene has a relatively low G/C
content at the start of the gene (see Appendix 12) so secondary structures should not be causing

a problem with translation. Likewise, the second codon has been shown to affect translation in
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E. coli, but the second codon of SEN1432 (AGC) is not associated with poor translation
(Looman et al., 1987). Therefore, as suggested above, it is probable that translation is impaired
by suboptimal codon usage. Codon optimization should correct this problem, so this should be
considered for future work. This can be achieved by gene synthesis, which can also be used to
eliminate undesired restriction sites. Further analysis in future work, the availability of the
purified, over-expressed SEN1432 protein would allow direct DNA binding studies to progress
along with effector interaction investigations, using techniques such as gel retardation and
DNase | foot printing.

SEN1432 belongs to the GntR/FadR family (Haydon and Guest, 1991), with GntR first
recognised as a gluconate operon repressor from Bacillus subtilis (Rigali et al., 2002; Suvorova
et al., 2015). According to the Pfam database (PF00392), there are 49,014 sequences of
proteins belonging to this family nearly entirely within the Bacteria, mostly the Proteobacteria,
Actinobacteria and Firmicute phyla. This type of transcriptional regulator controls transcription
through allosteric structural alteration upon binding to metabolite effector molecule. The
members of the GntR family consist of a DNA binding N-terminal helix-turn-helix domain (a
winged helix structure consisting of a three-helix bundle and a small B-sheet) and a varied C-
terminal effector-binding/oligomerization domain designated as a ‘FadR C-terminal Domain’

(FCD), which is a-helical (http://pfam.xfam.org/family/PF00392; Haydon and Guest, 1991;

Van Aalten et al., 2000). These proteins interact with DNA as homodimers, where they act as
repressors. Binding of an inducer (usually the substrate of the metabolic pathways that the
transcription factor regulates; Jain, 2015) appears to trigger a change in conformation which
releases the transcription factor from the DNA (Resch et al., 2010). SEN1432 is suspected to
utilise a gluconate-like metabolite as its coeffector, and evidence provided here suggests that it
represses the SEN1432-6 gene cluster, presumably through direct interaction with the

corresponding promoter regions.
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Chapter 8: General discussion

8.1. Introduction

Salmonella Enteritidis is one of the most common issues threating humans worldwide due its
responsibility for about 90% of foodborne infections via consumption of poultry products
(EFSA BIOHAZ Panel, 2014). This serovar presents a particular capacity to survive encounter
with the extreme conditions of EW (Gantois et al., 2008). The most common vehicle
associated with SE outbreaks are animal origin products such as egg, poultry, pork, beef and
raw dairy products (Peris et al., 2010). Thus, SE is often used as a model pathogen to analyse
the mechanisms by pathogens survival within EW (Cogan et al., 2004). Avian albumen
provides efficient physical and chemical barriers for protecting the embryo from contamination
(Van Dijk et al., 2008). Molecular genetic studies provide various explanations for the survival
of SE upon exposure to the antimicrobial effects of EW (Gantois et al., 2008). In order to
further understand SE behaviour towards the bactericidal mechanisms of the EW, Baron et al.
(2017) conducted a global transcriptional response study of the effect of SE during exposure to
EW for 7-45 min at 45 °C using microarrays. This study revealed a large-scale global shift in
transcription (18.7% of genes affected) in involving many genes related to stress-response,
energy metabolism and micronutrient provision. Of particular interest, was the high degree of
induction of hexonate/hexuronate (Hex) utilization genes: the dgoRKADT operon (13.6- to
31.1-fold), the uxuAB-uxaC operon (10.7- to 28.2-fold) and the SEN1433-6 genes (5.17- to
33.4-fold). Yet, there was no previous evidence indicating the presence of

hexonates/hexurnates in EW.

Therefore, this study aimed to determine the role of the hexonate/hexuronate utilisation genes
in EW survival, and to discover whether these genes are subject to induction by a common
regulatory pathway within egg white and if so to characterise the regulatory mechanism and

identify the environmental inducing signal within EW. It was anticipated that such information
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would contribute new overall understanding of the mechanisms applied by pathogenic bacteria

to encounter host defence, particularly with regard to EW.

8.2 Exploring the potential promoter regions of hex genes.

First objective was to determine the patterns of transcriptional regulation of the genes of
interest that located in the three distinct hex gene clusters: the dgoRKADT operon, the uxuAB-
uxaC (SEN2978-SEN2980) operon and the SEN1432-6 locus. To achieve this, transcriptional
fusions were generated using the promoterless pRS1274 lacZYA transcriptional fusion vector.
The transcriptional fusion data in E. coli TOP10 indicated that seven of the fusions had activity
markedly above that of the vector control, but two (dgoT-lacZ; SEN2979-lacZ) had weak
activity only slightly higher than the vector suggesting no promoter is present, although the in-
silico analysis for dgoT showed a strongly predicted promoter. The other fusions could be
divided into three groups on the basis of their relative expression levels during the rapid growth
phase in L-broth. The group with strong activity (SEN1436-lacZ, 1250 U; SEN2977-lacZ,
1350 U) consisted of genes that are divergently arranged with respect to adjacent operons
(SEN2978-80 and SEN1435-33). The moderate activity group (SEN1432-lacZ, 740 U), is
consisted of a single gene encoding a putative transcriptional regulator that likely has an
independent proximal promoter. The encoded regulator could control the SEN1435 and
SEN1435-33 genes through interaction with divergent putative promoters at the SEN1436-35
intergenic region. The weakly expressed group (SEN1435-, SEN2978-, dgoR- and ybhC-lacZ)
gave relatively weak log-phase activities (maximum of 180-350 U) suggesting that these genes
are repressed under the conditions employed in this work (LB medium, with E. coli as host).
Two fusions (dgoT- and SEN2979-lacZ) gave very weak activity that was only slightly above

that of the vector control (Fig. 3.22), as indicated above.
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A previous study showed that several genes are up regulated (2.5-3.5 fold) in operons involved
in the transport and metabolism of D-galactonate (dgo), D-gluconate (gntU, kdgT, and kduD),
and L-idonate (idn) in SE that are indicative of its metabolism in macerated leaf tissue in
cilantro and lettuce soft rot lesions (Goudeau et al., 2013). However, the precise environmental
factor inducing their expression was not clear. Interestingly, genes involved in the utilisation
of gluconate and related hexonates (gntT, STM3134, dgoT, dgoK and dgoA) were up-regulated
in S. Typhimurium upon macrophage colonisation , as were Entner—-Douderoff pathway genes
involved in the interconversion of these sugars to pyruvate and glyceraldehyde-3-phosphate
(Eriksson et al. 2003). The reason for this is unclear but it was suggested that hexonates may
be an important source of carbon for intracellular bacteria (Eriksson et al. 2003). The promoter
finder program, BPROM, was used to recognize promoters for the hex genes as well as
potential transcription factor binding sites (section 3.4); these remain to be proven as valid. To
summarise the effect of hexonates on control of the hex genes, a range of relatively-moderate
regulatory responses was observed suggesting no common mode of control with respect to
hexonate availability. This suggests that the induction of the hex genes by EW is unlikely to be

Hex mediated.

8.3 EW factors influencing expression of SE hex genes

The inducers responsible for the up-regulation of the hex genes in EW have not been identified.
Further, there is no evidence available for the presence of hexonates or hexuronates within EW
(Guérin-Dubiard et al., 2010). Thus, an important aim was to confirm the proposed induction
of the hex genes in EW and to investigate of the relevant environmental factors affecting this
increase in expression. Initially, the role of Hex compounds was explored, and subsequently

the role of WE components was investigated.
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8.3.1 Utilisation the hexonates as energy/carbon sources and the effect of hexonates on
expression

The ability of SE to grow using different hexonates as carbon sources was tested. In addition,
the effect of these substrates on hex gene expression was examined, using the lacZ fusions
generated in chapter 3. Firstly, two factors were tested (standard carbon sources and
temperature) to establish control conditions for comparison with growth tests with the Hex
compounds. Thus, glucose was selected as it is present in EW at 0.4-0.5% (Guérin-Dubiard et
al., 2010), and glycerol was used as an example of a non-fermentable carbon source that does
not induce catabolite repression. Mammal and hen body temperatures (37 and 42 °C; Raspoet
et al., 2014, Baron et al., 2017) were tested. SE grew well at 42 °C with glycerol or glucose at
0.4%, and increasing glucose concentration showed a quantitative increase in growth, although
growth was weaker than that obtained at 37 °C. The ability of SE to utilise four available
hexonates (D-galactonic acid; D-mannono-1,4-Lactone; L-(+)-gulonic acid y-lactone and
gluconate) was tested at 0.1-1.6% w/v. All Hex compounds acted as good sole carbon/energy
sources and supported the growth of SE at both 37 and 42 °C. However, some differences in
the degree of growth supported were apparent. Best growth was achieved with galactonate,
followed by gluconate, then mannonate, and finally gulonate (maximum ODs of 1.1, 0.9, 0.8,
0.7, respectively, at 42 °C). This finding is supported by previous work showing the ability of
Salmonella to grow on galactonate and gulonate (Cooper, 1980).

SE carries the genes of the Gntl system (Parkhill et al., 2008). These genes are likely to be
subject to catabolite repression (Rodionov et al., 2000) and to be induced by gluconate through
GntR transcriptional control. The gulonate degradation pathway in SE is unclear. However, this
pathway is likely to involve one or more of the following: the Gntl system, the Dgo pathway or
the SEN1433-6 pathway. Galactonate is expected to be catabolised via the Dgo pathway and

feed end products into the glycolytic pathway. The Dgo pathway showed induction by D-
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galactonate in E. coli and is subject to catabolite repression (Deacon & Cooper, 1977; Cooper,
1978). For mannonate, the utilisation pathway in SE is expected to be that operated by
SEN2977-90 (UxuAB/UxaA) system (Robert-Baudouy & Stoeber, 1973; Portalier et al., 1980;

Blanco et al., 1986; Zeng et al., 2001). However, this needs to be proven in SE.

To test the effect of hexonates on hex gene expression in M9 medium at 42 °C, all four Hex
substrates were provided at 0.4% and expression effects were compared with that for 0.4%
glycerol. For D-galactonate, the greatest induction (sixfold) effect was seen for dgoR and a
repression effect was seen for senl1436, senl1432 and sen2977 by 6-, 3.5- and 20-fold,
respectively. This suggested that likely DgoR acts as a repressor for the dgo genes. dgoR is the
first gene in the dgoRKDA-T cluster of SE. This response was previously reported in E. coli, as
the dgoR gene showed induction by D-galactonate (Neidhardt, 2005). However, the induction
level observed does not match that seen in EWMM (up to 28.7 fold; Baron et al., 2017)
suggesting with that D-galactonate is either not the relevant inducer in EWMM (the medium
used by Baron et al., 2017) or that the conditions used here are not sufficiently similar to those
used by Baron et al. (2017) to enable the same level of induction to be achieved. Mannonate
showed significant induction of SEN2977 (14-fold). However, there was little effect on the
expression of the other hex genes suggesting a role for the sen2977-uxuAB-uxaA genes in
utilisation of mannonate and/or related compounds. In contrast, this fusion showed repression
by galactonate and gluconate, again consistent with a role in mannonate utilisation. Gluconate
showed a repression effect on most of the fusions tested with greatest effect was seen for
senl1436 (17-fold). Itis likely that this response is mediated by GInR (the gluconate-responsive
repressor) and reflects the need to repress the hex genes whilst inducing the Gntl system
(gluconate catabolism) when gluconate is provided (see Fig, 4. 5). Gulonate showed a
significant induction on three fusions (sen1435, sen1432, dgoR) at twofold or more. No

previous data on gulonate-dependent gene control in SE or E. coli could be found in the
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literature so the regulator responsible is not clear. However, three corresponding fusions were
induced (senl1432, x2.1; senl1435, x4; senl1436, x1.6) which might suggest a role for these
genes in gulonate utilisation with a potential role for the GntR-like sen1432 product in
mediating this regulatory control. To summarise, it is clear that the hex genes are indeed
subject to regulatory control by hexonates, and that different hexonates show distinct
regulatory responses suggestive of multiple regulatory pathways. Arguments for roles of
DgoR, GntR and SEN1432 in mediating many of the hexonate-dependent responses observed
have been provided. However, these possibilities need confirmation through further

investigation with relevant regulatory mutants.

8.3.2 Effect of EW on growth and hex gene expression in SE

The changes in expression level of several of the hex genes due to the presence of hexonates
indicate that any hexonates released during exposure of SE to EW could induce the change in
expression levels of the hex genes as observed by Baron et al. (2017). However, there is no
clear explanation about how Hex compounds could be generated by SE exposure to EW, and
the degrees of induction observed does not match that seen in EW. Therefore, further
investigation was performed to explore the effect of EW on the growth of SE and its impact on
hex gene expression. EW was tested at 0.05-10%, at hen body temperature (42 °C), to confirm
the growth inhibitory effect and to determine appropriate EW levels to employ in subsequent
EW expression experiments. Impaired growth was observed at 37 °C at all EW concentrations
tested. On the other hand, at 30 and 42 °C, growth was totally inhibited at relatively low EW
levels (2.5%). Such an impact of temperature on the antimicrobial activity of EW has been
reported previously by Baron et al. (2011). This effect reflects the well observed antimicrobial
activity of EW for many bacterial species (Sahin et al., 2003; Wellman-Labadie et al., 2009).
Adding 20 uM ferric citrate was found to restore the growth of SE in 0.1% EW to levels

similar to those achieved without EW.
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SE carrying pRS-SEN1436-lacZ (encoding a predicted D-galactonate dehydratase) was
selected for further study as a representative hex gene that showed good expression in the
previous experiments and was the most greatly induced gene in response to EWMM in the
previous work of Baron et al. (2017). Initially, the effect of EW on hex gene expression was
tested in M9 medium at 42 °C using different levels of EW (0.0001-10%; prepared at lab) in
M9 medium at 42 °C. In contrast, the EW exposure experiments of Baron et al. (2017)
employed an ‘EW model medium’ (EWMM) composed of EW filtrate with 10% EW protein
to mimic EW medium as far possible. The results showed that sen1436 expression is induced
by 22-61 fold with 0.01-10% EW. The induction observed with 10% EW (61-fold) is higher
than (33-fold) that reported by Baron et al. (2017), but is similar in scale, and is far greater than
that seen above with hexonates, where a maximum 7 fold induction was observed. The
experiment was repeated with three other hex gene fusions (sen1432, dgoR and sen2977) and
the results showed that expression of all three fusions is induced by EW by 21-, 21- and 13-
fold for sen1432, dgoR and sen2977, respectively, using concentrations of EW at 10%. These
findings thus support the presence a hex gene inducer within EW. The experimental conditions
applied by Baron et al. (2017) showed hex gene induction depended on the presence of EW
proteins since EW (10 kDa cutoff) filtrate without addition of EW failed to induce the hex
genes. Therefore, EW filtrate (10 kDa cutoff) was tested in place of EW to confirm that the
EW proteins of >10 kDa are indeed responsible for the induction observed for sen1436. The
results showed the EW filtrate gave only a very weak induction of sen1436 expression, of just
under twofold compared, compared with the expression level in the M9 medium. This results
narrow the suspected inducer to be an EW proteins of >10 kDa.

Further experiments showed that the induction of SEN1436 by EW is not influenced by
provision of iron. Thus, it can be assumed that the EW response of the hex genes is unrelated

to the low iron availability in EW.
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8.3.2.1 The role of lysozyme in inducing the hex genes in EW

The above finding led to experiments testing the impact of individual EW proteins on
SEN1436-lacZ induction. Four EW proteins (albumin, conalbumin, ovomucoid, and lysozyme)
were tested at three different concentrations (0.01, 0.1 and 1 mg/ml). The results showed
lysozyme gave a very strong induction effect for SEN1436 expression. The greatest induction
(48 fold), with lysozyme, was seen at 7 min with 0.1 mg/ml lysozyme suggesting this protein
is primarily responsible for the EWMMe-induction of the hex genes. The other three hex gene
lacZ fusions (SEN1432, dgoR and SEN2977) tested are also subject to induction by lysozyme.
The results showed that the expression of all three fusions was increased, by 19-, 13- and 14-
fold (respectively). The roles of lysozyme was confirmed in several ways: different
combinations of EW proteins, different sources of lysozyme, heat inactivation, and
examination at different pH values, iron levels and temperatures). Thus, the absence of
lysozyme clearly lead to lack of any induction with EW supports the suggestion that lysozyme
is the key factor in EW induction of hex gene expression which is novel found. However, the
mechanism of by which lysozyme induces the hex genes remained unclear.

In EW, lysozyme is considered to be more effective against bacteria due to the synergistic
activity of other EW components. Such synergistic components potentially include the
chelating activity of ovotransferrin which removes metals associated with the LPS moieties of
the outer membrane of Gram-negative bacteria which could in turn disrupt this membrane and
allow lysozyme access to the peptidoglycan layer (Baron et al., 2015). The bactericidal activity
of lysozyme is reported to involve three main mechanisms (Baron et al., 2015). The membrane
disruption is reported as one of lysozyme’s activities against Gram negative bacteria
(Masschalck et al., 2003). In addition, induction of pore formation in the outer membrane of
E. coli has been recognized as another lysozyme activity (Derdre et al., 2013). Moreover,

lysozyme has a high affinity (presumably due to its very high pl) for the LPS and is able to
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insert into the latter as causing reorganization of the LPS monolayer (Derdre et al. 2014).
Although, there is possibility that SE resists the peptidoglycan lytic activity of lysozyme due to
the protection provided by the outer membrane and the periplasmic lysozyme inhibitor (PliC),
Baron et al. (2015) indicated that the particular conditions provide by EW (e.g. high pH, metal-
ion limitation) might increase SE sensitivity to lysozyme. Various studies have indicated the
potential role of genes involved in LPS biosynthesis in EW survival. The rfal mutant, in which
an enzyme that catalyzes the early step in LPS biosynthesis is absent, was unable to survive in
EW at 42 °C (Raspoet et al. 2014). A murA gene, encoding an enzyme involved in the
synthesis of peptidoglycan, showed an induction in SE during hen oviduct colonization and in
contaminated eggs suggesting a response to the permeabilization of the peptidoglycan by
lysozyme (Gantois et al. 2008). The recognition of lysozyme as the main hex gene inducer in
EW allows a hypothesis to be proposed whereby the induction observed is caused by the
release of an endogenous inducer from SE in response to cell envelope damage elicited by
lysozyme. Characterizing the mechanisms might contribute to improvements in food product

preservation against foodborne pathogens infection e.g. by enhancing the impact of lysozyme.

8.4 Role of the hex gene regulators, SEN1432 and DgoR

Two hex genes (SEN1432 and dgoR) were selected for further analysis through knock out to
investigate whether deletion of these genes has any obvious phenotypic effect. This technology
has been used extensively in E. coliand S. Typhimurium (Murphy and Campellone, 2003).
DgoR and SEN1432 were selected as likely being involved in mediating many of the hexonate-
dependent responses identified in this study. The promoter activity measurement showed
moderate activity (~740 U) for SEN1432-lacZ with 21- and 19-fold of induction towards 10%
EW and 0.1 mg/ml lysozyme, respectively, suggests that it has an independent proximal

promoter. However, the report by Baron et al. (2017) suggests that it is not subject to EW
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induction. The sen1432 gene is separated from the rest of the cluster (SEN1435-33) by ~90 bp
and specifies a putative GntR-family regulatory protein. Although the microarray data reported
high induction of dgoR (27 fold; Baron et al., 2017), the promoter activity assay showed
relatively low expression (~180-190 U), suggesting that the corresponding operon is repressed
under the conditions studied, or that its promoter is weak. However, it showed strong induction
of 21- and 13-fold by 10% EW and 0.1 mg/ml lysozyme, respectively. dgoR is the first gene in
the apparent dgoRK-SEN3645-dgoT operon, indicating that such control of expression (as
exhibited by dgoR) would extend to the entire operon.

The deletion of dgoR caused a moderate increase in the expression of dgoR-lacZ, and likewise,
deletion of SEN1432 caused a moderate induction of the SEN1432- and SEN1436-lacZ
fusions. These results indicated a role for the GntR-like products of DgoR and SEN1432 in
repression of the corresponding genes. This effect was reversed when complementary plasmid-
borne versions of the SEN1432 and dgoR genes were introduced to the mutants. The regulatory
mutations did not affect induction by EW or lysozyme, indicating that neither DgoR nor
SEN1432 are involved in the induction of the hex genes by EW lysozyme. Both SEN1432 and
DgoR are GntR-like transcriptional repressors with common structural organisations (Jain,
2015). Previous work showed that the deletion of the entire SEN1432-SEN1436 locus
decreased of the bacterial load in the spleen of chickens at 14 days post-infection suggesting a

minor role for this system in systemic colonization (Coward et al. 2012).

8.5 The two-component sensor-regulators, PmrAB and PhoPQ, mediate the response of
the hex genes to polymyxin B, and have a minor role in the response to lysozyme/EW
The most likely reason for the lysozyme-dependent induction observed in chapter 4 would
appear to be the release of an endogenous inducer/signal generated by SE in response to cell-
envelope damage. Alternatively, any lysozyme-mediated alteration in the structure/integrity of

the envelope might trigger a protective response leading to hex gene induction. The expression
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data of Baron et al. (2017) were consistent with a considerable membrane-stress response
imposed by EW on SE, a stress that is likely to be caused by lysozyme, to some degree at least.
The genes thus up-regulated, that are related to membrane-stress, include degP (a
periplasmic/membrane-associated serine endoprotease that degrades abnormal proteins), Tol-
Pal system genes (involved in the maintenance of cell-envelope integrity) and ompC (encoding
an outer-membrane porin). Gantois et al. (2008) suggest that maintenance of cell-envelope
integrity is a significant feature of resistance to EW, with cell-wall disruption and progressive
cell lysis reported as the major mechanisms of EW-mediated bactericidal action at 45 °C for
E. coli (Jan et al., 2013; Baron et al., 2017); a similar effect can be anticipated for SE.

The polymyxin B and lysozyme induction of the hex gene fusions was investigated in the
presence and absence of two 2-component transcriptional regulators (PmrA and PhoP) that
might have a role in mediating the hex gene response in EW. The PmrAB and PhoPQ systems
coordinate the expression of genes that enhance survival under conditions where membrane
integrity is threatened, through inducing modifications of the LPS that decrease AMP (anti-
microbial peptide) binding and bacterial-cell entry (Gunn, 2008). PmrAB was shown to induce
one of the hex genes, dgoR, by 500 fold (Tamayo et al., 2002); this finding thus leads to the
suggestion that all of the hex genes might be subject to major regulatory induction by PmrAB
in response to membrane damage exerted by lysozyme in EW. The PmrAB system responds
(directly or indirectly) to high extracellular levels of ferric iron or AI**, external acidity and
AMPs such as PMB (Zhou, 1999; Ryan et al., 2015; Tamayo et al., 2002). Interestingly, the
yibD (waaH) gene is also greatly (2,500-fold) induced by PmrAB in response to PMB
(Tamayo et al., 2002) and this gene specifies an enzyme (LPS(Heplll)-glucuronic acid
glycosyltransferase) that incorporates glucoronate (a hexuronate) into LPS to improve
resistance to SDS and other factors (e.g. PMB) that damage the outer membrane (Klein et al.,

2013). This suggests the possibility that the reason for the induction of the hex genes by
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lysozyme (and PMB) might be to generate hexonate/hexuronates for addition to LPS in order
to raise membrane resistance. However, the manner in which such modification might result in
lysozyme resistance is unclear. Addition of hexonates would be expected to raise the negative
charge of the outer membrane and thus would be expected to promote binding of lysozyme due
to the strong positive charge of this enzyme. A possibility to consider is that such modification
might trap lysozyme at the surface of the OM since, thus providing resistance to lysozyme
damage to peptidoglycan. This suggestion requires further investigation.

To study the role of the PmrAB and PhoPQ systems in hex gene expression, Salmonella
serovar Typhimurium (JSG210) and two isogenic mutants, pmrA (JSG421) and phoP
(JSG425), were utilised with six hex gene lacZ fusions. In general, the six hex genes studied
showed strong induction by PMB, and this induction was (generally) markedly reduced or
eliminated by loss of either PmrA or PhoP. This strongly indicates that the hex genes have a
role in protection against outer-membrane damage as elicited by exposure to PMB, and that
their PMB induction depends on both PhoPQ and PmrAB. It is likely that PhoPQ acts as the
direct sensor for PMB activity, and then activates PmrA through PmrD (the pmrD gene is
induced by PhoP, and PmrD activates PmrA by inhibiting its dephosphorylation; (Kato et al.,
2007), resulting in PMB-induction of the hex genes. The loss of either PmrA or PhoP, in
general, only slightly reduced hex gene induction by lysozyme (by around twofold). Thus, it is
clear that the response to lysozyme is distinct to that for PMB. In addition, the strong residual
hex-gene response to lysozyme in the absence of PmrA or PhoP shows that some other factor is
mainly responsible to lysozyme induction. Candidates include RpoE and CpxAR since these
regulators respond to envelope damage and there was strong evidence of their role in the
regulatory response of SE to EW (Baron et al., 2017). Another possibility is that the lysozyme
response is controlled directly by both PhoPQ and PmrAB, such that absence of one or other

system only weakly affects the induction observed. Thus, pmrA phoP double mutants should

218



Chapter 8 General Discussion

be employed in any future work to test for this possibility. It is interesting to note that PmrB
has no extensive, recognisable sensory domain (just a short 30 residue segment in the
periplasm) whereas PhoQ has a large periplasmic domain (~130 residues) that is presumed to
respond to the various extracellular (periplasmic) signals that induce the PhoPQ regulon.

The pSU-eptA-pmrAB complementing plasmid was generated and showed that provision of
eptA-pmrAB in trans reversed the lack of induction by lysozyme and PMB of SEN1436 in the
pmrA mutant, clearly supporting the direct control of this gene by PmrAB (Fig. 6.11 & 6.12).
The results are also consistent with a direct response of the PmrAB system to lysozyme, and an
indirect response to PMB via PhoPQ-mediated control. For dgoR, the results suggested direct
regulatory control by PhoPQ in response to PMB, and a degree of direct regulatory control by
PmrAB in response to lysozyme. Thus, the control of the hex genes by the PmrAB and PhoPQ
systems in response to lysozyme and PMB is complex, and involves additional unidentified
factor(s). Such additional regulator factors previously identified include Crp (responding to
glucose) and the various GntR-related repressors (e.g. GntR) responding to Hex compounds
(Robert-Baudouy & Stoeber, 1973; Portalier et al., 1980; Blanco et al., 1986; Zeng et al.,
2001; see Fig. 4.5).

In summary, the results clearly show that the hex genes are subject to PMB induction and that
this is largely controlled by PmrAB-PhoPQ. However, the response to lysozyme is only partly
controlled by these factors indicating the involvement of another regulator. The results are
consistent with a role for the observed hex gene induction by lysozyme in preserving the

integrity of the cell envelope.

8.6 Attempted overexpression of SEN1432 and dgoD
Two of the hex genes (SEN1432 and dgoD, encoding a predicted transcription factor and D-
galactonate dehydratase, respectively) were targeted for overexpression and purification, partly to

enable antibody production for the monitoring of expression effects by western blotting (providing
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a second method to monitor hex gene expression). Overexpression vectors were generated for
SEN1432 but not for dgoD due to the presence of Hindlll and Ndel restriction sites within
dgoD meaning that the gene was digested during release of the insert from pJET1.2 for
subcloning into pET21a, and so it was not possible to clone the gene into pET21a. In future
work, this problem could be overcome through a gene-synthesis approach or by using cloning
by Gibson assembly (Gibson et al., 2009).

Subcloning of SEN1432 into pET21a was successful, however the overexpression of SEN1432
from E. coli BL21(DE3) in both its native and His-tagged form failed. Sequencing showed that
the correct gene sequence was present in the constructs, in the correct cloning context; it is thus
assumed that the transcript was produced but that translation was poor. A few reasons for this
effect include the formation of a secondary structure (stem-loop structures) interrupting the
activity of the ribosome and thus negatively affecting translation (Hall et al., 1982; Qing et al.,
2003). The SEN1432 gene has a relatively low G/C content at the start of the gene so
secondary structures should not be causing a problem with translation. Likewise, the second
codon has been shown to affect translation in E. coli, but the second codon of SEN1432 (AGC)
is not associated with poor translation (Looman et al., 1987). Therefore, it is probable that
translation is impaired by suboptimal codon usage as indicated by the relatively high level of

suboptimal codons carried by this gene.

8.7 Suggested future work

In any future work following from that described in this thesis, there are several priorities that
should be considered. The effects of the dgoR and SEN1432 mutations on the remaining hex
gene lacZ fusions should be investigated such that a more complete indication of the regulatory
influences of the corresponding GntR-like regulators can be deduced. Any such additional
experiments should also include mutations in relevant regulatory genes (e.g. gntR, idnR). In

addition, the effects of the various hexonates on hex gene expression with each regulatory
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mutant should be performed to investigate how the regulatory-impact of hexonates on hex gene
expression is affected by absence of these regulators. In this way, it should be possible to
define the effectors that each regulator responds to. It would also be beneficial to include
generate multiple deletions in the genes encoding the regulators of relevance and then study the
effects of such mutations on hex gene regulation by hexonates. This would further clarify the
regulatory processes governing the expression of the hex genes. Purification of the DgoR and
SEN1432 proteins would enable direct DNA and ligand binding experiments to proceed which
would extend and support the work with the lacZ fusions. Further work is required on the
lysozyme and PMB induction effects observed, using a mixtures of lysozyme and PMB to
determine whether these factors induce gene expression in an additive fashion; this would
confirm that these two factors induce hex gene expression by different pathways. Further, a
double pmrAB-phoPQ mutant should be used to test the possibility that in the absence of one
system, the other provides a compensatory activity for lysozyme-dependent induction. The
possible role of CpxAR and RpoE in the observed lysozyme induction should be tested,
particularly as both these systems were predicted to be activated in response to EW exposure
(Baron et al., 2017) and a potential CpxR site was identified upstream of dgoT. It would be
particularly interesting to perform a global expression analysis of the effect of lysozyme on in
SE. Codon optimization using programmes such as ‘GeneOptimizer’ (ThermoFisher) should
assist in correcting the overexpression problem, so this should be considered for future work.
This can be achieved by gene synthesis, which can also be used to eliminate undesired
restriction sites. The availability of the purified, over-expressed SEN1432 and DgoR proteins
would allow direct DNA-binding studies to progress along with effector interaction

investigations, using techniques such as gel retardation and DNase | foot printing.
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Appendixs

Appendix 1: Translated sequence of induced genes (using Vector NTI program)

1 TTCTCATCGG ATRAGGTTAT TTTAARATAT RAGTTTTTGT TGATTTTTAC TGATTALGAL CCAATCCCAT TAGGCTCTAR GTGATGATGT CCAALAGTAGC
BAGAGTAGCC TATTCCAATA AAATTTTATA TTCAALAACKH ACTALAALATG ACTAATTCTT GGTTAGGGTA ATCCGALGALTT CACTACTACA GGTTTCATCG
101 RATACACATT CTTTTAGARL LRACGGTATTT TCTGTTTGAT TAATGAGGTT ATCTRATACL TCAGGAGGGL GRATRCGGCC TOAALAGGGG AATCCCGTTT
TTATGTGTLA GAARATCTTT TTGCCATALL AGACRAACTA ATTACTCCAR TAGATTATGT AGTCCTCCCT CTTATGCCGG  ACTTTTCCCC  TTAGGGCARL
43 M AT
i
201 GTGRATCTTAE TCCCCGCTTTS  TCTCGGATTS  TTTSCTGTTT  TTTGAGCGGA ATCGCGTTAG  CATGAGTCAG GACTCATTTA ATGCGGGGAT TTCATBGCTA
CACTTAGALT AGGGGGLALG AGAGCCTRAG ARACGACARLL RAACTCGCCT TAGCGCALTC GTACTCAGTC CTGAGTAAAT TACGCCCCTA  AAGTACCGAT
43 I K L I A I pul ™ hel b3 T L L L F hel H T I k] F A ks K H A I A A A R E OO
301 TCAADACTTAT TGCTATCGAC ATGGATGGCA CCCTTCTGCT GCCCGATCAC ACCATTTCTC CGGCGGTTAA AMACGCGATT GCCGCTGCGC GTGAAMAAMAGG
AGTTTGAATA ACGATABCTE TACCTACCGT GEGARGACGA CBGGCTAGTG TGGTAAAGAG GCCGCCAATT TTITGCGCTAA CBGBCGACGCE  CACTTTTTCC
+3 = v b w v L T T i<} R E T A i<} v H i ' L K E L H M E Q E o D T (<] I T T
401 GGETAAATGTG GTGCTGACCA CAGGCCGTCC GTATGCEGET GTGCACAGTT ACCTGARAGAR ACTTCACATE GRACAGCCCG GCGATTATTG CATCACCTAT
CCATTTACAC CACGACTBBT GTCCGBCABG CATACBCCCA CACGTBTCAR  TGGACTTTCT TGRAGTETAC CTTETCEGGC CGCTAATAAC GTAGTGGATA
+3 H (<] A L v Q b A (=] D [l E T w A Q T A L =l ' D D ks R ' L E h:y L El p:3 E WV
501 ARCGEEGCEC TGETGCAGAA AGCAGEGGAC FGGCAGTACGE TTGCGCRAAC GGCECTCAGC TATGATGACT ACCGTTACCT GGARRAACTG TCCCETGAGG
TTGCCCCGCG ACCACGTCTT TCGTCCCCTG CCGTCATGCC ALCGCGTTTG CCGCGAGTCG ATACTACTGA TGGCAATGGA CCTTTTTGAC AGGGCACTCC
+3 v oo = H F H A L D R N T L h'd T A N R D I = kg hd T v H E s kg v A T I P
601 TBGETTCTCA CTTCCACBCA TTAGACCGAAR ATACGCTITA TACCGCTAAC CGCGATATCA GOTACTACAC GGTBCATGAG TCGTATBTGE CEACCATTCC
ACCCAAGAGT GAAGGTGCGT AATCTGECTT TATGCGABAT ATGGCGATTG GCGCTATAGT CGATGATGTG CCACGTACTC AGCATACACC GCTGGTAAGE
43 F L K F o E A E by M o F N T [*] F L ® v M M I D E F A v L D R A I A R
7ol GCTGGTATTT TGTGAAGCGG AGAAGATGGA CCCBAACACC CAGTTCCTGA AAGTTATGAT GATCGATGAG CCTGCCGTTC TCEACCGGGC GATTGCGCGT
CBACCATAAL ACACTTCECC TCITCTACCT GGECTTGTIGG GTCAAGGACT TTCAATACTA CTAGCTACTC GGACGGCAAG AGCIGGCCCE  CTAACGCECA
+3 I E A E w K E B T T w L B i A E e F L E I L D K R hs n ® = ks o w K =5
801 ATACCGGCAG AGGIGAAGEA AAAGTACACC EGTIGCTGAAAAR GCBCGCCGTRA CTTCCTTGAR ATCCTCGATA AARCGEGTTAAR TAARGGCACC GECGTAAAAT
TATGBECCBTC TCCACTTCCT TTICATGTEG CACGACTTTT CGCGCBGCAT GARGGRACTT TAGGAGCTAT TTGCCCAATT ATTICCBTGE CCGCATTTTA
+3 s L A E A L =} I ® =4 E E hs B s I = D (=] E H D I A oo I E T A i<} oo <] v A
S01 CACTGECCGA GECGCTEGET ATTAAGCCAG A(GAGGTGAT GGCGATIGGC GATCAGGARA ACGACATIGC GATGATCGAA TACGCCGETA TEGECGTGEC
GTGACCGGCT CCGCGACCCA TAATTCGGTC TCCTCCACTA CCGCTAACCEH CTAGTCCTTT TGCTGTAACG CTACTAGCTT ATGCGGCCAT ACCCGCACCEG
+3 A M D N A I F = v by E v A N F v T ® s N L E D (=3 v A w A I E ¥ F v L
1001 AATGGACAAC GCCATTCCGT CGGTCARAGA GGTGGCTRAAC TTTGTGACTA AATCGAACCT TGRAGATGBT GTTBCCTGGE CGATTGRAAAR ATTTETGCTE
TIACCTGTTG CGETAAGECA GCCAGITTCT CCACCGATTG BAAACACIGAT TTAGCTTGGA ACTTCTACCA CBACEGACCC GCTAACTTTT TAAACACGAC
43 H F D H = s o H F F A R *
1101 AAMCCCCBGATC RACTCATCCGG CCATTTCCCC BCCCBATRAG GCATAGCCGE CATCGGGCAL  ATACGOGCTT  ARCGACCCGE  ACTTGCTSCG  GGTTTTTTTA
TIGGEECTAG TGAGTAGECC GGTAARGGEG CGEGCTATTC CGTATCGGCOG GTAGCCCGTT  TATGCGCGAL  TTGCTGGSCG  TOAACGACGEC  CCAAARLALT
1zZ01 TGTCTTTCGT TTACGTCTTL TRACGTTCCC ATLACCRATT GTTGTTTTTG TGATCTAAAT TGTAGTACRL CATRATTATG TTGTALCTACH TTALTGGCAT
ACAGAARGCE RATGCAGAAT ATTGCAAGGG TATTGGTTAR CARACRARRAC ACTAGATTTA ACATCATGTT GTATTAATAC ALACATGATGT AATTACCGTE
= i
1301 GATAACGACG GTTGATATCA CGCTAGTACT ACLRAATTGC GGCGTAATTC AGCTATCGCS  GTALAGTAAG AGAGTTCACA TCGAGCACAL GGACTCTCTL
CTATTGCTGC CAMCTATAGT GCGATCATGA TGTTTTAACG CCGCATTARG TCGATAGCGC CATTTCATTC TCTCALGTGT AGCTCGTGTT CCTGAGAGAT
+z ™M T L N ® T o R I v I T L o ¥ [+] I v E o K kg K F b3 E A L F A E A D L
1401 TGACTCTCRR TARRACCGAT GGCATCGTTR TCLACGCTGSGG  CAARCAGATT GTCLAGCGGT CCLGCGG  AAGCGGATCT
ACTGAGAGTT ATTTTGGCTL GCOGTAGCAAT AGTGCGRCCC  GTTTGTCTAR  CAGTCGCCHT  TTATGCATGG GCCARGCCGC  GACKGTCGCC  TTCGCCTAGE
dgoR 4z L © E E F E T = R N I I R E v F R E L M A K R L I E M ¥ R h'd R o A F
b1 aa-846 1501 GTGCGAGGAG TTTGALRACGT GCGCGCRACLT CATTCGOGALE GTGTTTCGTT  CGCTTATGGE  GRAGCGSCTA  ATTGREATGA AGCGCTATCG  CGGCGOGTTT
ag- bp. CACGCTCCTC  RRACTTTGCL  GCOGCGTTGTL  GTAAGCGCTT  CACRRAGCAR GCGAATACCG  CTTCGCCGAT  TRACTTTACT  TOGCSATAGE  GOCGCGCRRL
294-1139 4z T = P R H O W H ¥ L oD T D ¥ L Q W ¥ L E ¥ b ¥ D P*® R L I 5 & M S E I
Fr- 3 9{)8 362 1601 ATCGCACCGC GTAACCRAGTG GAATTATCTC GATACCGACG TGCTGCAATG GGTGCTGGAL AATGACTACG BCCCGAGGCT TATCAGCGCG ATGAGCGADL
ot TAGCGTGGCG  CATTGGTCAC  CTTARTAGAG CTATGGCTGC ACGACGTTAC CCACGACCTT  TTACTGATGS TGGGCTCCGA  ATAGTCGCGEC  TACTCGCTTT
Tc) 3ng‘707 +2 I R N L w E P a I a R W A A E R A T i i D L s E I E i A L H D M I &
— 1701 TRCGLRACCT GGTGGRGCCA  GCRATRGCLC GCTGGGCGGC  GGALACGGGCE RCATCAAGCS  ATCTGGCTGL AATTGAGTCG  GCGCTRALCG  ACATGATTGC
BSQUP:‘ ATGCTTTGGA CCACCTCGGT CGTTATCGTG CGACCCGCCG CCTTGCCCGT TGTAGTTCGC TAGACCGACT TTAACTCAGC CGCGATTTGC TGTALACTAACG
ot AN pog (=] D R E A F N E A D I p23 T H E A w L Q = w H H F w L Q (=] L pag v
Uncharacterized)  +=
a 1801 CRACLACCAG GACCGGGARG CGTTTRACGL GGCGGATATT CGCTATCACS  RAGCAGTGTT GCAGTCGGTS CATARCCCGG  TACTSCALCA  GTTALATGTL
protein GTTGTTGGTC CTGGCCCTTC  GCARATTGCT CCGCCTATAL  GCGATAGTGC TTCGTCACAL CGTCAGCCAC GTATTGGSCC  ATGACGTTGT CAATTTACAT
4z A I s E L [*] R A v F E R T w M [+ D A A N M P 18 T L [+] E H ® A L F D A
1901 GCGATCAGCT CGCTACAGSG  AGCGGTATTT  GALCGGACCT  GGATGGGCGL  TGCGGCCAAT  ATGCCGARLL COCTCCASGA  ACATARGGCG  CTATTCGATG
CGCTAGTCGAE  GCGATGTCGC  TCGCCATRAL CTTGCCTGGL  CCTACCCGCT  ACGCCGGTTA  TACGGCTTTT  GCGAGGTCCT  TGTATTCCGC  GATAAGCTAC
4z A I h3 H [*] el o hel A A E [*] A A L T ™ I A s = T h:=3 h3 L ® E I T *
41 M T A h3 k4
zZo0o1 CGATACGGCL TCAGGATGGC GATGCGGCAG AGCAGGCGGT ATTAACCATG ATCGCCAGCT CGACACGARG GTTRAAGGADL ATCACARTGRC AGCTCGCTAC
GCTATGCCGT  AGTCCTACCS  CTACGCCGTC  TCGTCCGCCG  TAATTGGTAC  TAGCGGTCGAL  GCTSTGCTTC  CAATTTCCTT  TAGTSTACTG  TCGAGCGATG
+1 I A I D WG i T H L R A ™ L T Q i<} D KB =] L E E R (=] i E s = hs T R L N
2101 ATCGCAATTG ACTGGGGATC GARCCRATCTG CGCGCCTGGC  TTTACCAGGG CGACRALTGC CTGGRGAGCL GOCAATCAGE AGCAGGCSTT  ACACGCCTOL
TAGCGTTLAC TGACCCCTAG CTGGTTAGLC GCGCGGACCG ALATGGTCCC GCTGTTTACG GACCTCTCGT CCGTTAGTCT TCGTCCGCAA TGTGCGEACT
+1 N o 29 E P D A v L A E w T T H w R D E A T F w v M A o M I f3 = p2g Voo
2201 RCGGTLRATC TCCTGACGCS  GTGTTAGCAG  AAGTCACRLC ACACTGGCGEC GARCAGCGCCL CCCCRGTSGT  ARTGECGEGC  ATGATCGSCA  GTRACGTAGG
degok TGCCATTTAG AGGACTGCGC  CACAATCGTC  TTCAGTGTTG  TGTGACCGCG  CTGTCGCGGT  GGGGTCACCA  TTACCGCCCG  TACTAGCCGT  CATTGCATCC
292 A= s?gbp 41 oW [+] n A F hd L F v F A L F s A I o E [*] L T A v o D N I w I I F o L
2086-2964 2301 CTGGCAKAAT GCGCCTTATC  TGCOGGTTCC  CGCCCTGTTC  TOCGCTATTS  GOGARCAGTT  AACCGOCGTT  GGCGRCALCA TCTGGATCAT TCOCGGATTG
GACCGTTTTAE CGCGGRATAG ACGGCCLAGE GCGGCACRLG  AGGCGATAAC CGCTTGTCAL  TTGGCGGCAA  CCGCTGTTGT  AGACCTAGTA  AGGGCCTALC
Fr; 3,906,436 71 <© ¥ 5 ® ® D W H H ¥ ¥ R @ E E T @ L L @& » R E L 5 F 5 5 v ¥ T M © o
TO: 3,90?,053 2401 TGTGTCTCAC GCGAGGATAL CCACAACGTG ATGCGCGGTG AALGAGACGCA ACTGCTTGGC GCCCGCGAAC TTTCTCCTTC TTCTGTCTAT GTCATGCCCG
LCACAGAGTG CGCTCCTATT  GGTGTTGCAC  TACGCGCCAC  TTCTCTGCGT | TGACGRACCG  CGGGCGCTTG  RARGAGGAAG  BAGACAGATE CAGTACGGSC
BSQI-]PII +1 @ T H (<] ® wWow (=] ks D T (=] (=] I H D F R T w B T o E L H H L L L R H s L
2-dehvdro- 2501 GCACGCATTG CAARTGGGTL CAGACTGATAL CGCRACRRAT TCATGATTTT CGTACTGTGL TGACRGGCGL ACTCCATCAC TTGTTGCTGC GTCACTCGET
d - CGTGCGTAAC  GTTTACCCAT  GTCTGACTAT  GCGTTGTTTA  AGTACTARAL GCATGACACT ACTGTCCGCT  TSAGSTAGTG  ALACAACGACG  CAGTSAGCGL
m}‘ +1 L v o A = L P E (=] E v s = D A T A A (=3 L E R (=3 L H El P A v L P =l L F
galactonokjnase 2601 GGTCGGGGCT  GGTTTGCCGS  RRCAGGRAGT  TTCTGGCGAC GOCTATGCCS  CGGGGCTGGL  GOGCGGTCTT  ARTTCTCCTG  COGTCCTSCC  TTCTCTTTTT
CCAGCCCCGAE  CCARACGGCC  TTGTCCTTCAL  AAGACCGCTG  CGGATACGGC GCCCCGACCT  CGCGCCAGAL  TTAAGAGGAC GOCAGGACGG AAGAGRLLLL
41 E v R A = H K L o H L A R E [+] v E o F L E o L L I o A E v A E M g2 E
2701 GAGGTTCGCG CCTCGCACGT  GTTGGGACAC  CTTGCGCGTG  AGCAGGTCAG CGACTTCCTC  TOCGGOCTGT  TSATTGGCGEC  GGRAGTCGOC  AGCATGAGCG
CTCCAAGCGC  GGAGCGTGCL  CRACCCTGTS  GRACGCGCAC TCGTCCAGTC  GCTGAAGGAG  AGGCCGGACA  ACTRACCGCG  CCTTCAGCGS  TCGTACTCGC
41 E =] F A A (=] [+] A I T L s A (=] F A L I k] -3 T (=] [*] B F = A I o R pul s k] T
2801 AATCCTTCGC GGCGCAACAG GCTATCACTC TCGTCGCTGG ACCCGCGCTG ATCTCACGTT ACCAACAGGC GTTTAGTGCT ATTGGGCGTG ATGTTTCAAC
TTAGGALGCG  CCGCGTTGTC  CGATAGTGAG AGCAGCGACC  TGGGCGCGAC  TAGAGTGCAL  TGGTTGTCCS  CARRATCACGA  TARCCCGCAC  TACAALGTTG
+2 M (=] woQ T H L E L I s I L R =} I T P
—
+1 T v D o D M F (=] A =} I R i I A H A v A " *
2901 CGTGGATGGC GATATGGCAT  TTCAGGCTGS  AATARGGRGC ATCGCTCATG CAGTGGCARL  CTRATCTCCC  TCTCATCGCT  ATCTTACGCG  GTATTACGCC
GCACCTACCG CTATACCGTA AMAGTCCGACC TTATTCCTCG TAGCGAGTAC GTCACCGTTT GATTAGAGGS AGALGTAGCGA TALGALTGCGC CATAATGCGS
d-gon +2 F D D A L A H v f3 A v w D A (=3 F D A I E I F L p2g = F [=] w E E E I = F
205 aa-618 bp. 3001 CGLTGATGCC CTGGCGCACG  TTGGCGCGGT  GGTGGATGCG  GGATTTGACG CTATAGALAT TCCGCTTAAC TCCCCACAGT  GGGRLARLLG CATTTCTTTC
2948-3562 GCTACTACGG  GACCGCGTGC  RRCCGCGCCA  CCACCTACGC CCTRARACTGC GATATCTTTL AGGCGAATTG AGGGSTGTCA  CCCTTTTTTC  GTAALGLALG
Fr:3,906,436 4z ¥V ¥ K ¥ & & R & L I @ = @ T v L K F E o v D o L A & M & O ¥ L I W
To; 3,907,053 3101 GTGGTGRAGG CGTATGGCGG CAGGGCGCTT  ATTGGCGCTG  GTACCGTACT GRALCCGGRL CAGGTAGACC AGCTTGCCGG  GATGGGCTGC  AAGCTGATCG
CACCACTTCC  GCATACCGCC  GTCCCGCGAL  TRACCGCGAC CATGGCATGA  CTTTGGCCTT  GTCCATCTGG  TCGRACGGCC CTACCCGACG  TTCGACTAGE
BSQUW 4z v T P H I [*] P E hs I h:3 h:=3 A v s k4 o ™M T v [ P o o A T A T E A F s A L
z-dﬂh'\'dm-._ — 3z201 TCACGCCGAA TATCCAACCG GAGGTGATCC GCCGGGCGGT GAGCTATGGC ATGACCGTGT GTCCGGGCTG CGCCACGGCA ACGGAAGCCT TTTCTGCGCT
deoxy-6- AGTGCGGCTT  ATAGGTTGGC  CTCCACTAGG  CGGCCCGCCA  CTCGATACCS  TACTGGCACAL  CAGGCCCGAC  GOGGTGCCGT  TSCCTTCGGA  AARGACGCGE
- +2 L D s o A (=] s L ® I F E i i A F i<} =4 <] T I =) A L B A v L P P D w E L
phospho 3301 GGATGCAGGC GCACAGGCGT  TRALRATTTT CCCGTCGTCG  GOGTTTGGTC CGGGCTACAT CRGCGCGUTG  ARAGCGGTAC TTCCGCCGGA  TSTTCCGCTR
galactonate CCTRCGTCCG  CGTGTCCGCA  ATTTTTARLL  GGGCAGCAGC  CGCARACCAG  GCCCGATGTA  GTCGCGCGAC  TTTCGCCATG  ALAGGCGGCCT | ACAAGGCGAT
nldolase -2 F A w o (=] w T P E N L A Q w I 39 A (el o v o A (el L o E D L k' R A o (=3
3401 TTTGCCGTCG  GCGGCGTGAC  GCOCGGALRAC  CTGGCGCRLT  GGATTARRGC CGGCTGTGTS  GGCGCGGGAT  TSGGTAGCGER TCTCTATCGE  GOCGSGCART
RALCGGCAGC CGCCGCACTS  CGGCCTTTTG  GACCGCGTTA  CCTAATTTCG  GCCGACACAC CCGCGCCCTA  ACCCATCGCT  AGAGATAGCG  CGGCCCGTTL
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+25VER'TRQ A A A F ¥V N A YT R E 2 v K ¥
M K I T H I T T Y R L P F

+1
3501 CCGTTGARACG CACCGUGCAG CAGGCTGCGG  CATTTGTTAAL  TGCGTATCGR  GAGGCAGTGL ALTGAARATA ACTCACATCAL CCACGTACCG TTTACCTCCL
GECLACTTGC  GTGGCGCGTC  GTCCGACGCC  GTAAACAATT  ACGCATAGCT CTCCGTCACT  TTACTTTTAT TGAGTGTAGT GGTGCATGGC  ALATGGAGGT

+1 E W M F L E I E T D E & ¥ v oW @ E F ¥ I E & B L R T ¥ E & L ¥ HE

3601 CGTTGGATGT TCCTGRAAAT CGAAACGGAT GRAGGCGTGG TTGGCTGGGG AGAGCCGGTC ATTGARGGTC GGGCACGTAC TGTAGAGGCG GCAGTACATG
GCALCCTACE AGGACTTTTA GCTTTGCCTA CTTCCGCACC  AACCGRCCCC  TOTCGGCCAG  TAACTTCCAG CCCGTGCATG  ACATCTGCGC  COTCATGTAC

+1 E F & D T L I [ K D F L R I N D L W oQ v M T R b [ F T R & G F I M M

3701 AGTTTGCCGA CTACCTGATE GGGRAAGATC CGGCGCGTAT CARCGACCTA TGGCAGGTAL TGTACCGGGC CGGTTTTTAT CGCGGOGGCC  CGATTATGAT

dgod TCALACGGCT GATGGACTAT CCCTTTCTAG GCCGOGCATA  GTTGCTGGAT ACCGTCCATT  ACATGGCCCG  GCCAARAATA GCGCCGCCGG  GCTAATACTA

382 aa-1149 bp. 41 M3 B I i @ I D @ & L W D I K ¢ K ¥ L N & F ¥ W O L M & @ L ¥ & D K
3562-4710 3801 GAGCGCCATC GCCGGTATTG ACCAGGCATT GTGGGATATC AAAGGCAAGG TGTTGAATGC GCCGGTCTGG CAGCTCATGG GCGGCCTAGT GCGCGACAAL
Fr:3.905.29] CTCGCGGTAG  CGGCCATAAC TGGTCCGTAR CACCCTATAG TTTCCGTTCC ACAACTTACG CGGCCAGACC GTCGAGTACC CGCCGGATCA  CGCGCTGTTT
Tl:;'3:9045;-139 1 I K & ¥ 8 W VvV & & D E F & D v I D & I E K L &R @ I @ F D T F K L N
B.'; UN,Q 3901 ATCAAGGCCT ATAGCTGGGT GGGTGGOGAT CGTCCGGCAG ACGTCATTGA CGGTATTGAL ABATTGCGCG GTATTGGTTT TGACACCTTC AAGCTGAACG
Q TLGTTCCGGA TATCGACCCA CCCACCGCTE  GCAGGCCGTC  TGCAGTAACT GCCATARCTT TTTAACGCGC CATRACCALL ACTGTGGAAG TTCGACTTGC
D.galac[mtg 44 ®C E E M@ ¥ I D N & R A ¥ D A & v N T vV L Q I R E & F & § E I E F
dehydratase 4001 GCTGTGAAGE GATGGGOGTG  ATTGATAACT CCCGTGOGGT GGATGCGGCG  GTCAATACCG TGGOGCAAAT CCGCGRAGET TTCGGCAGTG ALATTGAGTT
CGACACTTCT CTACCCGCAC TRACTATTGE GGGCACGCCH  CCTACGCCGC  CAGTTATGGC ACCGOGTTTA GGCGCTTCGL  AAGCCGTCAC TTTAACTCAL

+1 F O L D F H & R v s i P M 2 K ¥ L I K E L E P T R P L F I E E P ¥V L

3101 TGGGCTCGAC TTCCACGGTC GOGTTAGCGC GCCGATGGCG  ARGGTGCTGE TTARAGRACT GGLACCCTAT CGOCCGOTGT TTATTGAAGE GCCGGTGCTG
BCCCGAGOTG  BAGGTGCCAG  CGCRATCGUG  CGGCTACCGC TTCCACGACT BATTTCTTGA CCTTGGGATA GOGGGCGACE AATALCTTCT CGGCCACGAC

+1 L E Q R E T T F E L L AR Q T H I P I & & & E R M F B )23 F E F K E VL

4201 GUGGAACAGG  CGGAATATTA TCCGCGCCTG  GCAGCGCAAL  CGCATATTCC  GATTGCCGCL  GGCGAACGTA  TGTTCTCGCG  TTTTGAATTT  ARACGCGTGC
CGCCTTGTCC  GUCTTATAAT  AGGCGCGGAC  CGTCGCGTTT  GCOGTATALGG  CTAACGGCGT  CCGCTTGCAT  ACAAGAGCGC  AAAACTTAAL TTTGCGCALCG

41 L D & @ & L & I L F o L g H L & & I T E c T E I 2 & M & E i T D ¥

4301 TGGACGCGGG CGGGTTGGCG ATTCTACAGC CGGATTTATC CCACGCGGGC GGCATTACCG ABTGCTATAR AATCGCCGGE  ATGGCGGAAG CATATGATGT
ACCTGCOCCC  GOOCAACCGC  TRAGATGTCG GCCTAMATAG GGTGCGCOCG  CCGTAATGGC TTACGATATT TTAGCGGCCT TACCGCCTTC  GTATACTACA

+1 vVA L & F H C F L & E I ~ L L A © L H I D F v = E H & A F Q E Q 5 M

4401  GEOGCTGEECG  CCGCATTGCC  CGCTGGGTCC  AATCGCCCTG  GUTGCCTGCC  TGCATATCGL  TTTTGTTTCG  CGCARCGCGG  TATTCCAGGL  GCAGAGCLTG
CCOGUGACCGC  GGCGTRACGG  GCGACCCAGG  TTAGCGGGAC CGACGGACGG  ACGTATAGCT  ARRACAALGC GUGTTGCGCC  ATAAGGTCCT  CGTCTCGTAC

+1 @ I H T H E e} L E L L D F v E H E E D F S M D @ @ F F K F L T K F G

4501 GGCATTARCT ATRACAAGGG CGUGGAGCTG CTYGACTTTG TGAAAAACAL AGALGACTTC AGCATGGACG GCGGCTTCTT TARACCCTTA ACCAAACCGE
COGTARGTGE TATTGTTCOC GCGCOTCGAC GAGCTGARAC ACTTTTTGTT TGTTCTGRAG TCGTACCTGC CGCCGAAGAR ATTTGGGAAT TGGTTTGGCC

+1GLGVDID E &2 R ¥ I E L & K & & P D W R N P L W R H &2 D & 5 ¥V &

4601 GTCTTGGCGT AGACATTGAC GRGGCCAGGG TGATTGAACT TAGCAARAGC GCGUCGGACT GGCGTAATCC GTTGTGGCGG CACGCTGACG GATCGGTAGC
CAGLACCGCA TCTGTAACTG CTCCGGTCCC ACTAACTTGA ATCGTTITCG  CGCGGCCTGL CCGCATTAGG CAACACCGCC GTGCGRCTGC  CTAGCCATCG

41 A E W ¥

————
4701 CGAGTGGTGL  TCGCCACGCT  GTAGGCTCAR  CRAMCGTCGC CCTCCGGGCL  ACCCALTTTL  AATATAARARL CACACCCTCT GTAATTTACA GGGCATGGTG
GCTCACCACT  AGCGGTGCGA  CATCCGAGTT  GTTTGCAGCG  GGAGGCCCGT  TGGGTTALAT  TTATATTTTT GTGTGGGAGEL CATTARATST CCCGTACCAC

+1 M D I =3 v T L R Qo F @ E R R ¥ L T L v MI

4801 AGCGGCCTCG CTATGCCCAG ARTCTGGAGE CAGATGACGL TGGATATTTC AGTTACAGCA GCACAGOCGG GGOGTCGCCG  CTATCTGACG  CTGGTGATGA
TCGCCGGAGC  GATACGGGTC TTAGACCTCT GTCTACTGCT ACCTATRLAG TCRATGTCGT CGTGTCGGCC CCGCAGUGGC GATAGRCTGC GACCACTACT

41 I F I T v v I oFT v ol E & H L L ¥ L 5 M H I O E E F & I T K i E M &

4901 TCTTTATTAC CGTGGETGATT  TGCTACGTCG  ATCGCGCCAL  CCTTGCCGTG  GCTTCCATGC  ATATTCAAAA  AGAATTCGGC  ATTACCAALG CGGLAATGGG
AGALATAATG GUACCAfTLA ACGATGCAGC TAGCGCGGTT QFLACGGCAC CGAAGGTACG TATAAGTTTT TCTTLAGCCG TARATGGTTTC GCCTTTACCC

+1 T ¥V F S 4L F A W L T T L € o I F £} & W F L D R I & &5 R L T T F I &

5001 CTATGTCTTC TCCGCTTTTG COTGGOTCTE TACGTTATSC CAGATCCCTG  GCGGCTGGTT TCTCGACCGT ATTGGGTCCC GGCTGACCTA  TTTTATCGCT

dgoT GATACAGRAG AGGCGAABAC GGACCGAGAT ATGCAATACG GTCTAGGGAC CGOCCGACCAL AGAGCTGGCA TAACCCAGGG CCGACTGGAT AAAATAGCGA

130 1293 +1 I F & 13 s v b T L L [* ] F b T & L L s L I [ L R N I T =} I F E & F
aa- .

bP- W (101 STCTTORGCT GOTCATTOSC GICOCTATTG CAGOGOTTTS COACOGGETT ATTOICGOTT XTCIG0STOr GOSCTRTTAC CoGGATTTIC GAGECACCAS

4540-6132 TAGRAGCCGA CCAGTCAGCG CTGOGATRAC GTCCCCARAC GCTGCCCTGA TAACAGCGAL TAGCCGGACG CGCGATARTG GCCCTALRAG CTCCGTGGTC

Fr; 3,903,869 b1 L F F 1 N § E M v T & W F F E H E FE -~ § & v @ F T T 5 © o F ¥ & L &

To; 3,905,161 5201 CCTTTCOGGC ABATARCCGG ATGGTCACTR GCTGGTTTCC GGAGCATGAG CGCGCATCCG CAGTCGGGTT CTACACCTCC GGACAGTTCG  TCGGACTGGE

BSQUNS GGARAGGCCG TTTATTGGEC TACCAGTGAT CGACCARAGG CCTCGTACTC GOGCGTAGGS GTCAGCCCRA  GATGTGGAGG CCTGTCAAGE  AGCCTGACCG

l t +1 AT L T P L L I w I Q E ™M L s W H w v F I vy T O e I [ I I w g L v W

D-galactonate 5301 ATTCCTTACG CCGCTGOTGE TCTGGATTCE GGALATGCTG  AGCTGGCACT GGGTCTTTAT CGTCACCGGC GGTATCGGGE TTATCTGGTC ATTGGTCTGG

transporter TLAGGAATGC GGCGACGRCT AGACCTARGT CCTTTACGAC TCGACCGTGA CCCAGAAATA GCAGTGGCCG CCATAGCCCT  AATAGACCAG TAACCAGACC

+1 F K ¥ T Qg F F E L T K s L 2 Q A E L E T I R D [} [ 2] L v D & D A P4

5401 TTTAAGGTTT ATCAACCGCC GOGTTTGACG LARAGCCTTA GCCAGGOGGL  GCTGGAGTAT ATTCGCGATG GCGGCGGTCT GGTGGATGG!  GATGCGCCAG
RALTTCCRAR  TAGTTGGCGG  CGCAMACTGE  TTTTCGGAAT CGGTCCGOCT  CGACCTCATA  TRAGCGCTAC CGCCGCCAGE CCACCTACCG  CTACGCGGTC

+11KKE1RQ FP L T K » D W K L ¥ F H E K L ¥ o ¥ ¥ L @ g F L ¥ H =

5501 CGLAARLAGE GGUCCGOCAG CCGTTGACGE LAGCCGACTG GARACTGGTG TTCCATCGTA AGCTGGTGGG CGTCTACCTC GGTCAGTTCG  CCGTAAACTC
GUTTTITICT COGGGCGGTC  GGCRACTGCT TTCGGUTGAC CTTTGACCAC ARAGGTAGCAT TCGACCACCC GCAGRTGGAG CCAGTCAAGC GGCATTTGAG

41 8T L W F F L T W F E H T L T G E K & I T i L EK L & F M T T v F F L

5601  TACGCTATGG TTCTTTCTGA CCTGGTTCCC  TARATTATCTG  ACCCAGGARL  AAGGCATTAC CGCGCTARAA  GCGGGCTTTAL  TGACGACCGT  ACCGTTCCTG
ATGCGATACC  AAGAARGACT GGACCAAGGG ATTAATAGAC TGGGTCCTTT  TTCCOGTAATG GOGCGATTTT CGCCCGLAAT  ACTGCTGGCL  TGGCALGGAC

+1 L AL F F @ v L L 3 & W L & ol E L T E K @ F 5 L @ ¥ A )23 K T F I I o©oo

5701 GCTGCCTTTT TTGGCGTACT ACTCTCOGGC TGGCTGGCGG ATAAACTGGT GARAALAGGC TTCTCGETGG GCGTGGCGCG  CRAALCGCCG  ATTATTTGCG
COLCGGRAAL RACCGCATGA TGAGAGGCCG ACCGACCGCC TATTTGACCA CTTTTTTCCG  ARGAGCGRCC COCACCGCGE  GTTTTGCGGC TAATARACGC

+1GLLISTC I M & & N ¥ T H®H D F L w I ™M & L M A I & F F & N & F &

5801 GTTTGCTCAT CTCCACGTGC  ATTATGGGCG  CTAACTACAC TAACGATCCG TTGTGGATTL TOGCGTTGAT  GGCGATAGCT  TTCTTCGGCL  ACGGATTTGC
CLAACGAGTE GAGGTGCACG TAATACCCGC GATTGATGTG ATTGCTAGGC AACACCTAAT ACCGCAACTA CCGCTATCGA  AAGALGCCGT  TGCCTLALCG

41 k&5 I T W s L I 3 5 L L F M E L I e} L T o @ M F H F I @ @ L [£] @ I g

5901 GTCCATTACC TGGTCGTTAR TCTCTTCGET TGOGCCGATG  CGGTTGATTG GCCTTACCGG CGGTATGTTT ARCTTTATCG GCGGGTTGGG CGGGATTAGE
CAGGTAATGG ACCAGCARTT AGAGAAGCGE ACGCGGOTAC GCCAACTAAC CGGAATGGCC GCCATACAAL TTGRRATAGC GGCCCRACCC GOCCTARTCG

+1 v P L v I o T L &2 0 57 @ F L P A L v 7 I 5 ¥ v A L L @ A2 L 5 ¥ IL

6001 GTACCGTTAG TGATTGGTTA TCTGGCGCAR AGCTACGGTT TTGCTCCGGC GOTGGTCTAT ATCTCCGTTG  TGGCCCTGCT GGGCGOGCTG  TCTTACATCC
CATGGCRATC ACTAACCRAT AGACCGCGTT TCGATGCCAL ABACGAGGOCG CGACCAGATA TAGAGGCAAC ACCGGGACGA CCCGCGCGAC  AGRATGTAGG
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+1 L L ¥ e} D ¥V K R ¥ O *

£101 TGTTAGTGGG CGATGTGALL CGCGTCGGAT AAGTTGGCCG TGGCGAGCCG GAAGCTATTA TGGCGAAGGA TGATCEGCTA TCCATGCETC GAGCGCCETC
ACARTCACCC  GETACACTTT GCGCAGCCTA  TTCAACCGGE  ACCGCTCGGC CTTCGATAAT ACCECTTCCT ACTAGCCGAT AGGTACECAE CTCECEGCAG
. e e ey
€201 ACCCCCTGCG TCACGATAGT TTTAATATCT ATATCGCTTA GCGGTTGCAR TTCCAGCTCC CGACAGGCTT CGGBITECCTG CGTCATCCCC ABGCTBGCEC
TEEEEGACEC AGTECTATCA AMATTATAGL TATAGCGAAT CGCCAACGTT ARGGTCGAGG GCTETCCGAA GCCARCGGAC GCAGTAGEEE TCCBACCGCE
2 e e e e T s e e et rrte w etrE raa riwte L tetae
€301 AGCCGCTTTT TAATTTATGC GCCAGCCGCT TAATGITAAC GTCGTCATTC ATGGCGCECG  CCGCCTCGAT CTCCTCGACT ARMGGCAGCE CGCTGICTTT
TCEGCGRAAL ATTAAATACE CGETCEECGR ATTACAATTE CAGCAGTAAG TACCGCECBC GECEGAGCTA GAGGRAECTGA TTTCCGTCEC GCGACAGARA
T e I L T e e e e e e B e e e R e e
6401 GAATAACGCG ATCCATTGCC GGAGTTTTTC CGGGCCGACA GACGCCATAT CGCCGGCAAG CTGATGITCA TICAGCATCG CCCGCGCETT GTGAGATITG
= CTTATTGCBC TAGETAACGE CCTCAMBAAAG GCCCGGCTET CTGCGETATA GCEGCCETTC GACTACAAGBT AAGTCETAGC GGECGCECAR  CACTCTARAC
T L t t t t t t t t t 1k t t t t t t t t t 1t t t t t t t t t t 1 F t t m
gllaa'z?sébp_ -z F L & I W o Q R L K E F & ¥ b3 M D G n L o H E N L ™M L E 2 N H s K &
61588893 6501 CCCTGTARAT AGTGAGCTAT CATGCGETAR AGCTCCTCGC GGGGAACGGG CTTTTGAATA ATCCCGCAGA AAAGACCGGC GGTACGCTGA CGARGATTAT
FR: 3,901,108 GEGACATTTA TCACTCGATA GTACGCCATT TCGAGGAGCE CCCCTTECCC GMRAACTIAT TAGEGCETCT TITCTEGCCE CCATGCEACT GCTTCTAATA
To; 3,903,843 -2 s o L Y H &1 METY L EE E P ¥ F Ko I I & ¢ F L & & TR G E L N D
6601 CGTCTATCAC ATGCGCGCTA AMACCAATGC GITTCATGEC GGGATACTGA CTCATCAACT GCTGCGCCAE GGTTAAGCCG TCATAATCCG GTARATCARA
GCAGATAGTG TACECGCGAT TTTGGTTACE CABAGTACCE CCCTATGACT GAGTAGTTGA CEACGCGETC CCAATTCGGC AGTATTAGEC CATTTAGTTT
e P mtate e e wta rriet s mr o oan ttits s vt iiniy
€701 ATCCACCAGC GCCACATCAR AGGACTCGCC TTCGGCTAMA CAGCGTAGCG CETCATTCGC GCTTTCAGCT ACTGAGACCT TCACCCCTTT ACCCGTIGAGC
TREETGETCE CEETETAGTT TCCTGABCGE AAGCCGATTT GTCECATCGC GCAGTBAGCG CGBAAGTCGA TGACTCTGGL AGTGGGEAAA TGGECACTCE
B T L e e e e e T Tl e e e e e e e Y
€301 ATTTCAGCEG TAATACGCTG CGTCAGCATA TTATCITCAA TCAGCAACAG GCGTAATCCG TTAMGATTTA TCGGTTTCCT GAACGCACTT TTGCTTIGCGE
TAAAGTCECC ATTATGCGAC GCAGTCETAT AATAGBAGTT RGTCETTGTC CECATTAGGC ARTTCTAAAT AGCCAAAGGA CTTGCGTEAR ARCEAACGCC
B I e e e e e e e e R
€301 GITTGGGETG GCGAACCGGC AGTTGTAAAC GARMACAACT GCCAACATGA AGCGTACTGG TGACGGTTAE CGICCCBCCC ATCGCCTCTE  CCAGGCTIGEC
CAARCCCCAC CBCTTEGCCE TCAACATTTG CTTTTGTTGA CGGTTETACT TCECATGACC ACTECCAATC GCAGEECGGE TAGCGGAGAC GETCCEACCE
B I e T T i e e e e T e
7001 GCTGATABCC AGCCCCAGEC CCGTCCCGCC CCBBCGTCCT GTCGCCTGCA CARACGBTTT GAAAATAGCC GICAGCTTCG CTTCAGGGAT ACCEBCATCCE
CEACTATCBE TCEEEETCCE GGCAGEBCGE GECCGCAGEA CAGCGBACGT GTTTGCCARA CTTTTATCBG CAGTCGARGC GAAGTCCCTA TGECBTAGEC
2 TR T et s rete rtrtew aet v r e vt irt a atetr teto e
7101 GTATCTTCAA CCTCAATARA CCAGCTCTGA TCGTCGCARR ACGTGCGCAG CACTATGCTG CCECGATCGG TARATTTCGC CGCATTACTT ARAAGATIAA
CATAGARGTT GGAGTTATTT GGTCGAGACT AGCAGCGTTT TGCACBCGTC GTGATACGAC GECECTAGCC ATTTAAAGCE GCETARTGAL TTTTCTAATT
e T e T e T r e e a e r e e vrte e a e e ra atwte ot ar
7201 TCACARTTTG ACGTATCCEG CGCGGATCGC CTTGTAGCGT GGAGGGGAGT TGCTCGCTAR AGTCGGCGAT GAGCGCCACC TGCACGCGGC TGTECATIAA
AGTETTAAAC TGCATAGGCC GCGCCTAGCG GAACATCGCA CCTCCCCTCA ACGAGCGATT TCAGCCGCTA CTCECEBTGE ACGTGCECCE ACACGTAATT
e Frre e e s s o it s Er e e it itatv o tvrt s wmin
7301 ATBCAGCBCG CTATTCAACA ATIGTCGCGG TTCARACGGC TCCTCGCTAA TAGARACGTT GGTGCCGCCT ACTTCAATCG CCGAGTAATC AAGAATATCE
TACETCGCBC GATAAGTTGT TAACAGCECC BAGTTTGCCE RGGAGCGATT ATCTTTECAR CCACGGCGEA TGAAGETTRGC GECTCATTAG TTCTTATAGC
e TR s E e e atre e e et T s vty trte st v r i sttt s 1t ol
7301 TTAAGRATCG CCAGTAGCGA TICGCCTGAR TCATTAATG6 CCTGTAAGTC GTCGCGBTAG TTTGCCATGA GCGGTTIATC GGCCAGCAAT TGTACCGTAC
BATTCTTAGC GETCATCGCT ARGCGEACTT AGTAATTACC GGACATTCAG CAGCGCCATC ABRCGGTACT CGCCAAATAG CCGETCETTA RCATGGCATE
B T e e e T LI e e e e e e e e
7501 CGAGRATBCC GIMAAGCGGC GIGCGAATTT CATBGCTCAT GGCGGCAAGE AACGTCBATT TCBCCTCEIT GGCCTTITCC GCTTCGBCHC GCBCCTGCCE
GCTCTTACBE CATTTCGCCE CACGCTTARL GTACCGAGTA CCGCCBITCC TTGCAGCTAR AGCEGAGCAL CCGEABARGE CGAAGCCECE CECEBBACGEC
B I L L e e e e e T L L e
7601 GTBTTCCABC ACCAGCGCAT GAAGCTCCGC CGTTTGCGAR CGCACCTGTT CCGCCARATC CTCACGATGG CGGTTCARTT TGCGCACGTT GGCGCGARAC
CACAAGGTCG TGETCECGTA CTTCGAGECE GCBAACGCTT GCGTGGACAR GECGGTTIAG GAGTECTACC GCCARETTAL ACGCGTECAA CCGCECTTTE
B e e L e e e . L e
7701 GCTTCCATCA GACGGCTGAT GGIATCCAGT TCGCTGACGC CAGCCBCCTC CGGARACGGT GAGTCAATAT CGCCCTCCAG TAGCCGCTGT ARGBCCTGCE
CEARGGTABT CTECCBACTA CCATAGGTCA AGCGBACTGCE GTCGECGGAG GCCTTTECCA CTCAGTTATA GCGEGAGGTC ATCGGCBACA TTCCBGACEC
e e T s T Tt ey e aats rrtet s n e e n itmte i taloln
7601 TTTGITGCGC CAGCGGGCGG GATACGGAAC GGTAAACCAC TCGCCARAGA ATAARACTTA ATGAGCACAG CGCCAGGATA CCTAAGATCA CTAACCCTAT
ABACAACECE GTCECCCGCC CTATGCCTTG CCATTTGETE RGCEETTTCT TATTTTGAAT TACTCETGTC GCEETCCTAT GGATTCTAGT GATTGGGATA
2 Fooa it e v e e v R et T oy et et Attt e it v et
7901 TTBCCCACGC TGACTGGCGT GIGTAAGACG CGCTAACCCA GCCTCBITIC GTTTTTCGAT GGCGTTCACC AACTGCGACA CTTCCGTACT GRABCGGGTA
BACEGGTECE ACTEACCGCA CACATTCTGC GCGATTGEET CGGAGCABAG CARAARGCTA CCECAAGTGE TTGACECTGT GARGGCATGA CTTCECCCAT
2 ot e e e e atite 1 e w r r et fatmv T ozt v mtrts fxtmeE
5001 AMCTGRRAGA GGTTATTGGC CATAAGCGTT TGAAGCTGET CGCGGATAGC GTTTTCCTTA CGAMACAGGG TAACCAGTGT GGIGIACTGA TTTATTTICT
TTEACTTTCT CCAATAACCE GTATTCECAR ACTTCGACCA GCGCCTATCG CARBAGGAAT GCTTTGTCCC ATTEETCACA CCACATGACT AAATARAAGA
B T e e e e e e e e R T
5101 CCABCGCBIC GGCGATTTGG GCGCGAACGG TAGBATCTTC TATACGCTGC TBGCGGCGGG ATAAAATTTT AACCAACTGA TTAAGTTTIT CATCBGTGTC
GETCGCGCAG CCECTAARCC CGCGCTTECC ATCCTAGAAG ATATGCGACGE ACCECCECCC TATTTTARAA TTIGETTGACT AATTCARAAL GTAGCCACAG
e Y e ey e e 1ate e re s i e vite w ikt E arin
8201 CTCGGCATCE CTCAGCCCTT GCGCGTCTTT TAAGGTCACA ATGAGCAGCT TAARACCBCAG GGCATTGACC CGCAACTCAT TCATCTGATT CACATACTCA
GAECCGTABC GAGTCEGGAA CGCGCAGAML ATTCCAGTET TACTCBTCGA ATTTGECETC CCETAACTBE GCGTTGAGTA AGTAGACTAL GTGTATGAGT
B e e e T e e e e
5301 AGBTCGATAT CAATCAATCG GICAAGCHCG CGTTCAGCCT GGTCCCCTTT ACCGCTTTCG ATAAGATCGT AAATACCGGC TTGGGTGECE CCCBCAGATE
TCCAGCTATA GITAGETTAGC CAGTTCBCGC GCAAGTCGEA CCAGGEGABA TEGCGAAAGC TATTCTAGCA TTTATEECCE BACCCACCEC GEECBTCTAC
e TE T e T e 5 e Tea o bex s T i ey rea otrt: e talsin
5401 TCBCTGCATT ATTGGCCTGA CCGTGABCCT GGBCGGCAAT GCTTTCCGCC GCCTCCBCAR  TCTGGCGECT TAACTGCTGT TGCTGTGCHC GCABCGTGAR
AGCEACGTAL TAACCEGACT GGCACTCEGA CCCGCCGTTA CGAARGECGE CEGAGGCETT AGACCGCCGA ATTGACGACK ACGACACECE CBTCECACTC
B I e e e e i R T e R
8501 AATTTCACCE ACCAGCGTTC CCIGTTGCCC ARGCGTTTGC GCRATCTCTT TTTCTTBCCG GGCGATGECC GAGGTATTAR ACCCCTGCTC GCTTAATGCC
TTARAGTGEC TGETCECAAG GGACBACGGE TTCGCAAMCG CGTTAGAGAR AMAGALCEGC CCECTACCGE CTCCATAATT TGGGEGACGAG CGARTTACGE
e TE ety e s e ots Ttte 1 T E ot ittt ey s et Tsiral
G601 TGCARRAGAT GGTTAATTTT AAGGCTTTGC GCTTTCAGCA TCTTCCCCTG CBCCAGCCAR ACBCCCTCAC TGTCGGCATT GGICAGATTT TGCGCGGAGA
ACETTTTCTA CCAATTAARA TTCCGBAACG CGAAAGTCET RGAAGGEGAC GCEGTCEETT TECEGGAGTE ACAGCCETAL CCAGTCTAAA RCGCECCTCT
e e T E T re 1 e w Ee e aitwt v e e s Tnaw et o tasr
8701 AGAGCTCBTA AGCBCTGGCT TCGCTTAACT GCCTGGCCAT ATTCATCGTG GBGAGCABCG CTTGCGTATT GGITTGCTCC ACCIGACTAR TGACGCGCAR
TCTCGAGCAT TCECGACCGA AGCGAATTGA CGGACCGGTA TAAGTAGCAC CCCTCETCGC GBACGCATAL CCABACGRGE TGEBACTGATT ACTBCGCETC
B e e T L e e e R L L L
8801 GCTTATCCAG CCGATCACGG TGCTGABCAG GGTBAGTGCC GCCATCAGGE CGAAGGCCAG CCATAATCTG CGGGTCAGTG AAGGCGTTGA CATTTATGCG
CEARTAGETC GGCTAGTGCC ACEBACTCETC CCACTCACEE CBGTABICCC GCTTCCEBTC GETATTAGAC GCCCAGTCAC TTCCGCAACT GTALLTACGC

B L e L e N L T R e e e B e
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Amino acid sequences:

1- dgoT: >tr|IB5QUNS|B5QUNS_SALEP D-galactonate transporter OS=Salmonella enteritidis PT4 (strain
P125109) GN=dgoT PE=4 SV=1

MDISVTAAQPGRRRYLTLVMIFITVVICYVDRANLAVASMHIQKEFGI TKAEMGYVFSAF
AWLYTLCQIPGGWFLDRIGSRLTYFIAIFGWSVATLLQGFATGLLSLIGLRAITGIFEAP
AFPANNRMVTSWFPEHERASAVGFYTSGQFVGLAFLTPLLIWIQEMLSWHWVFIVTGGIG
I TWSLVWFKVYQPPRLTKSLSQAELEY IRDGGGLVDGDAPAKKEARQPLTKADWKLVFHR
KLVGVYLGQFAVNSTLWFFLTWFPNYLTQEKG I TALKAGFMTTVPFLAAFFGVLLSGWLA
DKLVKKGFSLGVARKTPI1CGLLISTCIMGANYTNDPLWIMALMATAFFGNGFASITWSL
ISSLAPMRLIGLTGGMFNFI1GGLGGISVPLVIGYLAQSYGFAPALVY ISVVALLGALSY |
LLVGDVKRVG

2- dgoD: >sp|B5QUN9|DGOD_SALEP D-galactonate dehydratase OS=Salmonella enteritidis PT4 (strain
P125109) GN=dgoD PE=3 SV=1

MKITHITTYRLPPRWMFLKIETDEGVVGWGEPV IEGRARTVEAAVHEFADYL IGKDPARI
NDLWQVMYRAGFYRGGP IMMSATAG I DQALWD I KGKVLNAPVWQLMGGLVRDK IKAYSWV
GGDRPADV IDGIEKLRGIGFDTFKLNGCEEMGV I DNSRAVDAAVNTVAQIREAFGSEIEF
GLDFHGRVSAPMAKVLIKELEPYRPLFIEEPVLAEQAEYYPRLAAQTHIPIAAGERMFSR
FEFKRVLDAGGLAILQPDLSHAGGITECYKIAGMAEAYDVALAPHCPLGP IALAACLHID
FVSRNAVFQEQSMG IHYNKGAELLDFVKNKEDFSMDGGFFKPLTKPGLGVD IDEARVIEL
SKSAPDWRNPLWRHADGSVAEW

3- SEN3645: >tr|B5QUP0|B5QUPO_SALEP 2-dehydro-3-deoxy-6-phosphogalactonate aldolase (Ec 4.1.2.21)
(6-phospho-2-dehydro-3-deoxygalactonate  aldolase)  (2-oxo-3-deoxygalactonate  6-phosphate  aldolase)
OS=Salmonella enteritidis PT4 (strain P125109) GN=SEN3645 PE=4 SV=1

MQWQTNLPLIATLRGITPDDALAHVGAVVDAGFDAIE IPLNSPQWEKS I SFVVKAYGGRA
L1GAGTVLKPEQVDQLAGMGCKLIVTPNIQPEVIRRAVSYGMTVCPGCATATEAFSALDA
GAQALKIFPSSAFGPGY I SALKAVLPPDVPLFAVGGVTPENLAQWIKAGCVGAGLGSDLY
RAGQSVERTAQQAAAFVNAYREAVK

4- dgoK: >tr|B5QUP1|B5QUP1_SALEP 2-dehydro-3-deoxygalactonokinase (Ec 2.7.1.58) (2-keto-3-deoxy-
galactonokinase) (2-oxo-3-deoxygalactonate kinase) OS=Salmonella enteritidis PT4 (strain P125109) GN=dgoK
PE=4 SV=1

MTARY IAIDWGSTNLRAWLYQGDKCLESRQSEAGVTRLNGKSPDAVLAEVTTHWRDSATP

VVMAGM I GSNVGWQNAPYLPVPALFSAIGEQLTAVGDNIWI I PGLCVSREDNHNVMRGEE
TQLLGARELSPSSVYVMPGTHCKWVQTDTQQIHDFRTVMTGELHHLLLRHSLVGAGLPEQ
EVSGDAYAAGLERGLNSPAVLPSLFEVRASHVLGHLAREQVSDFLSGLL IGAEVASMSES

FAAQQAITLVAGPAL ISRYQQAFSAIGRDVSTVDGDMAFQAG IRSTAHAVAN

5- dgoR: >tr|B5QUP2|B5QUP2_SALEP Galactonate operon transcriptional repressor OS=Salmonella
enteritidis PT4 (strain P125109) GN=dgoR PE=4 SV=1

MTLNKTDRIVITLGKQIVSGKYVPGSALPAEADLCEEFETSRNI IREVFRSLMAKRL IEM
KRYRGAF IAPRNQWNYLDTDVLQWVLENDYDPRL ISAMSE IRNLVEPATARWAAERATSS
DLAEITESALNDMIANNQDREAFNEAD IRYHEAVLQSVHNPVLQQLNVAISSLQRAVFERT
WMGDAANMPKTLQEHKALFDAITRHQDGDAAEQAALTMIASSTRRLKEIT

6- yidA: >tr|B5QUP3|B5QUP3_SALEP Uncharacterized protein OS=Salmonella enteritidis PT4 (strain
P125109) GN=yidA PE=4 SV=1

MATKLIAIDMDGTLLLPDHT I SPAVKNATAAAREKGVNVVLTTGRPYAGVHSYLKELHME
QPGDYCITYNGALVQKAGDGSTVAQTALSYDDYRYLEKLSREVGSHFHALDRNTLYTANR
DISYYTVHESYVATIPLVFCEAEKMDPNTQFLKVMMIDEPAVLDRATARIPAEVKEKYTV
LKSAPYFLE ILDKRVNKGTGVKSLAEALGIKPEEVMAIGDQEND IAMIEYAGMGVAMDNA
I PSVKEVANFVTKSNLEDGVAWAIEKFVLNPDHSSGHFPAR
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7- torS: >tr|IBSQUN7|B5QUNT7_SALEP Two-component sensor protein histidine protein kinase

OS=Salmonella enteritidis PT4 (strain P125109) GN=torS PE=4 SV=1

MSTPSLTRRLWLAFALMAALTLLSTVIGWISLRV ISQVEQTNTQALLPTMNMARQLSEAS
AYELFSAQNLTNADSEGVWLAQGKMLKAQSLK INHLLQALSEQGFNTSAIARQEKE 1AQT
LGQQGTLVGE I LTLRAQQQQLSRQIAEAAES I AAQAHGQANNAATSAGATQAG I YDLIES
GKGDQAERALDRL 1D 1 DLEYVNQMNELRVNALRFKLL IVTLKDAQGLSDAEDTDEKLNQL
VK ILSRRQQR I EDPTVRAQIADALEK INQYTTLVTLFRKENAIRDQLQTLMANNLFQFTR
FSTEVSQLVNAIEKRNEAGLARLTHASQRGQIGLVILGILALCSLSFILWRVVYRSVSRP
LAQQTQALQRLLEGD IDSPFPEAAGVSELDT I SRLMEAFRANVRKLNRHREDLAEQVRSQ
TAELHALVLEHRQARAEAEKANEAKSTFLAAMSHE IRTPLYG I LGTVQLLADKPLMANYR
DDLQAINDSGESLLAILNDILDYSAIEVGGTNVS I SEEPFEPRQLLNSALHLMHSRVQVA
L 1ADFSEQLPSTLQGDPRRIRQIVINLLSNAAKFTDRGS IVLRTFCDDQSWF I EVEDTGC
GIPEAKLTAIFKPFVQATGRRGGTGLGLAISASLAEAMGGTLTVTSTLHVGSCFRLQLPY
RHPKPASKSAFRKP INLNGLRLLL I EDNMLTQR I TAEMLTGKGVKVSVAESANDALRCLA
EGESFDVALVDFDLPDYDGLTLAQQLMSQYPAMKR I GFSAHV IDDNLRQRTAGLFCGI 1Q
KPVPREELYRM I AHYLQGKSHNARAMLNEHQLAGDMASVGPEKLRQW I ALFKDSALPLVE
E IEAARAMNDDVN I KRLAHKLKSGCASLGMTQATEACRELELQPLSDIDIKT IVTQGVTA
LDAW I ADHPSP

Appendix
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Appendex 2: Translated sequence of induced genes (using Vector NTI program)

Appendix

301 AATGRAGACG GCCACCCGLE GGTGGCCGTT AGRACCCGGT AGCGCTTCGC  TTATCAGGCC AGTGAAACCG AGACAGCTTT AGCEBTGABA CGCCAGCBEC
TTACTTCTGE CGGTGGGCTT CCACCGGCAL TCTTGGGOCA TCGCGAAGCG  AATAGTCCGG TCACTITGGC TCTGTCGARE TCGCCACTCT  GCBETCGCCE
-1 R H 3 A L F Q
401 TGTTCCGTCA TTGECGGETG GTGCTTTTCT GGATCTTTAR TCAGTACCCA CAGGATGATG GCGCCGATAA TATCGAACAG ACTGAGTGCA ATGAAGAACE
ACAAGGCAGT AACCGCCCAC CACGAARAGA CCTAGAAATT AGTCATGGGT GTCCTACTAC CGCGGCTATT ATAGCTTGTC TGACTCACET TACTTCTTGC
-1 o E T M F F H H KE E F D K I L ¥ W L I I A €] I I D F L 3 L & I F F F
501 GGCCGIAACC GATAATAGCG ACCAATGCCC CCATABACAG GTTGAAGCTT AACTGICCCA TCCATECCGC  AGATCCTGCC AGACCEGCAA  CCBICGCBAC
CCGGCATTGE CTATTATCGC TGGTTACGGG GGTATTTGIC CAACTTCGAA TTGACAGGGT AGGTACGGCG TCTAGGACGG TCTGGCCETT GGCAGCGCIE
-1 P& Y & I I A v L A 1<) M F L N F 5 L [*I:] M W R A 3 & A L [ v T & ¥
601 CTCATTTTITC TTGAACAGGT CAGCGCTCAT GGTAATCACG ACGGTAGACA GCGICTGGIG CGCAABACCG CCAATACTCA TCAATGCAAT GGCRACATAC
GAGTAAAMAG AACTTGTCCA GTCGCGAGTA CCATTAGTGC TGCCATCTGT CGCAGACCAC GCGTTTTGGC GGTTATGAGT AGTTACGTIA CCGCTGTATG
-1 E W X K F L D I g M T I v ki T ] L T O H by F & 1<) I ] M L & I A ¥V TF
701 GGGTTAGICG TAATGCTGAC AARACCGATC GABATCATCA AAACAGCGCC GATGGTABAG CTACAACGAC GCGCATTGAT CGTGGTCATG TGCATCTTIT
CCCAATCAGC ATTACGACTG TTTTGGCTAG CTTTAGTAGT TTTGTCGCGE CTACCATTTC GATGTIGCTG CGCGTAACTA GCACCAGTAC ACGTAGAAAA
-1 PN T T I g A F & I s T M L v oL & I T F ] ¢ R R L N I T T ™M H M K E
501 CCATGAAGAR CTTCGCCAGG AAACCECCTG CAACGCAGCC AAAGTCCGCC GCCAGGBAACG GCAGCCAGGC AAACATGGCG ATCICTTTIA ACGGCAGATE
GGTACTTCTT GAABCGGTCC TTTGGCGGAC GTTGCETCGG TTTCAGGCGE COGTCCTTGC COTCGETCCE TTTGTACCGC TAGAGAARAT TGCCGTCTAC
-1 EM F F K L L F (=3 ) A v [ <} F D L i L F F L W & F M L I E K L F L H
901 CATCACGTTA ATCAGATACA GCGGCATCCA GABACTCAGC GTTCCCCATG CCGGGICAGC CAGAABACGG GTAATCGCCA ACGCCCAGAR GITACGCTIT
GTAGTGCAAT TAGTCTATGT CGCCGTAGGT CTTTGAGTCG CAAGGGGTAC GGCCCAGTCG GTCTTTTGCC CATTAGCGGT TGCGGGTCTT CAATGCGAAA
-1 M Vv H I L 7 L F M W F g L T @ oW i F D & L F R T I i L L W F H R KE K
1001 TTAACGATCT CTTTAACGGC CGGTTITTTIA TTATCGTCCT GGAGATAGCT TTCCTGGCCG TCTTCEATAT ABACGCAGCTC TITETGGGTG ATCCACGGET
BATTGCTAGA GBAATTGCCG GCCABARAAT AATAGCAGGA CCTCTATCGA AAGGACCGGC AGAABCTATA TTGCBTCGAG ARACACCCAC TABBTGCCCA
-1 K v I E K v & F E K N D D [} L T ] E QO & D E I T R L E K H T I W F H
SEN2977 1101 GITTATTIGE CGAGTTATAR ATCAGGARCC AGGIGATGGC GARCAGCACG CCGATCCCAC CBGIAATCAC ARACGCCATT TCAGTACCEA TGCCGCTATC
CABATAAACC BGCTCAATATT TAGTCCTTBG TCCACTACCE CTTGTCBTGC BGCTABBGTG GCCATTAGTG TTTGCGGTAA AGTCATGECT ACBBCGATAG
434 33.1305 bpl -1 HK N P g N T I L F ™ T I A F L v =) I 1<) [} T I W F o M E T @ I &) = D
382-1683 1201 AGCAMAGETC AGCATCGCCC AGACCACCAG CGGCGGCECC  AGCATCGCGC CAATCGAAGT ACCGATATIA AACAGTCCCC CCGCAATACC GCGTTCTTIC
Fr; 3,182,378 TCETTTCCAG TCBTABCGGE TCTBBIGETC BCCGCCBCGE TCGTABCGCE GTTAGCTTCA TGGCTATAAT TTGTCAGEEG GGCGTTATGG CGCAAGAAAG
To; 3,183,682 -1 & F T L M & W ¥ ¥ L P F & L ™M x @ I 8 T @ I N F L & @& & I @ R E KT
1301 GICGGGAACC ATTCGECGCT GGCTTIARTC CCGGCCGGAA  TCGCTGACGC TTCGGTTAGC CCCATCAGAC CACGCAGAAN TGCCAGACTT ATCCAGCCEC
CAGCCCTTGE TAABCCGCGA CCGABATTAG GBCCGECCTT ABCGACTGCG AAGCCAATCG GGGTABTCTE GTGCBTCTIT ACGETCTGAA TABGTCGECE
-1 T P F ™ E A g A E I e A = I Fy g A E T L =3 M L £} R L F A L g I W & o
1401 CBGCCAGCGC GIGCGCCATG TTGATCAGCG ACCATAACAL GGCAARGATA AAGARGCCGA TTTTCAGTCC GATGACATCC ATCAAATAGC CGGIGATCEE
GCCGBICECE CACBCHGTAC AACTAGTCBC TBGTATTGIT CCGITTCTAT TICTTCGGCT AABAGTCAGE CTACTGTAGG TAGTTTATCE GCCACTABCC
-1 @& L & E » M ¥ I L s W L L » F I F F w I K L @ I v D M L Y & T I P
1501 CTGCGCAATG GIGTAACAAR GCTGGAAGGC GCTCACCACC CAGGAATATT GTTGCTCATC AAAATGGAGT TCTTTCATCA TCGCTGGCEC  CGCAACGCTA
GACGCGTTAC CACATTGTTT CGACCTTCCG CGAGTGGTGG GTCCTTATAR CAACGAGTAG TTTTACCTCA AGAAAGTAGT AGCGACCGCE GCBTTGCGAT
-1 @ & I T ¥ © L @ F & D F H L E K M M L P & v 5L
1601 AGCGAGCIAC GGGACAGGTA GTTTACGATG GCCCIACGC AGACCAGGCC GATARIFCAC CATCTIARIT TTGICATCIT CATGATARAG CCTCGTTAAA
TCECTCGATE CCCTGTCCAT CABATGCTAC CAl GGTG GTAGAATTAA AACAGTAGAA GEACTATTTC GGAGCAATTT
-1 L5 & E & LY N Vv I T & v € v L & I'T'w w R L K T M E M
1701 AAACATTAGC TCCGCGOCGT CTGACCTGTE GCGGGARAAC TGRAATCACA AARATTGGIT GACCAATCAA TATTTICTCA TCCGGACCGG TCARAATCTG
TTTGTAATCG AGGCGCGGCL  GACTGGACAT CGCCCTTTTG  ACTTTAGTGT TTTTAACCAL CTGGTTAGTT ATAAAAGAGT AGGCCTGGCC AGTTTTAGAC
1801 GCGGCRACTC CCGCCCTTAL TATTCTTGAE ATARATACAT CARCTCATTT CAAGTTGEAT GGTGAATGCT TTTCACCCAG CAAARATTGE CACAGATCAL
CGCCGTTGAG  GGCGGGAATT ATRAGAACTT TATTTATGTA GTTGAGTALL GTTCAMCTTA CCACTTACGE ALAGTGGGTC GTTTTTARCT GTGTCTAGTT
1501 ATALATEAAL TTGGCAGACC GTGAATGATG ATATTTGTGE TTTGGTTAGC CAATTTAGAC AATAAGGTTG ACATGAGAAL AATTTTGGTT GAATTTAGGG
TATTTATTTT AACCGTCTGG CACTTACTAC TATAAACACT AAACCAATCG GTTAARTCTG TTATTCCAAC TGTACTCTTT TTAAAACCAL CTTARATCCC
+3 M Q F E R E ¥ R K K R K R D M E o TW
2001 GTCAGRACGG GTTTACAALG CACGTTTCGL TGTTGGCTGG CAATGGGTCA ACCACGRAGE CGTTATCGCA AGAAGAGGAE ACGAGATATG ABRCARACCT
CAGTCTTGCC CARATGTTTC GTGCAAAGCT ACAACCGACC GTTACCCAGT TGGTGOTTCT GCARTAGCGT TCTTCTCCTT TGCTCTATAC  TTTGTTTGGA
+3 W R W T o F N D PV T L g D v R Q A @ A T a v v T & L H H I P N & E
2101 GGCGCTGGTE CGGACCTRAC GACCCGOTRE COCTGTCAGL TGTACGOCAG GOTGOCOCAL OO i i e o i iiai (G LATGGAGE
CCGCGACCAT GCCTGGATTG  CTGGGCCATT GOGACAGTCT  ACATGCGGTC  CGACCGOGTT Gcicccncc.n. TTGCCGCAAT GTGGTATAGH GCTTACCTCT
+3 EI W B I D E I Q K R E & I v E E a (<] L E W 14 F I H E D I
2201 AATTTGGTCG ATAGACGAGE TCCAGALRCG TABAGCTATC GTTGRLAGAGG CGOGGTCTGGL GTGGTCTGTG GTAGAGAGCG TACCTATCCA CGRAGATATC
TTALECCAGC TATCTGCTCT AGGTCTTTGC ATTTCGATAG CAACTTCTCC GCCCAGACCT CACCAGACAC CATOTCTCGC  ATGGATAGGT GOTTCTATAG
+3 KE T H T e Q T D L W I E N T o Q T L E H L A Q C [+] I T T ¥ [+] T N FM
SENZ9TS 2301 AARACCCACE CCGGTCAGTE CGATTTATGG ATCAAARACT ACCAGCARAC GCTGCGTAAC CTGGCGCAAT GCGGTATCTE TACGGTTTGC TATAACTTTA
TTTTGGGTGT GGCCAGTCAT GCTAAATACC TAGTTTTTGA TGGTCGTTTG CGACGOATTG GACCGCGTTA CGCCATAGAT ATGCCALACG  ATATTGARAT
394 a- ]185 bp' M F V L D w T E T D L E ¥ v L F D (<] g K a L R F D Q I E F & A F E L
2043-3269 B o e o
2401 TGCCGGTGCT GGACTGGACE CGTACGGATC TGGAATACGT ATTGCCGGAT GGTTCAAAAG CGTTGCGTTT TGACCAGATT GRATTCGCCG CGTTCGAACT
Fr; 3,184,087 ACGGOCACGE CCTGACCTGT GCATGCCTAG ACCTTATGCA TAACGGOCTA CCAAGTTTTC GCARCGCARR ACTGGTCTAR CTTAAGCGGC GORAGCTTGA
To‘l 3‘185'2?1 13 LH I L K R F [ A2 E A D YT T A2 E E I A Q kS E R R F A T M s E E D K &
BSQYBO 2501 GCATATCCTG ALGOGTCCGG GAGCAGLAGC CGACTATACG GCAGLAGLLL TTGCTCAGGC AGAGCGACGT TTCGCCACCE TGAGCGAGGL AGRCLALGCL
e COTATAGGLC TTCGCAGGEC  CTCGTCTTCS GETGATATGC COTCTTETTT LACGAGTCCG TCTCGOTGCE  ALGEGGTGGT ACTCGCTCCT TCTGTTTCGT
dram 13 ,R,L,T‘R‘N,I,I,A,G‘L,‘P,G,A,E‘E‘G,Y,T,L‘D“Q,F,R,Q,H‘L,A,T,Y,K“D‘I,D,K
) 2601 CGTCTGACCC GCARCATTAT TGCCGGTTTE COTGGCGOGG  AAGAAGGCTA TACGCTGGAT CAGTTCCGTC ALCACCTGGC GACGTATALL GATATCGATA
GCAGRCTGGG COTTGTAATE ACGGCCARAT GGACCGCGCC TTCTTCGAT ATGCGACCTA GTCRAGGCAG TTGTGGACCG CTGCATATTT CTATAGCTAT
3 K 2 EK L E E H F A T F L K A I I P ¥ A D E Voo v E M A ¥ H P D D P P
2701 ALGCRRAACT GCGTGAMCAT TTTGCCTATT TCOTGARRGC CATTATTCCG GTTGCOGACG AGGTTGGCGT GOGTATGGCC GTTCACCCTG  ACGATCCGEC
TTCGTTTTGE CGCACTTGTE ALRCGGATAL AGGACTTTCG GTAATAAGGC CAACGGCTGC TCCRACCGCE CGCATACCGG CRAGTGGGAC  TGCTAGGCGS
3 PR P I L & L P R I v s T I E D M Q W M v E T ¥ N 5§ M A H & F T M C
2801 GCGCCCTATT CTCGGOCTGE  CGOGCATTGT CTCTACCATT GAAGACATGC AATGGATGGT GGARACCGTT ALTAGCATGG CGRACGGCTT CACCATGTGT
CGCGGGATLE GLGCCGGACG  GCGCGTARCA GAGATGGTAL CTTCTGTACG TTACCTACCA CCTTTGGCAL TTATCGTACC GCTTGCCGLL  GTGGTACACL
+3 T & 5 T & v R LZ D K D L ¥ D M I K o F 4@ P R I T F T H L R 2 T L RE
2901 ACCGGATCTT ACGGCGTGOG CGOOGACAAC GATCTGGTTG ATATGATCAL ACAGTTTGGT CCGCGCATCT ACTTTACGCE TCTSCGCTET  ACGOTGOGLG
TGGCOTAGLE TGCCGCACGE  GCGGCTGTTG  CTAGACCAAC TATACTAGTT TGTCAMACCA GGCGCGTAGE TGAMATGCGT AGRCGCGAGL  TGOGACGEGE
+3 E E H P K T F H E =& s H L H @ D v D M ¥ E v v K L I ¥ E E E H E R K
3001 ALGAGRATCC GAAGACCTTC CACGAGGCCG CCCATTTGCA CGGCGATGTG GATATGTATG AAGTCGTTAL AGCGATTGTG lGAAG.ﬂ.AGAGC ACCGTCGTml
TTCTCTTAGG CTTCTGGALG GTGCTCCGGC  GGGTAAACGT GCCGCTACAC CTATACATAC TTCAGCAATT TCGCTAACAC
+3 KL E @ S D D L I P M E P D H & H Q M L D D L K K K T N P & T s A I
3101 l AGCCG#GGT AGCGRCGATC TGATCCCAAT GCGCCCGGAC CACGGTCATC AGATGOTGGA CGATCTGAAG ALGRAAACGE ATCCGGGTTA TTCCGCCATT
CCi  TCGCTGCTAG  ACTAGGGTTE CGCGGGCCTG  GTGCCAGTAG  TCTACGACCT GCTAGACTTC TTCTTTTGCT TAGGCCCAAT  AAGGCGGTAL
+3 & R L K & L A E ¥ R T ¥V E L A I [+#] E & F F s K
3201 GGCCGTCTGE AAGGGCTTGC GGRAGTCCGC GGOGTCGRAC TGGCTATCCA GOGCGOTTTC TTTAGCARAT AARCCTTCTTT CGCATGGCGC  GACGCGTCAT
CCGGCAGACT TTCCCGLACG CCTTCAGGCS CCGCAGCTTG  ACCGATAGGT CGCGCGAAAG AAATCOTTTA TTGGAAGRAR GCGTACCGCG CTGCGCAGTA
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3301 GCGATTTCCC CTACTCAATG CARTAGCRAC ATGCCTCGCC CCGGAGATCG  COGGCGAAGE CGTCGAATGL CAGGAGTTTG CAATGGLACA GRATATCGCC
CGCTRAAGGG GATGAGTTAC GTTATCGTTG TACGGAGCGG GGCCTCTAGC GCCCGOTTCT  GCAGCTTACT GTCOTCARAC GTTACCTTGT CTTATAGESG
+2 T A Q v 5 v A R P N W D K ] R L v ] R T ¥ H L 1<) LI ] A F H R A H Q&
3401 ACCGOCCAGG TTTECGTCGC CCGOCCARAC TGGGACARAT CACGTCTGGT ATCC GTTTCACCGE  GCGOACCAGG
TGGCGGGTCC  ALAGGCAGCG GGOGGGTTTG  ACCCTGTTTA GTGCAGACCA TAGGHCATAL CACGTAGACC CGACGCCCOR CARAGTGGOG  CGOGTGGTCC
+2 A2 L F T H H L L E K s D g D WO I [+ E v i) ) T Y F i) o A R L I A N L
3501 CGCTCTTTAC CCATCATTTE CTGGAALAGL GOGACAGOGL CTGGGGCATT TGTGARGTGA ACCTGATGCC GGGTAACGAC GCGUGGCTGL TOGCGAACCT
GCGAGRAATG GGTAGTAAAT GACCTTTTCT CGCTGTCGOT GACCCCGTAA  ACACTTCACT TGGACTACGG CCCATTGCTG  CGOGCCGACT | AGCGCTTGGA
+2 L K A O N L L T T W A E R & A E 3 T E L ¥ I I 1<) 3 M K E A L H F E F
3601 GAALGCGCAR AATCTGCTGT ACACCGTTGC AGRACGCGGC GCAGARAGCA CCGAACTGAA AATTATCGGT TCAATGAARG ARGCGCTGCA COCTGAATTC
CTTTCGCGTT  TTAGACGACAE TGTGGCLACG TCTTGCGHICG CGTCTTTCGT GGCTTGACTT  TTAATAGCCA  AGTTACTTTC TTCGCGACGT  GGGACTTAAG
+2 D & H L 1<) I L L L M L R F E T X I w =3 L T ¥ T E K & T ¢ T D F 1 g @
3701 GACGGCCATG CAGGGATTCT GGOGGCAATG GCGCGCCOGG  ARACCGOCAT CGTCTOOTTA  ACCGTGACCG ARARAGGCTA CTGCACCGAC CCOGCCAGCS
CTGCCGGTAC GTCCCTAAGE CCGCCGTTAC  CGCGCGGGCC  TTTGGCGGTA GCAGAGGAAT TGGCACTGGC TTTTTCCGAT GACGTGGCTG  GGGCGGTCGC
1z @ E L D ¥ N N F L I Q H D L L H E Q Q F K =3 by I & 7 I w E L L H ™M R
3801 GCGAGCTTGA TGTCAATAAC CCGCTGATCC ARAARCGATCT TGCCCATCCA CAGCAGCCTA AATCCGCCAT TGGCTATATT GTCGRAGCGC  TRRACATGCG
CGCTCGAACT ACAGTTATTG GGCGACTAGE TTTTGCTAGA ACGGGTAGGT GTCGTCGGAT TTAGGCGGTA ACCGATATAR CAGCTTCGEG  ATTTGTACGS
12 E R E Q =3 L K A F T v L g C D N ¥V R E N £} H ¥ & K A & v L @ L A E A
SEN2979 3901 CCGGGAGCAE GGACTGLALG CTTTTACCGT GTTGTCATGC GATAACGTAC GCGAGAATGG TCACGTCGCG ALGGOTGCCG TCOTCGGCCT  GGCALALGET
490 aa-1473 bp. GGCCCTCGTT  CCTGACTTTC  GARAATGGCA CRACAGTACG CTATTGCATG CGCTCTTACC AGTGCAGCGC  TTCCGACGGC  AGGAGCCGGA  COGTTTTCGL
31383-4852 =2 & D & & L & & W I 2 D N ¥ T F P C T MV D R 1 v F R & T E E T L QL
Fr; 3,185,382 4001 CGCGATGCCG CCCTCGCCGC  ATGGATTGEC GACAATGTGAL CCTTCCCCTG  CACCATGGTT GACCGCATTG  TTCCGGCGGC  GACCGALGAG  ACGCTACRAC
To; 3,186,854 GCGCTACGGC  GOGAGCGGCG  TACCTAACGS CTGTTACACT GGAAGGGGAC GTGGTACCAL CTGGCGTARC ALGGCCGCCG  CTGGCTTCTC  TGCGATGTTS
BS YBI 42 L Vv & D Q L @ ¥ Y D P cC A I FS [+] E P F R Q WV I E D N F ¥V N 1<) R P D
Q 4101 TGGTTGCCGE CCAGTTAGGG GTTTATGATC CTTGCGCTAT CGCCTGCGAL CCCTTCCGCC  AGTGGGTCAT CGRAGATAAC TTTGTGAATG GTCGCCCGGL
ID-mannonate ACCARCGGCT GGTCAATCOC CARATACTAG GAACGCGATA GOGGACGCTT  GGGAAGGCGG TCACCCAGTA GCTTCTATTG  ABRCACTTAC CAGCGGGECT
oxido reductase 42 DW D T v ¢ » 0 F ¥V & D ¥V ¥ P F E M M K L R M L ¥ & 5 H 8 F L & ¥ L
4201 CTGGGACACC GTCGGCGCGE  AATTCGTTGC AGATGTCGTA COGTTTGAAAL TGATGAAGCT GCGTATGCTT AACGGCAGTE ACTCTTTCT CGGCTATCTG
GLCCCTGTGG  CAGOCGCGOG  TTAAGCARCG TCTACAGOAT GGCAARCTTT ACTACTTCGA CGCATACGAL TTGOCGTCAG TGAGAALGGL GOGGATAGAC
+2 (=R L e} (<3 D T I A D T M T H P & ¥ R R A B L A L M L D E Q A P TL
4301 GGTTATCTCG GCGGGTATGE CACTATCGOC GATACCATGA CCAACCOGGC TTACCGTCGC GCGGCGCTGGE  CGCTGATGOT TGATGAACAL GOGCCGACGT
CCAATAGAGC CGCCCATACT GTGATAGCGS CTATGGTACT GGTTGGGCCG  AATGGOAGCG CGCCGOGACC GCGACTACGE ACTACTTGTT CGOGGCTGCA
+2 L 5 bt ) E & T D L E e) T A n L L I 2 R F T n F 3 L K H E T W [+] I A M
4401 TATCRATGCC GGAAGGCACC GATCTGGAAG GGTATGCGAL TTTGTTGATC GOGCGTTTCA CTAACCCCTC GTTGAAACAC CGCACCTGGC  AGATCGCGAT
ATAGTTACGS CCTTCCGTGG  CTAGACCTTC CCATACGCTT ARACAACTAG CGCGCARAGT GATTGGGGAG CRACTTTGTG GCGTGGACCG  TCTAGCGCTR
+2 MD & ] Q E L F Q R L L D F ¥ R L H L Q Q & D D ¥ R R L T L o AU N
4501 GGATGGCAGT CAGARACTGC CGCAGCGTTT GTTGGACCCG GTACGTCTGC ACTTGOAACA GGGCGATGAC TATOGCCGOC TGACGCTGGG  CGTCGCCGGA
CCTACCGTCE GTCTTTGACG GCGTCGCRAL CRACCTGGGC CATGCAGACG TGAACGTTGT CCCGOTACTG ATAGCGGCGG  ACTGCGACCC  GCAGCGGCCT
+2 W M R T RIS ) 1<) I D E Qo o X T I D w v D P L L & Q T Q i I H Q o ¥ QT
4601 TGGATGCGTT ACGTCGGCGG TATCGATGAL CARGGTARRL CCATTGATGT CGTCGATCCG CTGCTCGCGC AGTATCAGGE GATTCATCAG CRATATCAGA
ACCTRCGCLE TGCAGCCGCC  ATAGCTACTT GTTCCATTTT GGTAACTACA GCAGCTAGGC GACGAGCGCG  TCATAGTCCG  CTRAGTAGTC  GTTATAGTCT
1z T F E E E ¥ R 1<) L L L I E =3 I F & ] D L E K N H E F ¥ Qo ARV T D A Y
4701 CGCCGGAAGE  ACGCGTTCGC  GGGCTACTGG CCATCGAGTC TATCTTTGGC  AGUGACCTGC  CGARAGAARCCE CGRATTTGTG CAAGCCGTTA CCGACGCTTL
GCGGCCTTCT | TGCGCALGEG  CCCGATGRCC  GGTAGCTCAG  ATAGRRACCG TCGCTGGACG GCTTCTTGGT GCTTAAACAC GTTCGGCAAT GGCTGCGRAT
12 T Q Q L L O H e A K A T ¥ E A L & K
+1 M A T F M T E D F L L K
4801 CCAACAGCTE TTGCAGLACG GCGCGALRGC CACGGTAGAL GCGCTGGCTA  AGTARGGAGE TAAATCATGG CTACGTTTAT GACTGAAGAT TTTCTACTTA
GGTTGTCGAT ALCGTCTTGC CGCGCTTTCS  GTGCCATETT  CGCGACCGAT  TCATTGCTCT ATTTAGTACC GATGCAAATA CTGACTTCTA ABRGATGRAT
+1 K N D I L E T L Y H K T A A F M P I T D F H C H L 5 P Q E I A D DR
4901 AAALCGACAT TGCCCGCACG CTGTACCATA ARTACGCCGC GCCCATGCCG  ATTTATGACT TCCACTGCCE TTTAAGTCCG  CAGGAAATCG CCGACGATCS
TTTTGCTGTE  ACGGGCGTGC  GACATGGTAT TTATGCGGOG  CGGGTACGGC TAAATACTGA AGGTGACGGT ALATTCAGGE GTCCTTTAGE GGOTGCTAGS
+1 RER F D N L & Q I W L E & D H ¥ K W R 2 L R 5 A & ¥V D E s L I T & K
5001 CCGTTTCGAT AACCTCGGTC AGATCTGGCT GGLAGGCGAC CACTATARAT GGCGAGCGCT ACGRAGCGCL GGCGTGGATG AGTCGCTGAT CACCGGCRAL
GGCARAGCTE TTGGAGCCAG TCTAGACCGL COTTCCGETG  GTGATATTTA CCGCTOGCGA TGCTTCGCGT  CCGOACCTAC  TCAGCGACTA  GTGGCCGTTT
+1 E T 5 D Y E ® ¥ M A W A N T v P ¥ T L N P L Y H W T H L E L R RP
5101 GAGACCAGCG ATTATGLALE ATATATGGOC TGGGCCAATA COGTACCAAA AACGCTGGGC AATCCGCTGT ATCACTGGAC GCACCTTGAL CTACGCCGTC
CTCTGGTCGC TAATACTTTT TATATACCGG ACCCGGTTAT GGCATGGTTT TTGCGACCCG  TTAGGCGACA TAGTGACCTG  CGTGGAACTT GATGCGGCAG
+1 P F & T T & T L F & F D T & E 3 I W T Q o n E ¥ L & T F & F 3 A R &
5201 CATTTGGCAT TACAGGTACG CTGTTCGGAC CGGATACCGC GGAAAGTATC TGGACGCAGT GTAATGAGAL ACTGGOGACG CCGGCCTTTT  COGOGCGEGG
GTARACCGTA ATGTCCATGC GACRAGCCTG GCCTATGGCG CCTTTCATAG  ACCTGCGTCA CATTACTCTT TGACCGCTGC  GGUCGGALAAR  GGCGCGCGCC
+1 & I M QO o M H v E M A & T T D D F I D ] L E T H R O I A LA D D g I D
5301 TATTATGCAG CAGATGAATG TGCGGATGGT CGGAACCACC GACGACCOGA TAGATTCTCT GGAATATCAC CGCCAGATAG CCGUCGACGA CAGCATTGAT
SEI¢2980 ATAATACGTC GTCTACTTAC ACGCCTACCA GCCTTGGTGG CTGCTGGGCT  ATCTAAGAGE CCTTATAGTG GCGGTCTATC GGUGGHITGCT  GTCGTALACTR
470 aa-1149 bp. 41 I E ¥ & F 5 W R F D X v F K I E L D & ¥ ¥ D Y L R K L E L & A D VS
4867-6276 5401 ATTGRAGTCG CGCCRAGCTG GCGOCCCGAC ARRGTTTTCA ARATCGAACT GGACGGOTTT GTCGATTACC TGAGGARACT GGRAGCGGOG GCAGATGTCA
Fr: 3.186.866 TLACTTCAGE GCGGTTCGAC  CGCGGGGCTG  TTTCAALLGT TTTAGCTTGA CCTGCCGAAL CAGCTAATGG ACTCCTTTGE CCTTCGCCGE  COTCTACAGT
5 &
o . 5 I T R F D D L R Q L L T R R L D H F L i [ <} (o] R L =3 D H & I E T L
To; 3,188,278 +1
5501 GCATTACCCG TTTCGACGAT TTACGTCAGG CGCTCACTCG CCGCCTCGAC CATTTCGCCG  CCTGCGGCTG  CCGCGCGTCG GATCATGGCL  TTGARACGCT
B5QYB2 CGTARTGGGC  ALAGCTGCTE ARTGCAGTCC GCGAGTGAGC GGCGGAGCTG  GTALLGCGGC GGACGCCGAC  GGCGCGCAGE  CTAGTACCGT  AACTTTGCGL
Glmnﬂte 41 L B F A PV F D D & [#] L D & I L & K R L Fy e E T L g E L E I ES Q F T
5601 GCGATTTGCG CCGGTGCCCG  ACGACGCGCL GOTTGACGCC  ATTCTGGGCA MACGTCTGGC TGGCGAAACG CTGAGCGAAC TTGAGATCGC CCAGTTTACC
1S0MeErase CGCTRAACGE  GGCCACGGGC  TGCTGCGCGT  CGRACTGEGG  TAAGACCCGT TTGCAGACCG ACCGCTTTGE  GACTCGCTTG  AACTCTAGCG  GGTCARATGS
+1 T AL ¥ L VoW L & E Q ¥ 4 & R o oW v M g L H I o A I R N N N T E M F R
5701 ACGGCGGTGC TGGTCTGGCT GGGCCGTCAG TACGCCGCGC  GOGGCTGGGT GATGCAGCTA CATATTGGCG CGATCCGTAR TARTAATACC CGGATGTTCC
TGCCGCCACG  ACCAGACCGA CCCGGCAGTC  ATGCGGCGCG  CGCCGACCCA  CTACGTCGAT GTATAACCGC  GCTAGGCATT ATTATTATGG GCCTACARGG
+1 E L L 1<) F D T 1<) F D s I ) D N N I 5 W A L 5 R L L D 5 M D V T N E L
5801 GCCTGCTGGG GCCGGATACC GGCTTTGRCT CCATTGGCGA TAATARCATT LGCTGGGCGC TCTCCCGTTT GCTCGACAGT ATGGATGTGA CCAATGRACT
CGGACGACCC  CGGOCTATGG CCGRAACTGA GGTAACCGOT ATTATTGTAL TCGACCOGCG  AGAGGGCARL CGAGCTGTCA TACCTACACT GGTTACTTGAL
+1 LP K T I L T o L W P E D N E ¥V L A T M I 3 N F g & P (<} I & o E ¥V Q
5901 GCCCRAGACT ATCCTCTATT GCCTGAACCC ACGTGATAAC GAAGTCCTGG CGACCATGAT CGGTAACTTC CAGGGGCCGE GRATTGCCGG  ABRAGTGCAG
CGGGTTCTGE TAGGAGATAL CGGACTTGGG TGCACTATTG  CTTCAGGACC GOTGGTACTA GCCATTGAAG GTCOOCGGEC  CTTAACGGEC  TTTTCACGTS
+1 F & 3 e) wow F N D G K D & ™ L R [+#] L E Q L g Q M €] L L g Q F ¥ & ML
6001 TTTGGTTCCG GOTGGTGGTT TAACGATCAG ALAGACGGTE TGCTGCGCCL ACTGGAGCAL CTGTCGCAAL TGGGACTGTT AAGTCAGTTT GTCGGGATGE
ALACCAAGGC CGACCACCAR ATTGCTAGTC TTTCTGCCAT ACGACGOGGT TGACCTCGTT GACAGCGTTT ACCOTGACAR TTCAGTCARA CAGCCCTACG
+1 L T D 3 ) 3 F L s T T R H E T F R R I L o n L L & a W A O D 1<) E I F
6101 TGACCGACTC COGCAGTTTC CTTTGTTATA CGCGACATGE ATATTTCCGT CGTATTCTCT GTAACCTGCT GGGACAGTGG GCGCAGGACG GAGAGATTCC
ACTGGCTGAG GGCGTCAALG GLAAGAATAT GCGCTGTACT TATRAAGGCA GCATALAGAGE CATTGGACGA CCCTGTCACC CGCGTCCTGC  CTCTCTRAGG
+1 FD D E 2B ™M L g E M v o D I c F N N X Q =3 T F T I K
6201 TGATGATGAL GCGATGOTAA GCCGTATGGT TCAGGATATC TGCTTCAATA ATGCCCAGCG TTATTTCACG ATTALRTAAT CGCTATTAAT CTGTGAGCAC

ACTACTACTT CGCTACGATT CGGECATACCAE  AGTCCTATAG  ACGRAGTTAT TACGGGTCGC  AATARAGTGC TAATTTATTA GCGATAATTA GACACTCGTG
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E M ¥ o DI

¢ F H

¥ 2 0 E ¥ F T I K

6201 TGATGATGAL

ACTACTACTT

GCGATGCTRAL
CGCTACGATT

GCCGTATGGT
CGGCATACCA

TCAGGATATC
AGTCCTATAG

TGCTTCLATR
ACGAAGTTAT

ATTALATAAT
TAATTTATTA

ATGCCCAGCG
TACGGGTCGC

TTATTTCACG
ALTARAGTGC

CGCTATTALAT
GCGATALTTA

CTGTGAGCAC
GACACTCGTG

6301  AGGTCTCAGG

TCCAGAGTCC

TATTTCGAGS
ATARAGCTCC

GGCAGGLAGG
CCGTCCTTCC

CGGTLAGAGL
GCCATTCTCT

GTGAGALATT
CACTCTTTAL

AGCCLARGTC
TCGGTTTCAG

TAGCAGTLAC
ATCGTCATTG

GCACTTTTCC
CGTGAALAGG

TGGECCGCCGA
ACCGGCGGET

TALARAGCAL
ATTTTTCGTT

6401  AGATGTCGCT

TCTACAGCGA

GATTAATCCC
CTALTTAGGG

GLATCACTTA
CTTAGTGALT

CTAAGGTALG
GATTCCATTC

TGATTCGEGT
ACTAAGCCCA

GLACLARCAC
CTTGTTTSTG

AGCCATCTTC
TCGGTAGLAG

TGCGTCATGC
ACGCAGTACG

TTCTTTTCTC
AAGALALGAG

TGTCCGGLAT
ACAGGCCTTA

6501  AACTCCAGTG

TTGAGGTCAC

CAGRLAGTGC
GTCTTTCACG

GATACATCAG
CTATGTAGTC

TCCTGETTGAT
AGGACAACTA

GATGGCTCCT
CTACCGAGGL

TCATGACTTC
AGTACTGRLAG

GTTGGTTATA
CLACCAATAT

CGGTAATAAC
GCCATTATTG

ACAGTBTGET
TGTCACACCA

L T T

TICTTTTRAC
AAGAARATTG

E K LL

ARATCGACAG
TITAGCTGTC

CCAGCATITC
GGTCGTABRAG

CAGCTEGTTA ACCACCTCAT

GTCGACCAAT TGGTGGAGTA

TACIGEATCG
ATGACCTAGC

GCGACATCEC
CGCTGTAGCG

CTCCATTCIG
GAGGTAAGAC AGCTCAAGAL

TCGAGTTCTT

ATTCATATCG
TAAGTATAGC GGACGCCGTT

CCTECGGCAR

L'D Vv &

IETEvaEE.

'L'a W v v E N

R

'E M B D L E Q § M

T w o e 1w

ALTAGTTCAG
TTATCAAGTC

CGCAGAGTGE
GCGTCTCACC

CCAGCGEGTAT GCACCTCTTT
GGTCGCCATA CGTGGAGAAL

ATGAGGCGCT
TACTCCGCGA

GTAATTGCTA
CATTAACGAT

TCCAGACTAC GGAAACTGTA
AGGTCTGATG CCTTTGACAT

AACTGCTGTC CTTCARAACC
TIGACGACAG GAAGTTTIGG

FTYT H L

L £ H

3

L T H v E K

H F L

E L = )33 F 2 T ¥ H &

F @ Qg & E F &

GTAGTACCAT
CATCATGGTA

TICCCCAGCC

GACACTGATC GTGCATCGTT

AARGGGGTCGE CTGTGACTAG CACGTAGCAR

ATTTTACTGT
TARAATGACA

AATTTGTAGR
TTAARCATCT

TTATGTCTTT ATTTAAGAGT
AATACAGRAR TAAATTCTCA

CITCCATTTT CCAGATAACA
GAAGGTAMAL GGTCTATTGT

L

K

P

R

e o m

A

N

T v ot L

v

T wE w v a

TGETCAACTT
ACCAGTTGAR

TGACRATATT
ACTGTTATAR

CABARACTGC ACCGTAGAGA
GITTTTGACG TEGCATCTCT

TGTACTGCAT GACCGATTIC ATGCTCAGCG
ACATGACGTA CTGGCTAAAG TACEBAGTCGEC

ATTTATCGAT
TAMATAGCTA

GACEATGCCA ATAGACTCCA
CIGCTACGET TATCTGAGGT

ED v K

SENSE]

IERE:

o

TEF e v Tt st

T

'v s K M 5 L S K D I

T e 1 s v

CAATTTGATT
GITARACTAR

351 aa-1056 bp.
6582-7634

TATGTTAGTC
ATACAATCAG

GTAATATTAT CAATAACCGG CTGITGEGTTA TCCAGTACCT CACTCACTCT
CATTATAATA GTTATTGGCC GACAACCAAT AGGTCATGGA GTGAGTGAGA

GGCCGTATTA
CCGECATRAT

TCTTIGATTA CAGAGGTTAA
AGAAACTAAT GICTCCAATT

T

L

T

T

IS

D L v ET § ¥ R 1 T W

D K1 ¥ § T L

CGTACTGACG
GCATGACTGC

CITTTCGAAC TGTGTTTAAC ATCITCGGAC AGGTTTTTCA CCTCTITCGA AATAACGCTA
GAAAAGCTTG ACACAMATTG TAGAAGCCTG TCCAARAAGT GGAGAARAGCT TTATTGCGAT

AARCCACGCC CGGCATCCCC TACECGCGCE
TITEGTGCEG GCCGTAGGGG ATGCGCGCEC

T & ¥

g

K &

E

H K ¥ D E £

L H K

v

E K =& I v &8 F @ R

o

L D o VvV R A A

ECCTCRATCG
CGEAGCTAGC

CGGAGTTAAT
GCCTCAATTA

CGCTATCAAK TTGGTCTGGT TAGCGATCTT CTGTATCTCT TTAATACACG CATTAATTIG
GCGATAGTTT AACCAGACCA ATCGCTAGAR GACATAGAGA AATTATGTGC GTAATTARAC

CGTTAAGGAG GTATTTAAGT
GCARTTCCTC CATAAATTCA

2 E 1 &

ERE

i

T2 L Ty ralw

R

=

BT s E T e s wirigl

e

CGCCCATACG
ECBGGTATGC

ACAGCCAATAR
TGTCGETTAT

TCCGATGAAG TCGTGCCAAT TTCGGIGATA AATTCCACGA GCGATTTTAA TGRACTTCIG
AGGCTACTTC AGCACGGTTA AAGCCACTAT TTAAGGTGCT CGCTARAATT ACTTGAAGAC

GCTTIATCAT TCTGTTCGIT
CGARATAGTA AGACAAGCAL

S

e

o

P

e —

¥ & v L S K L 5 § R

T k0w oEw

AAGTTCATTA
TICAAGTAAT

ATGCGITCTT TTTCAATGTIT GAGCTGCTCA CAGGACTTAA

TGATGECATT ACGAATGATA TCGATCGTCG

ACTACCGTAR

AGATCCCCAT CAGAATTTTT
TCTAGGEGGTA GTCTTAAAAL

I

I

TACGCAAGAR AAAGTTACAA CTCGACGAGT GTCCTGAATT

R E

B

Ty Loz

RS

I

TGCTTACTAT AGCTAGCAGC

‘T ' N ® I 1 D 1 T

1

T e T 1 Eh

TGACACAGTA
ACTGTGTCAT

TCCGCTCATA AGGCTCAGGA GTATCCACCA CCACGTCAGR
AGGCGAGTAT TCCGAGTCCT CATAGGTGGT GGTGCAGTCT

CCAGATTCTG CTGGCGGCGER
ACGTARATCGC GGTCTAAGAC GACCGCCGCC

TGCATTAGCG

TATTITTACA ACATTATTAT
ATAABRRATGT TGTAATAATA

o ¢ L I

E E ¥

F E F T D v v

v D &

L W AL & & E & F F F

I K VvV ¥ N N N

TCCAGTGGCG CAAGCCTAAT ACTTTTTITAA ACATATACCA TTCTCCTTAT

AGGTCACCGC GTTCGGATTA TGAAARAAATT TGTATATGGT ALGAGGALATA

e

e

T

= E T

TATATGTGGA CATCCTGATC TATGCCTGGAL
ATATACACCT GTAGGACTAG ATACGGACCT

TALAGTATTA TCAACTCATG
ATTTCATAAT AGTTGAGTAC

1- SENZ2978 >sp|B5QYBOJUXUA_SALEP Mannonatedehydratase OS=Salmonella enteritidis PT4 (strain

P125109) GN=uxuA PE=3 SV=1
MKQTWRWYGPNDPVTLSDVRQAGATGVVTALHHIPNGE IWSIDE1QKRKAITVEEAGLEWS
VVESVPIHED IKTHTGQYDLWIKNYQQTLRNLAQCGIYTVCYNFMPVLDWTRTDLEYVLP
DGSKALRFDQIEFAAFELHILKRPGAEADYTAEEIAQAERRFATMSEEDKARLTRNITAG
LPGAEEGYTLDQFRQHLATYKD IDKAKLREHFAYFLKAT 1PVADEVGVRMAVHPDDPPRP
ILGLPRIVSTIEDMQWMVETVNSMANGFTMCTGSYGVRADNDLVDMIKQFGPRIYFTHLR
STLREENPKTFHEAAHLHGDVDMYEVVKAI1VEEEHRRKAEGSDDL I PMRPDHGHQMLDDL
KKKTNPGYSAIGRLKGLAEVRGVELAIQRAFFSK

2- SEN2979 >tr|B5QYB1|B5QYB1_SALEP D-mannonateoxidoreductase OS=Salmonella enteritidis PT4

(strain P125109) GN=SEN2979 PE=4 SV=1
MEQNIATAQVSVARPNWDKSRLVSR 1VHLGCGAFHRAHQALFTHHLLEKSDSDWG I CEVN
LMPGNDARL I ANLKAQNLLYTVAERGAESTELK1 IGSMKEALHPEFDGHAG I LAAMARPE
TAIVSLTVTEKGYCTDPASGELDVNNPL IQNDLAHPQQPKSAIGY IVEALNMRREQGLKA
FTVLSCDNVRENGHVAKAAVLGLAKARDAALAAWIADNVTFPCTMVDRIVPAATEETLQL
VADQLGVYDPCAITACEPFRQWV IEDNFVYNGRPDWDTVGAQFVADVVPFEMMKLRMLNGSH
SFLAYLGYLGGYDTIADTMTNPAYRRAALALMLDEQAPTLSMPEGTDLEGYANLLIARFT
NPSLKHRTWQ I AMDGSQKLPQRLLDPVRLHLQQGDDYRRLTLGVAGWMRYVGG IDEQGKT
1DVVDPLLAQYQAIHQQYQTPEERVRGLLAIES I FGSDLPKNHEFVQAVTDAYQQLLQNG

AKATVEALAK
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3- SEN2980 >sp|B5QYB2|UXAC_SALEP Uronateisomerase OS=Salmonella enteritidis PT4 (strain

P125109) GN=uxaC PE=3 SV=1
MATFMTEDFLLKND IARTLYHKYAAPMP I YDFHCHLSPQE I ADDRRFDNLGQ I WLEGDHY
KWRALRSAGVDESL I TGKETSDYEKYMAWANTVPKTLGNPLYHWTHLELRRPFG I TGTLF
GPDTAES IWTQCNEKLATPAFSARG IMQQMNVRMVGTTDDP IDSLEYHRQ I AADDS IDIE
VAPSWRPDKVFK I ELDGFVDYLRKLEAAADVS I TREDDLRQAL TRRLDHFAACGCRASDH
GIETLRFAPVPDDAQLDA I LGKRLAGETLSELE IAQFTTAVLVWLGRQYAARGWVMQLH I
GAIRNNNTRMFRLLGPDTGFDS I GDNN I SWALSRLLDSMDVTNELPKT ILYCLNPRDNEV
LATMIGNFQGPG I AGKVQFGSGWWFNDQKDGMLRQLEQLSQMGLLSQFVGMLTDSRSFLS
YTRHEYFRR I LCNLLGQWAQDGE I PDDEAMLSRMVQD I CENNAQRYFTIK

Appendix

4- SEN2977 >tr|B5QYA9|B5QYA9_SALEP Hexuronate transporter OS=Salmonella enteritidis PT4 (strain

P125109) GN=SEN2977 PE=4 SV=1

MKMTKLRWWI IGLVCVGT IVNYLSRSSLSVAAPAMMKELHFDEQQYSWVVSAFQLCYTIA
QPITGYLMDVIGLKIGFFIFALLWSL INMAHALAGGWISLAFLRGLMGLTEASAIPAGIK
ASAEWFPTKERGIAGGLFNIGTS IGAMLAPPLVVWAMLTFADSGIGTEMAFVITGGIGVL
FAITWFLIYNSPNKHPWITHKELRY IEDGQESYLQDDNKKPAVKE IVKKRNFWALAITRF
LADPAWGTLSFWMPLYL INVMHLPLKE IAMFAWLPFLAADFGCVAGGFLAKFFMEKMHMT
TINARRCSFTIGAVLMISIGFVSITTNPYVAIALMS IGGFAHQTLSTVVITMSADLFKKN
EVATVAGLAGSAAWMGQLSFNLFMGALVAI IGYGPFFIALSLFDI1GATILWVLIKDPEK
HHPPMTEQPLASHR

5- SEN2981 >tr|B5QYB3|B5QYB3_SALEP Uncharacterized protein OS=Salmonella enteritidis PT4 (strain

P125109) GN=SEN2981 PE=4 SV=1
MFKKVLGLRHWNNNVVK IPPPAESGANASDVVVDTPEPYERILCQKILMGISTIDI IRNA
1 1KSCEQLNIEKERINELNEQNDKARSSLKSLVEFITEIGTTSSDIGCRMGDLNTSLTQI
NACIKEIQKTIANQTNLIAINSAIEAARVGDAGRGFSV ISKEVKNLSEDVKHSSKSVSTLT
SVIKDNTARVSEVLDNQQPVIDNITTNINQIVESIGIVIDKSLSMKSVMQY ISTVQFLNI
VKVDHV IWKMEVYKLLLNKD INSK1TMHDQCRLGKWYYGFEGQQFSNYYSFRSLEAPHKE
VHTAGHSALNYFAAGDMNAMSQELDRMERSSNEVVNQLEMLAVDLLKETTL
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Appendix 3: Translated sequence of induced genes (using Vector NTI program)

+3

a01

=

CTGTAGLACC
GACATCTTGG

CCATGCGGTG
GGTACGUCAC

GCGACGCTGT
CGUTGCGACL

CCTGTATTAC
GGACATLATG

TACCATTCTT
ATGGTAAGAL

LAGUGACAGCG
TCGCTGTOGC

CGUTCCCGTC
GCGAGGGUAG

TGCTATCGCC
ACGATAGCGG

CGACGTTATC
GCTGCALTAG

LAGCAGGCGGG
TCETCCGUCC

Appendix

+3
+
1001

GTGCCGTCTC
CACGGCAGAG

ATCATGCCAG
TAGTACGGTC

ACCCCTCATC
TGHGGAGTAG

LGGAGTGCGT
TCCTCACGCA

TIATGGACAT
ATTACCTGTA

CAGGCARATG
GTCCGTTTAC

AACAARACCC
TTGTTTTGGG

ATCTGGAGCA
TAGACCTCGT

CTGECGCORR
GACCGCGCCT

TTGCGARLAC
AACGCTTTIG

SEN1437
145 aa-438 bp.
1043 - 1480

+2
1101

AGCTCTGECC
TCEAGACCGG

CGETCACCCE
GCCAGTGEGC

GATGACGCCC
CTACTGCEGG

ATCTGGCAGR
TAGACCETCT

CGGCGAAGAA
GCCGCTTCTT

ATCCTGCAAG
TAGGACGTIC

CCGATCATTT
GGCTAGTAAL

GGCATCATTT
CCGTAGTAAL

GITGCGATGG
CALCGCTACC

CAGACGGGET
GICTGCCCCA

r; 1,526,021
o: 1,526,458

+
101

GGCGATTEGC
CCBCTAACCG

TITGCGEATG
ABACGCCTAC

CCTCAATCCG
GGAGTTAGGC

CCACGATTAT
GGTGCTRATA

GTCAATGGCT
CAGTTACCGA

GTGACAGTIC
CACTGTCAAG

GCCCBTGHCT
CGGECACCGA

TTTCTTGAAG
AARGAACTTC

GIATTTTTGT
CATARAALCA

TCTCCCCTCG
AGRBGGGAGC

+
1301

TTCCGTCAAC
AMGGCAGTTG

GCBBCGTAGC
CGCCGCATCG

GRRACAATTG
CTTTGTTAAC

ATTGCAGCGE
TARCGTCRCC

TGCARCGATG
ACGTTGCTAC

GGGAACGRAT
CCCTTGCTTA

AALGGGTGIC
TTTCCCACAG

GGGAAATGGC
CCCTTTACCG

CTCTGATACC
GAGACTATGG

ACGCCGGAAR
TGCEGCCTTT

+2
1401

ATACAATTTC
TATGTTARAG

CCAGAALGTT
GGTCTTTCAR

CACCTGGCAT
GTGGACCETA

TAGGATTTGA
ATCCTABACT

GGRARCAGAG
CCTTTGTCTC

CGCGTCATTT
GCGCAGTAAL

TCTACCGGAR
AGRTGGCCTT

GCGTTGTTGA
CGCAACAACT

GGEALATATT
CCCTTTATAL

CAGGCTCCTT
GTCOGAGGAL

1501

ATAGAGLAGT
TATCTCTTCL

GGTCACTGAT
CCAGTGACTA

TALLRAGCAG
LATTTTTCGTC

CCTCAATATA
GGAGTTATAT

CLATAATTCC
GTTATTLLGG

TGTTTCTARL
ACLRAGATTT

ACGGAGTCCL
TGUCTCAGGT

TCAGGACGTC
AGTCCTGCAG

GGEAATALGL
CCCTTATTCT

CCOGGCAGAT
GGHECCGTCTL

1601

GUALGCCGGG
CGTTCGHICE

CCTTCATTGC
GEALGTLACG

TTACGGTCTT
BATGCCAGALL

&

GAGGCCGTAC
CTCCGGECATG

* PR § BT @&

CGTCTGGTGT
GCAGACCACL

GCGOGCCATT
CGUGCGGTAL CAGGTCCTAC  CCTAAGGGGG  GAGCGTGCCT  ATAAAGCGGC

IDIP‘TI ‘RIAIMI T IW‘SI P IIIGIG‘ ‘E‘CIPI Z IK‘AIA‘

GTCCAGGATG  GGATTCCCCC  CTCGCACGGA  TATTTCGCCG

1701

-2

CTTTGGCTTC  ATCAATGTCA
GLAACCGAAG  TAGTTACAGT

ATACCCAGAC  CCGGCTTATC
TATGGGTCTG  GGCCGLATAG

GTTCAGATAG GCATAACCGT GGTCAATCTC  AGGGCAGCCC  GGGAAGACAT CACGCAGCGC
CLAGTCTATC CGTATTGGCL CCAGTTAGAG TCCCGTCGGG  CCCTTCTGTA  GTGCGTCGCG

‘NILIYIAIY‘GIHIDII‘E ‘PICIGIPIF‘VIDIRILIA‘

1801

iK1 Ef DID I &L & F KD
GLACTCLALT CCARATGCAT ATTGGCGCAL ACCCCAACTG GRGRIATGTC GCOCGGCCCG

GTCGTTCATT  GGCGTGTATT  CCTGAATGCC  AAAGTTCGGT
CAGCAAGTAL CCGCACATAL GGACTTACGG TTTCAAGCCA  CTTGAGTTTA GGTTTACGTL TRACCGCGTT TGGGGTTGAC CTCTTTACAG CGGGCCGGGC
— = o n

v A A A A I A R
TGCCATGCGG  TGCGCACACC  GTTCAGTTCG  CTGTAGACAG  CRAGTTTCCT CGCCGGCGTL  ATGCCGCCGAL  TGGTACTCAC GTGGCAGCGL  ATGTAGTCGL
ACGGTACGCC  ACGCGTGTGG  CLAGTCLAGC GACATCTGTC GTTCAALGGL GCGGCCGCAT  TACGGCGGCT  ACCATGAGTG CRCCGTCGCT  TACATCAGCT

ST

IH‘WIRI T IRIV‘GI \NuLuEu p ‘Y‘VI 3 ILIK‘RI \AupuTu I IG‘GI I ITISIV‘ ‘H‘CIRI I

TGAGCCTGTT  GTCGATGAGC  GGCTTCCACT  CATTCACATT CACARACAGC TCACCCATGG  ATATCGGAGT GGAAGACTGC TGGCGCAGCL TTTTCAGCCL
ACTCGGACAL  CAGCTACTCG  CCGARGGTGE  GTAAGTGTAL GTGTTTGTCG  AGTGGGTACC TATAGCCTCA CCTTCTGACG  ACCGCGTCGT  AALAGTCGGT

ILRE ¥ DIL P KW E ¥ V¥ VvV FL E @M § I PT 5 5@ @ B L M EL W,

SEN1436
419 aa- 1260 bp.
1621- 2880
Fr; 1,524,621
To; 1,525,880
B3R541
putative
dehydratase

GTCGATGTTT  TCCGGTGCCA  CCGGATCCTC  AAGATARALT  AGTTGATACT GTTCLAGCGT TTTGGCCAGL TTAATGGCAG TCACCGGGGT CACGCGCTCL
CAGCTACAAL  AGGCCACGGT  GGCCTAGGAG  TTCTATTTTA  TCAACTATGA CAAGTTCGCAL ARACCGGTCT  AATTACCGTC AGTGGCCCCL  GTGCGCGAGT

IDII N‘ = ‘PIAI 7 1PID‘EI ‘LIYIFI . ‘Q‘YI 2 IEIL‘T‘ ‘KIAILI " II‘AI - IV‘PIT‘ \V'\RIEI}I\

TGTACATCAT GAATALATTC GATGCCALAAL CCGAGCTTGT TACGCAGGTG GTCGLACAGL CGCGGAACGC  TTTTGGCGTL  GGCGTCCGGG  TCALALGTAGL
ACATGTAGTA CTTATTTALG CTACGGTTTT GGCTCGAACL ATGCGTCCAC CAGCTTGTCT GCGCCTTGCG  ARAACCGCAT  CCGCAGGCCC  AGTTTCATCT

IH‘VIDI H IIIF‘EI \Iuchu = ‘L‘KI " IRIL‘HI \DuFuLu 5 IP‘VI 2 IKIAIY‘ ‘A‘DIPI o IF‘YII‘

TGLOGGGIGT  TTTGCTGCGT  GOGTGRACGTT  TCGGCTGALT  GTTCTTCGCAL  CGTGCCAGCT  GCGTGGCGAT  CAGTTTALGG TCATCGGTCC  CCGCACCGOC
ACGGCCCGCA  MBACGACGCG  CCACTTGCAL  AGCCGACTTAL  CRLAGRAGCGT GCACGGTCGL CGCACCGCTA  GTCALATTCC  AGTAGCCAGG  GGUGTGGLGG

IIIGIP‘TI‘KISIR‘P‘SIRIKIPIQ‘I ‘NIKIRIRIA‘LIQITIA‘I ‘LIKILIDID‘TIGIAIGIG‘

ATACATTCCC  ATCTGGCAGT  GRACGTACTG  GTARCCCTCT  TCCATTCTGG  CTCGGATGTT  ATCTTCCACT  TCAACTTCAT CRCCACCATC  GGTGTGGCAG
TATGTAAGGG  TAGACCGTCG  CTTGCATGAC CATTGGGAGL AGGTAAGACC GAGCCTACLL TAGAAGGTGL AGTTGAAGTL GIGGTGGTAG CCACACCGTC

IY‘M‘G‘ M‘QICI a IV‘Y‘QI ‘YIGIEI : ‘M‘RI 3 IRII‘N‘ ‘DIEIV1 z IV‘EI o IGIGID‘ ‘T‘HICIY‘

-2

TACAGTGGGA  TCCCATCACG  ACATTTGCCG  CCCAGCAGAT  CATARACTGG CATCCCCGCT  AGCTTACCTT  TGATATCCCAL CRGTGCCATG  TCCACGCCGG
ATGTCACCCT  AGGGTAGTGC  TGTABACGGC GGGTCGTCTAL  GTATTTGACC GTAGGGGCGL  TCGAATGGAL ACTATAGGGT GTCACGGTAC AGGTGCGGCC

¥+ttt
T L F I & DER ¢t K& & L L D T ¥ F M &L L K& K I D W L A M D V & &

2601

-2

ACAATGCATT  GTTCATGATC  GGGCCATTGC  GCCAGTAGCC GCTCACCACG CCTGACTGCC AGATGTCCTC  AATACGGGTC GGATCTTTGC CAACCAGAAL
TGTTACGTAL CAAGTACTAG CCCGGTAACG CGGTCATCGG  CGAGTGGTGC  GGACTGACGG TCTACAGGAG TTATGCCCAG CCTAGARACG  GTTGGTCTTT

ISILIA‘NI ‘NIM1I‘ : ‘GINI 5 IWIY‘GI ‘SIV1V1 z IS‘QI " IIID‘E‘ IIRITI : ID‘KI = IVILIF‘

2701l

AGOCGOCATG  TACTCATOOAR TOGCGCTTTT TACCGCGAAG ATACGCTGGG TAMATGTCOC ACATCCCAGE CCATACAGLC _CTGGCTOGTT GRTTTCTATC)
TCCGCGGTAC  ATGAGTAGCT  AGCGCGLARL  ATGGCGCTTC  TATGCGACCC  ATTTACAGCG  TGTAGGGTCG  GGTATGTCGG GRCCGAGCAL CCAALGATAG

.P.A.Mw 7 ‘EIDI I IRIS‘KI ‘VIRIFI 1 ‘R‘QI T IFIT‘A‘ ‘CIGILI z IY‘LI 5 IPIEIN‘ ‘T‘EIIIK‘

CTIACCACTG  CCARATCART GCCGCCCGGC GCCGTCAGRA  TCGTTTTCAC GTTGGTAATT TTCAGGTTAC TCACTTTCAC TCCTTAACTC AGCGRATTTA
BATTGCTGAC  GGTTTAGTTA  CGGCGGGCCG  CGGCAGTCTT  AGCARALGTG CAACCATTRL ALGTCCLATG  AGTGLAAGTG AGGAATTGAG TCGCTTALAT

IK‘V‘V‘A \N|T|I|

ILID‘II‘GIGIPIR‘T‘LIIIT‘K‘V‘ KIL‘NISIV1KIV1

CCGCATGTCA TACAACTTTA
GGLGTACAGT ATGTTGALAT

TACCGTTGTG
ATGGCAACAC

GATGATACAL
CTACTATGTT

CAGATATACG
GTCTATATGC

TLAGTTGTCC
ATTCAACAGG

TGCTGTTATA
ACGACAATAT

TCACGCTTCT
AGTGCGLAGL

TTTACAGCGG
BALTGTCGCC

ATCGCTGCGR
TAGCGACGCT

GTGCCATTCT TACATATAAT
CACGGTAAGL ATGTATATTA

GTGACAGCGR
CACTGTCGCT

TCARACTGCG
LAGTTTGACGC

TTARATTTAL
BATTTRAATT

ACCRAATATA
TGGTTTATAT

TCLATTLATT
AGTTAATTAL

LATATTAATT
TTATAATTAL

ACGCGGTCGG
TGCGCCAGCE

CATGTGGAGC
GTACACCTCG
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Appendix

+2
3z01

M T A L FD L T & K T i L ¥ T & § A E @& L & F L ¥ L E & L A

GAGGAAACAE CATGACCGCT TTATTTGATT TAACTGGGAL AACGGCGCTG  GTAACGGGTT CTGCACGAGG ACTGGGCTIT GCCTACGCAG  AGGGTCTTGC
CTCCTTTGTT GTACTGGCGA MATARACTAL ATTGACCCTT TTGCCGCGAT  CATTGC{CRL GACGTGOTCE  TGACCCGARL CQGATGCGTC  TCCCAGLACG

+2
a0l

LA B OB LB R ¥ I L ¥ D I E & T L L A E 5 ¥ DT L T R K & YT D & H & ¥

CGCTGOGGGT GCACGGGTTA TCCTGAATGE TATTCGCGCC ACGCTGTTGH CCGRATCAGT GGATACGCTG ACCAGARAAG GCTACGACGD GCATGGCGTG
GCGACGECCH  COTGCCCART AGGACTTACT ATAAGCGCGG TGCGACRACC GGCTTAGTCA CCTATGCGAT TGGTCTTTIC CGATGCTGCG  CGTACCGCAC

+2
3401

L F D ¥V T D E L A I E A L F & K L D L E @ I H ¥ D I L I N N A & IQ

GCTTTTGACG TCACCGATGA ACTGGCGATT GAGGCAGCTT TTAGCARACT TGATGCAGAL GGGATCCATG TTGATATCCT GATCAATAAC GCCGGTATTC
CGALLACTGC  AGTGGCTACT TGACCGCTAL CTCCGTCGAL  BATCGTTTGE  ACTACGTCTT COCTAGGTAC AMCTATAGGL CTAGTTATTG CGGCCATRAG

SEN1435

+2
3501

Y R K F M V E L E L E N W o KV I T ¥ L T 5 & F L ¥ 58 R § A L K

AGTACCGCAE  ACCAATGGTC GAGCTGGAGD TGGAAAACTG GCAGRAGGTG ATCGACACTE ACCTGACCAG CGCATTTTTE GTCTCCCGCT CGGCGGCALL
TCATGGCGTT TGGTTACCAG CTCGACCTCG  ACCTTTTGAC CGTCTTCCAT TAGCTGTGAT TGGACTGGTC GCGTALLLRT CAGAGGGCGL  GCOGCCGTTT

55 aa-768 bp.
212-3979
r; 1,523,522

+2
3601

KR M I LB R N 5§ @& @& K I I KN I & 5 L T 5 @ & & E P TV X P Y T L L K

ICGGATGATC GCCCGCAACA GOGGCGGCAL  AATTATTRAT ATCGGCTCGC TTACCAGCCR GGCGGCCCGT  CCGACTGTTG CCCCGTACAC GGCAGCLAAL
TGCCTACTAG  CGGGCGTTGT CGCCGCCGTT TTAATAATTA TAGCOGAGCG AATGGTCGGT CCGCOGGGCH  GGOTGACAAC GGGGCATGTG  CCGTCGTTTT

o0; 1,524,289

+2
3701

@ & I K M L T © 3 M X 4 E W A Qg F N I @ T ¥ R I & P & T I L T D MX

GGCGGCATCA  ABATGCTCAC CTGCTCGATG GCTGCTGAAT GGGCGCAGTT TAATATCCAG ACTAACGCCA TTGGACCTGG CTACATTCTG  ACCGACATGA
CCGCCGTAGT TTTACGAGTG GACGAGCTAD CGACGACTTA CCCGUGTCAL ATTATAGGTC TGATTGCGGT AACCTGGACC GATGTAAGAC TGGCTGTACT

+2
g0l

¥ T L L I E D K g F D 5 W ¥ E 5 8 T P 5 O E W & R F E E L I @& T I

ACACCGCGCT TATTGAAGAC AAGCAGTTCG ATAGCTGGGT GAAAAGCAGD ACCCCTTCTC AACGTTGGGE TCGTCCGGAL GAGCTCATCG  GCACCGOCAT
TGTGGCHCGE  ATRACTTCTG TTCGTCAAGC TATCGACCCA CTTTTCGTCG  TGGGGAAGRG TTGCRACCCC LGCAGGCCTT CTCGAGTAGC CGTGGCGGTR

+2
3501

IF L 3 s K L § DY I N & Q I I Y ¥V D & & W L & ¥ L ¥

CTTCTTATCE TCCARAGCAT CAGATTATAT CAACGGGCAG ATTATTTACG TCGATGGTGG CTGGCTCGCA GTTTTATARG TCGCCCGCAC TCTACCTACT
GLAGLATAGT AGGTTTCGTA GTCTAATATA GTTGCCCGTC TRATARATGD AGCTACCACC GACCGAGCGT CARRATATTIC AGCGGGCGTG  AGATGGATGR

+1
4001

M A ¢ v Y B D& © E YT KN T & I I M K & & E Q E L F I L TL

CGCCTTTARE ATTGATGGCA TGTGTTTACC CCGATGCATG CCGATATAAC ACAGGTATTR TTATGRAGGC TTCAAGACAE CGACTCTTTA TTCTCACATT
GCGGARATTT TAMCTACCGT ACACAMATGG GGCTACGTAC GGCTATATTG TGTCCATAAT AATACTTCCG  AMGTTCTGTT GCTGAGRAAT AAGAGTGTAL

+1
4101

LL F I v T i I ¥ T M D E 1 ¥ L & v A8 2 N I g ¥ D F 2 L T 3 T & L

GCTGTTTATT GTGACTGCAA TTRATTATAT GGATCGCGCC AATCTTGCCG TCGCTGGTTC GAATATCCAG ARTGATTTCE GTCTGACGCC AACACALCTG
CGACABATAL CACTGACGTT AATTAATATE CCTAGCGCGG TTAGRACGGC AGCGACCRRG CTTATAGGTC TTACTAMRGT CAGACTGCGG TTGTGTTGAC

+1
4201

@ L L F 85 M F T W R T & 2 5 g I F V O Y ¥ LD R I & 5 R I L T & & &

GGTTTGCTTT TCTCCATGTT TACCTGGGCC TACGCTGCCA GTCAAATTCC TGTCGGCTAT GTTCTTGATC GCATTGGCTC ACGTATTCTT  TATGGTGGTG
CCARMCGRAL AGAGGTACAA ATGGACCCGE  ATGCGACGGT CAGTTTAAGG ACAGCCGRTA CRAGAACTAG CGTRACCGRG TGCATRAGAL ATACCACCAC

+1
4301

A2 I I L W 5 I F T F M M & F & 5 H H L F &2 T » T & 5 F A M L L & CER

CGATTATTCT GTGGAGTATT TTTACCTTTA TGATGGGGTT CGCCTCACAT CATTTATTCG CGACGGCAAT CGOTTCATTT GCAATGCTTC  TGGCCTGOCG
GCTRATRAGE CACCTCATRL ARATGGARAT ACTACCCCAL GCGGAGTGTG GTAALTAAGC GCTGCCGTTG GCGAAGTARL CGTTACGRAG ACCGGACGGC

+1
4401

EL L I @ v L. E A F 5 F F 5 ¥ T K I I » T W F F D HE R A ERE & T L I

CGCATTAATT GGTGTTGCCG  ARGCGCCATC CTTCCCGTCT  AACACARARL TAATCGCCAC CTGGTTCCCG GACCATGAAC GTGCCCGTGE  GACCGOGATT
GCGTAATTAL CCACAACGGC TTCGOGGTAG GLAGGGCAGE TTGTGTTTTT ATTAGCGGTG GACCAAGGGC CTGGTACTTG CACGGGCACG CTGGCGCTAL

+1
4501

¥ & 58 R QY I & L & L LT F A L & F I V¥ L N Y @& W E M & F T L 5 &6

TATTCCAGTG CACAATATAT CGGTCTCGCG CTGCTGACGC CTGCCCTCGC CTTTATTGTG GCTAACTACG GTTGGGARAT GTCGTTTTAT CTGTCCGGTG
ITALGGTCAC GTGTTATATA GOCAGAGCGD GACGACTGCG GACGGGAGCG GLRATAMCAC CGATTGATGC CLACCCTTTA CAGCARLATL GACAGGCCAC

SEN1434
469 aa-1410 bp.
4015 - 5424
Fr: 1,522,077
To; 1,523,486
B5SR539
Putative
lhexonate

sugar transport

+1
4601

@ A @ I L F @& I ¥ W L M Y T E D F g H 5 T A ¥ N O L E L DY I K &RBZ®G

GCGCCGGTAT TCTGTTTGGC ATCTACTGGD TTATGTATTA CCGCGATCCA CAGCACAGCE CTGCTGTGAAL CCAGGCCGRE CTGGATTATA TCRBAGCAGG
CGCGGCCATE  AGACAMACCG TAGATGACCG AATACATAAT GGCGCTAGGT GTCGTGTCGT GACGACACTT GGTCCGGCTT GACCTAATAT  AGTTTCGTCC

+1
4701

[ENNE I & &8 E N © &5 & ¥V 5 & K I 5 W g ¥ I K F F L 5§ K K T I W & L F

CGGCGGCTAT GGCTOGGAGR ACCAATCCTC  CGTGAGTGCA ARBATCAGCT GGCAAMATAT TARATTCTTC CTCAGCAARE ARACGATTTG GGGTTTGTIC
GCCGUCGATA  CCGAGCCTCT TGGTTAGGAG GCACTCACGT TTTTAGTCGL CCGTTTTATA ATTTARGAAG GAGTCGTTTT TTTGCTAAAC CCCARACRAG

+1
4801

I T g F A C 5 5 T L ¥ F F L T W F I ¥ ¥ L E K & L H L & I &8 E A &I

ATCACCCAGT TTGCCTGCTC  GTCTACGETC TATTTTTTCC TGACCTGGTT TATTGTTTAC CTGGAAAAAG GACTGCATCT CTCTATTICC  ABAGCCGGGA
TAGTGGGTCA AACGGACGAG CAGATGCGAG ATABAAMLGG ACTGGACCAL ATAACAMATG GACCTTTTTC CTGACGTAGE GRGATALAGG TTTCGGCCCT

+1
4501

I & &2 M L F Y I M . M L @& ¥ L C @& @ T L § D M L L K K 4 K &8 E T L &

TAGGCGCCAT GCTGUCCTAT  ATTATGGCGA TGCTTGGGGT GCTCTGTGGC GGTACGCTAL GCGACATGCT GCTGAARARE GGAAAATCCC GRACGCTGGC
LTCCGCGOTE  CGACGGGATA TAATACCGCT ACGRACCCCA CGAGACACCG CCATGCGATT CGCTGTACGE CGACTTTTTT CCTTTTAGGG CTTGCGACCG

s001

LE K L F vV M &L & L © ¥V T M I 1 & L ¥ N F F E H PV I & I ¥ I L &

ICGLAAATTE CCCGTTATGG CTGGCCTGTG  CGTCACCATG ATTATTGGCC TGGTCAATTT CTTTGAAAAC CAGCCAGTTA TTGCGATTGT CATTCTGTCT
TGCTTTTAAT GGGCAATACC GACCGGACAC GCAGTGGTAC TAATARCCGG ACCAGTTARA GAAACTTTTG GTCGGTCART AACGOTAACA GTAAGACAGL

+1
5101

¥ L F F A HN 2 F 5 K L & W v v W &8 D ¥ I F R N F L & T ™M & & F L HI

GTTGCGTTCT TTGCCAMCGC CTTTTCARAC CTGGGCTGGG TGGTCTGGAG CGATGTAATT CCCCGTAATT TTCTCGGGAC TATGGGTGGC TTTTTARATA
CLACGCRAGE MACGGTTGCG GRARAGTTTG GACCCGACCC ACCAGACCTC  GCTACATTRL GGGGCATTAL AAGAGCCCTG  ATACCCACCG  AMBRATTTAT

+1
5z01

I ¢ G N L 8 & I v = F I v I G v I L ¢ R T Q ¥ r T & M W T I L GV

TTTGCGGCAE  CCTTTCGGGG  ATCGTTAGCC CAATTGTTAT TGGGGTTATT CTCCAGCGCA CGCARBACTT CCAGTATGCC ATGTGGTATA TCGCAGGCGT
LLACGCCGTT GGLAAGCCCC TAGCAATCGG  GTTRACAMTA ACCCCAATAL GAGGTCGOGT GCGTTTTGAL GGTCATACGG TACACCATAT AGCGTCCGCA

+2

+1
5301

YTi @ L @ L L L T I F L v & ¥ I E v I L P & K K ¥ A D T v D ¥ N i I

CGCCGGACTG  GGCTTATTAG CCTACATATT CCTGGTGGGC ARMATTGAAG TGATCCTGCC TGGAMMAAAG ARTGCCGACE CTGTGGATAL GRATGCCATT
GOGGOCTGAC  CCGLATAMTC GGATGTATAL GGACCACCCG TTTTAACTTC  ACTAGGACGG ACCTTTTTTC TTACGGCTGT GACACCTATT CTTACGGTAL

+2

+1
5401

M E K I T ¢ N & C L L H L E KD ¥ E F E

¥ FP L T A N K ¥

ALCCOGGCAAL CTGCCAACAL ATAATGAGGT CATTATCAAL ATGGAARARE TAACCTGTAL CGCTTGTCTG GCCCATGCGG ARRMAGACGT ACGCTTTGAL
TTGGGCCETT  GACGGTTGTT TATTACTCCA GTAATAGTTT TACCTTTTTT ATTGGACATT GCGRACAGAT CGGGTACGCC TTTTTCTGCA TGCGRALCTT
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5501

-1

TCACGTGALL TCGAGCACAG TGAACATGAC GTCGTCGTGA AGGTCGCCTG  CGGCGGCATC TGTGGCTCTG  ATATTCACTA CTATCAGCAT GGCCGCGOGG
AGTGCACTTT  AGCTCGTGTC ACTTGTACTG  CAGCAGTACT TCCAGCGGAC  GCCGCCGTAG ACACCGAGAC TATAAGTGRT GATAGTCGTA CCGGCGCGCC

Appendix

SEN1433
347 aa-1044 bp.
5441- 6484

Fr: 1,521,017
To; 1,522,060

B5R338
L-idonate 5-
dehydrogenase

+2
5601

-1

@ M & ¥ L K H F MY I & H E F ¥ @& ¥ I 5 K ¥ F & & 5 D L KV & o T¥%¥

GGATGTCTGT CCTCAAGCAT CCGATGGTGA TTGGCCATGA GTTTGTTGGC GTGATCAGCE AAGTGCCAGC AGGCAGCGAC CTGAAMGTGG GCCAGACGGT
CCTACAGACH GGAGTTCGTA GGCTACCACT AACCGGTACT CRAACAACCG CACTAGTCGT TTCACGETCG TCCGTCGOTG GACTTTCACS CGGTCTGCCA
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TGCGGTGAMC CCGTCCAGCC CATGCALTCA GTGCGAGATG TGCCTTTCCG  GCCATCAMMR TCTGTGOGGC TCCATGCGCT TTATGGGCAG CGCGCAGTTC
LCGCCACTTG  GGUAGGTCGG  GTACGTTAGT CACGCTCTAC ACGGAAAGGD CGGTAGTTTT AGACACGCCG  AGGTACGCGR AATACCCGTC  GCGCGTCAAG
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ALTCOGCATG  TGRATGGCGG  TTTTTCTGAL TACGTGGTGG TAARACCGGR GCAATGCATT CCTTACGACE GGCGCGTGEC CGCAAACGTG  ATGGCCTTTT
TTAGGCGTAC ACTTACCGCC MAARAGACTT ATGCACCACC ATTTTGGCCT CGTTACGTRL GGRATGCTGT CCGCGCACGG GOGTTTGCAC TACCGGLLAL
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CGGLGCCGCT  GGCGGTCGCC  ATTCATGCAG  TAAAAAMGGC AGGCCAGTTG ACCGGCAMAC GCGTACTGGT GATTGGCGCE GGCCCCATTG  GTTGTCTGAT
GCCTCGGCGL  CCOCCAGEGG TRAGTACGTE ATTITTTCCG TOCGGTCAAD TGGCCGTTTG CGCATGACCA CTRACCGOGT COGGGGTAAC CHACAGACTA
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CCTCGCGGOG  GOGCGCAGTG  COGGAGCATC  TGAACTGGTA GCATCCGATC TCAGCCCACG CTGTCTGGAL CTGGCACGCC ABATGGGGGC CACAGCGSTG
GGAGCGCCGE  CGOGCGTCAC GGCCTCGTAG  ACTTGACCAT CGTAGGCTAG AGTCGGGTGC GACAGACCTT GACCGTGCGG TTTACCCCCG  GTGTCGCCAC
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ATGGATCCGC GOGATGAAGA ACAGGTTGCC CATTATCAGC AGCATARAGG CTACTTTGAT GTCGTGTTTG AGGCCTCCGG COCGCCGATT GCCGTGGCAT
TACCTAGGCG CGOTACTTCT TGTCCAACGG  GTARTAGTCG TCGTATTICS GATGRAACTA CAGCACRAAC TCCGGAGGCC GCGCGGCTAL CGGCACCGTA
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CCACCGTCGE CTTCACCCGC COTGCCGGCA CCATCGTTCA GGTGGGGATG  GGCGCCAGCC CGGTAMGCTG G'ct'GTG'Tc.{ ACGATGCTGE TTIAM.‘GAAIg
GGTGGCAGCT  GRAGTGGGCG  GGACGGCCGT GGTAGCAMGT CCACCCCTAT CCGCGGTOGE GCCATTCGAT  CG
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CLACTGGGTC GGCTCATTCC GTTTTATCGG  TGAGTTCATC ACCGCGGTAC GCTGGCTGGE AGATGGGCGC GTCGATCCTC GCCCGOTTAT CAGCGCCGAG
GTTGACCCAG  CCGAGTAMGG CRARMTAGCS ACTCAAGTAG TGGCGCCATG CGACCGACCT TCTACCCGCG CAGCTAGGRG  CGGGCGRATA  GTCGCGGCTC
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TTCCOGCCCC  AGCAAATTGA AGACGCGCTG  ATTACCGCCA CAGACARARR TGTCTCTGCT AAGGTACTCA TTCGTTTCGA TTAMCGGTGA  ABAGCGCCCG
LAGGGCGEGE  TCOTTTAMCT TCTGOGCGAD TARTGGCGGT GTCTGTTTTT ACAGAGACGR TTCCATGAGT AMGCAAMGCT RATTGCCACT TTTCGCGGGS
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GCCGGGCGCT TTGTTCTTAL  ARGAGAATTG TTATATARTA AAGCACTTCA GCGACATCTT AACGGATACC CATCTTGAGC ATARRATCCA TICAARAACA
CGGCOCGCGA  AACAAGAMTT TTCTCTTAAC AATATATTAT TTCGTGRAGT CGCTGTAGRA TTGCCTATGG GTAGAACTCG TATTITAGET AAGTTTTIET
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GAATGTTGTA AATGAAATTT ATGATCAGAT AAGTAGCAAA CTGCTGGACG GCAGTTGGGC GCCHGETA y
CTTACAACAT TTACTTTAAA TACTAETCTA TTCATCETTT GACGACCTGC CBICAACCCE CBGCCCAT
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TCATTIAACG TCAGCCGEGT CAGCGITCEC AGCGCAGTAC AGCGTTTTCE TGACCTGEGG ATTGTGGTGA CGCGTCAGGE CAGCGECAGC TACGTGAGCE
AGTABATTGC AGTCGECCCA GTCGCAAGCE TCGCGTCATG TCGCAAARGC ACTGGACCCC TAACACCACT GCBCAGTCCC GTCGCCOTCE  ATGCACTCEC

SEN1432

E N F T F o0 M L § N D P R F I M H L § R E E F H DM M I F R Q T ¥V E
BAMACTTCAC CCCGCAGATG TTGAGTAACG ATCCCCBCCC AATCATGCAC CTTAGCCGCE AAGABTTTCA CGATATGATG ATTTTTCETC AGACCETGEA
TTTTGAAGTG GGGCGTCTAC AACTCATTGC TAGGGGCEEG TTAGTACGTG GAATCGGCGC TTCTCAAAGT GCTATACTAC TAARMAGCAE TCTEGCACCT

6901
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GTTCABATGC GTGGAGCTCG CCGTCACACA CGCCACCGAT GATGACATTC GCCAGCTCGA GGAAGCATTG AACAACATGC TGATCCACAA AGGTGATTAT
CAAGTTTACG CACCTCGAEC GECAGTGTGT GCGETGGCTA CTACTETAAG CGGTCGAGCT CCTTCETAAC TTGTTGTACG ACTAGETGTT TCCACTAATA

K K T g E & D ¥ E F H L & I Vv R A 5§ H N & ¥V F T N ¥ M g 5 I E D I Y
AMARRATACT CGGAAGCGGA CTACGAGTTC CATCTGECGA TTGTCAGGGC ATCGCACAAC AGCGTGTTCT ACAACGTGAT GAGCTCGATT AAAGACATCT
TITTTIATGA GCCTTCGCCT GATGCTCAAG GTABACCECT AACAGTCCCE TAGCGTGTTG TCGCACARGA TGTTGCACTA CTCGABCTAA TTTCTGTAGA

T ¥ ¥ T L E E L H R i L & I T L E s ¥V E A H I K v T M s I K N E D 2
ATTACTACTA TCTTGAAGAG CTTAACCETG CGCTGGETAT TACCCTTGRA AGTGTGGAAG CCCATATCAA GGTCTACATG TCGATAAAGA ATCGCGATGC
TAATGATGAT AGAACTTCTC GAATTGECAC GCGACCCATA ATGGGAACTT TCACACCTTC BEGTATAGTT CCAGBATGTAC AGCTATTTCT TAGCGCTACE

7z01

AS T 2 v E ¥ L ¥ E A M 5 & ¥ I I A I E K I K = T E T g o T K *
CAGCACGECC GTCGAAGTGC TCAATGAAGC GATGTCAGGC AATATTATTG CGATCGAAAA AATCAMATCT ACAGAGACAT CAGGGACAAA ATRLCCGTTG
6TCGTECCO6 CAGCTTCACG AGTTACTTCG CTACAGTCCG TTATAATAAC GCTAGCTTIT TTAGTTIAGA TGBTCTCTGTIA GTCCCTGTTT TATTGGCAAC

7a0l

GTTACALGCT CALAGTAGTAG AGCAATTTAL CATATCTGAL TCCGRAATAG TTGCCATCAL CTATTTAGTG ACATAGTCCC ACTTTARRAT CGTGGCAGTG
CLATGTTCGA GTTCATCATC TCGTTAAATT GTATAGACTT AGGCTTTATC AACGGTAGTT GATAAATCAC TGTATCAGGG TGRALTTTTA GCACCGTCAC
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Appendix

1- SEN1433 >tr|B5R538|B5R538_SALEP Putative hexonate dehydrogenase OS=Salmonella enteritidis PT4

(strain P125109) GN=SEN1433 PE=4 SV=1
MEK1TCNACLAHAEKDVRFESRE IEHSEHDVVVKVACGG ICGSD IHYYQHGRAGMSVLKH
PMVIGHEFVGV I SKVPAGSDLKVGQTVAVNPSSPCNQCEMCLSGHQNLCGSMRFMGSAQF
NPHVNGGFSEYVVVKPEQC IPYDRRVPANVMAFSEPLAVAITHAVKKAGQLTGKRVLV IGA
GP1GCLILAAARSAGASELVASDLSPRCLELARQMGATAVMDPRDEEQVAHYQQHKGYFD
VVFEASGAP IAVASTVDFTRPAGT I VQVGMGASPVSWPVSTMLVKELNWVGSFRFIGEF I
TAVRWLEDGRVDPRPL ISAEFPPQQIEDALITATDKNVSAKVLIRFD

2- SEN1434 >tr|B5R539|B5R539_SALEP Putative hexonate sugar transport protein OS=Salmonella

enteritidis PT4 (strain P125109) GN=SEN1434 PE=4 SV=1

MACVYPDACRYNTG I IMKASRQRLFILTLLFIVTAINYMDRANLAVAGSNIQNDFSLTPT
QLGLLFSMFTWAYAASQIPVGYVLDRIGSRILYGGAI ILWSIFTFMMGFASHHLFATATA
SFAMLLACRAL IGVAEAPSFPSNTK1 IATWFPDHERARATATYSSAQY IGLALLTPALAF
I VANYGWEMSFYLSGGAGILFGIYWLMYYRDPQHSTAVNQAELDY IKAGGGYGSENQSSV
SAKITSWONITKFFLSKKT IWGLFITQFACSSTLYFFLTWFIVYLEKGLHLS I SKAG 1 GAML
PY IMAMLGVLCGGTLSDMLLKKGKSRTLARKLPVMAGLCVTMI IGLVNFFENQPVIAIVI
LSVAFFANAFSNLGWVVWSDV I PRNFLGTMGGFLNICGNLSGIVSPIVIGVILQRTQNFQ
YAMWY TAGVAGLGLLAY I FLVGKIEV ILPGKKNADTVDKNAINPATANK

3- SEN1435 >tr|B5R540|B5R540_SALEP Putative hexonate dehydrogenase OS=Salmonella enteritidis PT4

(strain P125109) GN=SEN1435 PE=1 SV=1
MTALFDLTGKTALVTGSARGLGFAYAEGLAAAGARVILNDIRATLLAESVDTLTRKGYDA
HGVAFDVTDELAIEAAFSKLDAEGIHVDIL INNAGIQYRKPMVELELENWQKVIDTNLTS
AFLVSRSAAKRMIARNSGGK I INIGSLTSQAARPTVAPYTAAKGG I KMLTCSMAAEWAQF
NIQTNAIGPGY ILTDMNTAL IEDKQFDSWVKSSTPSQRWGRPEEL IGTAIFLSSKASDY1
NGQI1YVDGGWLAVL

4- SEN1436 >tr|B5R541|B5R541_SALEP Putative dehydratase OS=Salmonella enteritidis PT4 (strain

P125109) GN=SEN1436 PE=1 SV=1

MKVSNLKITNVKTILTAPGG IDLAVVKIETNEPGLYGLGCATFTQRIFAVKSAIDEYMAP
FLVGKDPTRIED IWQSGVVSGYWRNGP IMNNALSGVDMALWD IKGKLAGMPVYDLLGGKC
RDGIPLYCHTDGGDEVEVEDNIRARMEEGYQYVRCQMGMYGGAGTDDLKL IATQLARAKN
I1QPKRSPRSKTPGI'YFDPDAYAKSVPRLFDHLRNKLGFGIEFIHDVHERVTPVTAINLAK
TLEQYQLFYLEDPVAPEN IDWLKMLRQQSSTP I SMGELFVNVNEWKPL IDNRLIDY IRCH
VSTIGGITPARKLAVYSELNGVRTAWHGPGD I SPVGVCANMHLDLSSPNFG IQEYTPMND
ALRDVFPGCPEIDHGYAYLNDKPGLG 1D IDEAKAAKYPCEGG IPSWTMARTPDGTASRP

5- SEN1432 >tr|B5R537|B5R537_SALEP Putative GntR-family regulatory protein OS=Salmonella

enteritidis PT4 (strain P125109) GN=SEN1432 PE=4 SV=1
MSITKSIQKQNVVNEIYDQ I SSKLLDGSWAPGSRLPSEVELTASFNVSRVSVRSAVQRFRD
LGIVVTRQGSGSYVSENFTPQMLSNDPRP IMHLSREEFHDMMIFRQTVEFKCVELAVTHA
TDDD IRQLEEALNNML IHKGDYKKYSEADYEFHLATVRASHNSVFYNVMSSIKDIYYYYL
EELNRALGITLESVEAHIKVYMSIKNRDASTAVEVLNEAMSGN I TAIEKIKSTETSGTK

6- SEN1437 >tr|B5R542|B5R542_SALEP Aminoglycoside N(6')-acetyltransferase type 1 OS=Salmonella

enteritidis PT4 (strain P125109) GN=SEN1437 PE=3 SV=1
MD IRQMNKTHLEHWRGLRKQLWPGHPDDAHLADGEE I LQADHLASFVAMADGVAIGFADA
SIRHDYVNGCDSSPVAFLEG I FVLPSFRQRGVAKQL TAAVQRWGTNKGCREMASDTTPEN
T1SQKVHLALGFEETERVIFYRKRC
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Appendix 4: Translated sequence of induced genes (using Vector NTI program)

Appendix

ybhC

1 GCGCAACCCAE ATTGCCTAAR TCCACTAGCC GTTCATGTCC CTGGTGGCTG  GCCATATTCG CCAGCGCTTT ACGCAMCGCA TCCGGGGCGC  CTGCCGCGEC
CGCGTTGGGT TARCGGATTT AGGTGATCGG CARGTACAGG GACCACCGAC CGGTATARGC GGTCGCGAAA TGCGTTGCGT  AGGCCOCGCG  GACGGOGCGE
101 GGGACGCCCT GCATTGCGTT TTACCCCOTC  GTCGCAGGCA RATCCCATTA  ACGCGATCTT TTGCTGCCAG  TTTTCGGGGG  ARAAGGTCTC GCTGCGCGTS
CCCTGCGGGA CGTRACGCAR AATGGGGGAG CAGCGTCCGT TTAGGGTRAT TGCGCTAGAL AACGACGGTC AAAAGCCCCC TTTTCCAGAG  CGACGCGCAC
201 ACGGTCTGAE ACAGACGCCG CGCATCCGGC  GCTTCTATAC TGTCATCGCG  CCOCTGCCAG  AGCGCCGGAG  MAGCCGGATA CCATTGOGTC  ATGAGATTTG
TGCCAGACTT TGTCTGCGGE GCGTAGGCCG CGAAGATATG ACAGTAGCGC GGGGACGGTC TCGCGGOCTC TTCGGCOTAT GGTAACGCAG TACTCTAAAC
1 v s 1 a
301 TCCTCTGTAT ACCCGOTGAT ATARAGGATT ACGOCCCGGC TCATACACAA CCTCTACCGG  CTGTTCAGCA TCCCACACCA CAAARTCCGC  CCGGTAGTCG
MGGAGACATA TGGGCGACTA TATTTCCTAR TGCGGGGCCG  AGTATGTGTT GGAGATGGCC GACAAGTCGT AGGGTGTGGT GTTTTAGGCG GGCCATCAGE
-1 B ¥ v R Q T L P N R & P E T v v E ¥ P Q E & D wov v F D & R T DA
401 GOCCTGAGCT GCCCATGOGT CGCOTGTCTT CCCAGCGCAC GAGLGGCATG  GOGOGTARCG COCGCCCATG  GOTCTTCCGA CGTCAGACCA  AACTGTACGE
CGGGACTCGE CGGGTACGCE GCGGACAGRL GGGTCGCGTG CTCGCCGTAC CGCGCATTGC  GGGCGGGTAC GGAGLAGGCT GCAGTCTGGT TTGACATGCG
-1 A R L Q @ H T L Q R [+] L & R A AL H E T WV =3 P ¥y E E g T L G F g v ¢
501 AGGCCATATT CATCGOCAGE TGCRRACTGE AARRCGGGCT GGTGCCGGGA  TTGARATCGC TGGCGACGGC GACAGGCACC TGATAGCGGC GCAGCAGTTC
TCCGGTATAL GTAGCGGTCT ACGTTTGACG TTTTGCCCGA CCACGGCCCT ARCTTTAGCG  ACCGCTGOCG  CTGTCCGTGG  ACTATCGCCG  CGTCGTCAAG
-1 CcL M N M L L H L =3 o] F F =3 T & F N F D =3 L v I w F W Q T R R L L E
601 CACCGGCGGG CGOTGCGTCT CGCGCAGAAA  ATAALACGCG CCAGGCAACA ACACGOOGAC AGTACCGCCG TCACGCATCG  CCGCGACGCC  CGCTTCATCA
GTGGCCGCCC  GCGRCGCAGE GCGOGTCTTT TATTTTGCGC GGTCCGTTGT TGTGCGGOTG  TCATGGCGGC  AGTGCGTAGC GGCGCTGCGG  GCGAAGTAGT
-1 v F P E o T E R L F T F A 1<) F L L v & v T & & D E ™ A L ¥V & i E DL
701 AGATATTCGE TATGATCCGC CGATARACCC TGATAGCGAC TCACCAGCTG CGCGCCGOCT  RACAGCGLAL GOTGCTCAAC ATGGCCTTTA  ACGGGAATAC
TCTATAAGCT ATACTAGGCG GCTATTTGGG ACTATCGCTG  AGTGGTCGAC GOGCGGOGGG TTGTCGETTT CGACGAGTTG TACCGGAAAT TGCCCTTATG
-1 L T E I H D & 3 L & [#] T R 3 v L Q A & & L L 3 L Q E ¥V H & ¥ v F I &
BO1 CTAACGOCTT CGCCGTCTGC  AATRCGCGCT CACTCTGOGC CACATTARAG CCGACGCTCT CGUAAAAGAG GTCTACCGCA TCAAATAACC CTTTTTGCCA
GATTGOGGAE GCGGCAGACG TTATGCGCGL GTGAGACGOG GTGTAATTTC GGCTGCGAGA GOGTTTTCTC CAGATGGCGT AGTTTATTGG  GAALRRCGGT
-1 & L & K L T Q L v R E S o & ¥ N F 1<) v 5 E o F L D Vv & D F L k=3 E o W
901 GAGCTGOGGA ATCATCGTCT CGCAGACCAG  AGTGATGTAG CCGTCCGGGT CGTCACGATA CTCCGCTGGC  GTAGCATGAG CGGCCAATAG  CGTGGGGCTA
CTCGACGCCT TAGTAGCAGE GCGTCTGGTC TCACTACATC GGCAGGCCCA GCAGTGCTAT GAGGCGACCG CATCGTACTC GCCGGTTATC  GCACCCCGAT
-1 L O P I M T E cov L T I T (<] D P D D R ¥ E & F T A H A Fy L L T F g I
1001 ATGTCGATAG CGTTTTOGGC  GGCARGTTTT GCAGCEACGC GCAACAGCTT TTCTTCTGIC GCCAGCTCCE GGOCATAGOS GGATTTAATC  TGCAGCAGCG
TACAGCTATC GCRRMAGCCG CCGTTCALRL CGTCGTTGCG CGTTGTCGAL AAGAAGACAG CGGTCGAGGT CCGGTATCGG CCTARATTAG AGGTCGTCGC
-1 I D I Y H E &L FS L )29 A L v R L L X E E T Y L E L G T @ g K I E L L T
1101 TEACGCCTTC GOTGGCAAGG CGCATCATGC  GTTCGOGCGC CAGCAGGTAG AGCGTCTCCT CCGCACAGGC  GOGGGTTGET GATACCGTCG  CGTTAATGEC
ATTGCGGAAG CGACCGTTCC GCGTAGTACG CAAGCGCGCG  GTCGTCCATC TCGCAGAGGA GGOGTGTCCG  CGCCCARCGA CTATGGCAGC GCAATTACGG
-4 Tv @ E $ » L R ™M M ® ® R ®x L L Y L T T E & € i R T ®n 5 v T x» W I &
1201 GCCGCCCTGA  GOGCTAATAT GCTGGTATGA  CGCGCCGTTA  AGCCGCTGCT CCCACTCTGE  GGCGCGGTTE CCGGCALACA CCAGATGCGT GTGGCAATCG
CGGCGGGACT CGCGATTATE CGACCATACT GOGCGGCART TCGGCGACGA GGGTGAGACG COGCGCCAAT GGCCGTTTGT GGTCTACGCA CACCGTTAGC
-1 & & Q s g I H Q 7 = L & N L E Q E W E A XA R H & A F v L H T H ¢ DI
1301 ATAAGTCCCG  GGGTTACCAG TCGTCCCTGC  ATATCATGGA TATTGTCCCC  ACTGACAGGE AGCTGCGTCT CTGGCACGAT ATCGCARATA  TGCCCTTCGE
TATTCAGGGC CCCRATGGTC AGCAGGGACG TATAGTACCT ATAACAGGSG TGACTGTGCT TCGACGOAGA GACCGTGCTA TAGCGTTTAT  ACGGGLAGCG
-1 I L & F T W L FE & O M D H I N D G 3 v F L o T E F ¥ I D [+ I H ) E R
1401 GTACHRICAG _CGCCTGGTTE TCCACCAGC]  COTACGGGGC  TTGCCOOTGE  GGGTCCATTG  TCGCCAGCCT GATGTTTCGC CAGACAGTAT CGCCCGGTAL
CATGTTAGTC GCGGACCAAT AGGIGGTCGG GCATGCCCOG  AMCGGCGRCG COCAGGTAAC AGCGGTCGGA CTACARAGCG GTCTGTCATA GCGGGCCATT
-1 R ¥ I L L O N D v L k] T P A Qo K Q P D M T A L R I N R W ¥ T D 1] P L
1501 RAGTTGCCGC ATTCCTGTCG  CTCTCTTGCC TGTCATGAGT TGTATAGACA TTTATTTTICT TTCTGCTCCG  GATTGTCAAC TCAAAGCGCG  RRAGTTGITG
TTCAACGGCG TAAGGACAGC GAGRGAACGG ACAGTACTCA ACATATCTGT ARATAALRGA AAGACGAGGC CTAACAGTTG AGTTTCGCGC TTTCAACAAC
-1 L O R M G T A E K o T M L Q I g M
1601 CTTAATTGTG ATARAACTAT CTGATGCTAC AGGTGTTTCC GGCCTGARAL GGAACTTTIT ACCTTTTCGC CTTCCCGTTT GGTTCAACTT AGTATARAAL
GAATTAACAC TATTTTGATA GACTACGATG TCCACAAAGG CCGGACTTTT CCTTGALRAL TGGAARAGCG GAAGGGCALL GCAAGTTGAA  TCATATTTTT
+1 v N T L g ¥ B E L & L A L A F o v
1701 AGCAGGCTTC AATGGATGTC ATTTARCTTT TTCAAGCCCG GAGCAACCTG TGAATACATT ATCGGTTTCC CGTCTGGCGC TGGCACTGGC TTTTGGCGTE
TCGTCCGAAG TTACCTACAG TARRTTGARA AAGTTCGGGC CTCGTTGGAC ACTTATGTAA TAGCCARAGG GCAGACCGCG  ACCGTGACCG  AAAACCGCAC
41 T L g FS o g g T F F D Q I F g D Q T & P @ T A g R F I L g Y N E LK
1801 ACGCTGAGCG COTGTAGCTC TACGCCAGLD GATCAGITCC CTTCCRATCA 3ICCGCGCCT GGCACCGCCT  CGCGCCCAAT  TCTGTCGGCA  RATGRAGCGE
TGCGACTCGC  GGACATCGAG  ATGOGGTRGG CTAGTCTAGG GAAGGCTAGT TUGGCGOGGA  COGTGGOGGA  GOGCGGGTTA  AGACAGCCGT  TTACTTCGCT
+1 K N F w L AL R T F gy T T iy T T W = E =3 F I T L E L Q F D F v v
1801 BEAACTTCGT TGCGGCGCGC TATTTTGCCT COCTGACGCC GAATACCGCC CCGTGGTCGE  CGTCGCCGAT TACCCTGCCC GCACAGCCTG  ACTTTGTGGT
TTTTGAAGCE ACGCCGCGCG  ATARMACGGL GGGACTGCGG CTTATGGCSG GGCACCAGCG GOAGCGGOTA  ATGGGACGGG  COTGTCGGAC  TGALACACCH
+1 v oo F A o T F o v T H T s I o A A v D & A M ¥ K E T H K E Q T I A I
2001 GGGGCCGGCA  GGTACGCCAG GCGTTACGCA CACCTCGATT CAGGCCGCGG  TCGATGCGGC AATGGTTAAA CGCACGRACA MACGCCAGTA CATTGCTATT
CCCCGGCCET  CCATGCGGTC CGCRATGCGT GTGGAGCTAA GTCCGGCGCC  AGCTACGECG  TTACCAATTT GCGTGCTTGT TTGCGGTCAT  GTAACGATAR
+1 M P 4 D T Q e} T Vv T v P A A P 5 L T L ¥ & 7T e} E K P I D v E I o M
2101 ATGCCGGGCG  ACTATCAGGG GACCGTGTAT GTTCOCGCCG CGOCGGGRAG TOTGACCOTG TACGGGACCG GTGAARRACC GATCGATGTG ARAATTGGGA
TACGGCCCGC  TGATAGTCCC CTGGCACATA CAAGGGCGGC  GCGGCCCTTC  AGACTGGGAC ATGCCCTGGC  CACTTTTTGG CTAGCTACAC TTTTAACCCT
+1 M A I D 1<) E M 5 ¥ A D W R R A ¥V N P & G K T M P & K F A W T M F DN
2201 TGGCGATTGA TGGTGAALTG AGCGTCGCTG ACTGGCGCOG CGOGGTGRAT COCGGCGGGA AATATATGCC TGGTARACCC GOCTGGTATA TGTTGGATAR
ACCGCTAACT ACCACTTTAC TCGCAGCGAC TGACCGCGGC GCGCCACTTA GGGCCGCCCT  TTATATACGG  ACCATTTGGG CGGACCATAT ACALGCTATT
+1 HC Q g E H & Fy T I e v M C g A A F w = Q N N o L Q L Q N L T I E N
2301 CTGCCARAGC AAACACGCCG CGACGATCGG TGTGATGTGT TCTGCCGCGT TOTGGTCGCA GAATAACGGT CTGCAGOTAC AAAATCTGAC CATCGAGAAC
GACGGTTTCG  TTTGTGCGGC GCTGCTAGCC ACACTACACA AGACGGCGCA  AGACCAGEGT CTTATTGOCA GACGTCGATG TTTTAGACTG GTAGCTCTTG
+1 T L G D g A D L G N H F L w L L )3 T D & D E ¥ Q I N K ¥ N I L & RQ
2401 ACGCTAGGCG ACAGCGTCGE TGCCGGALAC CATCCGGCGG TGGCGTTGCG TACCGATGGC GACALAGTCC AGATTARCAL GGTCAATATC CTTGGCCGCC
TGCGATCCGE  TGTCGCAGCT ACGGCCTTTG  GTAGGCCGOC ACCGCARCGC  ATGGCTACCG  CTGTTTCAGG  TCTAATTGTT CCAGTTATAG  GAACCGGCGG

+1 ¥ T F F ¥V T N = & v o N E L & T D R Q E E T L ¥ T W s v I E & DV
2501 AGARLCACCTT CTTTGTGACC ALCAGCGGCG  TGCAGRACCG TCTGCARLCC GATCGCCAGC CGUGTACGCT  GGTGLCGARC  AGCTATATTS AAGGCGATGT
TCTTGTGGAL GRAARCACTGG TTGTCGCCGC ACGTCTTGGC AGACGTTTGG CTAGCGGTCG GCGCATGCGA CCACTGCTTG TCGATATAAC TTCCGCTACA
+1 YD M V 5 & R 4} i v v F D N T W F o] v v n s B T o G E A T v F A P R
2601 GlG)lT‘)lTGIGTTI ITCCIGGA‘CGCIG GCIGCCIGTdGT G‘TTCIGATIAAC‘ IAC C‘ARCITTCIC AG‘GTCbTCIAA CITCCICGC‘AC AI ‘CAG‘C AG‘GAR‘G CCL[‘ACIGTCITT CIGC C‘CCG‘GCGI
CCTATACCAL AGGCCTGCGC  CGCGGCACCA  CALGCTATTG  TGGTTGRAGG TCCAGCAGTT  GALGGGCGTGT  GTCGTCCTTC  GGATGCAGLL  GCGGGGCCGT
+1 T L & N I 7 T @ F L A& I N ] E F N A 5 @ D & ¥ A o L o E 5 L D ¥ D&
2701 ACGCTGTCCL ATATTTACTR TGGCTTTTTG GCGATCAACAE GCCGCTTTAA CGCCTCCGGC  GATGGCGTTG  CGCAGCTTGG  COGCTCGCTS  GATGTCGACG
TGCGACAGET  TATRALATGAT ACCGRALAALC CGCTAGTTST CGGCGARATT GCGGAGGCCGE  CTACCGCALC  GCGTCGAACC  GGCGAGCGAC  CTACAGCTGC
+1 A N T N @ a v ¥ I R D 8 ¥ I N E @ F N v A K F w A& D & v I = K R F F
2801 CCAACACCAL CGGTCAGGTC GTGATCCGCG ACAGCGTGAT TAACGAGGGC TTCAACGTTG CCRAARCCGTG GGCCGACGCG GTCATCTCGA AACGTCCGTT
GGTTGTGGTT  GCCAGTCCAG  CACTAGGHCGC  TGTCGCACTA  ATTGCTCCCG  AAGTTGCAAC  GGTTTGGCLC  CCGGCTGCGC  CAGTAGLGCT  TTGCAGHCAL
41 Fa2 & W T @ T v oD D K D E ¥ @ R N L N D T N Y W E M W E T N N E © v
2801 TGCTGEGRALT  ACGGGGACCG  TGGATGACLL  LGLCGAGGTG CAGCGTRATC TGLACGACAC TAACTACALC CGCATGTGGE  ALTACAACAL CCGCGGTGTL
ACGACCTTTA TGCCCCTGGC  ACCTACTGTT  TCTGCTCCAC  GTCGCATTAG  ACTTGCTGTG  ATTGATGTTG  GCGTACACCC  TTATGTTGTT  GGCGCCACAT
+1 & 5 K v v E P K Q *
—
3001 GGCALGTAALG TAGTGGCGGAR ACCTRAGCAG TARLTCACCGT TCCGGTTCAG GCTTATARAC GGGCCGCCGC  AGCAGATGTG  GUGGCCCGTSE  GTTTTACTGC
CCGTCATTTC ATCACCGCCT TGGATTCGTC ATTAGTGGCA AGGCCAAGTC CGAATATITG CCCGGCGGCG TCGTCTACAC CGCCGGGCAC CRARATGACG
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PhD Thesis Appendix

1-ybhC >tr|B5QX57|B5QX57_SALEP Possible pectinesterase OS=Salmonella enteritidis PT4 (strain

P125109) GN=ybhC PE=3 SV=1
MNTLSVSRLALALAFGVTLSACSSTPPDQIPSDQTAPGTASRP I LSANEAKNFVAARYFA
SLTPNTAPWSPSP I TLPAQPDFVVGPAGTPGVTHTS IQAAVDAAMVKRTNKRQY IAIMPG
DYQGTVYVPAAPGSLTLYGTGEKP I DVK I GMA I DGEMSVADWRRAVNPGGKYMPGKPAWY
MFDNCQSKHAAT I GVMCSAAFWSQNNGLQLQNLT I ENTLGDSVDAGNHPAVALRTDGDKY
QINKVNILGRQNTFFVTNSGVQNRLQTDRQPRTLVTNSY I EGDVDMVSGRGAVVFDNTNF
QVVNSRTQQEAYVFAPATLSNIYYGFLAINSRFNASGDGVAQLGRSLDVDANTNGQVVIR
DSV INEGFNVAKPWADAV I SKRPFAGNTGTVDDKDEVQRNLNDTNYNRMWEYNNRGVGSK
VVAEPKQ

2-hutl >sp|B5QX58HUTI_SALEP Imidazolonepropionase OS=Salmonella enteritidis PT4 (strain P125109)
GN=hutl PE=3 SV=1

MRQLLPGDTVWRN IRLATMDPQRQAPYGLVDNQAL IVREGHICDIVPETQLPVSGDNIHD

MQGRLVTPGL IDCHTHLVFAGNRAAEWEQRLNGASYQH I SAQGGG INATVSATRACAEET
LYLLARERMMRLASEGVTLLEIKSGYGLELATEEKLLRVAAKLAAENAIDISPTLLAAHA

TPAEYRDDPDGY ITLVCETMIPQLWQKGLFDAVDLFCESVGFNVAQSERVLQTAKALGIP
VKGHVEQLSLLGGAQLVSRYQGLSADH IEYLDEAGVAAMRDGGTVGVLLPGAFYFLRETQ
RPPVELLRRYQVPVAVASDFNPGTSPFCSLHLAMNMACVQFGLTSEEAWAGVTRHAARAL
GRQATHGQLRADYRADFVVWDAEQPVEVVYEPGRNPLYQRVYRGQIS

Appendix 5: Sequencing of the potential promoter fragments

Green colour for restriction sites; yellow for genes sequences; Ns ambiguous nucleotides
Pink colour for mismatching nicleotides

1- pJET-RP2-ybhC

NNNNNNNNNNNNNNNAGGAGNCTTCTAGAAAGATGAGGGATCCATCAGCGCCTGGTTATCCACCAGCCCGTACGGGGCTTGCCGCTGCGGGTCC
ATTGTCGCCAGCCTGATGTTTCGCCAGACAGTATCGCCCGGTAAAAGTTGCCGCATTCCTGTCGCTCTCTTGCCTGTCATGAGTTGTATAGACA
TTTATTTTCTTTCTGCTCCGGATTGTCAACTCAAAGCGCGAAAGTTGTTGCTTAATTGTGATAAAACTATCTGATGCTACAGGTGTTTCCGGCC
TGAAAAGGAACTTTTTACCTTTTCGCCTTCCCGTTTCGTTCAACTTAGTATAAAAAAGCAGGCTTCAATGGATGTCATTTAACTTTTTCAAGCC
CGGAGCAACCTGTGAATACATTATCGGTTTCCCGTCTGGCGCTGGCACTGGCTTTTGGCGTGACGCTGAGCGCCTGTAGCTCTACGCCACCCGA
TCAGATCCCTTCCGATCAAGAATTCGTGATCTTGCTGAAAAACTCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCCCTATAGTGAGTCGTATT
ACGCCGGATGGATATGGTGTTCAGGCACAAGTGTTAAAGCAGTTGATTTTATTCACTATGATGAAAAAAACAATGAATGGAACCTGCTCCAAGT
TAAAAATAGAGATAATACCGAAAACTCATCGAGTAGTAAGATTAGAGATAATACAACAATAAAAAAATGGTTTAGAACTTACTCACAGCGTGAT
GCTACTAATTGGGACAATTTTCCAGATGAAGTATCATCTAAGAATTTAAATGAAGAAGACTTCAGAGCTTTTGTTAAAAATTATTTGGCAAAAA
TAATATAATTCGGCTGCNNGGGCGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCAC
TTTTCGGGGAAATGTGCGCNGAANCCCTATTTGTTNATTTTTCTAANTNNATTCAANATGTATCCGCTCATGAGNNATNNCNNNATAANGCTTC
ANANANTGAAAAGNNNNTATNNNNNTTCANNTTNNGTNNCNCCNNNNTCCNNTTNGCGNATTTNCNNCNNNTTTNGNNNACCNNAANNCTNNNA
AGNAAANATNCTGAGATCANNNNNNNNNNNNNNNNNNNNNNNNNNNNCNNNNNNNANNNNNNGANNNTNNGNNNNN

Salmonella enterica subsp. Enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|L ength: 4678927Number of Matches: 1

putative acyl-CoA thioester hydrolase ybhCimidazolonepropionase
Query 44 ATCAGCGCCTGGTTATCCACCAGCCCGTACGGGGCTTGCCGCTGCGGGTCCATTGTCGCC 103

R e e e e e e e el
Shjct 3794408 ATCAGCGCCTGGTTATCCACCAGCCCGTACGGGGCTTGCCGCTGCGGGTCCATTGTCGCC 3794349

Query 104 AGCCTGATGTTTCGCCAGACAGTATCGCCCGGTAAAAGTTGCCGCATTCCTGTCGCTCTC 163

FEELEEE R e e e e e e e e e e e el
Shjct 3794348 AGCCTGATGTTTCGCCAGACAGTATCGCCCGGTAAAAGTTGCCGCATTCCTGTCGCTCTC 3794289

Query 164 TTGCCTGTCATGAGTTGTATAGACATTTATTTTCTTTCTGCTCCGGATTGTCAACTCAAA 223

. ELRERE R e e e e e e e e e el
Sbjct 3794288 TTGCCTGTCATGAGTTGTATAGACATTTATTTTCTTTCTGCTCCGGATTGTCAACTCAAA 3794229

Query 224 GCGCGAAAGTTGTTGCTTAATTGTGATAAAACTATCTGATGCTACAGGTGTTTCCGGCCT 283

. LR e e e e e e e e e e e nnntntl
Shjct 3794228 GCGCGAAAGTTGTTGCTTAATTGTGATAAAACTATCTGATGCTACAGGTGTTTCCGGCCT 3794169
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Query 284 GAAAAGGAACTTTTTACCTTTTCGCCTTCCCGTTTCGTTCAACTTAGTATAAAAAAGCAG 343

. RN RN RN NN RN RNy
Shjct 3794168 GAAAAGGAACTTTTTACCTTTTCGCCTTCCCGTTTCGTTCAACTTAGTATAAAAAAGCAG 3794109

Query 344 GCTTCAATGGATGTCATTTAACTTTTTCAAGCCCGGAGCAACCTGTGAATACATTATCGG 403

NN NN Runnayy
Shjct 3794108 GCTTCAATGGATGTCATTTAACTTTTTCAAGCCCGGAGCAACCTGTGAATACATTATCGG 3794049

Query 404 CTGGCGCTGGCACTGGCTTTTGGCGTGACGCTGAGCGCCTGTAGCTCTACGC 463
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 3794048 TCTGGCGCTGGCACTGGCTTTTGGCGTGACGCTGAGCGCCTGTAGCTCTACGC 3793989

Query 464 CACCCGATCAGATCCCTTCCGATCAA 489

LEELRETEE LR
Shjct 3793988 CACCCGATCAGATCCCTTCCGATCAA 3793963

T7F-ybhC

NNNNNNNNNNANNNNNNGNNGGCTCGAGTTTTTNGCAAGATCNCGAATTCT TGATCGGAAGGGATCTGATCGGGTGGCGTAGAGCTACAGGCGC
TCAGCGTCACGCCAAAAGCCAGTGCCAGCGCCAGACGGGAAACCGATAATGTATTCACAGGTTGCTCCGGGCTTGAAAAAGTTAAATGACATCC
ATTGAAGCCTGCTTTTTTATACTAAGTTGAACGAAACGGGAAGGCGAAAAGGTAAAAAGTTCCTTTTCAGGCCGGAAACACCTGTAGCATCAGA
TAGTTTTATCACAATTAAGCAACAACTTTCGCGCTTTGAGTTGACAATCCGGAGCANAAAGAAAATAAATGTCTATACAACTCATGACAGGCAA
GAGAGCGACAGGAATGCGGCAACTTTTACCGGGCGATACTGTCTGGCGAAACATCAGGCTGGCGACAATGGACCCGCAGCGGCAAGCCCCGTAC
GGGCTGGTGGATAACCAGGCGCTGATGGATCCCTCATCTTTCTAGAAGATCTCCTACAATATTCTCAGCTGCCATGGAAAATCGATGTTCTTCT
TTTATTCTCTCAAGATTTTCAGGCTGTATATTAAAACTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTGTAGGTGGCGTGGGTT
TTCTTGGCAATCGACTCTCATGAAAACTACGAGCTAAATATTCAATATGTTCCTCTTGACCAACTTTATTCTGCATTTTTTTTGAACGAGGTTT
AGAGCAAGCTTCAGGAAACTGANACAGGAATTTTATTAAAAATTTAAATTTTGAAGAAAGTTCGTGGTTAATAGCATCCATTTTTTGCTTTGCA
GTTCCTCAGCATTCTTAACAAAAGACGTCTCTTTTGACATGTTTAAGTTTAAACCTCCTGTGTGAAATTATTATCCGCTCATAATTCCACACAT
TATACNAGCNNGAAGCATAAAGTGTAAGCCTGGGGNGCCTAATGAGTGANCTAACTCNCATTNATNGCGTTGCNCTNNNNTNCNANNGCTTTCC
AGNNGGAAANCNTNNCNNGNNNNCNNCATNNNANNNGCNNANNNNCGGGGNNNNGGNGNNGCNTNNNNNNNNTNNTNCNNNTNCNTNNNNNNNN
NNNNCNNNNNNNNNGGNNCNNNCNNNNCNGNNNNNGNNTCANNNNNNNNNNNNNANCGNNNTCNNNNANCNGGGGNANNNNCNGNANANAANNN
N

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|L ength: 4678927Number of Matches: 1

putative acyl-CoA thioester hydrolase ybhCimidazolonepropionase
Query 51 TTGATCGGAAGGGATCTGATCGGGTGGCGTAGAGCTACAGGCGCTCAGCGTCACGCCAAA 110

LRELRE et et e e e e e e e e e e el
Shjct 3793963 TTGATCGGAAGGGATCTGATCGGGTGGCGTAGAGCTACAGGCGCTCAGCGTCACGCCAAA 3794022

Query 111 AGCCAGTGCCAGCGCCAGACGGGAAACCGATAATGTATTCACAGGTTGCTCCGGGCTTGA 170

FEELRE e e e e e e e e el
Shjct 3794023 AGCCAGTGCCAGCGCCAGACGGGAAACCGATAATGTATTCACAGGTTGCTCCGGGCTTGA 3794082

Query 171 AAAAGTTAAATGACATCCATTGAAGCCTGCTTTTTTATACTAAGTTGAACGAAACGGGAA 230

FELREEREEE R e e e e e e e e e e el
Shjct 3794083 AAAAGTTAAATGACATCCATTGAAGCCTGCTTTTTTATACTAAGTTGAACGAAACGGGAA 3794142

Query 231 GGCGAAAAGGTAAAAAGTTCCTTTTCAGGCCGGAAACACCTGTAGCATCAGATAGTTTTA 290

EELEEEEE e e e e e e e e e e e e el
Shjct 3794143 GGCGAAAAGGTAAAAAGTTCCTTTTCAGGCCGGAAACACCTGTAGCATCAGATAGTTTTA 3794202

Query 291 TCACAATTAAGCAACAACTTTCGCGCTTTGAGTTGACAATCCGGAGCAGAAAGAAAATAA 350

. LR e e e e e e e e e e e el
Shjct 3794203 TCACAATTAAGCAACAACTTTCGCGCTTTGAGTTGACAATCCGGAGCAGAAAGAAAATAA 3794262

Query 351 ATGTCTATACAACTCATGACAGGCAAGAGAGCGACAGGAATGCGGCAACTTTTACCGGGC 410

RN NN NNy
Shjct 3794263 ATGTCTATACAACTCATGACAGGCAAGAGAGCGACAGGAATGCGGCAACTTTTACCGGGC 3794322

Query 411 GATACTGTCTGGCGAAACATCAGGCTGGCGACAATGGACCCGCAGCGGCAAGCCCCGTAC 470

LR e e e e e e e e e e e e e el
Shjct 3794323 GATACTGTCTGGCGAAACATCAGGCTGGCGACAATGGACCCGCAGCGGCAAGCCCCGTAC 3794382

Query 471 GGGCTGGTGGATAACCAGGCGCTGAT 496

LEELRELEE R el
Shjct 3794383 GGGCTGGTGGATAACCAGGCGCTGAT 3794408
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2-pJET-RP2-SEN1435

NNNNNNNNNNNNNNNNNNGGAGANCTTCTAGNNNATCACGAATTCCAAAGCCCAGTCCTCGTGCAGAACCCGTTACCAGCGCCGTTTTCCCAGT
TAAATCAAATAAAGCGGTCATGTTGTTTCCTCACTTGTTTAATTTGTATGACGACTATCCTTTTTTAGGTTGAATTTTCGCCCTGATAAAATCA
ACAGTTCACCCATGAATTTGCAACAAGGATCACAAACAGCTCCACATGCCGACCGCGTAATTAATATTAATTAATTGAATTATATGTATATATT
TGGTTTAAATTTAACGCAGTTTGATCGCTGTCACAGAATGGCACTCGCAGCGATCCGCTGTAAAAGAAGCGTGATATAACAGCATAAAGTTGTA
GGACAACTTACGTATATCTGTTGTATCATCCACAACGGTATGACATGCGGTAAATTCGCTGAGTTAAGGAGTGAAAGTGAGTAACCTGAAAATT
ACCAACGTGAAAACGATTCTGACGGCGCCGGGCGGCATTGATTTGGCAGTCGTTAAGATAGAAACCAACGAGCCAGGGCGGATCCCTCATCTTG
CTGAAAAACTCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCCCTATAGTGAGTCGTATTACGCCGGATGGATATGGTGTTCAGGCACAAGTGT
TAAAGCAGTTGATTTTATTCACTATGATGAAAAAAACAATGAATGGAACCTGCTCCAAGTTAAAAATAGAGATAATACCGAAAACTCATCGAGT
AGTAAGATTAGAGATAATACAACAATAAAAAAATGGTTTAGAACTTACTCACAGCGTGATGCTACTAATTGGGACAATTTTCCCAGATGAAGTA
TCATCTAAGAATTTAAATGAAGAAGACTTCAGAGCTTTTGTTAAAATTATTTGGCAAAATAATATAATTCGGCTGCAGGGGCGGCCTCNTGATA
CGCCTATTTTTATNGGTTAATGTCATGATAANANGGTTTCTTAGACGTCAGGNGNNCTTTTNGGGAANGNGCNNNGAACCCTANTTNNNNTTTT
CNAANNCNTCANTATNNNTCNNCTCATGNNNNANACCNNATAANGCTTCANANNTNNANNNNNNNNNANNNTCANNTTCNNNNCNCNNANTCCN
TTTGCNNNTTNCNNCNNGNNNNNNNNNNANNNNNNNNNANNNAGANTCNTNAANNANTNNNNNGNNN

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE6-00219-16, complete
genome Sequence ID: gb|CP009088.1|L ength: 4677619Number of Matches: 1

Thr operon leader peptidegluconate 5-dehydrogenase
Query CAAAGCCCAGTCCTCGTGCAGAACCCGTTACCAGCGCCGTTTTCCCAGTTAAATCAAATA 105

LEERREEE e e e e e e e e e e e e e el
Shjct 1522936 CAAAGCCCAGTCCTCGTGCAGAACCCGTTACCAGCGCCGTTTTCCCAGTTAAATCAAATA 1522995

Query 106 AAGCGGTCATGTTGTTTCCTCACTTGTTTAATTTGTATGACGACTATCCTTTTTTAGGTT 165

FEELREEE T e e e e e e e e e e el
Shjct 1522996 AAGCGGTCATGTTGTTTCCTCACTTGTTTAATTTGTATGACGACTATCCTTTTTTAGGTT 1523055

Query 166 GAATTTTCGCCCTGATAAAATCAACAGTTCACCCATGAATTTGCAACAAGGATCACAAAC 225

. LR e e et e e e e e e e e e
Shjct 1523056 GAATTTTCGCCCTGATAAAATCAACAGTTCACCCATGAATTTGCAACAAGGATCACAAAC 1523115

Query 226 AGCTCCACATGCCGACCGCGTAATTAATATTAATTAATTGAATTATATGTATATATTTGG 285

. FEEEREEEE R e e e e e e e e e el
Shjct 1523116 AGCTCCACATGCCGACCGCGTAATTAATATTAATTAATTGAATTATATGTATATATTTGG 1523175

Query 286 TTTAAATTTAACGCAGTTTGATCGCTGTCACAGAATGGCACTCGCAGCGATCCGCTGTAA 345

. LR e e e e e e e e e e el
Shjct 1523176 TTTAAATTTAACGCAGTTTGATCGCTGTCACAGAATGGCACTCGCAGCGATCCGCTGTAA 1523235

Query 346 AAGAAGCGTGATATAACAGCATAAAGTTGTAGGACAACTTACGTATATCTGTTGTATCAT 405

FEEERE R e e e e e e e e e e e e et
Shjct 1523236 AAGAAGCGTGATATAACAGCATAAAGTTGTAGGACAACTTACGTATATCTGTTGTATCAT 1523295

Query 406 CCACAACGGTATGACATGCGGTAAATTCGCTGAGTTAAGGAGTGAAAGTGAGTAACCTGA 465

LEELEELE e e e e e e e e e e el
Shjct 1523296 CCACAACGGTATGACATGCGGTAAATTCGCTGAGTTAAGGAGTGAAAGTGAGTAACCTGA 1523355

Query 466 AAATTACCAACGTGAAAACGATTCTGACGGCGCCGGGCGGCATTGATTTGGCAGTCGTTA 525

FEELEELEE e e e e e e e e e et
Shjct 1523356 AAATTACCAACGTGAAAACGATTCTGACGGCGCCGGGCGGCATTGATTTGGCAGTCGTTA 1523415

Query 526 AGATAGAAACCAACGAGCCAGGGC 549

LRl
Shjct 1523416 AGATAGAAACCAACGAGCCAGGGC 1523439

T7F- SEN1435

NNNNNNNNNNNNNTNCGGNTGGNTCGAGTTTTTCNGCAAGATGAGGGATCCGCCCTGGCTCGTTGGTTTCTATCTTAACGACTGCCAAATCAAT
GCCGCCCGGCGCCGTCAGAATCGTTTTCACGTTGGTAATTTTCAGGTTACTCACTTTCACTCCTTAACTCAGCGAATTTACCGCATGTCATACC
GTTGTGGATGATACAACAGATATACGTAAGTTGTCCTACAACTTTATGCTGTTATATCACGCTTCTTTTACAGCGGATCGCTGCGAGTGCCATT
CTGTGACAGCGATCAAACTGCGTTAAATTTAAACCAAATATATACATATAATTCAATTAATTAATATTAATTACGCGGTCGGCATGTGGAGCTG
TTTGTGATCCTTGTTGCAAATTCATGGGTGAACTGTTGATTTTATCAGGGCGAAAATTCAACCTAAAAAAGGATAGTCGTCATACAAATTAAAC
AAGTGAGGAAACAACATGACCGCTTTATTTGATTTAACTGGGAAAACGGCGCTGGTAACGGGTTCTGCACGAGGACTGGGCTTTGGAATTCGTG
ATCTTTCTAGAAGATCTCCTACAATATTCTCAGCTGCCATGGAAAATCGATGTTCTTCTTTTATTCTCTCAAGATTTTCAGGCTGTATATTAAA
ACTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTGTAGGTGGCGTGNGTTTTCTTGGCAATCGACTCTCATGAAAACTACGAGCT
AAATATTCAATATGTTCCTCTTGACCAACTTTATTCTGCATTTTTTTTGAACGAGGTTTAGAGCAAGCTTCAGGAAACTGAGACAGGAATTTTA
TTAAAAATTTAAATTTTGAAGAAAGTTCNNGGTTAATAGCATCCATTTTTTGCTTTGCAAGTTCCTCAGCATTNTNNCAAAANACGTCTCTTTT
GACATGTTAAAGTTAANCNNCTGTGTGAATTNTATCCGCTCATAATTCCNCACNTTATACGANCCGNANCATAANNTGNAAGCNTNNNNGNCNA
NNANNGAGCTAACTCANANTNANTGCNTNNNCTCACTGNNNNNCTTTCNNTNGGGNANCNNNNNNCNNCTGNATTANNGANNNNNNANNNNNNN
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Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE6-00219-16, complete
genome Sequence ID: gb|CP009088.1|Length: 4677619Number of Matches: 1

Thr operon leader peptidegluconate 5-dehydrogenase
Query 52 GCCCTGGCTCGTTGGTTTCTATCTTAACGACTGCCAAATCAATGCCGCCCGGCGCCGTCA 111

LRt e e e e e entntl
Shjct 1523439 GCCCTGGCTCGTTGGTTTCTATCTTAACGACTGCCAAATCAATGCCGCCCGGCGCCGTCA 1523380

Query 112 GAATCGTTTTCACGTTGGTAATTTTCAGGTTACTCACTTTCACTCCTTAACTCAGCGAAT 171

LEEEREE e e e e e e e e e e el
Sbjct 1523379 GAATCGTTTTCACGTTGGTAATTTTCAGGTTACTCACTTTCACTCCTTAACTCAGCGAAT 1523320

Query 172 TTACCGCATGTCATACCGTTGTGGATGATACAACAGATATACGTAAGTTGTCCTACAACT 231

ELRELEE R e e e e e e e e e el
Shjct 1523319 TTACCGCATGTCATACCGTTGTGGATGATACAACAGATATACGTAAGTTGTCCTACAACT 1523260

Query 232 TTATGCTGTTATATCACGCTTCTTTTACAGCGGATCGCTGCGAGTGCCATTCTGTGACAG 291

. EELREERE R e e e e e e e e e e el
Sbjct 1523259 TTATGCTGTTATATCACGCTTCTTTTACAGCGGATCGCTGCGAGTGCCATTCTGTGACAG 1523200

Query 292 CGATCAAACTGCGTTAAATTTAAACCAAATATATACATATAATTCAATTAATTAATATTA 351

. LR e e e e e e e e e e e e el
Shjct 1523199 CGATCAAACTGCGTTAAATTTAAACCAAATATATACATATAATTCAATTAATTAATATTA 1523140

Query 352 ATTACGCGGTCGGCATGTGGAGCTGTTTGTGATCCTTGTTGCAAATTCATGGGTGAACTG 411

R e e e e e e e el
Shjct 1523139 ATTACGCGGTCGGCATGTGGAGCTGTTTGTGATCCTTGTTGCAAATTCATGGGTGAACTG 1523080

Query 412 TTGATTTTATCAGGGCGAAAATTCAACCTAAAAAAGGATAGTCGTCATACAAATTAAACA 471

. RN NN RN RN NN RN RN RNy
Shjct 1523079 TTGATTTTATCAGGGCGAAAATTCAACCTAAAAAAGGATAGTCGTCATACAAATTAAACA 1523020

Query 472 AGTGAGGAAACAACATGACCGCTTTATTTGATTTAACTGGGAAAACGGCGCTGGTAACGG 531

FEELEE e e e e e e e e e e e el
Shjct 1523019 AGTGAGGAAACAACATGACCGCTTTATTTGATTTAACTGGGAAAACGGCGCTGGTAACGG 1522960

Query 532 GAGGACTGGGCTTTG 555

IIIIIIIIIIIIIIIIIIIIIIII
Shjct 1522959 GAGGACTGGGCTTTG 1522936

3-pJET-RP2- SEN1436

GGGGNNNNNNNNNNNNNNNNGAGANCTTCTAGANNATGAGGAATTCGCCCTGGCTCGTTGGTTTCTATCTTAACGACTGCCAAATCAATGCCGC
CCGGCGCCGTCAGAATCGTTTTCACGTTGGTAATTTTCAGGTTACTCACTTTCACTCCTTAACTCAGCGAATTTACCGCATGTCATACCGTTGT
GGATGATACAACAGATATACGTAAGTTGTCCTACAACTTTATGCTGTTATATCACGCTTCTTTTACAGCGGATCGCTGCGAGTGCCATTCTGTG
ACAGCGATCAAACTGCGTTAAATTTAAACCAAATATATACATATAATTCAATTAATTAATATTAATTACGCGGTCGGCATGTGGAGCTGTTTGT
GATCCTTGTTGCAAATTCATGGGTGAACTGTTGATTTTATCAGGGCGAAAATTCAACCTAAAAAAGGATAGTCGTCATACAAATTAAACAAGTG
AGGAAACAACATGACCGCTTTATTTGATTTAACTGGGAAAACGGCGCTGGTAACGGGTTCTGCACGAGGACTGGGCTTTGGGATCCGTATCTTG
CTGAAAAACTCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCCCTATAGTGAGTCGTATTACGCCGGATGGATATGGTGTTCAGGCACAAGTGT
TAAAGCAGTTGATTTTATTCACTATGATGAAAAAAACAATGAATGGAACCTGCTCCAAGTTAAAAATAGAGATAATACCGAAAACTCATCGAGT
AGTAAGATTAGAGATAATACAACAATAAAAAAATGGTTTAGAACTTACTCACAGCGTGATGCTACTAATTGGGACAATTTTCCAGATGAAGTAT
CATCTAAGAATTTAAATGAAGAAGACTTCAGAGCTTTTGTTAAAAATTATTTGGCAAAATAATATAATTCGGCTGCNGGGCGGCCTCGTGATAC
GCCTATTTTTATNGGTTAATGTCATGANATAANGGTTTNNTAGACGTCNGNTGGCACTTTNGGGAANGNGCGNGANCCCCTATTTNTNATTTTT
CTAANNNNTNCAAATANNTANCNNCTCATNNNANNNTNNNCTGANAANNNNNANANNNNNAAAAGNNNNNNTGANNNNTCANNTTCNNNNNGCN
NNNTCNNNTTNNGNNTTNCNNNCNNTNNNNNNNANCNGNNAANNNANANNCTNNNNNNNNNNGGGNNNNNCNN

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE6-00219-16, complete
genome Sequence ID: gb|CP009088.1|Length: 4677619Number of Matches: 1

Thr operon leader peptidegluconate 5-dehydrogenase
Query GCCCTGGCTCGTTGGTTTCTATCTTAACGACTGCCAAATCAATGCCGCCCGGCGCCGTCA 106

LEELEE e e e e e e e e e e e e et
Shjct 1523439 GCCCTGGCTCGTTGGTTTCTATCTTAACGACTGCCAAATCAATGCCGCCCGGCGCCGTCA 1523380

Query 107 GAATCGTTTTCACGTTGGTAATTTTCAGGTTACTCACTTTCACTCCTTAACTCAGCGAAT 166

LEELRE e e e e e e e e e e el
Shjct 1523379 GAATCGTTTTCACGTTGGTAATTTTCAGGTTACTCACTTTCACTCCTTAACTCAGCGAAT 1523320
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Query 167 TTACCGCATGTCATACCGTTGTGGATGATACAACAGATATACGTAAGTTGTCCTACAACT 226

. LRt e e e e e e e e e e el
Shjct 1523319 TTACCGCATGTCATACCGTTGTGGATGATACAACAGATATACGTAAGTTGTCCTACAACT 1523260

Query 227 TTATGCTGTTATATCACGCTTCTTTTACAGCGGATCGCTGCGAGTGCCATTCTGTGACAG 286

RN RN NN NN RNy
Shjct 1523259 TTATGCTGTTATATCACGCTTCTTTTACAGCGGATCGCTGCGAGTGCCATTCTGTGACAG 1523200

Query 287 CGATCAAACTGCGTTAAATTTAAACCAAATATATACATATAATTCAATTAATTAATATTA 346

TELREEE R e e e e e e e e e e e el
Shjct 1523199 CGATCAAACTGCGTTAAATTTAAACCAAATATATACATATAATTCAATTAATTAATATTA 1523140

Query 347 ATTACGCGGTCGGCATGTGGAGCTGTTTGTGATCCTTGTTGCAAATTCATGGGTGAACTG 406

RN NNy RAN RNy
Shjct 1523139 ATTACGCGGTCGGCATGTGGAGCTGTTTGTGATCCTTGTTGCAAATTCATGGGTGAACTG 1523080

Query 407 TTGATTTTATCAGGGCGAAAATTCAACCTAAAAAAGGATAGTCGTCATACAAATTAAACA 466

. RN NN RN RN NN RN RNy
Shjct 1523079 TTGATTTTATCAGGGCGAAAATTCAACCTAAAAAAGGATAGTCGTCATACAAATTAAACA 1523020

Query 467 AGTGAGGAAACAACATGACCGCTTTATTTGATTTAACTGGGAAAACGGCGCTGGTAACGG 526

LR e e e e e e e e e e el
Shjct 1523019 AGTGAGGAAACAACATGACCGCTTTATTTGATTTAACTGGGAAAACGGCGCTGGTAACGG 1522960

Query 527 GTTCTGCACGAGGACTGGGCTTTG 550

IRl
Shjct 1522959 GTTCTGCACGAGGACTGGGCTTTG 1522936

T7F- SEN1436

NNNNNNNNNNNNNNNCGGNTGGCTCGAGTTTTTCNGCAAGATACGGATCCCAAAGCCCAGTCCTCGTGCAGAACCCGTTACCAGCGCCGTTTTC
CCAGTTAAATCAAATAAAGCGGTCATGTTGTTTCCTCACTTGTTTAATTTGTATGACGACTATCCTTTTTTAGGTTGAATTTTCGCCCTGATAA
AATCAACAGTTCACCCATGAATTTGCAACAAGGATCACAAACAGCTCCACATGCCGACCGCGTAATTAATATTAATTAATTGAATTATATGTAT
ATATTTGGTTTAAATTTAACGCAGTTTGATCGCTGTCACAGAATGGCACTCGCAGCGATCCGCTGTAAAAGAAGCGTGATATAACAGCATAAAG
TTGTAGGACAACTTACGTATATCTGTTGTATCATCCACAACGGTATGACATGCGGTAAATTCGCTGAGTTAAGGAGTGAAAGTGAGTAACCTGA
AAATTACCAACGTGAAAACGATTCTGACGGCGCCGGGCGGCATTGATTTGGCAGTCGTTAAGATAGAAACCAACGAGCCAGGGCGAATTCCTCA
TCTTTCTAGAAGATCTCCTACAATATTCTCAGCTGCCATGGAAAATCGATGTTCTTCTTTTATTCTCTCAAGATTTTCAGGCTGTATATTAAAA
CTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTGTAGGTGGCGTGGGTTTTCTTGGCAATCGACTCTCATGAAAACTACGAGCTA
AATATTCAATATGTTCCTCTTGACCAACTTTATTCTGCATTTTTTTTGAACGAGGTTTAGAGCAAGCTTCANGAAACTGAGACAGGAATTTTAT
TAAAAATTTAAATTTTGAAGAAAGTTCAGGGTTAATAGCATCCATTTTTTGCTTTGCAAGTTNCCTCAGCATTCTTAACAAAAGACGTCTCTTT
TGACNTGTTTAANGTTNAANCNCCTGTGTGAAATTATNATCCNNNTCATAATNCCACANNTTATACNAGCCNGAAGCATAAAGNGNAAAGNCCT
GGGNGNCTNANNNNNNANCNAACTCACATTAANNGCNNNCGCNNNNNNNNNTTNNNTTNCNNNNNGNNACCNNNNNNNNCANCTNNNTNNNNAN
CNGNNNNNNNNNNNNNNNNNNNNNNNTGNNNNNNTNNNTTCNNNNNNNNNN

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE6-00219-16, complete
genome Sequence ID: gh|CP009088.1|Length: 4677619Number of Matches: 1

Thr operon leader peptidegluconate 5-dehydrogenase
Query 51 CAAAGCCCAGTCCTCGTGCAGAACCCGTTACCAGCGCCGTTTTCCCAGTTAAATCAAATA 110

LEERELR LR e e e e e e e e el
Sbjct 1522936 CAAAGCCCAGTCCTCGTGCAGAACCCGTTACCAGCGCCGTTTTCCCAGTTAAATCAAATA 1522995

Query 111 AAGCGGTCATGTTGTTTCCTCACTTGTTTAATTTGTATGACGACTATCCTTTTTTAGGTT 170

. FELEELREE R e e e e e e e el
Shjct 1522996 AAGCGGTCATGTTGTTTCCTCACTTGTTTAATTTGTATGACGACTATCCTTTTTTAGGTT 1523055

Query 171 GAATTTTCGCCCTGATAAAATCAACAGTTCACCCATGAATTTGCAACAAGGATCACAAAC 230

LR e e e e e e e e e e e e
Shjct 1523056 GAATTTTCGCCCTGATAAAATCAACAGTTCACCCATGAATTTGCAACAAGGATCACAAAC 1523115

Query 231 AGCTCCACATGCCGACCGCGTAATTAATATTAATTAATTGAATTATATGTATATATTTGG 290

FELRELEEE R e e e e e e e e e e et
Shjct 1523116 AGCTCCACATGCCGACCGCGTAATTAATATTAATTAATTGAATTATATGTATATATTTGG 1523175

Query 291 TTTAAATTTAACGCAGTTTGATCGCTGTCACAGAATGGCACTCGCAGCGATCCGCTGTAA 350

EEEEEE R e e e e e e e e el
Sbjct 1523176 TTTAAATTTAACGCAGTTTGATCGCTGTCACAGAATGGCACTCGCAGCGATCCGCTGTAA 1523235

Query 351 AAGAAGCGTGATATAACAGCATAAAGTTGTAGGACAACTTACGTATATCTGTTGTATCAT 410

FELEELEL R e e e e e e e e el
Shjct 1523236 AAGAAGCGTGATATAACAGCATAAAGTTGTAGGACAACTTACGTATATCTGTTGTATCAT 1523295

262


http://www.ncbi.nlm.nih.gov/nucleotide/682093565?report=genbank&log$=nuclalign&blast_rank=2&RID=2XYUBPCK01R
http://www.ncbi.nlm.nih.gov/nucleotide/682093565?report=gbwithparts&from=1&to=4677619&RID=2XYUBPCK01R
http://www.ncbi.nlm.nih.gov/nucleotide/682093565?report=gbwithparts&from=1&to=4677619&RID=2XYUBPCK01R

PhD Thesis

Query
Sbjct
Query
Sbjct
Query
Sbjct

411

1523296

471

1523356

531

1523416

CCACAACGGTATGACATGCGGTAAATTCGCTGAGTTAAGGAGTGAAAGTGAGTAACCTGA

EEEEER LR e e e e e e e e e el
CCACAACGGTATGACATGCGGTAAATTCGCTGAGTTAAGGAGTGAAAGTGAGTAACCTGA

AAATTACCAACGTGAAAACGATTCTGACGGCGCCGGGCGGCATTGATTTGGCAGTCGTTA

PELRERR LR e e e e e e e e e e el
AAATTACCAACGTGAAAACGATTCTGACGGCGCCGGGCGGCATTGATTTGGCAGTCGTTA

AGATAGAAACCAACGAGCCAGGGC 554

TRl
AGATAGAAACCAACGAGCCAGGGC 1523439

4-pJET-RP2- SEN1432

NNNNNNNNNNNNNNNNNNNNNNNNNNCTTCTAGAAAGATCACGAATTCAGTTCCACTTCTGAGGGCAAACGGCTACCCGGCGCCCAACTGCCGT
CCAGCAGTTTGCTACTTATCTGATCATAAATTTCATTTACAACATTCTGTTTTTGAATGGATTTTATGCTCAAGATGGGTATCCGTTAAGATGT
CGCTGAAGTGCTTTATTATATAACAATTCTCTTTTAAGAACAAAGCGCCCGGCCGGGCGCTTTTCACCGTTAATCGAAACGAATGAGTACCTTA
GCAGAGACATTTTTGTCTGTGGCGGTAATCAGCGCGTCTTCAATTTGCTGGGGCGGGAACTCGGCGCTGATAAGCGGGCGAGGATCGACGCGCC
CATCTTCCAGCCAGCGTACCGCGGTGATGAACTCACCGATAAAACGGAATGAGCCGACCCAGTTGAGTTCTTTAACCAGCATCGTTGACACCGG
ATCCCTCATCTTGCTGAAAAACTCNAGCCATCCGGAAGATCTGGCGGCCGCTCTCCCTATAGTGAGTCGTATTACGCCGGATGGATATGGTGTT
CAGGCACAAGTGTTAAAGCAGTTGATTTTATTCACTATGATGAAAAAAACAATGAATGGAACCTGCTCCAAGTTAAAAATAGANATAATACCGA
AAACTCATCGAGTAGTAAGATTANAGATAATACAACAATAAAAAAATGGTTTANAAACTTACTCACANCGTGATGCTACTTAATTGGGACAATT
TTCCAGATGAAGTATCATCNNANAATTTAAATGAANNAANACTTCANAGCTTTTGTNAAAATTATTNGGCAAAAAATAATATAATTCGGCTGCN
NGGNNGGCCTCGNGATACGCCTATTTTTNTNNGNTAATGNCATGATNANTAANNNTTNCTTNNNCGTCAGGNGNCNCTTTTNGNGNAAANGNGC
NCGGNAACCCCNATTTGTTNATNTTNTNAATNCATTCNANNNNGNNNTNCNNTNCAT

Appendix

470

1523355

530

1523415

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|L ength: 4678927Number of Matches: 1

bacterial requlatory s, gntR family proteinL-idonate 5-dehydrogenase

Query
Sbjct
Query
Sbjct
Query
Shjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

47

4504119

107

4504179

167

4504239

227

4504299

287

4504359

347

4504419

407

4504479

467

4504539

TCAGTTCCACTTCTGAGGGCAAACGGCTACCCGGCGCCCAACTGCCGTCCAGCAGTTTGC

ELREER LR e e e e e e e e e e el
TCAGTTCCACTTCTGAGGGCAAACGGCTACCCGGCGCCCAACTGCCGTCCAGCAGTTTGC

TACTTATCTGATCATAAATTTCATTTACAACATTCTGTTTTTGAATGGATTTTATGCTCA

ELEEERL R e e e e e e e e e et
TACTTATCTGATCATAAATTTCATTTACAACATTCTGTTTTTGAATGGATTTTATGCTCA

AGATGGGTATCCGTTAAGATGTCGCTGAAGTGCTTTATTATATAACAATTCTCTTTTAAG

FELRELEEE e e e e e e e e el
AGATGGGTATCCGTTAAGATGTCGCTGAAGTGCTTTATTATATAACAATTCTCTTTTAAG

AACAAAGCGCCCGGCCGGGCGCTTTTCACCGTTAATCGAAACGAATGAGTACCTTAGCAG

FEEERELEE e e e e e e e e e e e e e e e e e el
AACAAAGCGCCCGGCCGGGCGCTTTTCACCGTTAATCGAAACGAATGAGTACCTTAGCAG

AGACATTTTTGTCTGTGGCGGTAATCAGCGCGTCTTCAATTTGCTGGGGCGGGAACTCGG

RN R NNy
AGACATTTTTGTCTGTGGCGGTAATCAGCGCGTCTTCAATTTGCTGGGGCGGGAACTCGG

CGCTGATAAGCGGGCGAGGATCGACGCGCCCATCTTCCAGCCAGCGTACCGCGGTGATGA
ELEEEREE R e e e e e e e e e e e el
CGCTGATAAGCGGGCGAGGATCGACGCGCCCATCTTCCAGCCAGCGTACCGCGGTGATGA
ACTCACCGATAAAACGGAATGAGCCGACCCAGTTGAGTTCTTTAACCAGCATCGTTGACA
LR e e e e e e e e e e el
ACTCACCGATAAAACGGAATGAGCCGACCCAGTTGAGTTCTTTAACCAGCATCGTTGACA
CCGG 470

11l
CCGG 4504542

106

4504178

166

4504238

226

4504298

286

4504358

346

4504418

406

4504478

466

4504538

263


http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=genbank&log$=nuclalign&blast_rank=1&RID=2XZE066G01R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=4503520&to=4504239&RID=2XZE066G01R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=4503520&to=4504239&RID=2XZE066G01R

PhD Thesis Appendix
T7F- SEN1432

NNNNNNNNNNNNNNNNNNGNNGGNTCNNNNTNNNNGCAAGATGAGGGATCCGGTGTCAACGATGCTGGTTAAAGAACTCAACTGGGTCGGCTCA
TTCCGTTTTATCGGTGAGTTCATCACCGCGGTACGCTGGCTGGAAGATGGGCGCGTCGATCCTCGCCCGCTTATCAGCGCCGAGTTCCCGCCCC
AGCAAATTGAAGACGCGCTGATTACCGCCACAGACAAAAATGTCTCTGCTAAGGTACTCATTCGTTTCGATTAACGGTGAAAAGCGCCCGGCCG
GGCGCTTTGTTCTTAAAAGAGAATTGTTATATAATAAAGCACTTCAGCGACATCTTAACGGATACCCATCTTGAGCATAAAATCCATTCAAAAA
CAGAATGTTGTAAATGAAATTTATGATCAGATAAGTAGCAAANTGCTGGACGGCAGTTGGGCGCCGGGTAGCCCTTTGCCCTCAGAAGTGGAAC
TGAATTCGTGATCTTTCTANNAGATCTCCTANNATATTCTCAGCTGCCATGGAANATCNATGTTNTTCTTTTATTCTCTCAAGATTTTCANGCT
GTATATTANNACTTATATTANGAACTATGCTNACCACNTNATCNNGAACNGTTGTANGTGGCNTNNNTNTTTCTTGGNAATCNACTCTCANGNA
NNCTACNANCTAAATATTCAANANGTTCCTCTTGANCANCTNTTNTTCTGNATTTTTTTTTNAAC

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|Length: 4678927Number of Matches: 1

bacterial requlatory s, gntR family proteinL-idonate 5-dehydrogenase
Query 50 CCGGTGTCAACGATGCTGGTTAAAGAACTCAACTGGGTCGGCTCATTCCGTTTTATCGGT 109

LEELEE e e e e e e e e e e e e el
Shjct 4504542 CCGGTGTCAACGATGCTGGTTAAAGAACTCAACTGGGTCGGCTCATTCCGTTTTATCGGT 4504483

Query 110 GAGTTCATCACCGCGGTACGCTGGCTGGAAGATGGGCGCGTCGATCCTCGCCCGCTTATC 169

LEEERET e e e e e e e e e e e e el
Shjct 4504482 GAGTTCATCACCGCGGTACGCTGGCTGGAAGATGGGCGCGTCGATCCTCGCCCGCTTATC 4504423

Query 170 AGCGCCGAGTTCCCGCCCCAGCAAATTGAAGACGCGCTGATTACCGCCACAGACAAAAAT 229

FEELREEEE e e e e e e e e e e e e e e e el
Shjct 4504422 AGCGCCGAGTTCCCGCCCCAGCAAATTGAAGACGCGCTGATTACCGCCACAGACAAAAAT 4504363

Query 230 GTCTCTGCTAAGGTACTCATTCGTTTCGATTAACGGTGAAAAGCGCCCGGCCGGGCGCTT 289

IR e e e e e e e e e e e e el
Shjct 4504362 GTCTCTGCTAAGGTACTCATTCGTTTCGATTAACGGTGAAAAGCGCCCGGCCGGGCGCTT — 4504303

Query 290 TGTTCTTAAAAGAGAATTGTTATATAATAAAGCACTTCAGCGACATCTTAACGGATACCC 349

LR e e e e e e e e e e e e e e el
Shjct 4504302 TGTTCTTAAAAGAGAATTGTTATATAATAAAGCACTTCAGCGACATCTTAACGGATACCC 4504243

Query 350 ATCTTGAGCATAAAATCCATTCAAAAACAGAATGTTGTAAATGAAATTTATGATCAGATA 409

TR e e e e e e e e e e e e el
Shjct 4504242 ATCTTGAGCATAAAATCCATTCAAAAACAGAATGTTGTAAATGAAATTTATGATCAGATA 4504183

Query 410 AGTAGCAAACTGCTGGACGGCAGTTGGGCGCCGGGTAGCCGTTTGCCCTCAGAAGTGGAA 469

TR e e e e e e e e e el
Sbhjct 4504182 AGTAGCAAACTGCTGGACGGCAGTTGGGCGCCGGGTAGCCGTTTGCCCTCAGAAGTGGAA 4504123

Query 470 CTGA 473

111
Sbhjct 4504122 CTGA 4504119

5-pJET-RP2- dgoR

NNNNNNNNNNNNGTAGGAGANCTTCTANNNGATACGAATTCCAGCGCCGAACCGGGTACGTATTTACCGCTGACAATCTGTTTGCCCAGCGTGA
TAACGATGCGATCGGTTTTATTGAGAGTCATAGAGAGTCCTTGTGCTCGATGTGAACTCTCTTACTTTACCGCGATAGCTGAATTACGCCGCAA
TTTTGTAGTACTAGCGTGATATCAACCGTCGTTATCATGCCATTAATGTAGTACAACATAATTATGTTGTACTACAATTTAGATCACAAAAACA
ACAATTGGTTATGGGAACGTTATAAGACGTAAACGAAAGACATAAAAAAACCCGCAGCAAGTGCGGGTCGTTAAGCGCGTATTTGCCCGATGGC
GGCTATGCCTTATCGGGCGGGGAAATGGCCGGATGAGTGATCGGGGTTCAGCACAAATTTTTCAATCGCCCAGGCAACACCATCTTCAAGGTTC
GATTTAGTCACAAAGTTAGCCACCTCTTTGACCGACGGAATGGCGTTGTCCATTGCCACGCCCATACCGGCGTATTCGATCATCGCAATGTCGT
TTTCCTGATCGCCAATCGCCATCACCTCGGATCCCTCATCTTGCTGAAAAACTCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCCCTATAGTG
AGTCGTATTACGCCGGATGGATATGGTGTTCAGGCACAAGTGTTAAAGCAGTTGATTTTATTCACTATGATGAAAAAAACAATGAATGGAACCT
GCTCCAAGTTAAAAATAGAGATAATACCGAAAACTCATCGAGTAGTAAGATTAGAGATAATACAACAATAAAAAAATGGTTTAGAACTTACTCA
CAGCGTGATGCTACTAATTGGGACAATTTTCCAGATGAAGTATCATCTAANAATTTAAATGAAGAAGACTTCAGAGCTTTTGTTAAAAATTATT
TGGNAAAAATAATATAATTCGGCTGCNGGGCGGCCTCNNGATACGCCTATTTTTATAGGNNAATGTCATGANANAATGGNTTCTNNNCNTCAGN
NGNNCTTTCGGGAAANGTGNNNGNACCCNATTNNNNNTTTTTCNAANNNNTCANNANGNNNCCNNNCATGNNNNNNNNNNNATNANNNNNNNAA
NNNNNNNNNANNNNNNNNNTNNNNNNNNNNCNTNTCCTTTTGNNNNNTTTGNNNNNNNNN

264


http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=genbank&log$=nuclalign&blast_rank=1&RID=2XZES9B101R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=4503520&to=4504239&RID=2XZES9B101R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=4503520&to=4504239&RID=2XZES9B101R

PhD Thesis Appendix

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE1-1019-1, complete
genome Sequence ID: gb|CP009083.1|Length: 4678914Number of Matches: 2

Thr operon leader peptidegalactonate operon transcriptional repressor
Query 42 CAGCGCCGAACCGGGTACGTATTTACCGCTGACAATCTGTTTGCCCAGCGTGATAACGAT 101

LEELRE e e e e e e e e e e e el
Shjct 3901708 CAGCGCCGAACCGGGTACGTATTTACCGCTGACAATCTGTTTGCCCAGCGTGATAACGAT 3901767

Query 102 GCGATCGGTTTTATTGAGAGTCATAGAGAGTCCTTGTGCTCGATGTGAACTCTCTTACTT 161

LEEERE e e e e e e e el
Shjct 3901768 GCGATCGGTTTTATTGAGAGTCATAGAGAGTCCTTGTGCTCGATGTGAACTCTCTTACTT 3901827

Query 162 TACCGCGATAGCTGAATTACGCCGCAATTTTGTAGTACTAGCGTGATATCAACCGTCGTT 221

EELEELET R e e e e e e el
Shjct 3901828 TACCGCGATAGCTGAATTACGCCGCAATTTTGTAGTACTAGCGTGATATCAACCGTCGTT 3901887

Query 222 ATCATGCCATTAATGTAGTACAACATAATTATGTTGTACTACAATTTAGATCACAAAAAC 281

. EELEELEEE R e e e e e e e e e e el
Shjct 3901888 ATCATGCCATTAATGTAGTACAACATAATTATGTTGTACTACAATTTAGATCACAAAAAC 3901947

Query 282 AACAATTGGTTATGGGAACGTTATAAGACGTAAACGAAAGACATAAAAAAACCCGCAGCA 341

. TR e e e e e e e e e e el
Shjct 3901948 AACAATTGGTTATGGGAACGTTATAAGACGTAAACGAAAGACATAAAAAAACCCGCAGCA 3902007

Query 342 AGTGCGGGTCGTTAAGCGCGTATTTGCCCGATGGCGGCTATGCCTTATCGGGCGGGGAAA 401

TR e e e e e e e e el
Shjct 3902008 AGTGCGGGTCGTTAAGCGCGTATTTGCCCGATGGCGGCTATGCCTTATCGGGCGGGGAAA 3902067

Query 402 TGGCCGGATGAGTGATCGGGGTTCAGCACAAATTTTTCAATCGCCCAGGCAACACCATCT 461

LR e e e e e e e e e e e e e el
Shjct 3902068 TGGCCGGATGAGTGATCGGGGTTCAGCACAAATTTTTCAATCGCCCAGGCAACACCATCT 3902127

Query 462 TCAAGGTTCGATTTAGTCACAAAGTTAGCCACCTCTTTGACCGACGGAATGGCGTTGTCC 521

LEERREREE e et e e e e e e e el
Shjct 3902128 TCAAGGTTCGATTTAGTCACAAAGTTAGCCACCTCTTTGACCGACGGAATGGCGTTGTCC 3902187

Query 522 TGCCACGCCCATACCGGCGTATTCGATCATCGCAATGTCGTTTTCCTGATCGCCAATC 581

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 3902188 ATTGCCACGCCCATACCGGCGTATTCGATCATCGCAATGTCGTTTTCCTGATCGCCAATC 3902247

Query 582 GCCATCACCTC 592

L
Sbjct 3902248 GCCATCACCTC 3902258

T7F-dgoR

NNNNNNNNNNNNNNNNGNTGGCTCGAGTTTTTCNGCAAGATGAGGGATCCGAGGTGATGGCGATTGGCGATCAGGAAAACGACATTGCGATGAT
CGAATACGCCGGTATGGGCGTGGCAATGGACAACGCCATTCCGTCGGTCAAAGAGGTGGCTAACTTTGTGACTAAATCGAACCTTGAAGATGGT
GTTGCCTGGGCGATTGAAAAATTTGTGCTGAACCCCGATCACTCATCCGGCCATTTCCCCGCCCGATAAGGCATAGCCGCCATCGGGCAAATAC
GCGCTTAACGACCCGCACTTGCTGCGGGTTTTTTTATGTCTTTCGTTTACGTCTTATAACGTTCCCATAACCAATTGTTGTTTTTGTGATCTAA
ATTGTAGTACAACATAATTATGTTGTACTACATTAATGGCATGATAACGACGGTTGATATCACGCTAGTACTACAAAATTGCGGCGTAATTCAG
CTATCGCGGTAAAGTAAGAGAGTTCACATCGAGCACAAGGACTCTCTATGACTCTCAATAAAACCGATCGCATCGTTATCACGCTGGGCAAACA
GATTGTCAGCGGTAAATACGTACCCGGTTCGGCGCTGGAATTCGTATCTTTCTAGAAGATCTCCTACAATATTCTCAGCTGCCATGGAAAATCG
ATGTTCTTCTTTTATTCTCTCAAGATTTTCAGGCTGTATATTAAAACTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTGTAGGT
GGCGTGGGTTTTCTTGGCAATCGACTCTCATGAAAACTACGAGCTAAATATTCAATATGTTCCTCTTGACCNACTTTATTCTGCATTTTTTTTG
AACGAGGTTAGAGCAAGCTTCAGGAAACTGANACAGGAATTTTATTAAAAATTTAATTTTGAAGAAGNTCNGGNNAATAGCNTCCATTTTTTGC
TTTGCAGTTCCTCAGCATTCTAANNAAANACGTCTCTTTNANNGTTTAAAGNTTAACNNCCNGTGTGAATNTATCNCTCANATTCCNNANATNT
ACNAGCCGNAGNATNANNGTAAANCCTGGGNNCNNATGANNGNNNANTCACATNAATNNNNNNNNNNNNNNNNNCANNNTT

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE1-1019-1, complete
genome Sequence ID: gb|CP009083.1|Length: 4678914Number of Matches: 4

Thr operon leader peptidegalactonate operon transcriptional repressor
Query 51 GAGGTGATGGCGATTGGCGATCAGGAAAACGACATTGCGATGATCGAATACGCCGGTATG 110

ELEEEERE e e e e e e e e e e e e el
Sbjct 3902258 GAGGTGATGGCGATTGGCGATCAGGAAAACGACATTGCGATGATCGAATACGCCGGTATG 3902199

Query 111 GGCGTGGCAATGGACAACGCCATTCCGTCGGTCAAAGAGGTGGCTAACTTTGTGACTAAA 170

R e e e e e e e e e e el
Sbjct 3902198 GGCGTGGCAATGGACAACGCCATTCCGTCGGTCAAAGAGGTGGCTAACTTTGTGACTAAA 3902139

265


http://www.ncbi.nlm.nih.gov/nucleotide/682089197?report=genbank&log$=nuclalign&blast_rank=2&RID=2XZWFS2901R
http://www.ncbi.nlm.nih.gov/nucleotide/682089197?report=gbwithparts&from=1&to=4678914&RID=2XZWFS2901R
http://www.ncbi.nlm.nih.gov/nucleotide/682089197?report=gbwithparts&from=1&to=4678914&RID=2XZWFS2901R
http://www.ncbi.nlm.nih.gov/nucleotide/682089197?report=genbank&log$=nuclalign&blast_rank=2&RID=2XZX03CH01R
http://www.ncbi.nlm.nih.gov/nucleotide/682089197?report=gbwithparts&from=1&to=4678914&RID=2XZX03CH01R
http://www.ncbi.nlm.nih.gov/nucleotide/682089197?report=gbwithparts&from=1&to=4678914&RID=2XZX03CH01R

PhD Thesis

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

171

3902138

231

3902078

291

3902018

351

3901958

411

3901898

471

3901838

531

3901778

591

3901718

AACCTTGAAGATGGTGTTGCCTGGGCGATTGAAAAATTTGTGCTGAACCCCGATCAC

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
AACCTTGAAGATGGTGTTGCCTGGGCGATTGAAAAATTTGTGCTGAACCCCGATCAC

TCATCCGGCCATTTCCCCGCCCGATAAGGCATAGCCGCCATCGGGCAAATACGCGCTTAA

ELRELR R e e e e e e e e e e e e el
TCATCCGGCCATTTCCCCGCCCGATAAGGCATAGCCGCCATCGGGCAAATACGCGCTTAA

CGACCCGCACTTGCTGCGGGTTTTTTTATGTCTTTCGTTTACGTCTTATAACGTTCCCAT

LEELREEE e e e e e e e e e el
CGACCCGCACTTGCTGCGGGTTTTTTTATGTCTTTCGTTTACGTCTTATAACGTTCCCAT

AACCAATTGTTGTTTTTGTGATCTAAATTGTAGTACAACATAATTATGTTGTACTACATT

FELEEERRR R e e e e e e e el
AACCAATTGTTGTTTTTGTGATCTAAATTGTAGTACAACATAATTATGTTGTACTACATT

AATGGCATGATAACGACGGTTGATATCACGCTAGTACTACAAAATTGCGGCGTAATTCAG

FELRELERE R e e e e e e e e e e el
AATGGCATGATAACGACGGTTGATATCACGCTAGTACTACAAAATTGCGGCGTAATTCAG

CTATCGCGGTAAAGTAAGAGAGTTCACATCGAGCACAAGGACTCTCTATGACTCTCAATA

EELREEE R e e e e e e e el
CTATCGCGGTAAAGTAAGAGAGTTCACATCGAGCACAAGGACTCTCTATGACTCTCAATA

AAACCGATCGCATCGTTATCACGCTGGGCAAACAGATTGTCAGCGGTAAATACGTACCCG

FELRELER R e e e e e e e e e e e el
AAACCGATCGCATCGTTATCACGCTGGGCAAACAGATTGTCAGCGGTAAATACGTACCCG

GTTCGGCGCTG 601

I
GTTCGGCGCTG 3901708

6-pJET-RP2-dgoT

Appendix

230

3902079

290

3902019

350

3901959

410

3901899

470

3901839

530

3901779

590

3901719

NNNNNNNNNNNNNNNNNAGGAGATCTTCTAGAAAGATCACGAATTCGTTGGCGCGATCGACGTAGCAAATCACCACGGTAATAAAGATCATCAC
CAGCGTCAGATAGCGGCGACGCCCCGGCTGTGCTGCTGTAACTGAAATATCCATCGTCATCTGTCTCCAGATTCTGGGCATAGCGAGGCCGCTC
ACCATGCCCTGTAAATTACAGAGGGTGTGTTTTTATATTTAAATTGGGTTGCCCGGAGGGCGACGTTTGTTGAGCCTACAGCGTGGCGATCACC
ACTCGGCTACCGATCCGTCAGCGTGCCGCCACAACGGATTACGCCAGTCCGGCGCGCTTTTGCTAAGTTCAATCACCCTGGCCTCGTCAATGTC
TACGCCAAGACCCGGTTTGGTTAAGGGTTTAAAGAAGCCGCCGTCCATGCTGAAGTCTTCTTTGTTTTTCACAAAGTCGAGCAGCTCCGCGCCC
TTGTTATAGTGGATCCCTCNTCTTGCTGAAAANCTCGAGNCATCCGGAAGATNTGGCGGNCGNTCTCCNTANNNTGAGNCGTATTACNNNGGAT
GGATANGGTGTTCNNGCACAAGTGTTANNGCNGTTGATTTTATTNACTATNANGAANAAAACAATGAATGGAACCTGCTCNANGTTNAANANNN
AGATAANANNNAAANNCTNANCNANT

Salmonella enterica subsp. enterica serovars Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|L ength: 4678927Number of Matches: 1

D-galactonatetransporterD-galactonate dehydratase

Query
Sbjct

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

47

2202171

107

2202231

167

2202291

227

2202351

287

2202411

347

2202471

GTTGGCGCGATCGACGTAGCAAATCACCACGGTAATAAAGATCATCACCAGCGTCAGATA

IR e e e e e e e e e e el
GTTGGCGCGATCGACGTAGCAAATCACCACGGTAATAAAGATCATCACCAGCGTCAGATA

GCGGCGACGCCCCGGCTGTGCTGCTGTAACTGAAATATCCATCGTCATCTGTCTCCAGAT

LEELREEE e e e e e e e e e e e e el
GCGGCGACGCCCCGGCTGTGCTGCTGTAACTGAAATATCCATCGTCATCTGTCTCCAGAT

TCTGGGCATAGCGAGGCCGCTCACCATGCCCTGTAAATTACAGAGGGTGTGTTTTTATAT

LR e e e e e e e e e e el
TCTGGGCATAGCGAGGCCGCTCACCATGCCCTGTAAATTACAGAGGGTGTGTTTTTATAT

TTAAATTGGGTTGCCCGGAGGGCGACGTTTGTTGAGCCTACAGCGTGGCGATCACCACTC

EEEERERE e e e e e e e e e e e el
TTAAATTGGGTTGCCCGGAGGGCGACGTTTGTTGAGCCTACAGCGTGGCGATCACCACTC

GGCTACCGATCCGTCAGCGTGCCGCCACAACGGATTACGCCAGTCCGGCGCGCTTTTGCT

LEELRELE e e e e e e e e e e e e e e e el
GGCTACCGATCCGTCAGCGTGCCGCCACAACGGATTACGCCAGTCCGGCGCGCTTTTGCT

AAGTTCAATCACCCTGGCCTCGTCAATGTCTACGCCAAGACCCGGTTTGGTTAAGGGTTT

FEELREEE R e e e e e e e e e e e el
AAGTTCAATCACCCTGGCCTCGTCAATGTCTACGCCAAGACCCGGTTTGGTTAAGGGTTT

106

2202230

166

2202290

226

2202350

286

2202410

346

2202470

406

2202530

266


http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=genbank&log$=nuclalign&blast_rank=1&RID=2Y09G0KE014
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=2200980&to=2202272&RID=2Y09G0KE014
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=2200980&to=2202272&RID=2Y09G0KE014

PhD Thesis Appendix

Query 407 AAAGAAGCCGCCGTCCATGCTGAAGTCTTCTTTGTTTTTCACAAAGTCGAGCAGCTCCGC 466

RN uaniy|
Shjct 2202531 AAAGAAGCCGCCGTCCATGCTGAAGTCTTCTTTGTTTTTCACAAAGTCGAGCAGCTCCGC 2202590

Query 467 GCCCTTGTTATAGTG 487
LT

Sbjct 2202591 GCCCTTGTTATAGTG 2202611

T7F-dgoT

NNNNNNNNNNNNTNCNGNNGGCTCGAGTTTTTNGCANATGAGGGATCCACTATAACAAGGGCGCGGAGCTGCTCGACTTTGTGAAAAACAAAGA
AGACTTCAGCATGGACGGCGGCTTCTTTAAACCCTTAACCAAACCGGGTCTTGGCGTAGACATTGACGAGGCCAGGGTGATTGAACTTAGCAAA
AGCGCGCCGGACTGGCGTAATCCGTTGTGGCGGCACGCTGACGGATCGGTAGCCGAGTGGTGATCGCCACGCTGTAGGCTCAACAAACGTCGCC
CTCCGGGCAACCCAATTTAAATATAAAAACACACCCTCTGTAATTTACAGGGCATGGTGAGCGGCCTCGCTATGCCCAGAATCTGGAGACAGAT
GACGATGGATATTTCAGTTACAGCAGCACAGCCGGGGCGTCGCCGCTATCTGACGCTGGTGATGATCTTTATTACCGTGGTGATTTGCTACGTC
GATCGCGCCAACGAATTCGTGATCTTTCTAGAAGATCTCCTACAATATTCTCAGCTGCCATGGAAAATCGATGTTCTTCTTTTATTCTCTCAAG
ATTTTCAGGCTGTATATTAAAACTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTGTAGGTGGCGTGGGTTTTCTTGGCAATCGA
CTCTCATGAAAACTACGAGCTAAATATTCAATATGTTCCTCTTGACCAACTTTATTCTGCATTTTTTTTGAACGAGGTTTAGAGCAAGCTTCAN
GAAACTGAGACAGGAATTTTATTAAAAATTTAAATTTTGAAGAAAGTTCAGGGTTAATAGCATCCATTTTTTGCTTTGCAAGTTCCTCAGCATT
CTTAACAAAAGACGTCTCTTTTGACATGTTTAAAGTTAAACCTCCTGTGTGAAATTATTATCCGCTCATAATTCNNACATTATACGANCCGGAA
GCATAAGTGNAAGCCNGGGGNNNCTAATGAGTGANCTAACTCNNNTTAATTGCGTTGCGCTCACTGNCAATTGCTTTNCAGNNGGGNAANNGTN
NNGNNANCNGCANNANNNNANCNNNNANNNNNNNGGNNNANNNNNNTTNNNNNTGGNNNNNNNNNNTTNNNNNNNNNNNNACTCGNNNGNNNNN
NNNNNGNNNCGCNANNNNNTCANNNNNNNNAAGNNNNNCNNNNNCNNNNANNNGNNNNANNNNGAANNNNN

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|L ength: 4678927Number of Matches: 1

D-galactonatetransporterD-galactonate dehydratase

Query 42 ACTATAACAAGGGCGCGGAGCTGCTCGACTTTGTGAAAAACAAAGAAGACTTC 101
FELLEEREER e e e e e e el

Sbjct 2202611 ACTATAACAAGGGCGCGGAGCTGCTCGACTTTGTGAAAAACAAAGAAGACTTC 2202552

Query 102 AGCATGGACGGCGGCTTCTTTAAACCCTTAACCAAACCGGGTCTTGGCGTAGACATTGAC 161

FELEELEE R e e e e e e e e el
Sbjct 2202551 AGCATGGACGGCGGCTTCTTTAAACCCTTAACCAAACCGGGTCTTGGCGTAGACATTGAC 2202492

Query 162 GAGGCCAGGGTGATTGAACTTAGCAAAAGCGCGCCGGACTGGCGTAATCCGTTGTGGCGG 221

PELRELELE R e e e e e e e e e e el
Shjct 2202491 GAGGCCAGGGTGATTGAACTTAGCAAAAGCGCGCCGGACTGGCGTAATCCGTTGTGGCGG 2202432

Query 222 CACGCTGACGGATCGGTAGCCGAGTGGTGATCGCCACGCTGTAGGCTCAACAAACGTCGC 281

LELRERE e e e e e e e e e e el
Shjct 2202431 CACGCTGACGGATCGGTAGCCGAGTGGTGATCGCCACGCTGTAGGCTCAACAAACGTCGC 2202372

Query 282 GGGCAACCCAATTTAAATATAAAAACACACCCTCTGTAATTTACAGGGCATGGTG 341
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 2202371 GGCAACCCAATTTAAATATAAAAACACACCCTCTGTAATTTACAGGGCATGGTG 2202312

Query 342 AGCGGCCTCGCTATGCCCAGAATCTGGAGACAGATGACGATGGATATTTCAGTTACAGCA 401

FELEEEE R e e e e e e e e e e el
Sbjct 2202311 AGCGGCCTCGCTATGCCCAGAATCTGGAGACAGATGACGATGGATATTTCAGTTACAGCA 2202252

Query 402 GCACAGCCGGGGCGTCGCCGCTATCTGACGCTGGTGATGATCTTTATTACCGTGGTGATT 461

EEEEEE e e e e e e e e e e eyl
Sbjct 2202251 GCACAGCCGGGGCGTCGCCGCTATCTGACGCTGGTGATGATCTTTATTACCGTGGTGATT 2202192

Query 462 TGCTACGTCGATCGCGCCAAC 482

ELEELERLERn i
Sbjct 2202191 TGCTACGTCGATCGCGCCAAC 2202171
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http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=genbank&log$=nuclalign&blast_rank=23&RID=2Y09XPGT01R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=2200980&to=2202272&RID=2Y09XPGT01R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=2200980&to=2202272&RID=2Y09XPGT01R

PhD Thesis Appendix
7-pJET-RP2- SEN2978

NNNNNNNNNNNNNGNNNGAGATCTTCTAGANNATCACGAATTCGATATGGTGTAACGCCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATC
TGACAGCGTTACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTTGCGATAACGTCTTCGTGGTTGACCC
ATTGCCAGCCAACATCGAAACGTGCTTTGTAAACCCGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTG
GCTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGTCAATTTTTGCTGGGTGAAAAGCATTCACCATTC
AACTTGAAATGAGTTGATGTATTTATTTCAAGAATATTAAGGGCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATATTGATTGG
TCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAGCTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAA
TTAAGATGGTGGATTATCGGCCTGGTCTGCGTAGGGGGATCCCTCATCTTGCTGAAAAACTCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCC
CTATAGTGAGTCGTATTACGCCGGATGGATATGGTGTTCAGGCACAAGTGTTAAAGCAGTTGATTTTATTCACTATGATGAAAAAAACAATGAA
TGGAACCTGCTCCAAGTTAAAAATAGAGATAATACCGAAAACTCATCGAGTAGTAAGATTAGAGATAATACAACAATAAAAAAATGGTTTAGAA
CTTACTCACAGCGNGATGCTACTAATTGGGACAATTTTCCAGATGAAGTATCATCTAANAATTTAAATGAAGAAGACTTCAGAGCTTTTGTTAA
AAATTATTTGGCAAAAATAATATAATTCGGCTGCNGGGGCGGCCTCGTGATACNCCTATTTTNTNGGTAATGNCATGATAATAATGNNNTCNTA
NACGTCNGNGNNNTTTTCGGGAANNNNNNNNNCCCNANTGTTTNTTTTNCNAANNANNTCAANNTNNTCCNCTCATNNNNNNNTANCCTGANNA
NNNTNNNNNNNTNAAAGNNNNNNNNNNNNCCNNNTNNNNNNNNNNTCNTTTNNNNNTNTNCNNCGNTTNNNCNNNCN

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|Length: 4678927Number of Matches: 1

major FaC|I|tator Superfamily proteinmannonate dehydratase
Query GATATGGTGTAACGCCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCTGACAGCGT 103

LEEEEEL R e e e e e e e e e e e el
Shjct 1481450 GATATGGTGTAACGCCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCTGACAGCGT 1481391

Query 104 TACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTT 163

EEELREL R e e e e e e e el
Shjct 1481390 TACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTT 1481331

Query 164 GCGATAACGTCTTCGTGGTTGACCCATTGCCAGCCAACATCGAAACGTGCTTTGTAAACC 223

. NNy
Shjct 1481330 GCGATAACGTCTTCGTGGTTGACCCATTGCCAGCCAACATCGAAACGTGCTTTGTAAACC 1481271

Query 224 CGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTGG 283

. RN NN RN NN RN RNy
Shjct 1481270 CGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTGG 1481211

Query 284 CTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGT 343

. LR e e e e e e e e e e nnntntl
Shjct 1481210 CTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGT 1481151

Query 344 CAATTTTTGCTGGGTGAAAAGCATTCACCATTCAACTTGAAATGAGTTGATGTATTTATT 403

LR e e e e e e e e e e e e el
Shjct 1481150 CAATTTTTGCTGGGTGAAAAGCATTCACCATTCAACTTGAAATGAGTTGATGTATTTATT 1481091

Query 404 TCAAGAATATTAAGGGCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATAT 463

LR e e e e e e e e e e e e el
Shjct 1481090 TCAAGAATATTAAGGGCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATAT 1481031

Query 464 TGATTGGTCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAG 523

EEELEEL R e e e e e e e e e e e el
Shjct 1481030 TGATTGGTCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAG 1480971

Query 524 CTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAATTAAGATGGTGGATTATCG 583

. RN RN RN RN RN RN ungyy
Shjct 1480970 CTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAATTAAGATGGTGGATTATCG 1480911

Query 584 GCCTGGTCTGCGTAGGG 600

Ll
Shjct 1480910 GCCTGGTCTGCGTAGGG 1480894

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE6-00219-16, complete
genome Sequence ID: gb|CP009088.1|Length: 4677619Number of Matches: 1

Thr operon leader peptidehexuronate transporter
Query 44 GATATGGTGTAACGCCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCTGACAGCGT 103

LEEEREL e e e e e e e e e e e e el
Shjct 3176576 GATATGGTGTAACGCCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCTGACAGCGT 3176517

Query 104 TACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTT 163

EEELRELEE e e e e e e e e el
Shjct 3176516 TACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTT 3176457
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http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=genbank&log$=nuclalign&blast_rank=1&RID=2Y0SV4G301R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=1479640&to=1480944&RID=2Y0SV4G301R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=1479640&to=1480944&RID=2Y0SV4G301R
http://www.ncbi.nlm.nih.gov/nucleotide/682093565?report=genbank&log$=nuclalign&blast_rank=2&RID=2Y0SV4G301R
http://www.ncbi.nlm.nih.gov/nucleotide/682093565?report=gbwithparts&from=1&to=4677619&RID=2Y0SV4G301R
http://www.ncbi.nlm.nih.gov/nucleotide/682093565?report=gbwithparts&from=1&to=4677619&RID=2Y0SV4G301R

PhD Thesis Appendix

Query 164 GCGATAACGTCTTCGTGGTTGACCCATTGCCAGCCAACATCGAAACGTGCTTTGTAAACC 223

LR e e e e e e e e e e e e e el
Shjct 3176456 GCGATAACGTCTTCGTGGTTGACCCATTGCCAGCCAACATCGAAACGTGCTTTGTAAACC 3176397

Query 224 CGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTGG 283

LR e e e e e e e e e e el
Shjct 3176396 CGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTGG 3176337

Query 284 CTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGT 343

EELEEEE R e e e e e e e e el
Shjct 3176336 CTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGT 3176277

Query 344 CAATTTTTGCTGGGTGAAAAGCATTCACCATTCAACTTGAAATGAGTTGATGTATTTATT 403

. LEELEE e e e e e e e e e e el
Shjct 3176276 CAATTTTTGCTGGGTGAAAAGCATTCACCATTCAACTTGAAATGAGTTGATGTATTTATT 3176217

Query 404 TCAAGAATATTAAGGGCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATAT 463

. LT e et e e e e e e e e el
Shjct 3176216 TCAAGAATATTAAGGGCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATAT 3176157

Query 464 TGATTGGTCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAG 523

LEELREL R e e e e e e e e e el
Shjct 3176156 TGATTGGTCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAG 3176097

Query 524 CTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAATTAAGATGGTGGATTATCG 583

. RN RN RN AR RNy
Shjct 3176096 CTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAATTAAGATGGTGGATTATCG 3176037

Query 584 GCCTGGTCTGCGTAGGG 600

LLLLLELLnnnl
Shjct 3176036 GCCTGGTCTGCGTAGGG 3176020

T7F- SEN2978

NNNNNNNNNNNTTCNGATGGCTCGAGTTTTTNGCAAGATGAGGGATCCCCCTACGCAGACCAGGCCGATAATCCACCATCTTAATTTTGTCATC
TTCATGATAAAGCCTCGTTAAAAAACATTAGCTCCGCGCCGTCTGACCTGTAGCGGGAAAACTGAAATCACAAAAATTGGTTGACCAATCAATA
TTTTCTCATCCGGACCGGTCAAAATCTGGCGGCAACTCCCGCCCTTAATATTCTTGAAATAAATACATCAACTCATTTCAAGTTGAATGGTGAA
TGCTTTTCACCCAGCAAAAATTGACACAGATCAAATAAATAAAATTGGCAGACCGTGAATGATGATATTTGTGATTTGGTTAGCCAATTTAGAC
AATAAGGTTGACATGAGAAAAATTTTGGTTGAATTTAGGGGTCAGAACGGGTTTACAAAGCACGTTTCGATGTTGGCTGGCAATGGGTCAACCA
CGAAGACGTTATCGCAAGAAGAGGAAACGAGATATGAAACAAACCTGGCGCTGGTACGGACCTAACGACCCGGTAACGCTGTCAGATGTACGCC
AGGCTGGCGCAACCGGCGTGGTAACGGCGTTACACCATATCGAATTCGTGATCTTTCTAGAAGATCTCCTACAATATTCTCAGCTGCCATGGAA
AATCGATGTTCTTCTTTTATTCTCTCAAGATTTTCAGGCTGTATATTAAAACTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTG
TAGGTGGCGTGGGTTTTCTTGGCAATCGACTCTCATGAAAACTACNAGCTAAATATTCAATATGTTCCTCTTGACCAACTTTATTCTGCATTTT
TTTTGAACGAGGTTTAGAGCAAGCTTCNGAAACTGAGACAGGAATTTTATTAAAAATTTAAATTTTGAAGAAAGTTCAGGGTTAATAGCATCCA
TTTTTTGCTTNGCAAGTTCCTCAGCATTCTTAACAAAGACGTCTCTTTTGACATNTTAAGTTNAAACCTCCTNNNTGAAANTANTATCNNCTCN
NAATTCCAC

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|Length: 4678927Number of Matches: 1

major Facilitator Superfamily protein mannonate dehydratase
Query 49 CCCTACGCAGACCAGGCCGATAATCCACCATCTTAATTTTGTCATCTTCATGATAAAGCC 108

NNy NN RN RN Ranannananayy
Shjct 1480894 CCCTACGCAGACCAGGCCGATAATCCACCATCTTAATTTTGTCATCTTCATGATAAAGCC 1480953

Query 109 TCGTTAAAAAACATTAGCTCCGCGCCGTCTGACCTGTAGCGGGAAAACTGAAATCACAAA 168

LR e e e e e e e e e e e el
Shjct 1480954 TCGTTAAAAAACATTAGCTCCGCGCCGTCTGACCTGTAGCGGGAAAACTGAAATCACAAA 1481013

Query 169 AATTGGTTGACCAATCAATATTTTCTCATCCGGACCGGTCAAAATCTGGCGGCAACTCCC 228

. RN NN RNy NN nan sy
Shjct 1481014 AATTGGTTGACCAATCAATATTTTCTCATCCGGACCGGTCAAAATCTGGCGGCAACTCCC 1481073

Query 229 GCCCTTAATATTCTTGAAATAAATACATCAACTCATTTCAAGTTGAATGGTGAATGCTTT 288

. LR e e e e e e e e e e ennttl
Shjct 1481074 GCCCTTAATATTCTTGAAATAAATACATCAACTCATTTCAAGTTGAATGGTGAATGCTTT 1481133

Query 289 TCACCCAGCAAAAATTGACACAGATCAAATAAATAAAATTGGCAGACCGTGAATGATGAT 348

LR e e e e e e e e e e e e el
Shjct 1481134 TCACCCAGCAAAAATTGACACAGATCAAATAAATAAAATTGGCAGACCGTGAATGATGAT 1481193
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http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=genbank&log$=nuclalign&blast_rank=1&RID=2Y0TCTKG01R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=1479640&to=1480944&RID=2Y0TCTKG01R
http://www.ncbi.nlm.nih.gov/nucleotide/684203917?report=gbwithparts&from=1481349&to=1482533&RID=2Y0TCTKG01R

PhD Thesis

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Shjct
Query
Shjct

349

1481194

409

1481254

469

1481314

529

1481374

589

1481434

ATTTGTGATTTGGTTAGCCAATTTAGACAATAAGGTTGACATGAGAAAAATTTTGGTTGA

LR e e e e e e e e e e el
ATTTGTGATTTGGTTAGCCAATTTAGACAATAAGGTTGACATGAGAAAAATTTTGGTTGA

ATTTAGGGGTCAGAACGGGTTTACAAAGCACGTTTCGATGTTGGCTGGCAATGGGTCAAC

LR e e e e e e e e e el
ATTTAGGGGTCAGAACGGGTTTACAAAGCACGTTTCGATGTTGGCTGGCAATGGGTCAAC

CACGAAGACGTTATCGCAAGAAGAGGAAACGAGATATGAAACAAACCTGGCGCTGGTACG

LELEEEEE R e e e e e e e e e e e el
CACGAAGACGTTATCGCAAGAAGAGGAAACGAGATATGAAACAAACCTGGCGCTGGTACG

GACCTAACGACCCGGTAACGCTGTCAGATGTACGCCAGGCTGGCGCAACCGGCGTGGTAA

LR e e e e e e e e e e e et
GACCTAACGACCCGGTAACGCTGTCAGATGTACGCCAGGCTGGCGCAACCGGCGTGGTAA

CGGCGTTACACCATATC 605

LEELLELEEL i
CGGCGTTACACCATATC 1481450

8-pJET-RP2-SEN2977

Appendix

408

1481253

468

1481313

528

1481373

588

1481433

NGNNNNNNNNNNNNGNNGGANANCTTCTAGAAAGATCGGATCCGATATGGTGTAACGCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCT
GACAGCGTTACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTTGCGATAACGTCTTCGTGGTTGACCCA
TTGCCAGCCAACATCGAAACGTGCTTTGTAAACCCGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTGG
CTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGTCAATTTTTGCTGGGTGAAAAGCATTCACCATTCA
ACTTGAAATGAGTTGATGTATTTATTTCAAGAATATTAAGGGCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATATTGATTGGT
CAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAGCTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAAT
TAAGATGGTGGATTATCGGCCTGGTCTGCGTAGGGGAATTCCTCATCTTGCTGAAAAACTCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCCC
TATAGTGAGTCGTATTACGCCGGATGGATATGGTGTTNAGGCACAAGTGTTAAAGCAGTTTGATTTTATTCACTNTGATGAAAAAAACNNTGAA
ATGGAACCNTGCTCCNAGTTNNNAAATNNAGATAATACCCNAAAANNNNTC

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|Length: 4678927Number of Matches: 1

major Facilitator Superfamily protein mannonate dehydratase

Query
Shjct
Query
Shjct
Query
Sbjct
Query
Sbjct

Query
Shjct
Query
Shjct
Query
Sbjct
Query
Shjct
Query
Shjct

44

1481450

103

1481390

163

1481330

223

1481270

283

1481210

343

1481150

403

1481090

463

1481030

523

1480970

GATATGGTGTAACGCGGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCTGACAGCGT

LEERREL R e e e e e e e e e el
GATATGGTGTAACGCCGTTACCACGCCGGTTGCGCCAGCCTGGCGTACATCTGACAGCGT

TACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTT

TRELRREER e e e e e e e e e e el
TACCGGGTCGTTAGGTCCGTACCAGCGCCAGGTTTGTTTCATATCTCGTTTCCTCTTCTT

GCGATAACGTCTTCGTGGTTGACCCATTGCCAGCCAACATCGAAACGTGCTTTGTAAACC

LR e e e e e e e e e e e e el
GCGATAACGTCTTCGTGGTTGACCCATTGCCAGCCAACATCGAAACGTGCTTTGTAAACC

CGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTGG

NN NN NN NN RNy
CGTTCTGACCCCTAAATTCAACCAAAATTTTTCTCATGTCAACCTTATTGTCTAAATTGG

CTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGT

LR R e e e e e e e e e e e ennntntl
CTAACCAAATCACAAATATCATCATTCACGGTCTGCCAATTTTATTTATTTGATCTGTGT

CAATTTTTGCTGGGTGAAAAGCATTCACCATTCAACTTGAAATGAGTTGATGTATTTATT

LR e e e e e e e e e el
CAATTTTTGCTGGGTGAAAAGCATTCACCATTCAACTTGAAATGAGTTGATGTATTTATT

TCAAGAATATTAAGGGCGGGAGTTGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATAT

LEEERETEE e e e e e e e e e e e e e e e el
TCAAGAATATTAAGGGCGGGAGT TGCCGCCAGATTTTGACCGGTCCGGATGAGAAAATAT

TGATTGGTCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAG

LEELRELEE R e e e e e e e e e e e e el
TGATTGGTCAACCAATTTTTGTGATTTCAGTTTTCCCGCTACAGGTCAGACGGCGCGGAG

CTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAATTAAGATGGTGGATTATCG

RN RN NN NN RNy
CTAATGTTTTTTAACGAGGCTTTATCATGAAGATGACAAAATTAAGATGGTGGATTATCG

102

1481391

162

1481331

222

1481271

282

1481211

342

1481151

402

1481091

462

1481031

522

1480971

582

1480911
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Query

583

GCCTGGTCTGCGTAGGG 599
LLLLLLLnnntl

Sbjct 1480910 GCCTGGTCTGCGTAGGG 1480894

T7F- SEN2977

Appendix

NNNNNNNNNNNNNNNNNNNNNNNGGCTCGAGTTNNNNGCAAGATGAGGAATTCCCCTACGCAGACCAGGCCGATAATCCACCATCTTAATTTTG
TCATCTTCATGATAAAGCCTCGTTAAAAAACATTAGCTCCGCGCCGTCTGACCTGTAGCGGGAAAACTGAAATCACAAAAATTGGTTGACCAAT
CAATATTTTCTCATCCGGACCGGTCAAAATCTGGCGGCAACTCCCGCCCTTAATATTCTTGAAATAAATACATCAACTCATTTCAAGTTGAATG
GTGAATGCTTTTCACCCAGCAAAAATTGACACAGATCAAATAAATAAAATTGGCAGACCGTGAATGATGATATTTGTGATTTGGTTAGCCAATT
TAGACAATAAGGTTGACATGAGAAAAATTTTGGTTGAATTTAGGGGTCAGAACGGGTTTACAAAGCACGTTTCGATGTTGGCTGGCAATGGGTC
AACCACGAAGACGTTATCGCAAGAAGAGGAAACGAGATATGAAACAAACCTGGCGCTGGTACGGACCTAACGACCCGGTAACGCTGTCAGATGT
ACGCCAGGCTGGCGCAACCGGCGTGGTAACCGCGTTACACCATATCGGATCCGATCTTTCTAGAAGATCTCCTACAATATTCTCAGCTGCCATG
GAAAATCGATGTTCTTCTTTTATTCTCTCNAGATTTTCAGGCTGTATATTAAAANTTTATATTTAAGAACTATGCTAACCNCCTNATCAGGAAN
NGTTGNAGGTGGCGTGGGTTTTCTTGGCAATCGACTCTCATGAAAACTACNAGCTAAATATTCAATATGTTCCTCTTTGACCANCTTNATTCTG
CNTTTTTTTTTGAANNAGGTTTANNGCANGNTTCANGAANNTT

Salmonella enterica subsp. enterica serovar Enteritidis strain SEJ, complete genome
Sequence ID: gb|CP008928.1|Length: 4678927Number of Matches: 1

major Facilitator Super family protein mannonate dehydratase

Query
Shjct
Query
Shjct

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Shjct
Query
Sbjct
Query
Sbjct
Query
Sbhjct
Query
Sbjct

54

1480894

114

1480954

174

1481014

234

1481074

294

1481134

354

1481194

414

1481254

474

1481314

534

1481374

594

1481434

CCCTACGCAGACCAGGCCGATAATCCACCATCTTAATTTTGTCATCTTCATGATAAAGCC

NN RN RNy
CCCTACGCAGACCAGGCCGATAATCCACCATCTTAATTTTGTCATCTTCATGATAAAGCC

TCGTTAAAAAACATTAGCTCCGCGCCGTCTGACCTGTAGCGGGAAAACTGAAATCACAAA

LR e e e e e e e e e e e el
TCGTTAAAAAACATTAGCTCCGCGCCGTCTGACCTGTAGCGGGAAAACTGAAATCACAAA

AATTGGTTGACCAATCAATATTTTCTCATCCGGACCGGTCAAAATCTGGCGGCAACTCCC

FELRELER R e e e e e e e e e el
AATTGGTTGACCAATCAATATTTTCTCATCCGGACCGGTCAAAATCTGGCGGCAACTCCC

GCCCTTAATATTCTTGAAATAAATACATCAACTCATTTCAAGTTGAATGGTGAATGCTTT

ELEEEET e e e e e e e e e e e e e e e e el
GCCCTTAATATTCTTGAAATAAATACATCAACTCATTTCAAGTTGAATGGTGAATGCTTT

TCACCCAGCAAAAATTGACACAGATCAAATAAATAAAATTGGCAGACCGTGAATGATGAT

LELLELE R e e e e e e e e e el
TCACCCAGCAAAAATTGACACAGATCAAATAAATAAAATTGGCAGACCGTGAATGATGAT

ATTTGTGATTTGGTTAGCCAATTTAGACAATAAGGTTGACATGAGAAAAATTTTGGTTGA

EELREEEE R e e e e e e e e e el
ATTTGTGATTTGGTTAGCCAATTTAGACAATAAGGTTGACATGAGAAAAATTTTGGTTGA

ATTTAGGGGTCAGAACGGGTTTACAAAGCACGTTTCGATGTTGGCTGGCAATGGGTCAAC

LR e e e e e e e e e e el
ATTTAGGGGTCAGAACGGGTTTACAAAGCACGTTTCGATGTTGGCTGGCAATGGGTCAAC

CACGAAGACGTTATCGCAAGAAGAGGAAACGAGATATGAAACAAACCTGGCGCTGGTACG

LEELEELEE R e e e e e e e e e e e e el
CACGAAGACGTTATCGCAAGAAGAGGAAACGAGATATGAAACAAACCTGGCGCTGGTACG

GACCTAACGACCCGGTAACGCTGTCAGATGTACGCCAGGCTGGCGCAACCGGCGTGGTAA

LELEEEE R e e e e e e e el
GACCTAACGACCCGGTAACGCTGTCAGATGTACGCCAGGCTGGCGCAACCGGCGTGGTAA

CCGCGTTACACCATATC 609

LELLEERELELLni
CGGCGTTACACCATATC 1481450

113

1480953

173

1481013

233

1481073

293

1481133

353

1481193

413

1481253

473

1481313

533

1481373

593

1481433
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9-pJET-RP2- SEN2979

NNNNNNNNNNNNNNNNNNNNNGANNNCTTCNNNANNGNGAGGGATCCGAAGAAGAGCACCGTCGTAAAGCCGAAGGTAGCGACGATCTGATCCC
AATGCGCCCGGACCACGGTCATCAGATGCTGGACGATCTGAAGAAGAAAACGAATCCGGGTTATTCCGCCATTGGCCGTCTGAAAGGGCTTGCG
GAAGTCCGCGGCGTCGAACTGGCTATCCAGCGCGCTTTCTTTAGCAAATAACCTTCTTTCGCATGGCGCGACGCGTCATGCGATTTCCCCTACT
CAATGCAATAGCAACATGCCTCGCCCCGGAGATCGCGGGCGAAGACGTCGAATGACAGGAGTTTGCAATGGAACAGAATATCGCCACCGCCCAG
GTTTCCGTCGCCCGCCCAAACTGGGACAAATCACGTCTGGTATCCCGTATTGTGCATCTGGGCTGCGGGGGAATTCGTGATCTTGCTGAAAAAC
TCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCCCTATAGTGAGTCGTATTACGCCGGATGGATATGGTGTTCAGGCACAAGTGTTAAAGCAGT
TGATTTTATTCACTATGATGAAAAAAACAATGAATGGAACCTGCTCCAAGTTNAAAATAGAGATAATACCGAAAACTCATCGAGTAGTAAGATT
AGAGATAATACAACAATAAAAAAATGGTTTAGAACTTACTCACAGCGTGATGCTACTAATTGGGACAATTTTCCAGATGAAGTATCATCTNNGA
ATTTAAATGAAGAAGACTTTCAGAGCTTTTGTTAAAAATTATTTGGCAAAAATAATATAATTCNGCTGCAGGGGCGGCCTCNNGATACGCCTAT
TTTTATAGGNTAATGTCATGATAATAANGGNTTNTTANACNTCAGGNGGCACTTTTTCNGGGAAATGTGCGNNGGAACCCCTATTGTTATTTTT
CTAANACATTCAAATATGTATCCGNNNNNGANACATANCCTGANNAATGNTTCATAATATNAAAANNANNANNATGAGNNTTCNACATTCCNNG
NNNNCCTNATNNCCNNTTTTGNGNNNTTTNNCNTCCNNNTTTGCTCNCCANAANNNCTGGTNAAGTAAAGANNCTGANNATCNNTNGGNGNNAN
CNANNNNNTNNNNNNNNNNNTNNNNNNNGNANANCNNGNNNNNNNCCCNNNNNNTNCNNNNNNNNCACTTTNTANNNNNNNNATNNNTNNNNN

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE6-00219-16, complete
genome Sequence ID: gb|CP009088.1|Length: 4677619Number of Matches: 1

Thr operon leader peptidemannonate dehydratase
Query GAAGAAGAGCACCGTCGTAAAGCCGAAGGTAGCGACGATCTGATCCCAATGCGCCCGGAC 107

LEELEEL e e e e e e e e e e e e e el
Shjct 3177468 GAAGAAGAGCACCGTCGTAAAGCCGAAGGTAGCGACGATCTGATCCCAATGCGCCCGGAC 3177527

Query 108 CACGGTCATCAGATGCTGGACGATCTGAAGAAGAAAACGAATCCGGGTTATTCCGCCATT 167

LEELEREE e e e e e e e e e e e e e e el
Shjct 3177528 CACGGTCATCAGATGCTGGACGATCTGAAGAAGAAAACGAATCCGGGTTATTCCGCCATT 3177587

Query 168 GGCCGTCTGAAAGGGCTTGCGGAAGTCCGCGGCGTCGAACTGGCTATCCAGCGCGCTTTC 227

LR e e e e e e e e e el
Shjct 3177588 GGCCGTCTGAAAGGGCTTGCGGAAGTCCGCGGCGTCGAACTGGCTATCCAGCGCGCTTTC 3177647

Query 228 TTTAGCAAATAACCTTCTTTCGCATGGCGCGACGCGTCATGCGATTTCCCCTACTCAATG 287

NNy NNy
Shjct 3177648 TTTAGCAAATAACCTTCTTTCGCATGGCGCGACGCGTCATGCGATTTCCCCTACTCAATG 3177707

Query 288 CAATAGCAACATGCCTCGCCCCGGAGATCGCGGGCGAAGACGTCGAATGACAGGAGTTTG 347

TRELRREEE R e e e e et e e e e e e el
Shjct 3177708 CAATAGCAACATGCCTCGCCCCGGAGATCGCGGGCGAAGACGTCGAATGACAGGAGTTTG 3177767

Query 348 CAATGGAACAGAATATCGCCACCGCCCAGGTTTCCGTCGCCCGCCCAAACTGGGACAAAT 407

LRy naanany
Shjct 3177768 CAATGGAACAGAATATCGCCACCGCCCAGGTTTCCGTCGCCCGCCCAAACTGGGACAAAT 3177827

Query 408 GTATCCCGTATTGTGCATCTGGGCTGCGGGG 446

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 3177828 TATCCCGTATTGTGCATCTGGGCTGCGGGG 3177866

T7F- SEN2979

NNNNNNNNNTNTCNGNTGGCTCGAGTTTTTNGCAAGATGAGGGATCCGAAGAAGAGCACCGTCGTAAAGCCGAAGGTAGCGACGATCTGATCCC
AATGCGCCCGGACCACGGTCATCAGATGCTGGACGATCTGAAGAAGAAAACGAATCCGGGTTATTCCGCCATTGGCCGTCTGAAAGGGCTTGCG
GAAGTCCGCGGCGTCGAACTGGCTATCCAGCGCGCTTTCTTTAGCAAATAACCTTCTTTCGCATGGCGCGACGCGTCATGCGATTTCCCCTACT
CAATGCAATAGCAACATGCCTCGCCCCGGAGATCGCGGGCGAAGACGTCGAATGACAGGAGTTTGCAATGGAACAGAATATCGCCACCGCCCAG
GTTTCCGTCGCCCGCCCAAACTGGGACAAATCACGTCTGGTATCCCGTATTGTGCATCTGGGCTGCGGGGGAATTCGTGATCTTTCTAGAAGAT
CTCCTACAATATTCTCAGCTGCCATGGAAAATCGATGTTCTTCTTTTATTCTCTCAAGATTTTCAGGCTGTATATTAAAACTTATATTAAGAAC
TATGCTAACCACCTCATCAGGAACCGTTGTAGGTGGCGTGGGTTTTCTTGGCAATCGACTCTCATGAAAACTACGAGCTAAATATTCAATATGT
TCCTCTTGACCAACTTTATTCTGCATTTTTTTTGAACGAGGTTTAGAGCAAGCTTCANGAAACTGAGACAGGAATTTTATTAAAAATTTAAATT
TTGAAGAAAGTTCAGGGTTAATAGCATCCATTTTTTGCTTTGCAAGTTCCTCANCATTCTTAACAAAAGACGTCTCTTTTGACATGTTTAAAGT
TTAAACCTCCTGTGTGAAATTATTATCCGCTCATAATTCCACACATTATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCAATNGCTTTCCAGTNGGGAAANCTGTCNTGCCNNCTNCATTAATGANTNNNNCNACNC
GNNGGNNNNGGNNNNNTGCGTATTGNNNNNNNTCNCTNCNTCGNNCNCTNANNCNNNNNNNNNGNNNNNNGNNGNGNNNNNGNNTCNNCTNNNN
NAAGNNNNANNCNGNNTCCNNNNANNAGNNNNNNNNGNNANNNNNNNNNNANGNCNNNANNGNNNGNANCCNNNNAAAGGNNCNNNNNNN
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Appendix

Salmonella enterica subsp. enterica serovar Enteritidis strain OLF-SE6-00219-16, complete
genome Sequence ID: gb|CP009088.1|Length: 4677619Number of Matches: 1

Thr operon leader peptidemannonate dehydratase

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Shjct
Query
Shjct
Query
Sbjct
Query
Sbjct

48

3177468

108

3177528

168

3177588

228

3177648

288

3177708

348

3177768

408

3177828

GAAGAAGAGCACCGTCGTAAAGCCGAAGGTAGCGACGATCTGATCCCAATGCGCCCGGAC

LEELEEEE e e e e e e e e e e e e e el
GAAGAAGAGCACCGTCGTAAAGCCGAAGGTAGCGACGATCTGATCCCAATGCGCCCGGAC

CACGGTCATCAGATGCTGGACGATCTGAAGAAGAAAACGAATCCGGGTTATTCCGCCATT

LR e e e e e e e e e e e el
CACGGTCATCAGATGCTGGACGATCTGAAGAAGAAAACGAATCCGGGTTATTCCGCCATT

GGCCGTCTGAAAGGGCTTGCGGAAGTCCGCGGCGTCGAACTGGCTATCCAGCGCGCTTTC

EELREEE R e e e e e e e e el
GGCCGTCTGAAAGGGCTTGCGGAAGTCCGCGGCGTCGAACTGGCTATCCAGCGCGCTTTC

TTTAGCAAATAACCTTCTTTCGCATGGCGCGACGCGTCATGCGATTTCCCCTACTCAATG

ELRELEEE e e e e e e e e e el
TTTAGCAAATAACCTTCTTTCGCATGGCGCGACGCGTCATGCGATTTCCCCTACTCAATG

CAATAGCAACATGCCTCGCCCCGGAGATCGCGGGCGAAGACGTCGAATGACAGGAGTTTG

LEEEREEEE e e e e e e e e e e e e e el
CAATAGCAACATGCCTCGCCCCGGAGATCGCGGGCGAAGACGTCGAATGACAGGAGTTTG

CAATGGAACAGAATATCGCCACCGCCCAGGTTTCCGTCGCCCGCCCAAACTGGGACAAAT

LEERRE et e e e e e e e e e el
CAATGGAACAGAATATCGCCACCGCCCAGGTTTCCGTCGCCCGCCCAAACTGGGACAAAT

CACGTCTGGTATCCCGTATTGTGCATCTGGGCTGCGGGG 446

LEELRERE R e e e e
CACGTCTGGTATCCCGTATTGTGCATCTGGGCTGCGGGG 3177866

Appendix 6: Beta-galactosidase rate with error bar.
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SEN1436 in E. coli: putative dehydratase
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Appendix

Appendix 7: Physical maps of the transcriptional lacZ fusion vectors generated during this study. All

plasmids included pRS1274 as the vector. Inserts are in red and proximal region of fused genes are indicated by

small green arrows just upstream of lacZ. Maps have been drawn using the Vector NTI program.
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Appendix 8: Sequencing of PCR fragments for knock out. Grey for primers sequences; Ns
ambiguous nucleotides; Pink colour for mismatching nucleotides.

1432_pJET12-For

TGACGGGATCTCGGATGGCTCGAGTTTTTCAGCAAGATGCACTGCCACGATTTTAAAGTGGGACTATGTCACTAA
ATAGTTGATGGCAACTATTTCGGATTCAGATATGTTAAATTGCTCTACTACTTGAGCTTGTAACCAACGGTTACA
TATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCGGCGCGCCTACCT
GTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCCCTGTTGATACCGGGAAGCCCTGGGCCAACTTT
TGGCGAAAATGAGACGTTGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAGATCACTACCGGGC
GTATTTTTTGAGTTGTCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCACC
GTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTCAATGTACCTATAACCAG
ACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTTTATCCGGCCTTTATT
CACATTCTTGCCCGCCTGATGAATGCTCATCCGGAATTACGTATGGCAATGAAAGACGGTGAGCTGGTGATATGG
GATAGTGTTCACCCTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCAC
GACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTCCCT
AAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCTGGGTGAGTTTCACCAGTTTTGATTTAAACGTG
GCCAATATGGACAACTTCTTCGCCCCCGTTTTCACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATG
CCGCTGGCGATTCAGGTCATCATGCCGTTTGTGATGGCTTCATGTCGGCAAATGCTAATGAATTACACAGTACTG
CGATGAGTGGCAGGCCGGGGCGTAAGGCCGGCCATTTAATGAAG

emplate plasmid pKD3, complete sequence
Sequence ID: AY048742.1Length: 2804Number of Matches: 3

Query 149  CATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA 208

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 1044 CATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA 985

Query 209  CTTCGGCGCGCCTACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCC 268

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 984  CTTCGGCGCGCCTACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCC 925

Query 269 CTGTTGATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACG 328

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 924  CTGTTGATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACG 865

Query 329  TAAGAGGTTCCAACTTTCACCATAATGAAATAAGATCACTACCGGGCGTATTTTTTGAGT 388

TR e e e e e e e e e e e e e e e e e e
Shjct 864  TAAGAGGTTCCAACTTTCACCATAATGAAATAAGATCACTACCGGGCGTATTTTTTGAGT 805

Query 389  TGTCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCA 448

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 804  TGTCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCA 745

Query 449 CCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTC 508

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 744  CCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTC 685

Query 509  AATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGA 568

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 684  AATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGA 625

Query 569  AAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTC 628

TR e e e e e e e e e e e e e e e e e e
Sbjct 624  AAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTC 565

276



PhD Thesis Appendix

Query 629  ATCCGGAATTACGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACC 688

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 564  ATCCGGAATTACGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACC 505

Query 689 CTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACC 748

TR e e e e e e e e e e e e e e e e e e
Sbjct 504  CTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACC 445

Query 749  ACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAA 808

RN RN RN RN RN NN RN RN NN RN RN
Shjct 444  ACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAA 385

Query 809  ACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCT 868

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 384  ACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCT 325

Query.. 69 GGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCG 928

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 324  GGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCG 265

Query 929  TTTTCACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTC 988

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 264  TTTTCACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTC 205

Query 989  AGGTTCATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGATGCTTAATGAATACAACAG 1045

HEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e el
Shjct 204  AGGTTCATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGATGCTTAATGAATACAACAG 145

1432-pJET12-REV

CCTAGAATTGTAGGAGTCTTCTAGAAGATTTCGTTTCGATTAACGGTGAAAAGCGCCCGGCCGGGCGCTTT
GTTCTTAAAAGAGAATTGTTATATAATAAAGCACTTCAGCGACATCTTAACGGATACCCATCTTGAGCATA
AATGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAACTTC
ATTTAAATGGCGCGCCTTACGCCCCGCCCTGCCACTCATCGCAGTACTGTTGTAATTCATTAAGCATTCTG
CCGACATGGAAGCCATCACAAACGGCATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTG
CGTATAATATTTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAAC
TGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAAATAGGCC
AGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCGTGGTATTC
ACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATA
TCACCAGCTCACCGTCTTTCATTGCCATACGTAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTGA
ATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAAC
GGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATA
TATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGACAAC
TCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTTGGAACCTCTTACGTGCCGATCAAC
GTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCACCAGGGACACCAGGATTATTTATTCTGC
GAATGATCTTCCGTCCAGGTAGGCCCGCCAAATTCCTAACTTTCTAAAGATAGGACTTCGGATAGGACTAG
GAGGAATTCAATGAACCGTTGGTACAGCCAAGTTAAAGCATTTACCTTTGGATC
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Template plasmid pKD3, complete sequence. Sequence ID: AY048742.1.

Query 126  TACACATCTTGAGCHEAATGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAG

TREEEEEEe e e e e e e e e e e e e e e e e e e e
Shjct 13  TACACGTCTTGAGCEATTGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAG

Query 186  AGAATAGGAACTTCGGAATAGGAACTTCATTTAAATGGCGCGCCTTACGCCCCGCCCTGC

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 71  AGAATAGGAACTTCGGAATAGGAACTTCATTTAAATGGCGCGCCTTACGCCCCGCCCTGC

Query 246  CACTCATCGCAGTACTGTTGTATTCATTAAGCATCTGCCGACATGGAAGCCATCACAAA

TR e e e e e e e e e e e e e e e e e e e e e e e
Shjct 131  CACTCATCGCAGTACTGTTGTATTCATTAAGCATCTGCCGACATGGAAGCCATCACAAA

Query 306  ACGGCATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATAT

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 189  ACGGCATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATAT

Query 366  TTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAA

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 249  TTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAA

Query 426 CTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTA

RN NN RN RN NN RN RN RN NN RN RN RN
Shjct 309  CTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTA

Query 486  GGGAAATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAAC

FELREEE e e e e e e e e e e e e e e e e e e e el
Sbjct 369  GGGAAATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAAC

Query 546  TGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGG

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 429  TGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGG

Query 606  AAAACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCTCACCGTCTTTCATTGCC

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 489  AAAACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCTCACCGTCTTTCATTGCC

Query 666  ATACGTAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAA

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 549  ATACGTAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAA

Query 726  AACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTC

TR e e e e e e e e e e e e e e e e e e
Shjct 609  AACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTC

Query 786  TGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCAT

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 669  TGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCAT

Query 846  TGGGATATATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCT

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 729  TGGGATATATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCT

185

70

245

130

305

188

365

248

425

308

485

368

545

428

605

488

665

548

725

608

785

668

845

728

905

788

Appendix
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Query 906  CCTGAAAATCTCGACAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGA 965

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 789  CCTGAAAATCTCGACAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGA 848

Query 966  AAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGC 1025

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 849  AAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGC 908

dgoR-pJET12-FOR

CTCACGGAATTTCGGGAAGGGTCGAGTTTTTCAGCAAGATGTGTAACGCCTGCTTCTGATTGCCTGCTCTC
CAGGCATTTGTCGCCCTGGTAAAGCCAGGCGCGCAGATTGGTCGATCCCCAGTCAATTGCGATGTAGCGAG
CTGTCACATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCG
GCGCGCCTACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCCCTGTTGATACCGGGAA
GCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATG
AAATAAGATCACTACCGGGCGTATTTTTTGAGTTGTCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAG
AAAAAAATCACTGGATATACCACCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCA
GTCAGTTGCTCAATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGA
AAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTCATCCGGAATTA
CGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACCCTTGTTACACCGTTTTCCATGA
GCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGGCAGTTTCTACACATATATT
CGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTC
GTCTCAGCCAATCCCTGGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGC
CCCCGTTTTCACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTCAGGTTC
ATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGATGCTTAATGAATACAACAGTACTGCGATGAGTGGCA
GGGCGGGGCGTAAGGCGCGCCATTTA

Template plasmid pKD3, complete sequence. Sequence ID: AY048742.1

Query 149 CATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA 208

TR e e e e e e e e e e e e e e e e e e
Shjct 1044 CATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA 985

Query 209  CTTCGGCGCGCCTACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCC 268

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 984  CTTCGGCGCGCCTACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCC 925

Query 269 CTGTTGATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACG 328

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 924  CTGTTGATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACG 865

Query 329  TAAGAGGTTCCAACTTTCACCATAATGAAATAAGATCACTACCGGGCGTATTTTTTGAGT 388

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 864  TAAGAGGTTCCAACTTTCACCATAATGAAATAAGATCACTACCGGGCGTATTTTTTGAGT 805

Query 389  TGTCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCA 448

TR e e e e e e e e e e e e e e e e e e
Shjct 804  TGTCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCA 745

Query 449  CCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTC 508

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 744  CCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTC 685
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Query 509  AATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGA 568

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 684  AATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGA 625

Query 569  AAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTC 628

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 624  AAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTC 565

Query 629  ATCCGGAATTACGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACC 688

TR e e e e e e e e e e e e e e e e e e e e e e e e el
Shjct 564  ATCCGGAATTACGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACC 505

Query 689  CTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACC 748

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 504  CTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACC 445

Query 749  ACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAA 808

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 444  ACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAA 385

Query 809  ACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCT 868

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 384  ACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCT 325

Query 869 GGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCG 928

TR e e e e e e e e e e e e e e e e e e
Sbjct 324  GGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCG 265

Query 929  TTTTCACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTC 988

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 264  TTTTCACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTC 205

Query 989  AGGTTCATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGATGCTTAATGAATACAACAG 1048

RN RN RN RN RN NN RN RN NN RN RN RN
Shjct 204  AGGTTCATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGATGCTTAATGAATACAACAG 145

Query 1049 TACTGCGATGAGTGGCAGGGCGGGGCGTAAGGCGCGCCATTTA 1091

RN R RN NN RN RN RN RN RN
Shjct 144  TACTGCGATGAGTGGCAGGGCGGGGCGTAAGGCGCGCCATTTA 102

dgoR-pJET12-REV

TCTCTTTATTGTAGGAGATCTTCTAGAAGATTGGCATGATAACGACGGTTGATATCACGCTAGTACTACAA
AATTGCGGCGTAATTCAGCTATCGCGGTAAAGTAAGAGAGTTCACATCGAGCACAAGGACTCTCTATGACT
CTCAATTGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAA
CTTCATTTAAATGGCGCGCCTTACGCCCCGCCCTGCCACTCATCGCAGTACTGTTGTATTCATTAAGCATC
TGCCGACATGGAAGCCATCACAAACGGCATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCT
TGCGTATAATATTTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAA
ACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAAATAGG
CCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCGTGGTAT
TCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCA
TATCACCAGCTCACCGTCTTTCATTGCCATACGTAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGT
GAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGA
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ACGGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGA
TATATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGACA
ACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATCGTGAAAGTTGGAACCTCTTACGTGCCGATCA
ACGTCTCTTTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGAATCAACAGGGACACCAGGATTTATTTATTC
TGCGAAGTGATCTTCCGTCACAGGTAGGCGCGCCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGA

ATA

Template plasmid pKD3, complete sequence
Sequence ID: AY048742.11 ength: 2804Number of Matches: 3

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Shjct

Query

Shjct

Query

Shjct

Query

Shjct

Query

Shjct

Query

Shjct

Query

Sbjct

147

28

207

88

267

148

327

208

387

268

447

328

507

388

567

448

627

508

687

568

ATTGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGA

TR e e e e e e e e e e e e e e e e e e
ATTGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGA

ATAGGAACTTCATTTAAATGGCGCGCCTTACGCCCCGCCCTGCCACTCATCGCAGTACTG

TR e e e e e e e e e e e e e e e e e e
ATAGGAACTTCATTTAAATGGCGCGCCTTACGCCCCGCCCTGCCACTCATCGCAGTACTG

TTGTATTCATTAAGCATCTGCCGACATGGAAGCCATCACAAACGGCATGATGAACCTGAA

TR e e e e e e e e e e e e e e e e e e
TTGTATTCATTAAGCATCTGCCGACATGGAAGCCATCACAAACGGCATGATGAACCTGAA

TCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAACGG

RN RN RN RN NN RN RN RN NN RN RN RN
TCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAACGG

GGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGAAACTCACCCAGG

RN RN RN RN NN RN RN RN NN RN RN RN
GGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGAAACTCACCCAGG

GATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAAATAGGCCAGGTTTT

RN RN RN RN NN RN RN RN NN RN RN RN
GATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAAATAGGCCAGGTTTT

CACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCGTGGT

RN RN RN RN NN RN RN RN NN RN RN RN
CACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCGTGGT

ATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGT

RN RN RN RN NN RN RN RN NN RN RN RN
ATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGT

GAACACTATCCCATATCACCAGCTCACCGTCTTTCATTGCCATACGTAATTCCGGATGAG

RN RN RN RN NN RN RN RN NN RN RN RN
GAACACTATCCCATATCACCAGCTCACCGTCTTTCATTGCCATACGTAATTCCGGATGAG

CATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCT

RN RN RN RN RN NN RN RN NN RN RN RN
CATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCT

206

87

266

147

326

207

386

267

446

327

506

387

566

447

626

507

686

567

746

627
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Query 747  TTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAG 806

TR e e e e e e e e e e e e e e e e e e
Shjct 628  TTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAG 687

Query 807 CAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAACGGTGG 866

TR e e e e e e e e e e e e e e e e e e
Sbjct 688  CAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAACGGTGG 747

Query 867  TATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGACAACT 926

TR e e e e e e e e e e e e e e e e e e
Shjct 748  TATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGACAACT 807

Query 927 CAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTTGGAACCTCTTACGT 986

TR e e e e e e e e e e e e e e e e e e e e e e e el
Shjct 808  CAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTTGGAACCTCTTACGT 867

Query 987 GCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCAACAGGGA 1046

TR e e e e e e e e e e e e e e e e e e e e e e e e e el
Shjct 868  GCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCAACAGGGA 927

Query 1047 CACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGTAGGCGCGCCGAAGTTC 1106

RN RN RN RN NN RN RN RN NN RN RN RN
Shjct 928  CACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGTAGGCGCGCCGAAGTTC 987

Query 1107 CTATACTTTCTAGAGAATAGGAACHTCGGAATA 1139

RN R RN R RN RNy
Shjct 988  CTATACTTTCTAGAGAATAGGAACHITCGGAATA 1020

Appendix 9: Sequencing of pmrAB operon. Grey for primers sequences; Ns ambiguous
nucleotides; Pink colour for mismatching nicleotides. Green colour for restriction sites.

pmrAB-pJET12-FOR

CGGTTTATCTTCAGATGGCTCGAGTTTTTCAGCAGATEAGEGATCC
TTTCGCGCTTAAGGTTCGCTTAATCTCTCGCGGGCATACTCTCCTCCATACCTTTGGAGGAGAGCGTCATG
AAAAGCTATATTTATAAAAGTTTGACGACCCTGTGTAGTGTGCTGATTGTCAGCAGTTTTATCTATGTGTG
GGTCACGACGTATTAAACGCCTGTTATGCCTTTTTCAACAGCACCCAGGCACGGGTGCCTGTTCTTTCCGT
ACGGTTTTGCAGGAAAAACTGTCCCTGATGTAGCTGGGTGATGCGGCTGACGATACTCAGCCCCAGGCCAA
TTCCGCCATAACGGCTGTCCATCCGCACGAACGCTTCGCTTAGCTTCCCGCATTTGCTTTCATCAATACCC
GGCCCCTCGTCTTCGACCGCCATAATAGCGTCGGGGTCGGCGCTAATGTGGATAGTGATATGGGTTCCTTC
AGGGCTATAGCGATGCGCGTTTTCCACCAGATTTCGCAGCAGCATACGCAGTAACGTCGCGTCACCGCGCA
CTACCACGTCCGCCGCACTTTCCGGCAGCAACAGAGTTTGCTGGCGCGTTTCCAGCATGGTGTTCAGCTCA
TCGTAGGAGGGGAGGATCACATCTTCCAGCAGTTTTACTTCCTGATAATTCCCGGAAGAGAATGACTGGCC
CACGCGCGCCAGTTGCAGAAGCTGGGAGACGCTATCCATCATCTGGTCAAGACGGGCGATAAGCGGCGCGA
CATCAACATTGTGGGTTTTTGACAATAATTCCAGATGCAAACGCACCCCCGACAGCGGCGTGCGTAGCTCA
TGGGCCACATCGGCGGTAAAAAGGCGTTCATTGTCGAGCGTGGTGGTCAAACGCGTAACCAGTTGATTGAT
CGCCGAGACGACGGACTCAATCTCAAGCGTGGAGCTGTGAATGGCGATCGGCGCCAGATTATCCGCCGTCC
GCGCTTCCAGCTCTTTTTGCAGTTCGGCGAGCGGACGGGTAATACGCCGTACCGCCTGGTAACAAATTAGC
AGCGTCAGGCTAACCATAAATACGCCGGGGACGATCAGGCTGGCGACCGCCTCCCGAATTCCGGGCATGAA
TGGG
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Salmonella enterica subsp. enterica serovar Enteritidis strain SE86 chromosome, complete
genome. Sequence ID: CP019681.1Length: 4685718Number of Matches: 1

Query

Shjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Shjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

47

4389306

107

4389366

167

4389426

227

4389486

287

4389546

347

4389606

407

4389666

467

4389726

527

4389786

587

4389846

647

4389906

707

4389966

CAACATCCGCGTATCGATGAATAAATTTCGCGCTTAAGGTTCGCTTAATCTCTCGCGGGC

RN RN RN RN RN RN RN RN NN RN RN RN
CAACATCCGCGTATCGATGAATAAATTTCGCGCTTAAGGTTCGCTTAATCTCTCGCGGGC

ATACTCTCCTCCATACCTTTGGAGGAGAGCGTCATGAAAAGCTATATTTATAAAAGTTTG

FELREEE e e e e e e e e e e e e e e e e e e el
ATACTCTCCTCCATACCTTTGGAGGAGAGCGTCATGAAAAGCTATATTTATAAAAGTTTG

ACGACCCTGTGTAGTGTGCTGATTGTCAGCAGTTTTATCTATGTGTGGGTCACGACGTAT

RN RN RN RN RN NN RN RN NN RN RN NNy
ACGACCCTGTGTAGTGTGCTGATTGTCAGCAGTTTTATCTATGTGTGGGTCACGACGTAT

TAAACGCCTGTTATGCCTTTTTCAACAGCACCCAGGCACGGGTGCCTGTTCTTTCCGTAC

RN RN NN RN RN NN RN RN NN RN RN RN
TAAACGCCTGTTATGCCTTTTTCAACAGCACCCAGGCACGGGTGCCTGTTCTTTCCGTAC

GGTTTTGCAGGAAAAACTGTCCCTGATGTAGCTGGGTGATGCGGCTGACGATACTCAGCC

RN RN RN RN RN RN RN RN NN RN RN RN
GGTTTTGCAGGAAAAACTGTCCCTGATGTAGCTGGGTGATGCGGCTGACGATACTCAGCC

CCAGGCCAATTCCGCCATAACGGCTGTCCATCCGCACGAACGCTTCGCTTAGCTTCCCGC

FELREEE e e e e e e e e e e e e e e e e e e el
CCAGGCCAATTCCGCCATAACGGCTGTCCATCCGCACGAACGCTTCGCTTAGCTTCCCGC

ATTTGCTTTCATCAATACCCGGCCCCTCGTCTTCGACCGCCATAATAGCGTCGGGGTCGG

RN RN RN RN RN NN RN RN NN RN RN NNy
ATTTGCTTTCATCAATACCCGGCCCCTCGTCTTCGACCGCCATAATAGCGTCGGGGTCGG

CGCTAATGTGGATAGTGATATGGGTTCCTTCAGGGCTATAGCGATGCGCGTTTTCCACCA

RN RN RN RN RN NN RN RN NN RN RN NNy
CGCTAATGTGGATAGTGATATGGGTTCCTTCAGGGCTATAGCGATGCGCGTTTTCCACCA

GATTTCGCAGCAGCATACGCAGTAACGTCGCGTCACCGCGCACTACCACGTCCGCCGCAC

RN RN RN RN RN NN RN RN NN RN RN NNy
GATTTCGCAGCAGCATACGCAGTAACGTCGCGTCACCGCGCACTACCACGTCCGCCGCAC

TTTCCGGCAGCAACAGAGTTTGCTGGCGCGTTTCCAGCATGGTGTTCAGCTCATCGTAGG

TEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e et
TTTCCGGCAGCAACAGAGTTTGCTGGCGCGTTTCCAGCATGGTGTTCAGCTCATCGTAGG

AGGGGAGGATCACATCTTCCAGCAGTTTTACTTCCTGATAATTCCCGGAAGAGAATGACT

RN RN RN RN RN NN RN RN NN RN RN RN
AGGGGAGGATCACATCTTCCAGCAGTTTTACTTCCTGATAATTCCCGGAAGAGAATGACT

GGCCCACGCGCGCCAGTTGCAGAAGCTGGGAGACGCTATCCATCATCTGGTCAAGACGGG

RN RN RN RN RN NN RN RN NN RN RN RN
GGCCCACGCGCGCCAGTTGCAGAAGCTGGGAGACGCTATCCATCATCTGGTCAAGACGGG

106

4389365

166

4389425

226

4389485

286

4389545

346

4389605

406

4389665

466

4389725

526

4389785

586

4389845

646

4389905

706

4389965

766

4390025
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Query 767 CGATAAGCGGCGCGACATCAACATTGTGGGTTTTTGACAATAATTCCAGATGCAAACGCA 826

RN RN RN RN RN RN RN RN NN RN RN RN
Shjct 4390026 CGATAAGCGGCGCGACATCAACATTGTGGGTTTTTGACAATAATTCCAGATGCAAACGCA 4390085

Query 827 CCCCCGACAGCGGCGTGCGTAGCTCATGGGCCACATCGGCGGTAAAAAGGCGTTCATTGT 886

RN RN RN RN RN RN RN RN NN RN RN RN
Shjct 4390086 CCCCCGACAGCGGCGTGCGTAGCTCATGGGCCACATCGGCGGTAAAAAGGCGTTCATTGT 4390145

Query 887 CGAGCGTGGTGGTCAAACGCGTAACCAGTTGATTGATCGCCGAGACGACGGACTCAATCT 946

RN RN RN RN RN RN RN RN NN RN RN RN
Shjct 4390146 CGAGCGTGGTGGTCAAACGCGTAACCAGTTGATTGATCGCCGAGACGACGGACTCAATCT 4390205

Query 947 CAAGCGTGGAGCTGTGAATGGCGATCGGCGCCAGATTATCCGCCGTCCGCGCTTCCAGCT 1006

RN RN NN RN RN NN RN RN NN RN RN RN
Shjct 4390206 CAAGCGTGGAGCTGTGAATGGCGATCGGCGCCAGATTATCCGCCGTCCGCGCTTCCAGCT — 4390265

Query 1007 CTTTTTGCAGTTCGGCGAGCGGACGGGTAATACGCCGTACCGCCTGGTAACAAATTAGCA 1066

RN RN NN RN RN NN RN RN NN RN RN RN
Shjct 4390266 CTTTTTGCAGTTCGGCGAGCGGACGGGTAATACGCCGTACCGCCTGGTAACAAATTAGCA 4390325

pmrAB-pJET12-REV

CCTTTTATTGTACGAGATCTTCTAGAGATCACCAATTCCCACCTCTACTTAATCTTATCECAACAGGCCGG
ATAGCGCAGGTTATCCGGCCGCCACCAACATTAAGTTCTTAAGGTTCACTTAATTTTACTTTGTCACGATT
AGCGTCACCGAATCGATGGACGCATCAACATGTTAAAGCGCTTTCTTAAAAGACCTGTTCTTGGGCAAATC
GCCTGGCTTCTGCTTTTTTCCTTTTATATTGCCGTCTGCCTGAACATTGCGTTCTACAAGCAGGTACTACA
AGACCTACCGTTAAACTCGCTGCGCAATGTACTGGTGTTTATTTCCATGCCGGTCGTCGCGTTTAGCGTGG
TCAATAGTGTGCTGACGCTGGCCTCATTTATTTGGCTAAACCGACCGCTGGCCTGCGTTTTTATTCTGGTC
GGCGCTGCCGCGCAGTATTTTATTTTGACTTACGGCATCATCATCGATCGTTCCATGATCGCCAATATGAT
GGATACCACGCCCGCGGAAACCTTTGCGCTGATGACGCCGCAAATGGTGCTGACGCTGGGATTAAGCGGCG
TTCTGGCAGCCGTGATTGCCTTCTGGGTCAAAATCCGTCCGGCGACGCCGCGCTTACGTAGCGGGCTTTAC
CGCCTGGTCAGCGTCCTGATCTCTATTTTATTAGTTATTCTGGTCGCCGCCTTTTTCTATAAAGATTACGC
CTCGCTATTTCGAAATAATAAACAGTTGATCAAAGCGTTAAGCCCATCGAACAGTATTGTCGCCAGTTGGT
CATGGTATTCGCATCAACGGCTGGCGAATTTGCCGCTGGTACGCATTGGCGAGGATGCCCATCGCAATCCA
TTAATGCTGAAAAGCGATCGCAAAAACCTGACGATTCTCATCGTTGGCGAAACCTCGCGCGGCGATGATTT
CTCTCTTGGCGGCTATCCGCGCGACACCAATCCGCGGCTGGCGAAAGACGATGTGATCTATTTCCCGCATA
CCACCTCTTGCGGTACGGCGACCGCGATCTCCGTTCCCTGCATGTTTTCTGAAATGCCGCGCAAACTCACG
AATTC CCACGTGTAGTTAATGTTATCGCAA

Salmonella enterica subsp. enterica serovar Enteritidis strain SE86 chromosome, complete
genome. Sequence ID: CP019681.1Length: 4685718Number of Matches: 1

Query 39 CCACGTGTAGTTAATGTTATCGCAACAGGCCGGATAGCGCAGGTTATCCGGCCGCCACCA 98

RN RN RN RN RN RN RN RN NN RN RN RN
Shjct 4393017 CCACGTGTAGTTAATGTTATCGCAACAGGCCGGATAGCGCAGGTTATCCGGCCGCCACCA 4392958

Query 99 ACATTAAGTTCTTAAGGTTCACTTAATTTTACTTTGTCACGATTAGCGTCACCGAATCGA 158

RN RN RN RN RN NN RN RN NN RN RN NNy
Shjct 4392957 ACATTAAGTTCTTAAGGTTCACTTAATTTTACTTTGTCACGATTAGCGTCACCGAATCGA 4392898

284


https://www.ncbi.nlm.nih.gov/nucleotide/CP019681?report=genbank&log$=nuclalign&blast_rank=1&RID=D5RTWAU501R

PhD Thesis

Query

Shjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Shjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Shjct

159

4392897

219

4392837

279

4392777

339

4392717

399

4392657

459

4392597

519

4392537

579

4392477

639

4392417

699

4392357

759

4392297

819

4392237

879

4392177

TGGACGCATCAACATGTTAAAGCGCTTTCTTAAAAGACCTGTTCTTGGGCAAATCGCCTG

RN RN RN RN RN RN RN RN NN RN RN RN
TGGACGCATCAACATGTTAAAGCGCTTTCTTAAAAGACCTGTTCTTGGGCAAATCGCCTG

GCTTCTGCTTTTTTCCTTTTATATTGCCGTCTGCCTGAACATTGCGTTCTACAAGCAGGT

FELREEE e e e e e e e e e e e e e e e e e e el
GCTTCTGCTTTTTTCCTTTTATATTGCCGTCTGCCTGAACATTGCGTTCTACAAGCAGGT

ACTACAAGACCTACCGTTAAACTCGCTGCGCAATGTACTGGTGTTTATTTCCATGCCGGT

RN RN RN RN RN NN RN RN NN RN RN NNy
ACTACAAGACCTACCGTTAAACTCGCTGCGCAATGTACTGGTGTTTATTTCCATGCCGGT

CGTCGCGTTTAGCGTGGTCAATAGTGTGCTGACGCTGGCCTCATTTATTTGGCTAAACCG

RN RN RN RN RN NN RN RN NN RN RN NNy
CGTCGCGTTTAGCGTGGTCAATAGTGTGCTGACGCTGGCCTCATTTATTTGGCTAAACCG

ACCGCTGGCCTGCGTTTTTATTCTGGTCGGCGCTGCCGCGCAGTATTTTATTTTGACTTA

RN RN RN RN RN NN RN RN NN RN RN NNy
ACCGCTGGCCTGCGTTTTTATTCTGGTCGGCGCTGCCGCGCAGTATTTTATTTTGACTTA

CGGCATCATCATCGATCGTTCCATGATCGCCAATATGATGGATACCACGCCCGCGGAAAC

RN RN NN RN RN NN RN RN NN RN RN RN
CGGCATCATCATCGATCGTTCCATGATCGCCAATATGATGGATACCACGCCCGCGGAAAC

CTTTGCGCTGATGACGCCGCAAATGGTGCTGACGCTGGGATTAAGCGGCGTTCTGGCAGC

RN RN RN RN RN RN RN NN RN RN RN
CTTTGCGCTGATGACGCCGCAAATGGTGCTGACGCTGGGATTAAGCGGCGTTCTGGCAGC

CGTGATTGCCTTCTGGGTCAAAATCCGTCCGGCGACGCCGCGCTTACGTAGCGGGCTTTA

FELREEEE e e e e e e e e e e e e e e e e e e el
CGTGATTGCCTTCTGGGTCAAAATCCGTCCGGCGACGCCGCGCTTACGTAGCGGGCTTTA

CCGCCTGGTCAGCGTCCTGATCTCTATTTTATTAGTTATTCTGGTCGCCGCCTTTTTCTA

RN RN RN RN RN NN RN RN NN RN RN NNy
CCGCCTGGTCAGCGTCCTGATCTCTATTTTATTAGTTATTCTGGTCGCCGCCTTTTTCTA

TAAAGATTACGCCTCGCTATTTCGAAATAATAAACAGTTGATCAAAGCGTTAAGCCCATC

RN RN NN RN RN NN RN RN NN RN RN RN
TAAAGATTACGCCTCGCTATTTCGAAATAATAAACAGTTGATCAAAGCGTTAAGCCCATC

GAACAGTATTGTCGCCAGTTGGTCATGGTATTCGCATCAACGGCTGGCGAATTTGCCGCT

FELREEE e e e e e e e e e e e e e e e e e e el
GAACAGTATTGTCGCCAGTTGGTCATGGTATTCGCATCAACGGCTGGCGAATTTGCCGCT

GGTACGCATTGGCGAGGATGCCCATCGCAATCCATTAATGCTGAAAAGCGATCGCAAAAA

RN RN RN RN RN NN RN RN NN RN RN NNy
GGTACGCATTGGCGAGGATGCCCATCGCAATCCATTAATGCTGAAAAGCGATCGCAAAAA

CCTGACGATTCTCATCGTTGGCGAAACCTCGCGCGGCGATGATTTCTCTCTTGGCGGCTA

RN RN RN RN RN RN RN RN NN RN RN RN
CCTGACGATTCTCATCGTTGGCGAAACCTCGCGCGGCGATGATTTCTCTCTTGGCGGCTA

Appendix

218

4392838

278

4392778

338

4392718

398

4392658

458

4392598

518

4392538

578

4392478

638

4392418

698

4392358

758

4392298

818

4392238

878

4392178

938

4392118
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Query

Shjct

Query

Sbjct

Query

Sbjct

939

4392117

999

4392057

1059

4391997

Appendix 10:

TCCGCGCGACACCAATCCGCGGCTGGCGAAAGACGATGTGATCTATTTCCCGCATACCAC

RN RN RN RN RN RN RN RN NN RN RN RN
TCCGCGCGACACCAATCCGCGGCTGGCGAAAGACGATGTGATCTATTTCCCGCATACCAC

CTCTTGCGGTACGGCGACCGCGATCTCCGTTCCCTGCATGTTTTCTGAMATGCCGCGCAA

FELREEEE R e e e e e e e e e e e e e e e e e reeeenenenl
CTCTTGCGGTACGGCGACCGCGATCTCCGTTCCCTGCATGTTTTCTGAJATGCCGCGCAA

AC 1060

1
AC 4391996

Overexpression constructs maps.

Pstl (10)
Pstl (10)

Ndel (377)

pJET dgoA 21R pJET dgoA 28R

AmpR

4135bp 4141bp
Ndel (1z09)
Hindll (1525)
HindIll (1786)
Pstl (10) Pstl (10)
Nael (377)
AmpR
SEN1432
pJET SEN1432 21R pJET SEN1432 28R
3705bp 3711bp
HindI (1095)
\Hindm (1356)

Appendix
998
4392058
1058
4391998
Ndel (377)
HindIllI (8g3)
dgoA
.
Ndel (1z09)
Hindlll (1531)
HindIll (179z2)
Ndel (377)

SEN1432

\ Hindlll (1101)

\ Clal (1156)

HindIll (1362)
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HindIll (5922) T7 Terminator

SEN1432 AmpR promotor

Ndel (5203)
T7 translator RBS
T7 promotor_ ™.

N

AmpR
\ Pstl (1144)
e
pET21a-SEN1432-21R
6098bp
farl PBR322
Hindlll (5928) T7 terminator

Ndel (5203) SEN1432 AmpR promotor
T7 translator I?.BS | /

AmpR

T7 promotor ‘u\ 1
R4

pET21a-SEN1432-28R

Pstl (1144)

6104bp

lacl PBR322
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Appendix 11: Sequencing of PCR fragments for overexpression. Grey for primers sequences;
Green colour for restriction sites; Ns ambiguous nucleotides; Pink colour for mismatching
nicleotides. Ndel: CATATG, Hindlll: AAGCTT. Nucleotides added to

SEN1432-21R

GTTGTAAATGAAATTTATGATCAGATAAGTAGCAA
ACTGCTGGACGGCAGTTGGGCGCCGGGTAGCCGTTTGCCCTCAGAAGTGGAACTGACCGCCTCATTTAACG
TCAGCCGGGTCAGCGTTCGCAGCGCAGTACAGCGTTTTCGTGACCTGGGGATTGTGGTGACGCGTCAGGGC
AGCGGCAGCTACGTGAGCGAAAACTTCACCCCGCAGATGTTGAGTAACGATCCCCGCCCAATCATGCACCT
TAGCCGCGAAGAGTTTCACGATATGATGATTTTTCGTCAGACCGTGGAGTTCAAATGCGTGGAGCTCGCCG
TCACACACGCCACCGATGATGACATTCGCCAGCTCGAGGAAGCATTGAACAACATGCTGATCCACAAAGGT
GATTATAAAAAATACTCGGAAGCGGACTACGAGTTCCATCTGGCGATTGTCAGGGCATCGCACAACAGCGT
GTTCTACAACGTGATGAGCTCGATTAAAGACATCTATTACTACTATCTTGAAGAGCTTAACCGTGCGCTGG
GTATTACCCTTGAAAGTGTGGAAGCCCATATCAAGGTCTACATGTCGATAAAGAATCGCGATGCCAGCACG
GCCGTCGAAGTGCTCAATGAAGCGATGTCAGGCAATATTATTGCGATCGAAAAAATCARATCTACACAGAC

SEN1432-28R

GTTGTAAATGAAATTTATGATCAGATAAGTAGCAA
ACTGCTGGACGGCAGTTGGGCGCCGGGTAGCCGTTTGCCCTCAGAAGTGGAACTGACCGCCTCATTTAACG
TCAGCCGGGTCAGCGTTCGCAGCGCAGTACAGCGTTTTCGTGACCTGGGGATTGTGGTGACGCGTCAGGGC
AGCGGCAGCTACGTGAGCGAAAACTTCACCCCGCAGATGTTGAGTAACGATCCCCGCCCAATCATGCACCT
TAGCCGCGAAGAGTTTCACGATATGATGATTTTTCGTCAGACCGTGGAGTTCAAATGCGTGGAGCTCGCCG
TCACACACGCCACCGATGATGACATTCGCCAGCTCGAGGAAGCATTGAACAACATGCTGATCCACAAAGGT
GATTATAAAAAATACTCGGAAGCGGACTACGAGTTCCATCTGGCGATTGTCAGGGCATCGCACAACAGCGT
GTTCTACAACGTGATGAGCTCGATTAAAGACATCTATTACTACTATCTTGAAGAGCTTAACCGTGCGCTGG
GTATTACCCTTGAAAGTGTGGAAGCCCATATCAAGGTCTACATGTCGATAAAGAATCGCGATGCCAGCACG
GCCGTCGAAGTGCTCAATGAAGCGATGTCAGGCAATATTATTGCGATCGAAAAAAT CAAATCTACAGAGAC

dgoA-21R

CTCCACGTTGGATGTTCCTGAAAATCGAAAC
GGATGAAGGCGTGGTTGGCTGGGGAGAGCCGGTCATTGAAGGTCGGGCACGTACTGTAGAGGCGGCAGTAC
ATGAGTTTGCCGACTACCTGATAGGGAAAGATCCGGCGCGTATCAACGACCTATGGCAGGTAATGTACCGG
GCCGGTTTTTATCGCGGCGGCCCGATTATGATGAGCGCCATCGCCGGTATTGACCAGGCATTGTGGGATAT
CAAAGGCAAGGTGTTGAATGCGCCGGTCTGGCAGCTCATGGGCGGCCTAGTGCGCGACAAAATCAAGGCCT
ATAGCTGGGTGGGTGGCGATCGTCCGGCAGACGTCATTGACGGTATTGAAAAATTGCGCGGTATTGGTTTT
GACACCTTCAAGCTGAACGGCTGTGAAGAGATGGGCGTGATTGATAACTCCCGTGCGGTGGATGCGGCGGT
CAATACCGTGGCGCAAATCCGCGAAGCTT TCGGCAGTGAAATTGAGTTTGGGCTCGACTTCCACGGTCGCG
TTAGCGCGCCGATGGCGAAGGTGCTGATTAAAGAACTGGAACCCTATCGCCCGCTGTTTATTGAAGAGCCG
GTGCTGGCGGAACAGGCGGAATATTATCCGCGCCTGGCAGCGCAAACGCATATTCCGATTGCCGCAGGCGA
ACGTATGTTCTCGCGTTTTGAATTTAAACGCGTGCTGGACGCGGGCGGGTTGGCGATTCTACAGCCGGATT
TATCCCACGCGGGCGGCATTACCGAATGCTATAAAATCGCCGGAATGGCGGAAGEATATCGATGTGGCGCTG
GCGCCGCATTGCCCGCTGGGTCCAATCGCCCTGGCTGCCTGCCTGCATATCGATTTTGTTTCGCGCAACGC
GGTATTCCAGGAGCAGAGCATGGGCATTCACTATAACAAGGGCGCGGAGCTGCTCGACTTTGTGAAAAACA
AAGAAGACTTCAGCATGGACGGCGGCTTCTTTAAACCCTTAACCAAACCGGGTCTTGGCGTAGACATTGAC
GAGGCCAGGGTGATTGAACTTAGCAAAAGCGCGCCGGACTGGCGTAATCCGTTGTGGCGGCACGCTEACEE
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dgoA-28R

CTCCACGTTGGATGTTCCTGAAAATCGAAAC
GGATGAAGGCGTGGTTGGCTGGGGAGAGCCGGTCATTGAAGGTCGGGCACGTACTGTAGAGGCGGCAGTAC
ATGAGTTTGCCGACTACCTGATAGGGAAAGATCCGGCGCGTATCAACGACCTATGGCAGGTAATGTACCGG
GCCGGTTTTTATCGCGGCGGCCCGATTATGATGAGCGCCATCGCCGGTATTGACCAGGCATTGTGGGATAT
CAAAGGCAAGGTGTTGAATGCGCCGGTCTGGCAGCTCATGGGCGGCCTAGTGCGCGACAAAATCAAGGCCT
ATAGCTGGGTGGGTGGCGATCGTCCGGCAGACGTCATTGACGGTATTGAAAAATTGCGCGGTATTGGTTTT
GACACCTTCAAGCTGAACGGCTGTGAAGAGATGGGCGTGATTGATAACTCCCGTGCGGTGGATGCGGCGGT
CAATACCGTGGCGCAAATCCGCGAAGCTT TCGGCAGTGAAATTGAGTTTGGGCTCGACTTCCACGGTCGCG
TTAGCGCGCCGATGGCGAAGGTGCTGATTAAAGAACTGGAACCCTATCGCCCGCTGTTTATTGAAGAGCCG
GTGCTGGCGGAACAGGCGGAATATTATCCGCGCCTGGCAGCGCAAACGCATATTCCGATTGCCGCAGGCGA
ACGTATGTTCTCGCGTTTTGAATTTAAACGCGTGCTGGACGCGGGCGGGTTGGCGATTCTACAGCCGGATT
TATCCCACGCGGGCGGCATTACCGAATGCTATAAAATCGCCGGAATGGCGGAAGEATATEATGTGGCGCTG
GCGCCGCATTGCCCGCTGGGTCCAATCGCCCTGGCTGCCTGCCTGCATATCGATTTTGTTTCGCGCAACGC
GGTATTCCAGGAGCAGAGCATGGGCATTCACTATAACAAGGGCGCGGAGCTGCTCGACTTTGTGAAAAACA
AAGAAGACTTCAGCATGGACGGCGGCTTCTTTAAACCCTTAACCAAACCGGGTCTTGGCGTAGACATTGAC
GAGGCCAGGGTGATTGAACTTAGCAAAAGCGCGCCGGACTGGCGTAATCCGTTGTGGCGGCACGCTEACEE

Appendix 12: Codon analysis report for SEN1432 generated using GenScript. The G + C
content of the gene, G+C content <30% or >70% will negatively affect transcription and
translation efficiency.

MY i i o i e e e e e

Gc Content{%)

0 1006 200 F00 400 BO0 600 FO0
Relative Position of codons
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