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Abstract

Background: Probiotics are live microorganisms that confer health benefit on the host
when administered in adequate dose. Strains with probiotic potential are to be carefully

selected based on their functionality, safety and genome stability.

Objectives: This study enumerates important probiotic features harboured by two identified
lactic acid bacteria as probiotic candidates and evaluate possible undesirable traits in both
organisms. It further purifies and assesses the antimicrobial efficacy of the bioactive

peptides produced by these isolates.

Methodology: Identification of the isolates was confirmed via PCR amplification of the 16S
rRNA region while the genomic DNA of the isolate was extracted and the entire genome
was sequenced using illuminal Miseq instrument. The draft assemblies for both
Lactobacillus reuteri PNW1 and Lactobacillus acidophilus PNW3 were annotated with
Prokaryotic Genome Annotation Pipeline (PGAP) and Rapid Annotations using
Subsystems Technology (RAST). Further genome-based down stream analyses were
carried out using a number of bioinformatic tools which includes antiSMASH,
PathogenFinder, ResFinder, Comprehensive Antibiotic Resistance Database (CARD),
Phage Search Tool Enhanced Release (PHASTER), ISfinder search tool, Insertion
Sequence Semi-Automatic Genome Annotation (ISsaga), Optimized Annotation System
for Insertion Sequences (OASIS) and CRISPRCasFinder among others. Efficacy of the
bioactive peptides produced by the isolates against pathogenic Escherichia coli 0177 was
assessed using agar well diffusion method. The bioactive peptides were thereafter

precipitated with 80% saturated ammonium sulphate and further purified using HPLC.

Results: Among all known genes which may be responsible for production of toxic

biochemicals, arginine deiminase (EC3.5.3.6) and Ornithine decarboxylase (EC 4.1.1.17)
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were spotted harbouring within the genome of L. reuteri PNW1 and L. acidophilus PNW3,
respectively. Resistance genes against lincosamide (InuC) and tetracycline (tetW) were
found present in both isolates; only the InuC is flanked by a passenger gene found within
the genome of L. reuteri PNW1. Other mobile genetic elements found within the genome
are not in association with the indentified resistance genes. There are plethora of probiotic
important genes found within the genome of both isolates and no hit was found for the
virulent determinants. Five putative coding sequences were also identified for the CRISPR
in L. reuteri PNW1 genome and only one was found in the L. acidophilus PNW3 genome,;
each of CRISPR is associated with Cas genes. This trait, thus denotes genome stability for
both isolates. The maximum zone of inhibition exhibited by the bacteriocin produced by L.
reuteri PNW1 is 20.0+1.00 mm (crude) and 23.3+1.15 mm (at 0.25 mg/ml) after partial
purification. While on the other hand the maximum for the L. acidophilus PNW3 is
21.7£0.58 mm (crude) and 24.3+1.15 mm after partially purified and tested at a

concentration of 0.25 mg/ml.

Conclussion: Both isolates possess desired trait for a typical viable and safe probiotic,
though further in vivo assessments are required before developed into functional products

for application in animal husbandry within the nearest future.

Keywords: Gut microbiome; Lactic acid bacteria; Bioactive peptides; In-feed probiotics;
Antimicrobial resistance; Virulence determinants; Mobile genetic elements; CRISPR-Cas

system; Complete-genome
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CHAPTER 1 - Introduction

1.1. Rationale for the study

The increasing ban or reduction in the administration of in-feed antibiotics in animal
husbandry across the globe have given birth to increased research findings on safe and
promising alternatives. Conventional antibiotics have been in use for ages as growth
promoters to enhance the performance of farm animals and prevent the occurrence of
infectious diseases among flock. Consequentially, the practice is a major role player in the
emergence of antibiotic resistant microbes; a germane setback to public health. A number
of frontline clinically important antibacterial drugs have been rendered useless due to the
development of multiple resistant genes by pathogens. For instance, the emergence of
mobile colistin resistant gene mcr-1 was traced to have its origin from animals before
spreading to the human population (Xia et al., 2019). Probiotic is among the identified

viable alternatives which has received intensive research focus in recent time.

Probiotics are live organisms, most often, bacteria, with beneficial effect on health besides
the usual nutritional advantage when consumed in sufficient amounts (Anadon et al.,
2006). Probiotics are widely in use in the prevention and treatment of several kinds of
infectious diseases, with substantial scientific evidence supporting their potency in clinical
applications (Boyle et al., 2006). The effectiveness of probiotics are strain specific and
cannot be generalised (Pandey et al.,, 2015) and the same applies to their safety
characteristics. Despite the wide acceptance for the application of probiotics, it is
imperative to subject each and every novel strain of probiotic value to safety evaluation.
Though the most commonly used microbial species as probiotics have attained a
Generally Regarded As Safe status, but just as in other species, a probiotic strain may
possess undesirable trait such as acquired drug resistant genes and production of toxic

metabolites, among others. This study is, therefore, designed to enumerate undesired



traits and characteristics which could be inherent in the two identified promising probiotic
strains isolated from weaned piglets of the indigenous South African windsnyer pig breed.

This is to ensure that the global campaign on food safety and security is a success.

1.2. Introduction

Gastrointestinal tract infections, such as the inflammatory bowel disease, have been
identified as important health disorders ravaging dairy farms and human well-being.In the
same vein, porcine neonatal and post-weaning diarrhoea, caused by enterotoxigenic
Escherichia coli, is an economical important disease, resulting in significant morbidity and
mortality in pigs (Koh et al., 2008). Manipulation of the intestinal microbiota through the
direct feeding of beneficial microorganisms in the form of probiotics may attenuate the

enteric health challenge (Celiberto et al., 2017).

Evidence from scientific reports have proved that probiotics have a beneficial effect in the
gastrointestinal environment through modulation of the immune and certain physiological
systems, thus reducing the incidence of diseases (Chen et al., 2017). Probiotics have
been argued to fall into the class of the most popular bioactive and health functional foods
(Bosnea et al.,, 2017). These potentials are enhanced by the inherent tolerance of
probiotics for the bile components and gastric juice, adhesion to intestinal mucosa and

epithelial cells and improvement of intestinal micro-flora balance (Saxami et al., 2012).

Several species belonging to the genera Lactobacillus, Streptococcus, Lactococcus and
Bifidobacterium, have been used as probiotics over the years (Oliveira et al., 2017). These
organisms are lactic acid bacteria (LAB), with the exception of the genus Bifidobacterium,
which belongs to Actinobacteria, but shares many metabolic properties with LAB, namely;
Gram-positive, fermentative and production of lactate (Vankerckhoven et al., 2008).

Lactobacilli and Bifidobacteria species are the most commonly used probiotics due to their



extremely rare cases of infections, and their non-pathogenicity extends across all

categories (Borriello et al., 2003).

The medicinal potentials of these strains are mostly associated with their ability to
antagonise infesting pathogens, reduce symptoms of lactose intolerance, enhance
immune system and anti-carcinogenic activity (de LeBlanc and LeBlanc, 2014; Plessas et
al., 2017). Studies have revealed that bioactive secondary metabolites produced by many
probiotic agents, have implications on bacterial community interaction and, consequently,
attenuate the virulent markers on a number of pathogens (Nordeste et al., 2017). For
instance, Lactic acids produced by LAB, hinder the survival of neighbouring pathogens
and inactivates human immune virus by decreasing the pH of the surrounding environment
(Chetwin et al., 2019). Likewise bacteriocin, a bioactive peptide produced against

competitive pathogens (Lan et al., 2017).

Probiotic strains are to be carefully selected based on their functionality, safety and shelf
life (Oliveira et al., 2017). Probiotics are considered among the most popular bioactive
agents in formulating health functional products (Bosnea et al., 2017). They have been
used in the treatment and prevention of infectious and inflammatory diseases as well as
alleviating allergic symptoms. These medicinal benefits provide opportunities for the
development of health functional animal feeds, fermented food products, cosmetics and

medications using probiotics as additives (Isolauri et al., 2004; Hwang et al., 2013).

Probiotics have been successfully applied in industries and healthcare sectors across
various categories. For instance, in food industries, probiotics have been used in
preventing spoilage and eliminating pathogens (Borriello et al., 2003). The use of probiotic
strains in fish farming against bacterial and viral infections is a common practice in
aquaculture industries. Olive flounder fish was reportedly fed with adequate dose of

Lactobacil (commercial lactic acid bacteria) and resulted in significant increase in the
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survival rate against lymphocystis disease virus (Harikrishnan et al., 2010), the same way
Bacillus subtilis E20 was used as a feed supplement and effectively reduced the mortality

rate against Iridovirus infected grouper fishes (Liu et al., 2012).

Moreover, mixed probiotic purple non-sulfur bacteria have also showcased significant
potentials in the improvement of water quality and prevention of acute hepatopancreatic
necrosis disease in the cultivation of white shrimp (Chumpol et al., 2017). A combination of
yeast and lactic acid bacteria,as a probiotic, reportedly, results in the production of folate
and phytases, which are known to increase the nutritional quality of fermented foods and,
in turn, confers health benefits on mammalian hosts, which, by default, cannot synthesise

the folate (Greppi et al., 2017).

Cellular and transcriptomic treatment with Vibrio lentus probiotics have been reported with
significant responses in the modification of gene expressions, related not only to cell
proliferation and cell death, but also cell adhesion, reactive oxygen species metabolism,
iron transport and immune systems (Schaeck et al., 2017). Several research outputs on
microbiota composition, regarding health and disease management, are pointers towards
new potential applications of probiotics in the areas of psychotropic activity through gut-
brain axis, anti-mutagenic activities and metabolic syndrome such as obesity, diabetes and

cardiovascular diseases (Zoumpopoulou et al., 2017).

Though most probiotic strains have acquired the ‘Generally Recognised As Safe’ (GRAS)
status (Plessas et al.,, 2017), however, on rare occasions, infectious diseases such
asendocarditis, bacteraemia, pneumoniae, meningitis and septic arthritis associated with
certain Lactobacillus and Enterococci strains have been reported mostly in
immunocompromised patients (Vankerckhoven et al., 2008). Over a long period of time,
the probiotic Lactobacillus rhamnosis GG has been administered to patients with chronic

inflammatory disease such as bowel disease, crohn’s disease and juvenile rheumatoid
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arthritis as well as to patients with HIV infection and no record of significant adverse effect
has been reported. In quantitative terms, the risk of bacteremia, which is the most
commonly reported of all these infections, is less than one case per million individuals.
Thus, it is significantly improbable to propose a risk of death because of infections
involving Lactobacilli, with underlying clinical conditions (Borriello et al., 2003; Suresh et
al., 2013). However, despite the insignificant risks of detrimental infections, it is imperative
upon every probiotic investigator to adequately assess the safety status of individual novel

strains.

1.3. Scope and objectives of this work

The development and application of probiotics is meant to offer an alternative to antibiotics
in some aspects of prevention and treatment of infectious diseases. This is with a view to
reducing the alarming rate of bacterial resistance to multiple conventional antibiotics.
Proliferation of multidrug resistant organisms extensively impedes success both in clinical
and veterinary practices. This often happens due to irregular or prolonged use of
antibiotics, such as in-feed or sub-therapeuthic antibiotics, in the treatment or prevention of
infectious diseases. This unfortunate occurrence has, undoubtedly, rendered the wide
array of first-line antimicrobial drugs useless so quickly that global public health disaster is

imminent.

Lactic acid bacteria (LAB) are the most common strains in use as probiotics, both in
humans and animals, due to their safe history of non-virulence. Seldom involvement of this
group of bacteria in opportunistic infections, however, should not be downplayed. Hence,

every strain, with probiotic potential, requires adequate screening for safety assurance.

This study is, therefore, designed to investigate safety properties of the two promising

probiotic candidates belonging to LAB isolated from weaned piglets of the Indigenous



South African Windsnyer Pig Breed and to purify the bioactive peptide produced by these
isolates.

The specific objectives of this study were to:

i.  Identify the presence of genes putatively encoding for lactic acid production;

ii. Identify the presence of genes putatively involved in bioactive peptide
production;

iii.  Ildentify the presence of genes putatively involved in adhesion to epithelial cells
and mucus layers;

iv. Determine the possible presence of genes encoding for some extracellular
digestive enzymes;

v. Determine the possible presence of genes putatively involved in stress
resistance;

vi. Determine the possible presence of genes putatively involved in active
metabolism in the host;

vii. Assay and identify genes putatively involved in the production of biogenic
amines namely; histidine decarboxylase, tyrosine decarboxylase, ornithine
decarboxilase and agmatine deiminase pathway;

viii. Determine the possible presence of virulence determinants such as sex
pheromones, gelatinase, cytolysin hyaluronidase, aggregation substance,
enterococcal surface protein, endocarditis antigen, adhesine of collagen and
integration factors;

ix. Investigate antimicrobial resistance profiling of isolates through the
determination of acquired resistant genes;

X. Investigate the bioactive effectiveness of bacteriocin produced by the isolates;
and

xi.  Purify the bacteriocins produced by the isolates.
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CHAPTER 2 - Review of literature
(This chapter has been published in Sustainability, 2020, 12: 1087. doi: 10.3390/su12031087)

Abstract

Probiotics have become an emerging, safe and viable alternative to antibiotics, for
increasing performance in livestock. They have been applied as prophylaxes and
therapeutics, both in clinical and veterinary practices. Besides improved
immunomodulatory potential, in-feed probiotics have shown a drastic reduction in the
invasion of pathogens in the gastrointestinal tracts of animals. Although most probiotic
organisms have acquired the “Generally Recognised As Safe” (GRAS) status, however,
every novel strain of probiotic cannot be assumed to share the historical safety status with
conventional strains. For instance, potential risk due to horizontal transfer of resistant
genes within the microbiota of the host gastrointestinal environment is a possibility. Hence,
it has been recommended that any probiotic strain not belonging to the wildtype
distribution of relevant antimicrobials and/or harbours (virulent determinants), should not
be developed further as functional products for consumption. The mode of identification of
strains and transmigration potential of such strains across the gastrointestinal barrier,
which could result in invasive opportunistic infections, must be scrutinised. Among other
potential risk factors to be put under the spotlight, are the possibility of promoting
deleterious metabolic effects, excessive immune stimulation, purity of the product and
genetic stability of strains over times. The adverse effects of probiotics could be strain-
specific, depending on the prevailing immunological and physiological condition of the
host. Unfortunately, this is poorly documented. Moreover, peculiarity of functions of a
probiotic is more important than the source of the isolate. The most crucial concern is the
potential of a probiotic agent to remain viable over a considerable period of time at the
target site. The possibility of probiotics used in animal feed entering the human food chain

cannot be downplayed. Though there is limited information on the risk of human food due
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to contamination from in-feed probiotics, established safety measures in the development
of probiotics must be strictly adhered to, in order to ensure this falls in line with the global

campaigns on food safety and security.

Keywords: Adverse effects, antimicrobial resistance, in-feed probiotics, immuno-

compromised host, virulence factors

2.1. Probiotics in animal husbandry: Applicability and associated risk

factors

2.1.1. Introduction

Probiotics have been widely studied because of their ability to modulate gut microbiota and
immunological systems in both humans and livestock (Celiberto et al., 2017; Chen et al.,
2017) where they serve as prophylaxes and for therapeutic purposes in clinical and
veterinary practices (de Llano et al., 2016; Abushelaibi et al., 2017; Srinivas et al., 2017).
Thus, probiotics are considered as an emerging, safe and viable alternative to antibiotics,
for increasing the performance of farm animals. The addition of probiotics to animal feed
improves growth performance and nutrient digestibility, reduces serum cholesterol and
decreases incidence of diarrhoea in dairy animals (Cavalheiro et al., 2015; Zhao and Kim,
2015; Lan et al., 2017). Probiotics, in addition, have also demonstrated improved aerobic
conditions in a gastrointestinal environment through the depletion of oxygen-scavenging
compounds such as nitrates. They have shown the ability to secrete hydrolytic enzymes
against bacterial toxins and even to inactivate toxin receptors, thus limiting the occurrence

of toxin-mediated infections in livestock animals (Hossain et al., 2017).

Undoubtedly, animal feed is crucial in livestock farming and thus has attracted several
studies seeking to improve its potency through feed additives. Since the ban of in-feed
antibiotics by the European legislation in 2006, the resultant heavy decline in the use of

antibiotics paved the way for significant reductions in the prevalence of resistance genes
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among the gut microflora of pigs from Europe (Xiao et al., 2016). Now that the use of
antibiotics as a growth enhancer in livestock diets is being faced with widespread bans
across many countries (Abd El-Tawab et al., 2016), the development of various health
functional animal feeds and fermented food products using probiotics as additives has
received unprecedented attention across the continents (Isolauri et al., 2004; Hwang et al.,

2013).

Probiotics are live microorganisms that confer health benefits on the host when
administered in adequate dosage. Several species belonging to the genera of
Lactobacillus, Streptococcus, Lactococcus and Bifidobacterium remain the most popular
probiotic agents to date (Oliveira et al., 2017). These beneficial microbial agents are, at a
regulatory level, classified as zootechnical additives (Bernardeau and Vernoux, 2009). It is
required of a probiotic candidate to demonstrate a minimum of one performance feature
before being certified for a particular target animal (Bernardeau and Vernoux, 2013). The
desired characteristics of a candidate probiotic may include modulation of immune and
certain physiological systems of the host, attenuation of virulent markers on a number of
pathogens, treatment and prevention of infectious and inflammatory disease conditions,
acting as a biocontrol agent in preventing spoilage, etc. (Celiberto et al., 2017; Hossain et
al.,, 2017; Diaz-vergara et al.,, 2017). This review, therefore, serves to highlight the
significance of the applications of probiotics in animal husbandry, and the importance of
intensive safety analyses of every probiotic candidate before further development into
health functional products and their release for public consumption.

2.1.2 Significance of probiotics in animal health

The improvement of growth performance due to probiotics was confirmed through the
increased production of volatile fatty acids, nutrient digestibility, feed conversion rate and
the stimulation of lactic acid-dependent protozoa (Abd El-Tawab et al., 2016). Probiotics

have been used to increase the efficiency of the utilisation of feed, to increase milk
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production and to reduce diarrhoea both in pigs and cattle, and to control the colonisation
of the intestinal tract by Salmonella in chickens (Bernardeau and Vernoux, 2013). Besides
its improved immunomodulatory potential, the commercially available in-feed probiotic,
Lavipan, drastically reduces the invasion of Campylobacter spp. in the gastrointestinal
tract of poultry birds, thus suppressing pathogenic contaminants and improving hygiene in

the poultry environment (Smialek et al., 2018).

Roselli et al. (2017) observed that probiotics fed to weaned piglets and sows yielded
positive results by improving gut health through balanced microbiota, improving
immunological and physiological processes, and preventing gastrointestinal disorders. The
major responses were observed as prompt changes in the gastrointestinal microbial
ecosystem, through antagonizing the survival of the neighbouring pathogens coupled with
the production of favourable fermentation products. This was affirmed through a related
study by Hanczakowska and colleagues (2016), who found that Enterococcus faecium, fed
to piglets as feed supplement, exhibited an inhibitory effect against Clostridium
perfringens. The microflora within the gastrointestinal environment of animals can be
considered an active metabolic organ due to its biodiversity. Therefore, it is important to
maintain effective gut microflora in the battle against the invasion of pathogens among
livestock with high population density (Gaggia et al., 2010). In general, lactic acid bacteria
with probiotic potential secrete organic acids which increase the acidity of the
gastrointestinal tract environment, and therefore lower the risk of pathogen infestation
while at the same time regulating the microbial ecosystem within the gut habitat (Servin et

al., 2004).

A cocktail of probiotic supplements containing strains of Lactobacillus significantly reduces
Salmonella and Shigella in the faecal samples of goats (Apas et al., 2010). Likewise, a

complex mixture of lactobacilli, isolated from the guts of piglets, reportedly increased the
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density of beneficial microbes and reduced that of enteric pathogens such as Escherichia
coli in the gastrointestinal tract (Chiang et al., 2015). Weaned piglets fed with lactic acid
bacteria supplements in their basal diet showed significant improvements in terms of
growth performance, digestion rate, faecal microbial count, intestinal morphology,
diarrhoea control and maintenance of pH in the gastrointestinal tract (Giang et al., 2010;
Dowarah et al., 2017). Dietary inclusion of lactobacilli has shown increased egg-laying
performance in chickens, and improved body weight on a daily basis in turkeys (Gadde et

al., 2017).

Specifically, Lactobacillus johnsonii FI9785 was reported to have successfully ameliorated
necrotic enteritis due to Clostridium perfringens upon its administration to poultry (La
Ragione et al., 2004). Likewise, Lactobacillus salivarius SMXD51 showed effective
prevention of gut colonization by Campylobacter jejuni in broiler chickens when
administered via oral gavage (Saint-Cyr et al., 2017). Lactobacillus plantarum PCA 236,
when used as a feed supplement for goats, repressed their Clostridium gut colonization
(Maragkoudakis et al., 2009). Lactobacillus fermentum 15007, when orally administered to
four-day-old piglets as a post-weaning supplement, resulted in improved intestinal health,
increased the height of jejunum villi, increased the concentrations of butyrate and

branched chain fatty acids and reduced potential colon pathogens (Liu et al., 2014).

Moreover, bifidobacteria constitute an important component in the gut microflora of
chickens and have proven records of positive effects when administered to piglets and
other mammals. A commercial strain of Bifidobacterium bifidum (InstitutRosell Inc.
Montreal, QC, Canada) was effective in the treatment of cellulitis-infected broiler chickens,
and B. longum PCB 133 significantly reduced Campylobacter jejuni concentration in
poultry faeces when administered to chickens (Santini et al., 2010; Estrada et al., 2001). B.

adolescentis Z25 equally exhibited significant potential in the treatment of blood sugar
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imbalance, lipid metabolism disorders, tissue damage and gut microbiota dysbiosis (Zhu et
al., 2018). Several species of Bifidobacterium have also demonstrated great potential to
increase production of the enzyme [(3-galactosidase, therefore reducing lactose intolerance.
B. longum LC67 and L. plantarum LC27 synergistically remedied 2, 4, 6-
trinitrobenzesulfonic acid-induced colitis and liver injury in mice, via readjustment of the gut
ecosystem imbalance and inhibition of inflammatory responses (Jang et al., 2018). The
activities of the probiotics B. adolescentis Z25 and L. plantarum LC27 mentioned above
are the output of laboratory research based on mouse models. This might only be relevant

to mammalian livestock.

Several probiotic agents have been traditionally applied as bioprotectors on meat products
(de Llano et al.,, 2016; Chaillou et al.,, 2014). They have been reportedly secreting
exopolysaccharides that are capable of inhibiting biofilm formation by pathogenic
contaminants (Kim et al., 2009). Strains of Lactobacillus have also yielded commendable
results on raw chicken meat in protection against Listeria monocytogenes and Salmonella

enteriditis (Maragkoudakis et al., 2010).

In addition, mycotoxins are often found contaminating animal feed, thereby exposing
livestock to serious health risks, with a tendency to cross-contaminate the human food
chain through meat and other dairy products (Gajecka et al., 2004; Anfossi et al., 2016).
Ochratoxin A, a nephrotoxic, carcinogenic and immunotoxic mycotoxin, was detoxified to a
greater extent in chickens after the administration of a lactobacilli-based probiotic
preparation (Markowiak et al., 2019). In another study by Chlebicz and Slizewska (2019),
monocultures of different strains of Lactobacillus spp. were tested for detoxification
potentials against a number of mycotoxins directly used to contaminate animal feed. After
6 h of incubation, the concentration of fumonisin B1 and B2, aflatoxin B1, T-2 toxin and

zearalenone were significantly reduced, by 77%, 60%, 61% and 57%, respectively.
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Several scientific reports have indicated that lactic acid bacteria are capable of detoxifying
different forms of mycotoxin. When compared to physical and chemical decontamination
methods, biological detoxification is more efficient, specific and environmentally friendly
(Zhu et al., 2017; Milani et al., 2017). The two main mechanisms by which mycotoxins are
detoxified by probiotics involve adsorption of toxins by the microbial cell wall and
biotransformation. Additionally, combined use of a consortium of probiotics and mycotoxin-
degrading enzymes is yet another growing strategy for mycotoxin decontamination (Milani
et al., 2017; Wang et al., 2019).

2.1.3. Probiotics as a viable alternative to in-feed antibiotics

Antibiotics have been extensively used over decades as prophylactic and growth-
promoting agents in the livestock sector. This has contributed a great deal to the
uncontrollable increase in the emergence of multidrug-resistant (MDR) pathogens. This
has consequently reduced therapeutic options both in human and veterinary clinics,
leading to reduced clinical success on previously curable infections, and in some cases,
can result in a prolonged stay in hospital. The MDR pathogens constitute a major setback,
hampering progress in public health both in humans and farm animals. Concerted efforts
have been made by major stakeholders towards global awareness on the shared
consequences of the indiscriminate and irresponsible use of antibiotics. Despite years of

relentless campaigning, MDR pathogens continue to emerge.

In-feed antimicrobials are the most common route of drug administration in Europe,
especially in pig farming (Sarrazin et al.,, 2019). This form of drug administration
predisposes healthy animals to unnecessary antimicrobials while feeding alongside the
infected ones, thus increasing the risk of selecting resistant bacteria. Increasing trends in
the practices that led to the evolution of antimicrobial resistance genes prompted the
United States Animal Agriculture Sector to prohibit the use of subtherapeutic antibiotic

growth promoters (AGPS) in early 2017, through implementation of the Veterinary Feed
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Directive (VFD) (Helm et al., 2019; Johnson et al., 2019). This highlights an urgent need

for more efforts to discover alternative growth promoters.

Moreover, the consumption of antimicrobials by livestock was estimated to be above
240,000 metric tons annually across continents. However, some countries are now
experiencing a substantial decline in the sales of antimicrobials for food-producing animals
(Vieco-Saiz et al., 2019). Resistance associated with the use of antibiotics in agricultural
practices, and the potential transfer of MDR pathogens from food-producing animals to
humans, is a disturbing health concern (Cattaneo et al., 2009). Antibiotics administered to
farm animals are often excreted in urine and egested in faeces into the nearby
environment, thus potentially selecting the microorganisms in such an environment for the
development of multiple resistance genes in a bid for survival (Qiao et al., 2018). The use
of antibiotics in food-producing animals is under intense scrutiny because of the perceived
risk of zoonotic transfer of the resistant pathogens into the human populace (Coyne et al.,

2018).

For instance, B-lactam antibiotics such as penicillin, cephalosporin and carbapenem are no
longer relevant in human clinical therapy (Temkin et al., 2014). Despite the high degree of
effectiveness of colistin against carbapenemase-producing Enterobacteriaceae, plasmid-
mediated mcr-1reportedly emerged in 2015 and, subsequently, was identified in over fifty
different countries, along with additional seven mcr-1 gene variants (Wang et al., 2017;
Sun et al., 2018; Wang et al., 2018). Colistin has been in use for several years in the
livestock industries in China, and research findings suggest mcr-1 originated from animals
before spreading to the human population. The agricultural usage of colistin as a growth

promoter was consequently banned by the Chinese authorities in 2017 (Xia et al., 2019).

Furthermore, the emergence of vancomycin-resistant enterococci in European countries

was implicated in the illegal use of glycopeptide antibiotics such as avoparcin in animal
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feeds (Song et al., 2019). In 2016, the Animal Health Authority in France passed a decree
regulating the use of critically important antibiotics, such as 3rd- and 4th-generation
cephalosporins, fluoroquinolones and macrolides. This was intended to promote the
rational use of antibiotics, and to foster the use of alternatives in the veterinary clinical
system (Bourély et al.,, 2018). Additionally, in the United Kingdom, there was a shared
desire to seek an alternative approach to prophylactic measures other than the
conventional antimicrobials, and many farmers showed interest in reducing the use of
antibiotics. Hence, the guidelines on promoting prudent prescriptions, and providing advice
on alternative methods to treat and prevent diseases in pigs, were put together by the
Responsible Use of Medicines in Agriculture Alliance (RUMA) in 2013 and the Pig

Veterinary Society (PVS) in 2014 (Wang et al., 2019).

In a real-world longitudinal study by Burow and colleagues (Burow et al., 2019) on the
assessment of dynamics of the risk of resistance in Escherichia coli to clinically important
antimicrobials in pigs, it was concluded that reduction in antibiotic resistance in pigs could
lead to a lower level of beta-lactam-or macrolide-resistant E. coli among their progeny. In
another study by Wang et al. (2017), Pacific white shrimp feed was supplemented with
Ciprofloxacin and Sulfonamide to investigate the microbial community targeting the V4
region of 16S rRNA genes. Four days into the experiment, a significant increase in the
abundance of the Ciprofloxacin- and Sulfonamide-resistant genes (qnrB, gnrD, gnrS and
sull, sul2, sul3, respectively) was observed. On a more general note, the clinical
preservation and maintenance of treatment options against infectious diseases require the

restriction of antibiotic use to unavoidable cases.

Campaigns for the removal of in-feed antibiotics in animal husbandry are increasingly
gaining momentum across the globe. This has prompted several studies on developing

and promoting alternative additives such as probiotics, prebiotics, plant secondary

19



metabolites, acidifiers, enzymes, bacteriocins and bacteriophages (Seal et al., 2018;
Cowieson et al., 2019). Combined probiotics and exogenous enzymes, when used as feed
additives, have demonstrated beneficial impacts on growth performance and on the

weight-gains-to-feed ratio in calves (Ponce et al., 2011; Kocyigit et al., 2016).

The effects of two commercially available feed additives containing lactic acid bacteria,
Lactobacillusfermentation products and plant-sourced enzymes, in comparison to in-feed
antibiotics, were extensively evaluated based on growth performance, carcass
characteristics and blood metabolites of steers by Ran and colleagues (Ran et al., 2019).
The study established that the supplements improved average daily weight gains and feed
efficiency during the early portion of the growing phase. Additionally, steers supplemented
with these products required fewer therapeutic antimicrobials compared to the control
groups in the experiment, thus confirming probiotic additives as potential alternatives to

AGPs in growing steers.

Moreover, a diet of Astyanax bimaculatus supplemented with Lactobacillus spp. resulted in
increased amounts of leucocytes in the circulatory system, thus conferring greater
resistance to gut pathogens and, consequently, higher survival rates, in addition to
improved feed efficiency (De Moraes et al., 2018). In another study conducted by Vase-
Khavari et al. (2019), poultry bird feed supplemented with probiotics (superzist) revealed
significant influences on the growth performance of the broilers, with laudable responses
on total cholesterol, triglyceride levels and immunological parameters, and a notable
reduction in colon pathogens. Administration of Lactococcus lactis subspecies lactis 2
probiotic to broilers reduced the cholesterol level and fat content in the breast and thigh
meat more prominently when compared to the effects of zinc bacitracin antibiotics, which

were used as a control (Mujnisa et al., 2018).
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Askelson and colleagues (Askelson et al.,, 2013) demonstrated the potential of
administering a phytate-degrading probiotic culture, in place of feed enzymes, to improve
performance in livestock animals. In their study, recombinant Lactobacillus gallinarum and
L. gasseri were cloned to express Bacillus subtilis phytase (pTRK882), which improved the
weight gain of broiler chickens up to 10-fold and 18-fold, respectively. This could
eventually combine the performance benefits of feed enzymes with that of animal health
and food safety traditionally associated with probiotics. Moreover, a poultry basal diet
supplemented with colonies of Lactobacillus plantarum 16 and Paenibacillus polymyxa 10
led to the maintenance of intestinal barrier integrity and the adequate expression of barrier
functional genes, a reduction in the level of malondialdehyde in the jejunal mucosa and
serum, an increment in the activities of hepatic glutathione peroxidase, a reduction in the
rate of cell proliferation and apoptosis, and a significant reduction in nitric oxide and in the

expression of cyclooxygenase-2 enzyme (Wu et al., 2019).

Direct feeding with a probiotic culture preparation containing Lactobacillus reuteri, L.
salivarius and Streptococcus salivarius significantly improved the growth performance,
blood parameters and IgG stimulation in weaned piglets (Dlamini et al., 2017).
Lactobacillus salivarius LS6 demonstrates promising probiotic traits for potential use as a
feed additive for pigs, through preventing disruption of the epithelial cells in the small
intestine via inhibiting the colonisation by enterotoxigenic Escherichia coli K88 (Yeo et al.,
2016). Oral administration of Lactobacillus delbrueckii to suckling porcine that were denied
access to in-feed antibiotics showed tremendously improved antioxidant capacity and an
intestinal immune response with long-lasting effects (Li et al., 2019). Tasfaye and Hailu
(2019) recently compiled several scientific studies to indicate how directly feeding probiotic

to dairy cows significantly improves milk production and quality.
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2.1.4. Established risk assessment protocol for the probiotics

Notwithstanding the clinical efficacy of probiotics, the safety of the microorganism involved
must be assured. This suggests that the evaluation of the risk factors of a specific strain
must receive adequate attention. Most probiotic strains have acquired the “Generally
Recognized As Safe” (GRAS) status due to their long history of use as probiotics (Tsai et
al., 2014; Plessas et al., 2017); however, every novel probiotic cannot be assumed to
share historical safety with the conventional strains (Donohue, 2006). Just as in other
organisms, probiotics may possess undesirable properties such as virulence factors,
transferable antimicrobial resistance, haemolytic potential and production of toxic

biochemicals (Lee et al., 2017).

For instance, the potential risk of a horizontal transfer of antimicrobial-resistant genes in a
probiotic strain to other bacteria in the microbiota of the host’s gastrointestinal environment
has been emphasized (Plessas et al., 2017). This is in addition to rare cases of infectious
diseases like endocarditis, bacteraemia, pneumoniae, meningitis and septic arthritis
associated with certain Lactobacillus and Enterococcus strains which have also been

reported mostly in immuno-compromised patients (Vankerckhoven et al., 2008).

During the 2006 two-day workshop organised by academic and industrial scientists on
biosafety evaluation of lactic acid bacteria as probiotics, at the University of Antwerp,
Belgium, it was recommended that any potential probiotic strain not belonging to the wild-
type distributions of relevant antimicrobials, or harbouring a known virulence determinants,
should be avoided and not developed as future functional products for human or animal
consumption (Vankerckhoven et al., 2008). In a joint report of the Food and Agriculture
Organization/World Health Organization (FAO/WHO) Expert Consultation in Rome (2006),
Enterococcus was mentioned as one of the bacteria with a high potential for virulence

features, although from lactic acid bacteria. Participants thus discouraged the use of
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Enterococcus as a probiotic, on the grounds that the genus commonly expresses a high
level of vancomycin-resistant genes. Such resistance can be transferred to neighbouring
pathogens, which may, in the end, enhance their pathogenicity. This is coupled with the
fact that some strains of vancomycin-resistant enterococci are frequently associated with

nosocomial infections.

Moreover, the assessment of the strain identity, coupled with the mode of identification of
the strains, deserves adequate attention. The transmigration potential of the strain across
the gastrointestinal barrier, which may result in invasive opportunistic infection, should be
scrutinized as well (Sanders et al., 2010; Huys et al., 2013; Suresh et al., 2013). Among
other potential risk factors, to be put under the spotlight are the ability to transfer acquired
antimicrobial resistance, the possibility of promoting deleterious metabolic effects,
excessive immune stimulation, virulence determinants and toxigenicity of the specific
strain, level of purity of the product, and colonisation and genetic stability of the strain over
time (Vankerckhoven et al., 2008; Sanders et al., 2010; Suresh et al., 2013; Sornplang and

Piyadeatsoontorn, 2016).

In addition, the FAO working group report (2002), equally recommends that potential
probiotic strains should be screened for undesirable secondary medical effects in end
users, virulence in animal models with compromised immunity and impending adverse
effects on end users. Kim et al. (2018) also suggest guidelines for the safety assessment
and regulation of probiotics, as endorsed by the European Union Scientific Committee on
Animal Nutrition, as follows: taxonomical definition of the strains, collection of substantial
information revealing data such ashistory of use, industrial applications, ecological niche,
human intervention, exclusion of pathogenicity and description of end users. A chat
summarizing combined established safety assessment protocols for a typical probiotic

candidate is shown in the figure 1.
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Figure 1. Established safety assessment protocols for a probiotic candidate.

2.1.5. Adverse effects due to application of probiotics

The safety of probiotics is best discussed in general as it applies to both human and farm
animals. The peculiar functions of a probiotic are more important than the source of the
isolate. It is crucial that the potential of a probiotic agent remains viable over a
considerable period of time at the site of action. It is very difficult to ascertain the source of
a microorganism in the gastrointestinal tract since the origin of the intestinal microbiota has
not been well founded. Moreover, the possibility of probiotics used in animal feed cross-

contaminating the human food chain cannot be downplayed. Although there is very little

available information on the risk to human food due to contamination from in-feed
probiotics (FAO/WHO, 2006; Bajagai et al., 2016), the adverse effects of probiotics could
be strain specific, depending on the prevailing immunological and physiological condition

of the host. In a systematic study on published data and information on the safety of
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probiotics, credited to the Agency for Healthcare Research and Quality under the US
Department of Health and Human Services, it was concluded that there is a lack of
assessment and systematic reporting on adverse effects due to probiotic intervention, and
that interventions are poorly documented (Hempel et al., 2011).

2.1.6. Conclusions

Considering the detrimental effects of in-feed antibiotics, and irresponsible administration
of antibiotics in veterinary practice, probiotics stand a good chance as a viable alternative
prophylactic and therapeutic agent in animal husbandry. Although the events of probiotics
turning into opportunistic infections are not well documented, a few available case reports
reveal that the likelihood is more pronounced in immunocompromised hosts, and there are
few or no reports on affected livestock. The risk of human food contamination from in-feed
probiotics is a possibility, although less investigated. Several health agencies and
academics across continents have established and documented adequate safety protocols
for probiotics development. As tremendous as the benefits of probiotics are, safety
measures for every strain must be strictly adhered to at all levels in order to make the

ongoing global campaign on food safety and security a reality.
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CHAPTER 3 = Complete genomic analysis of Lactobacillus
reuteri PNW1

(Part of this chapter has been published in the Journal of Microbiology Resource
Announcement, 2019,8(8): e00034-19, https://doi.org/10.1128/MRA.00034-19)

Abstract

This study focuses on the whole-genome sequence of Lactobacillus reuteri PNW1. The
draft genome of L. reuteri PNW1 was assessed in order to identify important genes
supporting its probiotic potential. The genomic DNA of the isolate was extracted and
sequenced using illumina Miseq instrument. The sequenced genomic data was assessed
for quality reads using FastQC before assembling with SPAdes. The draft assembly was
annotated with Prokaryotic Genome Annotation Pipeline (PGAP) and Rapid Annotations
using Subsystems Technology (RAST). Rapid in silico analysis of secondary metabolite
biosynthesis gene clusters was assessed using antiSMASH. PathogenFinder and
ResFinder were used to determine the pathogenicity of L. reuteri PNW1 towards human
hosts and the presence of acquired antimicrobial resistance genes respectively. A total of
5.2 GB data comprising 8,209,104 paired-end reads were generated. The assembled
genome was 2,430,215 bp long in 420 contigs with 39% G+C content. The number of
protein-coding sequences and structural RNAs were 2,581 and 79, respectively. Among alll
known genes which could be responsible for the production of toxic biochemicals, only
arginine deiminase (EC3.5.3.6) was spotted. Four coding sequences (CDS) putative for D-
lactate dehydrogenase (EC1.1.1.28) of different sizes were found at different locations
within the assembly genome, while CDS putatively encode for L-lactate dehydrogenase
(EC1.1.1.27) were also found at different locations across the contigis. Lipase/esterase
and protease are found among the extracellular digestive enzymes. Members of EPS
cluster for exopolysaccharide biosynthesis are among the genes identified to be putatively
involved in adhesion. Some coding sequences predictably involved in secretion of
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bioactive secondary metabolites, improve metabolism in the host while those required for

stress tolerance, are located in different loci with the genome.

3.1. Introduction

Probiotics have been considered to fall into the class of most popular bioactive and health
functional foods (Bosnea et al., 2017). Lactic acid bacteria (LAB) have been reported to be
the most commonly used bacterial strains as probiotics. Among many other direct
beneficial effects to the host system, LAB have the ability to inhibit the growth of
pathogens, reduce symptoms of lactose intolerance, enhance the immune system and
demonstrate anti-carcinogenic activity (de LeBlanc and LeBlanc, 2014; Plessas et al.,

2017).

Lactobacillus reuteri is a known and appropriate model in studies that involve microbial
ecological and evolutionary mechanisms of vertebrates gut symbionts. The organism is
found in the GIT of most mammals such as humans, pigs, mice, rats, dogs, sheep, cattle
and birds (Oh et al., 2010; Walter et al., 2011). Though its abundance in human is much
lower and sometimes occasionally found (Walter, 2008), intensive studies by different
experts have been conducted over the past decades unveiling several beneficial features
of L. reuteri due to its popular use as probiotics. Different strains of L. reuteri have been
phylogenetically identified to have a stable evolutionary relationship with the host, thus
inferring a predictable potential for viable mutualism between the organism and the host

(Foster and Wenseleers, 2006; Dethlefsen et al., 2007; Douglas, 2008).

Lactobacillus reuteri, as a probiotic agent, has been described with adaptation to nutrient
availability, gut environmental conditions, enhanced adhesion mechanisms, secretion of
bioactive principles and immunomodulatory potential through secretion of
exopolysaccharides (Saulnier et al.,, 2011). Gut resident microbes are playing more

important roles in the immunomodulatory mechanisms of the hosts than was previously
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expected. In a study conducted by Lee et al. (2016), aged mice were supplied with anti-
inflammatory L. reuteri BM36301 through drinking water alongside regular diet for a period
of 5 months. The bacterial strains evoked different gender-based consequences in mice.
Males mice experienced less weight gain, higher testosterone levels, development of
higher serum levels of TNF-a and insulin, while female mice maintained lower serum TNF-

a, healthy skin with active folliculogenesis and hair growth.

Moreover, various strains of L. reuteri produce array of bioactive principles against
different pathogens (Spinler et al., 2008). Reuterin is a combination of different beta-
hydroxypropionaldehyde with broad spectrum inhibitory effect against pathogens. High
degree secretion of reuterin makes L. reuteri unique in the reduction of glycerol. Increased
elimination of the parasitic intestinal Cryptosporidium parvum by L. reuteri was observed in
a murine model with AIDS condition. Administration of L. reuteri was reported to reduce
mortality in chickens and turkeys upon infection with Salmonella (Walter et al., 2011) and
confirmed reducing duration and severity of diarrhoea caused by rotavirus in children

(Weizman et al., 2005).

This study is therefore conceptualized to assess the entire genome of Lactobacillus reuteri
PNW1 in order to dertimine genome-based probiotics features which maybe present in the

strain.

3.2. Materials and methods
3.2.1. Extraction of genomic DNA
The candidate probiotic bacterial strain, isolated from the gastrointestinal tracts of
compassionately sacrificed weaned piglets of the indigenous South African Windsnyer pig
breed, was collected from the Agricultural Research Council, Animal Production Institute,
Gastrointestinal Microbiology and Biotechnology Division, Irene, South Africa

(APIEC13/008). The organism was cultured in de Man-Rogosa-Sharpe broth (Oxoid, UK),
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under strict anaerobic conditions and incubated at 37 °C for 24 hours in an anaerobic jar
provided with an AnaeroGen system (Thermofisher, UK). The culture was later washed
twice in phosphate buffer saline (PBS) and centrifuge at 6000 rpm for 5 minutes each time.
Bacterial genomic DNA was extracted with a DNA extraction kit (Zymo Research, USA), in
accordance with the manufacturer’s instructions. The degree of purity and the
concentration of the extracted genomic DNA was determined using a nanodrop
spectrophotometer (NanoDrop 2000, ThermoFisher). The genomic DNA material was kept

at —20 °C for further use.
3.2.2. 16S rRNA identification of the isolates

Identification of isolates was confirmed through PCR amplification of the 16S rRNA region.
Genomic DNA was used as the template (16S rDNA) with universal primers fD1 (5'-
AGAGTTTGATCCTGGCTCAG-3’) and rD1 (5-AAGGAGGTGATCCAGCC-3’). The PCR
conditions included a first step of 95 °C for 2 min and 40 cycles of 95 °C for 30 sec
(denaturation), followed by 45 °C for 30 sec (annealing) and 72 °C for 30 sec (extension)
with a final extension step of 72 °C for 7 min (Hwanhlem et al., 2017). Amplicon was
confirmed by gel-electrophoresis for 45 minutes at 60 V in 1% (w/v) agarose gel with
ethidium bromide (0.5 mg/ml) in 0.5TAE (Tris-Acetate-EDTA) buffer (pH 8.0) and then

observed under UV light.

The PCR amplicon was sequenced at the Agricultural Research Council, Pretoria, South
Africa. The sequenced nucleotide was aligned with the National Centre of Biotechnology
Information (NCBI) database, using the Basic Local Alignment Search Tool (BLAST)
algorithm. The partial sequenced data (1247 bp) was later submitted to the GenBank data
base and accession number (MK123483) received for the isolates

(https://www.ncbi.nlm.nih.gov/nuccore/MK123483.1/).
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3.2.3. Whole genome sequence (WGS) of the isolates

The genome was prepared using an lllumina Nextera DNA Flex library prep kit, and the
run performed on an lllumina MiSeq Platforml system at the Agricultural Research
Council, Biotechnology Platform (Pretoria, South Africa). A total of 5.2 GB data comprising
8,209,104 paired-end reads was generated, with a maximum read length of 2 x 300 bp.
The data was filtered for low-quality reads and adapter regions using Trimmomatic version
0.32 (Bolger et al., 2014), with the minimum quality score of 15 and minimum sequence
length of 70, the 5" and 3' minimum quality score required was 14. The adapter sequences
were clipped using a mismatch value of 2, a palindrome clip threshold of 30, and a simple
clip threshold of 15. The quality of the trimmed reads was assessed using FastQC version
0.11.5. A draft genome assembly was constructed using SPAdes version 3.7.1 (Bankevich
et al., 2012). Genome annotation was performed using the NCBI Prokaryotic Genome
Annotation Pipeline (PGAP) v. 4.6 (Tatusova et al., 2016; Haft et al., 2018) and Rapid
Annotations using Subsystems Technology (RAST) (Overbeek et al., 2014). Rapid in silico
analysis of secondary metabolite biosynthesis gene clusters was assessed using
antiSMASH v. 4.2.0 (Blin et al., 2017). PathogenFinder v. 1.1(Cosentino et al., 2013) and
ResFinder v. 3.1 (Zankari et al., 2012) were used to determine the pathogenicity of L.
reuteri PNW1 towards human hosts and the possible presence of antimicrobial resistance

genes. Default parameters were used for all the software employed in the analysis.

3.3. Results

3.3.1. Summary of the entire genome of Lactobacillus reuteri PNW1

The assembled genome was 2,430,215 bp long in 420 contigs (with protein-encoding
genes [PEGs]) and final coverage of 1,248x. The N50 value was 28,048 bp, the number of
contigs that were 2N50 was 24, while the average G+C content was 39%. The numbers of
protein-coding sequences and structural RNAs were 2,581 and 79, respectively. The

number of tRNAs was 68 and 3 for non-coding RNAs. The total number of pseudo genes
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was 132. Out of this number, one pseudo gene was the result of ambiguous residues, 41
genes resulted from frameshift, 73 were the outcome of incomplete nucleotides, 30 were
due to internal stop while 11 pseudo genes were the result of multiple problems. The
circular representation of the entire genome of the Lactobacillus reuteri PNW1 is
presented in Figure 3.1 and the graphical distribution of the subsystem features within the

genome is presented in Figure 3.2.

In silico analyses of secondary metabolites of the genome sequence revealed seven
different secondary metabolites on nine gene clusters. Bacteriocin, an important bioactive
peptide, was found in gene cluster 7 at c00087_NODE_87 and located between 1 - 5663
nucleotides (Fig 3.3). Lactobacillus reuteri PNW1 was found harbouring acquired resistant
gene InuC, which confers resistance to Lincosamide and also tetW, which confers
resistance against Tetracycline. The pathogenFinder revealed the isolate as a non-human
pathogen. No virulent determinant or other genes with possible haemolytic potentials were
detected. Among all known genes which may be responsible for the production of toxic
biochemicals, only arginine deiminase (EC3.5.3.6) was spotted at a locus with Contig
Identity NODE_63 _length_11058 cov_736.490989 and the CDS is 1233 bp in length. All

software was employed with default parameters.

Availability of data: This whole-genome shotgun project was deposited at
DDBJ/ENA/GenBank under accession number RJIWEO00000000. The version described in

this study is RIWEQ01000000 with SRA accession number PRINA504734.
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Figure 3.1: Circular genome map of the L. reuteri PNW1. The circular genome was generated with PATRIC

sever 3.5.43
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Figure 3.2: Distribution of subsystem features within the L. reuteri PNW1 genome. The distribution was

generated on RAST sever with SEED viewer v.2.0
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Figure 3.3: Gene cluster showing the position of biosynthetic bacteriocin.Core biosynthetic (bacteriocin)
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3.3.3. Overview of the functional importance of probiotic genes in the draft genome

assembly

3.3.3.1. Coding sequence putatively involved in lactic acids production

D-lactate dehydrogenase

The coding sequences predictably encoding for D-lactate dehydrogenase (EC 1.1.1.28)
were found at four (4) different locations with Contigs Identities as follows:
NODE_121 length 2039 cov_707.017259, 992 base pairs long on the positive strand
(Figure 3.4); NODE_34 length 20428 cov_693.602778, 1004 bp long also on the positive
strand (Figure 3.5); NODE_84 length_6364 cov_694.430335, 992 bp long and stretching
along the negative strand (Figure 3.6); and NODE_9 length 59183 cov_692.886159; 995

bp long also on the negative strand (Figure 3.7).
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Figure 3.4: Annotation diagram showing the D-lactate dehydrogenase (EC 1.1.1.28) (== ) found at node
121 and 992 bp long on the +ve strand
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Figure 3.5: Annotation diagram showing the D-lactate dehydrogenase (EC 1.1.1.28) (== ) found at node
34 and 1004 bp long on the +ve strand
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Figure 3.6: Annotation diagram showing the D-lactate dehydrogenase (EC 1.1.1.28) (=) found at node
84 and 992 bp long on the —ve strand
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Figure 3.7: Annotation diagram showing the D-lactate dehydrogenase (EC 1.1.1.28) (=) found at node 9
and 995 bp long on the —ve strand

L-lactate dehydrogenase

The coding sequences predicted for L-lactate dehydrogenase (EC 1.1.1.27) were found on
eight (8) different loci, occuring both on the positive and negative strands, with Contigs
Identities as follows: NODE_1_length_112835 cov_728.170920, 931 bp long, occuring on
the negative strand (Figure 3.8); and NODE_3_length_89934 cov_728.092832, 974 bp in
length along the positive strand (Figure 3.9). Two of the coding sequences are found on
the same Contig Identity NODE_5_length_72796_cov_657.017518, one of them was 704
bp long (Figure 3.10) and the other 272 bp long (Figure 3.11), both occuring along the
positive strand. Others included NODE_7_length 63720 cov_661.990109,932 bp long,
occuring on the negative strand (Figure 3.12), NODE_8 length 60149 cov_679.692879,
959 bp long, occuring on the positive strand (Figure 3.13),
NODE_16 length 34715 cov_674.706950, 923 bp long, also found on the negative
strand (Figure 3.14) and NODE_38 length_ 17401 cov_672.160067, 950 bp in length,

occuring on the negative strand (Figure 3.15).
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Figure 3.8: Annotation diagram showing the location of L-lactate dehydrogenase (EC 1.1.1.27) (‘i)
found at node 1 and 931 bp long on the —ve strand
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Figure 3.9: Annotation diagram the showing position of L-lactate dehydrogenase (EC 1.1.1.27) (‘msim)
found at node 3 and 974 bp long on the +ve strand
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Figure 3.10: Annotation diagram showing the location of L-lactate dehydrogenase (EC 1.1.1.27) (‘)
found at node 5 and 704 bp long on the +ve strand
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Figure 3.11: Annotation diagram showing the location of L-lactate dehydrogenase (EC 1.1.1.27) ()
found at node 5 and 272 bp long on the +ve strand
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Figure 3.12: Annotation diagram showing the location of L-lactate dehydrogenase (EC 1.1.1.27) ()
found at node 7 and 932 bp long on the —ve strand
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Figure 3.13: Annotation diagram showing the location of L-lactate dehydrogenase (EC 1.1.1.27) ()
found at node 8 and 959 bp long on the +ve strand
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Figure 3.14: Annotation diagram showing the location of L-lactate dehydrogenase (EC 1.1.1.27) ()
found at node 16 and 923 bp long on the —ve strand
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Figure 3.15: Annotation diagram showing the location of L-lactate dehydrogenase (EC 1.1.1.27) (‘)
found at node 38 and 950 bp long on the —ve strand

NB. The sequence of nucleotide and amino acids of identified genes putatively involved in
production of lactic acids are shown in Appendix A.

3.3.3.2. Coding sequence putatively involved in bioactive peptide production

The coding sequence for a bioactive peptide predicted to be bacteriocin helveticin J was
found on the locus, with Contig Identity NODE_430 _length 501 cov_0.737968. The entire
fragment comprised 318 bp, starting from 183 nucleotide position and stretching to 500
along the positive strand (Figure 3.16). Another CDS putative for the function of probiotic,
S-ribosylhnomocysteine lyase (EC 4.4.1.21) @Autoinducer-2 production protein LuxS was
found on a locus, with Contig Identity NODE_14 length 35644 cov_752.147873. The
fragment is 477 bp long and stretches from 7515 to 7039 nucleotide position along the

negative strand (Figure 3.17).
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Figure 3.16: Annotation diagram showing the location of bacteriocin helveticin J (=) found at node 430
and 318 bp long on the +ve strand
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Figure 3.17: Annotation diagram showing the location of S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS (=) found at node 14 and 477 bp long on the —ve strand

NB. The sequence of nucleotides and amino acids of identified genes putatively involved
in production of bioactive peptide is shown in Appendix B

3.3.3.3. Coding sequence putatively involved in adhesion

A coding sequence predicted for Antiadhesin Pls, binding to squamous nasal epithelial
cells was found at Contig Identity NODE_14 length 35644 cov_752.147873. The
fragment was 1070 bp long, stretching between the nucleotide position at 16625 and
15555 along the negative strand (Figure 3.18). Another 705 base pairs long putatively
involved in adhesion was Sortase A, LPXTG specific. It was equally predicted to have
subsystem features as heme, hemin uptake and utilised systems in Gram-positive
Sortase. The CDS was found on the locus with Contig Identity
NODE_19 length 31967 cov_707.251162, starting from nucleotide position 21517 and

stoping at 20813 along the negative strand (Figure 3.19).

Moreover, coding sequences predicted for the exopolysaccharides (EPS) cluster were also
found on different loci within the draft genome assembly.Tyrosine-protein kinase
transmembrane modulator EpsC, with subsystem feature predicted as Exopolysaccharide
Biosynthesis was located on two different loci. The CDS, beginning from nucleotide

position 981 and ending at 352 along the negative strand, 630 bp long and located on
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Contig Identity NODE_16 length 34715 cov_674.706950 (Fig. 3.20). CDS located on
Contig ldentity NODE_40_length_16809 cov_641.784678 was 876 bp long, stretching
between 3327 and 2452 nucleotide position along the negative strand (Figure 3.21).
Another member of the EPS cluster, Tyrosine-protein kinase EpsD (EC 2.7.10.2), with
Exopolysaccharide Biosynthesis, as predicted subsystem feature, was found on Contig
Identity NODE_40_length_16809 cov_641.784678. The fragment was 747 bp long,
running between 2439 and 1693 nucleotide position along the negative strand (Figure

3.22).

Other members of the EPS cluster also located in the genome included ATP synthase
epsilon chain (EC 3.6.3.14) (with predicted subsystem features as FOF1l-type ATP
synthase) and DNA polymerase lll, epsilon subunit related 3'-5' exonuclease. Both were
found at Contig Identity NODE_27 length_25847 cov_752.015708 and
NODE_49 length 14453 cov_753.679185 respectively. The ATP synthase epsilon chain
(EC 3.6.3.14) was 432 bp long, stretching from 5543 to 5112 nucleotide position along the
negative strand (Figure 3.23) while the DNA polymerase lll, epsilon subunit related 3'-5'
exonuclease, measure 540 bp long, occupied the space between 12311 and 11772

nucleotide position, also on the negative strand (Figure 3.24).
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Figure 3.18: Annotation diagram showing the location of Antiadhesin Pls (w===) found at node 14 and 1070
bp long on the —ve strand
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Figure 3.19: Annotation diagram showing the location of Sortase A, LPXTG (=) found at node 19 and
705 bp long on the —ve strand
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Figure 3.20: Annotation diagram showing the location of Tyrosine-protein kinase transmembrane modulator
EpsC (===) found at node 16 and 630 bp long on the —ve strand
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Figure 3.21: Annotation diagram showing the location of Tyrosine-protein kinase transmembrane modulator
EpsC (#=m) found at node 40 and 876 bp long on the —ve strand
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Figure 3.22: Annotation diagram showing the location of Tyrosine-protein kinase EpsD (EC 2.7.10.2) (i)
found at node 40 and 747 bp long on the —ve strand
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Figure 3.23: Annotation diagram showing the location of ATP synthase epsilon chain (EC 3.6.3.14) ()
found at node 27 and 432 bp long on the —ve strand
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Figure 3.24: Annotation diagram showing the location of DNA polymerase lll, epsilon subunit related 3'-5'
exonuclease (=== ) found at node 49 and 540 bp long on the —ve strand

NB. The sequences of nucleotides and amino acids of identified genes putatively involved

in adhesion are shown in Appendix C.
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3.3.3.4. Coding sequence putatively involved in the production of extracellular

enzymes

Lipase

The CDS encoding for esterase/lipase-like protein was found at a locus on Contig ldentity
NODE_12 length_42516 cov_677.763948. The sequenced fragment began from the
nucleotide position 21236 and stopped at 20370 along the negative strand with a total
length of 867 bp (Fig. 3.25). A multifunctional Lipase/Acylhydrolase with GDSL-such as
motif was also found at a location with Contig Identity
NODE_13 length_ 38492 cov_730.424345. The coding sequence stretched from 21615 to
20689 nucleotide position on the negative strand, and was 927 bp long (Figuer 3.26). A
CDS, measuring 984 bp long, predicted for ester hydrolase, Esterase/lipase (EC 3.1.1.-)
was also located on Contig Identity NODE_1 length 112835 cov_728.170920. The
fragment stretched from 90840 and extended to 89857 nucleotide position along the
negative strand (Figure 3.27). A predicted Esterase/lipase/thioesterase is another lipase
found on the Contig Identity NODE_46 length 15521 cov_666.702481. Its coding
sequence starts from 14455 and extends over 860 nucleotides along the positive strand

(Figure 3.28).
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Figure 3.25: Anno_tation diagram ;howing the location _of Eéterase/lip_ase—like p_rotéih_(‘-_) found at node
12 and 867 bp long on the —ve strand
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Figure 3.26: Annotation diagram showing the location of Lipase/Acylhydrolase with GDSL-like motif ()
found at node 13 and 927 bp long on the —ve strand
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Figure 3.27: Annotation diagram showing the location of Esterase/lipase (EC 3.1.1.-) (=) found at node
1 and 984 bp long on the —ve strand
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Figure 3.28: Annotation diagram showing the location of Esterase/lipase/thioesterase (EC 3.1.1.-) (‘i)
found at node 46 and 861 long on the +ve strand

Protease

A number of coding sequences predictably encoding for different types of protease, were
found in the genome assembly. A Coding sequence putative for SOS-response repressor
and protease LexA (EC 3.4.21.88), was found on Contig Identity
NODE_102_length 3863 cov_652.891863. The fragment, which was 627 bp long,
stretched from 1117 to 1743 nucleotides position along the positive strand (Figure 3.29).
The two other similar CDS, for the same protease (EC 3.4.21.88), with their coding
sequences measuring 144 and 129 bp in length, were also found co-existing on the same

locus with Contig Identity NODE_8_length_60149 cov_679.692879.

A coding sequence putative for proteolytic enzyme, ATP-dependent Clp protease
proteolytic subunit (EC 3.4.21.92) was aslo found on Contig Identity
NODE_11 length 48244 cov_705.716961. The CDS, measuring 594 bp in length,
stretched from 7693 nucleotide position along the negative strand and stopped at 7100
(Figure 3.30). Another proteolytic enzyme, ATP-dependent Clp protease, ATP-binding
subunit ClpC, running from 55978 nucleotides position to 53486 along the negative strand,
was also located on Contig Identity NODE_1_length 112835 cov_728.170920. The length

of the entire fragment was 2493 bp (Figure 3.31). Two other closely related proteolytic
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enzymes, ATP-dependent Clp protease ATP-binding subunit ClpX (1251 bp) and ATP-
dependent Clp protease, ATP-binding subunit CIpE (2205 bp) were also located on

different loci.

A putative Zn-dependent protease, measuring 582 bp, occupied the space between
nucleotide position 5132 and 4551 along the negative strand. The CDS was found on
Contig Identity NODE_31 length_22919 cov_653.947306 (Figure 3.32). An 867 bp long
Membrane protease family protein BA0301 was found on Contig Identity
NODE_3 length_89934 cov_728.092832, from 10656 to 11522 nucleotide position
(Figure 3.33). A predicted Prophage Clp protease-like protein attributed to cyclic
adenosine monophosphate (cAMP) signaling, was found on Contig Identity
NODE_3 length_ 89934 cov_728.092832. The CDS fragment, measuring 777 bp, was in-
between 67414 and 68190 nucleotide positions along the positive strand (Figure 3.34).
Lon-like protease with PDZ domain and 1053 base pairs, was found at a locus with Contig
Identity NODE_4 length_78326 _cov_682.922812. Its CDS fragment was in-between

63466 and 64518 nucleotide position along the positive strand (Figure 3.35).

Moreover, a CDS encoding for Peptidyl-prolyl cis-trans isomerase containing cluster,
FIG056164: rhomboid family serine protease was equally found at a locus with Contig
Identity NODE_5_length_72796_cov_657.017518. The encoding gene was 660 pb long,
stretching along the negative strand between the nucleotide at postions 3872 and 3213
(Figure 3.36). A coding sequence for FIG001621: Zinc protease was also found at Contig
Identity NODE_6_length_70679_cov_675.485642. The CDS was 1248 bp long along the
negative strand, starting from 46795 nucleotide position in the entire assembly and ending
at 45548 (Figure 3.37). Lastly, a putative Serine protease, DegP/HtrA, do-like (EC 3.4.21.),
measuring 1275 bp was found on Contig Identity
NODE_9 length 59183 cov_692.886159. The CDS occupied the space between 8877

and 10151 positions of nucleotides along the positive strand (Figure 3.38).
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Figure 3.29: Annotation diagram showing the location of SOS-response repressor and protease LexA (EC
3.4.21.88) (=== found at node 102 and 627 bp long on the +ve strand

Figure 3.30: Annotation diagram showing the location of ATP-dependent Clp protease proteolytic subunit
(EC 3.4.21.92) (== found at node 11 and 594 bp long on the —ve strand
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Figure 3.31: Annotation diagram showing the location of ATP-dependent Clp protease, ATP-binding subunit
ClpC (w====) found at node 1 and 2493 bp long on the —ve strand
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Figure 3.32: Annotation diagram showing the location of A putative Zn-dependent protease (=) found at
node 31 and 582 bp long on the —ve strand
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Figure 3.33: Annotation diagram showing the location of Membrane protease family protein BA0301 ()
found at node 3 and 867 bp long on the —ve strand
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Figure 3.34: Annotation diagram showing the location of Prophage Clp protease-like protein (===) found at
node 3 and 777 bp long on the +ve strand
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Figure 3.35: Annotation diagram showing the location of Lon-like protease with PDZ domain (=) found
at node 4 and 1053 b plong on the +ve strand
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Figure 3.36: Annotation diagram showing the location of FIG056164: rhomboid family serine protease
(=== found at node 5 and 600 bp long on the +ve strand
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Figure 3.37: Annotation diagram showing the location of Zinc protease (=) found at node 6 and 1248 bp
long on the —ve strand
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Figure 3.38: Annotation diagram showing the location of Serine protease, DegP/HtrA, do-like (EC 3.4.21.-)
(=== found at node 9 and 1275 long on the +ve strand

NB. The sequences of nucleotides and amino acids of identified genes putatively involved
in production of extracellular enzymes are shown in Appendix D.
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3.3.3.5. Coding sequence putatively involved in stress resistance

Coding sequence predictably encoding for DNA protection during starvation protein was
found at two different loci within the genome assembly. CDS was located on Contigs
Identity NODE_21 length_31034_cov_693.120005, measuring 468 bp, stretching from
nucleotide position 22336 to 22803 along the positive strand (Figure 3.39). The CDS for
the same DNA protection protein found on another locus had the following Contig Identity:
NODE_53 length_13546 cov_697.963634. The fragment stretched from 5681 to 6226
along the positive strand, measuring 546 bp (Figure 3.40). Another stress resistant gene
putatively encoding for Phosphate starvation-inducible protein PhoH, predicted ATPase,
with CBSS-56780.10.peg.1536 showing subsystem feature Glycyl-tRNA synthetase with a
cluster. Phosphate metabolism was detected on the locus with Contig Identity
NODE_8 length 60149 cov_679.692879. The fragment was 1008 bp long located

between 10248 and 9241 nucleotide position along the negative strand (Figure 3.41).
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Figure 3.39: Annotation diagram showing the location of DNA protection during starvation protein (‘)
found at node 21 and 468 bp long on the +ve strand
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Figure 3.40: Annotation diagram showing the location of DNA protection during starvation protein (‘)
found at node 53 and 546 bp long on the +ve strand
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Figure 3.41: Annotation diagram showing the location of Phosphate starvation-inducible protein PhoH,
predicted ATPase (===) found at node 8 and 1008 bp long on the —ve strand
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NB. The sequences of nucleotides and amino acids of identified genes putatively involved
in stress resistance are shown in Appendix E.

3.3.3.6. Coding sequence putatively involved in active metabolism in the host

Some of the coding sequences involved in improving the host metabolism were also found
in the draft assembly. Xylose isomerase domain protein TIM barrel was located at Contig
Identity NODE_103 length_3774 cov_639.310392. The fragment runs from nucleotide
position 1669 to 2508, measuring 840 bp and situated along the positive strand (Figure
3.42). Poly (glycerol-phosphate) alpha-glucosyltransferase (EC 2.4.1.52) is another CDS
predicted to be involved in the host active metabolism. It is located on Contig Identity
NODE_5 length 72796 cov_657.017518 and stretches from nucleotide position 47264 to
48787 along the positive strand, measuring 1524 bp (Figure 3.43). Two other CDS
predicted for the same enzyme (EC 2.4.1.52) were found on the same locus, with Contig
Identity NODE_72_length_9092_cov_690.969994. One of the fragments, measuring 1503
bp, stretched from 6862 to 5360 nucleotides position (Figure 3.44), while the other,
measuring 1542 bp, stretched from 8405 to 6864, both along the negative strand (Figure
3.45). A CDS predicted for Beta-1, 3-glucosyltransferase, stretching from 3365 to 4378,
was located at Contig ldentity NODE_95 length 4914 cov_619.611657. The sequence

was 1014 bp long and located on the positive strand (Figure 3.46).
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Figure 3.42: Annotation diagram showing the location of Xylose isomerase domain protein TIM barrel
(=== ) found at node 103 and 840 bp long on the +ve strand
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Figure 3.43: Annotation diagram showing the Ilocation of Poly (glycerol-phosphate) alpha-
glucosyltransferase (EC 2.4.1.52) (+====) found at node 5 and 1524 bp long on the +ve strand
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Figure 3.44:. Annotation diagram showing the Ilocation of Poly (glycerol-phosphate) alpha-
glucosyltransferase (EC 2.4.1.52) (=) found at node 72 and 1504 bp long on the —ve strand
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Figure 3.45. Annotation diagram showing the Ilocation of Poly (glycerol-phosphate) alpha-
glucosyltransferase (EC 2.4.1.52) (=) found at node 72 and 1542 bp long on —ve strand
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Figure 3.46: Annotation diagram showing the location of Beta-1, 3-glucosyltransferase (=) found at node
95 and 1542 bp long on the —ve strand

NB. The sequences of nucleotides and amino acids of identified genes putatively involved

in active metabolism in the host are shown in Appendix F.
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Figure 3.47: Circular genome mapping showing position of each Contig within the L. reuteri PNW1 genome.
Mapping was generated using CGView (Grant and Stothard, 2008)

3.4. Discussion and conclusion

Genomic analysis and functional annotation of the entire genome of Lactobacillus reuteri
PNW1 revealed the presence of several genes within the genome assembly, which are, in
support of its probiotic efficacy. Several scientific reports have indicated that bioactive
secondary metabolites produced by many probiotic agents, have implications on bacterial
community interaction and, consequently, attenuate virulent markers on a number of
pathogens (Choi et al., 2015; Oliveira et al., 2017; Sandes et al., 2017; Dlamini et al.,
2018). Lactic acids produced by Lactic acid bacteria (LAB), hinder the survival of
neighbouring pathogens and inactivates human immune virus by increasing acidity of the
surrounding environment (Nordeste et al., 2017). A total of 12 coding sequences were
found in the genome of L. reuteri PNW1, predictably encoding for the production of lactic
acids, four of which were putative for D-lactate dehydrogenase (EC 1.1.1.28) and eight for

L-lactate dehydrogenase (EC 1.1.1.27).
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A vast majority of diverse microorganisms are found in the gastrointestinal tract of humans
and animals. A promising probiotic candidate with inherent ability for producing bioactive
peptides and hydrogen peroxide would be an added advantage in antagonising
neighbouring pathogens within the gut ecosystem (Kapse et al., 2019). Bacteriocin is one
of the secondary metabolites secreted by certain beneficial microbes and characterised
with significant bioactive potential against intestinal pathogens (Cotter et al., 2013). The in
silico analysis of the entire genome for putative secondary metabolites, coupled with the
functional annotation of the coding sequences within the L. reuteri PNW1 genome
assembly, revealed the occurrence of CDS for bacteriocin helveticin J and S-ribosyl
homocysteine lyase (EC 4.4.1.21) @Autoinducer-2 production protein LuxS, which is also

a protein predictably involved in the secretion of bioactive peptides.

Adhesion of a probiotic candidate to the epithelia cells and mucus layer is among the
desired trait for a probiotic. Adhesion provides ample opportunity for stability of the strain
and effectively prolongs the antagonistic effects against unwanted gut residents, thus
aiding in effective colonisation of the gut environment and exclusion of pathogens (Salas-
Jaraet al., 2016; Granato et al., 2004). The functional annotation of the L. reuteri PNW1
predicted seven different encoding genes within the genomic assembly, putative for
adhesive characteristics in the isolate as follows: Antiadhesin Pls; binding to squamous
nasal epithelial cells; Sortase A; LPXTG specific; and five different members of

exopolysaccharide (EPS) cluster.

Among the most important traits expected in a probiotic candidate, is EPS biosynthesis
(Rasmussen et al., 2008). Exopolysaccharides are produced by most lactic acid bacteria,
including L. reuteri and are generally regarded as a food-grade. Exopolysaccharides
contribute a great deal to the probiotic-host interactions within the intestinal mucosa and

epithelial cells, thus impacting on the strain specificity of probiotic candidates (Zeng et al.,
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2019). Many of the EPSs have been attributed to certain essential probiotic features such
as biofilm formation, immunomodulation, aggregation, antioxidant and antimicrobial

potentials (Wu et al., 2014).

Antiadhesive molecules specifically interact with the adhesin markers on infecting
pathogens, thus preventing colonisation (Rafsanjany et al., 2013). Presence of the
encoding gene putative for the Antiadhesin Plsin the genome of L. reuteri PNW1 improves
the clinical functionality of the isolate as a prophylactic agent against infectious
diseases.Sortase dependent proteins are an important group of cell surface proteins in
Lactobacillus species and are responsible for sorting the largest number and various kinds
of cell surface proteins, thus playing an important role in adhesion (Boekhorst et al., 2005;
Marraffini et al., 2006). The TLPXTG specific Sortase A enzyme located in the L. reuteri
PNW1 genome, is predicted to covalently anchor surface protein precursor to the cell wall,

after the precursor has been transferred to the cell membrane (Zeng et al., 2019).

Some of the genes required by a microorganism in order to survive harsh environmental
conditions are among the pool of beneficial genes identified in the draft assembly of L.
reuteri PNW1. Two different CDS putative for protecting DNA during starvation protein are
found on two different loci. These are important for the probiotic organism as a form of
stress resistant mechanism. The genome also contains Phosphate starvation-inducible
protein PhoH, predicted ATPase in its defence against harsh environments. The CDS is
predicted to be involved in Glycyl-tRNA synthetase containg cluster and phosphate
metabolisms. The Phosphate starvation-inducible protein PhoH induces the PhoH gene
belonging to phosphate regulon and sB-dependent gene belonging to general stress
regulon. The sB-dependent general stress proteins (Gsps) are predicted to provide cells
with several kinds of nonspecific stress tolerance. It is also putatively involved in the

protection of DNA, membranes and other proteins against oxidative stress and assists
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cells to survive extreme conditions, such as heat, osmotic pressure and irregular pH in the

environment (Antelmann et al., 2000).

An improved metabolic activity is one the important features expected of a probiotic
organism to confer on a host. The genome of the L. reuteri PNW1 harbours a number of
genes predicted to be directly involved in improving the metabolism. Xylose isomerase
domain protein TIM barrel is one of the genes identified in this capacity. The protein
xylose isomerase is responsible for the isomerisation of glucose and pentose sugars in
microbial cells (Shahbaaz et al., 2015). Beta-1,3-glucosyltransferase and Poly (glycerol-
phosphate) alpha-glucosyltransferase (EC 2.4.1.52) are also among the genes predicted
for the same purpose. Four different coding sequences encoding for Poly(glycerol-
phosphate) alpha-glucosyltransferase (EC 2.4.1.52) are found within the genome. 8 1-3-
glucosyl transferase catalyzes glucose attached to O-linked fucose through B 1-3
glycosidic linkage on thrombospondin typel repeats (Weh et al., 2017). Considering the
plethora of probiotic important genes harboured in the genome of L. reuteri PNW1, the
isolate will presumably make a promising candidate for a probiotic supplement. Further
analysis is underway to ellucidate on the safety features required of a typical probiotic

agent as part of the risk assessment protocol for the L. reuteri PNW1.
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CHAPTER 4 - Complete genome analysis of Lactobacillus
acidophilus PNW3

(Part of this chapter has been published in the journal of microbiology resource
announcement, 2019, 8(25): e00362-19, https://doi.org/10.1128/MRA.00362-19)
Abstract

A draft genome sequence of Lactobacillus acidophilus PNW3 was assessed in order to
identify important genes in support of its probiotic potential. The genomic DNA of the
isolate was extracted and the entire genome sequenced using illuminal Miseq instrument
at 2 x 300 read length. The sequenced genomic data was assessed for quality control,
using FastQC before being assembled with SPAdes. Prior to further downstream analysis,
the draft assembly was annotated with Prokaryotic Genome Annotation Pipeline (PGAP)
and Rapid Annotations using Subsystems Technology (RAST). The genome assembly
was 1,857,655 bp long in 25 contigs, an N50 value of 230,557 bp and a G+C content of
34.6%. The total number of predicted protein-coding genes was 1,776, with 58 predicted
RNAs and 42 predicted pseudogenes. A bioactive protein predicted to be helveticin J was
identified as one of the likely secondary metabolites. Quick analysis of the entire assembly
on the pathogenicity predicted the isolate not to be a human pathogen. Resistance genes
against Lincosamide and Tetracycline were spotted as the only resistance genes
harboured by L. acidophilus PNW3. The plethora of encoding genes putative for a number
of traits, important to the probiotic functionality of the isolate were among the CDS
identified and located at different loci within the genome assembly. These included
encoding genes putative for lactic acids and production of bioactive peptides, adhesion to
the epithelia mucus layer, resistance to the harsh gut environmental conditions and

general improvement of metabolic activities in the host.
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4.1. Introduction

Lactic acid bacteria (LAB) are widely used as probiotics across host species (Dlamini et
al., 2019). Lactobacillus acidophilus is a lactic acid bacterium commonly used in dairy
industries as starter culture in the production of high quality health functional foods such as
yoghurt, cheese and beverages (Yang et al., 2016). Complete genome sequence have
contributed a great deal in elucidation of the probiotic potentials exerted by lactic acid
bacteria (Oliveira et al., 2017). Several strains of L. acidophilus have been extensively
characterised and their probiotic features have been judiciously documented (Stahl and
Barrangou, 2013). Studies have indicated that bioactive secondary metabolites produced
by many probiotic agents affect bacterial community interactions and potentially attenuate

disease symptoms caused by pathogens (Nordeste et al., 2017; Chetwin et al., 2019).

Probiotic yogurt containing L. acidophilus improved total cholesterol and low-density
lipoprotein cholesterol (LDL-C) concentrations in both male and female patients suffering
from type2 diabetes. Thus, suggesting a great potential towards ameliorating risk factors
associated with cardiovascular diseases (Ejtahed et al., 2011). Surface layer proteins of
the probiotic L. acidophilus NCFM was revealed with a potential to protect intestinal
epithelial barrier function against TNF-a-elicited inflammation through regulation of tight
junction protein expression, prevention of loose intestinal permeability, blockage of cell
apoptosis and obstruction of NF-kB signaling pathway (Wang et al., 2019b). This
promising bioactive peptide supports the use L. acidophilus NCFM in the development of
functional foods and a potential prophylactic agent for inflammatory bowel diseases.The
surface layer protein extracted from L. acidophilus NCFM also induces formation of ROS,
which, in turn, results in induced autophagic death in HCT116 colon cancer cells through
suppression of the mammalian target of rapamycin (mTOR) activity and activation the c-
Jun N-terminal kinase signaling pathway (Wang et al., 2019a). In a study conducted by

Guo et al. (2018), using a rat model, it was also concluded that administration of L.
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acidophilus CICC6074 reduced levels of inflammatory cytokines TNF-a and IL-6, intestinal

apoptosis and symptoms of Neonatal necrotising enterocolitis.

Gut microbiota plays a crucial role in the wellbeing of the host and protection against
pathogens. The mutualism between host species and their gut microbial ecosystem begins
at birth and stabilises in human beings at around 3 years of age (Yatsunenko et al., 2012).
Lactobacillus acidophilus was also reported to be efficacious in readjustment of the
impaired microbiota and inflammation induced in Thl (C57BL/6) and Th2 (BALB/c) biased
mouse after being challenged with Salmonella Typhimurium at infective dose levels

(Pradhan et al., 2019).

This study is therefore conceptualized to assess the entire genome of Lactobacillus
acidophilus PNW3 in order to dertimine genome-based probiotics features which maybe

present in the strain.

4.2. Materials and methods
4.2.1. Extraction of genomic DNA
Extraction of the genomic DNA performed as explained in the previous Chapter (see

2.2.1).

4.2.2. 16S rRNA identification of the isolate

The 16S rRNA identification of Lactobacillus acidophilus PNW3 was performed as
described in Chapter (see 2.2.2). The partial sequenced data (1,552 bp) was, thereatfter,
submitted to the GenBank data base and accession number (MK123485) received for the

isolate (https://www.ncbi.nlm.nih.gov/nuccore/MK123485.1/).
4.2.3. Whole genome sequence (WGS) of the isolates

Genomic DNA was prepared with an lllumina Nextera DNA flex library prep kit. This library
was sequenced on an lllumina MiSeq instrument at the Agricultural Research Council

Biotechnology Platform (Pretoria, South Africa), generating 3.05 GB of data.
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A total of 4,944,578 reads were collected from the run with 2x 300 bp paired-end read
lengths. The data was filtered for low-quality reads and adapter regions using
Trimmomatic v. 0.32 (Bolger et al., 2014) with the minimum quality score and sequence
length of 15 and 70 respectively. The 5' and 3' minimum quality score required was 14 and
the adaptor sequences were clipped using a mismatch value of 2, palindrome clip
threshold of 30 and simple clip threshold of 15. The quality of the trimmed reads was
assessed using FastQC version 0.11.5. A draft genome was assembled using SPAdes v.
3.12.0 (Bankevichet al., 2013) through the KBase platform (Arkin et al., 2018) with a final

coverage of 377.0x.

The draft assembly was annotated using the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) v. 4.7 (Tatusova et al., 2016; Haft et al.,, 2018) and Rapid Annotations
using Subsystems Technology (RAST) with SEED viewer v. 2.0 (Brettin et al., 2015).
Rapid in silico analysis of secondary metabolite biosynthesis gene clusters was assessed
using antiSMASH v. 5.0.0betal (Blin et al., 2017). PathogenFinder v. 1.1 (Cosentino et al.,
2013) and ResFinder v. 3.1 (Zankari et al., 2012) were used to determine the
pathogenicity of L. acidophilus PNW3 towards human hosts and the possible presence of
antimicrobial resistant genes. Default parameters were used for all the software employed
in the analysis.

4.3. Results

4.3.1. Summary of the entire genome of Lactobacillus acidophilus PNW1

The genome assembly size of L. acidophilus PNW3 is 1,857,655 bp, consisted of 25
contigs with a G+C content of 34.6%. Half of the sequence in the entire draft assembly
was covered by the contigs of 2230,557 bp. There were 1,776 annotated protein-coding
genes with 55 predicted tRNAs, 3 predicted rRNAs, and 42 predicted pseudogenes.

Among the pseudogenes, 22 were due to frameshift, 16 were due to incomplete
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nucleotides while those resulting from premature internal stop codon and multiple
problems were 12 and 7 respectively. Though the isolate was predicted not to be a human
pathogen, Lincosamide (InuC) and Tetracycline (tetW) resistant genes were spotted as the

only resistant genes harboured by L. acidophilus PNW3.

A predicted bioactive protein (Fig. 4.1) was identified as one of the likely secondary
metabolites. This was found at c00002_NODE_3, located between 53,258 — 66,302
nucleotides positions and comprising 13,045 nucleotides in total. A coding sequence for
Ornithine decarboxylase (EC 4.1.1.17) was found at
NODE_2 length 675994 cov_165.027269, measuring 2094 bp. Circular representation
of the entire L. acidophilus PNW3 genome is presented in Figure 4.2 and the graphical

distribution of the subsystems within the genome is presented in Figure 4.3 below.

Availabilityof data: This whole-genome shotgun project has been deposited in
DDBJ/ENA/GenBank with accession number SMLT00000000. The version described in
this study is SMLT01000000. The SRA accession number is SRX5395058, the Bio-Project

number is PRINA504734, and the BioSample number is SAMN10979321.

bacteriocin

T T T T — T T T T T T
54,000 55,000 56,000 57,000 58,000 59,000 80,000 61,000 62,000 83,000 64,000 65,000 66,000

Figure 4.1: Gene cluster showing the position of biosynthetic bacteriacin. Core biosynthetic (bacteriocin)
genes (W), other genes (@)
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Figure 4.2: Circular genome mapping of the L. acidophilus PNW3. The circular genome was generated
usingPATRIC sever 3.5.43

B Cofactors, Vitamins, Prosthetic Groups, Pigments (44)

B Cell Wall and Capsule (22)

B Virulence, Disease and Defense (20)

B Potassium metabalism (5)

B Photosynthesis (0)
Miscellaneous (8)

B Phages, Prophages, Transposable elements, Plasmids (0)
Membrane Transport (36)

| Iron acquisition and metabaolism (4)
RNA Metabolism (31)

B Nucleosides and Nucleotides (69)
Protein Metabolism (93)

| Cell Division and Cell Cycle (4)
Motility and Chemotaxis (0)

B Regulztion and Cell signaling (18)
Secondary Metabaolism (1)
DNA Metabolism (42)

B Fatty Acids, Lipids, and Isoprenoids (23)

B Nitrogen Metabolism (0)

| Dormancy and Sporulation (3)

B Respiration (12)

B Stress Respaonse (5)
Metabolism of Aromatic Compounds (0)
Amino Acids and Derivatives (91)
Sulfur Metabalism (4)
Phosphorus Metabolism (15)
Carbohydrates (130)

Figure 4.3: Distribution of subsystem features within the L. acidophilus PNW3 genome. The distribution was
generated usingRAST sever with SEED viewer v.2.0
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4.3.2. Overview of important probiotic genes in the draft genome assembly

4.3.2.1. Coding sequence putatively involved in the production of lactic acids

The genome of L. acidophilus PNW3 contains three coding sequences (CDS), predictably
encoding for L-lactate dehydrogenase (EC 1.1.1.27). The protein putatively functions in the
fermentation of lactate and mixed acids. The CDS found in the locus, with Contig Identity
NODE_10 length 151230 cov_215.460261, was 915 bp long, stretching from 35179
nucleotide position to 34265 along the negative strand (Figure 4.4). Coding sequences
found on the two other loci located on Contig Identities
NODE_2_length 675994 cov_165.027269 & NODE_4 length_ 230557 cov_252.939857
were 927 bp (Fig. 4.5) and 972 bp (Figure 4.6) long respectively and situated along the

positive strand.

L. acidophilus a—<:|<]—|:>—|:>—| >| >‘|:>‘1-‘|:>>_E>_‘ >_
L. gsssers ance EDEY<HD D — BIH-D<H- > B n ) D> @ oD

1 i 3

3
L. setiruekii <IN IO I B D) E <

Figure 4.4: Annotation diagram showing location of theL-lactate dehydrogenase (EC 1.1.1.27) (‘=== found
at node 10 and 915 bp long on the —ve strand

L. acidophilus M 21 :} 19 >_| :>-1-_| 18 > -
-25 23 z7
za 25 21 139 " .y . "
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=

1 15 235 =7

L. prantarum b (T < - - —————

Figure 4.5: Annotation diagram showing location of the L-lactate dehydrogenase (EC 1.1.1.27) ()
found at node 2 and 927 bp long on the +ve strand

33 21 7 26
L. acidophilus
7 26
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F3 21 i f i ] 4 1 7 11 32 14 20 %j?
L. gaszeri ATCC
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L. csset B (< |4 < T
5 32 5] ] | P 1 El 7
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Figure 4.6: Annotation diagram showing location of the L-lactate dehydrogenase (EC 1.1.1.27) ()
found at node 4 and 972 bp long on the +ve strand
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NB: The sequence of nucleotides and amino acids of identified genes putatively involved

in the production of lactic acids is shown in Appendix G.

4.3.2.2. Coding sequence putatively involved in bioactive peptide production

Six different coding sequences putatively involved in the synthesis of bacteriocin were
situated within the genome of L. acidophilus PNW3. The CDS predicted for bacteriocin
helveticin J was found on Contig Identity NODE_10 length 151230 cov_215.460261,
stretching from 83235 to 82258 nucleotide position. The fragment was 978 bp long,
located on the negative strand (Figure 4.7). Two protein-encoding sequences putative for
Bacteriocin pre-peptide or inducing factor for bacteriocin synthesis were found on the
same locus with Contig Identity NODE_3 length 242459 cov_251.537351. The fragment
between 55204 and 55365 nucleotide positions was 162 bp long and situated on the
positive strand (Figure 4.8) while the other was 192 bp, between 55478 and 55669

nucleotide positions and also on the positive strand (Figure 4.9).

CDS predicted for three-component quorum-sensing regulatory system, inducing peptide
for bacteriocin biosynthesis, also located on Contig Identity
NODE_3 length 242459 cov _251.537351. The 144 bp long sequenced fragment
stretched from 55800 nucleotide position to 55943 along the positive strand (Figure 4.10).
Two additional coding sequences putative for Bacteriocin ABC-transporter, ATP-binding
and permease component shared the same Contig ldentity with the three-component
guorum-sensing regulatory system, one of the CDS (2163 bp) was in-between 59140 and
61302 nucleotide position (Figure 4.11) while the other one (591 bp) was between 61313

and 61903 nucleotide position (Figure 4.12).

Moreover, the two coding sequences putative for S-ribosylhomocysteine lyase (EC
4.4.1.21) @ Autoinducer-2 production protein LuxS were also found on the same Contig
Identity NODE_2 length 675994 cov_165.027269 with  subsystems methionine

biosynthesis and methionine degradation. The fragment between 460026 and 460499
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nucleotide positions was 474 base pairs in length (Figure 4. 13) while the other fragment
on the same locus was 156 bp long, stretching between 467389 and 467544 nucleotide
positions (Figure 4.14). Both fragments exist on the positive strand. In addition, CDS
putatively involved in the synthesis of type 1 capsular polysaccharide biosynthesis protein
(EC:2.4.1.-) (Figure 4.15) and mannosyltransferase involved in polysaccharide
biosynthesis (Figure 4.16) were also found on Contig ldentity
NODE_2_length_ 675994 cov_165.027269 and
NODE_9 length_ 161393 cov_196.936481, respectively. The lengths of the fragments
were 702 bp along the negative strand and 699 bp along the positive strand respectively.

1

— S , :% >

1

L. gasseri ATCC DT T > AT T <CHEp T T < H = D

Figure 4.7: Annotation diagram showing location of the bacteriocin helveticin J (=) found at node 10 and
978 bp long on the —ve strand

1@)1_? 12 1i 2 2 j 4 1]3_5 o] i 11 13 14
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Figure 4.8: Annotation diagram showing location of the Bacteriocin prepeptide or inducing factor for
bacteriocin synthesis (=) found at node 3 and 168 bp long on the +ve strand

1 13 1 2 2 76 g 10 12 14 1§\
L. acidophilus .
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Figure 4.9: Annotation diagram showing location of the Bacteriocin prepeptide or inducing factor for
bacteriocin synthesis (=) found at node 3 and 192 bp long on the +ve strand
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Figure 4.10: Annotation diagram showing location of the Three-component quorum-sensing regulatory

system, inducing peptide for bacteriocin biosynthesis (#=) found at node 3 and 144 bp long on the +ve
strand
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Figure 4.11: Annotation diagram showing location of the Bacteriocin ABC-transporter, ATP-binding and
permease (#=m) found at node 3 and 2163 bp long on the +ve strand
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Figure 4.12: Annotation diagram showing location of the Bacteriocin ABC-transporter, auxillary protein
(=== ) found at node 3 and 591 bp long on the +ve strand
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Figure 4.13: Annotation diagram showing location of the S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS (#s==) found at node 2 and 474 bp long on the +ve strand
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Figure 4.14: Annotation diagram showing location of the S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS (=) found at node 2 and 156 bp long on the +ve strand
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Figure 4.15: Annotation diagram showing location of the type 1 capsular polysaccharide biosynthesis protein
(EC:2.4.1.- ) (w==m) found at node 2 and 702 bp long on the —ve strand
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Figure 4.16: Annotation diagram showing location of the type 1 capsular polysaccharide biosynthesis protein
(EC:2.4.1.- ) (w==m) found at node 2 and 699 bp long on the +ve strand

NB: The sequence of nucleotide and amino acids of the identified gene putatively involved

in the production of bioactive peptide is presentedin Appendix H.

4.3.2.3. Coding sequence putatively involved in adhesion

The coding sequence putative for Sortase A, LPXTG specific with subsystem heme, hemin
uptake and utilisation systems in Gram positives and as well as Sortase was located on
Contig Identity NODE_2_length_675994 cov_165.027269. The fragment, which was 690
bp long, laid on the negative strand in-between 619228 and 618539 nucleotide position
(Figure 4.17). Five different coding sequences putative for different categories of cell
surface proteins, functioning as adhesives, were also determined within the L. acidophilus
PNW3 genome assembly. The two protein-encoding sequences predicted for the cell
surface protein, ErfK family were found on two different loci, with Contig Identity
NODE_10 length 151230 cov_215.460261& NODE_2_length 675994 cov_165.027269.
The nucleotides fragment located on the negative strand was 690 bp long (Fig. 4.18) while
the other one, located on the positive strand, was 609 bp long (Figure 4.19) respectively.
Other predictably secreted cell surface proteins included the following: cell surface protein
precursor (1932 bp) (Figure 4.20); cell surface protein (1020 bp) (Figure 4.21); and
Fibronectin/fibrinogen-binding protein (1692 bp) (Figure 4.22). The responsible encoding
genes were located respectively on Contig Identities
NODE_10 length 151230 cov_215.460261, NODE_7_length_ 167441 cov_180.361088

and NODE_2 length_675994 cov_165.027266.
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Furthermore, 1500 base pairs long CDS predicted for S-layer protein precursor (Fig. 4.23)
was also found along the positive strand at Contig Identity
NODE_9 length 161393 cov_196.936481. The fragment stretched from 59807 to 61306
nucleotide position. Four members of the Exopolysaccharides (EPS) clusters were found
as part of the entire genome. The coding sequence, which was 441 bp long and putative
for ATP synthase epsilon chain (EC 3.6.3.14), with subsystem FOF1-type ATP synthase
(Figure 4.24), was located on Contig ldentity NODE_2_length_675994 cov_165.027269
along the positive strand. The CDS for Tyrosine-protein kinase transmembrane modulator
EpsC (Fig. 4.25) and Tyrosine-protein kinase EpsD (EC 2.7.10.2) (Figure 4.26), both with
subsystem  Exopolysaccharide  Biosynthesis, coexisted at Contig Identity
NODE_3 length 242459 cov_251.537351. Both fragments occured on the positive strand

and were respectively 876 and 783 bp long.

Another coding sequence was predicted for “COG1887: Putative
glycosyl/glycerophosphate  transferases involved in teichoic acid biosynthesis
TagF/TagB/EpsJ/RodC / Putative polyribitolphosphotransferase / CDP-ribitol: poly (ribitol
phosphate) ribitol phosphotransferase / CDP-glycerol: poly (glycerophosphate)
glycerophosphotransferase (EC 2.7.8.12) / CDP-glycerol: N-acetyl-beta-D-mannosaminyl-
1,4-N-acetyl-D-glucosaminyldiphosphoundecaprenyl  glycerophosphotransferase”. The
fragment was 1155 bp long, stretching between 71466 and 72620 nucleotide positions
along the positive strand (Figure 4.27).

20 15 16 13 10 1 1z 14

L. acicoprilus [P T -y T OO KK

20 15 18 13 10 1 12 14
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20 15 16 13 1 14 " 30

L. delbrueckii [0 SDEIM] o — = »<— >y

Figure 4.17: Annotation diagram showing location of the Sortase A, LPXTG specific (=) found at node 2
and 699 bp long on the —ve strand
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Figure 4.18: Annotation diagram showing location of the cell surface protein, ErfK family (=) found at
node 10 and 690 bp long on the —ve strand
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Figure 4.19: Annotation diagram showing location of the cell surface protein, ErfK family (=) found at
node 2 and 609 bp long on the +ve strand
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Figure 4.20: Annotation diagram showing location of the cell surface protein precursor (=) found at node
10 and 1932 bp long on the —ve strand
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Figure 4.21: Annotation diagram showing location of the cell surface protein (=) found at node 7 and
1020 bp long on the —ve strand
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Figure 4.22: Annotation diagram showing location of the Fibronectin/fibrinogen-binding protein (====) found
at node 2 and 1692 bp long on the +ve strand
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Figure 4.23: Annotation diagram showing location of the S-layer protein precursor (=== ) found at node 9 and
1500 bp long on the +ve strand
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Figure 4.24: Annotation diagram showing location of the ATP synthase epsilon chain (EC 3.6.3.14) ()
found at node 2 and 441 bp long on the +ve strand
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Figure 4.25: Annotation diagram showing location of the Tyrosine-protein kinase transmembrane modulator
EpsC (=== found at node 2 and 876 bp long on the +ve strand
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Figure 4.26: Annotation diagram showing location of the Tyrosine-protein kinase EpsD (EC 2.7.10.2) (=)
found at node 2 and 783 bp long on the +ve strand
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Figure 4.27: Annotation diagram showing location of the COG1887: Putative glycosyl/glycerophosphate
transferases involved in  teichoic acid biosynthesis TagF/TagB/EpsJ/RodC /  Putative
polyribitolphosphotransferase / CDP-ribitol:poly(ribitol phosphate) ribitol phosphotransferase / CDP-
glycerol:poly(glycerophosphate) glycerophosphotransferase (EC 2.7.8.12) / CDP-glycerol: N-acetyl-beta-D-
mannosaminyl-1,4-N-acetyl-D-glucosaminyldiphosphoundecaprenyl glycerophosphotransferase (EC
2.7.10.2) (1-) found at node 9 and 1155 bp long on the +ve strand

NB. The sequence of nucleotide and amino acids of the identified genes putatively

involved in adhesion is presentedin Appendix I.

4.3.2.4. Coding sequence putatively involved in the production of extracellular
enzymes

Lipase

Coding sequence putative for FIG006988: Lipase/Acylhydrolase with GDSL-like motif was
found on Contig Identity NODE_38 length 2064 cov_2.239423 (Figure 4.28). The 390 bp

long CDS stretched from 391 along the negative strand and stopped at the second
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nucloetide position within the genome. Three different CDS putative for Esterase/lipase
were also found on different loci within the genome assemply. CDS measuring 795 bp long
were located on Contig Identity NODE_3_length_242459 cov_251.537351 (Figure 4.29)
while the other two were located on NODE_4 length_230557_cov_252.939857 (Figure
4.30) and NODE_7_length_167441 cov_180.361088 (Figure 4.31). CDS were

respectively 822 bp long on the negative strand and 897 bp long on the positive strand.

f E 1
L. acidophilus

L. reuteri JCH

Figure 4.28: Annotation diagram showing location of the FIG006988: Lipase/Acylhydrolase with GDSL-like
motif (s===) found at node 2 and 390 bp long on —ve strand
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Figure 4.29: Annotation diagram showing the location of Lipase/esterase (=) found at node 3 and 795 bp
long on the —ve strand
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Figure 4.30: Annotation diagram showing the location of Lipase/esterase (=) found at node 4 and 822 bp
long on the —ve strand
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Figure 4.31: Annotation diagram showing the location of Lipase/esterase (=) found at node 7 and 897 bp
long on the +ve strand

Protease

A 681 base pairs long coding sequence putative for FIG056164: rhomboid family serine
protease with Peptidyl-prolyl cis-trans isomerase containing a cluster as subsystem feature

was found at Contig Identity NODE_10 length 151230 cov_215.460261. The CDS

83



stretched from 20039 to 19359 nucleotide position along the negative starnd (Figure 4.32).
Moreover, anotHer CDS predicted for Serine protease, DegP/HtrA, do-like (EC 3.4.21.-)
was found on Contig Identity NODE_17_length_42073 cov_277.775810, measuring 1239
bp with the fragment stretching in-bwteen 35811 and 34573 along the negative strand

(Figure 4.33).

The CDS predicted for FIG001621: Zinc protease was located on Contig ldentity
NODE_2_length_ 675994 cov_165.027269. The fragment was 1215 bp long and laid in-
between 44526 and 45740 on the positive strand (Figure 4.34). The ATP-dependent Clp
protease proteolytic subunit (EC 3.4.21.92) (Figure 4.35) was also found on the same
Contig Identity, with subsystem features such as Proteolysis in bacteria and ATP-
dependent cAMP signaling as bacteria among the predicted protease within the genome.
The fragment, measuring 588 bp, laid between 86016 and 85429 nucleotide position along
the negative strand. Lon-like protease with PDZ domain (Figure 4.36), measuring 1041 bp,
was also found on the same Contig Identity as Zinc protease. The fragment stretched from
216785 to 217825 nucleotide position. Other predicted enzymes found on this Contig
Identity included the following: ATP-dependent Clp protease ATP-binding subunit ClpX
(1263 bp) (Figure 4.37); ATP-dependent protease subunit HslV (EC 3.4.25.2) (525 bp)
(Figure 4.38); Intramembrane protease RasP/YIuC, implicated in cell division based on
FtsL cleavage (subsystem; periplasmic stress response) (1257 bp) (Figure 4.39); and

SOS-response repressor and protease LexA (EC 3.4.21.88) (627 bp) (Figure 4.40).

Furthermore, CDS putative for late competence protein ComC, processing protease
(Figure 4.41) was located on Contige ldentity NODE_4_length_230557_cov_252.939857,
measuring 690 bp and lying between 66212 and 66901 nucleotide positions on the
positive strand. The coding sequence putative for Predicted Zn-dependent protease

(Figure 4.42) and Predicted metal-dependent membrane protease (Figure 4.43) were also

84



found located at Contig Identity NODE_7_length 167441 cov_180.361088 and
NODE_9 length_ 161393 cov_196.936481 respectively. Predicted Zn-dependent
protease was 669 bp long, stretching from 91711 to 92379 nucleotide postions while the
predicted metal-dependent membrane protease was 759 bp long stretching from 102433

to 101677 nucleotide position.
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Figure 4.32: Annotation diagram showing location of the FIG056164: rhomboid family serine protease
(=== found at node 10 and 681 bp long on the —ve strand
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Figure 4.33: Annotation diagram showing location of the FIG056164: rhomboid family serine protease
(=== found at node 17 and 1239 bp long on the —ve strand
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Figure 4.34: Annotation diagram showing location of the FIG001621: Zinc protease (=) found at node 2
and 1215 bp long on the +ve strand
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Figure 4.35: Annotation diagram showing location of the ATP-dependent Clp protease proteolytic subunit
(EC 3.4.21.92) (== found at node 2 and 1215 bp long on the —ve strand
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Figure 4.36: Annotation diagram showing location of the Lon-like protease with PDZ domain (=) found
at node 2 and 1041 bp long on the +ve strand
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Figure 4.37: Annotation diagram showing location of the ATP-dependent Clp protease ATP-binding subunit
ClpX (=) found at node 2 and 1263 bp long on the +ve strand
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Figure 4.38: Annotation diagram showing location of the ATP-dependent protease subunit HslV (EC
3.4.25.2) (w===) found at node 2 and 525 bp long on the +ve strand
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Figure 4.39: Annotation diagram showing location of the Intramembrane protease RasP/YIuC, implicated in
cell division based on FtsL cleavage (=) found at node 2 and 1257 bp long on the —ve strand
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Figure 4.40: Annotation diagram showing location of the SOS-response repressor and protease LexA (EC
3.4.21.88) (=== found at node 2 and 627 bp long on the —ve strand
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Figure 4.41: Annotation diagram showing location of the Late competence protein ComC, processing
protease (=) found at node 4 and 690 bp long on the +ve strand
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Figure 4.42: Annotation diagram showing the location of Predicted Zn-dependent protease (=) found at
node 7 and 669 bp long on the +ve strand
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Figure 4.43: Annotation diagram showing the location of Predicted metal-dependent membrane protease
(=== ) found at node 9 and 759 bp long on the —ve strand

NB. Sequences of nucleotide and amino acids of the identified genes putatively involved in
the production of extracellular enzymes are shown in Appendix J.

4.3.2.5. Coding sequence putatively involved in stress resistance

Three different coding sequences putative for Cell envelope-associated transcriptional
attenuator LytR-CpsA-Psr, subfamily F2 were found within the entire genome assemply.
Two of them were located on the same Contig Identity
NODE_3 length 242459 cov_251.537351. One of them was 1275 bp long, stretching
from 83070 to 84344 nucleotide position on the positive strand (Figure 4.44). The second
CDS was 1056 bp long, stretching between 105749 and 106804 nucleotide positions
along the positive strand (Figure 4.45). The other was found on a separate Contig Identity
NODE_4 length 230557 cov_252.939857. The fragment was 1104 bp long, lying in-

between 172603 and 171500 nucleotide positions along the negative strand (Figure 4.46).

The coding sequence putative for ATP-dependent Clp protease, ATP-binding subunit ClpE
(Fig. 4.47) was found on Contig Identity NODE_2_length_675994 cov_165.027269. The
fragment was 2187 bp long, stretching between 24138 and 21952 nucleotide positions
along the negative strand. Another CDS predicted for ATP-dependent Clp protease, ATP-
binding subunit CIpC, was also located on NODE_4_length 230557 _cov_252.939857.
The CDS was 2478 bp (Figure 4.48), stretching from 76960 to 74483 nucleotide positions

on the negative strand. In addition, Peptide-methionine (R)-S-oxide reductase MsrB (EC

87



1.8.4.12) predictably encoded for by a CDS, was located on Contig Identity
NODE_7_length_167441 cov_180.361088 as a stress resistant gene within the genome.
The CDS was 438 bp long, stretching from 70733 to 70296 nucleotide positions along the

negative strand (Figure 4.49).

Two different CDS putative for S-ribosylhomocysteine lyase (EC 4.4.1.21) @ Autoinducer-
2 production protein LuxS with Methionine Biosynthesis subsystem were also found on the
same Contig Identity NODE_2_length_ 675994 cov_165.027269. The fragment,
measuring 474 bp, stretched between 460026 and 460499 nucleotide positions on the
positive strand (Figure 4.50), while the fragment, measuring156 bp, laid between 467389

and 467544 on the positive strand (Figur 4.51).
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Figure 4.44: Annotation diagram showing the location of Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 (=) found at node 3 and 1275 bp long on the +ve strand
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Figure 4.45: Annotation diagram showing the location of Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 (=) found at node 3 and 1056 bp long on the +ve strand
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Figure 4.46: Annotation diagram showing the location of Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 (=) found at node 3 and 1104 bp long on the —ve strand
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Figure 4.47: Annotation diagram showing the location of ATP-dependent Clp protease, ATP-binding subunit
CIpE (+===) found at node 2 and 2187 bp long on the —ve strand
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Figure 4.48: Annotation diagram showing the location of ATP-dependent Clp protease, ATP-binding subunit
ClpC (+====) found at node 4 and 2478 bp long on the —ve strand
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Figure 4.49: Annotation diagram showing the location of Peptide-methionine (R)-S-oxide reductase MsrB
(EC 1.8.4.12) (=== found at node 7 and 438 bp long on the —ve strand
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Figure 4.50: Annotation diagram showing the location of S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS (===) found at node 2 and 474 bp long on the +ve strand
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Figure 4.51: Annotation diagram showing the location of S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS (=) found at node 2 and 156 bp long on the +ve strand

NB. The sequences of nucleotide and amino acids of the identified genes putatively
involved in stress resistance are shown in Appendix K.

4.3.2.6. Coding sequence putatively involved in active metabolism in the host
Among the functional categories, one carbohydrate metabolism, two diacylglycerol and
three glucosyltransferase (EC 2.4.1.337) predictably encoded for the coding sequence

located on Contig Identity NODE_20_length 14896 cov_167.363722. The fragment was
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1164 bp long and laid in-between 8667 and 7504 nucleotide position on the negative
strand (Figure 4.52). Another CDS putative for Poly (glycerol-phosphate) alpha-
glucosyltransferase (EC 2.4.1.52), an enzyme within the same functional category, with
subsystem Teichoic and lipoteichoic acids biosynthesis, was also found on Contig Identity
NODE_9 length 161393 cov_196.936481. The sequence fragment was 1092 bp long,

stretching from 65023 to 66114 nucleotide position along the positive strand (Figure 4.53).

The CDS predicted for cellobiose phosphor transferase system celC was found on Contig
Identity NODE_22 length_12729 cov_198.662143. The fragment, measuring 447 bp,
stretched between 534 and 88 nucleotide positions (Figure 4.54). Seven different coding
sequences putative for PTS system, cellobiose-specific IIC component were located on
different loci within the entire genome of the isolates. The first of them, which was 1326 bp
long, was located at Contig Identity NODE_2 length 675994 cov_165.027269. The
nucleotide fragment stretched from 3413 to 4738 nucleotide position along the positive
strand (Figure 4.55). The length of other CDS putative for similar functions were 1428,
1269 and 1062 bp respectively and situated on the positive strand while those measuring

1326, 1254 and 1338 bp were situated on the negative strand.

Furthermore, CDS putative for PTS system, cellobiose-specific IIB component (EC
2.7.1.205) (Figure 4.56) was also located on Contig Identity
NODE_2_length 675994 cov_165.027269. The coding sequence, stretching from 253392
to 253727 nucleotide position, was 336 bp long and situated on the positive strand.
Another predicted CDS for outer surface protein of unknown function, cellobiose operon
(Fig. 4.57), was also located on Contig Identity
NODE_3 length 242459 cov_251.537351. The sequenced fragment measuring 1062 bp,
stretched between 148410 and 149471 nucleotide position along the positive strand.

Lastly, from the functional category for protein metabolism, Methionine synthase I
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(cobalamin-independent) (Figure 4.58) was identified as predictably encoded for by the
codig sequence at Contig Identity NODE_2 length 675994 cov_165.027269. The

fragment measuring 1119 bp, stretched from the 458718 nocleotide position to 459836.
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Figure 4.52: Annotation diagram showing the location of 1, 2-diacylglycerol 3-glucosyltransferase
(EC 2.4.1.337) (=== found at node 20 and 1164 bp long on the —ve strand
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Figure 4.53:. Annotation diagram showing the Ilocation of Poly (glycerol-phosphate) alpha-
glucosyltransferase (EC 2.4.1.52) (+==) found at node 9 and 1092 bp long on the +ve strand
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Figure 4.54: Annotation diagram showing the location of cellobiose phosphotransferase system celC ()
found at node 22 and 447 bp long on the —ve strand
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Figure 4.55: Annotation diagram showing the location of PTS system, cellobiose-specific [IC component
(=== ) found at node 2 and 1326 bp long on the +ve strand
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Figure 4.56: Annotation diagram showing the location of PTS system, cellobiose-specific [IC component
(=== found at node 2 and 336 bp long on the +ve strand
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Figure 4.57: Annotation diagram showing the location of Outer surface protein of unknown function,
cellobiose operon (=) found at node 3 and 1062 bp long on the +ve strand
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Figure 4.58: Annotation diagram showing the location of Methionine synthase Il (cobalamin-independent)
(=== found at node 2 and 1119 bp long on the +ve strand

NB. The sequences of nucleotide and amino acids of the identified genes putatively

involved in active metabolism in the host are shown in Appendix L.
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Figure 4.59: Circular genome mapping showing the position of each Contig within the L. acidophilus PNW3
genome. The mapping was generated using CGView (Grant and Stothard, 2008)

92



4.4. Discussion and conclusion

This study is an overhaul of the entire genome of Lactobacillus acidophilus PNW3, in order
to identify functional coding sequeneces (CDSs) related to the probiotic potential of the
isolate. Functional annotation through NCBI Prokaryotic Genome Annotation Pipeline and
Rapid Annotations using Subsystems Technology with SEED viewer platforms revealed
several inherent genes putative for enzymes and secondary metabolites in support of the

medicinal importance of a typical probiotic candidate.

Three protein-encoding genes were determined, within the genome, putative for L-lactate
dehydrogenase (EC 1.1.1.27), identified as an important enzyme required in the
fermentation of lactate and mixed acids. In in vitro and in vivo studies conducted by Yang
et al. (2012), lactic acid was confirmed as an inducer of rapid de-phosphorylation of
Epidermal growth factor receptor. It also exhibited inhibitory effects on the production of IL-
8 induced by IL-18 and colony formation by HT29 cells. Furthermore, lactic acid
commendably increases the rate of survival when administered through oral route to
ApcMin mice (Apc/multiple intestinal neoplasia) with advanced stage malignant tumor. In
another independent study, L-lactate dehydrogenase was found to possess the ability to
stimulate bioenergetics of the mitochondria in the heart, muscle and liver, just as effective
as pyruvate. It can as well stimulate production of reactive oxygen species in the
mitochondrion in the same rate as pyruvate induces production of hydrogen peroxide

(Young et al., 2020).

Among the probiotic important plethora of genes harboured within the genome of L.
acidophilus PNW3, were genes putative for bioactive peptides. The coding sequences for
bacteriocin, Autoinducer-2 production protein, type 1 capsular polysaccharide biosynthesis
protein and mannosyltransferase involved in polysaccharide biosynthesis were revealed.

Bioactive peptides, generated as secondary metabolites by the lactic acid bacteria,
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provided a source of alternative bioactive compounds of natural origin to synthetic
antimicrobials. Several studies have revealed the potency of active compounds secreted
by LAB against clinically important pathogens and malignant cells (Axel et al., 2016; Wang

et al., 2018; Muhialdin et al., 2020).

The effectiveness of a probiotic is largely enhanced by its ability to adhere and
competitively colonise the gut epithelia cells. Sortase A, LPXTG specific, identified with
heme, hemin uptake and utilisation systems in Gram Positives Sortase, is among the
important adhesion player in the L. acidophilus PNW3. Sortase A is an enzyme used by
Gram-positive bacteria to coat the cell surface with functional proteins and pili assemblage
that enable interactions between the cells and their environment. The enzyme is highly
important in the cell physiology and defence, and is made up of protein domains
connected with adhesion of cells to host cells and extracellular matrix proteins (Jacobitz et
al., 2017; Stanborough et al., 2018). Other important adhesive encoding genes identified
include the following: cell surface and S-layer proteins; fibronectin/fibrinogen-binding
protein; and members of the EPS cluster such as EpsC, EpsD, EpsJ and ATP synthase

epsilon chain.

Gut microbiota vested with diverse enzymatic potentials plays a crucial role in the
improvement of the host metabolism, repression of pathogens, contributing additional
nutrients and improvement on nutrient digestibility and absorption (Sumathi et al., 2011,
Nora-Azirah et al., 2016). Extracellular enzymes, such as lipase, protease and amylase,
among others, produced by most lactic acid bacteria, play an important role in the gut of
animals and human beings, including infants (Tallapragada et al., 2018). Four coding
sequences putative for different kinds of lipases and twelve codoing sequences putative
for different proteases were among the probiotic supportive genes located in the genome

of L. acidophilus PNW3. This, therefore, supports the envisaging potential of the isolate
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with regard to improving nutrient digestibility in the host as a probiotic candidate. This may

directly translate into growth performance improvement in the target farm animal.

Functional annotation of the entire genome assembly of the L. acidophilus PNW3 revealed
several coding genes putative for stress tolerance within the gut environment in relation to
bile salts and gastric pH. These include ATP synthase epsilon chain, PTS system,
cellobiose-specific IC component, ATP-dependent Clp protease ATP-binding subunit and
L-lactate dehydrogenase, all responsible for the maintenance of acid stress resistance
(Oliveira et al., 2017). Autoinducer-2 production protein LuxS, which is among the putative
stress resistant CDS identified in the genome, has been identified as part of proteins
involved in both acid and bile salt stress tolerance (Jia et al.,, 2018). Another CDS
identified along the Cell Envelope subcategory is the Cell envelope-associated
transcriptional attenuator LytR-CpsA-Psr, subfamily F2. The hydrophobic nature of the cell
envelope of microorganism, assists with adhesion of organisms to the host epithelia cell,
thus conferring competitive edge for colonisation of the gastrointestinal tract (Vinderola et

al., 2003).

Considering the foregoing, the genome of L. acidophilus PNW3 is vested with enough
protein-encoding genes in support of its probiotic efficacy. Thus, the isolate could be
considered for further analysis required to certify the strain as a viable and safe probiotic

agent for application in animal husbandry.
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CHAPTER 5 = Integrated assessment of safety for
Lactobacillus reuteri PNW1 and Lactobacillus acidophilus
PNW3

Abstract

This study focuses on the safety features of the L. reuteri PNW1 and L. acidophilus PNW3
as potential probiotic candidates. The presence of acquired antimicrobial resistant genes
was assessed using ResFinder, Comprehensive Antibiotic Resistance Database (CARD)
and Rapid Annotations using Subsystems Technology (RAST). VirulenceFinder and RAST
were used to detect the presence of virulence factors and PathogenFinder was employed
to determine the pathogenicity of both isolates. Phage Search Tool (PHAST), Phage
Search Tool Enhanced Release (PHASTER), ISfinder search tool, Insertion Sequence
Semi-Automatic Genome Annotation (ISsaga) and Optimised Annotation System for
Insertion Sequences (OASIS) were used to locate the positions of the Mobile Genetic
Elements within the genomes, while the CRISPRCasFinder was used to determine
CRISPR-Cas sequence within the genome. Manual searching through functional
annotation data was used to determine protein-encoding sequences putative for toxic
biochemical. Production of biogenic amines was biochemically confirmed through HPLC
analysis. The evolutionary trend of the isolates and similarity between the two genomes
were determined through phylogeny and comparative genomic analysis. Both isolates only
harbour resistant genes putative for Lincosamide (InuC) and Tetracycline resistant genes
(tetwW). There was no hit found for virulence factors and the calculated matched pathogenic
families for both isolates were zero. Two intact prophage regions were detected within the
genome of L. reuteri PNW1 while the only prophage region identified within the genome of
the L. acidophilus PNW3 was designated as incomplete prophage type. Within the L.
reuteri PNW1 genome, 9 CDS were identified for IS by OASIS and distributed into seven

different families, while in the L. acidophilus PNW3, 3 CDS were identified for IS and
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attributed to 3 different families. Five putative CDS were identified for the CRISPR in L.
reuteri PNW1 genome while only one was found in the L. acidophilus PNW3 genome and
each of them associated with Cas genes. CDS putative for arginine deiminase and
Ornithine decarboxylase, among the notable enzyme with toxic biochemicals production
potential, were found in L. reuteri PNW1 and L. acidophilus PNW3 respectively. With the
two isolates predicted as non-human pathogens, coupled with some other indentified
factors, the L. reuteri PNW1 and L. acidophilus PNW3 stands a chance of making good
and safe candidates for probiotic product, though further in vivo investigations are still

necessary.

5.1. Introduction

Awareness on the role of health functional food in the gut microbial ecosystem (Saarela,
2019) and its impact on the well-being of humans and animals is fast spreading among
consumers. In many countries aroud the world, probiotic is among the fastest-growing
health functional food (Byakika et al., 2019). The general and increasing interest in
probiotics is responsible for concerted efforts the towards development of probiotic-based
products (Banwo et al., 2013; Borah et al., 2016). Hence, a number of efficacy and safety
assessment protocols have been recommended by experts for a putative probiotic

candidate before confirmation and acceptance for public consumption.

Although majority of commonly used organisms as probiotics are regarded as safe,
however, the continuous emergence of new strains, partly due to environmental pressure,
makes proper and thorough safety screening for every novel strain inevitable. No new
strain should be assumed of sharing the same documented safety history with preexisting
ones (Pradhan et al., 2020), coupled with the fact that the health functional benefit of a

probiotic is strain-specific. In addition, among the associated potential side-effects of a
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probiotic, systemic opportunistic infections are the most important cause for concern

(Vankerckhoven et al., 2008).

Many traditional pathogens have been characterised with a number of virulent
determinants, with few or none of these determinants reported in any case of Lactobacillus
species. Nevertheless, the ability of any viable microorganism to cause infectious
diseases cannot be candidly excluded (Pradhan et al., 2020). The possibility of the
microorganism gaining entrance into the blood stream through passive movement, direct
invasion, compromised intestinal barrier and inflammatory conditions could result in
disease conditions, especially in immuno-compromised individuals. Taking into
consideration the usual high dosage recommendation for probiotics, any associated
virulent determinant in such occasion could be fatal (Bunesova et al., 2015). Meanwhile, it
was established in the in vivo study conducted by Pradhan et al. (2019) that both short and
long-term administration of high dosage of probiotics cells did not alter any of the general
health parameters or cause a specific disorder in any organ in instances of functional

immune system.
5.2. Materials and methods

5.2.1. Identification of antimicrobial resistance genes

A quick identification of protein-encoding sequences putative for antimicrobial resistance
genes acquired within the genome of Lactobacillus reuteri PNW1 and Lactobacillus
acidophilus PNW3 was performed using ResFinder v. 3.1 (Zankari et al., 2012) and
Comprehensive Antibiotic Resistance Database (CARD) v. RGI 5.1.0, CARD 3.0.7(Alcock
et al.,, 2020). Data from the functional annotation through Rapid Annotations, using
Subsystems Technology (RAST) (Overbeek et al., 2014), were manually searched for

resistance against a number of clinically important antimicrobials.
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5.2.2. Identification of virulent determinant genes

Putative virulence determinance and pathogenicity of isolates were determined using
VirulenceFinder v. 2.0 (Joensen et al., 2014) and PathogenFinder v. 1.1 (Cosentino et al.,
2013) respectively. In addition, manual searches for protein-encoding genes related to
virulence in bacteria were also employed based on the functional annotation from the
RAST platform (Overbeek et al., 2014). Factors considered included the following: sex
pheromones; gelatinase; cytolysin; hyaluronidase; aggregation substance; enterococcal
surface protein; endocarditis antigen; adhesine of collagen; and integration factors.

5.2.3. Identification of prophage, transposase and other insertion sequences (IS)

within the genome

Rapid identification and annotation of prophage sequences within the genome of the L.
reuteri PNW1 and L. acidophilus PNW3 was determined using the Phage Search Tool
(PHAST) (Zhou et al., 2011) and the Phage Search Tool Enhanced Release (PHASTER)
(Arndt et al., 2016), a significant upgrade search tool to the former. The protein-encoding
gene for transposase was manually searched within the functional annotation data
generated from the NCBI PGAP (Tatusova et al., 2016; Haft et al.,, 2018) and RAST
platform (Overbeek et al., 2014). Genome was searched for insertion sequences (IS) using
ISfinder search tool, Insertion Sequence Semi-Automatic Genome Annotation (ISsaga V.
2.0) (Siguier et al.,, 2006) and Optimised Annotation System for Insertion Sequences

(OASIS) (Robinson et al., 2012).

5.2.4. Identification of CRISPR-Cas sequences within the genome

Coding sequences for Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR) and CRISPR-associated genes (Cas) were indentified using CRISPRCasFinder
v. 1.1.2 - I2BC(Grissa et al., 2007) and manual searches through the functional annotation

generated from RAST database (Overbeek et al., 2014).
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5.2.5. Determination of toxic biochemicals and associated genes

5.2.5.1. Genomic-based

Protein-encoding sequences putative for enzymes directly related to the production of
biogenic amines, such as histidine decarboxylase, tyrosine decarboxylase, ornithine
decarboxylase, agmatine dehydrolase, L-lysine decarboxylase and agmatine deiminase
pathway, were manually investigated through functional annotation from NCBI PGAP
(Tatusova et al., 2016; Haft et al., 2018) and RAST platform (Overbeek et al., 2014).
Further genes involved in the production of toxins, such as haemolysin and cytotoxin K,
those involved in the production of lipopeptides, such as fengygin, surfactins and
lychenisin, were also investigated from the same database (Salvetti et al., 2016).

5.2.5.2. Biochemical extraction and determination of biogenic amines

Bacterial cells were sub-cultured in de Man Rogosa Sharpe broth supplemented with
amino acid supplements, which included L-histidine mono-hydrochloride (2.5 g/L), L-
tyrosine disodium salt (2.5 g/L), L-ornithine mono-hydrochloride (2.5 g/L), L-lysine mono-
hydrochloride (2.5 g/L) and agmatine sulfate salt (1g/L) (Sigma-Aldrich, Germany). The
cultures were incubated, under strict anaerobic conditions, in an anaerobic jar provided
with anaerocult A (Merk, Germany), at 37 °C for 3 days without agitation (Salvetti et al.,

2016; Elsanhoty and Ramadan, 2016).

Extraction and determination of histamine, tyramine, putrescine, cadaverin and agmatine
were performed as previously described by Singracha et al. (2017). Bacterial culture (50
ml) was centrifuged at 8000 g for 10 minutes at 10 °C and the supernatant (5 ml) extracted
in 25 ml of 0.4 M perchloric acid and then transferred into a screw-capped bottle. Then, 1
ml of crude extract was added with 10 pul of the internal standard (1, 7- diaminoheptane),
200 pl of 2 M sodium hydroxide (NaOH), 300 ul of saturated sodium bicarbonate
(NaHCO3) and 1000 pl of dansyl chloride (10 mg/ml in acetone) and then vortexed. The

mixture was incubated at 70 °C for 30 minutes and excess dansyl chloride precipitated
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with 100 ul of ammonium hydroxide (NH4OH, 30%). The supernatant was adjusted to 50
ml with acetonitrile and filtered through 0.45 pym Polytetrafluoroethylene membrane filter

and the supernatant kept at -28 °C prior to HPLC analysis.

Determination of biogenic amines from the extract was carried out using High Performance
Liquid Chromatography (PerkinElmer Altus, A-10 PDA Detector) with a C18 RP-HPLC
column (Analytical C18 Column 100 x 4.6 mm, 5 ym particle size). The gradient elution
system used for the HPLC analysis was deionized water and acetonitrile at the flow rate of
0.5 ml/min. Elution gradient of 65% acetonitrile was used at 0 minute, increased to 70% at
5 minutes and 100% at 20 minutes and then 65% at 25 minutes. Histamine, tyramine,
putrescine, L-agmatine and cadaverine (Sigma-Aldrich, Germany) were used as
standards.

5.2.6. Multiple proteins based phylogenetic and comparative genome analyses of L.
reuteri PNW1 and L. acidophilus PNW3

Evolutionary relationship between the L. reuteri PNW1 and L. acidophilus PNW3 was
assessed through phylogenetic and comparative genomic analyses. The phylogenetic tree
was built based on concatenation of multiple proteins shared within the comparing
genomes, using PATRIC’s tree building pipeline v. 3.5.43 (Davis et al., 2016; Wattam et
al., 2017). The pipeline is a conglomerate of the following specific components: Basic
Local Alignment Search Tool (BLAST) (Boratyn et al., 2013); MCL, MUSCLE (Edgar,
2004); Hidden Markov Model (HMM) hmmbuild/hmmsearch (Potter et al., 2018), Gblocks
(Talavera and Castresana, 2007); FastTree (Price et al., 2010); and RAXML v.8
(Stamatakis, 2014). The two genomes under study, were compared with eight other
related species carefully selected from the public database (GenBank) and the generated

phylogeny was opened and refined in FigTree v.1.4.4 (Rambaut, 2018).

The comparative genomic was assessed using Artemis Comparison Tool (ACT) (Carver et

al., 2005). The ACT consists of blocks connecting regions of similarities or high identities
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between the two genomes. The alignment file for the L. reuteri PNW1 and L. acidophilus

PNW3 was generated with BLASTn through the NCBI platform.

5.3. Results

5.3.1. Putative genes for antimicrobial resistance

Separate searches through the Centre for Genomic Epidemiology database ResFinder
and Comprehensive Antibiotic Resistance Database (CARD) for acquired antimicrobial
resistance encoding genes revealed that Lactocbacillus reuteri PNW1 and L. acidophilus
PNW3 only harbour resistant genes putative for lincosamide nucleotidyltransferase (InuC),
confering resistance to Lincosamide and Tetracycline-resistant ribosomal protection
protein (tetW), which confers resistance against Tetracycline. Manual searches through
the functional annotation data derived from RAST platform also revealed the same result,
even though the manual search through the L. acidophilus PNW3 genome revealed the
harbouring resistant gene as only multidrug resistant protein with assisting heterodimetric

efflux ABC transporter.

In the genome of Lactobacillus reuteri PNW1, CDS putative for Lincosamide
nucleotidyltransferase (InuC) was located on Contig Idendity
NODE_126 length 1725 cov_2232.632040. The fragment, measuring 495 bp, stretched
from nucleotide position 1150 to 1644 along the positive strand (Figure 5.1). Two coding
sequences of different sizes putative for Tetracycline resistance and Ribosomal protection
type (TetW)  were located on the same locus, Contig Identity
NODE_89 length 5548 cov_623.805571. The CDS stretching from 1027 to 368
nucleotide position was 660 bp long (Figure 5.2) while the other one stretching from 2289
to 1048 nucleotide position contained 1242 base pairs (Figure 4.3). Both fragments were
foind along the negative strand. Another CDS putative for Ribosome protection-type

Tetracycline resistance-related proteins, group 2, was located on Contig Identity
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NODE_34 length 20428 cov_693.602778. The fragment, measuring 1929 bp, in-

between 1887 and 3815 nucleotide position, was along the positive strand (Figure 5.4).

On the other hand, manual searches through the genome of L. acidophilus PNW3
revealed the presence of three coding sequences putatively involved in multidrug
resistance. These included a 549 bp long CDS predicted for Multidrug resistant protein,
occurring at Contig Identity NODE_4 length_230557_cov_252.939857. The region
position occupied by the fragment was between 107273 and 106725 along the negative
strand (Figure 5.5). The two other CDS putative for Heterodimeric efflux ABC transporter,
multidrug resistance => LmrC subunit of LmrCDwere found on the same locus, at Contig
Identity NODE_9 length_161393 cov_196.936481. One of the fragments was 1731 bp
long, in-between 120729 and 122459 nucleotide positions along the positive strand (Figure
5.6) while the other was 1770 bp long, stretching from 122459 to 124228 nucleotide

position (Figure 5.7).
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Figure 5.1 Annotation diagram showing the location of Lincosamide nucleotidyltransferase (InuC) (=)
found at node 126 and 495 bp long on the +ve strand
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Figure 5.2 Annotation diagram showing the location of Tetracycline resistance, ribosomal protection type
(TetW) (w===) found at node 89 and 660 bp long on the —ve strand
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Figure 5.3 Annotation diagram showing the location of Tetracycline resistance, ribosomal protection type
(TetW) (w===b) found at node 1242 and bp long on the —ve strand
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Figure 5.4 Annotation diagram showing the location of Ribosome protection-type tetracycline resistance
related proteins, group 2 (=) found at node 34 and 1929 bp long on the —ve strand

3 28 27 =z 15 12 5 1 1] 135, 141 7 a Z 29 ] Jela ]
L. acidophilus
16,
3 28 =7 = 15 12 =] 9 1a11 13 1941 17 2 2 24 ] 3035
L. acidophilus
18 1
20 <] 1
B. B-1ds05 [>T - () ) >

Figure 5.5 Annotation diagram showing the location of Multidrug resistance protein (====$) found at node 4
and 549 bp long on —ve strand
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Figure 5.6 Annotation diagram showing the location of Heterodimeric efflux ABC transporter, multidrug
resistance => LmrC subunit of LmrCD (=) found at node 9 and 1731 bp long on the +ve strand
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Figure 5.7 Annotation diagram showing the location of Heterodimeric efflux ABC transporter, multidrug
resistance => LmrC subunit of LmrCD (=) found at node 9 and 1770 bp long on the +ve strand

NB. The sequences of nucleotide and amino acids of identified genes putatively involved

in antimicrobial resistance are shown in Appendix M.

5.3.2. Putative genes for virulence determinants

In order to determine the pathogenicity of the L. reuteri PNW1 and L. acidophilus PNW3,
the search was carried out using PathogenFinder tool host by the Centre for Genomic
Epidemiology. The calculated Matched Pathogenic Families for L. reuteri PNW1 was 0, the

Matched Not Pathogenic Families was 343 and the Probability of being a human pathogen
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was calculated to be 0.217. Thus, L. reuteri PNW1 was predicted as a non-human
pathogen. On the other hand, the calculated Matched Pathogenic Families for L.
acidophilus PNW3 was 0, the Matched Not Pathogenic Families was 597 and the
probability of being a human pathogen was calculated to be 0.2. The isolate was equally

predicted as a non-human pathogen.

VirulenceFinder was also used to determine the presence of virulence factors possibly
harboured within the genome of the isolates, and there was no hit for virulence factors
using the search tool. The entire gemone assembly was futher searched manually,
through the funtional annotation data generated from RAST. Nine notable virulence
determinants were manually searched and none of them was found within the genome of

the two isolates.
5.3.3. Putative genes for mobile genetic elements within the genome

A number of Mobile Genetic Elements (MGE), such as prophage, tranposease and other
insertion sequences were identified within the genomes of the Lactobacillus reuteri PNW1

and Lactobacillus acidophilus PNW3.

Prophage

Seven predicted prophage regions were identified within the genome of the L. reuteri
PNW1 (Figures 5.8 and 5.9). Two among the regions were considered to be intact while
four were designated as incomplete and the remaining one region was questionable. Only
one prophage region was identified within the entire genome of the L. acidophilus PNW3
and the coding sequence was designated as incomplete prophage type (Figures 5.10 and

5.11).
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Figure 5.8: Circular genome of the L. reuteri PNW1 showing the distribution of types of prophage indentified
as intact (mmm), incomplete (==) and questionable (==)
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Figure 5.9: Genome mapping of the L. reuteri PNW1 showing the region and positions occupied by the
different types of prophage identified as intact (=), incomplete (mm) and questionable ()
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Figure 5.10: Circular genome of the L. acidophilus PNW3 showing the distribution of the types of prophage
indentified as incomplete (=)
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Figure 5.11: Genome mapping of the L. acidophilus PNW3 showing the region and positions occupied by
the types of prophage identified as incomplete ( mm)

Tranposase and other insertion sequences

Detection and classification of transposase and other putative insertion sequences and
associated proteins were performed using the Optimised Annotation System for Insertion
Sequences search tool (OASIS). Within the L. reuteri PNW1 genome, the total number of
coding sequences predicted for IS in accordance with OASIS was 14. Out of this number,
nine different insertion sequences were identified and distributed into seven different
families. The IS families identified were as follows: 1S1182; I1S1595; 1S200--1S605; 1S21;
IS30;IS3; and ISLre2. On the other hand, 21 putative complete ORF were roughly
identified as 1S and distributed into 12 different IS families in accordance with the ISsaga

search tools (Figure 5.12). Out of this number, only 5 were completely annotated and
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provided with details of the sources, functions and insertion sites in accordance with the

ISfinder (Table 5.1).

Moreover, within the genome of the L. acidophilus PNW3, the Optimised Annotation
System for Insertion Sequences search tool predicted 5 coding sequences for insertion
sequences with 3 different identified IS distributed into 3 different families. The associated
IS families were: S200--1S605; 1S30; and 1S66. On the other hand, 10 putative complete
open reading frames (ORF) putative for IS were identified using the ISsaga search tool
and distributed into 10 different families (Figure 5.13). Only one among the roughly

identified IS were completely annotated by the ISfinder and provided with details of the

sources, functions and insertion sites (Table 5.1%).

Table 5.1: Semi-automatic complete annotation of the IS found within L. reuteri PNW1

genome using the ISfinder search tool

IS Name IS Family IS Origin Length (bp) ORF Function
ISLre2*  ISLre2 Lactobacillus reuteri 1570 bp Transposase
ISLacl 1S1182 Lactobacillus acidophilus 1833 bp Transposase
ISCco2 1IS1595 Campylobacter coli 7852 bp 1. Transposase

2. Passenger Gene (Streptothricin
Adenyltransferase, Streptothricin
acetyltransferase)

ISSagl0 1S1595 Streptococcus agalactiae 1724 bp 1. Transposase

2. Passenger Gene (O-lincosamide
nucleotidyltransferase)

1S2001 ISL3 Bifidobacterium lactis 1406 bp Transposase

Key: ORF = open reading frame, * = annotation shared by both the L. reuteri PNW1 and L. acidophilus
PNW3
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Figure 5.12: Genome mapping of the L. reuteri PNW1 showing thedistribution of roughly predicted IS family
within the genome using the ISsaga v 2.0
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Figure 5.13: Genome mapping of the L. acidophilus PNW3 showing the distribution of roughly predicted IS
family within the genome usingy the ISsaga v. 2.0

5.3.4. Putative coding sequences for CRISPR-Cas sequences within the genome

Five putative coding sequences for the Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR) were detected by the CRISPRCasFinder within the Lactobacillus
reuteri PNW1 genome. Each of the coding sequences contained single associated cas-
gene or repeat consensus and single spacer gene (Table 5.2). On the other hand, a
search using the L. acidophilus PNW3 genome revealed only one CDS putative for

CRISPR sequence. The fragment occurred on Contig Identity
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NODE_10_length_151230_cov_215 460261 1 and occupied the region between 64572
and 66430. The identified CRISPR sequence contained 30 spacer genes and a total

length of 28 bp repeat consensus (GGATCACCTCCACATACGTGGAGAAAAT).

Table 5.2: Putative CRISPR-Cas sequences found within L. reuteri PNW1 genome

Contigs start Stop Spacers Repeat consensus/cas-genes
count
56 1 133 1 ACTGCAGATAGTGGTCAGCCCAACAACGCTCAAACCAAAC
56 12460 12586 1 GGTCAGCCCAACAACGCTCAAACCAAACCTGGTA
136 1173 1253 1 GCCGAAGACATGAGACAACTTATTT
169 134 224 1 ATCGATTCCGCGCGTGACATGGGCGCCAA
410 31 114 1 GCCCCTTCTGCGTAAAAAGAGAC

5.3.5. Putative genes associated with toxic biochemicals

Functional annotation of the entire genome of Lactobacillus reuteri PNW1 revealed that
the organism does not possess any protein-encoding gene involved in the production of
biogenic amines, which are products of decarboxylation of specific free amino acids, with
the exception of CDS putative for arginine deiminase. Seven different coding sequences
related to arginine deiminase pathway with functional ornithine degradation were found in

the genome of L. reuteri PNWI.

The CDS predicted for Arginine deiminase (EC 3.5.3.6) was found on Contig ldentity
NODE_63 length_11058 cov_736.490989. The fragment, measuring 1233 bp,was found
between 4969 and 3737 on the negative strand (Figure 5.14). Another protein-encoding
sequence putative for Ornithine carbamoyltransferase (EC 2.1.3.3), invloved in arginine
deiminase pathway was foundon Contig |dentity
NODE_31 length 22919 cov_653.947306. The CDS was 1008 bp long, stretching from
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nucleotide position 1553 to 2560 along the positive strand (Figure 5.15). The other five
coding sequences were putative for Arginine/Ornithine antiporter ArcD, two of them were
found on the same locus, on Contig Identity NODE_63 length_11058 cov_736.490989.
One of the CDS, measuring 1422 bp, stetched from 3144 to 1723 nucleotide position
along the negative strand (Figure 5.16) while the other, measuring 1398 bp, stretched from
1665 to 268 nucleotide position (Figure 5.17). The remaing three, measuring 1518 (Figure
5.18), 1554 (Figure 5.19) and 1422 bp (Figure 5.20), were found on Contig Identities
NODE_25 length_ 28048 cov_708.713692, NODE_57_length_12548 cov_694.778198

and NODE_16_length_34715 cov_674.706950 respectively.

On the other hand, only one protein-encoding sequence related to the production of
biogenic amine was found within the entire genome of the L. acidophilus PNW3. The CDS
was putative for Ornithine decarboxylase (EC 4.1.1.17) and and located on Contig Identity
NODE_2 length 675994 cov_165.027269. The sequenced fragment, measuring 2094
bp, stetched between 368158 and 370251 along the possitive strand (Figure 5.21). None
of the manually searched enteroxins and lipopeptides was detected within the genome of

both organisms.
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Figure 5.14: Annotation diagram showing the location of Arginine deiminase (EC 3.5.3.6) (===) found at
node 63 and 1233 bp long on the —ve strand
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Figure 5.15: Annotation diagram showing the location of Ornithine carbamoyltransferase (EC 2.1.3.3)
(w==mb) found at node 31 and 1008 bp long on the +ve strand
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Figure 5.16: Annotation diagram showing the location of Arginine/ornithine antiporter ArcD (=) found at
node 63 and 1422 bp long on the —ve strand
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Figure 5.17: Annotation diagram showing the location of Arginine/ornithine antiporter ArcD (=) found at
node 63 and 1398 bp long on the —ve strand
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Figure 5.18: Annotation diagram showing the location of Arginine/ornithine antiporter ArcD (=) found at
node 25 and 1518 bp long on the —ve strand
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Figure 5.19: Annotation diagram showing the location of Arginine/ornithine antiporter ArcD (=) found at
node 57 and 1554 bp long on the +ve strand
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Figure 5.20: Annotation diagram showing the location of Arginine/ornithine antiporter ArcD (=) found at
node 16 and 1422 bp long on the +ve strand
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Figure 5.21: Annotation diagram showing the location of Ornithine decarboxylase (EC 4.1.1.17) ()
found at node 2 and 2094 bp long on the +ve strand

NB. The sequences of nucleotides and amino acids of putative genes associated with

toxic biochemicals are shown in Appendix N.
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5.3.6. HPLC analysis of the biogenic amines

Analysis of the HPLC carried out on the extracted biogenic amines produced by both
isolates revealed the presence of putrescine as the only biogenic amine produced. The
putrescine produced by L. reuteri PNW1 was eluted within a retention time of 2. 334 min at
a flow rate of 0.5 ml/min while the putrescine produced by the L. acidophilus PNW3 was
eluted within 2.337 min retention time. When compared, the putrescine used as standard
reference eluted at a retention time of 2.436 min under the same flow rate of 0.5 ml/min.
The 1, 7- diaminoheptane used as internal standard for the biogenic amine, was identified
with a pick common to both samples and eluted at the same retention time of 11.366 min.

5.3.7. Multiple proteins based phylogenetic and comparative genome analyses of L.

reuteri PNW1 and L. acidophilus PNW3

All proteins shared by the genomes were compared in order to trace the evolutionary trend
and relationship between the two organisms (Figure 5.22). The isolate L. acidophilus
PNWS3 clustered closely with two other strains of the same species and clustered a bit
distantly with the L. acidophilus NCTC 13720. The reason for the fairly distant relationship
could be that L. acidophilus PNW3 and two other strains could have undergone mutation
over a period of time. L. acidophilus NCTC 13720 was isolated from a human source
(female vagina) in London, United Kingdom in 1999 while the two other strains, closely
clustered, were isolated lately between 2011 and 2016 from swine intestine and human
commercial dietary supplements respectively. All the three strains of the same species,
with the L. reuteri PNW1, clustered closely. Comparison of the entire genomic contents of
L. reuteri PNW1 and L. acidophilus PNW3 in the Artemis Comparison Tool (ACT) revealed
that both organisms did not share a greater part of the entire genomic contents in common

(Figures 5.23 and 5.24).
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Figure 5.22: Phylogenetic analysis of L. reuteri PNW1 and L. acidophilus PNW3. The tree was developed
using PATRIC’s tree building pipeline v. 3.5.43 using the whole genome sequence approach by comparing

all shared proteins among the isolates.
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Figure 5.23: Virtual similarity within the entire genomes of the L. reuteri PNW1 (upper layer) and L.
acidophilus PNW3 (lower layer). The red connecting blocks indicate regions of high level similarities between
the two genomes while the blue blocks indicate inversion sequences. The mapping was generated using

ACT v3.
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Figure 5.24: A section indicating regions of high degree of similarity between genomes of the L. reuteri
PNW1 (upper layer) and L. acidophilus PNW3 (lower layer). The red connecting blocks indicate regions of
similar coding sequences between the two genomes. The mapping was generated using ACT v3.

5.4. Discussion and Conclusion

Quick searches through different databases and manual search through functional
annotation revealed that both L. reuteri PNW1 and L. acidophilus PNW3 harbour resistant
genes against Lincosamide and Tetracycline. Functional annotation also revealed the
presence of heterodimeric efflux ABC transporter, multidrug resistance in the genome of L.
acidophilus PNW3. Though several heterodimeric ABC transporters have been reportedly
involved in multidrug efflux in Gram-positive organisms, however, it is worthy to note that
most of the annotated multidrug efflux transporters are not capable of transporting drugs
but rather get involved in other physiological functions within the cell (Hirlimann et al.,
2016). Moreover, heterodimeric efflux ABC transporter is an intrinsic form of resistance,

which has little or no chances of being transferred to other bacteria (Das et al., 2019).

The only prophage region found within the L. acidophilus PNW3 genome was designated

as incomplete prophage type, an indication of its non-functionality. None of the
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transposase identified and other insertion sequences flanked the resistance genes, further
limiting the transferability of these antimicrobial resistance genes. On the other hand, the
passenger gene, which was identified among the insertion sequences in the L. reuteri
PNW1 genome, was found in association with O-lincosamide nucleotidyltransferase (Table
5.1). This could suggest the possibility of increased chances of desemination, however,
the co-existing Tetracycline-resistant ribosomal protection protein (tetW) was not flanked

by any of the annotated insertion sequences.

Furthermore, the genomes of both isolates harboured the Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR), with each of the coding sequences
associated with Cas-gene and spacer. The presence of CRISPR region within a genome
limits the spread of antimicrobial resistant genes through obstruction of multiple pathways
of horizontal gene transfer (Maraffini and Sontheimer, 2008). CRISPR regions in the
genome equip the bacteria with sequence specific defence-line against plasmids, insertion
sequences and phages with about 45% of bacterial strains possessing effective CRISPR
region within their genomes (Grissa et al.,, 2007; Palmer and Gilmore, 2010). CRISPR
locus, with associated Cas-genes, provides the host strain with the potential to defend
itself against any incoming extra-chromosomal DNA molecules (Palmer and Gilmore,
2010). This is an indication of stability of the genome and a very low possibility of such
strain to acquire antimicrobial resistant genes since resistance genes are mostly

introduced by mobile genetic elements such as plasmids and transposon, among others.

Among all the protein-encoding sequences related to the production of toxic biochemical,
only CDS predicted for arginine deiminase with functional ornithine degradation was found
within the genome of the L. reuteri PNW1 and ornithine decarboxylase (EC 4.1.1.17),
which is also the only encoding sequence with the potential for producing biogenic amine
compound in the L. acidophilus PNW3. The protein arginine deiminase is a post

translational modification enzyme that catalyses hydrolysis of peptidyl-arginine to
121



uncharged non-standard peptidyl-citrulline on relevant proteins such as histones and
fibrinogen. This is referred to as citrullination or deamination, that is, post-translational
modification of histones, which is the essential building block of chromatin (Mohanan et al.,
2012; Bicker and Thompson, 2014). Upregulation and overexpression of the arginine
deiminase activity, most importantly, class IV, has been observed in several disease
conditions such as rheumatoid arthritis, Alzheimer’s disease, multiple sclerosis and cancer
(Joneset al., 2009). It is equally important to note that protein arginine deiminase class IV
is the only isozyme that has been confirmed to be involved in the deimination of histone
(Bicker and Thompson, 2014). Protein arginine deiminase are now being identified with

potential involvement in tumor progression (Mohanan et al., 2012).

Decarboxylation of amino acid ornithine by the enzyme ornithine decarboxylase, leads to
the formation of putrescine, which is a biochemical that has been confirmed to down-
regulate activities of macrophages in response to injury due to microbial infection
(Hardbower et al., 2017). Production of putrescine by both isolates was practically
confirmed through HPLC analysis. Ornithine decarboxylase also limits the rate of
polyamine biosynthesis thus, increasing the potential for oncogenesis (Shukla-Dave et al.,
2016). Increased activity of the enzyme has been reportedly observed in the rapid
proliferation of normal and neoplastic cellls. Although the activity of Ornithine
decarboxylase is under strict regulation at transcriptional and posttranslational stages, due
to its impact on cellular processes (Kaprio et al., 2019), Ornithine degradation is regulated
by a protein known as antizyme in response to the density of polyamine and is also one of

the targets of the Myc/Max transcription factor (Pegg, 2006).

The all shared-proteins concept phylogeny revealed a level of distance evolutionary
relationship between the L. reuteri PNW1 and L. acidophilus PNW3. This is equally

evidenced from the overview of the virtual comparative genomic analysed in Artemis
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Comparison Tool (ACT), where only a small fragment of the entire genome in both isolates

are shown to have regions of high level similarities in protein-encoding sequences.

In general, with both isolates predicted as non-human pathogens, coupled with the
presence of the CRISPR-Cas regions, which serves to protect and ensure stability of the
genomes, together with some other indentified factors, the L. reuteri PNW1 and L.
acidophilus PNW3 stand a chance of making good and safe candidates for future
development of probiotic. However, further in vivo investigations in the animal model and
human efficacy trials are still required in order to effectively assess the level of expression
and, possibly, suppression mechanism for the single identified gene putative for the

production of biogemic amine in each of the isolates.
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CHAPTER 6 = Purification of bacteriocins produced by L.
reuteri PNW1 and L. acidophilus PNW3 and evaluation of their

effectiveness against E. coli O177

Abstract

Bacteriocins are ribosomaly secreted antimicrobial peptides produced by bacteria; most of
them are active against organisms with closely related phylogeny while some are of broad
spectrum. This study was an evaluation of antimicrobial capability of bioactive peptides
produced by L. reuteri PNW1 and L. acidophilus PNW3, both crude and partially purified.
Agar well diffusion method was used to assess the susceptibility of the test pathogens (E.
coli O177) towards bioactive peptides. The maximum zone of inhibition exhibited by the
bacteriocin produced by L. reuteri PNW1 is 20.0+1.00 mm (crude) and 23.3+1.15 mm (at
0.25 mg/ml) after being partially purified. On the other hand, the maximum zone of
inhibition exhibited by the L. acidophilus PNW3 was 21.7+0.58 mm (crude) and 24.3+1.15
mm after being partially purified and tested at a concentration of 0.25 mg/ml. The partially
purified peptide pellets, which were re-constituted in PBS and applied to the RP-HPLC
C18 columns, were ran for 40 min at 0.2 ml/min flow rate. The active fraction appeared at

1 min in 34% acetonitrile.

6.1. Introduction

The capability of a probiotic candidate to antagonize the growth of neighbouring
microorganisms may further appreciate, to an extent, the complete competitive repression
of entire gastrointestinal microbes and pathogens (Nagpal et al., 2012). In order for a
microbial candidate to be classified as probiotic, it has to possess a number of criteria.
One of which is the potential to produce ribosomally synthesized compounds with
antimicrobial properties (Kazufi, 2018). This amounts to why majority of professional
nutritionists and gastroenterologists have considered probiotics as effective and safe

gastrointestinal symptoms management therapy (Valdovinos-Garciaet al., 2018).
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Bacteriocins have been widely investigated globally in relation to their desirable impact on
the health of human beings and animals (Svetoch and Stern, 2010). They are small
heterogeneous bioactive peptides synthesized by probiotic bacteria against neighbouring
competitive pathogenic organisms (Cotter et al.,, 2005). Most bacteriocins are highly
specific in their clinical effectiveness. They are commonly operate distinct mechanisms of
action away from those exhibiting by the conventional synthetic antimicrobials; and are
susceptible to genetic manipulation aimed at a desired traits due to their peptide nature
(Cotter et al., 2013). The specificity of bacteriocins allows room for controlled target
against pathogens with little or no undesirable effects on the gut microbial ecosystem.
Although there are other strains that secrete broad spectrum bacteriocins, such can be
applied in the situation of infections with difficult-to-identify causative agents (Rea et al.,

2010; Boakes et al., 2012).

Among the numerous naturally produced bioactive compounds, lactic acid bacteria (LAB)
synthesised bacteriocins are given higher priority among scientists because of the
generally recognised as safe status of the LAB, and their significant presence in the gut
microbiota, both in human beings and animals. Some of the bacteriocins, such as nisin,
are currently in use with public approval as food additive in about 50 countries to improve
the quality and health functionality of food (Hu et al., 2017; Ekblad and Kristiansen, 2019;
de Castilho et al., 2020). Many of the bacteriocins also offer a natural alternative to
synthetic additives as well as improved organoleptic characteristics of food (Kondrotiene et

al., 2018).

Bacteriocins have been broadly classified into two major groups as follows: the
lanthionine-containing group (e.g. nicin, bovicin HJ50 and mersacidin); and non-
lanthionine-containing group (e.g.pediocin PA-lcarnobacteriocins and lactococcins G).

The non-lanthionine-containing group is further subdivided into pediocin-like bacteriocins,
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two-peptide bacteriocins, cyclic bacteriocins and non-pediocin-like one-peptide

bacteriocins (Oppegard et al. 2007; Nissen-Meyer et al., 2009; Garsa et al., 2019).

Moreover, besides the bactericidal effect against pathogens, a number of bacteriocins
have been established to have capability to significantly reduce the amount of methane
(CH,4) produced by ruminant animals, during nutrient digestion, through depopulation of
their intestinal methanogens (Gill et al., 2010; Kumar et al., 2014). Therefore, mitigating
the effect of methane, as a green house gas. This account for 18% of the total world
emission on global warming and, at the same time, prevent loss of metabolic energy from

the rumen (Garsa et al., 2019).

The aim of this study, therefore, was to purify and evalute the bioactive efficacy of
bacteriocins produced by Lactobacillus reuteri PNW1 and Lactobacillus acidophilus PNW3

against pathogenic Escherichia coli O177.

6.2. Materials and methods

6.2.1. Cultivation of bacteriocin produced by L. reuteri PNW1 and L. acidophilus
PNW3

The probiotic bacterial isolate was sub-cultured into De Man Rogosa Sharpe (MRS) broth
under complete anaerobic condition and incubated at 37 °C for 24 hours in an anaerobic
jar supplemented with AnaeroGen system (Thermofisher, UK). Thereafter, the culture was
centrifuged at 10,000 rpm for 10 minutes and the pH of the supernatant adjusted to 6.5
using a pH meter. After which the supernatant was filtered through 0.22 pm syringe filter
(Millex syringe filters, Sigma Aldrich) and the filtrate was kept in the refrigerator for further

analysis (Zommiti et al., 2016).
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6.2.2. Determination of the antimicrobial potential of cultivated bacteriocin produced
by L. reuteri PNW1 and L. acidophilus PNW3

Agar well diffusion method was used to determine the antimicrobial potential of bacteriocin
produced by probiotic bacterial isolates against pathogenic Escherichia coli O177 (Goh
and Philip, 2015). Two different strains of pathogenic E. coli O177 were collected from
culture collection of the Molecular Microbiology Research Laboratory, North-West
University Mafikeng Campus, South Africa. An 18 — 24 hour old nutrient broth culture of
each of the test isolates was standardised following 0.5 McFarland standard. Then 100 pl
of the standard inoculums was inoculated into molten (50 °C) sterile freshly prepared
Muller Hinton agar, gently mixed and then poured into a sterile petri dish. The molten agar
medium was allowed to set before wells were bored into it, using 6 mm cock borer. The
wells were carefully filled with the bacteriocin extract and not allowed to spill. The plates
were left on the laboratory bench for 2 hours to allow proper diffusion of the bacteriocin
extract into the agar metrix and incubated at 37 °C for 24 hours. After this process, the

clear zone of inhibition was measured. The experiment was carried out in three replicates.

6.2.3. Purification and HPLC analysis of bacteriocins produced by the L. reuteri
PNW1 and L. acidophilus PNW3

Purification of crude bacteriocin was done as previously described (Wannun et al., 2016;
Zommiti et al., 2016). One litre of crude bacteriocin was partially purified by precipitation
with 80% saturated ammonium sulphate and left overnight at 4 °C with regular stirring. The
precipitates were collected and then re-suspended in 0.1 M phosphate buffer solution (pH

7). This was, thereafter, extracted in a mixture of chloroform and methanol (2:1, v/v).

The bacteriocin was further purified with high performance liquid chromatography
(PerkinElmer Altus, A-10 PDA Detector) using a C18 RP-HPLC column (Analytical C18
Column 100 x 4.6 mm, 5 pym particle size). The sample was applied to the C18 RP-HPLC

column and eluted with 34% acetonitrile to produce a pure peptide. The fraction with a
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retention time of 1 minute and absorption at 240 nm, was identified as the purified

bacteriocin.

6.3. Results

The bioactive peptides (bacteriocins) extracted from the Lactobacillus reuteri PNW1 and
Lactobacillus acidophilus PNW3 were tested against 2 identified strains of pathogenic E.
coli O177. Both test strains were susceptible to bacteriocins produced by the two probiotic
organisms. The zone of inhibition exhibited by the crude bacteriocin extracts ranged
between 18.7+£0.58 and 21.7+0.58 mm. After the crude bacteriocins were partially purified
and tested at a concentration of 0.25 mg/ml, the zones of inhibition ranged between

22.0£0.00 and 24.3+1.15 mm (Table 6.1).

The partially purified bioactive peptide (pellet) was re-constituted in phosphate buffer
saline (PBS) and applied to the RP-HPLC C18 columns. The flow-rate of the elution was
0.2 ml/min with a linear gradient of 0 to 60% run over 40 minutes. The active fraction

appeared at 1 minute in 34% acetonitrile (Figures 6.1 and 6.2).

Table 6.1: Susceptibility test of crude and partially purified bacteriocins produced L. reuteri
PNW1 and L. acidophilus PNW3

Zones of inhibition (mm)*

Organisms BP1 BP1_PR BP3 BP3_PR
(0.25 mg/ml) (0.25 mg/ml)

E. coli C1 18.7+0.58 23.3£1.15 21.7+0.58 24.3+1.15

E. coli C2 20.0£1.00 22.0£0.00 19.3+0.58 24.0+1.00

Key: BP1 - BP1 - Crude bioactive peptide by L. reuteri PNW1, BP3 - Crude bioactive peptide by L.
acidophilus PNW3, BP1_PR — Patrtially purified bioactive peptide by L. reuteri PNW1, BP3 PR — Partially
purified bioactive peptide by L. acidophilus PNW3, * - Mean values of three replicates
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Figure 6.1: HPLC analysis of bacteriocin produced by L. reuteri PNW1 using analytical reverse phase C18
column. The flow rate for the elution was 0.2 ml/min with a linear gradient from 0 to 60% over a period of 40
minutes.
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Figure 6.2: HPLC analysis of bacteriocin produced by L. acidophilus PNW3 using analytical reverse phase
C18 column. The flow rate for the elution was 0.2 ml/min with a linear gradient from 0 to 60% over a period
of 40 minutes.

6.4. Discussion and conclusion

Analysis of complete genome comfirmed the presence of protein-encoding sequences
putative for the production of bacteriocins within the genome of L. reuteri PNWI (Figure

3.3) and L. acidophilus PNW3 (Figure 4.1). The functional annotation of the entire genome

135



of L. reuteri PNW1 and L. acidophilus PNW3 predicted the bacteriocin identified for both
organisms as bacteriocin helveticin J (Figure 3.16). The relationship between the two
protein-coding sequences from each isolate was further investigated through SmartBlast of
the sequence of the amino acids of the relative bacteriocin helveticin J. There was 100%
similarity between with the bacteriocin helveticin J sequenced from L. reuteri PNW1 and
another protein found in L. acidophilus within the searched database (Figure 6.3). This
further butresses the possibility of both organisms containing similar bacteriocins as
previously predicted from the funtional annotation coupled with the close similarity
between the two spectra of the purified bacteriocins as revealed by the HPLC (Figures 5.1
and 5.2). The protein encoding sequence for bacteriocin helveticin J in L. acidophilus
PNW3 showed 90.15% similarity with another protein found in Lactobacillus kitasatonis

within the searched database (Figure 6.4).

Lastly, the susceptibility test of bacteriocins against shiga toxin producing E. coli O177
revealed the efficacy of bacteriocins produced by both organisms (Table 6.1). This could
be a pointer towards the use of these organisms as probiotic agents with a focus on
controlling post-weaning diarrhoea, which is a major challenge in piggery and dairy

farming, coupled with several other physiological benefits of a probiotic agent.

————* | actobacillus crispatus

Lactobacillus
ELactuI:laciIIus sp. UMNPBX4
Lactobacillus heleticus
| unknown

’:-_—‘ L e Lactobacillus acidophilus

Figure 6.3: Protein-based relationship of the sequence of amino acids (106 aas) of bacteriocin helveticin J
from Lactobacillus reuteri PNW1 (unknown). The tree was generated using NCBI SmartBlast.
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Figure 6.4: Sequence of protein-based amino acids (325 aas) of bacteriocin helveticin J from Lactobacillus
acidophilus PNW3 (unknown). The tree was generated using NCBI SmartBlast.
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CHAPTER 7 = General discussion and conclusion

Availability of the whole-genome sequence technology creates adequate room for in-depth
characterization of a potential probiotic strain and substantial evaluation of the safety
features of probiotic bacteria. Complete genome analysis and functional annotation of the
entire genome of Lactobacillus reuteri PNW1 and Lactobacillus acidophilus PNW3
revealed a plethora of genes within the draft assembly in support of their probiotic
candidacy. Besides a mandatory test of safety for every novel strain of probiotics, each
probiotic agent is expected to possess certain desired traits such as modulation of immune
and physiological systems of the host, deactivation or attenuation of virulent markers on
neighbouring pathogens, prevention of infectious and inflammatory disease conditions;
and also improved stability of the genome, ability to withstand adverse gut conditions and
potential to adhere to the epithelia cells and/or mucosal layer (Saxami et al., 2012;

Celiberto et al., 2017; Chen et al., 2017).

Both L. reuteri PNW1 and L. acidophilus PNW3 were confirmed at the genomic level to
have shown potentials for producing lactic acids. These lactic acids have been proven to
be active in antagonizing survival of neighbouring pathogens and simultaneously
inactivates human immune virus (Nordeste et al., 2017). They have also been confirmed
having inhibitory effects on the production of IL-8 induced by IL-13 and colony formation by

HT29 cells, thus preventing colorectal associated malignancy (Yang et al. 2012).

Bacteriocin which is a secondary metabolite characterized with significant bioactive
potential against intestinal pathogens (Cotter et al., 2013) was found present within the
genome of both isolates. This was biochemically extracted from the isolates to allow in
vitro test of efficacy against pathogenic Escherichia coli O177. The extracted bacteriocins
showed a commendable inhibitory potential both in the crude and partially purified forms

(Table 6.1). The Bacteriocin secreted as secondary metabolites by these two lactic acid
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bacteria could provide a source of alternative bioactive compounds of natural origin to
synthetic antimicrobials. Thereby mitigate the incessant occurrence of multidrug resistant
pathogens due to misuse of conventional antimicrobials. To further buttress this point,
several scientific reports have revealed the potency of active compounds secreted by LAB
against clinically important pathogens as well as malignant cells (Axel et al., 2016; Wang
et al., 2018; Muhialdin et al., 2020). Functional annotation of the entire genome predicted
the bacteriocin secreted by L. reuteri PNW1 and L. acidophilus PNW3 as bacteriocin
helveticin J. The relationship between the two protein-coding sequences from each isolate
was further confirmed through NCBI SmartBlast (Figure 6.3 and 6.4) and further supported

by the close similarity in the HPLC spectra.

Performance of probiotic agent is largely enhanced by ability to adhere and competitively
colonise gut epithelia cells and mucosal layer. This will provides ample opportunity for
stability of the strain and effectively prolongs the antagonistic effects against unwanted gut
microbial residents (Salas-Jara et al., 2016). Sortase A, LPXTG specific and members of
exopolysaccharide (EPS) cluster are among important adhesion players common to both
L. reuteri PNW1 and L. acidophilus PNW3. Sortase A is an important enzyme involves in
the cell physiology and defence. It is made up of functional proteins and pili assemblage
that facilitate adhesion of probiotic cells to host cells, thus enable stable interactions
between the cells and their environment (Jacobitz et al., 2017; Stanborough et al., 2018).
The EPSs contribute major impact on the strain specificity of probiotic candidates (Zeng et
al., 2019) several of its members such as EpsC, EpsD, EpsJ have been directly linked to
some important probiotic features such as biofilm formation, immunomodulation,

aggregation, antioxidant and antimicrobial potentials (Wu et al., 2014).

Moreover, Extracellular digestive enzymes produced by most lactic acid bacteria play

important role in the gastrointestinal tract of animals (Tallapragada et al., 2018). The
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protein-encoding sequence predicted for lipase and protease which were commonly found
in both isolates supports the envisaging potential of the isolates with regard to improving
nutrient digestibility in the host as a probiotic candidate; this in turn may directly translate
into growth performance improvement in the target farm animal. In addition, the lower pH
of the gastric juice and higher concentration of the bile salt predispose gut resident
microbes to adverse condition. Some of the coding sequences required by a
microorganism in order to survive harsh environmental conditions are on the list of genes
found within the genome of both isolates. For instance, Autoinducer-2 production protein
LuxS and sB-dependent general stress proteins (Gsps) are among the proteins involved in
acid and bile salt stress tolerance; and several kinds of nonspecific stress tolerance

respectively (Antelmann et al., 2000; Jia et al., 2018).

Investigation towards pathogenicity and occurrence of virulent determinants revealed that
L. reuteri PNW1 and L. acidophilus PNW3 have zero matches for pathogenic family and
there was not hit found for virulent determinants. Therefore identifies both isolates as non
pathogenic for both human and animals. Although coding sequences putative for
antimicrobial resistance genes against lincosamide (InuC) and tetracycline (TetW) was
found harbouring by both isolates. Only the InuC acquired by the L. reuteri PNW1 is
flanked by a mobile genetic element (MGE) while none of the resistance genes found
within the L. acidophilus PNW3 is flanked by any MGE (Table 5.1). Having known that
most resistance genes are acquired through the MGE such as; plasmids, transposons and
passenger genes, therefore, possibility of lateral transfer of resistance genes from the

isolates is minimal.

Furthermore, occurrence of Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR) region within microbial genome limits the spread of antimicrobial resistant genes

by obstructing multiple pathways of horizontal gene transfer (Maraffini and Sontheimer,
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2008). Besides, CRISPR region equips microbes with sequence specific defense-line
against plasmids, insertion sequences and phages. CRISPR locus, with associated Cas-
genes, provides the host organism with self-defense mechanism against intruding extra-
chromosomal genetic molecules (Palmer and Gilmore, 2010). Presence of the CRISPR-
Cas region within the genome of L. reuteri PNW1 and L. acidophilus PNW3, therefore,

suggest genomic stability which is an important trait required of a probiotic candidate.

Lastly, functional annotation of the draft assembly revealed the presence of protein-
encoding sequence predicted for arginine deiminase within the genome of the L. reuteri
PNW1 and ornithine decarboxylase (EC 4.1.1.17) within that of L. acidophilus PNW3.
Arginine deiminase is an enzyme that is involve in post translational modification of the
protein histone, an essential building block of chromatin (Mohanan et al., 2012; Bicker and
Thompson, 2014). Although It is worthy to note that arginine deiminase class IV is the only
isozyme of this protein that has been confirmed to be clearly involved in the citrullination
i.e. deimination of histone (Bicker and Thompson, 2014); and has been identified with
potential involvement in tumor progression (Mohanan et al., 2012). This suggests that
further study is required to characterize the class of the protein arginine deiminase which

may be produce by L. retueri PNW1.

Likewise the ornithine decarboxylase found in L. acidophilus PNW3 which is responsible
for the formation of putrescine, a biogenic amine capable of down-regulating activities of
macrophages during inflammatory response (Hardbower et al., 2017). Ornithine
decarboxylase limits the rate of polyamine biosynthesis, therefore, increasing the potential
for oncogenesis (Shukla-Dave et al., 2016). Although activity of ornithine decarboxylase is
under strict regulation at transcriptional and post translational stages, due to its impact on
cellular processes (Kaprio et al., 2019). This therefore makes the threat due to putrescine

less pronounced.

144



In conclusion, considering abundance of important genes, putative for several desired
traits in a typical probiotic candidate, embeded within the genome of L. reuteri PNW1 and
L. acidophilus PNW3; both isolates could make a good and safe choice for future
development into functional probiotics with a target on farm animals. Further studies are
required to elucidate on the potency and repression technique for the ascribed biogenic
amine confirmed produced by both isolates and citrullination potential of the argenine

deiminase found harboured in L. reuteri PNW1.
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APPENDICES

Appendix A

The sequence of nucleotide and amino acids of identified genes putatively involved
in lactic acids production

D-lactate dehydrogenase (EC 1.1.1.28)

>fig|1598.593.peg.171 D-lactate dehydrogenase (EC 1.1.1.28) [Lactobacillus
reuteri PNW1]
atgaaattaattatgtatagcgttcgtgacgctgaaaagccttatattgaagcatgggaa
aagaagacaggcaatgacgtcaagatggttactgaaccattaaatgctgatacagttaag
cttgcagagggatatgatggaatttccttacagcaaacaacaaaacttggggatgaacaa
ctgtatgagcaattagcagctatgggaataaagcaattagctgctcggatggttggtgtt
gatatttttgatttagatgcatgtaaagcaaatggcatcattgtaacgaatgtccctatt
tattcaccaagggcaatcgcagaaatgggcgttactcaggcgatgtacttgttacgacgg
attggtgaattcgaacaacgaatgagccatggtgattttcggtggagcgatgacttgatc
agtaatgaaatttacaatttaaccgtgggaattgttggccttggtaatattggtggggcecce
actgctcagatttataaagcattaggcgcaaaagttcttgcatatgatccatcgtacaat
gtcgaatatgaaccatacgttgaatataccgatttcgatactgttattaagaatgcggat
attttgtcattgcatacaccgttgttaccaagtaccgaaaacatgattgcagcaccacaa
tttaagatgatgaaagacaatgcttacttgattaacatggctcgtggaaaactggtaaat
accgcggacttaatttcagcattggaaaataaagaaattgcgggtgctggcctagataca
ttagctgacgaaacttctttctttgggaagcaagttacatcagatcaaattccagatgat
tacaagaaattagcggcaatgccaaatgttcttgttacaccccacgttgegttcectaacce
gaaacatctattcgtaatatggtcgagattagtttgaatgatgctgttacgattttagaa
ggcaagcattcacgaaatgaaataagaatgtaa

>fig|1598.593.peg.171 D-lactate dehydrogenase (EC 1.1.1.28) [Lactobacillus
reuteri PNW1]

MKLIMYSVRDAEKPYIEAWEKKTGNDVKMVTEPLNADTVKLAEGYDGISLQQTTKLGDEQ
LYEQLAAMGIKQLAARMVGVDIFDLDACKANGIIVTNVPIYSPRAIAEMGVTQAMYLLRR
IGEFEQRMSHGDFRWSDDLISNEIYNLTVGIVGLGNIGGATAQIYKALGAKVLAYDPSYN
VEYEPYVEYTDEFDTVIKNADILSLHTPLLPSTENMIAAPQFKMMKDNAYLINMARGKLVN
TADLISALENKEIAGAGLDTLADETSFFGKQVTSDQIPDDYKKLAAMPNVLVTPHVAFLT
ETSIRNMVEISLNDAVTILEGKHSRNEIRM

>fig|1598.593.peg.1321 D-lactate dehydrogenase (EC 1.1.1.28) [Lactobacillus
reuteri PNW1]
atggttaaaaaaatttttgcttttagtatccgaaaagatgaagaaccttatgttaaagaa
tgggctaaggatcatcccgaagtagaagtagaatatacggatgaactcttaactcctgaa
actgccgcaaaagctaaaggagctgacggggtagtcgtttaccaacaactcgattacaca
ccagaaacgctacaagcactggctgacgaaggtattacaaagatgtcactacgtaatgtt
ggtgttgataacattgatatggctaaggcaaaagaacttggctttgaaattaccaatgtt
cctgtttactcaccaaacgcaattgccgaacatgctgctattcaaacagcccgaattett
cgccaaaccaaggccttagatgaaaagattgctaatggcgatttacgttgggccccaaca
attggtcgagaagtgcgtgatcaaactgttggtgttatcggaactggtcatatcggacgt
gtttatatgcaaattatggaaggcttcggtgctaaggtaattgcatatgacccatttgaa
aatccagaattaaagaagcaaggatattacgttgacagccttgatgatctatatgctcaa
gctgatgtggtttctcttcacgttccggctaccaaagagaacttccatatgattgataaa
gacgcaattgctaaaatgaaagacaatgttgtaattgttaactgttcacgaggcgcatta
gttgatactgatgctgtaatcgaaggacttgatagtggaaagatctttggctttattatg
gacacttacgaagatgaagttggaatctttaatgaagattggcgtggcaaggagttcect
gacaagcgacttaaagaccttattgatcgttcaaacgttcttgttactccacatacagcet
ttctatactactcatgctgtccgcaacatggttcttaatgcctttgacaataaccttaaa
ttaattaatggtgaagaagctgacacaccggttaaggttggctaa
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>fig|1598.593.peg.1321 D-lactate dehydrogenase (EC 1.1.1.28)
reuteri PNW1]
MVKKIFAFSTIRKDEEPYVKEWAKDHPEVEVEYTDELLTPETAAKAKGADGVVVYQQLDYT
PETLOALADEGITKMSLRNVGVDNIDMAKAKELGFEITNVPVYSPNATAEHAATIQTARIL
ROTKALDEKIANGDLRWAPTIGREVRDQTVGVIGTGHIGRVYMQIMEGFGAKVIAYDPFE
NPELKKQGYYVDSLDDLYAQADVVSLHVPATKENFHMIDKDATAKMKDNVVIVNCSRGAL
VDTDAVIEGLDSGKIFGFIMDTYEDEVGIFNEDWRGKEFPDKRLKDLIDRSNVLVTPHTA
FYTTHAVRNMVLNAEFDNNLKLINGEEADTPVKVG

>fig]1598.593.peg.2392 D-lactate dehydrogenase (EC 1.1.1.28)
reuteri PNW1]
atgaagatttatatgtatggtgtttatcaggatgaagttccttacattaaggaatggcaa
gaggaacatcctgaagtaactgtagactcaacaacgaaacttttagacgaaagcacagtt
aacttgtctaaaggaagcgatggagtagtagtattccagcaaaagccttattcagacgag
gccttacgtcaattagcacttaatggtattacaaagatgtcattgcgaaatgttggggtt
gataatcttaaccatgaattagtacaagaacttggttttcaaattaccaatgtaccggtt
tattccccagctgcgattgctgaattttcagttactcaagcacttaaccttttacgtcga
acaaaagaattttatttgaagttagcaaaaggagattataactgggcaccgcatattgcect
aaggaaatgaataagcaggttgttgggatagttggaacaggaaacattggatctacggcg
gctaaaatctttgctggttttggtgcaaaagtgattgcatatagccgtcaccaaaataag
gaactagagggaattgttgaatacgttagccttgatgaattatataaacgggcaacaatt
atttcactttatttacctcatgttccagcgacagataaaatgcttaatgaaaaaacattt
gcaatgatgcaggacggggtcttactggttaacactgcacgtggaccattagtcgatgaa
aaggcattgattgaagcattgaatagcggtaaagtcggaggagctgctctagacgtaatg
actggtgaaaccaagatttttaaccggcaaattaatttccaagaagttgattatgacgaa
tttaaagatttagttgaccggccaaatgttttaatcacgccacatattgectttttatact
gatcaagcaatcaaaaatatggttaagatgagtttgtctgccaatctagatttgattaaa
actggcacctcagataaactagttaaattttaa

>fig[1598.593.peg.2392 D-lactate dehydrogenase (EC 1.1.1.28)
reuteri PNW1]
MKIYMYGVYQDEVPYIKEWQEEHPEVTVDSTTKLLDESTVNLSKGSDGVVVFQQKPYSDE
ALRQLALNGITKMSLRNVGVDNLNHELVQELGFQITNVPVYSPAATIAEFSVTQALNLLRR
TKEFYLKLAKGDYNWAPHIAKEMNKQVVGIVGTGNIGSTAAKIFAGFGAKVIAYSRHQONK
ELEGIVEYVSLDELYKRATIISLYLPHVPATDKMLNEKTFAMMODGVLLVNTARGPLVDE
KALTEALNSGKVGGAALDVMTGETKIFNRQINFQEVDYDEFKDLVDRPNVLITPHIAFYT
DQAIKNMVKMSLSANLDLIKTGTSDKLVKF

>fig|1598.593.peg.2561 D-lactate dehydrogenase (EC 1.1.1.28)
reuteri PNW1]
atgacgaaaatcttgatgactagtatgcgggacgatgaacaaaccgccattaacgaatat
gcgaaagaacataatatcgaaatcatcacaacgccgaaattgattgacgatgctgttgaa
ttaacggccgatgttgatggactcgtgattcagcaacgtagtaaagttccggectgatatt
tatgaaaagctacatgccaatggtctgaaacaaattgctactcggaccgcgggatttgac
atggtcgacatcaaaaaggctaacgaaaatgacttagtcgtcaccaatgtaccagcatat
tcaccgcggagtgtcgceccgagtttgcattaatgcagatttteccggttgettecggaaaact
taccgctttgaccaccaagtcgccgaaaatgacttccgectggtttagecgatgaacagtca
accgaaattcacacggcaaggattggaattattggggtcgggcgtatcggcggaacactt
gctaaacttcttaatgccctcggtgccactgttcttggttatgacacgaatccgecgecact
gacctcgatggaattgtccagttcgtttctaaagaagaattactaaagcaagccgatgtt
gttagtctccacgttgatctaaacccaacttctaaaggtttgctgaccgctaacgacttt
gtaatgatgaaaccaactgctggtttggtcaatgctagtcgtggtccagtcgttaataca
gctgacctcgtcacagcattaaaatctggtgaaatcgccgcggccaccctcgataccttt
gaaggtgaagaaacagttgcagctgctgatcgccgagaaaaagggcttgatgatcagcecc
cttgttaaagaattacacgaaatggataatgtcattcttactccccatattgecttettt
actaatttagcagtcaaaaacatggtggatatttcacttgatgatgtgatgacaatcctt
aatagcgaaaaatcaccacatgaaatcaccttataa
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>fig|1598.593.peg.2561 D-lactate dehydrogenase (EC 1.1.1.28)
reuteri PNW1]
MTKILMTSMRDDEQTAINEYAKEHNIEITTTPKLIDDAVELTADVDGLVIQQRSKVPADI
YEKLHANGLKQIATRTAGFDMVDIKKANENDLVVTNVPAYSPRSVAEFALMQIFRLLRKT
YRFDHQVAENDFRWFSDEQSTEIHTARIGIIGVGRIGGTLAKLLNALGATVLGYDTNPRT
DLDGIVQFVSKEELLKQADVVSLHVDLNPTSKGLLTANDEVMMKPTAGLVNASRGPVVNT
ADLVTALKSGEIAAATLDTFEGEETVAAADRREKGLDDQPLVKELHEMDNVILTPHIAFF
TNLAVKNMVDISLDDVMTILNSEKSPHEITL

L-lactate dehydrogenase (EC 1.1.1.27)

>fig|1598.593.peg.419 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
atgagaaagattggaattattggtctcggtcatgtgggtgaaatgttagccaaccagttg
gtaatgaacggaaaagttgacgaattagttttgattgatgacaaagatcaactagcaatt
gcaattcaggccgatttaaatgatgcgcaggcggtcttggcgacccatacaaaaataatt
attcaagattatgctgccttagccgatgcggatgttcttattacagectttggaaagagt
gctttgatgaagcaacaaccaatggctgagcttgagaccagttatcagcaggceccttacaa
gttggtaataagatttttaagagtgattttagtgggatcctaattaaccttactaatcct
aatgagtcaattactgctgttctccagcaaaaagttggcttaccgcaaaaacaagtaatt
gggattggcacagttgttgaaaccgctcgcecctttatcgggcaattgcagaaaccgcaaag
gtcgctgctgctaatgtaactggctttgtctatggtcagcatgatggccatcaagtattce
gcttggtcaactgttcgecgtaaatggccagcecccttaaccgecggcaatcaatggeccaccac
ttagatcaaagtcagcttaaaattcaggcgaaccttagtaattggtacactcttgatggg
ttagggtataatgttagtgctgttactgcctggactctccgaattattacggcgatttte
gcggatgaacaattagcgttgccagttgcaatttatcagccgcaatattccacttacate
agttttccagcgttaattggtcgtcaaggaattggcaaccttctgctcttaaaactttat
ccattggaagaagaagagattaagagtgcggcagcaacaattaagcatcaattagattct
ctaaaaaatattaaaggggagtag

>fig|1598.593.peg.419 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MRKIGIIGLGHVGEMLANQLVMNGKVDELVLIDDKDQLATATQADLNDAQAVLATHTKIT
IQDYAALADADVLITAFGKSALMKQQOPMAELETSYQQALQVGNKIFKSDFSGILINLTNP
NESITAVLQQOKRKVGLPQKQVIGIGTVVETARLYRATAETARKVAAANVTGEVYGQHDGHQVF
AWSTVRVNGQPLTAAINGHHLDQSQLKIQANLSNWYTLDGLGYNVSAVTAWTLRIITATIF
ADEQLALPVAIYQPQYSTYISFPALIGRQGIGNLLLLKLYPLEEEEIKSAAATIKHQLDS
LKNIKGE

>fig|1598.593.peg.644 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
atgttaggacatcatcataaagttgtgcttgttggtgatggggcagtaggatcatcattt
gctttctcgctccttcaaacaacacaagaaattgatgaattagttattgttgacctaaag
aaagataaggcgactggagagtcattggatttacaagatattactcccctaactagtcca
gtcaacattcacgcgggagattattctgatgctactgatgctgatgttgtagttattact
gctggagttccacgaaaaccgggagagactcgtttagatcttgttgccaagaatacaaaa
attctttcaactattgttaacccaattgttgaaagcggatttagtggtatttttgttgta
tcaagcaatcctgttgatattctaacaacagtaacgcaacaactttctggtttccecctaaa
catcgggttattggaaccggtacttcactagatacagcacgattggatgtattattatca
caaaaattaaatattccagtaaatgaaatagatgctttagttttaggagaacatggtgat
acatcatttggtgcatttgatgaagcaactattaatggtaagccattaaaagaagcaact
aatttaactgttgaagattatgatgaacttgaaaaagcagttaaagaacgtgggggcaag
attatagctgggaaaggagctactttctatggggtagctaaatatcttgecttatattgta
aaagcgattattgaaaatcgtaatattatgttaccgatatctgctccattaacaggtcaa
tacgggattgataatttatatcttggaatgccagctattattaatcgtactggggtagcea
aaggtcattgattatgacttgtcagatgcagagacagaaaaactaaaaaattcagccgcet
aaaatgaaagaagttttagatggcgtgaaaatttaa
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>fig|1598.593.peg.644 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MLGHHHKVVLVGDGAVGSSFAFSLLOQTTQEIDELVIVDLKKDKATGESLDLODITPLTSP
VNIHAGDYSDATDADVVVITAGVPRKPGETRLDLVAKNTKILSTIVNPIVESGFSGIFVV
SSNPVDILTTVTQQLSGFPKHRVIGTGTSLDTARLDVLLSQKLNIPVNEIDALVLGEHGD
TSFGAFDEATINGKPLKEATNLTVEDYDELEKAVKERGGKIIAGKGATFYGVAKYLAYIV
KATIENRNIMLPISAPLTGQYGIDNLYLGMPAIINRTGVAKVIDYDLSDAETEKLKNSAA
KMKEVLDGVKI

>fig]1598.593.peg.1417 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
atgacgagaaaagtagcagtagtcggaatgggtcacgttggggcaacggtagcgcactat
ttagttgctggtggctttgtcgatgacctcgcattatttgatactaatgaagctaaggtyg
caagcggatgctttggacttacgagatgcaatggccaatttgccttaccatactaacctg
actgttaatgatgaaagccaattgcgtgattgtgatgtggtcgtgtcagccctagggaaa
tcaaagttggttgatacgccagatcatgatcgctttgctgaatttaagtttacgcggacc
caagtgcccttggtagcgaagatgttagtagacaatggatttcacggtaagttagttgat
gttactaacccttgtgatgtgattacctcaatgtaccaaaaattaacgggattaccaaaa
gaacacgtgatggggacggggaccttactcgactctgcacggatgcgggececcgggttggt
gaagcgttgaaagttgattcacgctctgttgttggttttaatcttggggaacatggcaat
tcgcaatttacggcatggtcgacagtccgcgtecctggggaaaacggtcactgaactagea
aaagaacggggattaaagctttctgagctagaagaacgtgctcgtcaaggaggctacctce
gtatatcaagggaagaaatacactaattatggtgttgccacggcagcagtccggttaacc
aacgcattattgaatgatgcgcgaactgaaatgccagtttctaattatcgtgaagaatac
ggcacgtacctttcatatccagctgtcgttggeccgecgacggggtagtggagcaactgeat
ctggacttgacgccggaagaagaagcaaaactagcaacatccgcaacatacatcaaagaa
cgattgaaaaaagaagaagagcgagcaaaccagctagctcaggcagaatag

>fig|1598.593.peg.1417 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MTRKVAVVGMGHVGATVAHYLVAGGFVDDLALFDTNEAKVQADALDLRDAMANLPYHTNL
TVNDESQLRDCDVVVSALGKSKLVDTPDHDRFAEFKFTRTQVPLVAKMLVDNGFHGKLVD
VINPCDVITSMYQKLTGLPKEHVMGTGTLLDSARMRARVGEALKVDSRSVVGENLGEHGN
SQFTAWSTVRVLGKTVTELAKERGLKLSELEERARQGGYLVYQGKKYTNYGVATAAVRLT
NALLNDARTEMPVSNYREEYGTYLSYPAVVGRDGVVEQLHLDLTPEEEAKLATSATYIKE
RLKKEEERANQLAQAE

>fig|1598.593.peg.1472 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
atggcgacagaagaacatcaaaaggttgttttaattggtgatggagttgtggggtccget
tatgcttttagcgtgatccagcaaggtttagctgaggaattagttattataaataagagt
aatgagcgaagcgttggggatgcactagatttggaagacgcaacgccatttactgcccca
gtaaaggtcaaggctggtagctatcaagattgtaaagatgctgatattattactatttgt
gcaggcgctgcgcaaaagccaggtgaaacacggcttaaattagttgaacgcaacttaaag
attatgaaggaaatcgttcaagaagtagttaataccggatttaatgggatcttcttaatt
gctgccaacccagtcgatatcttgacatatgctgttcaaaaaatttctggectttccagea
cataaagttatcggatcgggaacttctcttgattcagcgcgecttaagagtagecgattggt
aaaaagctggctattgatccccgagatgttcatgttgatatgttagcggagcatggagat
tcagaatttgctgcttattcttgtgggacaatcggtggaacgcctttaatggattatgtt
ttagctaatggattaacaaagcaagaactgttaaaactagaagaagaagtacgtaataag
gcgtatgagattattaatcgaaaaggcgcaacatattatggagtagcgactgctttggca
agaataacgaaagcaattttatatgaccaaaatacagtattacccgtgagtgcatattta
gatggtgaatatggagaaaaggatatttatctcgggacaccggctgtaattgataaagac
ggtattcaaaaagtagtagaattaccattagattcacgtgaacaagaggctttaattaat
tcagcatcagttttgcgtgaaacgacagcaaatgggatgactaaagcggggctgttgaac
tatctttggaaataa

152

[Lactobacillus

[Lactobacillus

[Lactobacillus

[Lactobacillus



>fig]1598.593.peg.1472 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MATEEHQKVVLIGDGVVGSAYAFSVIQQGLAEELVIINKSNERSVGDALDLEDATPETAP
VKVKAGSYQDCKDADITITICAGAAQKPGETRLKLVERNLKIMKETVQEVVNTGENGIFLI
AANPVDILTYAVQKISGFPAHKVIGSGTSLDSARLRVAIGKKLAIDPRDVHVDMLAEHGD
SEFAAYSCGTIGGTPLMDYVLANGLTKQELLKLEEEVRNKAYEIINRKGATYYGVATALA
RITKAILYDONTVLPVSAYLDGEYGEKDIYLGTPAVIDKDGIQKVVELPLDSREQEATLIN
SASVLRETTANGMTKAGLLNYLWK

>fig|1598.593.peg.2022 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
atgcttgatacgtataggcacaaagttgtattaataggtgacggggctgtcggctcatca
tttgcattttcattattgcagtcaacaaatgaggtcgatgaattggtactggtggatcgt
acaaggtcaaaagcagttggggatgcggctgatcttgctgatattacacccctgacaaac
ccagtaaagatttatgcgggaacctatgaagatgctgctgatgctgacgtagttgttatt
acggctgggattccccgtaaacctggtgaaactcgtttagaccttgttaataaaaacact
acgattcttaagtcaattattgaaccaattgtcaaaagcggattcactggtgttttcgtt
atctcgagcaatcctgttgatatccttacaacaattgcgcagcgaatcagecgggtttect
aaagaacgtgttattgggaccggaacttctcttgattcaatgcggctacgggtcecctcectta
agcaagaaattacacctatccgtcaatgtcatcgatgccttaatgcttggcgaacatggt
gatacttcttttgcggcctttaatgaaatcacaatcggtggaaaggccctcaatacaatt
actgccctttcaaatactgataaaagtgaaattgaaaaagcagttcacgaagctggcagt
caaataattgccaataaagggggctactttctacggaattgctaa

>fig|1598.593.peg.2022 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MLDTYRHKVVLIGDGAVGSSFAFSLLQSTNEVDELVLVDRTRSKAVGDAADLADITPLTN
PVKIYAGTYEDAADADVVVITAGIPRKPGETRLDLVNKNTTILKSITIEPIVKSGEFTGVEV
ISSNPVDILTTIAQRISGFPKERVIGTGTSLDSMRLRVLLSKKLHLSVNVIDALMLGEHG
DTSFAAFNEITIGGKALNTITALSNTDKSEIEKAVHEAGSQITANKGGYFLRNC

>fig|1598.593.peg.2023 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
ttgccaataaagggggctactttctacggaattgctaaatgcctctcgtatattacacgg
gcaatcatcgaaaaccgtagtcttgtcctaccgatttcggctcecgcttgatggacagtac
ggaattaagggcctgtacttaggcacgcctgccatcattaatagtcaaggaatcggccag
gtcgttgaatatccattaacatcagatgaagttaaaaagatgcaacagtctgctgaagcg
atgcatcaagttttagctaagattgagatctaa

>fig|1598.593.peg.2023 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MPIKGATFYGIAKCLSYITRAITENRSLVLPISAPLDGQYGIKGLYLGTPAIINSQGIGQ
VVEYPLTSDEVKKMQQSAEAMHQVLAKIET

>fig|1598.593.peg.2310 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]

atgacacgaaaagttggagttatcggaatgggtaatgtggggtcaacagttgcccactat
attgtggcaatgggttttgcagatgacctagttctgatcgacaaaaacgaagcaaaggtt
aaggcggatgcgcttgattttgaagatgcgatggctaatttgecctttccataccaatatt
actgttaatgattacagtgcgttgaaggatacggatgtaattgtatccgcgttaggaaat
atcaaacttcaagataatcctaatgctgatcgttttgcggaacttccatttacccgceccaa
gcagtaaaagaggttgcacaaaagattaaggaaagtggctttaaaggtaagattgtggct
attactaacccggttgatgttattacctcgctctaccaaaaaataactggceccttccgaag
aaccatgtattaggaacagggaccttgcttgactctgcacgaatgaagcgggcagtggcet
gaacggcttaatttagatccgcgttctgtagatggttataatcttggagagcatggtaat
tcgcaatttacagcatggtctactgttcgcgttcttggecgtecctttaactgaattagea
gataagcgtggattagacttagaagagcttgataaggaagctaagatgggtggctggact
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gtctttcaagggaaaaagtatactaattatggggttgcaacggcggctgttaagcttgtce
aatgcaattttatccgattcattgactgaattaccggtatcgaacttccgtgaagaatac
ggagtctacttgtcttacccagcggtcgttggtecgtgatggagttgtagagcaagcacaa
cttgacttgacagaagaagaactgcaaaagctgcaaacatcagccgatttcattaaggaa
aagtatcaagaaagtttgcaagcaaaagattaa

>fig|1598.593.peg.2310 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MTRKVGVIGMGNVGSTVAHYIVAMGFADDLVLIDKNEAKVKADALDFEDAMANLPFHTNT
TVNDYSALKDTDVIVSALGNIKLODNPNADRFAELPFTRQAVKEVAQKIKESGFKGKIVA
ITNPVDVITSLYQKITGLPKNHVLGTGTLLDSARMKRAVAERLNLDPRSVDGYNLGEHGN
SQFTAWSTVRVLGRPLTELADKRGLDLEELDKEAKMGGWTVEFQGKKYTNYGVATAAVKLV
NATILSDSLTELPVSNFREEYGVYLSYPAVVGRDGVVEQAQLDLTEEELQKLOTSADEFIKE
KYQESLQAKD

>fig|1598.593.peg.2455 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]

atgtctaagaatcatcaaaaagttgttcttgttggtgacggtgctgtcggttcaagttac
gccttcgcaatggctcaacaaggaattgctgaagaatttgctattgttgatattatcaag
gaacggactgaaggggacgcaatggaccttgaagacgctactgctttcaccgctcecctaag
aacatctactcagcagattacgacacttgcaaagatgctgatttagtagttattactgcce
ggtgctccacaaaagcctggtgaaactcgtcttcaattagttgataagaacttgaagatce
attaagtccgttgtagaaccaatcgttaagtctggttttgacggaatcttcttagttgca
gctaacccagttgacatccttacctatgctgttcaaaagctttctggecttcecctaagaac
aaggttgttggttcaggtacttcacttgattccgcacgtcttcgggttgectcttggtaag
aagcttcatgttgaccctcgtgatgttattgctaacattatgggtgaacatggtgattcce
gaatttgctgcttactcaagtgctactgttggtggcaagccattacttgacatcgctaag
gatgaaggtatttcagaagatgaattacttaagattgaagatgatgttcgtaacaaagca
tacgaaatcattaaccgcaaaggtgctaccttctatggtgttgccactgctttaatgcgg
atttcaaaggctattcttcgtgatgaaaattctgttctcecctatcggtgecccaatgaac
ggtgaatacggactcaacgacctttacatcggtactccagctgttgttaatgecttetggt
gttgcaaaggttattgaagttccacttaacgaccgtgaaaagaaggctatggccgactct
gctaagcaattggaagaagttgctaagaacggtatggcaaagttacaaggtaacaactaa

>fig|1598.593.peg.2455 L-lactate dehydrogenase (EC 1.1.1.27)
reuteri PNW1]
MSKNHQKVVLVGDGAVGSSYAFAMAQQOGIAEEFAIVDIIKERTEGDAMDLEDATAFTAPK
NIYSADYDTCKDADLVVITAGAPOQKPGETRLQLVDKNLKIIKSVVEPIVKSGEFDGIFLVA
ANPVDILTYAVQKLSGFPKNKVVGSGTSLDSARLRVALGKKLHVDPRDVIANIMGEHGDS
EFAAYSSATVGGKPLLDIAKDEGISEDELLKIEDDVRNKAYEIINRKGATFYGVATALMR
ISKAILRDENSVLPIGAPMNGEYGLNDLYIGTPAVVNASGVAKVIEVPLNDREKKAMADS
AKQLEEVAKNGMAKLQGNN
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Appendix B

The sequence of nucleotide and amino acids of identified genes putatively involved
in bioactive peptide production

>fig|1598.592.peg.1620 bacteriocin helveticin J [Lactobacillus reuteri PNWU1]
atggtcggaagtattacacctaaattggtttatcgcttgaatgggatgcaccatgtagta
gcacaagttggtgcagtaaatggtgatcatgtttttgctttgcaactgcttcacagcgcecg
catgatgtattagtttatagaaagcataagggactgaccaaggatattaattatactaat
cctcacttagtaatgaccggctttggtcatacacaaacctgggttccagcaaatgataac
gatgaatatttcgttggtgctaaacctaattctggtaactggactacacaaattgcacgt
gtaaaatatccaagatta

>fig]1598.592.peg.1620 bacteriocin helveticin J [Lactobacillus reuteri PNWU1]
MVGSITPKLVYRLNGMHHVVAQVGAVNGDHVFALQLLHSAHDVLVYRKHKGLTKDINYTN
PHLVMTGFGHTQTWVPANDNDEYFVGAKPNSGNWTTQIARVKYPRL

>fig[1598.593.peg.298 S-ribosylhomocysteine lyase (EC 4.4.1.21) @ Autoinducer-2
production protein LuxS [Lactobacillus reuteri PNW1]
atggctaaagttgaaagttttacattagatcacacaaaggttaaggcgccttacgttegt
ttaattaccgttgaagaagggccaaagggagacaagattagtaactatgatttacggtta
gttcaaccaaatgaaaatgcaattccaactgctggtttgcatacgattgaacacttgett
gctggcttgcttcecgtgaccgtttggatggegtaattgattgetecteccatttggttgecga
actggtttccacttaattacatggggtgaacactcaactactgaagttgccaaggeccttg
aagtcttcacttgaagaaattgcctacaagactaagtgggaagatgtacaaggaacaacg
attgaatcttgcggtaactaccgtgatcattcattattctctgctaaggaatggtcaaag
aagattcttgatgaaggtatttcagataagccatttgaacgccacgtggttgactaa

>fig]1598.593.peg.298 S-ribosylhomocysteine lyase (EC 4.4.1.21) @ Autoinducer-2
production protein LuxS [Lactobacillus reuteri PNW1]
MAKVESFTLDHTKVKAPYVRLITVEEGPKGDKISNYDLRLVOPNENAIPTAGLHTIEHLL
AGLLRDRLDGVIDCSPFGCRTGFHLITWGEHSTTEVAKALKSSLEETIAYKTKWEDVQGTT
IESCGNYRDHSLFSAKEWSKKILDEGISDKPFERHVVD
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Appendix C

The sequence of nucleotide and amino acids of identified genes putatively involved
in adhesion

>fig[1598.593.peg.308 Antiadhesin Pls, binding to squamous nasal epithelial
cells [Lactobacillus reuteri PNW1]
atgaagttaagtaagaagcaactagcagctgctttgatgactgctgttttagccggetcg
gtaataattggctcggtagcgattgcggaggcggataatgccagtggatcaccagaagag
caggctgatattactaattggattgccaatacccccgaacaaatttctaataatatggeg
atgcaacacattaataccaataaccttaatggcactcgttatattattcaatggggtgat
actttatcggggatctcagccgcaactggaatctctgtggctaaactttgctacgataac
aacattcaaaatgctaatttaatttttgctggggatgttcttatcttaaaccgtgaagga
agcgttcctgctggttatgatcccaacgtaaatccgaatgttgttgecccagacaaagatt
acaatcaataatggcccaacaacagtgaatattaccgttcaaccacaatctgttgttaag
aattatgataattccgacaattctgatcattcgacaacaatttacaaggcaggcgcggta
aattcatttaacaacaacgacaatgataatgaacaaagtgctagtcaatccagctcaact
aagtctgctaagcatcagaagcatacttcatcagtcagtgcttctgacattgtgagcggce
ttgaatgatgccaataataatgacaaactgtcctttgacgaaggggatgggggtagtgac
gctgatgaacttaatgttgattcagcagctatcttaaaggatgctaagaagaatgactat
gatgcgacccttagtgaaatcgaaagtgccctaggttcaaaagccaagaaggatacgaca
gtttacattgaaaaagatggcaacgaaatccatgtctacgctagtgttaatgatgacgct
gataacagcaatagtagcagcactaaggatgatgaagatagcgatagcagcagtagtagt
agcgaaagtgaaagcagcgatgacagcagtcaaagcagcagtgatgatgaggatagcaac
agtcaagctactacaagtgaccacgacaccgacacttctgacgatgagtaa

>fig[1598.593.peg.308 Antiadhesin Pls, binding to squamous nasal epithelial
cells [Lactobacillus reuteri PNW1]
MKLSKKQLAAALMTAVLAGSVIIGSVAIAEADNASGSPEEQADITNWIANTPEQISNNMA
MOHINTNNLNGTRYIIQWGDTLSGISAATGISVAKLCYDNNIQONANLIFAGDVLILNREG
SVPAGYDPNVNPNVVAQTKITINNGPTTVNITVQPQSVVKNYDNSDNSDHSTTIYKAGAV
NSENNNDNDNEQSASQSSSTKSAKHQKHTSSVSASDIVSGLNDANNNDKLSEFDEGDGGSD
ADELNVDSAAILKDAKKNDYDATLSEIESALGSKAKKDTTVYIEKDGNEIHVYASVNDDA
DNSNSSSTKDDEDSDSSSSSSESESSDDSSQSSSDDEDSNSQATTSDHDTDTSDDE

>fig]1598.593.peg.520 Sortase A, LPXTG specific [Lactobacillus reuteri PNW1]
gtgaaaaaagataaaaagcgatcatttgaatggttacggtggacagcggttgttgtactyg
ttactggtatcagttgtcttaatttttaaccaacagattaagtcttacttagtagggagt
tataaacctgagattactcggcaaacggttcaaagcaaccaaaagaaaaaagcaacctat
gattttcaaagtgtcaaagatcttaacttgcaaacagctgccaaggctcgtgcaaataag
caatcgattaataccattggagcaattacggttccggctattaatatgacgattccaatt
gctaatggagttgataatacaactcttgcgttagcagcaggaacccttcecgtceccagacatg
aagatgggggaaggcaactatgcgttagctggtcataatatggcccatgggagcaaaatc
ctcttttctccattgtactatcatgctaaggtagggcagatgatttatatcaccaacatg
gatcgcgtttatgaatataagatttatcaacgtgaattcattgcggcaacccgggttgat
gtggtagacaatacgccggaaaagattataactttgattacttgtgacgctaccggggcec
aatcggttgatgatccgcggtaaatttgttaaatcagagccatttacgaaagcaccacaa
aatgtgcaaaagaattttagcgaaaaatatacgacaggtcgttaa

>fig|1598.593.peg.520 Sortase A, LPXTG specific [Lactobacillus reuteri PNW1]
MKKDKKRSFEWLRWTAVVVLLLVSVVLIFNQQIKSYLVGSYKPEITRQTVQSNQKKKATY
DFQSVKDLNLQTAAKARANKQSINTIGAITVPAINMTIPIANGVDNTTLALAAGTLRPDM
KMGEGNYALAGHNMAHGSKILEFSPLYYHAKVGOMIYITNMDRVYEYKIYQREFTAATRVD
VVDNTPEKIITLITCDATGANRLMIRGKEVKSEPFTKAPONVQKNFSEKYTTGR
>fig[1598.593.peg.390 Tyrosine-protein kinase transmembrane modulator EpsC
[Lactobacillus reuteri PNW1]
atgaataaaaaagatttcagtataaaagatatttcgaaaattgtttggataaacgtatgt
attattttggttgcgacaatactatttggattaggcgggaatttatatgcaaaacataag
cagcatacaacttatgaatctgttaggaatattatgactacacgatcatatgatggtgcect
gcagctaatgaagaacttcaagctgatttaagtcttggaaatacatatgcggaaatagta
gaaagcaatgatactgctaaggctgctcgcaagtatttacctaaaaatttaagaaagaaa
tacagttcagagcaaatttcatcaatgataaatgctgaaccaataatgcaaactactatt
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gttaaggtaagtgcaaaagcaaataccgcaaaggattctgcagctatcgttaacgcagtt
gctaaggcatccgctaataagatacctcagaaagtaacttctgctggcaaaatttctett
ttctctaaagctgtagctagcgaagcgaagagtaatacttcaccatcaactaaaaagcectt
actttattaggagcggctattggatttttattaggccttgtgttatctttttcagectact
acttgggtttacttaattaagcggaaatag

>fig]1598.593.peg.390 Tyrosine-protein kinase transmembrane modulator EpsC
[Lactobacillus reuteri PNW1]
MNKKDEFSIKDISKIVWINVCIILVATILFGLGGNLYAKHKQHTTYESVRNIMTTRSYDGA
AANEELQADLSLGNTYAEIVESNDTAKAARKYLPKNLRKKYSSEQISSMINAEPIMQTTI
VKVSAKANTAKDSAAIVNAVAKASANKIPOKVTSAGKISLESKAVASEAKSNTSPSTKKL
TLLGAAIGFLLGLVLSEFSATTWVYLIKRK

>fig]1598.593.peg.1563 Tyrosine-protein kinase transmembrane modulator EpsC
[Lactobacillus reuteri PNW1]
gtgaatagttcacaacaaacagcgaataatacaattgatttgcatcggttaatgatgctc
tgtcgtaaacatattaagatgttaattatctggacattacttgccggagtgctcgggtat
gtcgtcgcccagttcgtcgtggtaccaaagtatacggcgacgaccgaaatcttggttaac
caaaagcatgaaaataacgataatgggcaagcatataataatcaacaagctgatatccaa
atgatcaacacctataaggacatcattactaaccaagtgattctgagtaaggcaagtaag
caacttaagaatccagttcgtgttattaaacctgcacaaaaagcagtttatcggactaat
gcagatggtacgcggaagttgattaaggaagcccaaccggcagtcgttgaacgeggtggt
aagagctataatctttcaactgccgaattaaaagaggccatcagtgtccaaacccaacaa
aattcacaggtcttttctcttcaagttaaaactgatgatccacaagaatcagcagtagtyg
gctaatgcagttgccaatgtcttcaagcaacaaattaagaagatcatgagtgtgaataat
gtaacaatcgtttcacgggcaagtacgccagatgaaccatcattcccgaataagaagtta
tttgccttagctggtgctgtattaggcttgattcttagtttcttatacatcecctaatcecgge
gacttaatggatactagtgtgcacgatgatgattaccttactaatgaattaggattaact
aatctggggcatgtgaaccacattgagatgagtcgggactttaaagttaataatcaagaa
agtcggcgccaaaataacggtaatcgacgggtttaa

>fig[1598.593.peg.1563 Tyrosine-protein kinase transmembrane modulator EpsC
[Lactobacillus reuteri PNW1]
MNSSQQTANNTIDLHRLMMLCRKHIKMLIIWTLLAGVLGYVVAQEFVVVPKYTATTEILVN
QKHENNDNGQAYNNQOADIQMINTYKDIITNQVILSKASKQLKNPVRVIKPAQKAVYRTN
ADGTRKLIKEAQPAVVERGGKSYNLSTAELKEAISVOTQONSQVEFSLOQVKTDDPQESAVV
ANAVANVFKQQOIKKIMSVNNVTIVSRASTPDEPSFPNKKLFALAGAVLGLILSFLYILIG
DLMDTSVHDDDYLTNELGLTNLGHVNHIEMSRDFKVNNQESRRONNGNRRV

>fig|1598.593.peg.935 ATP synthase epsilon chain (EC 3.6.3.14) [Lactobacillus
reuteri PNW1]

atggctgaaaatacttttaaggtcactattattactccagatggcaccgtctatgataat
gataaggttaccatgctcgttatgaacactgctggtggacaaatgggaatcatggctaac
cacgtaccattaattgctgcacttgaaatcagtacagttcgaattaaacattctgaaggce
actgatgaagttgcagcggttaacggtgggattattcaatttgatggtcaaaatgctaca
atcgcagctgatagtgctgaaatgcctgaagcaattgacgttgagcgggcacagagagct
aaaaagcgttctgagtctgcaatcgcagaagcaaagaagaagcataaccaaagcgactta
tcacgtgcagaagttcacctcaagcgtgcaattaaccgtttgaatgctgecttctaagcaa

cgcaatatctaa

>fig|1598.593.peg.935 ATP synthase epsilon chain (EC 3.6.3.14) [Lactobacillus
reuteri PNW1]

MAENTFKVTIITPDGTVYDNDKVTMLVMNTAGGOMGIMANHVPLIAALEISTVRIKHSEG
TDEVAAVNGGIIQFDGONATIAADSAEMPEAIDVERAQRAKKRSESATAEAKKKHNQSDL
SRAEVHLKRAINRLNAASKQRNTI
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>fig|1598.593.peg.1562 Tyrosine-protein kinase EpsD (EC 2.7.10.2) [Lactobacillus
reuteri PNW1]
atgtcattatttcatcgaacacaacaacaatcaacggataccatggataatggggcaaaa
ttgattactgttgcccatccgaagagcccaatttctgaacagttccggacgattcggacce
aatattaactttatggcaatcgataagccgattaagactttagcaatgacctctgccaat
gtaagtgaaggaaagtcaaccgtcaccgataatgtggcagttgtttgggcacaaactggt
caaaaagtattgttaattgattcggatttacgacgcccaactcttcacgcaacgtttage
aagagtaatcaacacgggttaacgacgattctaattagtggtactaattccgttgattta
cgcgaaatcattcaacctagtggtgttgataaccttgatgtcttaaccgcagggcccatt
ccacctaatcccgcggaattattaaactcacaacggatgaaaacattactggatacggtt
aaaggtatttacgatatggtcattgtggatgtgccaccaatgttagaagttactgataca
caaattctttcgcgtcacctggatgcggttgtcttagttgtaaagcaagggcaaacccaa
aagttagccgttaagcgggccgttgaattattaaacttagcacatgctaatttacttggt
tatataatgaatgacgtcaatgctgatggcgatgctgcttatggttatggatatgggtat
ggctacggagaagataatggtaaatag

>fig]1598.593.peg.1562 Tyrosine-protein kinase EpsD (EC 2.7.10.2) [Lactobacillus
reuteri PNW1]

MSLFHRTQOQOSTDTMDNGAKLITVAHPKSPISEQFRTIRTNINFMAIDKPIKTLAMTSAN
VSEGKSTVTDNVAVVWAQTGQOKVLLIDSDLRRPTLHATEFSKSNQHGLTTILISGTNSVDL
REITQPSGVDNLDVLTAGPIPPNPAELLNSQRMKTLLDTVKGIYDMVIVDVPPMLEVTDT
QILSRHLDAVVLVVKQGQTOQKLAVKRAVELLNLAHANLLGYIMNDVNADGDAAYGYGYGY

GYGEDNGK

>fig[1598.593.peg.1731 DNA polymerase III, epsilon subunit related 3'-5'
exonuclease [Lactobacillus reuteri PNW1]
atgatgaattttatagcaatggactttgagactgctaatggcaagcgttacagtgcatgt
tcacttgcactcacaatcgttcggaatggacaaattgccgacgaattttacaccctaatt
aatcctcatactaaattcttttggcgtaatactcagatccacggtattcatgagcgtgac
gtccaaaatgcgcctgattttccagaagtatgggaacatatcaaccaattctacactecct
gataaactggttattgcccataataatcggtttgataatagcgttttaagaaatacgtta
gagcattacaatatcgaagtccccgcectaccagacactcgatactgttgettcaagecge
cagttgattccaggactaacaaattataaacttaatactgtttgcgacgcgttaaatatt
gaccttcatcaccaccataatgctcttgatgatgcccaggcttgecgctaacattctgett
tatcaaagtaagcattttaccccgcaacaaattcagccecctttattaatttaatcggcectaa

>fig|1598.593.peg.1731 DNA polymerase III, epsilon subunit related 3'-5'
exonuclease [Lactobacillus reuteri PNW1]
MMNFIAMDFETANGKRYSACSLALTIVRNGQIADEFYTLINPHTKFEWRNTQIHGIHERD
VONAPDFPEVWEHINQFYTPDKLVIAHNNREDNSVLRNTLEHYNIEVPAYQTLDTVASSR
QLIPGLTNYKLNTVCDALNIDLHHHHNALDDAQACANILLYQSKHFTPQOIQPFINLIG

158



Appendix D
The sequences of nucleotide and amino acids of identified genes putatively

involved in production of extracellular enzymes

Lipase

>fig|1598.593.peg.211 Esterase/lipase-like protein [Lactobacillus reuteri PNW1]
atgacaatacacgaattagcaaataacccaacgttaagcggccaagtacgcttgattgaa
aatattgtttatggtgcgatggatggtgaggcattacatatgtcgatcttagcaccgtgg
acgcaacgtttcccgaaacaatatcaaactgaacctcgaccattgattgtctttgttcaa
ggaagctcgtggcgaacaccaaaaatgggagaagaaattccacaactggttcaatttgtt
cgggccggttatattgtagcgactgttcaacaccgtagttcaattgatagccacccattt
cctgcctttttgcaagatgttaagactgccattecgtttcttacgggccaatgcgcaaaaa
tatgcaattgatccgcaacaggttgcaatttgggggacttcctctggagccaatgcggeca
atgctagtcggcttaacgggtgatgatccgcgctataaagttgacctttatcaagacgaa
tcggatgcagtagatgctgtggttagttgttttgccccaatggacgtggagaagacgttt
gagtatgatgctaatgttccaggaaataagttactgcaatattgcttattagggcctgat
gtatcaaagtggccagaaattgaaaagcaaatgagtcccttatatcaagtcaaagatggg
caaaactatccaccattcttattgttccacggagatgctgataaagttgttccatatgaa
cagatggaaaaaatgtatatgcggttgaaggataatggaaattctgttgaagcgtaccgg
gttaagggtgcgaaccatgaacgagatttctggagtccaacaatttataatattgtgcag
aagtttcttgacgatcaatttaaataa

>fig|1598.593.peg.211 Esterase/lipase-like protein [Lactobacillus reuteri PNW1]
MTIHELANNPTLSGQVRLIENIVYGAMDGEALHMSILAPWTQRFPKOYQTEPRPLIVEVQ
GSSWRTPKMGEETIPQLVQFVRAGYIVATVQHRSSIDSHPFPAFLODVKTAIRFLRANAQK
YAIDPQOVAIWGTSSGANAAMLVGLTGDDPRYKVDLYQDESDAVDAVVSCFAPMDVEKTEFE
EYDANVPGNKLLQYCLLGPDVSKWPEIEKOMSPLYQVKDGONYPPFLLFHGDADKVVPYE
OMEKMYMRLKDNGNSVEAYRVKGANHERDFWSPTIYNIVQKFLDDQFK

>fig]1598.593.peg.261 FIG006988: Lipase/Acylhydrolase with GDSL-like motif
[Lactobacillus reuteri PNW1]
atgaaaaagtggactaaatggctattattatcgcttttggctattatgattattggtgga
ggatggtatactgttaaccactttacaaatttaactagtaatagttcaaaagttgttaaa
ccaaaatatgttgaaaagaaaaatgtaaagcttgttgcactaggtgattcccttactcac
ggtcaaggggatgaaactaataatagtgggtacgttggcgtaattaagggaaaaatcgaa
catcgttaccaccaaactaaggtgacaacagtcaattacggggtaacaggggaccgatcc
gaccagattcttgaccggttaaatcagcaatctcaattacgtagtgacttacggagcgcg
gatgtgattacgatgactgttggtggaaatgatctgatgcaaatcctggaaaaaaacgta
atgggctctgaacggaaagttaccagtagtgttgaaagtggcgaaaagacttatcaacaa
aaattaattaagctatttgatgcagttcgaaaggaaaatcctaaggctcctatttttgta
atgagtatttataatcctttctatacctatttcccagatgtaaaaattatcaacaactca
attaatcaatggaaccaaactacgcaagatacaatgaataattataagtcaatgtatttt
gtgaacattaataagttgatgtcatatggtcaatatcagactaagagtcagcaacaacag
ctgatcaaggaagaagagaaggctaaccaagggcaggtcagtcaaaagcgggtcattgaa
attatgaatcataaggataagaaccttaataaatatatttcaacagaagataatttccat
cctaatcatacgggatacgtcaaaattgctgaccaattatttaaggtaatgcaaaaacat
gatagctgggaattcacacggaggtaa

>fig|1598.593.peg.261 FIG006988: Lipase/Acylhydrolase with GDSL-like motif
[Lactobacillus reuteri PNW1]
MKKWTKWLLLSLLAIMIIGGGWYTVNHEFTNLTSNSSKVVKPKYVEKKNVKLVALGDSLTH
GQGDETNNSGYVGVIKGKIEHRYHQTKVTTVNYGVTGDRSDQILDRLNQOSQLRSDLRSA
DVITMTVGGNDLMQILEKNVMGSERKVTSSVESGEKTYQQKLIKLFDAVRKENPKAPIFEV
MSIYNPEFYTYFPDVKIINNSINQWNQTTQDTMNNYKSMYFVNINKLMSYGQYQTKSQQQQ
LIKEEEKANQGQVSQKRVIEIMNHKDKNLNKYISTEDNFHPNHTGYVKIADQLFKVMQKH

DSWEFTRR
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>fig|1598.593.peg.630 Esterase/lipase (EC 3.1.1.-) [Lactobacillus reuteri PNW1]
gtggagaaaataaagaaatttaatactcaaattgctagtcatttggctaataatcttgag
aatagtttgcgagagttacgacgatgtggtgctcatcgttctagtaaagcaacctttget
gaaatgggaattcaattaagcggatttaaaaacgatcttgcagaaaataataagtttaat
gccttagtggggaacgcatggattgacaacgaggctgattactacttgecctgctgectgta
gtgacggttgatgttcaacgtcaagaacaggaagtaacaacatatgtcttaaatgatcat
ggagataatcaacgagtaatcatgtacctaaccgggggagcctatattcagecgeccccgat
aagactcattggcaatatttaaatcggttggcaatcgccacggatgcgaagatttatgtc
ccgatttattcgttggttccgcatgctacttaccgtaccgecctaccaagaaattgctagt
ctttatagtaaaatttatacccttatgcctgctagtaaagtaactattatgggcgattca
gctggtgggggattagcagctggecttttgtgaatatcttggtaaaaaggggcttccacag
cctggtcacctcatcttattttcteccttggectcgattttgaccttacaaatcctectcecatt
agcaaatatgaggataaagatgttacactagcagtgaacggtttgcgaaaaattggtacg
atgtgggccggtgatacggatcatcaagactatcgcttaagtcctttatatgggaatcett
gatcagttgcgcgatgtgactgtttttgtagggacaagggaaataatgtatcctgatgtyg
accttgtttgttcaaaaattgcgtgacgctgggatcactgtaaactcatatacgggtcgt
ggactgtttcatatttacccgctttatcaaattccagaagcaaagggtgtaatgaaacgg
gtagttgcaataatcaataattga

>fig|1598.593.peg.630 Esterase/lipase (EC 3.1.1.-) [Lactobacillus reuteri PNW1]
MEKIKKFNTQIASHLANNLENSLRELRRCGAHRSSKATFAEMGIQLSGFKNDLAENNKEN
ALVGNAWIDNEADYYLPAAVVTVDVQROEQEVTTYVLNDHGDNQRVIMYLTGGAYIQRPD
KTHWQYLNRLAIATDAKIYVPIYSLVPHATYRTAYQEIASLYSKIYTLMPASKVTIMGDS
AGGGLAAGFCEYLGKKGLPOPGHLILFSPWLDFDLTNPLISKYEDKDVTLAVNGLRKIGT
MWAGDTDHQDYRLSPLYGNLDQLRDVTVEVGTREIMYPDVTLFVQKLRDAGITVNSYTGR
GLFHIYPLYQIPEAKGVMKRVVAIINN

>fig|1598.593.peg.871 lipase/esterase (putative) [Lactobacillus reuteri PNW1]
atggaaattaaaagtgttaacttagatcaaccatattcgtctctagatatttatcatagt
aatactgataaagctttgcccggtcttgttattttaccaggaggcagttataaccagatc
atggagcgagattctgaacgggtggcattaacgtttgcaacccatgcatggcaaacattt
gttgtacgatatccggtagttgagcataagaattatgaagaagccaaaatagcggttcac
caagcatttgaatatatcgtcaaccatgcagctgaattagatgttgacgctgatcggttyg
gggattattggcttttctgcaggaggccaaattgccgctgcatatagtaatgaaaaacta
acacacgctagattcgccgcattaggatatcctgttattcaacccttgattgatgaacgt
atgggggttacaacagagaatgtagcgaaattagtaaatccgcaaacaccaccaaccttt
atgtggggatcggcaaaagatgaactgactccctttgttgatcaccttcaagtatatgca
gatgcgttaattaagaatgatattccatatgaattacatgagtttggcactgggggacat
ggaatcgcgttagctaacgaatatactggtattgttaataatgatcgggtagataatcat
atgggaaagtggttcccgctatttcttgagtggttaactgaactgaatttaatttag

>fig]1598.593.peg.871 lipase/esterase (putative) [Lactobacillus reuteri PNW1]
MEIKSVNLDQPYSSLDIYHSNTDKALPGLVILPGGSYNQIMERDSERVALTFATHAWQTF
VVRYPVVEHKNYEEAKIAVHQAFEYIVNHAAELDVDADRLGIIGFSAGGQIAAAYSNEKL
THARFAALGYPVIQPLIDERMGVTTENVAKLVNPQTPPTFMWGSAKDELTPEFVDHLQVYA
DALIKNDIPYELHEFGTGGHGIALANEYTGIVNNDRVDNHMGKWFPLFLEWLTELNLI

>fig|1598.593.peg.1687 Esterase/lipase/thiocesterase [Lactobacillus reuteri PNW1]
atgaaacatacgcttaaagttgatcaagtacgtgacggtttatggctagattcagatatt
acgtatacgcaagttcctggatggcttggtaatacaacgcgagatttgaagctttcagtce
attcgacattttcaaactaatgatgatacacgttatccagtaattttttggtttgctggt
ggcggctggatggatactgaccacaatgttcatctgeccgaatttggttgattttgetegg
catggttacattgttgtcggcgtcgaatatcgtgatagcaacaaagttcagtttcecctggg
caattagaagatgctaaggctgctattcgttatatgagagctaaggccaagcgcttccaa
gctgatcctaatcggtttattgtgatgggagaatcggccggtggacatatggcaagtatyg
ctaggtgttactaacggccttaaccaatttgacaaaggtgctaatttagattactccagt
gatgttcaagtagcagttcctttttatggtgtggttgatcccttaaccgctaaaacagga
agtgcatcaaacgattttgattttgtttaccgtaacttgcttggtgctgagecctgaaaac
gctcctgagcttgattctgccgcaaatccectcacctatgtaaattctaattctacgecce
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tttcttatctttcatgggacagaagatgtcgttgttccaattaaagatagtgaaaagcectt
tatgatgcattagttgaaaacaacgttcctgctgaattatacgaaatcgaaggcgcaagt
cacatggatgtgaaattcctccaaccacaggtatttaagattgtgatggactttttagat
aagtatttaactcggtcatag

>fig|1598.593.peg.1687 Esterase/lipase/thiocesterase [Lactobacillus reuteri PNW1]
MKHTLKVDQVRDGLWLDSDITYTQVPGWLGNTTRDLKLSVIRHFQTNDDTRYPVIFWEAG
GGWMDTDHNVHLPNLVDFARHGYIVVGVEYRDSNKVQFPGQLEDAKAAIRYMRAKAKREQ
ADPNRFIVMGESAGGHMASMLGVTNGLNQFDKGANLDYSSDVQVAVPFYGVVDPLTAKTG
SASNDFDFVYRNLLGAEPENAPELDSAANPLTYVNSNSTPFLIFHGTEDVVVPIKDSEKL
YDALVENNVPAELYEIEGASHMDVKEFLQPQVFKIVMDFLDKYLTRS

Protease

>fig|1598.593.peg.12 SOS-response repressor and protease LexA (EC 3.4.21.88)
[Lactobacillus reuteri PNW1]
atggcaaagctagcaaaaaataaacaaatggccgtcctaaattatattcacaaacaagtt
gaagatcatggctatccaccaactgttcgtgaaatttgtagtgctgttggecctgtcttca
acttcaacagttcatggacacatttcccgcttaattgaacaaggattcttacaaaaagac
ccttctaagcctcgagcacttgagattacacccaagggacttgatattttaggtgtaaaa
ccgattcaaaaagaaattccaatgcttggtgttgttacggctggacaaccaattttagca
gtcgaaaatgctactgagtttttcccgatacctcecttctattcaagataataatgatttyg
tttatgcttaccattcgcggaactagtatgattaaagcagggatttttaatggcgaccaa
gtaatcgtgcgtaaacaatccactgctaaaaatggtgatatcgttattgcaatgaacgat
gataatgaagctacttgtaaacgattctataaagaaaaaacacgttttcgtttacagecca
gaaaatgatacgatggagccaatcttcttagacaatgttaaaatccttggtaaagtagtyg
ggactatttcgtgatcatattttctaa

>fig|1598.593.peg.12 SOS-response repressor and protease LexA (EC 3.4.21.88)
[Lactobacillus reuteri PNW1]
MAKLAKNKOMAVLNYTHKQVEDHGYPPTVREICSAVGLSSTSTVHGHISRLIEQGFLQKD
PSKPRALEITPKGLDILGVKPIQKEIPMLGVVTAGQPILAVENATEFFPIPPSIQDNNDL
FMLTIRGTSMIKAGIFNGDQVIVRKQSTAKNGDIVIAMNDDNEATCKREFYKEKTREFRLQP
ENDTMEPIFLDNVKILGKVVGLFRDHIF

>fig]1598.593.peg.129 ATP-dependent Clp protease proteolytic subunit (EC
3.4.21.92) [Lactobacillus reuteri PNW1]
atgaatttagtacctactgtcattgagcaatcatctcgtggtgaacgtgcttatgacatc
tactcacggcttctgaaggaccgtattattatgctctctggtccaattgaagacgaaatg
gcaaattcaattgttgcgcaacttttattccttgatgcgcaagattcaactaaagatatt
tacttatacatcaattcacctggtggggttgttacctcaggaatggcaatttatgacact
atgaactttattaaggctgatgttcaaactattgtaatcggaatggctgcttctatggece
agtgtattagtatcatctggtgctaagggtaagcgttttggattaccacactcacaagtt
ttgattcaccaaccatctggtggagctcaaggtcaacagactgaaatcgaaattgctget
actgaaattttgaaaacacggaagatgcttaacggcattcttgctaagaattctggtcaa
cctatcgaaaagatccaggctgatactgaacgtgatcattacttgacagcacaagaagca
gtagattacggcttacttgatggtgtaatggaaaataattcaaaattaaagtaa

>fig|1598.593.peg.129 ATP-dependent Clp protease proteolytic subunit (EC
3.4.21.92) [Lactobacillus reuteri PNW1]
MNLVPTVIEQSSRGERAYDIYSRLLKDRIIMLSGPIEDEMANSIVAQLLFLDAQDSTKDI
YLYINSPGGVVTSGMAIYDTMNFIKADVQTIVIGMAASMASVLVSSGAKGKRFGLPHSQV
LIHQPSGGAQGQQTEIEIAATETILKTRKMLNGILAKNSGOQPIEKIQADTERDHYLTAQEA
VDYGLLDGVMENNSKLK
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>fig|1598.593.peg.593 ATP-dependent Clp protease, ATP-binding subunit ClpC
[Lactobacillus reuteri PNW1]
atggataatatgttcacgccaagtgcaaagcatgttctagcaattgcacaagaacaagca
aaatactttaaacaccaagcagtagggactgaacaccttctgcttgeccecctctcaatggat
aaagatgggattgctaataaaatatttgaacaattttctattacaaacgatgatattcgt
gaagaaattgaacgcttaattggctatggaacgatggaaaatctgggagcttcagattat
ctcccatactcaccaaaagcaaagcaagtattatcgttagctggtcgagaagcccaacaa
atgcatgcattgaagattggcactgaacacttattattagccttaatcgctgatgaaagt
gtcctatcttcacggattttatatagtctagatgttgtgccacgacagatgagaaaagta
attttacggcggttagggattgctgatagtcagcaacgcaatcctaatcgtcaatcatct
cgtcgacggattcagcaaactggtacaccaacattggataaactagctcgtgatatgaca
gaacttgctcggaatggccagcttgatcctgtaattggtcgaaataaggaagttaaacgt
gtggagcagattcttagtcgtcgtaccaagaacaatcctgtgctgatcggcgaacctggt
gtagggaagacggcgattgctgaagggcttgctcagcggatggttgatggtaaggttcca
gctgaattggctaataaacgtttgatgatgcttgatatgggatcattagttgcgggtacc
aagtatcgaggagaatttgaagatcgccttaagaaagtgattgatgagattcaaaacgac
gggcatgtgattctttttattgatgaactccataccttaattggtgctggtggcgctgaa
ggtgcaattgatgcttccaatattttgaaaccggccttagcgcgaggcgagttgcaaaca
attggtgctactacccttgacgaatatcagaaatatatagaatctgatgcagcacttgaa
cgacgctttgctactgttcaagttgatgagccaactactgaccaaaccctgcaaatcctg
cgaggactacgaccgaagtatgaagaacaccaccatgctaagattactgatgaagcgttyg
gaagaagcggttaaattgtcggatcgttatatttcagatcgtttcttgccggataaagceca
attgatcttattgatgaatcggcagctatggttcggattgatgctgaagataagaaaaat
catcagccttcattagaaagtcagttagaagatttgcgaacccaaaaagaagaagcaatt
gataatcaagactttgatcgtgcggctactcttcgtcaacaagaattagcactaaaagat
aagattgatcgcaaaaagcaacgtactcaacaaaaggattctcataactataaattgaaa
gtaactggtgaaaacattgcacaagttgttgctgaatggacaggagttcctttaactcaa
ttgaagaagagcgagagtgaacgattggttaacttggaaaaggttctgcaccaacgagta
attggtcaagatgaagcagttaccgtagtcgctaaggcaattcggcgtgcacgaagcggg
cttaaggatcctagtcggccgattggttecctttatgtttttaggaccgactggggtagga
aaaacagagcttgccaaggcattatccgctgcaatgtttggctcggaagataatatgatc
cggattgatatgtcagaatatatggaaaaatatagtactagtcgcttgattggtgctgcect
ccaggatatgtcggctatgacgagggtggccaattaactgaaaaagtacggcaacatcca
tactcagttgtcttattagatgaagctgaaaaggcacatccggatgtatttaatttatta
cttcaagttttagatgatggttacttaactgatgcaaaaggtcggcgcgttgattttaga
aataccattattattatgacttctaaccttggagcaactcagcttcaggatgagaaagag
gttggttttggggcaaaagatatgtcacaagactataatgcgatggcggcggcgattaag
caacaaatgaggttatacttccgcccagaatttcttaatcggattgatgaaacgattatce
ttccattcattacaaaagaaagaacttcatcaaattgttaaactcatggttaatgattta
aataagcgggtaagcgagcaaggtattaacttgaaagttacgcctgctgcaattgatgtg
atcgcaaagcttggttacaatcccgcttatggagectcgtccgecttecgtegtgetttacaa
gatcatgttgaggatgatttgagtactggactgcttagtggtgaaatcaatgtgggggat
gacgtaacagtaggtgcgcatcaaggtaaaattacttttaaagtaaagaagccggatgaa
gataaagctgttgaattaaaattgaataaataa

>fig|1598.593.peg.593 ATP-dependent Clp protease, ATP-binding subunit ClpC
[Lactobacillus reuteri PNW1]
MDNMEFTPSAKHVLATAQEQAKYFKHQAVGTEHLLLALSMDKDGIANKIFEQFSITNDDIR
EEIERLIGYGTMENLGASDYLPYSPKAKQVLSLAGREAQOMHALKIGTEHLLLALIADES
VLSSRILYSLDVVPROMRKVILRRLGIADSQQRNPNRQSSRRRIQOTGTPTLDKLARDMT
ELARNGQLDPVIGRNKEVKRVEQILSRRTKNNPVLIGEPGVGKTATIAEGLAQRMVDGKVP
AELANKRLMMLDMGSLVAGTKYRGEFEDRLKKVIDEIQNDGHVILFIDELHTLIGAGGAE
GAIDASNILKPALARGELQTIGATTLDEYQKYIESDAALERRFATVQVDEPTTDQTLQIL
RGLRPKYEEHHHAKITDEALEEAVKLSDRYISDRFLPDKAIDLIDESAAMVRIDAEDKKN
HOPSLESQLEDLRTQKEEAIDNQDFDRAATLRQOELALKDKIDRKKQRTQQKDSHNYKLK
VTGENIAQVVAEWTGVPLTQLKKSESERLVNLEKVLHQRVIGQDEAVTVVAKATIRRARSG
LKDPSRPIGSFMFLGPTGVGKTELAKALSAAMFGSEDNMIRIDMSEYMEKYSTSRLIGAA
PGYVGYDEGGQLTEKVRQHPYSVVLLDEAEKAHPDVENLLLQVLDDGYLTDAKGRRVDFEFR
NTITIMTSNLGATQLODEKEVGFGAKDMSQDYNAMAAATKOOMRLYFRPEFLNRIDETIT
FHSLOKKELHQIVKLMVNDLNKRVSEQGINLKVTPAAIDVIAKLGYNPAYGARPLRRALQ
DHVEDDLSTGLLSGEINVGDDVTVGAHQGKITFKVKKPDEDKAVELKLNK
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>fig]1598.593.peg.1200 putative Zn-dependent protease [Lactobacillus reuteri
PNW1]
gtgcttactcaatcgtggctacaccgaataaccggtaaagaagttgcaaccccaactaaa
caaaacgctgaccaacaaactggggcacaagatacacccgctgatgcacgctgggaacaa
aactctgcaacgatctatgttaatatcagtaatccagtattaaagaatgcaacagaaacc
gcaattgcccaatggaataacacgaaggcattcacatttaaaatcgttaatgataagaat
gcaaatattagtgtttccgctgttaatgatccaaataacggggcagcgggacttaccaat
acaagcatgaattccgcaactggatattatctgcacgcaacagtagagctaaattcttat
tacctattaaatcctgcctttggctactcacaagaacgaatcgtaaatactgctgagecat
gaattagggcatgcaattggtctacagcacacgaacaagatttctgtgatgcagccagcect
ggatcatattatcccattcaatcacgagacatagaggctgtgaaggctttatattcacga
actccacaaccaatcatcgccgaaaacaattccaacagatag

>fig]1598.593.peg.1200 putative Zn-dependent protease [Lactobacillus reuteri
PNW1]

MLTOQSWLHRITGKEVATPTKONADQQTGAQDTPADARWEQNSATIYVNISNPVLKNATET
ATAQWNNTKAFTFKIVNDKNANISVSAVNDPNNGAAGLTNTSMNSATGYYLHATVELNSY
YLLNPAFGYSQERIVNTAEHELGHAIGLQHTNKISVMQOPAGSYYPIQSRDIEAVKALYSR

TPOQPITIAENNSNR

>fig|1598.593.peg.1467 Membrane protease family protein BA0301 [Lactobacillus
reuteri PNW1]
atgaaagaaaaagcagcctttcacgttaacggctacctcgggttactcggggcgattatt
atcggtttaattagtttgtggctgatgtttgttggttttacgcgtaattttccggtgatt
ctgacaattggaattattttattcttgattgtgattctttttagtacatcattgacaatt
attcagccaaatgaagccaaagttttaactttttttggtaattatattgggactattcgt
gatgcgggcttatttatgacggtaccatttacaaataaggagactgtttctcecttecgtgte
tgcaattttaatagtcaaattttaaaggtcaatgattcgaaaggtaatccagtcgaaatt
gcggccgttattgtttacaaagttgtcgataccgcaaaagcactcttttecggttgatgat
tatgagcaatttgttcaaattcaaagtgagtctgcggttcgtcatgttgctagtgaatat
ccatatgatagttttgaagatcaagatgcaatcactcttcgcgggaatccaaccgaagta
tcagaacgtttaactgctgaactgcaagaacggttaaatgtcgcgggggtcaaaattatt
gaaacacggttgacccacttagcctacgcaactgaaatagcgagtgccatgttgcaaaaa
caacagtcatcagcaattctatcagcgcgcaagataatcgttgagggtgctgtttcaatt
actgaagaagcgattgaacgactaagcaaggaagctaaccttgatttaacagatgagcaa
cgtttgcaaatcatcaataatatcatggtagcaattattagtgagcggggaacacaacca
gtaataaatacagggacacaaggataa

>fig|1598.593.peg.1467 Membrane protease family protein BA0301 [Lactobacillus
reuteri PNW1]

MKEKAAFHVNGYLGLLGAITIGLISLWLMFVGFTRNFPVILTIGIILFLIVILFSTSLTI
IQOPNEAKVLTFEFGNYIGTIRDAGLEFMTVPFTNKETVSLRVCNENSQILKVNDSKGNPVET
AAVIVYKVVDTAKALFSVDDYEQEFVQIQSESAVRHVASEYPYDSFEDQDAITLRGNPTEV
SERLTAELQERLNVAGVKITETRLTHLAYATETASAMLQKQOQSSATILSARKIIVEGAVSI
TEEATIERLSKEANLDLTDEQRLQIINNIMVAIISERGTQPVINTGTQG

>fig|1598.593.peg.1525 Prophage Clp protease-like protein [Lactobacillus reuteri
PNW1]
gtgaagaagatgacgattaacggagatattgtcgacgacgataccgcatggatgtataac
ttctttggtatgagttgtacttcaccaaagtctgtcagagatgtgttacaagattctgac
gatgacgaaaccatccccgaagatttaattgttgatatttctteccggtggtggtgatgte
tttgcaggtagtgaaatttacacgttactacgcaactataaaggaaaagttgttgttaac
gtttacggcatggccgcatctgctgcttctgtcattgcaatggcaggggatgaagtcaac
atgtcaccaactgctcaaatgatgattcataaagcgtggtctgtaaatcaaggcaacgct
gatgatcacgaacacgaagcaaaagtgttggattcaatcgaccaatcaattgttaatgca
tatgttgataagaccggtctaaagcgtgatgacattttacagatgatgcaaaatgaaacg
tggatgaccgctcaagaagccgttgataaaggctttgcaaatggcattatgttccacaat
gatgatgacgatgaagacgacacagacgatcacgaggatgctttacaggtcgceccgectget
actcacagcattcctaaaaaggacgctgttaagaagttcatgatgttactgcatagcgat
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aaagctaaggaaactgtaaagaaacaacaaaataactcacaaaataagccaacttcttta
tatgacaagaagctggctttgcttttaaacaaaaacattactgaaaaggagaattaa

>fig|1598.593.peg.1525 Prophage Clp protease-like protein [Lactobacillus reuteri
PNW1]

MKKMTINGDIVDDDTAWMYNFEFGMSCTSPKSVRDVLODSDDDETIPEDLIVDISSGGGDV
FAGSEIYTLLRNYKGKVVVNVYGMAASAASVIAMAGDEVNMSPTAQMMIHKAWSVNQGNA
DDHEHEAKVLDSIDQSIVNAYVDKTGLKRDDILOMMONETWMTAQEAVDKGFANGIMFEFHN
DDDDEDDTDDHEDALQVAAATHSIPKKDAVKKFMMLLHSDKAKETVKKQONNSONKPTSL

YDKKLALLLNKNITEKEN

>fig[1598.593.peg.1800 Lon-like protease with PDZ domain [Lactobacillus reuteri
PNW1]
atgaaaaagcaagataatgtaatattacgacgaataggaattattttagggcttgtcctt
ttactaggctgctttttgttctggccecctaaattcctatatcgaaagtccgggaacggcea
gctgatttacagtcttttgttaaaataaagggacaccccgatcgatataaggggagtttt
atgttgacatcggtggcgattcaacgcgcccatcctgcaacatatttatatgccaaaatg
atgccctatatgtcaatcgagagtgcagaggatgtaactggcggtcaaaatagtgcaacg
tatgaccgtgtccaaaaattttatatggatagctcaattaacgaggcaattgcagttgcect
tacaatgccgctcaccaaaaagtaacgcgacgctatctaggaatttatgtattgcaagtt
cagcctaattctaaattcaaacatgatattcatgttggggatacaattacaaaagtagat
ggtcatcactttaataccgctcaaggctttcaaaaatatattggtgctaaaaaagttggce
actccgttagcggttacttatactcgagatgggaaaactaaaactgtcactcatcecgett
gttaaaattgctaatactaataagccgggaattgggatcatccttactaacaatatgcaa
gttaagactaagatcccagtaaaggttgatgctggtcaatacggtgggccatccggtgge
ttaatgttcagtttacaaatatatcaacaaattagtggaaaagatttgcaacggggacgt
aaaattgccggaactggaacgataaattcagacgggaccgttggagaaattggtggaatt
gacaagaaagtaatcgccgcgcaccgtgcaggagccactattttectttgececcttatata
aaaccaacgaaagagattcttaagtatgaagaaggtcatctgactaattatcaaatggct
aaaaaagcagctaaaaaatatgcaccgggaatgaaggttgtcccagtcacttecctttgat
gacgcggtgaaatatttacaaacgcataagtaa

>fig[1598.593.peg.1800 Lon-like protease with PDZ domain [Lactobacillus reuteri
PNW1 ]

MKKQODNVILRRIGIILGLVLLLGCFLEWPLNSYIESPGTAADLQSFVKIKGHPDRYKGSF
MLTSVAIQRAHPATYLYAKMMPYMSIESAEDVTGGONSATYDRVOKEFYMDSSINEATIAVA
YNAAHQOKVTRRYLGIYVLOVQPNSKFKHDIHVGDTITKVDGHHENTAQGFQKYIGAKKVG
TPLAVTYTRDGKTKTVTHPLVKIANTNKPGIGIILTNNMQVKTKIPVKVDAGQYGGPSGG
LMEFSLOIYQQTISGKDLORGRKIAGTGTINSDGTVGEIGGIDKKVIAAHRAGATIFFAPYI
KPTKEILKYEEGHLTNYQMAKKAAKKYAPGMKVVPVTSFDDAVKYLQTHK

>fig|1598.593.peg.1811 ATP-dependent Clp protease ATP-binding subunit ClpX
[Lactobacillus reuteri PNW1]
atgtttgaagataccactggtatggattcagttcactgttcattttgtggaaagtcccaa
gatgaagtgaaaaaaattgttgctggtcctggcgtctatatttgtaacgaatgtgttgac
ctttgtaaacaaattattgatcaggaattagcagaagatgaagctaaaaaagctttccgt
gtgccaactccaggagagattgttaacgaactggatgactatgtaattggtcaaggtgat
gctaaaaaaacattagcagttgctgtttataaccactataagcgggttaatgcaatgatg
agtggtgataataatgatacagaacttcaaaagagcaacattgccgtaattggtccaact
ggttctgggaaaacctatcttgcccagtcacttgcccgcattctcaatgttccatttgeg
attgcagatgctacaactttaactgaagctggatacgttggtgaagatgttgagaatatt
atccttaaactacttcaggctgctgactttgatgtagaacgtgctgaaaaaggaatcatt
tacattgacgaaattgataaaatcgcaaagaagagtgaaaatgtatcaattacacgtgat
gtttctggagaaggggttcaacaagctcttttaaagattcttgaaggaacaattgctaat
gtaccgcctcagggaggacgtaagcatccacagcaagaatttatccaagtcgatacaaag
aatatcctctttattgtggggggagcctttgatgggatcgaaacaattgttaaggaacga
cttggtgataagacaattggatttggaacagactcacgagaagctgaagaggttacggat
aaaaatattttgcaacatgttattccagaagaccttcttaagtttggcttgattccagaa
tttatcggacgattacctgtgatgactgctcttgaaaaacttgatgaagatgaccttgtt
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cgaatccttactgagccgaagaatgcattagttaagcaatatcaagagttaattcgectt
gatggaagtcagttgacctttactgatggtgcattacgagcaatggcacaactagcaatc
aagcggaatacaggtgctcgtggtctccgttcgattattgaagatgtaatgcgggatgta
atgtttgacttgccaagtcgtaaagatgtagaaaaggtaattattgataaacgatgtgta
acgcaacatacagaacctcgttacgttttaaaggatgaaaaagcttcttaa

>fig|1598.593.peg.1811 ATP-dependent Clp protease ATP-binding subunit ClpX
[Lactobacillus reuteri PNW1]
MFEDTTGMDSVHCSFCGKSQDEVKKIVAGPGVYICNECVDLCKQITITDQELAEDEAKKAFR
VPTPGEIVNELDDYVIGQGDAKKTLAVAVYNHYKRVNAMMSGDNNDTELQKSNIAVIGPT
GSGKTYLAQSLARILNVPFAIADATTLTEAGYVGEDVENIILKLLOAADFDVERAEKGII
YIDEIDKIAKKSENVSITRDVSGEGVQQALLKILEGTIANVPPOGGRKHPQOEFIQVDTK
NILFIVGGAFDGIETIVKERLGDKTIGFGTDSREAEEVTDKNILOHVIPEDLLKEFGLIPE
FIGRLPVMTALEKLDEDDLVRILTEPKNALVKQYQELIRLDGSQLTFTDGALRAMAQLAT
KRNTGARGLRSITIEDVMRDVMEDLPSRKDVEKVIIDKRCVTQHTEPRYVLKDEKAS

>fig]1598.593.peg.1891 ATP-dependent Clp protease, ATP-binding subunit ClpE
[Lactobacillus reuteri PNW1]
atgcaatgtcaatactgtcatcaaaatccagccacaattcatcttcaaatgaattttaat
ggacaacggattcaaatagacctctgccaaaattgttatcaaaaattacaaaatctacaa
acagatatgatgaatggaggtaacggaatgaataatttcggttttggaagcctcgaagac
ttcatgaacgcaatgaacaatatgcaaagtcaagctgccggtgctaatggtcaaaacatg
aacggccaagctcaacgacaaggtggcggccggaacggaaaaggaatccttggtcaatat
gggatcaaccttactgatcttgctcgccaaggtaaaattgacccagtcatcggacgcgac
aatgaaattaaacgagtaattgaaattttaaaccgtcgaaccaagaataacccagtcttyg
attggtgaagctggggttggtaagaccgcggttgtcgaaggcctagctcaagcaatcegtt
agcggtcaagttcctgaaaagcttgctaacaaggaaattatccgactcgatgttgtttcce
ttagttcaaggtactggaattcggggacaatttgaaaaacggatgcaacaattaatggaa
gaagttcgtaagaataagaacatcattctatttattgatgaaatccacgaaatcatgggt
gcgggaaatgctgaaggcggcatggacgctggaaatgttcttaageccecgeccttgecegt
ggtgacttccaattagttggtgccactactcttaatgaatatcgaaagatcgaaaaagat
gcagctcttgcacgacggttccaaccagttgaagttgatgaaccatccgttgaagaaaca
atccgcatcttaaacggaatcaaaaatcgttatcaagattaccaccatgttaaatacaca
gatgacgcaattgtagcagctgctaaactttctgaccgctacattcaagatcgttactta
cctgacaaagctatcgacttacttgatgaagcgggatcaaagaagaacttaacgcttaaa
aatgtggatccaaacgcaatcgaaaatgaaatccacacagctgaagcacacaagcaacaa
gcagctgataaccaagactatgaaaaagcagctttctaccgcgatcaagtcgctaaactt
gaaaaggcaaagaaagaagctgaagaaaaccatactgaagattctgcaactgttaccgtt
aaggatatgcagagaatcgttgaagaacggacaaatattccagttggtgacctgcaaaag
caagaagaaaatcaacttcgcgaccttgataagaagcttgatgaacacgttattggtcaa
acccaagcagtggataaggttgcccgtgccattcgtcgtaaccggatcggtttgaacaag
tctggtcggccaattggtagtttecctectttgttggtcctacgggggttggtaagactgaa
acggctaagcaacttgccctccaattgtttggttctaaggatgccatgattecggtttgat
atgtctgaatacatggacaagacctctacttctaaattaatcggggctgctcecctggttat
gttggttacgaagaagctggccagttgactgaacaagtacggcggcacccttatagettyg
atcttacttgatgaagttgaaaaggctcacccagatgttatgcacatgttcttacaaatt
ctggatgatggtcgtttaactgattctcaaggacgcactgttagcttcaaggatacaatt
attatcatgacatctaatgccggaactggtgattcagaagcaagtgttggtttcggtget
gagtctaatggtagtactcattccatcattgacaagttgacaaactacttcaagccagaa
ttcttaaaccggtttgatgacatcgttcaattcaatgccecctctccaaggatgacttgatyg
aagatcgttaacttaatgattgatgatgttaataacatgcttgctgataagaacttgcac
atcgaagtcactaacaacgttgaagaaaaattagttgacgtgggctttgatccaaagatg
ggtgctcgtcctcecttegtecgggtaatccaagaacaaatcgaagaccggattgectgattac
gttcttgatcacagtgacgctcataatttagttgctaaacttgatgataatggtgacatt
gttgtcgaagaaactgaagaagtaccaacaattgctaaaaaataa

>fig]1598.593.peg.1891 ATP-dependent Clp protease, ATP-binding subunit ClpE
[Lactobacillus reuteri PNW1]
MOCQYCHONPATIHLOMNENGORIQIDLCONCYQKLONLQTDMMNGGNGMNNFGFGSLED
FMNAMNNMQOSQAAGANGONMNGOAQROGGGRNGKGILGQYGINLTDLARQGKIDPVIGRD
NEIKRVIEILNRRTKNNPVLIGEAGVGKTAVVEGLAQATIVSGQVPEKLANKEIIRLDVVS
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LVOGTGIRGQFEKRMOQLMEEVRKNKNIILFIDEIHEIMGAGNAEGGMDAGNVLKPALAR
GDFQLVGATTLNEYRKIEKDAALARRFQPVEVDEPSVEETIRILNGIKNRYQODYHHVKYT
DDAIVAAAKLSDRYIQDRYLPDKAIDLLDEAGSKKNLTLKNVDPNAIENETHTAEAHKQQ
AADNQDYEKAAFYRDQVAKLEKAKKEAEENHTEDSATVTVKDMQORIVEERTNIPVGDLQOK
QEENQLRDLDKKLDEHVIGQTQAVDKVARAIRRNRIGLNKSGRPIGSFLEVGPTGVGKTE
TAKQLALQLFGSKDAMIRFDMSEYMDKTSTSKLIGAAPGYVGYEEAGQLTEQVRRHPYSL
ILLDEVEKAHPDVMHMFLQILDDGRLTDSQGRTVSFKDTIIIMTSNAGTGDSEASVGEGA
ESNGSTHSIIDKLTNYFKPEFLNREDDIVQEFNALSKDDLMKIVNLMIDDVNNMLADKNLH
IEVINNVEEKLVDVGFDPKMGARPLRRVIQEQIEDRIADYVLDHSDAHNLVAKLDDNGDI
VVEETEEVPTIAKK

>fig]1598.593.peg.1958 FIG056164: rhomboid family serine protease [Lactobacillus
reuteri PNW1]
atgcggacgcagggactaagattagcgcccgtgacgcttaccttaataatctttcaggta
ttagtttattgctggttagtttatgcaggtggctcaactaatacagtaaccctcctgaat
atgggggctcgtagtacgcccttaatcagggaaggtgaatggtggcgecttagtatcacct
gtgttccttcatgttggtttatcacacttagtagtcaatagcgttacgcttttatatatc
ggccgttatattgaagaatttttcggtcattggcgaatggtagtcatatactttgtcagt
gcgctttttggtaactttaccagcgcggtcttcatgccatcgacaatttcagectggtget
agtactgctatttttggattatttggcgcatttttaatgttaggecgtttgttttcgeccat
aacgttattgttcgcgtcttaagtcgtacttttttgttatttgttattattaatattgtyg
atggattttttcctgtcaggagttgacttgataggacatattggcggectttttggtgge
tttttcattgcatttattgttggtgctcccatgctaggaactgttgatcacctaaaacag
tttttaagtggagctgtattaacggtaagtttggtaattttgactctagaattgaagtga

>fig|1598.593.peg.1958 FIG056164: rhomboid family serine protease [Lactobacillus
reuteri PNW1]

MRTQGLRLAPVTLTLIIFQVLVYCWLVYAGGSTNTVTLLNMGARSTPLIREGEWWRLVSP
VFLHVGLSHLVVNSVTLLYIGRYIEEFFGHWRMVVIYFVSALFGNFTSAVFMPSTISAGA
STAIFGLFGAFLMLGVCFRHNVIVRVLSRTFLLEFVIINIVMDEFFLSGVDLIGHIGGLEGG
FFIAFIVGAPMLGTVDHLKQFLSGAVLTVSLVILTLELK

>fig]1598.593.peg.2181 Uncharacterized zinc protease YmfH [Lactobacillus reuteri
PNW1]
atggatagagaagtttatcaaaattttaaccagtccatttaccgtgaacaattatcaaat
ggtttgaaagtccagctcttaccaatggaaggctaccataagacatatgctattttaaca
gcagattttggttccattgataatcattttataccgtaccatcaaaagaaggcgattact
gttccagacggggttgcccacttccttgaacataaaatgtttgagaaaaaagatcatgat
gcctttgacttgttcggtaaactaggagctgattcaaatgecctttactagttttacccaa
acaagttatcttttttcgacgaccagtaatctccatgagaatttagatgttctattggat
tttgttcaagatccatactttactgcagaaacggtgaagaaagagcagggaattattgge
caagaaattcaaatgtatgaggatgacccgagttggcggctttacttaggtattttaggt
aatttgtaccccaaagatccaatgcggattgatattgcgggaacggttgaatcaatcagt
catattacaccagaaattctgatggatagttatcggactttctatcaaccaaccaatatg
aaccttttccttgtaggacgcttagatccagaagaaacaatggcatggatcaagcaaaat
caagaacaaaagattttcgctcccgcagagacaccccaacggttatttagectgaacgat
ccaactgcgcatgatgtaattccattccgttcattaacgatggatattgttcgtcctaaa
gtgatggtaggcttacgagggaccaagcaatttgatgatggtaaagaacggctccactac
aaattagcaattgatcttttgttagatgttttgtttgacgatacttcagataactatttg
cgtttgtacaacaatgaaacattggatgacacgtttagctacaactttgaaatgcaacgg
ggctttcattttgcgtactttagctctgatactgatcagatggaacgctttgcagatgag
gttattgatattcttgaaagtgctgatcagcaaattgaagcggcgcggacaaggtttgag
ggaattaaaaaggcagaactagggcggttaattggcttattagattcgccagaagcaatt
gctaatcgttatgctggagacctctttgctggecgctagecttgatggatgagatagcgacc
ttggaaactattacgattgatgatctttatcaagttgcaaaagagtttattactccgcaa
ggtatttcggtataccaagttgttccgcaacatcaataa

166



>fig|1598.593.peg.2181 Uncharacterized zinc protease YmfH [Lactobacillus reuteri
PNW1 ]

MDREVYQONFNQSTYREQLSNGLKVQLLPMEGYHKTYATILTADFGSIDNHFIPYHQKKATT
VPDGVAHFLEHKMFEKKDHDAFDLEFGKLGADSNAFTSFTQTSYLFSTTSNLHENLDVLLD
FVODPYFTAETVKKEQGITIGQETIQMYEDDPSWRLYLGILGNLYPKDPMRIDIAGTVESTIS
HITPEILMDSYRTFYQPTNMNLFLVGRLDPEETMAWIKONQEQKIFAPAETPQRLESLND
PTAHDVIPFRSLTMDIVRPKVMVGLRGTKQFDDGKERLHYKLAIDLLLDVLEDDTSDNYL
RLYNNETLDDTEFSYNFEMQRGFHFAYFSSDTDOMERFADEVIDILESADQQIEAARTREE
GIKKAELGRLIGLLDSPEAIANRYAGDLFAGASLMDEIATLETITIDDLYQVAKEFITPQ

GISVYQVVPQHQ

>fig]1598.593.peg.2182 FIG001621: Zinc protease [Lactobacillus reuteri PNW1]
gtggattttaatcttgctcgtggcgtggacttgcacattatacccacaaaacaatttaag
atgaatcacgtcttaatagattttgcgactccgcaaacaccaacgaatgctactgcacga
aatttattggcaaacctattagagaccagcacgcatcgctatccaacacagacggctttg
gctcgtcaattggcatctttatatggtgecctatgttaatttatatgttaaccggectgggg
acattgcatactgtccgattacgagcgagttttgtcaataatcgctttgttgatgaagat
ttatttgaaaagattagtggcttaataaatgagatcattttccatccgctaatcgatgac
ggggaatttgatggtcctacttttagaattcaatctaataatttaaaaagtgcgataaag
tctctttatgacgataaacaatttttggctaatcaacgtcttatggacttgtattaccaa
aatgattctgtaatgaaggtacctagtttcggtcaaattgctgatcttgagaacttaaat
gctaaaagtttagtttcaacgtatcattcaatgattaatgaagataaaattgatattttt
gtgttaggtgacattgatccgatgcgtgctcagcaagttattgctaagttgecttttgaa
gatcgcgatattgttaacaagtcacctttatatcatcaagcattgtatgatcaagttcag
agaaaaacagaatatcaacaagtaaatcaggcaaagttaaatttggcatattctttgect
gtctattatcatgacgccgattactatgctggcttggtttttaatggactttttggtggce
acgccatattcaaagctttttacgaatgtccgtgaaaaagctagtttagecttattatget
tctagccggcttcecttceccattcaatgggattgtaagtgttcaaacgggaattcaagcgagt
gatcaagaaaaagttcaaaatatgattcaggaacaattaatcgctttacaaaatggtgat
tttactactgagacgctaagtgaagttcaagatagtttgattaaccaataccgggcaggg
catgatttggcaagtaatgttttggaacaacaattagttaccaaattagttaatgaatcg
gataagaactttattaccgaaataaaaaaagtaaccgtagctgacgttatgecgtgttgcet
aaacagatgaagcttcaggcagtttatttattaagtggtgagaaataa

>fig|1598.593.peg.2182 FIG001621: Zinc protease [Lactobacillus reuteri PNW1]
MDEFNLARGVDLHIIPTKQFKMNHVLIDFATPQTPTNATARNLLANLLETSTHRYPTQTAL
ARQLASLYGAYVNLYVNRLGTLHTVRLRASFVNNRFVDEDLFEKISGLINEIIFHPLIDD
GEFDGPTFRIQSNNLKSAIKSLYDDKQFLANQRLMDLYYQNDSVMKVPSFGQIADLENLN
AKSLVSTYHSMINEDKIDIFVLGDIDPMRAQQVIAKLPFEDRDIVNKSPLYHQALYDQVQ
RKTEYQQOVNQAKLNLAYSLPVYYHDADYYAGLVENGLFGGTPYSKLFTNVREKASLAYYA
SSRLLPENGIVSVQTGIQASDQEKVONMIQEQLIALONGDFTTETLSEVODSLINQYRAG
HDLASNVLEQOLVTKLVNESDKNFITEIKKVTVADVMRVAKOMKLQAVYLLSGEK

>fig|1598.593.peg.2327 putative Zn-dependent protease [Lactobacillus reuteri
PNW1]
gtgaacgagataaatttcatttttcgactgcttaagcggatatttataataggactttta
gtaggtggaggatggctttatttcaacgatgcacgggttcaagcaacggcgaaccaaact
gcatggaacgttcgtgaccgtattgctaagttaattggcagggacgatacaaattcaaac
gataattctaatctgcacttaaacgatgcaaataatggttcttccaaaaacgaacaagga
ccaacgacagaacaacaaacaagtacacaaacttcaattccatctactgggcgatgggcg
actaatcaagcaacagtctatgtaaatacaaataatgctcaacttgacgcagctactaat
accgcaatccaaaactggaatcaaacgggggcatttacatttaaaccagtaaacaatcaa
agtaaagctgatattgttgtaacgacgatgaaccgttctgattcaaatgctgctggatta
acgaagacatcctctaattcattgacaagaagatttatgcatgcgacggtgtacttaaat
acatattatttaactgacccaagttatggctatagtcaggaacgaattgttaatacagcc
gaacacgaactgggccacgcaattggactcgaccataccaatgctgtttcggtaatgcag
cctgctggatcattctatacgatccaaccagatgatgtgcaagcagtccaaaaactatat
gctaataataaataa
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>fig]1598.593.peg.2327 putative Zn-dependent protease [Lactobacillus reuteri

PNW1]
MNEINFIFRLLKRIFIIGLLVGGGWLYENDARVQATANQTAWNVRDRIAKLIGRDDTNSN
DNSNLHLNDANNGSSKNEQGPTTEQQTSTQTSIPSTGRWATNQATVYVNTNNAQLDAATN
TAIQNWNQTGAFTFKPVNNQSKADIVVTTMNRSDSNAAGLTKTSSNSLTRRFMHATVYLN
TYYLTDPSYGYSQERIVNTAEHELGHAIGLDHTNAVSVMQPAGSEFYTIQPDDVQAVQKLY
ANNK

>fig|1598.593.peg.2459 SOS-response repressor and protease LexA
[Lactobacillus reuteri PNW1]
gtgccaactaatataatttatccattaggagataaatttcagcatgttagcatcccecttce
attggcgaaattgcctgtggggatcctatcacagctgaagagaatattgaaggttacgtt
gaagagatttttcccaaaaggtaa

>fig|1598.593.peg.2459 SOS-response repressor and protease LexA
[Lactobacillus reuteri PNW1]
MPTNIIYPLGDKFQHVSIPFIGEIACGDPITAEENIEGYVEEIFPKR

>fig]1598.593.peg.2460 SOS-response repressor and protease LexA
[Lactobacillus reuteri PNW1]
atggaaccaaccattcacgacggttcaattgtaaccattagagaacagcccacagtggaa
gatggtgaaatagctgctgctctcecgttgatggtgataatgaagcgacactgaaacgtgtt
aagcactaa

>fig]1598.593.peg.2460 SOS-response repressor and protease LexA
[Lactobacillus reuteri PNW1]
MEPTIHDGSIVTIREQPTVEDGEIAAALVDGDNEATLKRVKH

>fig]1598.593.peg.2483 Membrane-associated zinc metalloprotease
reuteri PNW1]
ttgataataacaattattacatttattattgtttttggaatccttgtccttgttcatgaa
tatggtcattattattttgctaaacgagcaggaattctggttcgtgaattttcaatagga
atgggtccaaaaatttggtggagacgaaaaaatggtactacctatactattcgaattttyg
cccctcecggtggttatgttegtttagetggggectgatgatgaggaccaagatgagttaaag
ccaggtaccccgctaacgattcaactaaatgatcaagataaagttattagtattaatget
agtgataaaacaaccttatttcaggggatcccccttcaactagttgecttgtgatttagaa
gatggcttatggataaaaggatatgtcaatggggacgaagatcagctaaaggtatatagt
gttgaccatgatgcaatgattattgagcgagacggaaccgaggtacagattgctccacgt
gatgtgcaatttcgttcagcaagtctgcctgcacggatgatgaccaattttgctggtecg
atgaataatttcattttgtccttagtggtatttatcattcttggcttcaccttaacggge
gtaccaactaatagcaatcagttagggcaagtgaatgccggttccgtagetgeccaaagcg
ggcttaaaagcaaacgatcggattgttaaggttaataaccaaaaaataaataattggact
gacctttcaacgaatatttcaaataagcctaataagacagtgtcagtaacgtatgagcgt
ggtaataaaacttatcatactaagctaacaccaaaagcggttgagcgaggtcatcaaaaa
gttggccaaattggaattgttgaaaagcaagaaaagagtttagctgcgecgtctgaagttt
ggttggcagcaatttatccaagcaggaacattaatctttagtgttcttggccacatggtt
actcatgggtttagcttaaatgaccttggtggaccggtagcaatttatgctgggacatcg
caagccacctcattgggaatcaatggagttttaaatttcttagccctcttatcaatcaac
ttaggaattgttaacttattaccaattccagcattggatggcgggaaattgttattgaat
attgttgaagcgatcattcggcgaccaattcctgaaaaagctgagggaattatcacaatg
attggtttcctaatcttactaacacttatggttctagtaacatggaacgatattcaaaga
tattttattcggtaa
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>fig|1598.593.peg.2483 Membrane-associated zinc metalloprotease [Lactobacillus
reuteri PNW1]

MITTIITFIIVFGILVLVHEYGHYYFAKRAGILVREFSIGMGPKIWWRRKNGTTYTIRIL
PLGGYVRLAGADDEDQDELKPGTPLTIQLNDQDKVISINASDKTTLFQGIPLQLVACDLE
DGLWIKGYVNGDEDQLKVYSVDHDAMIIERDGTEVQIAPRDVQFRSASLPARMMTNEFAGP
MNNEFILSLVVFITLGFTLTGVPTNSNQLGQVNAGSVAAKAGLKANDRIVKVNNQKINNWT
DLSTNISNKPNKTVSVTYERGNKTYHTKLTPKAVERGHQKVGQIGIVEKQEKSLAARLKEFE
GWQOFIQAGTLIFSVLGHMVTHGEFSLNDLGGPVAIYAGTSQATSLGINGVLNFLALLSIN
LGIVNLLPITPALDGGKLLLNIVEATIRRPIPEKAEGIITMIGFLILLTLMVLVTWNDIQR

YFIR

>fig|1598.593.peg.2540 Serine protease, DegP/HtrA, do-like (EC 3.4.21.-)
[Lactobacillus reuteri PNW1]
atgaataggataaaacaagcttttaaagatcggttgtggttaggcgtaattattgtcgge
ttatttgctggtcttattggtggtggaatcgccttaggaattaataacctggtacaacat
catgaagaagtaacaagtacacgagtcccagctggctctaataagtctggtggtacgaag
gttaataagaataaggcggacttaaacggggaagcgtcccaagcttataagtccgtccaa
ggagccgttgttagtgttattaataaacaaaaggttcagcaatcaagtgggacgctagga
atttttggttatggcaacagtagtaacagcagcagtgattcttctagcgataataaatta
gaaaccgctagtgaagggtcaggagttatttataagaagagtggcaattcggcttatgtt
gtaactaataaccacgttgtcaaaggttcaaacgcgctccaagtaattttaagcaatggt
aaaaaagttaatgctgatttagttggtgctgattctgcaaccgacttagctgtattgaag
attaacgctacaaatgttaagacagttgcatcctttggtaactctaattcgattgttcect
ggtcaggatgtgctagcaatcggttcaccaatgggaagtgaatatgctaatacagtaacyg
aaaggaattatttctgccaaagatcggacattaaaagccggtactgatggaactttgaca
tcggttatccaaacagatgccgctattaactctggtaattcaggtggtccattaattaat
atggcaggtcaagttatcggaattaattcaatgaaacttgcttctgatacacaaggctct
tcagttgaaggtattggttttgccattccaagtaatgaagttgtgacaattattaaccag
ttaattaagaatggtaaaataactcgtccatcactcggaattagtatggtggatcttagt
aatgttacttctgatcaacagcaatcagtcttaaaactaccaacaagcgtaagcaaaggg
gtagtgattatagatgtgaatagtggttcagttgctgatactgctggattgaaaaaatat
gatgtcattacaaaacttggtgacactcaagttacagatgcgggttcattaaaggcagcc
ttatataaatacaaggttggacaaaacgctaaagtcacttattaccgtgatggtcaacgg
cacaccgcaactttgcatttaacaaagagtgctgatacaacatcaactgatgactcacaa
caagataataattaa

>fig|1598.593.peg.2540 Serine protease, DegP/HtrA, do-like (EC 3.4.21.-)
[Lactobacillus reuteri PNW1]
MNRIKQAFKDRLWLGVIIVGLFAGLIGGGIALGINNLVQHHEEVTSTRVPAGSNKSGGTK
VNKNKADLNGEASQAYKSVQGAVVSVINKOKVQQOSSGTLGIFGYGNSSNSSSDSSSDNKL
ETASEGSGVIYKKSGNSAYVVTNNHVVKGSNALQVILSNGKKVNADLVGADSATDLAVLK
INATNVKTVASFGNSNSIVPGODVLAIGSPMGSEYANTVTKGIISAKDRTLKAGTDGTLT
SVIQTDAAINSGNSGGPLINMAGQVIGINSMKLASDTQGSSVEGIGFAIPSNEVVTIINQ
LIKNGKITRPSLGISMVDLSNVTSDQQQOSVLKLPTSVSKGVVIIDVNSGSVADTAGLKKY
DVITKLGDTQVTDAGSLKAALYKYKVGONAKVTYYRDGORHTATLHLTKSADTTSTDDSQ

QDNN
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Appendix E

The sequences of nucleotide and amino acids of identified genes putatively

involved in stress resistance

>fi1ig]1598.593.peg.708 DNA protection during starvation protein [Lactobacillus
reuteri PNW1]

atgaaataccaagaaaccaaagaaacacttaatcaattagttgctgatctgagtcaaatg
gcaatgataattcatcaaactcactggtatatgcgtggcactaactttctaaagcttcac
ccattaatggaccaatttatggatgaaatcaacgatcaacttgatgtaatatctgaacga
ttattaactctcgacggtgaaccttattcgacccttaaagaaatcgcaacccatacgaaa
attaaagactggccaggaaactttgataaaacaacaccagaacgactcgcacatttagtc
gctggttatcgttatcttgaggacctttatcagcatggaattgaagtgactgatattgaa
aaagattattcgacccaagatatcttcattggttttaagacggcaatcgaaaagaagatc
tggatgctgcaagcagaattagatcaggcaccagaaattgataattaa

>fig[1598.593.peg.708 DNA protection during starvation protein [Lactobacillus
reuteri PNW1]

MKYQETKETLNQLVADLSQMAMITHQTHWYMRGTNFLKLHPLMDQFMDEINDQLDVISER
LLTLDGEPYSTLKETATHTKIKDWPGNFDKTTPERLAHLVAGYRYLEDLYQHGIEVTDIE
KDYSTODIFIGFKTAIEKKIWMLOAELDQAPEIDN

>fig]1598.593.peg.1861 DNA protection during starvation protein [Lactobacillus
reuteri PNW1]
atgaatgcagaagaaaaataccaggcggaattgaagcaaagcgaccttgatcaccatcag
ccaactgcagctgccatgactggtcacattatttctaacttgttaattcattctttaaag
attaaccaagctaacttatttgctaaaggatctactagtctttttttagccgaaaaaget
gctggttggattgcttatgaacgtcaggaatttgaccaattgaatcacttattggttaat
aatggtgaaagtattccaacaattacagctcaatttaaggaatatactatgctagaagaa
gatggcagtagtaaatatttaacaggtgataagcaattgtttgctttggtaaaagatttt
gatacgcaaacgctcttcattactaaggcaattgctttagctaacaatgaaagttggcta
gaattatctgctaatttaactaatttaatggcttggattaaggagcaaattcgggtaact
caagacttcttaggtcatgaactaaaagaaggattgtatgtcgaagacgacgatgatgac
ttttaa

>fig]1598.593.peg.1861 DNA protection during starvation protein [Lactobacillus
reuteri PNW1]

MNAEEKYQAELKQSDLDHHQPTAAAMTGHITISNLLIHSLKINQANLFAKGSTSLFLAEKA
AGWIAYERQEFDOQLNHLLVNNGESIPTITAQFKEYTMLEEDGSSKYLTGDKQLFALVKDF
DTQTLFITKATALANNESWLELSANLTNLMAWIKEQIRVTODFLGHELKEGLYVEDDDDD

F

>fig|1598.593.peg.2435 Phosphate starvation-inducible protein PhoH, predicted
ATPase [Lactobacillus reuteri PNW1]
gtgggagaacaaaaaacgattgaacaaacttttcaaattgaaagtccagaaatagaagtt
ggcttactaggaacacaggataagtttgtgagcctgattgaacaaggaatggatgttgaa
atccgaccattcggtgaaaatcttaaagtaagtggacaagaagaagacgttaaacttacg
atcgatgtatttcgtgcccttatttecgttgctaaatcaaggaatccgcatccacagtaca
gatattgttagtgcgatgaagatggcgcatcgtggaacactggaatattttgctgacctt
tacagtgaaacgattattaaagatcgccggggaagagccattcgggtaaaaaattttggt
cagcggcagtatgttaacgcgatgaagcataatgatattacgtttgggattggccecctgece
ggaacagggaaaacttacctagcagtagcaatggccgtggcatccttaaagecgtggecgaa
gtggaacggattatcttgacgcgaccagcagttgaggctggtgaaagtttaggattctta
cccggtgaccttcgtgaaaaagtagatccttatttacgaccaatttatgatgecttaaat
gatatttttggggctgatcatacgcaacggttaattgatcggggaattatcgaaattgca
ccccttgcecttatatgecgtggacgaactcttgacggagcatttgtaattttagatgaagec
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caaaatacgactaatgcccaaatgaagatgttccttacccgtttaggectttggctcaaaa
atggttattaatggggatgtttcacaaatcgatcttcctcatgggactcgcagtggtctt
gtaaacgcgcaacgaattctgaataatattaagtcaattaagtttgttaaatttagtgca
gaagatgttgttcgtcatccggttgtagcacggattattactgcttatgaggaccaaaca
tcaaaacaattagcagaaaaagataaagagaaaaaagaggaaaaatga

>fig]1598.593.peg.2435 Phosphate starvation-inducible protein PhoH, predicted
ATPase [Lactobacillus reuteri PNW1]
MGEQKTIEQTFQIESPEIEVGLLGTOQDKEFVSLIEQGMDVEIRPFGENLKVSGQEEDVKLT
IDVFRALISLLNQGIRIHSTDIVSAMKMAHRGTLEYFADLYSETIIKDRRGRAIRVKNEG
OROYVNAMKHNDITFGIGPAGTGKTYLAVAMAVASLKRGEVERIILTRPAVEAGESLGFEL
PGDLREKVDPYLRPIYDALNDIFGADHTQRLIDRGIIEIAPLAYMRGRTLDGAFVILDEA
ONTTNAQMKMFLTRLGFGSKMVINGDVSQIDLPHGTRSGLVNAQRILNNIKSIKEFVKESA
EDVVRHPVVARIITAYEDQTSKQLAEKDKEKKEEK
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Appendix F

The sequences of nucleotide and amino acids of identified genes putatively
involved in active metabolism in the host

>fig]1598.593.peg.18 Xylose isomerase domain protein TIM barrel [Lactobacillus
reuteri PNW1]
atgtttttaccacaattaggattaaaaggaagcagtcaactagaccaaattaatgatcgc
ctacaatataatcctattgcttatgaattttatactgatgctaatgattttactgatgaa
ggctaccaacgcctctatgatgcaattcaatacgttaaagatgctggaattaaaaatatt
attctacatcacccaatgaagtttcaggatcatcattcagaagtagtggcccccgaaaaa
cagtaccccgacctatatcgcectttatcgaatttacaactgaaaagctcctttatttagece
gatgaccttgatgttcaagttttggttcatggtggttatgccggtcctgaatcacgttac
tttgtttcactttatcccagtgtagaagttgcccgagatgctgtctatcagecggttggac
cgttttgcagatgctggtggagagcatatcatgtttgaaaattcaattgcaccagtecttt
gcttacggcgatcctcttcaagaagatgaaattcttgcacataattatcgacttgecttt
gatacctcccattgttttattgagcttcatgggaataaccagaaattaacaacatcccta
gaacacttaaaagatcgtatcgttcactatcacctagttgattcaatgggcaaaactcat
gatagtcttactctcggcaccggtaaaattgactgggctaacgttttgectcacttaaat
ccagctgctactagtatttatgaaattaacttacacgatcaaaataattgtcgtgaacaa
attgacagtcataattatttagttaaactttaccaaaagcttaataatagaggagtttaa

>fig[1598.593.peg.18 Xylose isomerase domain protein TIM barrel [Lactobacillus
reuteri PNW1]

MFLPQLGLKGSSQLDQINDRLQYNPIAYEFYTDANDEFTDEGYQRLYDATQYVKDAGIKNI
ILHHPMKFQDHHSEVVAPEKQYPDLYRFIEFTTEKLLYLADDLDVQVLVHGGYAGPESRY
FVSLYPSVEVARDAVYQRLDRFADAGGEHIMFENSIAPVFAYGDPLQEDEILAHNYRLAF
DTSHCFIELHGNNQKLTTSLEHLKDRIVHYHLVDSMGKTHDSLTLGTGKIDWANVLPHLN
PAATSIYEINLHDONNCREQIDSHNYLVKLYQKLNNRGV

>fig]1598.593.peg.2006 Poly(glycerol-phosphate) alpha-glucosyltransferase (EC
2.4.1.52) [Lactobacillus reuteri PNW1]
atgaattatttcatcactagccggcaagatttacacacctcggccatcgaacttgcecccaa
gtcaaacggctacgaattttcgatcatctaaatgtccccgecgatcattgtcacgatgetg
tataacttcgaccatcaagctgttgaagaaaagcttaaagttaaaggtcgcatccttaac
atctaccagtattatcaacagcttccttatcgtgatgatcccacagttgatcaagccatt
attaagcaggtattgactgtccctggctgccaagttaaggacaattgtgccctacgcaat
ggcaaagtgcgggtccgcgtgaacttccgcaacggacggttatactatatcgactacctt
gatcagtacggctttaccaatcgacgggacttttacgatcaaggatggcggacatatact
gactattttgaagataagggacggttaattgcccgccagtattacaatcatgatggacaa
gtaaagataatctatcattatcgtggtggcgaaggtaatgtccccattcttaccctecate
cagctagttgatcaagggcatgaatggcaatttgataataaaatcgaatttcgggcgcac
tttttagatgagcttgttggagatgatccccaatcaatccttatcagcgatecgttctaat
atcgcgctaaaggcgtttacgctaatgaaaaagccggccagacggtatcaggtattccac
tcggcecctttaccgacgatggtcaaagcaacggccccatttcggcaatctaccagceccaatce
gcaacaatgctcgcaaaaggacagctaagcgggctgatctctgeccacgcaacgggaagct
caagacgctgcgaaacggttccaaactaaccagagctatggcatcccecgtgacttatttyg
acgggtgcagagctcacaaaagaaatccccgttagccaacgccagacaggaaaattcatt
gcggttgcccggctttccaaaatcaaacaacttgatcatattatcaatgecgataattegt
ctccaccaagactttccgcaagtaacccttgatatttatggttatagcgatagttggaat
aaaaaccaaaccgctaatgctctgaagtcattggtaaaggaaaataaagccgagagctat
attaatttcgttggttattgtgatgaccttagtgctgcctatgaacatgctcaagcagaa
attctaacgagctattacgaaggctttgcaatggcagtcctagaagcacagggtcatggt
tgcccagttgttagctatgacatcaattatggaccagcagatataattgatgaccagcag
agtggtaaactgattccgccgaatgatcaagaggccctgtatcaacaactgcgaaaacta
ttagcagatcccgccctcgcaaaaaagtacgcecccaccatgcacaaaaagcggcccaaaaa
tacaactttgatcatgtcgccgaaaagtggcaaaagttaattaataaagaaaaaaggagt
aatcctcacagccaagatggctaa
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>fig]1598.593.peg.2006 Poly(glycerol-phosphate) alpha-glucosyltransferase (EC
2.4.1.52) [Lactobacillus reuteri PNW1]
MNYFITSRODLHTSATELAQVKRLRIFDHLNVPAITIVTMLYNFDHQAVEEKLKVKGRILN
IYOYYOQLPYRDDPTVDQAIIKQVLTVPGCOQVKDNCALRNGKVRVRVNFRNGRLYYIDYL
DOQYGFTNRRDFYDOGWRTYTDYFEDKGRLIARQYYNHDGQVKIIYHYRGGEGNVPILTLI
QLVDQGHEWQFDNKIEFRAHFLDELVGDDPQSILISDRSNIALKAFTLMKKPARRYQVEH
SAFTDDGQSNGPISAIYQPIATMLAKGQLSGLISATQREAQDAAKREFQTNQSYGIPVTYL
TGAELTKEIPVSQROTGKFIAVARLSKIKQLDHIINAITRLHODFPQVTLDIYGYSDSWN
KNOTANALKSLVKENKAESYINFVGYCDDLSAAYEHAQAEILTSYYEGFAMAVLEAQGHG
CPVVSYDINYGPADIIDDQOSGKLIPPNDQEALYQQLRKLLADPALAKKYAHHAQKAAQK
YNFDHVAEKWOKLINKEKRSNPHSQDG

>fig|1598.593.peg.2225 Poly(glycerol-phosphate) alpha-glucosyltransferase (EC
2.4.1.52) [Lactobacillus reuteri PNW1]
gtgtacttttttgtaaatcaatacttattaagtagcaattccagtgttgaacacgctgaa
ttaaaacgactagccctatttaaaaagcatgggaggaaagctaaattggtgacccgtgac
tttgacctcgttcttcatgatacaatcaaaaaatttggcttaactaacgaccagattgtt
aatatgtatgatttttttgcaaatacgactgattaccaaggcgaaaagctccatactgag
gatttgcctttaccaattgactatcaagtaggaactggaaataactatcgcgaagtaaaa
gacggtgaccgactcgtttgcgaagttcactttgcggctggaacgattgggcaagttaac
catgttgattactttgacattgctggtaacatgactcttcgccaacaatatgatattcegt
ggctttaaggcagctgacgaattctttggtgaagatggacaagaatattacgcgcgttat
tatcgcccagatggagaaacgtatcttgaacggtattttgtaaaatcggttgaaaatacc
cccattaattcgctgaatgtcttacgtaattatcaggggcaagatcgettttttgattct
ttagaagacctctttatcttctttttagatgaattgaataaggcgaatggcgagaacaat
gtgtttattgctgaccgaccagctgttgcgattaaaccggttcaatcaatgatgacaaaa
gcaaagaaatttttgtggcttccgatgaaccagattaacgatggtcagaacttaataaat
ggtcccttaaatccgatgttgcaaggtcctgttactacggatgcggacaagtgggatggt
gtaatcgtcatgactgctaaacaagcggagattctccagcaacaaattcacaatactgtg
ccaatctatgtaattaatgggagccccgttcttgctaactatgcacggattaatgaaget
gatcggacaccgggtcaattgatttacgttggaagattagcagaagataagcaaactagt
caactaatcaatatgtttgcgcagattcatcagcaagtacctgaaagtaagctaactttc
tatgggtatggcactggtgaagatatggataactataaaaaacaggttaaaagccttgga
ttagacgaggcaattgagtttgccggttaccaaatatcattagatgaggcatatgatcaa
gctcaattatttgttgatgcaagtcgaatcgatgcacagccattagcgatgggcgaggcce
ttaaaccatggggtaccagtggtttcttatgattacctttatggaccacgtgaaatggta
acttcaggtaaaaatggcgagatcattcctttgaataaccagggacagttcattcaaacc
gttgtcaaattattacaagaccaagataaactgcaaagcttgagtactggtgcctatgac
aatctagatgaattggcagaagaaaaaacttggaagcaatggcaacaactatcagctatt
tag

>fig|1598.593.peg.2225 Poly(glycerol-phosphate) alpha-glucosyltransferase (EC
2.4.1.52) [Lactobacillus reuteri PNW1]
MYFFVNQYLLSSNSSVEHAELKRLALFKKHGRKAKLVTRDEDLVLHDTIKKFGLTNDQIV
NMYDFFANTTDYQGEKLHTEDLPLPIDYQVGTGNNYREVKDGDRLVCEVHEFAAGTIGQVN
HVDYFDIAGNMTLRQQYDIRGFKAADEFFGEDGQEYYARYYRPDGETYLERYFVKSVENT
PINSLNVLRNYQGODRFFDSLEDLFIFFLDELNKANGENNVEFIADRPAVAIKPVQOSMMTK
AKKFLWLPMNQINDGONLINGPLNPMLOGPVTTDADKWDGVIVMTAKQAEILQOQQIHNTV
PIYVINGSPVLANYARINEADRTPGQLIYVGRLAEDKQTSQLINMFAQIHQQVPESKLTFEF
YGYGTGEDMDNYKKQVKSLGLDEATIEFAGYQISLDEAYDQAQLEVDASRIDAQPLAMGEA
LNHGVPVVSYDYLYGPREMVTSGKNGEITPLNNQGQFIQTVVKLLODOQDKLOSLSTGAYD
NLDELAEEKTWKQOWQQLSAT

>fig|1598.593.peg.2226 Poly(glycerol-phosphate) alpha-glucosyltransferase (EC
2.4.1.52) [Lactobacillus reuteri PNW1]
atgctttttttcctaaacgataatattcaacgaaacaaatcaggaattgagcatgcgcaa
attaagcgtctgcatctgtttgaaaaatatcatcaaccagctaagattgttacccggcaa
tattcgaatgaattacacttggtaacagcagaagcagggattgatgatcgtaactttatt
aacttgtttgattattttcaagaggcttgtgaggtcccgcaaaagaatattcggattaaa
gatattccggttaacccccattgggagecgcaaagctgatgggattaattataattattat
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caaaatggcaaacgtattctctatattcgtcggcgcagtgatactgatcggcgggtaatt
aatattcaatattttgatcattatggaaagcttctcaaagttagttggtttgacagccge
ggttttatctcggtcgaacaactttatgactgggatggaaaaatggcaacggaaaactat
taccgtccagatggaaccttagcaatccagttagcccaccagcaggataagcggggaaat
gaaattaaaacttatcatctctttaattatcatggtcatgactaccagtttagtggattc
gaccagttaacccggttcttceccttgatgagectggttgectgataaacaaatctgtggtgaa
ggtccgattggctttatcgttgaccgggtttatgaattaggctgggcagttctgcacatg
aaacatcatgtttttcgggttctccaattgcataatgaccatgtcaataatcctgatgat
atgcttcattctccceccttaattataactatgattggggacttaagcacctccaagattgg
gatggggtcattgccttaactccgcaacaacaagaagatcttcaagaccggtttggcaag
tttggtgtaaagatctaccggattcctggtccgattgttccggeggcagttattgataag
cgccatgttccatttaaaaaacgaacgaagaaacaagttgtcatggtcgcccgecttgtcet
cctgaaaaacagcaagatcacctattaaaagcatggccacaagtactagcagcagttcca
gacgccaaacttgatttttggggttatgccaatgatgactttgacaagacactcaataaa
attgtaaaagaggaagggattaatagttctgtgaccttccatgggtatacagatgacgtc
aattcggtttacgaagatgcgcaattacttattttgccaagtcgagctgaagggttacca
ctatctctagttgaggcccaatcccatggtttgeccgattattgctaatgacataaaatat
ggtccttcagatgtcgttattgatcgacaggatggattgctgaccaagaacggtgatatt
gatggactggctcaagcgatcattcgcttattgcaaaatcaagagcagttagcgcagatyg
agtgaaaatgcgtatgctgatagtgagcgttattctgaaccaaacgtgatgaagctatgg
aatgaactagttaatgacatgaaggaaaagggagaagagtaa

>fig]1598.593.peg.2226 Poly(glycerol-phosphate) alpha-glucosyltransferase (EC
2.4.1.52) [Lactobacillus reuteri PNW1]
MLFFLNDNIQRNKSGIEHAQIKRLHLFEKYHQPAKIVTRQYSNELHLVTAEAGIDDRNET
NLEDYFQEACEVPQKNIRIKDIPVNPHWERKADGINYNYYQONGKRILYIRRRSDTDRRVI
NIQYFDHYGKLLKVSWEDSRGFISVEQLYDWDGKMATENYYRPDGTLAIQLAHQQODKRGN
EIKTYHLENYHGHDYQFSGEFDQLTREFFLDELVADKQICGEGPIGFIVDRVYELGWAVLHM
KHHVFRVLOQLHNDHVNNPDDMLHSPLNYNYDWGLKHLODWDGVIALTPQOQEDLQODREFGK
FGVKIYRIPGPIVPAAVIDKRHVPFKKRTKKQVVMVARLSPEKQODHLLKAWPQVLAAVP
DAKLDFWGYANDDFDKTLNKIVKEEGINSSVTFHGYTDDVNSVYEDAQLLILPSRAEGLP
LSLVEAQSHGLPIIANDIKYGPSDVVIDRODGLLTKNGDIDGLAQATIIRLLONQEQLAQM
SENAYADSERYSEPNVMKLWNELVNDMKEKGEE

>fig|1598.593.peg.2514 Beta-1,3-glucosyltransferase [Lactobacillus reuteri PNW1]
atggaaaaaataagcataattgttccaatatataatgttaagtcttatttgcaaagatgt
gtacagagtatttctagacaaacatatagagatttagaaataattttgatagatgacggg
tcgacagatggtagtggagaactttgtgatagttttaaagataagcgtatcaaagttctt
cataaaaaaaatgagggcttggggttatcaagaaatgtaggaataaaggaagcaactggce
aagtatgtaatgtttgtagatagtgacgattatatagataagactatggtagaaaatcta
tataaggatttaattagtaataaagcagatacatgtattggtggatataagcgagtattg
aaagataaaactattaaaaatattaatccgctaagtggaaaggtatttgaatcttcacaa
attataaaagatgtacttgcaaaaatgatgggaagggcaagtaaaaatgatgatcatata
gaaatgtcagtttggaaagttttatttacactttctattattaaggaaaataatatagta
tttccatcagaaagaaagtttataagtgaagatattatttttgatacagagtattataca
aaatgtaaaagggtttgcatgagctctgatataggctataactactgcgataatagtaat
tcgttaactactaaatataatcccaatagatttaagcttcaaatcacactgtttgaagaa
ttaaaaaaaagagcttctaatttgaatatatatacttttgtagatcaacgtttgtataat
aacttaatagcaaatacaaggtattgtataaaacttgaacaaaaatttaatcctaaaaat
gttgctttaaaaaatattaaagatatatgtagtaataaaaaactaaatgaagtatttagt
tattatttggatgatggacccttaaaatctaaagttattaataaggcaatacaaagaaag
cggtataactttttatggtggattatgtttgcaaaaaataaattgaacatatga

>fig|1598.593.peg.2514 Beta-1,3-glucosyltransferase [Lactobacillus reuteri PNW1]
MEKISIIVPIYNVKSYLQRCVQSISRQTYRDLEIILIDDGSTDGSGELCDSFKDKRIKVL
HKKNEGLGLSRNVGIKEATGKYVMEVDSDDYIDKTMVENLYKDLISNKADTCIGGYKRVL
KDKTIKNINPLSGKVFESSQITKDVLAKMMGRASKNDDHIEMSVWKVLEFTLSITKENNIV
FPSERKFISEDIIFDTEYYTKCKRVCMSSDIGYNYCDNSNSLTTKYNPNRFKLOITLFEE
LKKRASNLNIYTEFVDQRLYNNLIANTRYCIKLEQKEFNPKNVALKNIKDICSNKKLNEVES
YYLDDGPLKSKVINKAIQRKRYNFLWWIMFAKNKLNI
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Lactobacillus acidophilus PNW3

Appendix G

The sequence of nucleotide and amino acids of identified gene putatively involved
in lactic acids production

>fig|6666666.426754.peg.28 L-lactate dehydrogenase (EC 1.1.1.27) [Lactobacillus
acidophilus PNW3]
atgagaaaagtaggtataatcggaatgggtcatgtaggtgctactgtagcatatactttg
tttactcatggaattgctgacgaattagttttaattgataaaaatgaagataaagttgct
gctgaatataatgacttacgtgattctttatcaagaaataattactacgttcgtgtaact
atgcaagattggcatgaattaaaagatgcggatattattgtaactgcttttggtgatatt
gcggctagtgtcaagactggcgatcgttttggtgaatttgaacttaacgctaagaatgca
aaagaagtcggtgaaaagattaagaacactggttttaagggtgtacttcttaatatctct
aatccatgtgatgctgttgcacaaatcttgcaagaaactactggattaagtaagaaccaa
gttttaggtactggtactttcttggatactgcaagaatgcaaagaattattggtgaaaag
ctaggtcaagatccaaaaaatgttgaaggttgggttttgggtgaacatggttcatcacaa
tttatcgcttggtccactgttcgtgttaacaacaagattgctattcaattatttagcgaa
aatgaacaaagaaagttaaataaggtaccaaacaagaattcatttgtggttgcaaatgga
aaaggctacactagttacgcaattgctacatgtgctgtaaggcttattcaagcaatcttt
tctgatgctcatttatatgctcctgtatcagtatacaatccagaatacaagacttatatt
ggctatcctgcaattattggtcgtgatggaattgaacaagtgattgaattgaaacttact
tcaaatgaacgtgaaaagcttcaagcagcagctgataagatcaaggaacacttggaacaa
ctgaagaacaagtaa

>fig|6666666.426754.peg.28 L-lactate dehydrogenase (EC 1.1.1.27) [Lactobacillus
acidophilus PNW3]

MRKVGIIGMGHVGATVAYTLFTHGIADELVLIDKNEDKVAAEYNDLRDSLSRNNYYVRVT
MODWHELKDADIIVTAFGDIAASVKTGDRFGEFELNAKNAKEVGEKIKNTGFKGVLLNIS
NPCDAVAQILOQETTGLSKNQVLGTGTFLDTARMORIIGEKLGODPKNVEGWVLGEHGSSQ
FIAWSTVRVNNKIAIQLFSENEQRKLNKVPNKNSEVVANGKGYTSYATATCAVRLIQAIF
SDAHLYAPVSVYNPEYKTYIGYPAIIGRDGIEQVIELKLTSNEREKLQAAADKIKEHLEQ

LKNK

>fig|6666666.426754.peg.62]1 L-lactate dehydrogenase (EC 1.1.1.27) [Lactobacillus
acidophilus PNW3]
atgagtagaaaagtgtttcttgtaggtgatggtgctgttggttcaacttttgcaaatgac
ttattgcaaaatacaactgttgatgaattagcgatttttgatgttgctaaagatcgtcca
gttggtgattcaatggatttggaagatattactccatttacaggtcaaactaatattcat
ccagcagaatatagtgatgctaaagatgcagatgtgtgtgtaattactgctggtgttcect
cgtaaacctggtgaaactagacttgacttagttaataagaatgtaaagattttaaagact
attgttgatccggttgttgaatccggttttaagggtgtatttgttgtttcagectaacccg
gttgatattttaaccacattgactcaaaaaatatccggttttccaaaagatcgtgtaatt
ggtactggtacttcacttgattcaatgcgtcttcgcgttgaattggcaaagaaacttaat
gttccagtagctaaggttaactcaatggttcttggtgaacacggtgatactagttttgaa
aactttgacgaatcaactgttgacaataagccacttcgcgattactcagaaatcaatgat
aatgttttaagtgaaattgagtcagacgtccgtaaaaagggtggaaagatcatcactaac
aaaggagctacattctatggtgttgctatgatgcttactcaaattgttagtgctatttta
gataatcgttcaatttgtttgccattatcagccccaattaatggtgaatatggcattaag
catgatctttacttaggtactccaactataattaacggtaatggtattgaaaaagttatt
gaaactaaactttcagatgtagaaaaagctaagatgatcaattctgcagataagatgcaa
gaagttttatcaggtgttgaaatgtaa
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>fig|6666666.426754.peg.621 L-lactate dehydrogenase (EC 1.1.1.27) [Lactobacillus
acidophilus PNW3]

MSRKVFLVGDGAVGSTFANDLLONTTVDELATFDVAKDRPVGDSMDLEDITPEFTGQTNIH
PAEYSDAKDADVCVITAGVPRKPGETRLDLVNKNVKILKTIVDPVVESGFKGVEFVVSANP
VDILTTLTQKISGFPKDRVIGTGTSLDSMRLRVELAKKLNVPVAKVNSMVLGEHGDTSFE
NFDESTVDNKPLRDYSEINDNVLSETESDVRKKGGKIITNKGATFYGVAMMLTQIVSATIL
DNRSICLPLSAPINGEYGIKHDLYLGTPTIINGNGIEKVIETKLSDVEKAKMINSADKMQ

EVLSGVEM

>fig|6666666.426754.peg.1358 L-lactate dehydrogenase (EC 1.1.1.27)
[Lactobacillus acidophilus PNW3]
atggcaagagttgaaaaacctcgtaaagttattttagttggtgacggtgctgtaggttct
acctttgcattttcaatggtgcaacaaggtattgctgaagaattaggtatcattgatatt
gctaaggaacacgttgaaggtgacgcaatcgacttagcagatgctactccatggactttce
ccaaagaacatttacgcagctgactacgctgactgcaaggacgcagacttagtagttatt
actgctggtgctccacaaaagccaggtgaaactcgtcttgaccttgttaacaagaacttyg
aagattttatcatcaatcgttgaaccagttgttgaatcaggctttgaaggtatcttctta
gtagttgctaacccagttgacatcttgactcacgcaacttggaagatttcaggcttcecect
aaggatcgcgttattggttcaggtacttcacttgatactggtcgtcttcaaaaggttatc
ggtaagatggaacacgttgacccacgttcagttaatgcatacatgcttggtgaacacggt
gatactgaattcccagtatggagctacaacaatgttggtggcgtaaaggttagecgactgg
gttaaggctcacggtatggatgaatctaagcttgaagaaatccacaaggaagttgctgac
atggcttacgacattatcaacaagaagggtgctactttctacggtatcggtacagecttca
gcaatgatcgctaaggctatcttgaacgatgaacaccgtgtacttccactctcagttgceca
atggatggtcaatacggtttacacgaccttcacattggtactcctgcagttgttggececgt
aacggtcttgaacaaattattgaaatgcctttaaccgctgatgaacaagctaagatggaa
gcttctgctaagcaattaaaggaagttatggacaaagcctttgaagaaactggcgttaag
gttcgtcaataa

>fig|6666666.426754.peg.1358 L-lactate dehydrogenase (EC 1.1.1.27)
[Lactobacillus acidophilus PNW3]
MARVEKPRKVILVGDGAVGSTFAFSMVQQGIAEELGIIDIAKEHVEGDAIDLADATPWTF
PKNIYAADYADCKDADLVVITAGAPQKPGETRLDLVNKNLKILSSIVEPVVESGFEGIFL
VVANPVDILTHATWKISGFPKDRVIGSGTSLDTGRLOKVIGKMEHVDPRSVNAYMLGEHG
DTEFPVWSYNNVGGVKVSDWVKAHGMDESKLEEIHKEVADMAYDI INKKGATEFYGIGTAS
AMIAKAILNDEHRVLPLSVAMDGQYGLHDLHIGTPAVVGRNGLEQIIEMPLTADEQAKME
ASAKQLKEVMDKAFEETGVKVRQ
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Appendix H
The sequence of nucleotide and amino acids of identified gene putatively involved

in bioactive peptide production

>fig|6666666.426754.peg.77 bacteriocin helveticin J [Lactobacillus acidophilus
PNW3]
atggtcggaagtattacacctaaattggtttatcgcttgaatgggatgcaccatgtagta
gcacaagttggtgcagtaaatggtgatcatgtttttgctttgcaactgcttcacagcgcg
catgatgtattagtttatagaaagcataagggactgaccaaggatattaattatactaat
cctcacttagtaatgaccggctttggtcatacacaaacctgggttccagcaaatgataac
gatgaatatttcgttggtgctaaacctaattctggtaactggactacacaaattgcacgt
gtaaaatatccaagattactgtcagaaaattatacttcaaatacgcaattgccacgtttyg
tcacatttaaaccgtgtaactgacgttccttatgatggtcacaatcatttgcacagagtt
gaagcttcagtttcaccaaacggtaaatattttatgattgcttcaatctggaataatggt
tctggtcactttggtttgtttgatctagatgaagtaaatcaaaaattagatgagaatggt
acaactaatacaccaattactgaccttcactgcttaagtgcatttcatattgataacttt
gataatccaagtgttgctcctgatgaagaagaaccaacaatgattgattcagtccagggt
tatgctattgataatgacaagaatatttatatatctaatcaattatcaccaaagattaac
catgaaactggtgaagtaaccacttgggcacgtaagattgttaagttcccatggggcgag
actgatagcaataattggcaagtagcaatgattgatggtattgatttacctgatcgctac
agcgaagtagaaagtattcatgttaatgctcccgacgatatttatttaacagttgcttac
caccaaaagattgttaagggcgatgaatatgctttaagaacattggaaaaccaaatcttt
catattgataatttataa

>fig|6666666.426754.peg.77 bacteriocin helveticin J [Lactobacillus acidophilus
PNW3]

MVGSITPKLVYRLNGMHHVVAQVGAVNGDHVFALQLLHSAHDVLVYRKHKGLTKDINYTN
PHLVMTGFGHTQTWVPANDNDEYFVGAKPNSGNWTTQIARVKYPRLLSENYTSNTQLPRL
SHLNRVTDVPYDGHNHLHRVEASVSPNGKYFMIASIWNNGSGHFGLFDLDEVNQKLDENG
TTNTPITDLHCLSAFHIDNEFDNPSVAPDEEEPTMIDSVQGYAIDNDKNIYISNQLSPKIN
HETGEVTTWARKIVKFPWGETDSNNWQVAMIDGIDLPDRYSEVESIHVNAPDDIYLTVAY
HOKIVKGDEYALRTLENQIFHIDNL

>fig|6666666.426754.peg.1077 Bacteriocin prepeptide or inducing factor for
bacteriocin synthesis [Lactobacillus acidophilus PNW3]
atgcaggaatggaagaagactaccttaagtgacaatgagttgattgacgtaattggtggt
tcagcaaaaagctatattcgtagattaggacctgatggtggttatggcggtcgagagagt
aaattaatcgctatggcagacatgattagacgacgtatttaa

>fig|6666666.426754.peg.1077 Bacteriocin prepeptide or inducing factor for
bacteriocin synthesis [Lactobacillus acidophilus PNW3]
MOEWKKTTLSDNELIDVIGGSAKSYIRRLGPDGGYGGRESKLIAMADMIRRRI

>fig|6666666.426754.peg.1078 Bacteriocin prepeptide or inducing factor for
bacteriocin synthesis [Lactobacillus acidophilus PNW3]
atgaagcttagacaagaacaattgaatagaaaagaattaagtcaggttattggtggccga
agagatatgatcttggtagcgcttcctcatgctgtaggtccagatggtatgccaggtage
ggtagaggtggtggtgctcaaatgagagccattggcagtattcctccatggecgtccaaat

tggtggaagtag

>fig|6666666.426754.peg.1078 Bacteriocin prepeptide or inducing factor for
bacteriocin synthesis [Lactobacillus acidophilus PNW3]
MKLROQEQLNRKELSQVIGGRRDMILVALPHAVGPDGMPGSGRGGGAQMRAIGSIPPWRPN

WWK
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>fig|6666666.426754.peg.1079 Three-component quorum-sensing regulatory system,
inducing peptide for bacteriocin biosynthesis [Lactobacillus acidophilus PNW3]
atgaagaagaaagttgttaagaagactgttttgaaggaaaaagaattaactaaggttgtt
ggcgggaaaaaagcaccaatttctggttatgtaggtagaggactatgggaaaacctaagt
aatatatttaaacatcacaagtaa

>fig|6666666.426754.peg.1079 Three-component quorum-sensing regulatory system,
inducing peptide for bacteriocin biosynthesis [Lactobacillus acidophilus PNW3]
MKKKVVKKTVLKEKELTKVVGGKKAPISGYVGRGLWENLSNIFKHHK

>fig|6666666.426754.peg.1084 Bacteriocin ABC-transporter, ATP-binding and
permease component [Lactobacillus acidophilus PNW3]
atgctactacaatataaatcaatctatgtaccacaagtagacgaatcagattgcggtgtt
gcctgtttggctatgattcttaagaaatatcattctagagtatcattagcacatttgege
cattcagcacgtactaatttagaaggaactaccgcccttggcttagtcaaaacagcacaa
acatttaatttgaaaactgaagcggtcaaagctgatatgtccttgtttgatccagatacg
gatatccaatatccttttattgttcatgtcttaaaacaaggcgaattactccactattat
gttgtacttaaagcaactaaaaattatttagtaattgctgatccagatcctagegttggt
ttaacgaaaatgtctaaagaaaaattctctcaagaatggactggtattgccctttttatg
gttcctaatgacgattttgagccagttaaggagaaaaaacgaaatctttggtcgttgttt
ccatatatgttcaagcaaaagaaattagttactaatattattttggccgcccttttaatyg
acaattattagtatttgtagttcatatttcttacaaggtttaattgatacttatattcct
aatggcacatatcaaaccttatcaattctagccatcggtttattgatagcatatgtcttt
aattccatcttttcttatggtcaaaactttttgttaaatatcttaggacaacgattaagt
attgatcttaatttacaatatattcgccatatttttgaattaccaatggaattttttgtyg
actcgtagaacaggtgaaatcacttctagattctctgatgctagtcgaattattgacgcecce
ttagctagtacagttatttcattatttcttgacctttcaattgtaattgtaatgggaatt
gttttggcaattcaaaactctactttattcatgattactttgttagcactgccagtatac
gctgtagtgattcttagcttttctaagaaatttgaaaagctgaacaatgatcagatggaa
agtaatgcagttttaagttcttcagtaattgaggatattcaagggattgaaacgatcaag
gctttaaatagtgaacagacacggtaccgtaagattgatagtcaatttgtcgattatcta
aagaaatcctttcgttacagtaaaactgaatctttgcagtcagctctaaagactttcatt
caactgtctctcaatgtgattatcctttgggtaggagccaaagttgtaatgaacggtcag
atgagtatcggtcaattaatgacatttaatgcattgctatcatattttgtagatccactt
cagagtattattaatcttcagccaaccttacagtctgctaatgtagctcaaaatcgattyg
aatgaagtatacatggttaagagcgagtttcagaaagatgtccagattagggatgcaaag
caattagtaggagatattgaataccataatgtcgattatcattatggttatggagttgat
gttttaaaggacgttaatttaaagattaagcagaatgataagttggcgatcgtaggaatg
agtggctcaggcaagtcaaccatggtaaagcttttagttgattttttctctccaagcaaa
ggcaagttaacttttaatggatttgattctactaaagtagataagcatgtcttacggtca
tacgtaaactatgttccccaaacaccatacatcttttcaggaacaatcaaagaaaatctg
ctcttaggtagtcgaccagatattacagaagaagatgtattgaaagcttgccagatagca
gagattgagtctgaaatcgagcaattaccattgcaatttgaaactaagatggatgaaaat
gccaagattttatccggtggacaaaagcaaaggttaactattgcacgtgcattattgtca
ccagctaaggttttgatttttgatgaagccacaagtggacttgatacgattacggagaaa
aaagtagtagataacttaatgaaattgaagaataaaactattatttttatcgcccatcecgt
ttagcaattgcgcaaaggactaataatattgtggttgtagaccatggtcaaattgttgag
caaggaagccatgatgaattaatgcaaaaacatggattctattataacttagttgaaaat
tag

>fig|6666666.426754.peg.1084 Bacteriocin ABC-transporter, ATP-binding and
permease component [Lactobacillus acidophilus PNW3]
MLLQYKSIYVPQVDESDCGVACLAMILKKYHSRVSLAHLRHSARTNLEGTTALGLVKTAQ
TENLKTEAVKADMSLEFDPDTDIQYPFIVHVLKOGELLHYYVVLKATKNYLVIADPDPSVG
LTKMSKEKFSQEWTGIALFMVPNDDFEPVKEKKRNLWSLFPYMFKOKKLVTNIILAALLM
TITSICSSYFLOQGLIDTYIPNGTYQTLSILAIGLLIAYVENSIFSYGONFLLNILGQRLS
IDLNLQYIRHIFELPMEFFVTRRTGEITSRFSDASRIIDALASTVISLFLDLSIVIVMGI
VLAIQNSTLFMITLLALPVYAVVILSFSKKFEKLNNDOMESNAVLSSSVIEDIQGIETIK
ALNSEQTRYRKIDSQFVDYLKKSFRYSKTESLOSALKTEFIQLSLNVIILWVGAKVVMNGQ
MSIGOLMTEFNALLSYFVDPLOSIINLQPTLQOSANVAQNRLNEVYMVKSEFQKDVQIRDAK
QLVGDIEYHNVDYHYGYGVDVLKDVNLKIKQNDKLAIVGMSGSGKSTMVKLLVDFEFSPSK
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GKLTEFNGEDSTKVDKHVLRSYVNYVPQTPYIFSGTIKENLLLGSRPDITEEDVLKACQIA
EIESEIEQLPLOFETKMDENAKILSGGOKQRLTIARALLSPAKVLIFDEATSGLDTITEK
KVVDNLMKLKNKTIIFIAHRLATAQRTNNIVVVDHGQIVEQGSHDELMOKHGEYYNLVEN

>fig|6666666.426754.peg.1085 Bacteriocin ABC-transporter, auxillary protein
[Lactobacillus acidophilus PNW3]
atgaatagcaaagactatgaaagtactgaattctattcttataaatttaaaaatttttca
actatgattatcattcctatggcacttttagtatttatcttgataattggctctttettt
gcaatcagacagagtacagttacatctactggaattgtagaaccacaaagtacacttgat
attgccaataaaaattatcatgagggacaaattattaaaagaaatagaagtaaatggatg
gttcatctagatgataaaaaagaaaatatagtgcatttattaccaataattaaagcaaaa
aaatcagttaatatcgttacatatttccctggtaataaaattggtgcaattaaaaaagga
caacccttacattttcaattatctaacgccaatggaacaacagatagactagttggggaa
gtgaaagaagtaggaatataccctgttaacttacacggaaacaatgtttacgaagtgatt
tgtaaagctaaattagataaagatgtgaagtatggaatggaaggcaatgcaacaattatt
acaggaaagagcacatattttgaatattttaaggataaaattcttaactaa

>fig|6666666.426754.peg.1085 Bacteriocin ABC-transporter, auxillary protein
[Lactobacillus acidophilus PNW3]
MNSKDYESTEFYSYKFKNFSTMIIIPMALLVFILIIGSFFAIRQSTVTSTGIVEPQSTLD
IANKNYHEGQITKRNRSKWMVHLDDKKENIVHLLPIIKAKKSVNIVTYFPGNKIGAIKKG
QPLHFQLSNANGTTDRLVGEVKEVGIYPVNLHGNNVYEVICKAKLDKDVKYGMEGNATIT
TGKSTYFEYFKDKILN

>fig|6666666.426754.peg.784 S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
atggcaaaagttgaaagttttacattagaccacactaaagttaaggcaccttacgttcgt
ttaattactgttgaagaaggtcctaaaggcgacaagatttctaactatgacttacgttta
gttcaaccgaacgaaaatgcaattcctaccggcggattgcatactattgaacacttactt
gccagcttacttcgtgaccgtcttgatggtgtaatcgattgttcaccatttggttgecga
acaggattccacctaatcgtttggggtgaacattcaactactgaagttgctaaagcattyg
aagtcttcattagaggaaattcgtgacacaattacttgggaagatgtaccaggtacaact
attaagacttgtggtaactaccgtgatcactcattgttcaccgcaaaagaatggtgtcgt
gatattcttgaaaaaggaattagtgatgacccattcgaaagaaatgtgatttaa

>fig|6666666.426754.peg.784 S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
MAKVESFTLDHTKVKAPYVRLITVEEGPKGDKISNYDLRLVOPNENAIPTGGLHTIEHLL
ASLLRDRLDGVIDCSPFGCRTGFHLIVWGEHSTTEVAKALKSSLEETIRDTITWEDVPGTT
IKTCGNYRDHSLFTAKEWCRDILEKGISDDPFERNVI

>fig|6666666.426754.peg.792 S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
atgtggggtgaacattcaatgaccgaagtagctagggcattaaaatcatctcttgaagaa
attcgcgatatgattacttgggaagatgtgcctggaactacaattaagacttgtggtaac
tataaagatcattccttgttctctgcgaaagaatag

>fig|6666666.426754.peg.792 S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
MWGEHSMTEVARALKSSLEEIRDMITWEDVPGTTIKTCGNYKDHSLESAKE

>fig|6666666.426754.peg.718 type 1 capsular polysaccharide biosynthesis protein(
EC:2.4.1.- ) [Lactobacillus acidophilus PNW3]
atgactttcttcaaagtaaaatcatttaaaaattgtactgcattacaagttcctacacct
aaagtagctaaatggttaaagaaaaatcatttcaaacagaagctatttattgtttcaaac
ggtatcagcgaaaagtttattcaaaatccgcacaaagaaaaagttggacaccccttcact
attttatgtatcggaagattttcacacgaaaaacgacaagaaactttattcaaagcaatg
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cagctatccaaacatacttctgaaatccgtcttatttttgctggacaaggacctttagaa
aaggaatatgccaaattagctaaacagcttcctaagaaacctatcatgcgctattttget
ccagcagatttgaaagaaattatgtttcagaccgatttggttgtgcactgtgctgatgta
gaaatagagggaatggcttgcatggaagctttttctagtggctgtgtatctgtaattgcet
gatagttcgttatcttctactgttagctatgctttaagcgaaaataatcgtttctcectget
ggagacagtagagctcttgctcaaaaaattgattactggttcgagcatccctcagaatta
ataaaaatgagacaagaatatcgcagttacggtaaaacattaaatgttgcacgttcagcc
aaaatagccttaggtaatttagaaaatctgaccttaaagtaa

>fig|6666666.426754.peg.718 type 1 capsular polysaccharide biosynthesis protein
(EC:2.4.1.- ) [Lactobacillus acidophilus PNW3]
MTEFFKVKSFKNCTALQVPTPKVAKWLKKNHFKOKLFIVSNGISEKFIQNPHKEKVGHPET
ILCIGRFSHEKRQETLFKAMQLSKHTSEIRLIFAGOQGPLEKEYAKLAKQLPKKPIMRYFA
PADLKEIMFQTDLVVHCADVEIEGMACMEAFSSGCVSVIADSSLSSTVSYALSENNRESA
GDSRALAQKIDYWFEHPSELIKMRQEYRSYGKTLNVARSAKIALGNLENLTLK

>fig|6666666.426754.peg.1719 Putative mannosyltransferase involved in
polysaccharide biosynthesis [Lactobacillus acidophilus PNW3]
atgattccaaaaatcatccattacgtttgggtaggtcataatccaaagtctaagttgatc
caagagtgtattgccacttggaaggaaaaattacctgattatcaatttattgagtggaat
gaagataattttgatatgcacgaaaataagtacattgagcaagcttataaggcaaaaaag
tgggcttttgtttcagattatattcgtgctaaagctatctatgaacaaggtgggatttat
ttagatacagatgtgcgtgtaattgctagtctgacgecctttgcttgataacaaggecttt
attggctttgaaaacaacaattatctttcggctgcaatttttggcgcagaaaaagggcat
ccatttatgcaggatatccttgattattataaagatcgtaattttgaatatgatgtaaat
aatcaaatggcaggcgtaaatagtgtttccgttactgatatgctgattgatcggtatggt
ttaaagattggtaacaaggaacaggaattaaaggaaggtattcatgtttatccagatggce
gttttatgtaatccgtctgttaactcactttcgattcacttatttacgggaacttggatyg
aacggaaaacattcatttaaacataaacttgtcactttccttaagcgtcatattaataca
cctaaagaggcagggttatatgccaagtggattcgatga

>fig|6666666.426754.peg.1719 Putative mannosyltransferase involved in
polysaccharide biosynthesis [Lactobacillus acidophilus PNW3]
MIPKITHYVWVGHNPKSKLIQECIATWKEKLPDYQFIEWNEDNFDMHENKYIEQAYKAKK
WAFVSDYIRAKAIYEQGGIYLDTDVRVIASLTPLLDNKAFIGFENNNYLSAATIFGAEKGH
PFMODILDYYKDRNFEYDVNNQMAGVNSVSVTDMLIDRYGLKIGNKEQELKEGIHVYPDG
VLCNPSVNSLSIHLFTGTWMNGKHSFKHKLVTFLKRHINTPKEAGLYAKWIR
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Appendix |
The sequence of nucleotide and amino acids of identified genes putatively involved

in adhesion

>fig|6666666.426754.peg.938 Sortase A, LPXTG specific [Lactobacillus acidophilus
PNW3]
atggcaaagaataaacaaaagagtagtgttactacgattttagttagaattgttgcggtt
cttttgttagttataggtttggtccttatatttaataaacaaattagtaatcaaatgatc
aagcataatcaacagtcagctttgacaacactaactaaaaaacaagttgaagcaaatcaa
aagaaaaaaggtatgtatgactttagtaaggtgaagtcgatgaatatggggcaagctgca
cgatcacaggttaagaaaacttctggagcaattggtgcacttgcagtgcctgatgtaaat
atgtatttgccaatcatgcttggtttatcagatgatgcaatgtctacgggcggcggaacc
atgcgggcagatcaagtaatggggaaggggaattatccacttgcaggccattatatgact
gctaagggtattcttttttcaccacttgaagatgtaaaaaagggacaaagaatctattta
actaatttaaagaaaatctatatttatcgtatttacatgaaaaagattgtagatccatct
gcagtttggttagttaataatactaagaaaaatattgtaactttaattacttgtgcggac
ggtggtactaatcgctgggctattcggggtaatttgattaaaactgaaaaagcaacagat
gaaaatttgaaggttttcaaattaaagtaa

>fig|6666666.426754.peg.938 Sortase A, LPXTG specific [Lactobacillus acidophilus
PNW3]

MAKNKQKSSVTTILVRIVAVLLLVIGLVLIEFNKQISNOMIKHNQQSALTTLTKKQVEANQ
KKKGMYDFSKVKSMNMGQAARSQVKKTSGAIGALAVPDVNMYLPIMLGLSDDAMSTGGGT
MRADQVMGKGNYPLAGHYMTAKGILFSPLEDVKKGORIYLTNLKKIYIYRIYMKKIVDPS
AVWLVNNTKKNIVTLITCADGGTNRWAIRGNLIKTEKATDENLKVEFKLK

>fig|6666666.426754.peg.109 cell surface protein, ErfK family [Lactobacillus
acidophilus PNW3]
atgaagaaaaatatcgttataggagtaacttgcatcatcgttgcgtttggttcaattata
ggattagctaaagtgtgcgctcctaaatctgatactgcacaagaggcagtatctacaagt
gtaaaaaataaaccaaaaactagcggcaagaaaacaaatacagatcataaaaaagttaag
tcaaccggtgcagaatttcgtccttataaagatcctaaggatttaagaaaagaaggtact
tggactaaaaagagtgaaaccaagaagcatcctaagattaatcaaaatgaaacagattta
actttgcgtgtttcattaaaaggaaatcggacatacttactaagaaaaggcaaagtaatt
tatacaatgctttcaactggtggcatttataaaaagggaaaatcacttacgcctactggt
acatatagaattcaagcaggtcgtggagatagcttctttaattacaatctaaatgaagga
gctaataactggaccagctggagtccggacaatgtttatttgttccactctgtgectact
aaaggggatggaaattataatttaaatgaagcagcaaaattgggcagaacacaaggttct
cacggctgtattcgtttgagtataccagattctaaatggattatggacaatatccccgat
ggaactaaggttgttattaaagatcgttaa

>fig|6666666.426754.peg.109 cell surface protein, ErfK family [Lactobacillus
acidophilus PNW3]
MKKNIVIGVTCIIVAFGSIIGLAKVCAPKSDTAQEAVSTSVKNKPKTSGKKTNTDHKKVK
STGAEFRPYKDPKDLRKEGTWTKKSETKKHPKINQNETDLTLRVSLKGNRTYLLRKGKVI
YTMLSTGGIYKKGKSLTPTGTYRIQAGRGDSFENYNLNEGANNWTSWSPDNVYLFHSVPT
KGDGNYNLNEAAKLGRTQGSHGCIRLSIPDSKWIMDNIPDGTKVVIKDR

>fig|6666666.426754.peg.117 cell surface protein precursor [Lactobacillus
acidophilus PNW3]
atgtctctatttggtaaaaagaaaaaagctatcgttaattatatagatttggacaatgat
aaaaataatatcgctacatcaggtgaattgttaggtaatgttggtgaagagattggttac
agtagttcagatcagattgatgctttaaaaaagcaaggttatgttcttgtaaataatagt
tttgatccgagtgataaaccaactttttcaaatgaagatgttcaaacttatactatttca
tttaaacatgatgtagaagcagttgataaacctaattctgattttggaattagtgaaagt
gatttacaaaaagtgggtacgcaaactgtccattatgaaggtgctgctactagaacacca
aaagataatgtgagtcaggttgtttttaaacgtagtgtagtctatgataaaatactaaaa
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aaaatcattagtacttcaacatggatgcctgaaaagcaaagctttttattgatcgctaca
cctgaagtttcgggatatactactgttcaaactactgtgggtggtgaaacggtaactcct
gaagattgtgatcgtaattatgttgttgaatatgatattaatcatcaaccatctgtcgcect
gatcaaaaagtagctgttaaatatgtcgatcaagatctagaaaataaagaaattactgaa
gatatattaactggtatgccaaattccttggtagattatgatcctaaagctactattgaa
agactcgaaagtgacgaaggatacgctttagtaaataatggttataatcctgcgggtgaa
gtacaattttatagcaacaatgacgattatgtgcctgtctttgttatgacaatgaagcac
actatcggtcaagtagatagtgaacatcctgatagtaaagtaaataagaacgaatatgat
aaagatgtcgcatttactattaattatgaaggagcagatgctgctactcctgttaacaat
gttcaaagatcacactggagtcgtagtttaaccgttgatcgtgttactggtgaaatttta
cctggaggtaaatatacaactgattggaaagtggatcgtgaaaagtatgatgatgttgat
gttccagtagttgatggatatcacaccgatgttaaaatgatcaaaggtgccgaggttaca
cgagaaaatattattagaacagtaaattatgttgctaatggccatattattccagtggat
tctgatggtaaagaaattgttggtgcaccacatccagtctttcaaactgatccaaatgat
ccaactcaagtgattactgatgaaccagtgccaaagattgatggatacaagtgtaatttg
gcaactattacaccgtataatccagcaaaagatatggaagttaagtataaggcagaagat
tctgatgttttagtaatttctgttggtgataagaaacccaagtcagaaactaaagcagtt
tcagtggaaaagccggttgttaaacctgaccctaaaccggaaaatactaattcagtaact
caacctgctgttactcaagatcaaaatcatgatcatgatcaagttgctataattaacttt
atagatcttgaccatgatggtaaacaactgacctcatctggtccactaactggtaagcca
ggtgaaagcattaacgatttgtatagtacagaattaccattaaaggcgatcgagcgtgca
ggttatcatgttgtctttaatggctttgatgataatggtacaattcaaagatttgacaat
aatgatttaatgacacaagtgtttacaattggtttgcgtaaaataagtgatgaacagcaa
acttcaattggacttgatgcattaaagaaacttgatcttcataataatgaggatgttgcet
gcaattgcctttggagttgcttcaactatcattagtttaattggattaatcggtaataaa
aacgataagtaa

>fig|6666666.426754.peg.117 cell surface protein precursor [Lactobacillus
acidophilus PNW3]
MSLEFGKKKKAIVNYIDLDNDKNNIATSGELLGNVGEEIGYSSSDQIDALKKQOGYVLVNNS
FDPSDKPTFSNEDVQTYTISFKHDVEAVDKPNSDEFGISESDLOQKVGTQTVHYEGAATRTP
KDNVSQVVEFKRSVVYDKILKKIISTSTWMPEKQSFLLIATPEVSGYTTVQTTVGGETVTP
EDCDRNYVVEYDINHQPSVADQKVAVKYVDODLENKEITEDILTGMPNSLVDYDPKATIE
RLESDEGYALVNNGYNPAGEVQEFYSNNDDYVPVEVMTMKHTIGQVDSEHPDSKVNKNEYD
KDVAFTINYEGADAATPVNNVORSHWSRSLTVDRVTGEILPGGKYTTDWKVDREKYDDVD
VPVVDGYHTDVKMIKGAEVTRENIIRTVNYVANGHIIPVDSDGKEIVGAPHPVFQTDPND
PTQVITDEPVPKIDGYKCNLATITPYNPAKDMEVKYKAEDSDVLVISVGDKKPKSETKAV
SVEKPVVKPDPKPENTNSVTQPAVTQDONHDHDQVAIINFIDLDHDGKQLTSSGPLTGKP
GESINDLYSTELPLKATERAGYHVVENGEDDNGTIQRFDNNDLMTQVFTIGLRKISDEQQ
TSIGLDALKKLDLHNNEDVAAIAFGVASTIISLIGLIGNKNDK

>fig|6666666.426754.peg.782 Cell surface protein, ErfK family [Lactobacillus
acidophilus PNW3]
atgaagacaaactttaagatggctttaatgactgctatattgctggcatttccgatgget
actaatgttgcacagccggttaatgccacaacaaaaacgacagtagtaaaattaaaaaaa
tcggactttcaaccatataatgatcctgctgatctacgcaagatgaccggaaactattgg
ttaaagtctagtgaaactaaaacagcatatcctaacttacgcaaagttaagaacttgaat
ttacgtgtttctattttgggtaaccgcacctatgttagaagtgggaagaaagtcctttat
actatgtacagttctgctggcaagattgtagatggtaaaagcttaacaccaactggtact
tatctcactaattcgtatcatccacatcgtttttcagaagctttatatccagtaggectgg
attggtcaattatatttattccactctgtaccaactcatatgtggtcaaatcaatttgtg
attagggaagccaataaattagggaagatgcccgctagtcacggatgtgttcgectatca
gtaagggatgccaagtggcttcatgatcatgttccatataatacaaaagtaaatatctat
tataaataa

>fig|6666666.426754.peg.782 Cell surface protein, ErfK family [Lactobacillus
acidophilus PNW3]
MKTNFKMALMTAILLAFPMATNVAQPVNATTKTTVVKLKKSDFQPYNDPADLRKMTGNYW
LKSSETKTAYPNLRKVKNLNLRVSTILGNRTYVRSGKKVLYTMYSSAGKIVDGKSLTPTGT
YLTNSYHPHRFSEALYPVGWIGQLYLFHSVPTHMWSNQFVIREANKLGKMPASHGCVRLS
VRDAKWLHDHVPYNTKVNIYYK
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>fig|6666666.426754.peg.1649 Cell surface protein [Lactobacillus acidophilus
PNW3]
atgccacataaaaatacgaaatctaatgtacaaaaaattactgctagtgtagcttctgtg
attgtaagtactggaattgtaatgaattcaagtaatcgtagagttaaagcaactggtaaa
cgagaagatgaaattgttgaagttgaaagtttgaagagagctgatactgaaacgacgaag
gctgctgctgtgcaaactcctaaaataaaccaaactaaaaagatgagtcatcgtactcaa
aaggttacacagatgattcactatgtagatgaagatgaaagaccggtttatgatgattac
acggctagtttaatttttgaacaaacaggaattctggataatgttactggtaagcagaca
tggaatagcaattggttaccaaagactacggcaacttttagtgctgtagaacatccecgtg
gtaagaaatcatcatttagtaaatccagagataaatgaagtaagtgcgtatgatgttgaa
gtaacggatgatacttttaaaaatcctcttcttaaagttcataaagttgtatatgcacat
gatatagaaccaattaaacggacgcaggtagtaacgcaaactattcattatagatatgaa
gatggggcggttgcacatgatgatcatgttgtgtcattaatatttacacagtcaggtaag
agggatttgactaatggtaaagaaatttgggatagtaaatggtcgctgactcaaactttt
gaagctttgcctagcccagttattattggatatacagcagataagccgatggttggtect
gatgaggttacggttgatagtaaaaatttccttgataaacaaaatagagaagaaaccgta
atttatagtgcgaatactattacgcaaaataagaaagatgggattagtgaagaaaagaat
gtaaataattctgttgctgtcgcgccactaaaaagtgctgtaatgattggcggagtaata
tctattttaaaatttaaaagattaatggttattataaaaaacaagaaggatcataaatag

>fig|6666666.426754.peg.1649 Cell surface protein [Lactobacillus acidophilus
PNW3]

MPHKNTKSNVQKITASVASVIVSTGIVMNSSNRRVKATGKREDEIVEVESLKRADTETTK
AAAVQTPKINQTKKMSHRTQKVTOMIHYVDEDERPVYDDYTASLIFEQTGILDNVTGKQT
WNSNWLPKTTATFSAVEHPVVRNHHLVNPEINEVSAYDVEVTDDTFKNPLLKVHKVVYAH
DIEPIKRTQVVTQTIHYRYEDGAVAHDDHVVSLIFTQSGKRDLTNGKEIWDSKWSLTQTE
EALPSPVIIGYTADKPMVGPDEVTVDSKNFLDKONREETVIYSANTITONKKDGISEEKN
VNNSVAVAPLKSAVMIGGVISILKFKRLMVIIKNKKDHK

>fig|6666666.426754.peg.848 Fibronectin/fibrinogen-binding protein
[Lactobacillus acidophilus PNW3]
atggcatttgacggattatttatccatagtttactacaagatttgacccctacattagta
gatggtcgattatcaaaaatttaccaaccatttgaacaagatctaatattaacttttaga
aaaaatagaaagaattatcaattattaatttcagccaacgctcaatatcctagaatgtat
ttaactgagcagactattgctaatccagacaaagcacctatttttgttatggttttaaga
aagtatttggaaggttcagtcttacaatctattgaacaaattggtgtgaaccgaattata
aaccttcatttcagtaatcgaaacgaattaggtgatcaagtaaaattagtattatccgtt
gaattaatgggacgacatagtaatgtaattctctatgatcaacagaatggtcatattatt
gatctattgaagcgaataaatcctgatgaaaatagagctcgtattttattacctaaggca
aaatatgagcttcccectcecttaaacctggtataaatggtttagtagtaactgaaaatcaa
tttaaaaagttaagcaatgaaaaaagcattccagatttagtgaaatcaatggatggttta
gacagagacgatcgtgaagaattaactggttatcttgaagatgattttagctattcttca
tttaagactttctttgatcagtttaataatccaagagctttcgttttaaaaactccaaga
aataaacgtaagattttctgttatcttccctatcatttagatttagagaaagaaaattct
aatcctgatttaaataaaggtttagatgaattttatgaataccaagcaacacgtgattgg
gttaaacaacgtgctagtcaggttgaacgtgtcgtcaaaaacgaacagaacaaactaagt
aagaagattaagaaattagaaaagcaattaaacttagcagaaaattctgagggctatcgt
atcaagggtgaaatattaaatgctaatttaggacaagtaaaaccaggaatgactgaggtt
tccttacctaactattatgaaaataataaacctataagcattaaacttgatccagettta
tctccggctcgaaatgcacaaaaatatttcactcgctataaaaaattacgtgattctate
aaacacgttaacgaacaaattaaaatcgctaaagaaaatcttcgctattttgattctatce
caaacagctattgataatgctgatccacaagatattgatcaaataactgacgaattgatt
aatcaaggttatattagaaagcaacaaaaaaatagacgtaagaagaaaattactgaacgc
aatctaaatgaattccagctttcttctggaaaacatgtcttagtgggtaaaaataattac
caaaatgactggcttactctaaaaaaagctaataaattagattattggttccacgttaaa
aatatgcctggttcacatgttattttgcgagatgatcaacctaccgatcaagatattaaa
gaagctgcagagattgctgcatttttctctaaagccaaaaattctgecccacgttcaagtt
gactacgttcaagataagcgtgtaaagaagcctaatggggctaagccaggattcecgtaatt
tacacaggacagaattcaatcgaagttacacctaaagaagacgaaattatggctaaaaaa
atcaataaataa

183



>fig|6666666.426754.peg.848 Fibronectin/fibrinogen-binding protein
[Lactobacillus acidophilus PNW3]
MAFDGLFIHSLLODLTPTLVDGRLSKIYQPFEQDLILTFRKNRKNYQLLISANAQYPRMY
LTEQTIANPDKAPIFVMVLRKYLEGSVLOSIEQIGVNRIINLHFSNRNELGDQVKLVLSV
ELMGRHSNVILYDQONGHIIDLLKRINPDENRARILLPKAKYELPPLKPGINGLVVTENQ
FKKLSNEKSIPDLVKSMDGLDRDDREELTGYLEDDFSYSSFKTFFDQFNNPRAEFVLKTPR
NKRKIFCYLPYHLDLEKENSNPDLNKGLDEFYEYQATRDWVKQRASQVERVVKNEQNKLS
KKIKKLEKQLNLAENSEGYRIKGEILNANLGQVKPGMTEVSLPNYYENNKPISIKLDPAL
SPARNAQKYFTRYKKLRDSIKHVNEQIKIAKENLRYFDSIQTAIDNADPODIDQITDELTI
NOGYIRKQOOKNRRKKKITERNLNEFQLSSGKHVLVGKNNYQONDWLTLKKANKLDYWEFHVK
NMPGSHVILRDDQPTDODIKEAAEIAAFFSKAKNSAHVQOVDYVQDKRVKKPNGAKPGEVI
YTGONSIEVTPKEDEIMAKKINK

>fig|6666666.426754.peg.1708 S-layer protein precursor [Lactobacillus
acidophilus PNW3]
atgaagaaaaatagaaaaatgttaggtttagccgctgctaccttgttagcagtcgcacct
gttgcaacttcagttgtaccagttcaagctgatactgccgtaaatgttggctcagcagca
ggcactggcgctaatactactaatacgaccacacaggcacctcaaaataaaccatatttce
acttataacaatgaaattattggtgaagctactcaaagtaatcctttaggtaatgtggta
cgtactactattagctttaagagtgatgataaggtttcagatttgattagtacaatttca
aaggctgtacaattccataaaaacaatagtgcaagtggtgaaaatgttactattaatgaa
aatgattttatcaaccaattaaaggctaatggcgtaacagttaagaccgttcagecttcect
aataaaaacgaaaaagcatatgaagcaattgataaagtaccaagtacttcattcaacatt
actttaagcgcaactggtgataataatcaaactgcaaccattcaaattcctatggttect
caaggtgcttcaacaccaacagatactacacaaaatccacaaattaattggactaagggt
ggtcaagcacaaagttcaagtttgaatggacaagtattccaagttgctgttggttcaaac
ttcaatccattgaactttactaacagtaacggtgaaaacatcattgtttctgctcaacaa
agtaagaacaacactacttttgcaagcattgaagcaacttcaaacccagttaatacttca
gaagcaggccgttactacaatgtaactttaactgcaactggtaacactggcaagaagact
acagctacttatactgttttaattacttcaagccaaaagcaaactttatacggtaatggt
gaaagtacgatttctacttacagtatttacggtaacaacgttttaagtaactcaaccact
tttaaagatggtgatcaagtttatgtttcagatcaaactaagactgttggtggagtttca
tactcacaagtttcacctaaatcaaagaatgatgctaactcaagtaacatttgggtaaag
acctcagcacttgtgaagccagcaggtgacaccaatgttaagacttacccagtaatggtt
gactcaagagcttacgacaagaacggtaactacttaggtcacatgtactatgcatatgac
aacattgacatcgttccaactgttgtaaccatcaacggcaagacttactacaaggttget
aacaaggatgaatacgttcgtgtaactaacattactggtaaccaacgtaccttgaagcac
aacgcttacatttactggtcatcataccgtcgtactccaggtactggtaagatgtataga
ggtcaaactgtaactacttacggtccacaaatgaaattcaagaacggtaagaagtactac
agaattgaaggctgcagaaataacaacaagcgttacatcaaggctgtaaacttctattaa

>fig|6666666.426754.peg.1708 S-layer protein precursor [Lactobacillus
acidophilus PNW3]
MKKNRKMLGLAAATLLAVAPVATSVVPVQADTAVNVGSAAGTGANTTNTTTQAPONKPYF
TYNNEITGEATQSNPLGNVVRTTISFKSDDKVSDLISTISKAVQFHKNNSASGENVTINE
NDFINQLKANGVTVKTVQPSNKNEKAYEAIDKVPSTSENITLSATGDNNQTATIQIPMVP
QGASTPTDTTONPQINWTKGGQAQSSSLNGOVFQVAVGSNENPLNFTNSNGENIIVSAQQ
SKNNTTFASIEATSNPVNTSEAGRYYNVTLTATGNTGKKTTATYTVLITSSQKQTLYGNG
ESTISTYSIYGNNVLSNSTTFKDGDQVYVSDQTKTVGGVSYSQVSPKSKNDANSSNIWVK
TSALVKPAGDTNVKTYPVMVDSRAYDKNGNYLGHMYYAYDNIDIVPTVVTINGKTYYKVA
NKDEYVRVTNITGNQRTLKHNAYIYWSSYRRTPGTGKMYRGQTVTTYGPQMKEFKNGKKYY
RIEGCRNNNKRYIKAVNEY

>fig|6666666.426754.peg.490 ATP synthase epsilon chain (EC 3.6.3.14)
[Lactobacillus acidophilus PNW3]
atggcagatccagagaaactttttaaagtaattgttgtaactcctaatggaatgatttat
tctcatcgtggaagcattgttgatgtacgtgctattgatggtgaacgttcaatcttatat
aatcacattccaattttgactccacttgcaattagtgaagtcaaggttaaacgaagtcgt
gagatgggatctagaattgatcatatagccattagtggtggttatattgagttttccaat
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aacgttgcaactattgttgctgatagtgctgaacgtgctagaaatattgatgtgtctcgt
gcacaagccgctaaggaacgtgccgagaaacgtttaagagaagcgcgtgagaagcatgat
gagcgtaatttggaacgagcacaagttgctttgaaacgagcaatgaaccgaattagtgtt
tacaacgctagaggtcattaa

>fig|6666666.426754.peg.490 ATP synthase epsilon chain (EC 3.6.3.14)
[Lactobacillus acidophilus PNW3]
MADPEKLFKVIVVTPNGMIYSHRGSIVDVRAIDGERSILYNHIPILTPLAISEVKVKRSR
EMGSRIDHIAISGGYIEFSNNVATIVADSAERARNIDVSRAQAAKERAEKRLREAREKHD
ERNLERAQVALKRAMNRISVYNARGH

>fig|6666666.426754.peg.1138 Tyrosine-protein kinase transmembrane modulator
EpsC [Lactobacillus acidophilus PNW3]
atggaacaaaaacaagaacaagaaaatacaatcgatcttacccaattattacgcatttgce
cgtaagcatatctgggcattgattctttggagtgtaggtcttgeccttagtgggctgggga
gtttcagaatttgtaatttctcctaaatatacttcaactgctcaattattagttaaccaa
aagagtcgtaacaatgatccaaacgcagcttatgcgactcaacaagctaacatgcagatg
gttactacttataaagacattgtaacaagtaacaagatcttaacagaagcttctaatcgt
ttggccaatccaactgttgttgtgaaaaaagcacaaaaagcagtgtacagaactgatgaa
aatggtagaagaagattagtaagaaaagctcaaccagctgtaattgaacgaagcggtaag
agttattcagtttctgcaagtgaacttgctaagagtatctcagtaggtacccaacaacaa
tcacaagtcttctcaatttcagcggaagccgatacaccagctaaggcgaaggcagaagta
aatgcagtagctgaaacgttccgtaaagaaattcctactattatgagcgttaataacgta
acgattgtggcaaatggtactaatggtgttcaatcctcacctaacgttaagttgttcact
ctagctggatttgtagttgggttagtattgagctttgctgtagttattattcgtgaaatyg
agtaatactactgttcgtgacgatgaattcttaactcgtgaattaggcttaactaactta
ggtcaaattgctcacttccacttgtcatcttcatttactattaaaaagagtgcaaatatyg
actaatcgtggacaagctaagagacgtagagtataa

>fig|6666666.426754.peg.1138 Tyrosine-protein kinase transmembrane modulator
EpsC [Lactobacillus acidophilus PNW3]
MEQKQEQENTIDLTQLLRICRKHIWALILWSVGLALVGWGVSEFVISPKYTSTAQLLVNQ
KSRNNDPNAAYATQQANMOMVTTYKDIVTSNKILTEASNRLANPTVVVKKAQKAVYRTDE
NGRRRLVRKAQPAVIERSGKSYSVSASELAKSISVGTQQQOSQVEFSISAEADTPAKAKAEV
NAVAETFRKEIPTIMSVNNVTIVANGTNGVQSSPNVKLFTLAGFVVGLVLSFAVVIIREM
SNTTVRDDEFLTRELGLTNLGQIAHFHLSSSFTIKKSANMTNRGOQAKRRRV

>fig|6666666.426754.peg.1139 Tyrosine-protein kinase EpsD (EC 2.7.10.2)
[Lactobacillus acidophilus PNW3]
atgccattatttaagaaaaagcgtggtacagatgaaactattaaacatggtgctaagtta
atcactgtagctaagccaaagagtccaatagctgaacaattccgtactgttcecgtactaat
attaactttatggcagtggatcatgacattaagtctttagcatttacttctgctaatatt
agtgaaggtaaatctactgtggctgctaacgttgctgttacttatgctcaagcaggtcecgt
aaagtcttattggtcgatgccgacttacgtagacctacagtgcactcaacctttaactta
agtaatcatgttggtcttagtacggttatctcttcaactgctaaggaagttgatcttgat
agcgtagtacaagagagcggcgtagataatctttacgtgttaacggctggtccgatgceca
cctaacccggcagaactgataggttctaagcgtatgecgtgactttgttaaacttactgaa
gaacactacgatttagttattatcgacttagctcctgttcttgaagtatctgatacacaa
gaacttgctagtcacttagatggggttgtcttagtagttcgccaagggaagacgcaaaag
atggccattaagcgtgctgttgaaatgcttgaatttgcaaaggcacgtatcttgggttac
atcatgaatgatgtaagttctgataatgcgggttatggctatggttacggctacggcectat
ggttatggctacggagaagaagatacaaagaaaaaaggattgttctctaaatttaggaag
taa

>fig|6666666.426754.peg.1139 Tyrosine-protein kinase EpsD (EC 2.7.10.2)
[Lactobacillus acidophilus PNW3]
MPLFKKKRGTDETIKHGAKLITVAKPKSPIAEQFRTVRTNINFMAVDHDIKSLAFTSANI
SEGKSTVAANVAVTYAQAGRKVLLVDADLRRPTVHSTENLSNHVGLSTVISSTAKEVDLD
SVVQESGVDNLYVLTAGPMPPNPAELIGSKRMRDEVKLTEEHYDLVIIDLAPVLEVSDTQ
ELASHLDGVVLVVRQGKTQKMAIKRAVEMLEFAKARILGY IMNDVSSDNAGYGYGYGYGY
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GYGYGEEDTKKKGLESKFRK

>fig|6666666.426754.peg.1717 COG1887: Putative glycosyl/glycerophosphate
transferases involved in teichoic acid biosynthesis TagF/TagB/EpsJ/RodC /
Putative polyribitolphosphotransferase / CDP-ribitol:poly(ribitol phosphate)
ribitol phosphotransferase / CDP-glycerol:poly(glycerophosphate)
glycerophosphotransferase (EC 2.7.8.12) / CDP-glycerol: N-acetyl-beta-D-
mannosaminyl-1,4-N-acetyl-D-glucosaminyldiphosphoundecaprenyl
glycerophosphotransferase [Lactobacillus acidophilus PNW3]
atgaagagttttttatttcgtctttatttagecctggatgaaatttttaagtagatttacc
actatggaggacaataacgtagttgtcttaaatggatcaggtcgttcaggctctaatggt
tatgctttttataaatggctactaatcaaccatccagaatttaatgtgaccttagtcgaa
ccgtggccgtcatcacatcttaaatgggaaacttggcaaaagattggcgcagecgcecgttac
gtgattacaacgcaccagccatttaaagtacgtaaacatcaaataaatgtgcaactatgg
catggcgttccattgaagagaatgggaatcatggctaacaatacgcggtataaagacaat
aaacgtaatgaaaaattatggcataagaatgctgatattgttgcttcaagttcagattta
tatgaaacattgatgagcgcctgcatggcaattgagtcaaagaaatatcaaaaattaggce
tttcctagattggatctcttgtccaaaccagttatttctaaaaaagaattgttaaaagac
ttatttgatcaagaagatgaacaagcagcaattggtatttatatgccaacttttagatat
gagcttgaagataaatcaattatgcaaaagattaaagaggggaacttttttgcttttgcect
gattttgacggtgaaaagctaaataaagaactaaaaaaacgccatcagtatttaattgtt
aagttgcatccctatgaaatgcgcttgttcgataacttcaagagtcagtattccaatatt
tcctttttaaacaatgattacttgtttgaccacaattatgatttatatgaattattagge
gatactgatttcttaatgactgatttttcatcaatttatttcgattacttgcatttaaat
aaaccaattgtatttgtaactaactttttgaaacaatatgaaaaaacgcgtggtctttta
atggggccatatagtgaaattacgccgggcattagtgtaaattctgagcaagaattaatt
aataatcttgatcatttagataatcaacagatcgttaaccgtcgtatatactggttaaat
ttaactaatcaggttcatggcgattcatattgtgaaaatgtctttaaatacatgacacag
gaatataggggataa

>fig|6666666.426754.peg.1717 COG1887: Putative glycosyl/glycerophosphate
transferases involved in teichoic acid biosynthesis TagF/TagB/EpsJ/RodC /
Putative polyribitolphosphotransferase / CDP-ribitol:poly(ribitol phosphate)
ribitol phosphotransferase / CDP-glycerol:poly(glycerophosphate)
glycerophosphotransferase (EC 2.7.8.12) / CDP-glycerol: N-acetyl-beta-D-
mannosaminyl-1,4-N-acetyl-D-glucosaminyldiphosphoundecaprenyl
glycerophosphotransferase [Lactobacillus acidophilus PNW3]
MKSFLFRLYLAWMKEFLSRETTMEDNNVVVLNGSGRSGSNGYAFYKWLLINHPEFNVTLVE
PWPSSHLKWETWQKIGAARYVITTHQPFKVRKHQINVQLWHGVPLKRMGIMANNTRYKDN
KRNEKLWHKNADIVASSSDLYETLMSACMAIESKKYQKLGFPRLDLLSKPVISKKELLKD
LFDQEDEQAATGIYMPTFRYELEDKSIMOKIKEGNFFAFADFDGEKLNKELKKRHQYLIV
KLHPYEMRLEDNFKSQYSNISFLNNDYLFDHNYDLYELLGDTDFLMTDFSSIYEFDYLHLN
KPIVEFVTNFLKQYEKTRGLLMGPYSEITPGISVNSEQELINNLDHLDNQQIVNRRIYWLN
LTNQVHGDSYCENVFKYMTQEYRG
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Appendix J

The sequences of nucleotide and amino acids of identified genes putatively
involved in production of extracellular enzymes

Lipase

>fig|6666666.426754.peg.1011 FIG006988: Lipase/Acylhydrolase with GDSL-like
motif [Lactobacillus acidophilus PNW3]
atgaaaaagtggactaaatggctattattatcgcttttggctattatgattattggtgga
ggatggtatactgttaaccactttacaaatttaactagtaatagttcaaaagttgttaaa
ccaaaatatgttgaaaagaaaaatgtaaagcttgttgcactaggtgattcccttactcac
ggtcaaggggatgaaactaataatagtgggtacgttggcgtaattaagggaaaaatcgaa
catcgttaccaccaaactaaggtgacaacagtcaattacggggtaacaggggaccgatcc
gaccagattcttgaccggttaaatcagcaatctcaattacgtagtgacttacggagcgcg
gatgtgattacgatgactgttggtggaaat

>fig|6666666.426754.peg.1011 FIG006988: Lipase/Acylhydrolase with GDSL-like
motif [Lactobacillus acidophilus PNW3]
MKKWTKWLLLSLLAIMIIGGGWYTVNHEFTNLTSNSSKVVKPKYVEKKNVKLVALGDSLTH
GQGDETNNSGYVGVIKGKIEHRYHQTKVTTVNYGVTGDRSDQILDRLNQOSQLRSDLRSA

DVITMTVGGN

>fig|6666666.426754.peg.1248 Esterase/lipase [Lactobacillus acidophilus PNW3]
atggttgtaattaaacgtaatattgtttatgacgaaaacaaagacttaagttctgatatc
tactatccaaatgatacaacttctaatactaaaattttaattttttggcatggcggaggt
tggttccgcggtaacaaagaaagtgctaaagaaataggtgttgeccctageccaacgecggt
tttatgactttcatccccgattatagecttageccecctaaaaatatttttccagetgetceat
gatgatgcgctgcactttattgattggctattaaaatctgaatacactgaccaagatgat
cttaaaaatattgttcaaattggggcaagtgttggtggaaccttagctttatatgttgct
gggaaatatggttttccaactgttacttggtcagctccagttgaattttctaactggatt
agaaatcatcaaactacaaaagcatctaaagatgctaaaaatgaacttggaattagtgac
cctcagcaaattagagaagccttttataaatactttactctcacttatactggcactgac
aatgaaaaaatcttacaacaactagatgcatgttcctatgatctttctaaattaggaaaa
ctcatgatgatgaactccgctgatgaattaactccaattgcatcagttttaagtttcatt
cgctttttagctaataaaaacttaggtgttgaattgctagtcattccaggccatggacat
gcaatggactacggtagtgattatatcgatgaatcactagactttttatatcaaacgatt
aaaagacagaaataa

>fig|6666666.426754.peg.1248 Esterase/lipase [Lactobacillus acidophilus PNW3]
MVVIKRNIVYDENKDLSSDIYYPNDTTSNTKILIFWHGGGWFRGNKESAKEIGVALANAG
FMTFIPDYSLAPKNIFPAAHDDALHFIDWLLKSEYTDODDLKNIVQIGASVGGTLALYVA
GKYGFPTVTWSAPVEFSNWIRNHQTTKASKDAKNELGISDPQQIREAFYKYFTLTYTGTD
NEKILOQLDACSYDLSKLGKLMMMNSADELTPIASVLSFIRFLANKNLGVELLVIPGHGH
AMDYGSDYIDESLDFLYQTIKRQK

>fig|6666666.426754.peg.1481 Lipase/esterase [Lactobacillus acidophilus PNW3]
atgaaaatagaaaatctgacactaactaactttaatgatcgccaatataaggtacatact
tatattttggagcaaaatccagagttggtagaacaaaaaaggcctttggctatcgtagtt
cctggtggcagttttgagcatttatctaaaagagaaggcgaaccagttgcattagetttt
aataatcaaggatttaacagtgttgtcatggaatataacttagtacatgatgaaggaaaa
atttatccagatgcgggtcttgatgttttaactacagtaaaatattttagagatcgtgca
gatgagtatcatttggatcctgaacgcattttaacgattggcttctcggectggtggacat
gtagttagtgtggctaacaatatggcgattgatccagaatatcaagaaaagtatggctta
aaaaaagatgaagtattacctaataaatcaattttgggctatccactgattaatattgag
aagattggatttcctattccaaaagatcaaatggataagatgcctagtgagaagaaaatt
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cttgatagtgcattaggagttacacgtgaaacaccagacacatttgtttttcaagcttgg
gatgaccctgttgtcctgattggcaattcaattgaatatctggcagcgttaaataagaat
aaggtgtcagctgaggcacacttatttaatcacggttatcatggcttttctttagcacgce
cacaatgtacaaactaaggaacgcgaatggcaagaaaatccgcatgtagctcattggttt
aatttagcaatggaatggttgaagagtgaatggggcgaataa

>fig|6666666.426754.peg.1481 Lipase/esterase [Lactobacillus acidophilus PNW3]
MKIENLTLTNENDRQYKVHTYILEQNPELVEQKRPLAIVVPGGSFEHLSKREGEPVALAF
NNQGEFNSVVMEYNLVHDEGKIYPDAGLDVLTTVKYFRDRADEYHLDPERILTIGESAGGH
VVSVANNMAIDPEYQEKYGLKKDEVLPNKSILGYPLINIEKIGFPIPKDOMDKMPSEKKI
LDSALGVTRETPDTEFVFQAWDDPVVLIGNSIEYLAALNKNKVSAEAHLEFNHGYHGFSLAR
HNVOTKEREWQENPHVAHWENLAMEWLKSEWGE

>fig|6666666.426754.peg.1548 Esterase/lipase [Lactobacillus acidophilus PNW3]
atgaaacttacagataaaattaaacgagtagtagcagaatatcgctctggttgtaaaaaa
agtgatgactcacgtgacagcgatctaccacacgatatccctgaagtagaacgcattgat
aacctaccttacggcccagatgaaaaatggcatacattagatgtttaccttcctaaaaaa
acagataaacccttccctgtaattattaatatccacggtggtggctggatctatggcact
aaagaaacatatcaatattatggcatgagtttagctaaacgtggctttgcectttatcaat
cctaattaccgcctagcacctgaaaatgcggaatttcctgaagaattagatgacgttgat
ctttacatgcactgggttgacgaccacgctgaagaataccgtttggacagaaataatgtc
tttatcattggcgacagtgctggtggacaaatggctgaacaatatgtaactatcttgact
aatccagactatgccaaattattcccatataagcctcttaatctgaaatttagagctgca
ggacttaactgtgctgcctcattcattttgactcccaatactttgcaaggaattagcggce
ttatacttcaccaaagatgcagttaataagtatcatgaacaattagatgttgaaaaatac
atcaaccacaatttcttaccaacatttttaattacctcaaacaaggacttcttgcacgac
atacaatttaccctcttcggttttttacttggtcgcggtgttcatgctatctgtaagtca
tatggtgattcagacaacccacgtggtcatgttttctttgtcaatcaaaaagaccgtatc
gctgacattgctaatgatgaagaaatcgaattcttcagagaacatatgagtaaataa

>fig|6666666.426754.peg.1548 Esterase/lipase [Lactobacillus acidophilus PNW3]
MKLTDKIKRVVAEYRSGCKKSDDSRDSDLPHDIPEVERIDNLPYGPDEKWHTLDVYLPKK
TDKPFPVIINIHGGGWIYGTKETYQYYGMSLAKRGFAFINPNYRLAPENAEFPEELDDVD
LYMHWVDDHAEEYRLDRNNVEFIIGDSAGGOMAEQYVTILTNPDYAKLFPYKPLNLKEFRAA
GLNCAASFILTPNTLOGISGLYFTKDAVNKYHEQLDVEKYINHNFLPTFLITSNKDEFLHD
IQFTLFGFLLGRGVHAICKSYGDSDNPRGHVFFVNQKDRIADIANDEE IEFFREHMSK

Protease

>fig|6666666.426754.peg.18 FIG056164: rhomboid family serine protease
[Lactobacillus acidophilus PNW3]
atgaatcgaaaaattaatttgtcacaatcatttgtgactttagggattttgattatttta
gtagtggtctttttagttgaaatgtttcttggcggatctgaaaatgtcaatgtattgatyg
aaaatgggggccatgaataattttgctgtagtagcagggcatcaatggtggecgtttgttt
acagcacaatttctgcatattggggtaatgcaccttgtttctaatgcagtaattatttat
tacatgggtcaatatatggaaccaattatgggacatactagattcttagtgacatattta
ttagccggaattggtgggaacttgatgagtttagecctttagtgctgatagaggtttaagt
gctggtgcttctaccgectttgtttggtctctttggtgcaatgaccgcgatcggactacgt
aattttcgaaatccaatgatcagctatttgggtcgacaagctttggttttagectttaatt
aacttggcactggatatctttgttccaggaattgatatttggggacatattggtggctta
attgctggattcttactggcaattattctaggagatcgtgtcatgaagacttacaatcca
aaatggcgtgtcttagctgctgceccgttttggttgtttatgtagtgtggactgttagaaca
ggaatggttatcaacttctaa

>fig|6666666.426754.peg.18 FIG056164: rhomboid family serine protease
[Lactobacillus acidophilus PNW3]
MNRKINLSQSFVTLGILIILVVVFLVEMEFLGGSENVNVLMKMGAMNNFAVVAGHQWWRLFEF
TAQFLHIGVMHLVSNAVITIYYMGQYMEPTMGHTRFLVTYLLAGIGGNLMSLAFSADRGLS
AGASTALFGLFGAMTAIGLRNFRNPMISYLGRQALVLALINLALDIFVPGIDIWGHIGGL
IAGFLLAIILGDRVMKTYNPKWRVLAAAVLVVYVVWTVRTGMVINE
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>fig|6666666.426754.peg.244 Serine protease, DegP/HtrA, do-like (EC 3.4.21.-)
[Lactobacillus acidophilus PNW3]
atggtagaaaatcaaaataataatcaacgaccaagaaaaaatagtaatgcaaagatcatc
actactgcagctattgtaggtgtagttggtggtctgatcggcggtggecgtttcatattat
gcagctgatcaaatgaataacgctactgatactactacggcacaaactagtgtatcttca
aatagtagtaaggtatccgaaaaaagtgctaaaaccagtggtacgatgactactgcttat
aatgatgtaaaaggggctgtagtgtccgttattaacttaaagagacaatcatcctcaagt
agcgctaactctctttacagcagcttatttggggatgatagcgatagttcttcaggtaag
agcggcaagcttgagacttacagtgaaggttccggtgtagtttatatgaagtcaaatggt
aaaggctatattgtaactaataatcacgttatttcaggcagtgatgcagttcaagtgcaa
cttgctaatggcaagactgttagtgcaaaggttgttgggaaagatagtactactgactta
gctgttttatcaattgacgctaagtacgtaacacaaacagccgaatttggcgattctaag
agtcttcaagctggtcaaactgtaattgctgtaggttcaccacttggtagtgaatatgcet
tctacggtaacgcaaggtattatatcagcaccggctagaactatctcaacttcatctggt
aatcagcaaacagttattcaaacagatgcagccattaacccaggtaactcaggtggtgca
ttggttaactcagctggtcaagttatcggtattaattctatgaagcttgctcaatcaagt
gatggtacttctgtagaaggtatgggatttgctattccttcgaatgaagttgtaactatce
gtaaatgaattggttaagaagggtaagattactcgtccacaacttggtgtaagagtagtt
gctcttgaaggtattcctgaagcatacagaagtcgcttaaagattaagtcaaaccttaag
agtggtatctatgttgcttcaattaataagaatagttcagctgcaaatgcaggcatgaag
agcggtgatgtcattactaaggtagatggcaagaaggttgatgatgtagcatcattacac
agtatcctttacagtcacaaggttggtgacactgtgaacataactattaatagaaatggt
agagatgtcaacttaaaggtaaaacttgaaggtaattaa

>fig|6666666.426754.peg.244 Serine protease, DegP/HtrA, do-like (EC 3.4.21.-)
[Lactobacillus acidophilus PNW3]
MVENQNNNQRPRKNSNAKIITTAATIVGVVGGLIGGGVSYYAADQMNNATDTTTAQTSVSS
NSSKVSEKSAKTSGTMTTAYNDVKGAVVSVINLKRQSSSSSANSLYSSLEGDDSDSSSGK
SGKLETYSEGSGVVYMKSNGKGYIVTNNHVISGSDAVQVQLANGKTVSAKVVGKDSTTDL
AVLSIDAKYVTQTAEFGDSKSLOAGQTVIAVGSPLGSEYASTVTQGIISAPARTISTSSG
NQOTVIQTDAAINPGNSGGALVNSAGQVIGINSMKLAQSSDGTSVEGMGFAIPSNEVVTI
VNELVKKGKITRPQLGVRVVALEGIPEAYRSRLKIKSNLKSGIYVASINKNSSAANAGMK
SGDVITKVDGKKVDDVASLHSILYSHKVGDTVNITINRNGRDVNLKVKLEGN

>fig|6666666.426754.peg.379 FIG001621: Zinc protease [Lactobacillus acidophilus
PNW3]
atgctaacaactaatataacaattagaaaaaataaaaaatttacaacagccggaataggce
tgttttttgcgtttaccgttaactaatcataatttagcttttgctagtttactttcecgega
ttgcaaatgaatactagtttgtcatatccaacaattgctgctcaacaaagaaagttagcc
caattatatgatttgcagcttgatattatgccgcaactttttggcaaccaaattattttyg
atgtattatgctaattttgttgaaccgattgaagtattggatccagattatacttatgaa
gaaataatccaaactattagccaaattatcagatttccagcatatgataataatttattce
gattatgctaaaagacaacttgaagatgaatatcgtgaaattatggttcaaccttcaaat
tatgctctcgatcgcttttttaaattatggtatgaagatcaaccagaatatgctgaaaac
tttatggggccaattgatgaaataaaaaatactacgattgttgagatgcgtgattttatt
gaaaatttgcgtgatataccaatggcggtaattggcatgggacgagacaatcaattaatyg
actaaaatactcagaaatatttttaaaggggctggaattattaaaaaattccaagttagt
gatttagttattccagctaaaagaaaattaattgaaaaagttgatgagcaagacaatatt
caagctcaattattgatgggatttggttttaaacagagaattagttatcaagaacaagtt
gttggtttgcttttagaacaatatttagctggtgatcagtcttcaaaattatttagtcag
attagagaagagttaggtgcggcttatgatgttcaagcaagtgactttgctaataattct
ctctttttaattaatgctggaattgatcctcaaaaagtagaaccagccaaaagaattatt
cttaatgaaatgcaaaaattaatggatggtaatatagatgaagagctatttagaaaatcc
aaaaaggctgtatatcgaaacactaggattgggttagacaatcaaaattggcaattagga
caggccttgcgtgccgaattattaccagattatttagattttgatagagaagctgctata
aaaaaagcaacgccacatcaattaattaattttgttcaaaatttattctttaatgaaagt
tatattttaaaatga
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>fig|6666666.426754.peg.379 FIG001621: Zinc protease [Lactobacillus acidophilus
PNW3]

MLTTNITIRKNKKFTTAGIGCFLRLPLTNHNLAFASLLSRLOMNTSLSYPTTIAAQQRKLA
QLYDLOLDIMPQLEFGNQIILMYYANFVEPIEVLDPDYTYEETIQTISQITRFPAYDNNLFE
DYAKRQLEDEYREIMVQPSNYALDRFFKLWYEDQPEYAENFMGPIDEIKNTTIVEMRDE T
ENLRDIPMAVIGMGRDNQLMTKILRNIFKGAGIIKKFQVSDLVIPAKRKLIEKVDEQDNTI
QAQLLMGFGFKQRISYQEQVVGLLLEQYLAGDQSSKLEFSQIREELGAAYDVQASDFANNS
LEFLINAGIDPQKVEPAKRIILNEMOKLMDGNIDEELFRKSKKAVYRNTRIGLDNQNWQLG
QALRAELLPDYLDFDREAATKKATPHQLINFVONLFFNESYTILK

>fig|6666666.426754.peg.411 ATP-dependent Clp protease proteolytic subunit (EC
3.4.21.92) [Lactobacillus acidophilus PNW3]
atgctagtacctacagttattgaacaaactgctcgtggtgaacgtgcctatgatatttac
tcacgtttattaaaagacagaattattatgttgagtggcgaaattaatgaccaaatggcc
aactcaattatcgcccaactacttttcttggatgcccaagacaatactaaagatatttca
ttatatattaactcaccaggtggtgtaatcacttctggtcttgcaatcatggataccatg
aactttatcaagtcggatgtttctaccattgcaatcggtatggcagcatcaatggecttct
attcttttgacaagtggtacaaagggtaagcgttttgcacttcctaactcaacagttctt
attcaccaaccattaggtggtgcacaaggtcaacaaactgatattcaaattgcagctaat
gaaattttgaagagtcgtaagaagatcaacgaaatcttgcacgaaactactggtcaacct
ttggaaaagatccaaaaagatactgaacgtgataattacttaactgctgaagaagctaag
gaatatggcttaattgatgaaattatggtcaacaaaaaaagtaattaa

>fig|6666666.426754.peg.411 ATP-dependent Clp protease proteolytic subunit (EC
3.4.21.92) [Lactobacillus acidophilus PNW3]
MLVPTVIEQTARGERAYDIYSRLLKDRIIMLSGEINDOQMANSTIIAQLLFLDAQDNTKDIS
LYINSPGGVITSGLAIMDTMNFIKSDVSTIAIGMAASMASILLTSGTKGKRFALPNSTVL
THOPLGGAQGQOTDIQIAANEILKSRKKINEILHETTGOQPLEKIQKDTERDNYLTAEEAK

EYGLIDEIMVNKKSN

>fig|6666666.426754.peg.550 Lon-like protease with PDZ domain [Lactobacillus
acidophilus PNW3]
atgaataatgaagttaaaaaacatcgtttacgtaattggctaattatagtaattgctatc
atagctgttggagttcttgctttttggccaactaattattatatcgagtctecctggtgaa
gtcgtacctgttaatcagttcattagatctaaaaataaaaagcctaataatttttatttg
gtgacagttagtgtaacgagtcagccagcgtctattttgcagtatttgtggagttatact
agaccatatgatgaacgagtaccaagtaaagaattactaggaggacaaactagttcgcaa
tataatgaattgcaaaattggtatatggagactagccagcagaacgccatttattacgca
gctaaaaaagcagggaaaaaacatagcttaaaatatttaggtgtctatgtaatggaagtyg
cagaagaattctagctttaaaaataagctgcaaattggtgatacagttttaggtgctaat
ggacacaggtttcactcgactgaagagatgatgacttatttacgtaaacagaaaataaat
agtaaagtaaccatttctgtattaagaggtaaagagaaaaagaaatttaccggcaaaatt
gttaaggtaaagggtactgataaaccaggaataggtattcagttagtagaacatgtaacg
gttaaaacagaacctgaattaactattaatgctggtgagattggtggaccttcagectggce
ttgatgtttacattagaaagttatgaggtctttactaaacaaaatttaagccatggtcat
aaaattgcgggaaccggtacaatttctcctacagggaaagtcggaataattggtggagta
gataaaaaagtggtagcggcaagtcgcgagggagcagaagtcttttttgcaccgactgat
tctactagcgtttctaaaaatcaaaccaattatgctgtagcgaagagaactgctaaaaaa
atacatactaagatgaaaattgtacctgtaagtactttcgatgatgcactaaattattta
aaatcacactataaaaattaa

>fig|6666666.426754.peg.550 Lon-like protease with PDZ domain [Lactobacillus
acidophilus PNW3]
MNNEVKKHRLRNWLIIVIAITAVGVLAFWPTNYYIESPGEVVPVNQFIRSKNKKPNNEYL
VTVSVTSQPASILQYLWSYTRPYDERVPSKELLGGQTSSQYNELONWYMETSQONATIYYA
AKKAGKKHSLKYLGVYVMEVOKNSSFKNKLOIGDTVLGANGHRFHSTEEMMTY LRKOKIN
SKVTISVLRGKEKKKFTGKIVKVKGTDKPGIGIQLVEHVTVKTEPELTINAGEIGGPSAG
LMFTLESYEVFTKONLSHGHKIAGTGTISPTGKVGIIGGVDKKVVAASREGAEVFFAPTD
STSVSKNQTNYAVAKRTAKKIHTKMKIVPVSTEDDALNYLKSHYKN
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>fig|6666666.426754.peg.560 ATP-dependent Clp protease ATP-binding subunit ClpX
[Lactobacillus acidophilus PNW3]
atggcaaatcagtttacagatcaagaagagattaaatgtgctttttgtggtaaaactcaa
gaccaagttaaaaaaatgattgccggaaacggtgtatatatttgtaatgaatgtgttgac
ttggctaaaaaaattattgacgatgaattacgtgcagattcactaaaaactgcaagtgaa
ctgcctaaaccagttgaaattaaaaaacaacttgatcaatatgtaattggtcaagatcgt
gctaaaaaagtactatcagttgctgtttataatcactacaagagaatcagccaaatggat
gtagattcatcaacagaattacaaaagtctaatattgcaatgattggtcctactggatca
ggtaagacttatttagctcaaacacttgcacgtattttaaacgttccatttgcaattgcect
gatgcaaccacgttaactgaagctggatatgttggtgaagatgtagaaaacattttgcett
aaattattacaaaatgctgattacgatcttgaacgagcacaacgtggaattatttatatt
gatgaaattgataagatttctaaaaaatctgaaaacgtatcaattacacgtgatgtttca
ggtgaaggtgtgcaacaatcgcttttgaagattttggaaggtactattgcttctgtgect
cctcaaggtggacgaaagcatccgcaacaagaaatgataaagatggatactactaatatt
ctctttattgtaggtggagcatttgatggaattgaacagattgttaaaagccgtttaggt
aagaaaactattggttttggtgctgaaaacgaagttaacaaggtagatgctgatgattgg
actcgtcatttaactactgctgatttagttaaattcggtatgattccagaattcattggt
agaattccaattattaccacgcttgataaacttgataataaagatttagttcgcgtatta
actgagccaaagaatgctcttgttaagcaatataagaaacttctatcattagatggtgta
gaattgaagtttactgatggtgcattaaaagcaattgctgatttagctatccaaagaaat
atgggagctcgtggtttaagaacaatcattgaaaattcaattatggatattatgtatgaa
accccaagtgaagaagatattgaatcagtagaagtgactaaagacgtaataacccgtcac
gcacagcctcgcattactcgtaaaaatgctgaagaagttcaggtaaaagcaaatgataat
taa

>fig|6666666.426754.peg.560 ATP-dependent Clp protease ATP-binding subunit ClpX
[Lactobacillus acidophilus PNW3]
MANQFTDQEETIKCAFCGKTQDQVKKMIAGNGVYICNECVDLAKKIIDDELRADSLKTASE
LPKPVETIKKQLDQYVIGQDRAKKVLSVAVYNHYKRISQMDVDSSTELQKSNIAMIGPTGS
GKTYLAQTLARILNVPFAIADATTLTEAGYVGEDVENILLKLLONADYDLERAQRGITIYI
DEIDKISKKSENVSITRDVSGEGVQQOSLLKILEGTIASVPPOGGRKHPOQOEMIKMDTTNI
LFIVGGAFDGIEQIVKSRLGKKTIGFGAENEVNKVDADDWTRHLTTADLVKFGMIPEFIG
RIPIITTLDKLDNKDLVRVLTEPKNALVKQYKKLLSLDGVELKFTDGALKAIADLAIQRN
MGARGLRTIIENSIMDIMYETPSEEDIESVEVTKDVITRHAQPRITRKNAEEVQVKANDN

>fig|6666666.426754.peg.689 ATP-dependent protease subunit HslV (EC 3.4.25.2)
[Lactobacillus acidophilus PNW3]
atgacaacaatttgttcagtaagatttaatggaaaaacagctattgctggagatggtcaa
gttactttaggtgaaaaagtaattgctaaggcaactgcaagaaaaattcgtcgtatttac
catgatcgtgtagttatcggctttgeccggtggtgttgecggatgctgtaagtttacaagat
atgcttgaaggaaagcttgaaagttatagtggtgatttacgccgtgctgectgttgaaatyg
gcacaagcatggcgtaaagatccaactttgcaaaaattaaacgcaatgctgatcgetttt
gatgataaagatcttcttttgatttcaggaaatggtgaggttcttgaacctgatgaaaat
gttgtagcgattggttcaggtggtaatttcgctcaagctgcagccattgcaatgacacgt
catgctaaagaaatgaaagccgatgagatcgcacatgaagcagttaagattgcgtcaggt
attgacgtgtttactgatgatcatattgttactgatgaaatttag

>fig|6666666.426754.peg.689 ATP-dependent protease subunit HslV (EC 3.4.25.2)
[Lactobacillus acidophilus PNW3]
MTTICSVRENGKTAIAGDGOQVTLGEKVIAKATARKIRRIYHDRVVIGFAGGVADAVSLQD
MLEGKLESYSGDLRRAAVEMAQAWRKDPTLOQKLNAMLIAFDDKDLLLISGNGEVLEPDEN
VVAIGSGGNFAQAAATIAMTRHAKEMKADEIAHEAVKIASGIDVETDDHIVTDET

>fig|6666666.426754.peg.956 Intramembrane protease RasP/YluC, implicated in cell
division based on FtsL cleavage [Lactobacillus acidophilus PNW3]
ttgaagggtatactaatctttttagttgtctttggcttacttgtttttgttcatgaattt
ggacacttcattgtagctaaaaagtcaggaattcttgtgcgagaattctcaattggtatyg
ggcccaaaactattccaaattagacgaaatcccaccacttataccattcgttggttacca
cttggtgggtatgttcgtttagcgggctctgatgatgaaagtaaattagatccgggtatg
actgtagtcttacagttaaatgataaaaatgaagtgattagaattgatgcttctgaatca
gatattccgatcgaggggattcccgttcaagtcactaaagctgatttagtggatgattta
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ataatcgaaggttatgagaatggcgatgaaaatgatccagtaacttatcatgtaaatcat
gatgctaccattattgaaaaaaatggtactgaattaattatcgctccacgtgatacgcaa
tttaatcaggctaatgtctggcaaaaacttgcaactaattttgcaggaccttttatgaat
attgtcttaggatttgtagtgttcttaatttggacttttacagttccaggtcctgcaact
acaactgtaggctctgtccaaacagattcgccagcgcgtagtgctaagatcgaatctggt
gatagaatagttgcaataaatgatcaaaacatcactaattttgatcaagtatcagaaaaa
ataaatcaaagtaagggtaagagcttacgttttaaattggaaaagaatggttctactaga
actatttctgttaagccaaaagcacataaagtgcaaaatcagactgtctatcaagtcggt
attgttgctaaaagtaacgaaaatgcaggcgtaaaattgaagagaggctgggacacagca
gtttctactactggtttaatttttaatgccgtaggtaatttatttagtcatttcagttta
aataagttatcaggtccagtgggaatttattctcaaacttctcaagtttctcagatgggce
tttacttatgtattagcattcttggggatgatttcaattaatctgggaattgtaaattta
attcctattccaggattagacggtggtaagcttttattgaacttgatcgaattaattcge
ggtaaggcaatctctgaagaacacgaagcgattgttgaattaattggectttggtttatta
ttagtattaattattgcagttacaggtaacgatatttatcgctattttattaaataa

>fig|6666666.426754.peg.956 Intramembrane protease RasP/YluC, implicated in cell
division based on FtsL cleavage [Lactobacillus acidophilus PNW3]
MKGILIFLVVFGLLVFVHEFGHFIVAKKSGILVREFSIGMGPKLFQIRRNPTTYTIRWLP
LGGYVRLAGSDDESKLDPGMTVVLQLNDKNEVIRIDASESDIPIEGIPVQVTKADLVDDL
ITEGYENGDENDPVTYHVNHDATIIEKNGTELITAPRDTQEFNQANVWOKLATNFAGPEFMN
IVLGEFVVFLIWTFTVPGPATTTVGSVQTDSPARSAKIESGDRIVAINDONITNEDQVSEK
INQSKGKSLRFKLEKNGSTRTISVKPKAHKVONQTVYQVGIVAKSNENAGVKLKRGWDTA
VSTTGLIFNAVGNLEFSHFSLNKLSGPVGIYSQTSQVSOMGFTYVLAFLGMISINLGIVNL
IPIPGLDGGKLLLNLIELTRGKAISEEHEAIVELIGFGLLLVLITIAVTGNDIYRYFIK

>fig|6666666.426754.peg.971 SOS-response repressor and protease LexA (EC
3.4.21.88) [Lactobacillus acidophilus PNW3]
atgtctagaaaaaatagtgacaccaaacaactggaaattctacgctatatctacgataca
gtagaaaatcgtggatttcctccaacagttcgtgaaatttgtgectgecggttggettatcet
tccacttcaacagttcatggccatttatctcggecttgaacgcaagggttttttaatcaaa
gacgctactaagcctcgcgcecceccttgaaattacagctgaaggtaagactgaactgggtatt
aagccaaaagaaattcctgttgtcggagtagtcactgcaggtcaacctattttagcagtt
gaagacattagcgaatatttcccacttcctcecctgatttagagagtgatgcaggcgaatta
ttcatgcttaaagtccacggtaacagtatgattaaagctggcattttaaatggtgacaat
gtaatcgtaagaaaacaaagtactgccaataacggagaaatagtagttgcaatgacagat
gaaaatgaggccacggttaaacgtttcttcaaagaagatgatcattatcgtcttcaacca
gaaaatgatacaatggcacctattattttgcaacaagtaagcattttaggtaaagtggtt
ggtctttaccgtaacaatattcaatag

>fig|6666666.426754.peg.971 SOS-response repressor and protease LexA (EC
3.4.21.88) [Lactobacillus acidophilus PNW3]
MSRKNSDTKQLEILRYIYDTVENRGFPPTVREICAAVGLSSTSTVHGHLSRLERKGFLIK
DATKPRALEITAEGKTELGIKPKEIPVVGVVTAGQPILAVEDISEYFPLPPDLESDAGEL
FMLKVHGNSMIKAGILNGDNVIVRKQSTANNGE IVVAMTDENEATVKRFFKEDDHYRLQP
ENDTMAPIILQQVSILGKVVGLYRNNIQ

>fig|6666666.426754.peg.1343 Late competence protein ComC, processing protease
[Lactobacillus acidophilus PNW3]
ttgaactcaatatattttttacttaattttttcataggagcatgcttagcttcacatgca
aacgttatatacgaacgatgggatactcgtaactttatcttttctcggtcttattgtgat
aattgtaaaagtactctttcactattggacgaaattcctctattctcttatttacttttg
aaaggcaaatgtaagtattgccaaaaaaatattccgcgtgaattattcttttttgaacta
gttggtggctttgctttttgtacaataaattttagtgataaaagtcaaattatcacttct
atctttattttttctcttcttttaattgcaatctctgattattatcaaaatgaatttgat
ttaatttttatttttccagcaattattacttctattttatttaatcgcatttacttattt
aactggattgaatggctatcttttctaccagttttgatagtccttagtatttattcattt
aaacaaaaaatgggattaggtgatttattaatctatgtcctaatctccacttattttact
cccacttttgcaaacttaactttactttttgctgctttaattttaataatcattcatttt
acagaaaataatttagcttcatataattatccatttattccattcatttttattggacta
attatttcaaaatttatttttgaacaataa
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>fig|6666666.426754.peg.1343 Late competence protein ComC, processing protease
[Lactobacillus acidophilus PNW3]
MNSIYFLLNFFIGACLASHANVIYERWDTRNFIFSRSYCDNCKSTLSLLDEIPLESYLLL
KGKCKYCQKNIPRELFFFELVGGFAFCTINEFSDKSQIITSIFIFSLLLIAISDYYQONEED
LIFIFPAIITSILENRIYLENWIEWLSFLPVLIVLSIYSFKOKMGLGDLLIYVLISTYFT
PTFANLTLLFAALILIITHFTENNLASYNYPFIPFIFIGLIISKFIFEQ

>fig|6666666.426754.peg.1582 Predicted Zn-dependent protease [Lactobacillus
acidophilus PNW3]
atgaaaaaacataaattcttaaagaaaataatcattttaaccatgttactaggaggcttt
gccaatagcgcaccagtaattacttccagttcaacggcagaagctgcaactaaagttaaa
acgaaaaagaagacaaccaagaaatcaactcaaaagaaaactaagataaaagttgattct
aaccgaaaaaagaaaaatagagctgtcaaatttgtcaaaaagacaactaaaaaccaaatt
ccaactgccagcatctttatctatatcaaccagaatgatcctaattatcaaacagttcaa
gatgcaatcaaagcttggaatgccacaaaagtaatcaaatttaagcaagcttttaattat
caaaaagctcagatcatcgtaactgcacatgactacggagacacttcttgggcaggatta
acagaaatacctgacacaccacgtggttatctttacggctcagttgtttatttaaacaac
ttttaccttcgtcaatctactcctcaagttgcattatctgtagcagaacatgaactgggce
catgcaatcggcttgcaacacaatgatactcaaccttcagtaatgaattcttcagttact
gagcaaaatgcttacacgattcaaccatgcgatatcgcagccgttaaagcaatttataat
gaaaaataa

>fig|6666666.426754.peg.1582 Predicted Zn-dependent protease [Lactobacillus
acidophilus PNW3]
MKKHKFLKKIITILTMLLGGFANSAPVITSSSTAEAATKVKTKKKTTKKSTQKKTKIKVDS
NRKKKNRAVKEVKKTTKNQIPTASIFIYINONDPNYQTVODATIKAWNATKVIKFKQAFNY
QKAQIIVTAHDYGDTSWAGLTEIPDTPRGYLYGSVVYLNNFYLRQSTPQVALSVAEHELG
HAIGLQHNDTQPSVMNSSVTEQNAYTIQPCDIAAVKAIYNEK

>fig|6666666.426754.peg.1748 Predicted metal-dependent membrane protease
[Lactobacillus acidophilus PNW3]
atgattgaaaaacgaaatttcaagaaatcaattgctatctggatctgtttattattagtg
tatacattggctggtctagtactgcgaccaatcaataatttaaccttacgcttagcgatc
cgttgttttattgctctagttattacaggattctgtttttattttatgcatggcagcaag
ctttattctaacgagcttaatttgcgacacattaaaatttataacactatttttattatt
attgttgctatcttctatttattttttcgectgeccaatttggattgaattatttactact
caaagaagcggattaatcaattctttactgattgcagtttgtgcaggattttgtgaagaa
gccttgtttagaggaatgttgtttaatatctgcgctaattatttgaaaaaacatcggtat
atttggcttgaaacagctttagttacttcaattctttttggactaatgcactcagtcaat
ttgctttccagtgagccactaccctctgtaggtacacaagttttttacgecttttgeccage
ggattaatgtttgcatacctgcgtttaatgtctaaccatctttggccagectatecttgget
catgctgcctttgattttacaatcgtacctaaaaatgcggtatttgcaatcaacgctcaa
ggattatcactagtttacataatttttggtattcttaccgttatctatttattgttcatt
tggagcttcaacagattgtacaatgaaactaaagcctaa

>fig|6666666.426754.peg.1748 Predicted metal-dependent membrane protease
[Lactobacillus acidophilus PNW3]
MIEKRNFKKSTAIWICLLLVYTLAGLVLRPINNLTLRLATIRCFIALVITGFCFYFMHGSK
LYSNELNLRHIKIYNTIFITIIVAIFYLFFRLPIWIELFTTOQRSGLINSLLIAVCAGFCEE
ALFRGMLENICANYLKKHRYIWLETALVTSILFGLMHSVNLLSSEPLPSVGTQVEFYAFAS
GLMFAYLRIMSNHLWPATLAHAAFDFTIVPKNAVFAINAQGLSLVYITIFGILTVIYLLFEFT
WSEFNRLYNETKA
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Appendix K

The sequences of nucleotide and amino acids of identified genes putatively

involved in stress resistance

>fig|6666666.426754.peg.1113 Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 [Lactobacillus acidophilus PNW3]
atggatccaaattccaaacgtagagaagattatcgcaaacattcatcattaaatcttcat
cgcaatcatgctttggcagcagattcttcatcttttaaagccggtaacatgtttgetegt
tttattggggtgatcgcgttattaaccgtttgtttcggtgtggcatgggctgctcatatyg
tatttcacaattcatagtgcagttgatggtaaaaataatggtaatgttgcgacatccgcect
aaaatttcgactagacaaccagtttcagtattgattttgggagtcgatcaaggaattgaa
ggccgtcatgaccgaggtaactctgatactttaattttagcaacagctaatccgcaaaaa
aataaggcaacgatgacatctattccacgtgatacattggctgatattaaaggtgatcca
ggtgacaaatacttcatgtttagggttaactcagcttatgaaatcggtggtagtgaagca
agtatgaaaactgtctcaaatatgttaaacgtaccgataaactattatttagaagttaac
atgaaggcgctgcgcagtttagttaacgcagtgggcggecgttgatgtaaatgtgecttte
gatttctcatatgattggtgtgacttccacaagggtaagcaacacttgaatggtcggcac
gcagttgcttatgtccgaatgagaaaagaagatccgcgaggtgactatggtagacaactc
cgtcagcgtcaagtaattgaagcaattgctcataaggctatgtcagttaatacaattagt
aactatcgtaaattaattgatatttttaacaaatatgtcaagactaacttaacttttaac
gatatgctcagtttagctcttaactaccgtggttgtatgggtaatttagatagtggctat
attcaaggtcatgatgcttggattgacggttcgtcaattcaagtagccccaactgcagaa
ttacaaaaaatttcaaataagctcagaaagaatctgaatttaccggctgaaacacttgat
aatgaagaaactcgtcaaaatgatttgaatgatcaaaataaccatgtaaaatgggatgat
cctcaggcatttactacttatcgtatttatgagcaaaatgcagataagccagcgggcggt
tcaaattcaggctatggtgaaaataaagataccaattcaggtagttcaaccacttcctcet
agtatgtcgagttcatcggactcattaggtagctcatcttcgtctagtagtaagacttgg
aaatttcattggtaa

>fig|6666666.426754.peg.1113 Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 [Lactobacillus acidophilus PNW3]
MDPNSKRREDYRKHSSLNLHRNHALAADSSSFKAGNMFARFIGVIALLTVCFGVAWAAHM
YFTIHSAVDGKNNGNVATSAKISTROQPVSVLILGVDQGIEGRHDRGNSDTLILATANPQK
NKATMTSIPRDTLADIKGDPGDKYFMFRVNSAYEIGGSEASMKTVSNMLNVPINYYLEVN
MKALRSLVNAVGGVDVNVPEFDEFSYDWCDFHKGKQHLNGRHAVAYVRMRKEDPRGDYGRQL
RORQVIEATAHKAMSVNTISNYRKLIDIFNKYVKTNLTEFNDMLSLALNYRGCMGNLDSGY
IQGHDAWIDGSSIQVAPTAELQKISNKLRKNLNLPAETLDNEETRONDLNDOQNNHVKWDD
POAFTTYRIYEQNADKPAGGSNSGYGENKDTNSGSSTTSSSMSSSSDSLGSSSSSSSKTW

KFHW

>fig|6666666.426754.peg.1137 Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 [Lactobacillus acidophilus PNW3]
atggcagaaaataatcaaccaaataatgatgtacgtcgccatcaccaccatagacatcac
cgtcatcaccatcgtaagttttggcattggttctggattgtgatcggecgttattgtagtc
attgtactttttgtttgtggtatggtttataagaatttacgcgataccacgcaaaatatg
tatactcccgttgctaagacaactaagagcaacaagggacgtaatcttgataatttgcta
gcgcagaaaaaaccaatcaatattcttttgctcggtactgatactggagcaatgggacgt
agctggaaaggacgtactgataccatcatgatgatggcaattaatcctaagactaatagt
acgtcaattgtatctattccacgtgattcaaatgcaatcttcccagatttcccacaatat
ggagtaacgaagattaactctgcttatacactaggcggagttggtgaaacagttaagaca
ttggataaatactatagtgtgccaattgacggttacattatgatcaacatgggtggtctt
aagaaggctattgatcaagttggtggtattgatgtaacttcaccattgactttcgacaat
atgggataccacttccaagaaggtaagacctaccatatggatggtaagaaggcattagcecc
tttgctcaacttagacatggggatccacgtcaagattatggtcgtcaagaccgtgatcgce
cgtgttgtcatggcacttcttaagaagtctatctcacctactacattacttaatactaaa
ttcttgaattcaatctcaagtgaaatgcaaactgacttgactatgaatcaaatgtacaag
atcgggatggattatagacatgcaacagataacttgtcacaagatcatgctcaaggtgta
agtaagcaaactcagaatcctaagtttggtactatggaaatcgaagtagtaagtagacaa
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gaaaggcaaagagtgtctgataaattaagagcagcattaggtcttcctaaggtacgagtt
gctgctaatagtgccagctatgtcatgaatcaatag

>fig|6666666.426754.peg.1137 Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 [Lactobacillus acidophilus PNW3]
MAENNQPNNDVRRHHHHRHHRHHHRKEWHWEWIVIGVIVVIVLEVCGMVYKNLRDTTQONM
YTPVAKTTKSNKGRNLDNLLAQKKPINILLLGTDTGAMGRSWKGRTDTIMMMAINPKTNS
TSIVSIPRDSNATIFPDFPQYGVTKINSAYTLGGVGETVKTLDKYYSVPIDGYIMINMGGL
KKAIDQVGGIDVTSPLTEDNMGYHFOEGKTYHMDGKKALAFAQLRHGDPROQDYGRQDRDR
RVVMALLKKSISPTTLLNTKFLNSISSEMQTDLTMNOMYKIGMDYRHATDNLSQDHAQGV
SKQTONPKFGTMEIEVVSROERQRVSDKLRAALGLPKVRVAANSASYVMNQ

>fig|6666666.426754.peg.1440 Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 [Lactobacillus acidophilus PNW3]
atgaaggataacagagaaagagaaaatcacccgagcggtactcgagtgcaaagtcataaa
tataaaaatcgacatatttgggcgtgggctacagggataattttattagttgcagtcatt
gcggcagtaacatactttgcatctgtttattttaaggcgaagaatgcagttgataaaacc
tatgatccagctacagcagtgaaaactacaggtgaatttaatggcaaaaagcgttttgceg
gttctattaatgggaacagacacaggggctttaaatagaactgagaaacgcggtagaact
gataccatgattttagctgtagttaaccctgctaaaaagcgttatacgttggtatctatt
ccgcgtgatacaatggcgcagatggttggctccagtagttttactactgaaaagatcaat
gctgcttatgaaattggcggagctcgaatgtcaatggacagecgtttectgetttgattaat
gtgccgattaagtattatgccgttgtcaacatgggtggaattatgaagatgattcgctat
gttggcgggatcaatattcgaccaacgcttagctttgagtatggcggctatgtctttaaa
aagggtaagttaacccatatgggtggtgccggtgcactggcttactcaagaatgcgttat
gatgatccgcgcggtgactatggtagacaagagcggcaaagacaagttattacaacgcta
attaaaaaagctgtttcagtaagttctttaactaatttagattcaattctgacttcagta
tcaagtaacgttagaactaatttgccatttagtgctttgcaacaaattgcgcttaattac
cgtggttgtgctaatagttcatcaagcgattatcttcatggctataatgcgatgatcgat
gatgccgcttatcaagttcaaccaacagaagaattgcagcggatttctgatttagtacgt
actgagttaggcttagagaaagaaaccattaataacaatgaaacttatcaaaataagcga
aatgaagaaaatggttttagttttaagagtactaagaatcaaacctaccatatttatgat
tacaccgaagaaggtgataattaa

>fig|6666666.426754.peg.1440 Cell envelope-associated transcriptional attenuator
LytR-CpsA-Psr, subfamily F2 [Lactobacillus acidophilus PNW3]
MKDNRERENHPSGTRVQSHKYKNRHIWAWATGIILLVAVIAAVTYFASVYFKAKNAVDKT
YDPATAVKTTGEFNGKKRFAVLLMGTDTGALNRTEKRGRTDTMILAVVNPAKKRYTLVST
PRDTMAQMVGSSSEFTTEKINAAYEIGGARMSMDSVSALINVPIKYYAVVNMGGIMKMIRY
VGGINIRPTLSFEYGGYVEFKKGKLTHMGGAGALAYSRMRYDDPRGDYGRQERQRQVITTL
IKKAVSVSSLTNLDSILTSVSSNVRTNLPFSALQQTALNYRGCANSSSSDYLHGYNAMID
DAAYQVQOPTEELQRISDLVRTELGLEKETINNNETYQONKRNEENGFSFKSTKNQTYHIYD

YTEEGDN

>fig|6666666.426754.peg.358 ATP-dependent Clp protease, ATP-binding subunit ClpE
[Lactobacillus acidophilus PNW3]
ttgctttgccaaaattgtcatcaacggcctgccgctattcacctttttacaaaggtaaat
ggtcaaagccgtgaaattgatttatgtcaacaatgttatcaagaattaagaaatcaacaa
ggaaatctagaaaatatgaacaacaataacgaattttttggcgactttgatgatttattt
aacgcattaaacggaaataacaacaacgccgcaaataacaataataatatgaaaaataac
gacccaagaatgcaaatgggtggtggaaatggtggtcaaggtggtagaagcttacttgat
caatatggtactgatttaactgctcttgctaaaaaaggtaaaatcgatccagttatcggt
cgtgataaagaaatcgctcgcgtaattgaaattttaaacagaaggactaagaataatcca
gttttaattggtgaagccggtgttggtaagacagctgtagttgaaggccttgctcaagaa
attgtagatggttctgttccagctaaacttcagaataaacgtattatttcattaaatgtt
gtatcacttgttcaaggtactggcattcgtggtcaatttgaacaaagaatggaacaattg
attagagaattacaacaaaatgatgatatcatcctctttattgatgaaattcatgaaatt
gtaggcgccggaaatgccgaaggcggtatggacgcaggtaatattatcaaacctgecttta
gctcgtggtgaactccaattagttggtgctactactattaaagaatatcgtgatattgaa
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aaagattcagctttagcacgtagattccaaccagttgaagtaaaagagccttcaattgat
gaaacgattcgcattttgaagggaatccaacaacgttatgaagactatcatcatgttcaa
tactccgatgattccattgagtctgctgttaaattatcagctagatacattcaagataga
ttcttacctgacaaggctattgatcttttagatgaagccggttcaagaatgaatttaact
attccttatattgataaaggaaaaatgcaagaacgtattaacgctgcagaacaattaaaa
gaggaatctttaaagaacgaagactacgaaaaagcagcttattatcgtgatcaaatcgaa
aaatatgaaaagatgaaggatcaaaaagttgatcctgataaatcaccaattattaccgat
aagattatgaacaagattgtcgaagaaaagacaggaattcctgttggtgatattcaaaag
caagaagaaaatcaattgcaaaacttggctagtgatttaaagtctaatgttattggtcaa
gacaaggcagtcgaaaaagttgctcgagctattcgacgtaacagaatcggtttcaataag
tcaggacgtccaattggttccttcectatttgttgggccaaccggtgttggtaagaccgaa
ttagctaaacaactagccaagcaaatgtttggttcagaagatgccatgattcgtttcgat
atgtcagaatacatggaacaatattctgtctccaaattaatcggctctgctccaggttac
gtaggttatgaagaagctggtcaattaactgaacaagttcgccataatccatatagettyg
attctacttgatgaaattgaaaaagctcatccagatgttttgaatcttttcttacaaatc
ttagacgacggccgcttaactgactctcaaggtagaaccgtttcatttaaggatactatt
attattatgacttctaacgcaggccaaggtatcaagaatgccagcgttggttttactget
gaaaatgatgacgaatctagcgaatcagcaagaaataatatgagtcaattctttaaacca
gaatttttaaatcgtctagatgatgtaattgaattcaatgaattgactaagccagactta
ttggaaattgtagatcttatgcttcaaaacactaacaatatggttaaggatcaaggctta
catattgacgtaacctcagctgctaaaaataagcttgttgaagaaggctttaatcctget
ttaggtgcccgtcecctecttegtecgtacaattcaagaagaaattgaagataaagttgcagat
tacaagcttgaccatactgaaagtaaaaacttaaaggctgacgtaattaatgatcaaatc
gtaatcagtgacgaaacagctcaataa

>fig|6666666.426754.peg.358 ATP-dependent Clp protease, ATP-binding subunit ClpE
[Lactobacillus acidophilus PNW3]
MLCONCHQRPAATHLFTKVNGQSREIDLCQQOCYQELRNQOGNLENMNNNNEFEFGDFDDLF
NALNGNNNNAANNNNNMKNNDPRMOMGGGNGGQGGRSLLDQYGTDLTALAKKGKIDPVIG
RDKEIARVIEILNRRTKNNPVLIGEAGVGKTAVVEGLAQEIVDGSVPAKLONKRIISLNV
VSLVQOGTGIRGQFEQRMEQLIRELQONDDIILFIDEIHEIVGAGNAEGGMDAGNIIKPAL
ARGELQLVGATTIKEYRDIEKDSALARREFQPVEVKEPSIDETIRILKGIQQRYEDYHHVQ
YSDDSIESAVKLSARYIQDRFLPDKAIDLLDEAGSRMNLTIPYIDKGKMQERINAAEQLK
EESLKNEDYEKAAYYRDQIEKYEKMKDQKVDPDKSPIITDKIMNKIVEEKTGIPVGDIQK
QEENQLONLASDLKSNVIGODKAVEKVARAIRRNRIGENKSGRPIGSFLEVGPTGVGKTE
LAKQLAKQMFGSEDAMIRFDMSEYMEQYSVSKLIGSAPGYVGYEEAGQLTEQVRHNPYSL
ILLDETIEKAHPDVLNLFLQILDDGRLTDSQGRTVSFKDTIITIMTSNAGQGIKNASVGETA
ENDDESSESARNNMSQFFKPEFLNRLDDVIEFNELTKPDLLEIVDLMLONTNNMVKDQGL
HIDVTSAAKNKLVEEGFNPALGARPLRRTIQEEIEDKVADYKLDHTESKNLKADVINDQT
VISDETAQ

>fig|6666666.426754.peg.1346 ATP-dependent Clp protease, ATP-binding subunit
ClpC [Lactobacillus acidophilus PNW3]
atggaaaactcatacagtaaaagtgtaaatcaagtgttggaaattgcgcgtgaacaagca
cagaatttccatcatcgtttaatcggaacagaacatattttattagccttagtaattgaa
actgatggcgaagctggaaaaattttacgttcatgggggctgacgcctaccgctatacgt
gaagaaattgaaagatatacaggatatggctcagctcccaaggctagctatatggaaatg
tcacctcgattgagcttggctttagattatgctaaaagacaagcagaacaaggtggatat
aaagaaattaaaaccaatcatgtgttattaggtataactgctagtgagcaagttttatct
gcaatgattttgaaaaacttaagcgtagatatcagtcgattacgtcaagatgctatcgac
agcttggaacaggatcaagattttaatgattctgctaattggttaggtaatagtgattct
aaccaaaagaaacgtaagaatagcactacgccaaccttggataaagtagcaattaacttg
aatcaacgtacacgtgaaggaaatattgatcctgttattggacgtgataaggaaattgaa
cgtgtaattcaaattttgtcacgtagaactaagaataatccggttttagtaggtgagcca
ggtgtaggtaagacggctgttgctgaagcaattgctactgaaattgttaaaaagagagtyg
ccagaagatctgttagataagcgagttatggcattaaatatgggtaacttggttgctggt
actaaatatcgtggtgaattcgaagatcgaatgaagaagatcttggatgaaattgctaaa
gatggcaaagttatcttatttgttgatgaaatgcatactttaattggtgccggtggtgcet
gaaggcgcaattgatgcttctaatattttaaagccatcacttgctcgtggtgatgttcaa
atgattggtgctactacatttgatgaataccaaaaatacattgaaaaagatcaagctttg
gcaagacgtttccaacaagtgcgcttaaatgaaccttcaaagaaagatacattagcaatt
ttggaaggtttaaaacccaagtatgaaaaattccatcatgttactattactgaagaaagt
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ctagaagacgcagttgatttatctagtcgatatatttctgatcgctttttaccagataaa
gccattgacttggtagacgaagctagtgctgctgtaaaaatcaaaaataatgttaattct
gatgacgaattagtacagattaataacaagattaaaaatttaattgatcaaaaaaatgaa
gcagcagcaagtcaaaacttcgtaaaagctgctcaattacaagatgagcaaaataatttyg
caagctcgtcgtgaaaaattagtaaatactttacatgaaaaaattagtgctaatgcgact
gttgagcccgaagatattgccaaagtagtatctgattggactggecgttecctgttacccaa
atgaaacgtaatgaaactcgtcaattagctaatttagaaggtattttacataagcgagtt
attggtcaagataaggctgtttctgcagttgctcgtgcaatccgtagaagtagaagcgga
attaaggatgaacgtcgtccaattggctcattcttgttcttaggecccaactggtgtgggt
aaaacagaattggctaaatctgttgctgcagcaatgtttggctcagaggataacctgata
cggcttgatatgtctgaatacatggatcaaatcgcttcaagtaaattgatcggttcagcea
ccaggctatgtaggttatgaagaaggcggtcaactttcagaacaagttcgtcgccatcca
tattcagttgtgttgctcgatgaagtagaaaaagctcatcctgatgtatttaatctctta
cttcaggtcttggatgaaggatttatgactgattctaagggaaggaaagttgattttaga
aatacaatcattattatgacttctaaccttggttcacgttcattatttgatggcaatgcg
gttggattcaatgcggataaaattgatcaagcaaaagtaagacaagcgaaagttcaacaa
gctattaaacagttcttccgceccctgaatttttaaacagaattgatgaaactattgtettt
gatgaattaactaagaaacaacttcgtaacattgtaagtttacttactaataaattggta
gttcgtttacaaagaaaaggtattactttgaaactttcacgtgctgctttagataagatc
gtacaagatggttatgatccagaaaatggtgctcgtccacttaagagagctattcaaaat
gatgtggaagataaagttgccgaaatgttaattaatggggaagttaagagtggtgatact
cttaaaattggtagtcaacatggtaatttgaaattcgaagttgttgcacctaaaaaagaa
gtagaaaaagtcaagtag

>fig|6666666.426754.peg.1346 ATP-dependent Clp protease, ATP-binding subunit
ClpC [Lactobacillus acidophilus PNW3]
MENSYSKSVNQVLETITAREQAQONFHHRLIGTEHILLALVIETDGEAGKILRSWGLTPTAIR
EEIERYTGYGSAPKASYMEMSPRLSLALDYAKRQAEQGGYKEIKTNHVLLGITASEQVLS
AMILKNLSVDISRLROQDAIDSLEQDODENDSANWLGNSDSNQKKRKNSTTPTLDKVAINL
NORTREGNIDPVIGRDKEIERVIQILSRRTKNNPVLVGEPGVGKTAVAEATIATE IVKKRV
PEDLLDKRVMALNMGNLVAGTKYRGEFEDRMKKILDE IAKDGKVILFVDEMHTLIGAGGA
EGAIDASNILKPSLARGDVOMIGATTFDEYQKYIEKDQALARRFQOVRLNEPSKKDTLAT
LEGLKPKYEKFHHVTITEESLEDAVDLSSRYISDRFLPDKAIDLVDEASAAVKIKNNVNS
DDELVQINNKIKNLIDOKNEAAASONEFVKAAQLODEQNNLOQARREKLVNTLHEKISANAT
VEPEDIAKVVSDWTGVPVTOMKRNETRQLANLEGILHKRVIGQODKAVSAVARAIRRSRSG
IKDERRPIGSFLFLGPTGVGKTELAKSVAAAMFGSEDNLIRLDMSEYMDQIASSKLIGSA
PGYVGYEEGGQLSEQVRRHPYSVVLLDEVEKAHPDVENLLLQVLDEGFMTDSKGRKVDER
NTITIMTSNLGSRSLEFDGNAVGENADKIDQAKVRQAKVOQOATKQFFRPEFLNRIDETIVFEF
DELTKKQLRNIVSLLTNKLVVRLORKGITLKLSRAALDKIVQDGYDPENGARPLKRAIQN
DVEDKVAEMLINGEVKSGDTLKIGSQHGNLKFEVVAPKKEVEKVK

>fig|6666666.426754.peg.1566 Peptide-methionine (R)-S-oxide reductase MsrB (EC
1.8.4.12) [Lactobacillus acidophilus PNW3]
atggttttagatgaaagtaagaaaaaacaggcactgaagaagttaacccaagaagaatac
gatgtaacccagaacgctgccacggaatatccatttactggcaagtacgataatttttat
gaaaaaggcatctacgttgatgtggtgtctggtgagccgttgttttctagccaagataag
tatgatgcgggatgcggctggcctagttttaccaagccaattgaaaagctgcagtatcac
cgcgaccaatcgcatggcatggagcgtaccgaagtggtaagtccagaagcgcagtcecgceat
ttagggcacgtttttaccgatggacctgttgatcgtggcggecttgecgttactgcattaat
tctgctgcattgaagtttattccatatgatcagctgaatgaagctggttatggtgagtat
aagaagttgtttaagtag

>fig|6666666.426754.peg.1566 Peptide-methionine (R)-S-oxide reductase MsrB (EC
1.8.4.12) [Lactobacillus acidophilus PNW3]
MVLDESKKKQALKKLTQEEYDVTONAATEYPFTGKYDNFYEKGIYVDVVSGEPLFSSQDK
YDAGCGWPSFTKPIEKLQYHRDOSHGMERTEVVSPEAQSHLGHVEFTDGPVDRGGLRYCIN
SAALKFIPYDQLNEAGYGEYKKLFEK

197



>fig|6666666.426754.peg.784 S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
atggcaaaagttgaaagttttacattagaccacactaaagttaaggcaccttacgttcgt
ttaattactgttgaagaaggtcctaaaggcgacaagatttctaactatgacttacgttta
gttcaaccgaacgaaaatgcaattcctaccggcggattgcatactattgaacacttactt
gccagcttacttcgtgaccgtcttgatggtgtaatcgattgttcaccatttggttgecga
acaggattccacctaatcgtttggggtgaacattcaactactgaagttgctaaagcattg
aagtcttcattagaggaaattcgtgacacaattacttgggaagatgtaccaggtacaact
attaagacttgtggtaactaccgtgatcactcattgttcaccgcaaaagaatggtgtcgt
gatattcttgaaaaaggaattagtgatgacccattcgaaagaaatgtgatttaa

>fig|6666666.426754.peg.784 S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
MAKVESFTLDHTKVKAPYVRLITVEEGPKGDKISNYDLRLVOQPNENAIPTGGLHTIEHLL
ASLLRDRLDGVIDCSPFGCRTGFHLIVWGEHSTTEVAKALKSSLEEIRDTITWEDVPGTT
IKTCGNYRDHSLFTAKEWCRDILEKGISDDPFERNVI

>fig|6666666.426754.peg.792 S-ribosylhomocysteine lyase (EC 4.4.1.21) @
Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
atgtggggtgaacattcaatgaccgaagtagctagggcattaaaatcatctcttgaagaa
attcgcgatatgattacttgggaagatgtgcctggaactacaattaagacttgtggtaac
tataaagatcattccttgttctctgcgaaagaatag

>fig|6666666.426754.peg.792 S-ribosylhomocysteine lyase (EC 4.4.1.21) @

Autoinducer-2 production protein LuxS [Lactobacillus acidophilus PNW3]
MWGEHSMTEVARALKSSLEEIRDMITWEDVPGTTIKTCGNYKDHSLFSAKE
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Appendix L

The sequences of nucleotide and amino acids of identified genes putatively
involved in active metabolism in the host

>fig|6666666.426754.peg.292 1,2-diacylglycerol 3-glucosyltransferase (EC
2.4.1.337) [Lactobacillus acidophilus PNW3]
atgaatattggtctttataccgatacatattttccccaaataagtggcgtagctacttcet
attaggacgctaaaagatgcgcttgaaagacaggggcataatgtatttatttttacaact
acagatccaaatgtagaaaagggcactgttgagccaaatgtttttcgttttagcagtata
ccttttgtttcattcacagatcgtagaattgcatttagaggcttatttgaagcaactaag
gtagctaaggaagtaaatttggatattgtacatacacaaactgaatttgctttaggtaca
attggcaaatatgtagcccaccaattagatattcctgcaattcatacttatcacacaatg
tatgaagattatttgcattatattttaaatggtcacttattgcgaccatatcatgttaaa
caattcgtaaaaagctatttaaaaaatatggatggctgtattgccccaagtggacgtgta
gaagatttgttaaagcgatatggcgtgcaaattccaattagggtaattcctactggagta
gatttgcagggaatgaatggcgatgctgaacgtgatgtacgtcaggaattaggaatcgac
aaagatgctcctgtaattttaactttaagtagaattgcagcagaaaagaaaataaatcat
attcttaatgtgatgccagcaattgtagaagaatttccaaatattaaatttgtaattgcce
ggtgatggacctgatgttaaagtgctgaaagaacaagttgaacgtttaactttagaagat
tatgttttatttgtcggtaacgttgatcatggagatgtaggcaattattatcgaatggece
gatctttttgtttctgccagtgacactgaaacccaaggtcttacttatatagaagctttyg
gctgcaggtacaccatgtgtagtttacgacactgattacactgaaaatatttttgataat
gatgtctttggacgtacttttgttacacagaaggaaatgttgcaagaaattattgaatta
ttgaaaaaaggacacaatagaattccacaagatcttttacaaaataaattgcagaagatt
tcatcggagcaatttgctacaaatgtccatgatttttataaatacgcgattgatcattat
caacctaaacatgaagaaatataa

>fig|6666666.426754.peg.292 1,2-diacylglycerol 3-glucosyltransferase (EC
2.4.1.337) [Lactobacillus acidophilus PNW3]
MNIGLYTDTYFPQISGVATSIRTLKDALERQGHNVFIFTTTDPNVEKGTVEPNVFRFSST
PFVSFTDRRIAFRGLFEATKVAKEVNLDIVHTQTEFALGTIGKYVAHQLDIPATHTYHTM
YEDYLHYILNGHLLRPYHVKQFVKSYLKNMDGCIAPSGRVEDLLKRYGVQIPIRVIPTGV
DLQGMNGDAERDVRQELGIDKDAPVILTLSRIAAEKKINHILNVMPAIVEEFPNIKEVIA
GDGPDVKVLKEQVERLTLEDYVLFVGNVDHGDVGNYYRMADLEFVSASDTETQGLTYIEAL
AAGTPCVVYDTDYTENIFDNDVFGRTEFVTQKEMLOETITELLKKGHNRIPQDLLONKLQKT
SSEQFATNVHDFYKYAIDHYQPKHEET

>fig|6666666.426754.peg.1713 Poly(glycerol-phosphate) alpha-glucosyltransferase
(EC 2.4.1.52) [Lactobacillus acidophilus PNW3]
atgaaggttttgcatgtaaatgctggtcttgaaaatggtggcgggttatcgcatattgta
aatttgcttactgaggctaaaagagaaaataaagattttgatttattaactttggctgat
ggtccagtggctgctgcagcaagagaacatggaattaatacttatgtacttggagcaaag
agtcgctacaatttggcaagtttaaaaaagttgatcaaatttattaatgatggacattat
gacatagtgcatacacatggtgcccgagctaatctttttetttetttaattcataagaga
atctcagctgtatggtgcgttactgtgcactctaacccatatcttgattttgaaggacge
ggctttttaggcaaagttttcactaagtttaatttacgtgcattaaaaaaagcggactgt
atatttgcagtcactaagcgttttgccaatctgttagttaatcaaacacaactagataaa
aataaagtacatgtgatttataatgggatctttttccacaatgatagtgaaatccctget
aaatatgagcatacttactttaatgtaattaacgtagctcgtacagaaaaagtgaaaggg
caagaattgttacttaaagcagttaaaaagctcaacgatcaacatatccgtttacatatt
gcaggagacggcagtcaacttgaaccacttaaagctcttactcgccagctaaatatggca
ccccaagtaacttttcatggcectttatgactcatcatcagttaagtggactttataaaaga
attgatctggctgttttaacatcatattcagaaagttttccecttgttttattagaageca
accgataatttaattcctatcttatctactgatgttggtgacatccataagatgattcca
ggacctaaatatggttttattgctaaaactggtgatattgattcaattgccaagcagcett
gaattagctgtcaataagactacaaagcagctacgtgaaatggcctatacagaaaaacgc
tatgctgaagaacacttttctgtgaagaatcaactagcagatattgaaaaagtttatagt
actttaatctaa
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>fig|6666666.426754.peg.1713 Poly(glycerol-phosphate) alpha-glucosyltransferase
(EC 2.4.1.52) [Lactobacillus acidophilus PNW3]
MKVLHVNAGLENGGGLSHIVNLLTEAKRENKDFDLLTLADGPVAAAAREHGINTYVLGAK
SRYNLASLKKLIKFINDGHYDIVHTHGARANLEFLSLIHKRISAVWCVTVHSNPYLDFEGR
GFLGKVEFTKENLRALKKADCIFAVTKRFANLLVNQTQLDKNKVHVIYNGIFFHNDSEIPA
KYEHTYFNVINVARTEKVKGQELLLKAVKKLNDQHIRLHIAGDGSQLEPLKALTRQLNMA
POVTFHGFMTHHQLSGLYKRIDLAVLTSYSESFPLVLLEATDNLIPILSTDVGDIHKMIP
GPKYGFIAKTGDIDSIAKQLELAVNKTTKQLREMAYTEKRYAEEHFSVKNQLADIEKVYS

TLT

>fig|6666666.426754.peg.311 cellobiose phosphotransferase system celC
[Lactobacillus acidophilus PNW3]
atgaaaagattacttattagagcagatgatctaggatatgctagaagtgtgaattatggg
atatatgattcagttcatcaaggaattatcaataatgtaggtgttatggtgaatatgcct
gaaacacaaatgggtttagatttattgaaaaatgaaaatattgatttcggcttacatact
aatatttcaaatggagctcctattttgtcttctaatgaggtaccttcgttagtaggtgac
aatggtaattttagaagttcaaaggaatatcgtaaaaattatgttgacggtaaaaaagat
attatcgctttaaatgatgtagttgctgaaattgaagcacaatataaaaaatttattgaa
ttagttggtagaaagccagactattttgaaggacacgcagtaatgagtgataatttcgaa
aaaggactaaggattgtggtgtactga

>fig|6666666.426754.peg.311 cellobiose phosphotransferase system celC
[Lactobacillus acidophilus PNW3]
MKRLLIRADDLGYARSVNYGIYDSVHQGIINNVGVMVNMPETQOMGLDLLKNENIDFGLHT
NISNGAPILSSNEVPSLVGDNGNFRSSKEYRKNYVDGKKDITIALNDVVAEIEAQYKKFEIE
LVGRKPDYFEGHAVMSDNFEKGLRIVVY

>fig|6666666.426754.peg.339 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
atgaatcgattagttagatggttagaagattatgttttacctatagctagtcggttggga
cggattagatggttggtagcattaagggatgcttttgtatctttgatgccaatcacgatc
gcggggtcattggccgttttaattaagagcttaatagaagcagctcaaactcatttgage
tggactacttttgcttttgcaatgcagccattggtttcaattagtaatttagtatggcga
ggtacattttcgctatttgecttttttectttgcattagegettggctatcaattagectaaa
tcttttgaaggaaatcggctagcagcggcacttgtttecgetgtecttcatttgcattaagt
attgctagtgtagctaaaattaaatttcatggtgatagcgtcacaataaaaaatgcattt
gatattagccaattttcaactactggtctatttacagctattttatttggatcgattggt
tttgcaatatatttggcttgttataaggctagaataatgcttcatttatccgctaatatyg
ccacatgcagagcaagccgcttttgattcactaattccagcaatgattgcaatttttggt
gtaggtggtgttaattatctgttccaaactttaacaggtgagtattttggcacttggtta
ctaaatagtattcaacttcctttggttaaatgggggcaaggctttggtactgtgecttttyg
gttacgttgcttgttcaggtattttggttctttggaattaatggacttggagttttatca
ccaattcttgattcaatttggctaactgcacaaaacggtaatattactgcgattaagaat
ggtcatgttcccecttatgtttgggtacgtggctcatttgacgtatttgecatggtttgga
ggcgccggtggtacattaatgttgattgttgcaatattgattttttcaaaaagaagtgac
taccgtacaattgccaaaattgccttagcgccaggaatttttaatattggagaaccaatt
ttgttgggcttacctgtagtgttaaatccagtttatttgattccatttttgttaacgect
gtagttaacgtggcattttcatattgggtaagcatcatgggattggttaatccggttcaa
gtagccgtgccaagtgtaatgccgccaattattggaccgtttttagcatgtaattatgat
tggcgagcaattgttttaagtattataaatatgttaatagcacttgctatttggactcct
tttgtaattgcggctgataaaattgccaataataatcctaagaaattttttatgactcaa
ttctaa

>fig|6666666.426754.peg.339 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
MNRLVRWLEDYVLPIASRLGRIRWLVALRDAFVSLMPITIAGSLAVLIKSLIEAAQTHLS
WITFAFAMOQPLVSISNLVWRGTFSLFAFFFALALGYQLAKSFEGNRLAAALVSLSSFALS
IASVAKIKFHGDSVTIKNAFDISQFSTTGLFTATILFGSIGFAIYLACYKARIMLHLSANM
PHAEQAAFDSLIPAMIAIFGVGGVNYLFQTLTGEYFGTWLLNSIQLPLVKWGQGEFGTVLL
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VILLVQVEWEFFGINGLGVLSPILDSIWLTAQNGNITAIKNGHVPPYVWVRGSEFDVFAWEG
GAGGTLMLIVAILIFSKRSDYRTIAKIALAPGIFNIGEPILLGLPVVLNPVYLIPFLLTP
VVNVAFSYWVSIMGLVNPVQVAVPSVMPPIIGPFLACNYDWRAIVLSIINMLIALAIWTP
FVIAADKIANNNPKKEEFMTQF

>fig|6666666.426754.peg.588 PTS system, cellobiose-specific IIB component (EC
2.7.1.205) [Lactobacillus acidophilus PNW3]
atggctgaacaaactattatgttaaattgtagtgctggtatgagtacttcacttttagta
actaagatgcaagctgctgctcaagaagaaggtattgacgctgaaatttttgecttgtcect
gcttcagaagctgatgacaaaatggcacaaaaacaaattgactgtgttcttcttggacct
caagtaagttacatgagaggtgaatttgaaaataaggttaagggcaagggcaaagacggc
aaggatattccattagatgtcattaacatgcaagactacggcatgatgaatggaaagaat
gttttggctcaagctgaaaagttaattaagggctaa

>fig|6666666.426754.peg.588 PTS system, cellobiose-specific IIB component (EC
2.7.1.205) [Lactobacillus acidophilus PNW3]
MAEQTIMLNCSAGMSTSLLVTKMOAAAQEEGIDAEIFACPASEADDKMAQKQIDCVLLGP
QVSYMRGEFENKVKGKGKDGKDIPLDVINMQDYGMMNGKNVLAQAEKLIKG

>fig|6666666.426754.peg.591 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
atgcctgcatcagttccatctggtgtttctaattcatttagtgeccttaattecctggttte
tgtattgcgttagtagttgctataattgaattgattttggtaactttaggaactgatatt
tttaaggtcctttacattccattttcattcattagtaatattgctgatacttggtgggga
ttcctaatcattatcttcttgatccacttgttatggtggtttggtatccatggtgcaaca
atcatgagttcattttatactcctattgttttggctaacatggctgctaacgtaaaaggg
gctacacacttctttgctggtgacccaatgaatgctttcgtaattatcggtggectcaggt
gctactttaggtatggctatttggttagcctttggttcacgttcagecccaattgaaagaa
attggtaaagttgaattagttccagccatcttcaacattaatgaaccgcttttgttcggg
ttgccaattgtttataatatcaatttattaattccattcatttgtgcgccacttgcttca
ggcattgtaggctatgtcgctgtatcgactcatcttgtacctaagattattgttcagcaa
ccatggccaacaccagttggtttgagtggttatcttgctactgtaagttggcaaggggca
gtactttctgtagtttgtgcgattgttgctttcttgatttggtttcctttcattaageat
tacgataatgttcttcttaaaaaggaacaagcaggagctgctaagaactaa

>fig|6666666.426754.peg.591 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
MPASVPSGVSNSFSALIPGFCIALVVAIIELILVTLGTDIFKVLYIPFSFISNIADTWWG
FLITIFLIHLLWWEFGIHGATIMSSFYTPIVLANMAANVKGATHFFAGDPMNAFVIIGGSG
ATLGMAIWLAFGSRSAQLKEIGKVELVPAIFNINEPLLFGLPIVYNINLLIPFICAPLAS
GIVGYVAVSTHLVPKIIVQQOQPWPTPVGLSGYLATVSWQGAVLSVVCAIVAFLIWFPFIKH
YDNVLLKKEQAGAAKN

>fig|6666666.426754.peg.596 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
atggctgatcaaaaacaatcaggatttagcagttttgttaataacaaaattttgcctect
gtaatgaaatttgttaacacgaaagctattactgcattacaaaatggtatgatttatact
ttaccatttattatcattggttctattttcttaattttaggaaatattccaattcctgca
gtatcaaatgcgattaatgcttctggttggggagcaatctttaaccaagcttacacaaca
acattctcagtaatgtcactttgggcatcaattggtatcgcctatatttacgttaagaat
gagaatttggaaccattagcaccaggtcttacatcctgtgctgcattcttaatgcttcaa
actttatcaattgctagtcctgttaaaactgctttaagcagtggtattcctaatggtatg
aatgctaaagcatttactgctgctattagcgaattaccaaaagctgttcaaacttatatt
gaacaacctgttaccggtgtatttaacatcacttggcttggtggtgacggtatgatcgcecce
gcaatcatcatcggtcttcttgttggttggatttacagtgctattgttaaaaaaggttgg
actattaagcttcctaagcaagttccacctgcagtttcaaaccaatttactgctatgatt
cctgcaggtattatcttaatcggttcaatgcttatctacgcatgcttcaacttatttgeca
catactgacttcttgcaatggacttataacactattcaaactccattacaaggtatctca
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gactcatttggtggtgctcttgctattggtttccttgttccattecttectggttetttggt
gttcacggtggtttgattgttggttcacttgctggtcctatgecttcaagctaactcatte
gataacgctcaattatacaaagctggtaagttaactattgctcaaggtgcacacgttgtt
accaacgaattctacaacaactttattaatttaactggttcaggtattactattggttta
attatcttcattcttgtcgctgccaaatcagctcaattgaagtcaattggtaaattggaa
ttagtaccaggtatctttaacattaatgaaccattcctcttcggtttaccaatcgttatg
aacccattccttgctgttccattcttcttaactccagtagttgttgcagecttcaacctac
ttagtaattagaactggtattattccaccacttaacggatttgctgctccttggacaact
ccagcaattatttccggtttcttaatcggtggttggaagatggctatctggcaagcatgt
actttggtaatttcaacacttatttactggccatttgctaagaagtacgataacgttctt
gttaaacgtgaagctgctaaaaaggctcaagaagacgctgccaagtaa

>fig|6666666.426754.peg.596 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
MADQKQSGFSSEFVNNKILPPVMKEVNTKAITALONGMIYTLPFIIIGSIFLILGNIPIPA
VSNAINASGWGAIFNQAYTTTEFSVMSLWASIGIAYIYVKNENLEPLAPGLTSCAAFLMLQ
TLSIASPVKTALSSGIPNGMNAKAFTAAISELPKAVQTYIEQPVTGVENITWLGGDGMIA
AITIGLLVGWIYSAIVKKGWTIKLPKOQVPPAVSNQFTAMIPAGIILIGSMLIYACENLEFA
HTDFLOWTYNTIQTPLOGISDSFGGALAIGEFLVPFFWEFFGVHGGLIVGSLAGPMLOANSE
DNAQLYKAGKLTIAQGAHVVTNEFYNNFINLTGSGITIGLITIFILVAAKSAQLKSIGKLE
LVPGIFNINEPFLFGLPIVMNPFLAVPFFLTPVVVAASTYLVIRTGIIPPLNGFAAPWTT
PATISGFLIGGWKMAIWQACTLVISTLIYWPFAKKYDNVLVKREAAKKAQEDAAK

>fig|6666666.426754.peg.693 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
atgaatgaggataaaatagttagttggcttgttaagtacaaacaattaacttttataaaa
atcttacaacagacaatggtctcgctctttecctgttgetttgattggaacatattgttgg
acattggttaatagttgtttaacgacaaatagtttttttggtcgtttaaccaatataacc
aaatggtttccagatcataattttgctagtgcaatagttaatgatgttagtttagctaca
acgggaatttttgcactttatgcggcatttgtcagtgcagaactaacaatgcgacattat
ggaaaagcttctagtattgtaggtatagcaagtgtttcgtcatatatattgatttttgtt
catactattcgcaatactcaacgagtggaaatgagttattatggtgcgacttggttcatt
tgcggtattattgtggggtattttgtaggattagtttttgctaaagtagggcatgatatt
ccgcgtattaaagatcgagatattattaaagaaatttttattaatattcgtcecccatgtta
attgtgttagctgtggcattattgattcatttagcttttgcaacatatcggcaatatcaa
atggatcgtatagttgctcaaagtgtatcaactgtagctaatcaacatagtagttatgge
ctatcaattttgatatctttaattactgcctttactatgtggttaggatatgctggaaca
ttaaactttagtagtaatatttttggtagtgaatctattgctaatttgtcatatgcgtta
tcccataagacaccttggaatatcccecgtatceccttttaccttacaagcactttttaatgga
tttggaaaaattggtggagttggcgctacactagctttagtcattgctttgattttactt
agtaatagaaagcaaaagcaaaaagttgcattagctagttctgtacctgttttttttaac
gttaattttgctttagtattgggtataccaacaattttgaatccaatttatttaatacca
tttgttttaacgccaattgtgaatatgtttttaggtagtattgcaatcttacttaaaatyg
tttccaccattagtttatccagtaccagatggtctaccaggtattttgggacctttaatg
ggaactggcggaaataatttagctttgatttatacaattttcattttaatagtagatgtt
tgtatctatctaccttttgttaaattagataataaagtcgctgataaatacgaggaaagt
ttaaaatga

>fig|6666666.426754.peg.693 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
MNEDKIVSWLVKYKQLTFIKILQQTMVSLFPVALIGTYCWTLVNSCLTTNSFFGRLTNIT
KWEFPDHNFASAIVNDVSLATTGIFALYAAFVSAELTMRHYGKASSIVGIASVSSYILIFV
HTIRNTQRVEMSYYGATWEFICGIIVGYFVGLVFAKVGHDIPRIKDRDIIKEIFINIRPML
IVLAVALLTHLAFATYRQYQOMDRIVAQSVSTVANQHSSYGLSILISLITAFTMWLGYAGT
LNFSSNIFGSESIANLSYALSHKTPWNIPYPFTLQALFNGFGKIGGVGATLALVIALILL
SNRKQKQKVALASSVPVFEFNVNFALVLGIPTILNPIYLIPFVLTPIVNMFLGSIAILLKM
FPPLVYPVPDGLPGILGPLMGTGGNNLALIYTIFILIVDVCIYLPFVKLDNKVADKYEES

LK

>fig|6666666.426754.peg.1173 Outer surface protein of unknown function,
cellobiose operon [Lactobacillus acidophilus PNW3]
atgttaggattttcgatttatttaaataacgatattacttcagcaactgaacaatatatt
aatcgactaaagcaaaatgggtttgatgggatttttacctcagctcatattcctgaagaa
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gatcctaagaaatatcaacaaagattattttctttaggaaatttagccaaaaataataat
ttaaaagtaatggttgatatagatcaagttagcttgaaaaaattagatatttcattaagt
agtttagattctttgaaaagaagaggtattactgggttaagaattgatgacaagttagcg
cctaagcagattgctgaattatcgcaaaaaattgaaattggaataaacggaagtactttt
acagaagaagagttaaagcaattgggtactttcaatgcagaaatgaaaaatattcaggca
tggtttaatttttatccatgtcctgatacaggtattagtcgacaattttttagaaaacag
acgcaaatgtttaaacaatatgggctgaaggtacaagcatttttcgctggggatgaaaat
ctacgaggaccattacacgaaggattaccaactttggagtatcaaagaaattatgatccc
ttagctagtattttagaattaaaagaattaggagctgatttactttatttgggagatcca
ggaataagtgataaagctcttgatcagataaagaattatcaagaaacggacagtattatt
ctttatacgaaacaagcagaaaatatttctgaagaaatgtacaattatattctagggaaa
cacaaccagcgtcctgatcctgcagaacatgttgtccgttgtgaagattcacggatgcat
gctgcaccaaggattactccagaaaatacaattttaagagaagtggggagcattacttta
aacaattgtctttatgagcgatatgcgggagaaattcaactagttaaagatgctctcact
atgaataagaaggtaaatgtagttggaaaagtgactaatggctctcttcctttaatcgat
ttgattaaaccaagtcagaaattttatctatttaaagaatag

>fig|6666666.426754.peg.1173 Outer surface protein of unknown function,

cellobiose operon [Lactobacillus acidophilus PNW3]
MLGFSIYLNNDITSATEQYINRLKONGEFDGIFTSAHIPEEDPKKYQQORLEFSLGNLAKNNN
LKVMVDIDQVSLKKLDISLSSLDSLKRRGITGLRIDDKLAPKQIAELSQKIEIGINGSTF
TEEELKQLGTFNAEMKNIQAWENEFYPCPDTGISROQFFRKOTOMEFKQYGLKVQAFFAGDEN
LRGPLHEGLPTLEYQRNYDPLASILELKELGADLLYLGDPGISDKALDQIKNYQETDSII
LYTKQAENISEEMYNYILGKHNQRPDPAEHVVRCEDSRMHAAPRITPENTILREVGSITL
NNCLYERYAGEIQLVKDALTMNKKVNVVGKVTNGSLPLIDLIKPSQKFYLFKE

>fig|6666666.426754.peg.1402 PTS system, cellobiose-specific
[Lactobacillus acidophilus PNW3]
atgaaaaactttattaacacgcgcgtcttaccgccgataatgaaatttgttaacacaaga
ccaatcgttgcattaaaagatggtatggttatatctttgccatttattatgatcggttca
gtatttttacttcttgcttcatttccagttccagcagttgctaactggatggatgcaatg
gggttaactagattctggacgcaagcttataatgcttcatttggaattgtttcagtattt
gcagtaattggtattgcatatcaatgggcaaaaagtgaaaaagtagatccacttccatca
ggattaaccgcatttgttggctttttaattattatgaatccgactagcgctgtaatgaat
ggttcaaaaactattgtttcagctaatcaagcacctaatttattaagtggctatattgat
cgcgtttggcttggtggtcaaggtatgattgccgcaattattattggtttgattactgga
tggatttattcatggtttattaagaaaaagattaccattaagttaccagatcaagttcca
ccagcagtagcaggttcatttgttgctttgattccagcggcagttatttccacattatgg
ctatgtgtatacattttctttgaaaaagttgctaacactacattgactcaatggatctat
gctactatccaaacaccacttcaaggtatttcagattcattcggtggtatcttgattatg
actattttagtaccattcttttggttctttggtgttcatggttcaacacttgttggtggt
attgttggtccaattttacaagctaatgcattggaaaatgctgctatttttaagaaattt
ggctatgtagatgcagaacacggtggtcacattgttattcaggggttatttgatcaattt
tctactgtaactggtgcaggaatgactattggacttgttgtattcatggtcttctttget
agatcacaacaacttaagagtattggtaaattaaccttggtgccaggtatctttaatatt
aatgagccggttttgttcggtgttcctattgttatgaacccaatgttggctattccatte
ttcatcatgccacctttatcagcaggttcaacttacttattaattaaagctggtattcta
ccataccttaacggtgtacaagtaccatggaccactccaccagttatttcaggattctta
attggtggatggaagatagctctttggcaggcaataattttagtaatttccttetttgtt
tattggccatttgctcgaagctatgacaagatgctctacaagcaggaacaacaagctaaa
aaataa

>fig|6666666.426754.peg.1402 PTS system, cellobiose-specific
[Lactobacillus acidophilus PNW3]
MKNFINTRVLPPIMKEFVNTRPIVALKDGMVISLPFIMIGSVFLLLASFPVPAVANWMDAM
GLTREFWTQAYNASFGIVSVFAVIGIAYQWAKSEKVDPLPSGLTAFVGFLIIMNPTSAVMN
GSKTIVSANQAPNLLSGYIDRVWLGGOGMIAATIITIGLITGWIYSWEFIKKKITIKLPDQVP
PAVAGSEFVALIPAAVISTLWLCVYIFFEKVANTTLTOQWIYATIQTPLQGISDSFGGILIM
TILVPFFWEFFGVHGSTLVGGIVGPILOANALENAATIFKKFGYVDAEHGGHIVIQGLEDQF
STVTGAGMTIGLVVEMVEFFARSQQLKSIGKLTLVPGIFNINEPVLFGVPIVMNPMLAIPFEF
FIMPPLSAGSTYLLIKAGILPYLNGVQVPWTTPPVISGFLIGGWKIALWQAITILVISFEFEV
YWPFARSYDKMLYKQEQQOAKK
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>fig|6666666.426754.peg.1560 PTS system, cellobiose-specific
[Lactobacillus acidophilus PNW3]
atgcaaaatagtaagttcatgaattggacgaggcaaaagttaatgcctgccttaggaaaa
atgggcgaaaacaaatatatggttgttttaagagatgggatgattatttcagttccattt
actatcttcggttctatctttatgatcattgccaacttgcctgtgccaggttggtcaaat
atcattaagccttatcttccagtattaaatgcgccaattaatatgtctactggtttgatt
ggtttaattattgcacttggtatttcatatactttagcccgtgaaaataagattgatcgt
ctatctgcatcagtaattggtgctattgcttttattatttgcgaattgaacaataaaatg
gtccttgatcctacaaacttaggagcttcaagtatgttcactgctatcgttgtttcactt
atcggtggcgaaatttataactggtttattaagcataaaattgttattaagttaccggat
tcagttccacctgcagtagctagttcatttgtctcattaattcctgcattagcaatttta
ggtggcgcttgggttattagatgtctgcttcatttagatatcaatgecctttattacctgg
atcttctcacctcttactgctactctgggtagtttctggggaatggaactgtttacttte
ttcacactttttgcttggactattggtatccatggtaataatactgttggtattgtaget
ggtcctgtttatggtaattttttaatggacaatatgcataaagctatgaacggtggcgta
cccactcacatttgtgctgatggtttcttaacttttggtatggcaatgggtggtaccggt
gctgttctcggattagtaatttgtatgttatttgccaaaagtaagcgttataaacaatta
gctcacttaggtttcgttccatgtattttccaaatttctgagectattatgtttggtgtce
cctgttgtattaaatcctacccttgcaattccatttattactattcecectttggtattacaa
gcaatctcttatttcttatttaaattccatatcttacatatgatcattgccagtgttect
tggactactccaactttacttaatggtttcttgattactggtggtgattggaaagccgtt
gtatggcaagctatctgtgtattaatcgcagttgcaggttactggccattcttcaaaatt
ttggataaaaaagctttagcagttgaacaaggcgaaactgctcccgaagaataa

>fig|6666666.426754.peg.1560 PTS system, cellobiose-specific
[Lactobacillus acidophilus PNW3]
MONSKFMNWTRQKLMPALGKMGENKYMVVLRDGMIISVPFTIFGSIFMITIANLPVPGWSN
ITKPYLPVLNAPINMSTGLIGLITALGISYTLARENKIDRLSASVIGAIAFIICELNNKM
VLDPTNLGASSMFTAIVVSLIGGEIYNWFIKHKIVIKLPDSVPPAVASSFVSLIPALAIL
GGAWVIRCLLHLDINAFITWIFSPLTATLGSFWGMELFTFFTLFAWTIGIHGNNTVGIVA
GPVYGNFLMDNMHKAMNGGVPTHICADGFLTFGMAMGGTGAVLGLVICMLFAKSKRYKQL
AHLGEFVPCIFQISEPIMFGVPVVLNPTLAIPFITIPLVLOQAISYFLFKFHILHMITIASVP
WITTPTLLNGFLITGGDWKAVVWQAICVLIAVAGYWPFFKILDKKALAVEQGETAPEE

>fig|6666666.426754.peg.1688 PTS system, cellobiose-specific
[Lactobacillus acidophilus PNW3]
atggcaaacaaaaaaacaagtggaggtttaaatgcgttcgttaatgagcatattatgcca
gtggccgctaaaataggtaacttcaaacccttaattgctgttcgtgatggtattgcaatyg
gcaatgcctttgatcattgtgggatcgttattcatgatcattaactccttcecccagttecca
ggctggtctgactggctagctaaaacagcagtgcatggtgtgagtttatcccaaattatg
gctaaaattaccaatggatcatttgggattatggggctgattgctgecctttggtattgca
tggagttatgctaaccaacataaaaccgacggtgtatcagctggcattatttcagcatca
gtattctttattcttacaccaagtattatgagtggagacaaagttcctgtagaaggattc
ccttatacttatttaggtagtagaggtctatttgtagctattatttttggtcttttgagt
gcatggattttccaatggttcattaaccataacatccaaattaagatgccagaaactgta
ccacctgctgtagctaagagtttttcagctttaattccaggtgctgtagtaattgcaatt
gccggttgecgtttactggctatttgecttggactggctggggtaatattcatgatgtaatt
atgaatattttggctaagccgttaggtgeccttgggtaatactttgattggtactttagta
tctattatattggtaagtttattctggtttgttggtatccatggcggtaatgttgttaac
acagctatgcaaccaatctggttaatgcaaactgatgctaatcgtgtattaaatcaagcg
ggtcatctagatttggcacacggtggtcacattattactcaaccatttattgataacttt
gtatacatgggtggtggtggtgccactatcggtttagtactttgcattggttacttagta
tggcgtaaacgtgcaagtaagcaaaatgaagttttggcaccattaacaattgttcctgge
ttatttaatattaatgaaccaacaatgtttggtttgccagttgttttaaacttaagtcta
ataattccatttattcttgcgccaatggttaatgcaattactacttatatcgctatgaat
ttaggcttagttccattatgtaacggtagtgttgttccttggactatgccaccaattatt
tctggatttttagcaaccggtagtattgcaggatcaattttgcaattaatcaatattgtt
ttagacatcttaatttacttgccattcatggcagcattaaataaacgtcagattgtagaa
gaaaatgaggcaaaataa
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>fig|6666666.426754.peg.1688 PTS system, cellobiose-specific IIC component
[Lactobacillus acidophilus PNW3]
MANKKTSGGLNAFVNEHIMPVAAKIGNFKPLIAVRDGIAMAMPLIIVGSLEMIINSEPVP
GWSDWLAKTAVHGVSLSQIMAKITNGSFGIMGLIAAFGIAWSYANQHKTDGVSAGIISAS
VFFILTPSIMSGDKVPVEGEFPYTYLGSRGLEFVAIIFGLLSAWIFQWEFINHNIQIKMPETV
PPAVAKSFSALIPGAVVIAIAGCVYWLFAWTGWGNIHDVIMNILAKPLGALGNTLIGTLV
SITLVSLEFWEVGIHGGNVVNTAMQPIWLMQTDANRVLNQAGHLDLAHGGHIITQPFIDNF
VYMGGGGATIGLVLCIGYLVWRKRASKONEVLAPLTIVPGLEFNINEPTMFGLPVVLNLSL
ITPFILAPMVNAITTYIAMNLGLVPLCNGSVVPWTMPPIISGFLATGSIAGSILQLINIV
LDILIYLPFMAALNKRQIVEENEAK

>fig|6666666.426754.peg.783 Methionine synthase II (cobalamin-independent)
[Lactobacillus acidophilus PNW3]
atgagtaaaactttagtacattatgacattgttggtagtttcttaagaccagaagaattg
aaaaaggcacgtgctgattttgcagcgggtaacatttcaaaaactgacttgaaaaaggtt
gaagatgaagaaatcgctaaattagttaaaaaagaagaaaaagctggtttaaagattgta
actgatggtgaattcagaagaagttattggcaccttgatactttttggggcttcggtgga
attaagcacactactcaagaacatggctacttcttccacgatgaagaaactcgtaatgat
tctgctcaagttgagggaaagattaaatttacaggtgatcatccagatttagaagcattt
aagtttttgaagagtttaaccgatggcagtgatgtaactccacgtcaaagcattccttca
ccagcccaattttacgcagaactcgtcecgtggecccagaaaatgttgcagcagtgaagaaa
gtttacgataccgaagacgaacttttaaacgatatttcaaaagcatattatgatttaatc
atcgcactttacaaagcaggttgtcgcgatgtgaaattggatgactgtacttggggaatyg
gtcgtagatgatgatttctgggcaacaatggttaaacaaggttttgaccgtgacgaactt
caagaaaaataccttcgtgttaacaatggcgcacttaaagatctaccagctgatttaaga
acttcaactcatatttgtcgaggcaattaccactcaacttgggctgctaaaggtggttat
ggaccggttgccaaatacgtttttgcacaagaaaatgtcgatgcattctatcttgaattt
gataatgaaagatcaggtaacttcgatccaatcaaggaaattcctgctgataaagaagta
gtacttggtttagtaactagtaagaaacctgaattggaaaagccagaggatttgattgcect
cgtatcaatgaagcaagtaagttccacgatttagccaacttagccttaagcactcaatgt
ggttttgcatcaaccgaggaaggaaaccaattgacagaagacgatgaatggaaaaagatt
ggcttagtaatcgatactgctaagcaagtttggaagtaa

>fig|6666666.426754.peg.783 Methionine synthase II (cobalamin-independent)
[Lactobacillus acidophilus PNW3]
MSKTLVHYDIVGSFLRPEELKKARADFAAGNISKTDLKKVEDEEIAKLVKKEEKAGLKIV
TDGEFRRSYWHLDTFWGFGGIKHTTOQEHGYFFHDEETRNDSAQVEGKIKFTGDHPDLEAF
KFLKSLTDGSDVTPRQOSIPSPAQFYAELVRGPENVAAVKKVYDTEDELLNDISKAYYDLT
IALYKAGCRDVKLDDCTWGMVVDDDEFWATMVKQGFDRDELQEKYLRVNNGALKDLPADLR
TSTHICRGNYHSTWAAKGGYGPVAKYVFAQENVDAFYLEFDNERSGNFDPIKEIPADKEV
VLGLVTSKKPELEKPEDLIARINEASKFHDLANLALSTQCGFASTEEGNQLTEDDEWKKI

GLVIDTAKQVWK
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Appendix M

The sequences of nucleotide and amino acids of identified genes putatively

involved in antimicrobial resistance

Lactobacillus reuteri PNW1

>fig]1598.593.peg.1308 Ribosome protection-type tetracycline
proteins, group 2 [Lactobacillus reuteri PNW1]
gtgaaacaaattgttactggcatcgttgctcatgtcgatgctggaaaaacgactttaacc
gaagccctcatgtatgaaaccggcgctattcgaaagctaggccgecgtggataatggggat
gcttttttagatcctaatacgctcgaaaagcaacgcggaatcactectttttacccatcaa
gctgaactaacctacaatgaccttgcgcttacccttctcgataccccaggacacgtcgat
tttgctagtcaaacagaacaagtcttgccagttcttgattatgcaattcttgtecgtttca
gccaccgatggtattcagggatacacgcgcacattatgggatcttcttgcacgttatgat
atcccgaccttcattttcattaacaaagaagacgtggttggtgctgatcctagecggtgtt
attgagcaactgcaaaaagaattttcgccggcttgcecttgattttgctgatccattaact
gatgaagttcgtgaaacaattgccatgcaggatgacacagttttagaaaactacctcagt
actggcaatcttagtgatcaaacaattcaacaattgattaaacaacgtaaagtgttcccce
tgttatcgtggagctgccctaaaattaaccggaatcactaatttcttaaagggactggag
aaatggactgttacgcctgagttcgctgatgagtttgcggcgcaggtatttaagatttce
catgatgacaagggcaacaggcttagttgggttcgcgtattcggtggcaaaattccaget
aaatcagttttactaaacgaagaaaaagtgaaccaaatccgaatatataacggggctaaa
tttactccgagtcaggttttaagcgcaggtcaagtcggtgectcecttactggattaacttet
acatcccctggacttagceccttggtaaaacaaagccactcccggcaccagtcataaaacca
gtcttaaattatgccgttaaagttgataaagaggaccttcatgcttgtctcaaagectta
aaagagcttgaagatgaagatccacaactacagatctcttggcatcctcacatccaagag
attcacgttcaaattatgggagaagttcaacttcaaatcctgcaacaattgcttcaagaa
cgttaccaattggaagttacattcgatgagggaaatgttctctatcaagaaacgattact
aacaaagtcgaaggggtcggccactttgaaccattacgtcactatgccgaagcccacctt
cttttagaaccgggaaaacaaggctctggaattacaattagcagtgattgcagtcttgat
atccttgagcgcaattggcaacaccagatcttaactagtttacaggccaaagaacattta
ggggttcttacaggagcaccccttaccgatgtcaaaatcaccctcattggtggtecgeggt
catattaaacatacagttggtggagattttcgtcaggctagttggcgagcggttcgceccaa
ggattgatggaattgaagagacaaaacgaatgtcaattattagagccttggtatgecttte
caccttaaagtcccgaatgaccaagtaggacgtgcaattaatgatattcaacaaatgcat
ggtacgttcgagcttgatgaagctaatagtcaagacctaaccctgattacgggaaccact
cctgttgtgggcatgcgcgactacacccaaagcgttcgegectatactcacggeccagggt
caactcgagcttgttgttgctggctattatccatgtcataatgctgaagatgttattaga
gatgttaattatgatccagttgctgacatagaaaacactcctgattcecgtcecttetgtgeg
catggtgctggtttcccecgtteccttggaatgaagtcccagcaatggecgcattatecgtat
agaaaatag

>fig|1598.593.peg.1308 Ribosome protection-type tetracycline
proteins, group 2 [Lactobacillus reuteri PNW1]
MKQIVTGIVAHVDAGKTTLTEALMYETGAIRKLGRVDNGDAFLDPNTLEKQRGITLETHQ
AELTYNDLALTLLDTPGHVDFASQTEQVLPVLDYAILVVSATDGIQGYTRTLWDLLARYD
IPTFIFINKEDVVGADPSGVIEQLOKEFSPACLDFADPLTDEVRETIAMODDTVLENYLS
TGNLSDOTIQQLIKQRKVFPCYRGAALKLTGITNFLKGLEKWTVTPEFADEFAAQVFKIS
HDDKGNRLSWVRVEFGGKIPAKSVLLNEEKVNQIRIYNGAKFTPSQVLSAGQVGALTGLTS
TSPGLSLGKTKPLPAPVIKPVLNYAVKVDKEDLHACLKALKELEDEDPQLQISWHPHIQE
THVQIMGEVQLQILQQLLOERYQLEVTFDEGNVLYQETITNKVEGVGHFEPLRHYAEAHL
LLEPGKOGSGITISSDCSLDILERNWOHQILTSLOAKEHLGVLTGAPLTDVKITLIGGRG
HIKHTVGGDFROASWRAVROGLMELKRONECQLLEPWYAFHLKVPNDQVGRAINDIQQOMH
GTFELDEANSODLTLITGTTPVVGMRDYTQSVRAYTHGOGQLELVVAGYYPCHNAEDVIR
DVNYDPVADIENTPDSVFCAHGAGFPVPWNEVPAMAHYPYRK
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>fig|1598.593.peg.2421 Tetracycline resistance, ribosomal protection type =>
Tet (W) [Lactobacillus reuteri PNW1]
atggagcggccgctcaaagcagccagccacaccatccatatcgaggtgeccgecccaacccg
ttttgggcatccatcggactgtctgttacaccactccecgecttggectceccggtgtacaatac
gagagccgggtttcgctgggatacttgaaccagagttttcaaaacgctgtcagggatggt
atccgttacgggctggagcagggcttgttcggctggaacgtaacggactgtaagatttgce
tttgaatacgggctttattacagtccggtcagcacgccggecggactteccgectcattggece
ccgattgtattggaacaggcattgaaggaatcagggacgcaactgctggaaccttatcte
tccttcaccctctatgcgecccecgggaatatecttteccagggettatcatgatgcaccgaaa
tactgtgccaccatcgaaacggtccaggtaaaaaaggatgaagttgtctttactggcgag
attcccgcceccgcectgtatacaggcataccgtactgatctggecttttacaccaacgggcag
agcgtatgccttacagaactgaaagggtatcaggccgctgtcggcaagccagtcatccag
ccccgceccgtceccaaacagcecgcectggacaaggtgecgctatatgtttcagaagataatgtaa

>fig|1598.593.peg.2421 Tetracycline resistance, ribosomal protection type =>
Tet (W) [Lactobacillus reuteri PNW1]
MERPLKAASHTIHIEVPPNPFWASIGLSVTPLPLGSGVQYESRVSLGYLNQSFQNAVRDG
IRYGLEQGLEFGWNVTDCKICFEYGLYYSPVSTPADFRSLAPIVLEQALKESGTQLLEPYL
SFTLYAPREYLSRAYHDAPKYCATIETVQVKKDEVVETGEIPARCIQAYRTDLAFYTNGQ
SVCLTELKGYQAAVGKPVIQPRRPNSRLDKVRYMFQOKIM

>fig]1598.593.peg.2422 Tetracycline resistance, ribosomal protection type =>
Tet (W) [Lactobacillus reuteri PNW1]
atgaaaataatcaatattggaattcttgcccatgtagacgctggaaagacgaccttgacg
gagagcctgctatatgccagcggagccatttcagaaccggggagcgtcgaaaaagggaca
acgaggacggacaccatgtttttggagcggcagcgtgggattaccattcaagcggcagtce
acttccttccagtggcacagatgtaaagtcaacattgtggatacgcccggccacatggat
tttttggcggaggtgtaccgcectctttggectgttttagatggggeccatcttggtgatctece
gctaaagatggcgtgcaggcccagacccgtattetgtteccatgecctgeggaaaatgaac
attcccaccgttatctttatcaacaagatcgaccaggctggecgttgatttgcagagegtyg
gttcagtctgttcgggataagctctccgccgatattatcatcaagcagacggtgtcgetyg
tcccecggaaatagtcctggaggaaaataccgacatagaagcatgggatgcecggtcatcgaa
aataacgataaattattggaaaagtatatcgcaggagaaccaatcagccgggaaaaactt
gtgcgggaggaacagcggcgggttcaagacgcectcececctgttececggtcectattatggecage
gccaaaaagggccttggcattcaaccgttgatggatgcggtgacagggctgttccaaccg
attggggaacaggggagcgccgccctatgcggcagegttttcaaggtggagtatacagat
tgcggccagcggcecgtgtctatctacggctatacagcggaacgctgcgectgecgggatacg
gtggccctggccgggagagaaaagctgaaaatcacagagatgecgtattccatccaaaggg
gaaattgttcggacagacaccgcttatccgggtgaaattgttatccttecccagegacage
gtgaggttaaacgatgtattaggggacccaacccggctceccctcgtaaaaggtggecgtgag
gaccccctcececcatgcectgecggacgtcgattgcgeccgaaaacggcagcgcaaagagaacgg
ctgctggacgctcttacgcaacttgcggatactgacccgecttttgecgectgcgaggtggat
tccatcacccatgagatcattctttecttttttgggeccgggtgcagttggaggttgtttece
gctttgctgtcggaaaaaaatacaagcttgaaacagtggtaa

>fig|1598.593.peg.2422 Tetracycline resistance, ribosomal protection type =>
Tet (W) [Lactobacillus reuteri PNW1]
MKIINIGILAHVDAGKTTLTESLLYASGAISEPGSVEKGTTRTDTMFLERQRGITIQAAV
TSFOWHRCKVNIVDTPGHMDFLAEVYRSLAVLDGAILVISAKDGVQAQTRILFHALRKMN
IPTVIFINKIDQAGVDLOSVVQSVRDKLSADIIIKQTVSLSPEIVLEENTDIEAWDAVIE
NNDKLLEKYTIAGEPISREKLVREEQRRVODASLEFPVYYGSAKKGLGIQPLMDAVTGLFQP
IGEQGSAALCGSVFKVEYTDCGQRRVYLRLYSGTLRLRDTVALAGREKLKITEMRIPSKG
EIVRTDTAYPGEIVILPSDSVRLNDVLGDPTRLPRKRWREDPLPMLRTSIAPKTAAQRER
LLDALTQLADTDPLLRCEVDSITHEITILSFLGRVQLEVVSALLSEKNTSLKQW
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Lactobacillus acidophilus PNW3

>fig|6666666.426754.peg.1378 Multidrug resistance protein [Lactobacillus
acidophilus PNW3]
atggcagaaaaaagaaataaaaaaatcattctaatgatggcgacacttctgctggggagt
tttattacgactttagcagaaacgttaatgaacaatggcttgccgatgatcatggaagaa
acgcatattagtcagatgaatgcgcaatggcttaataccgggtatatgctggtggcaggg
atggttatgccactggccacattctttatgcaccgttttcctttgecgeccatttgtttact
gcaacgatgagtatctttttattgggatcattggttgctacctttgcacctaattttttyg
tttttgttgattggacgattggtgcaagcaatggtcgtcggaattaacatgccacttgta
accaatgttttaacgattattattccggctaaaaatagaggtttggcaatcggaatcget
gggatcatcatcaatttaggaccggcgattgggccaactttatcaggagtaattcttgaa
ttttatagttggcgaatgttgtttatcattttgttgccatttacggttttgaccttgatt
tgtacgtaa

>fig|6666666.426754.peg.1378 Multidrug resistance protein [Lactobacillus
acidophilus PNW3]
MAEKRNKKIILMMATLLLGSEFITTLAETLMNNGLPMIMEETHISQMNAQWLNTGYMLVAG
MVMPLATFFMHRFPLRHLFTATMSIFLLGSLVATFAPNFLFLLIGRLVQAMVVGINMPLV
TNVLTIITPAKNRGLAIGIAGIIINLGPAIGPTLSGVILEFYSWRMLFITILLPFTVLTLT

CT

>fig|6666666.426754.peg.1767 Heterodimeric efflux ABC transporter, multidrug
resistance => LmrC subunit of LmrCD [Lactobacillus acidophilus PNW3]
atgcaaacttttaagattttaacaccatatttcaaacgctataaaaaagacgtttttgca
gcaatgattgcaattatagtttcagcttttgctacattatatcagccaaggctacttgaa
aatattcaacgagcaattatggctgaccaaagacaatctgtaattagagatggaattgtt
ctaattattttaggaataattgcgatcattgctgggatttttaatgtttattatgcagceca
agaatagcgcaaggtgtaacgagtgatttgcgtgaagatacttatgctaagatccaaagt
ttttcttttggtaatattgaaaaattttcggccggttcattaactacacgtttaattaac
gatatgaaccagatcatgaatatgatcatgcagctttttatgcaattacttagaatgccyg
attttaattgttggttcgtttattttttgtattgtgatcattccgegettttggtgggea
accgttgtgatggttatcttaatcatgggttttggtacgtatgtattaaaacaaatgaat
agcttgtttgaaaaatttcaacaaacaatgggcaaaatttcaggtcaagcccaagaaact
ttgcaaggtgttcgagtagttaaatcatttaatcaaggaccacaagagattaaaaaattt
gataaaacttcagatagattaaataactacaatattataatcggttattggttttcagca
atcatgccagccttccaattaattgcatacttagttattaccttagttgtttatttaatce
ggtcgcagcattagtcaacatcctaccgatgttgcagttgttagtccatttgttaattat
atattgacccttctttggacaattatgatcgctggtatgactatgatgcaatttgccaga
ggtaatatttcacttggtcgtattaaagaagttttggatacagagccagacgttaaattt
gttaaaaatggctcaactaagccactaaagggtagtgtggaatttgatcatgtttcattt
acttatcctgatggtaatgacgaaactcttaaggatatttcttttaaagtaaaacctgga
caaatggttggtattgttggggcaacgggatcaggtaaatctactttggctcaattaatt
gctagactatatgatccaactaaaggtgaaattaaaattggcggaaaaaatattaaagat
ataactgagactgccttgcgtaatactatttcttttgttttgcaacgtgcaattttattt
tcaggaacaattgcttctaacttacgtcaaggtaaggaacaagctaaacttcatgaattyg
caaagagcagctaatatggcacaggcttcagaattcattaaccgctataatgattcgttt
gaacatgaagtagaagaacgatccgctaacttttcgggtggacaaaaacaaagattatct
attgctcgtggtttaatttctgagtctccaattttaattttggatgattcaacttcagece
ttggatgctgaatcagaaaagaaagttcaacaagcactagaacatgaattatctgataca
actacatttattattgcagaaaagattgtttctgtagttaatgcagatacgattttagtt
ttagatgatggtaaacttgttgcacaaggtacacatgaagaattgttgaagacatcccct
gtctatcaagaaatctttaagacacaaaagggtaggaaaggagtggaataa

>fig|6666666.426754.peg.1767 Heterodimeric efflux ABC transporter, multidrug
resistance => LmrC subunit of LmrCD [Lactobacillus acidophilus PNW3]
MOTFKILTPYFKRYKKDVFAAMIAITIVSAFATLYQPRLLENIQRATMADQRQSVIRDGIV
LITLGITATIAGIFNVYYAARIAQGVTSDLREDTYAKIQSEFSFGNIEKFSAGSLTTRLIN
DMNQIMNMIMOLFMOLLRMPILIVGSFIFCIVIIPRFWWATVVMVILIMGEFGTYVLKQOMN
SLFEKFQOTMGKISGQAQETLQGVRVVKSEFNQGPQEIKKEFDKTSDRLNNYNITIGYWEFSA
IMPAFQLIAYLVITLVVYLIGRSISQHPTDVAVVSPFVNYILTLLWTIMIAGMTMMQFAR
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GNISLGRIKEVLDTEPDVKFVKNGSTKPLKGSVEFDHVSFTYPDGNDETLKDISFKVKPG
OMVGIVGATGSGKSTLAQLIARLYDPTKGEIKIGGKNIKDITETALRNTISEFVLOQRAILFE
SGTIASNLRQGKEQAKLHELQRAANMAQASEFINRYNDSFEHEVEERSANFSGGOKQRLS
IARGLISESPILILDDSTSALDAESEKKVQOALEHELSDTTTFIIAEKIVSVVNADTILV
LDDGKLVAQGTHEELLKTSPVYQEIFKTOKGRKGVE

>fig|6666666.426754.peg.1768 Heterodimeric efflux ABC transporter, multidrug
resistance => LmrD subunit of LmrCD [Lactobacillus acidophilus PNW3]
atgggtgatacacaaaaggcaatcaaatactttattaaatatttaaagccatattggaaa
ggaattattattgtagttgttctttccttagtttcaagtggtgcacaagttgttgctect
gcattcttggggcaagctgtaacagacttaactacctatttatctgacttaagaaaaggt
acagctagtctatctactttttatagtgcactgtggtcaatgctgttcttctatgtgtta
agtcaagtagctatcttcatcgcttggatggttatgtcaaaatttaacgcagattctact
aatgatatgagagaaaatcttttctctaaattccaaagaatgttagtgcgttattttgat
actcatcaagatggtaaactcctttcattatttacttctgatcttgataacattttcaat
gcaatgaacaacgctatttttgaaattatttcacagggaataatgttcattggtacgatt
atcattatgttcactgtaaatgcacaattagcatggactacgatagcaacaactccattg
attcttattgttagtgtatttattatgcgaaaagcaagaatttatcttgataaacaacaa
gatgaaattggtgatcttaacggttatattactgaacaaatcaatggtgaaaaggtaatt
attactaataatttacgtaaagaatcagttgatggcttcaaaatttacaacaatcgtgtt
agaaatgcgatgtttaaaggacaattttattcaggaattcttttcccattaatgaatggt
ttgaacttgcttaacttagcaattgttatcgcaatgggtgcttggatgattatttcaggt
caagtaactcaagcagtgggactgggattgattgtaactttcgttgaatattcccaaact
tacttccaacctttgactcaaattacttcaatttattcaatgattcagcttgeccttaact
ggtgctagaagactagctacagttgaagaacaaaaggatgaaggtacagtacctaatggt
aaaattttggatggcttgaagaaatcagttaaattggaagacgttcattttggctatgac
aagaataaagaaattttacatggtgtaagtatttctgtagataaaggtaaatctgtaget
gtagtgggtccaactggttcaggtaaaactactatcatgaacttacttaaccgtttctat
gatgtaaattctggtaaagtaacgtttgatggtactgatgtacgtgatattaaattggaa
tcactgcgtaataatgtaggaattgttttgcaagattccattttatttagtggtacgatt
gcggataatattcgctatggtaaacctgatgcaagcatggatgaagtagtcagtgetgcet
aagcaagcaaatattcatgattttattgaaagtttaccagatggctatgaaactcaagta
agcgatagtagttctgtcttttcaaccggacaaaaacaattggtttcaattgctagaact
attttgattaatccggatttcttaattttggatgaagcaacttctaacgtggataccgtt
acagaagaaaagattcaaaaggcgatggatgctgttattgctggtagaactagtttcgtg
attgcgcaccgtttaaagacaattttgaattcagataagatagttgtcttaaaagacggg
aaggtaattgaagaaggtagccatgaaaagctattaaaagataaaggattttactacaaa
ctttacactgatcagatggctttcgaataa

>fig|6666666.426754.peg.1768 Heterodimeric efflux ABC transporter, multidrug
resistance => LmrD subunit of LmrCD [Lactobacillus acidophilus PNW3]
MGDTQKAIKYFIKYLKPYWKGIIIVVVLSLVSSGAQVVAPAFLGQAVTDLTTYLSDLRKG
TASLSTFYSALWSMLFFYVLSQVAIFIAWMVMSKENADSTNDMRENLFSKFQRMLVRYFD
THODGKLLSLFTSDLDNIFNAMNNAIFEITISQGIMFIGTITIIMETVNAQLAWTTIATTPL
ILIVSVFIMRKARIYLDKQQODEIGDLNGYITEQINGEKVIITNNLRKESVDGFKIYNNRV
RNAMFKGQFYSGILFPLMNGLNLLNLATIVIAMGAWMIISGQVTQAVGLGLIVTEFVEYSQT
YFQPLTQITSIYSMIQLALTGARRLATVEEQKDEGTVPNGKILDGLKKSVKLEDVHFGYD
KNKEILHGVSISVDKGKSVAVVGPTGSGKTTIMNLLNREFYDVNSGKVTEFDGTDVRDIKLE
SLRNNVGIVLODSILFSGTIADNIRYGKPDASMDEVVSAAKQANIHDFIESLPDGYETQV
SDSSSVFEFSTGOKQLVSIARTILINPDFLILDEATSNVDTVTEEKIQKAMDAVIAGRTSEV
TAHRLKTILNSDKIVVLKDGKVIEEGSHEKLLKDKGFYYKLYTDQMAFE
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Appendix N

The sequences of nucleotide and amino acid putative genes associated with toxic
biochemicals

Lactobacillus reuteri PNW1

>fi1ig]1598.593.peg.2069 Arginine deiminase (EC 3.5.3.6) [Lactobacillus reuteri
PNW1]
atgcaaagtccaattcatgttacatcagaaattgggaagcttaagacagttatgttgcat
cgaccaggtaaggaaatcgaaaatgtttatcctgaaattcttcaccggatgcttgtagat
gatattccatacttaccgatcgctcaagaagaacatgacctttttgcgcaaacattacgt
gataacggcgcagaagtcttgtatcttgaagatttattaacagacgcactggcagatgat
aatatcaaagatgaattccttgaaaagatcatcgctgaatctggttatgctgctggagca
atccatgacggcttaaaggaattcttgcttagtttcagtactaaggatatggttaacaag
attattgctggtgtacgtaaagatgaaattaaaacaaagtatgcttcgcttgccgaatta
gcagaagataaggattacccattctatatggatccaatgccaaatgcatactttacgegt
gaccaacaggcatgtatcggggatggaattaccattaatcacatgacctttaaggcacgt
caacgcgaatctctctttactgagtacatcattaagcacaataagcgttttgctgacaag
ggtgttgaagtatggcgaaaccgttatcctgaaggccggattgaaggtggagatgaatta
gttctcagcgatcatgtattagcaattggtatttctcaacgaacatctgcaaaggctatt
acagaattagctgaaagtctctttgaaaagtctgattacgatacagtaattgctatccat
attcctcacaatcacgcaatgatgcaccttgatactgtgtttacaatgattaactatgat
caatttacagttcatccagcaatcttacgtgatggtggacatgttgatgcatacattatg
cacccaggtaataatggtgaaatttcaattactcatgaaacaaatcttaaagaaattttyg
aagaaggcacttgataagccggaaattgatttaattcctactggtggcggtgatccaatt
attgccccacgtgaacagtggaatgacggttctaacacgctagcaattgeccecctggtgta
gttgtaacttatgatcggaactatgtctcaaacgatttgctgcgtaagcatggecattcecte
gttcacgaggttcgttcaagcgaattatcacggggtcgtggtggcccacggtgcatgtca
tgtccaattgttcgtgaagatctcaagaaataa

>fig|1598.593.peg.2069 Arginine deiminase (EC 3.5.3.6) [Lactobacillus reuteri
PNW1 ]

MQOSPIHVTSEIGKLKTVMLHRPGKEIENVYPEILHRMLVDDIPYLPIAQEEHDLFAQTLR
DNGAEVLYLEDLLTDALADDNIKDEFLEKITAESGYAAGATHDGLKEFLLSFSTKDMVNK
ITAGVRKDEIKTKYASLAELAEDKDYPFYMDPMPNAYFTRDQQACIGDGITINHMTFKAR
QRESLFTEYIIKHNKRFADKGVEVWRNRYPEGRIEGGDELVLSDHVLAIGISQRTSAKAT
TELAESLFEKSDYDTVIAIHIPHNHAMMHLDTVETMINYDQFTVHPAILRDGGHVDAYIM
HPGNNGEISITHETNLKEILKKALDKPEIDLIPTGGGDPITAPREQWNDGSNTLATAPGV
VVTYDRNYVSNDLLRKHGILVHEVRSSELSRGRGGPRCMSCPIVREDLKK

>fig|1598.593.peg.1197 Ornithine carbamoyltransferase (EC 2.1.3.3)
[Lactobacillus reuteri PNW1]
atggcttttaatttacgtaatcgtagtttcttaactcttgcagattttaacactcgggaa
atggaatacatgcttgatcttgctgaagatttaaagaaggcaaaatatgctggttatgaa
ggcaagaatcttaaaggtaagaacattgctttaatttttgaaaagagttctactcgtact
cgttgttcttttgaagttggtgctaaggatgaaggtgctcatgtaacttaccttggccca
tcaggttcacacatcggtcacaaggaatctgttaaggatactgcacgagttcttggtgga
atgtttgatggtatcgaataccgtggattctcacaacgcaatgttgaaattttagctaag
tactctggtgtaccagtttggaatggtttaactgacgaagaccacccaacacaagtactt
gctgacttcttaaccgctcacgaagtattgaagaagccttacaaggacatcaagtttgcece
tttgtaggtgacggtcaagacaatgtttcaaatgcattgatgcttggtgccgctgtaatg
gggatggaataccacgttgttactcctaaggaattggaaccaactaaggaaactctagat
aaggctaatgaaattgctgccaagactggtgctaagattgttgttactaatgacatcaaa
gaaggtgtcaaaggtatggacgtaatctatgctgatgtttgggtatcaatgggtgaatct
gatgatatgtgggaaaagcggatcaaccttcttaagccttaccaagtaacaatggatgtt
atgaaggctactgaaaaccctaatgttctctttgaacactgtcttcctgcattccacaac
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ctcgacactgaagttggtaaggaaattgaaaagaagtttggcttaaaggaaatggaagtt
actgacgaagtattcgaaagtgaacattcagttgtcttccgtgaagccgaaaaccggatg
cacactatcaaggctgtaatggttgcaactttgggtgaacaaaactaa

>fig]1598.593.peg.1197 Ornithine carbamoyltransferase (EC 2.1.3.3)
[Lactobacillus reuteri PNW1]
MAFNLRNRSFLTLADEFNTREMEYMLDLAEDLKKAKYAGYEGKNLKGKNIALTFEKSSTRT
RCSFEVGAKDEGAHVTYLGPSGSHIGHKESVKDTARVLGGMEDGIEYRGFSQRNVEILAK
YSGVPVWNGLTDEDHPTQVLADFLTAHEVLKKPYKDIKFAFVGDGODNVSNALMLGAAVM
GMEYHVVTPKELEPTKETLDKANETAAKTGAKIVVTNDIKEGVKGMDVIYADVWVSMGES
DDMWEKRINLLKPYQVTMDVMKATENPNVLFEHCLPAFHNLDTEVGKEIEKKFGLKEMEV
TDEVFESEHSVVFREAENRMHTIKAVMVATLGEQN

>fig]1598.593.peg.408 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1]
atgagtgagaaaaaaggtattaatacgacggaactaacccttttaattgtgggatcaaca
attggttcgggagtatttggaattaccagtgatttagctaccgcggcggectcecccggacca
gcaatcattgcctggataatagtaggggtcggecgttttgactttagtgctctcececctaact
aatctttcgcaaaagcggccagaccttgattcagggattttcagectatgecggcagetget
tttggtccgctgggcgaatttatttctggttgggcatactggectttcagegtggectecgge
aatattgcttttgccacgattatgatgagcgcccttggaacgtttttceccccagectattt
gccaatggtcaaaacttattctcaattattgttgcgattattttaacctgggttttgaca
tttttggtaaatcgagggatcgaatcagcggccttcatcaattcaattgggacaatctgce
aagattattccattagtcgtctttgttatctgtgtgattcttggttttaaggctaagatc
tttactgctgatttctggggcaatgtaacacagaatctcagttcaaaaatcgaaactggt
tcaatctataaccaagtaaaggcctcaattatggtaatgatgtggctatttgtcggegtt
gaaggtgcctcagttctttctagtcgtgccaaaacacggactgatgctgaacgggettcece
atcttcggtcttgtaagcctactcgttatctacattgtggtttctattctaccatacggg
gtaatgacccgcgcccagttagcagectggtggtcaaccggecgecttggtgctatcatgcaa
catctggttggaacgtggggtgccgccctgatcagtatcggattgatcatctcagtatta
gtttcgtggctttcgtggacaatgctcccagectgaatcattaatgectaatggectgatgat
gaaacccttccaacatcatggggtaagctaaatgacaaaaaagcgccaacacgggecatta
ataatcaccggggttcttcaatcaatcttcctcttctetttacttttcactacttatget
tataactttgcatatacgctttgtacggctgcgattttgatctgttaccteccttgttgge
atttaccagatgatgtacagttggcaacaccaagaatggggacaatttgtcattggacta
attgccaccctctttgaactgatggcgatggttctctctggctggaaggaaataatggtt
gtttcagtcggttttattcccggattcttettctatgtccaagcatgcaaggaattcececat
cacccaatcacagtaaaggaaaaatgggcaatggggattatcgctgtctttgcggttatt
tccctagtattagtaatcaacggaacaatttcaattaattaa

>fig|1598.593.peg.408 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1 ]

MSEKKGINTTELTLLIVGSTIGSGVFGITSDLATAAAPGPAITIAWIIVGVGVLTLVLSLT
NLSQKRPDLDSGIFSYAAAAFGPLGEFISGWAYWLSAWLGNIAFATIMMSALGTFEFPSLFE
ANGONLFSIIVAIILTWVLTFLVNRGIESAAFINSIGTICKIIPLVVEVICVILGFKAKI
FTADFWGNVTONLSSKIETGSIYNQVKASIMVMMWLEFVGVEGASVLSSRAKTRTDAERAS
IFGLVSLLVIYIVVSILPYGVMTRAQLAAGGQPALGAIMOQHLVGTWGAALISIGLIISVL
VSWLSWTMLPAESLMLMADDETLPTSWGKLNDKKAPTRALIITGVLOSIFLEFSLLFTTYA
YNFAYTLCTAAILICYLLVGIYQOMMYSWQHQEWGQFVIGLIATLFELMAMVLSGWKEIMV
VSVGFIPGFFFYVQACKEFHHPITVKEKWAMGIIAVFAVISLVLVINGTISIN

>fig|1598.593.peg.866 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1]

gtgcaggaaacacaaacgaagaaaaaacatcattttcatatgccctctgecgtttacaatt
ttatttttaattattattttaattgcaattttaacgtggattataccagcagggacatat
gagacggataaagctggaaatattatttctggcacatataaggcggtgacaaataaaccc
cagggaatttgggatatctttatggcacccgttatcgggatggtcggtgataaaaagaca
gatggagctatctcagtatcactatttattcttgttatcggtggattcctaggagtggtt
aataagacaaatgcattaaacgaagggatcggttcaatcgttcgeccggtataagggacga
gaaaaacaattgattccaattttaatgcttctgtttgctcttggtggatcaacatatgga
atgggggaagaaacgattgcattctatcctctcttgatccececgtgatgatgggtgttgge
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tttgattcaattgtagcggttgcgattgctttagtgggaagtcaagttggttgtttageca
tcaactgttaacccgtttgccacaggagtagcttctcaaacgttaaatatttctecctggt
gatggtttagtttcccgggtaatccttttaattattacgataacgattagtattatttat
gtttaccactatgcatcggtaattgaaaaagatccaactaaatcattagtttacaatcaa
cgagcagaagatgaaaagcactttttagtcaaggctgatcctaatgacgaccataagatg
accggtcgtcaaaagacagttatttggctattcggaattacttttgttgtgatgattcta
ggactaattccatggtcaaaccttaatagccattggacattttttgataaatttacaaag
tggttggttaatattccattcctaggcgatttattagggcatgatatggcaccctttgga
acatggtacttcaatgaaattaccatgctcttcctctttatgtcggtcttgattatgget
gtttaccatatgaaggaaagtgaatttattgacgctttcatgtcaggaatgggagatttc
ttaagcgttgcaattattgtggcagttgcacggggaattcaagtaataatgaataatggg
atgatcaccggaacagttcttcactggggagaattgggccttcatggattatcacaaacg
atctttattattttgacttacattttctatattccaatgtcattcctaattccatcaacg
tctgggttagctgcggcaacgatgggaattatcgggccaatggggcattttgcacatgtt
tcagggagccttgttattaccgcttatcaagcagcttcaggatgggttaaccttattacce
ccaacttcaggagttgttatgggagcattagcaattgcgcatattaatgtcggtatttgg
tggaagtggatgctgaaattaatgatctatctctttattgctacttgcttgttcttagga
attgctgccttgcectctag

>fig|1598.593.peg.866 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1 ]
MOQETQTKKKHHFHMPSAFTILFLITIILIAILTWIIPAGTYETDKAGNIISGTYKAVTNKP
QGIWDIFMAPVIGMVGDKKTDGAISVSLFILVIGGFLGVVNKTNALNEGIGSIVRRYKGR
EKQLIPILMLLFALGGSTYGMGEETIAFYPLLIPVMMGVGEDSIVAVAIALVGSQVGCLA
STVNPFATGVASQTLNISPGDGLVSRVILLIITITISIIYVYHYASVIEKDPTKSLVYNQ
RAEDEKHFLVKADPNDDHKMTGROKTVIWLFGITFVVMILGLIPWSNLNSHWTEFFDKETK
WLVNIPFLGDLLGHDMAPFGTWYFNEITMLFLFMSVLIMAVYHMKESEFIDAFMSGMGDF
LSVATIVAVARGIQVIMNNGMITGTVLHWGELGLHGLSQTIFIILTYIFYIPMSFLIPST
SGLAAATMGIIGPMGHFAHVSGSLVITAYQAASGWVNLITPTSGVVMGALATAHINVGIW
WKWMLKLMIYLFIATCLFLGIAALL

>fig|1598.593.peg.1924 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1]
atgatgggagaagcaacagcagggaaaaagcatcggtttaagttaaaaatgccaggtgcect
tttacgattttattctttctaacggtgattgcagtgatgttgacttggattgttccageg
ggaagctattctaagttagcatatgtcaatgatcatctccaagtaacacaaccaactggg
gaaaaaattagttatccggcaacacaggcaacattagataaattgcacattcagattgat
gtcgaccagtttaaatctggtgcaatcaataagccgatttcagtaccgggaacttataag
cgacttgcacagcatcctgcttcggtcagcgatattttttctagtatggtcgacggtacg
attgaatcagttgatattatgatttttatcctagtcttaggtggtttgattggtgttgtt
aaagcaagtggagcctttgaatctgggctggccgcactatctaccaaaactaaggggaaa
gaatttattttagtgttcctcgtgacagttttactagcacttggcggaaccctatgtggg
attgaagaagaagcggttgccttttatccaatcttageccccagtttttattgecgatgggt
tatgattcaattgtttgtgttggggctattttcttagcaagttcgcttggaacaacattt
tcagtaatcaatccgttttcagttgtcattgcgtcaaatgctgctgggacaacttttacg
caaggaatggcaggacgaatttttggtttggtaattgcagttacttgtttattattttac
ctgcattggtatgcacgaaaagtacaacagaacccccagttttcttattecctatgatgac
cgagaaaaatttgatcaaatgtggggaatgactactagcgaagaaaaagatcagcggttt
actttaaaaaagaaaattattttaattttatttgcttgtgctttcccaattatgatttgg
ggagtaatggccaaaggatgggcctttcctaacatggcatcagetttecttaacaattgcet
attattattatgtttttaacttgtttcgggcgccaagacggtttaggcgaatataagacc
acaacagctttttctgatggagcagctagtttagtcggtgtgtcattaattattggtttyg
gcacggggaattaataaagtgcttaatgacggctatatttctgatacaattctctatgcet
tcttcaaaaatggttgcgcatatgaacggatcatttttcattattgtgatgatgttggta
ttctttgtcttaggctttattgttccatcatcatctggtttagcagtgectagcaatgcca
attttagcgccgctagctgatacggttcacattccacggtatacagttgttactgcatat
caatttggtcaatatgcaatgttattcttagcaccgactggattagtaatggcaactttg
caaatacttgatatgcgatattcccattggttgcggttcecgtgtggeccggtagttgtettt
gttttaatctttggtggtggattgttggtaacagaagtattaattgcaggataa

212



>fig|1598.593.peg.1924 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1 ]
MMGEATAGKKHRFKLKMPGAFTILFFLTVIAVMLTWIVPAGSYSKLAYVNDHLQVTQPTG
EKISYPATQATLDKLHIQIDVDQFKSGAINKPISVPGTYKRLAQHPASVSDIFSSMVDGT
IESVDIMIFILVLGGLIGVVKASGAFESGLAALSTKTKGKEFILVFLVTVLLALGGTLCG
IEEEAVAFYPILAPVFIAMGYDSIVCVGAIFLASSLGTTEFSVINPEFSVVIASNAAGTTET
QGMAGRIFGLVIAVTCLLEYLHWYARKVQONPQFSYSYDDREKFDOMWGMTTSEEKDQREFE
TLKKKIILILFACAFPIMIWGVMAKGWAFPNMASAFLTIAIIIMFLTCFGRQDGLGEYKT
TTAFSDGAASLVGVSLIIGLARGINKVLNDGYISDTILYASSKMVAHMNGSFFIIVMMLV
FFVLGFIVPSSSGLAVLAMPILAPLADTVHIPRYTVVTAYQFGQYAMLFLAPTGLVMATL
QITLDMRYSHWLREVWPVVVEVLIFGGGLLVTEVLIAG

>fig]1598.593.peg.2066 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1]
gtgaaggaaaagaagttaaatctcttcctcttaatcaccttaattgtaggaacgattatt
ggtggtgggatttttaatagtccgaccgatttaattttgaaagcaaatccaatggctgca
ttagttgcctggttaattggtggcttcgggattttgatgctagtactagttttttacaag
ctttctgttattaagccggagatgaacggtggaatttatacttatgcaaaagaaggcecttt
ggtaactatattggttttaactccttttggggatattggatgggagcagtttttggtaac
attgcctttatctcgctcecttttttaagaccttaaatagtatgctcgggacgcatcaactt
tcgccattaatgtgttttatcgggggctcaattattctgtggggatacactgcgattaca
tggtttggtgtccgcgaggcaagtatccttaatgececgtcattacgattattaagatctta
ccgcttttattagttgttattgttggtgtctttgcattccageccgcatatttttaatgtt
cctgattggacaaacattcttgccgttaatcaaacgcaagtcccatttaaagaccagatt
agtggtgcgatgagtactattgtgtggtgttttgttgggattgaagcagctgtttcaatg
tcacgtcgggcaaagcagccacgtgatgtggggttagcaacgattattagttttgtaatt
gtattggtcctctatatttcaatctctattattccaatggggattctacctgctaaagaa
cttagccagacttcagttccactggcagcagtgcttagtcatacagcattaggaatagta
gggagtcttattattaaaattggcttactgatttctctattaggggcattattaagttgg
tttatgattggaccagaaattgcatacgtaaccagttatgatcgggatatgccgcgagcea
tttaaacttgttaatcgccatggtgttcctggectttgcattaattgtatatacaattatt
atgcaagtatgtttactagttttactgcttccacagcttcaaatggcctatacaattgca
tatactttagctgcgacgatgaccttagttgcttacctgctctctgecgttatatgggttyg
aagctagcaattagcgaaaaaatgggccttggctttaagattattgctacgttagettct
ctttattccgtctatatgttagttgcttcgggacttgaatatgtatttgcaagtgecgatt
atttttgcgctaggaataccattatttgccggggctcctaataaaatgagtaagaaagaa
aggtggttagcaacaattattgccttagcagctgtgattgecgectgatgttgattattact
ggaaagattaatttttaa

>fig|1598.593.peg.2066 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1 ]

MKEKKLNLFLLITLIVGTIIGGGIFNSPTDLILKANPMAALVAWLIGGFGILMLVLVFEYK
LSVIKPEMNGGIYTYAKEGFGNYIGENSFWGYWMGAVFGNIAFISLFFKTLNSMLGTHQL
SPLMCFIGGSIILWGYTAITWFGVREASILNAVITIIKILPLLLVVIVGVFAFQPHIFNV
PDWTNILAVNQTQVPFKDQISGAMSTIVWCEFVGIEAAVSMSRRAKQPRDVGLATIISEVI
VLVLYISISIIPMGILPAKELSQTSVPLAAVLSHTALGIVGSLIIKIGLLISLLGALLSW
FMIGPEIAYVTSYDRDMPRAFKLVNRHGVPGFALIVYTIIMQVCLLVLLLPQLOMAYTIA
YTLAATMTLVAYLLSALYGLKLAISEKMGLGFKIIATLASLYSVYMLVASGLEYVFASAT
IFALGIPLFAGAPNKMSKKERWLATIIALAAVIALMLIITGKINF

>fig|1598.593.peg.2067 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1]
atggatgaacaaaagaaaggtattggtagaggcgaattgatcgccttaattgtaagttca
tgtatcggtaccggaatatttggtattactagtgatgtggcagcggcggcggcaccaggt
cctgccecctgttagecttggatttttgttggaattggttttttgatgttagttctectecgeta
aataatttatctgaaaagcgaccagatcttacttcagggattttctcatatgctggtgcecc
ggttttgggccattaggtgaatttatttctggatggtcttactggttatccgcatggetg
ggaaatattgcttttgccaccatgttgatgagttcaattggaacgttcttcccaaccttt
aaaggtggtcaaaatttaccatcgattattattgccatcatcttctgttggctattaaca
atcttagttaacaatggtgttgaaagtgcatcttttgttaacatgattggaacaatctgce
aaggttttaccattagttatctttattattatgatggttgtttgcttcaaggctgggatyg
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ttcacagcagatttctggggccgagttgccaataatgcttctcacggcactacaactggg
tctgtttgggaacaaatgaaaggtaccctaatgaccttaatttgggtatttatcggtgtt
gaaggtgcttctgttatggcaagtcgggcaaagtcccttacageccgectecgtgaagettet
Cctcatcagttttggtcttttagtagttatctatgtattaatttcaattttaccttatggt
gcattaactcgggcagaattagccggcatgggacaaccagctattggtcatgttcttcaa
gcaaccgttggtagttggggctcaattttaatcaatgttggtttaatcatctcaacaatt
gtttcctggctttcttggacaatgctcccageccgaaacaacaatgttagttgecgatgat
aaggcaatgccaaaaatctggggaaaggttaatgccaaaaaagcaccaactgcttceccttg
atgattacagcggtattgcaaacaatcttcttgttctcattgcttttcactgataaagcc
tatgaattcgcatattccttatgtagtgcagcaattttattctcatacttatttgttgga
ctttaccaaatgaaatacagttctgcacaccaagaatggggacaatttacaattggtttg
ctctctgctgcattcatgttcgcatgtatgttccttgctggatggcaagaagtcttatta
gtttcaattagttttattcctggattctacatttactacttagcatgtaaagaaaataat
cgtaaagttacaactgctgaaaagtggacaatggcgctaattttaatcctaagtgttatt
gcaatttggcttgttgctaatggaactattgccatcggctag

>fig]1598.593.peg.2067 Arginine/ornithine antiporter ArcD [Lactobacillus reuteri
PNW1]

MDEQKKGIGRGELIALIVSSCIGTGIFGITSDVAAAAAPGPALLAWIFVGIGFLMLVLSL
NNLSEKRPDLTSGIFSYAGAGFGPLGEFISGWSYWLSAWLGNIAFATMIMSSIGTFEFPTFEF
KGGONLPSIITIATIIFCWLLTILVNNGVESASEFVNMIGTICKVLPLVIFIIMMVVCFKAGM
FTADEFWGRVANNASHGTTTGSVWEQMKGTLMTLIWVFIGVEGASVMASRAKSLTAAREAS
LISFGLLVVIYVLISILPYGALTRAELAGMGOQPAIGHVLQATVGSWGSILINVGLIISTT
VSWLSWTMLPAETTMLVADDKAMPKIWGKVNAKKAPTASIMITAVLOQTIFLFSLLFTDKA
YEFAYSLCSAAILFSYLEFVGLYQMKYSSAHQEWGQFTIGLLSAAFMFACMFLAGWQEVLL
VSISFIPGEFYIYYLACKENNRKVTTAEKWTMALILILSVIAIWLVANGTIAIG

Lactobacillus acidophilus PNW3

>fig|6666666.426754.peg.700 Ornithine decarboxylase (EC 4.1.1.17) [Lactobacillus
acidophilus PNW3]
atggattttttaaaaatagctattggaaataatgttagtatcgataaattaaaagattgg
acattagttccaattggtcaagctgaaaatagtgcggagcttgcagctattgtcattaag
caaaatgatatcttagctaaattaaaagctgatgaattaaaaaaacaatctgggtttccg
attcctgtgattgaagtagagcagcaagttgattcaaaagtaaaacaagatataattcaa
aaagcggagaactatcaacatgaaatggtgcccggttttttaactgatttgattaattte
gctcaggctaaaccgattagttttactacgccgggtcaccataatggtcaataccttgat
ttgcatcccgectggtgtagtattcaataggttctttggcaagaatatgatgtttgcagat
acaagcgataccgttcctcaattgggtgatacgatgactcatacgggtacaccacttgac
gcagagaaaaaggcggcagaaacttatcatgctgataaagtgtatttctgtacgaatggt
acaactagtgctaattctatctgtgcaagtgcgcttttgtctgaaggtgatttagtatta
tttgaccgtaataatcacaagtccttatacaatagcgcattagttatgagcggtgctaag
cctgtatatattccaactgatcgcaatgctttgggattaattggcgaaatggaccctgac
tttttaacagaagataaaattagagctgaaattgccaaagttgatccaaaaaaagctaaa
ttaaagcgtccattcagattagccattgtgcaagctgaaacttatgatggtatattttat
gatgctaagtggattcttgatcgaatcggaaaactttgtgactacatcttattcgattgt
gcatggggcggatttgaagaatttgttccaattatgaaacacttatcaccattactceectt
aacctagggcctgatgatcctggtattttggtaactcaatcactgcacaagcaacaagtt
ggtatggctcaggcttctcaaattttgaagaaggactcccatattcaaggccaaaagcgce
tatgttgaccacaagcactttaaccatgaatacttgaagtttgttacttcttcatatgcc
tatccactttatgcatctttgactgttaactcttatgttactgctggtgaaggtaacaaa
aagtggtgggatgaaatcttgcgtatgggtattgaatggcgtaaggaacttctaaagaag
tctaaattatttaagccatttgttccagttaactttttagatattccgactaatgaattg
gcaactaatgctaagtattggaatatgagcaaagaagataattggcatgggtttactaag
atgggtaaaggcgaagcaatgatcgatccactcaagattacggtaaaaactcctggtatt
gatgtccagaatgctaaatatgaagaaacaggtattccaggtgcagttgtagcagaattc
ttgatggaaaatcatattattcgtgcaaagaacgacttgaattcgcttttgttcttgcta
acaccaggtgatactaaagaagaacttgataccttgcttgatgcatttttgaagtttgaa
aagtattataacgatgatggtttggtaaaggatgtccttccagttttgtacaaagaatat
cctgatcgctacaagggctacactgttaagcatctttgtcaagaaatgcacgaatactat
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aaagaaaataatacttttgttttgcagcaagaactatttgaaaagccggggatgcaagat
tacaagatgactcctgcagaagctgatcaaatgtttaagcgtaatgaaaataaagtagtc
aaccttgaagatgtggtaggtgaaaccgcagctgaaggtgctttgccatatccaccggga
gtctttattgtagctcctggtgaaaagtggggcacaattgatcaaaagtacttcgaagtt
ttggcacatgcaattgaaaaatttccaggttttgtgccagaaattcaaggagtatatttyg
gatcaaaatgctgatggtacgttgagagtacaagctgaagttattaagaaatag

>fig|6666666.426754.peg.700 Ornithine decarboxylase (EC 4.1.1.17) [Lactobacillus
acidophilus PNW3]
MDFLKIAIGNNVSIDKLKDWTLVPIGQAENSAELAATIVIKONDILAKLKADELKKQSGEP
IPVIEVEQQVDSKVKQODIIQKAENYQHEMVPGFLTDLINFAQAKPISFTTPGHHNGQYLD
LHPAGVVENRFFGKNMMFADTSDTVPQLGDTMTHTGTPLDAEKKAAETYHADKVYFCTNG
TTSANSICASALLSEGDLVLEDRNNHKSLYNSALVMSGAKPVYIPTDRNALGLIGEMDPD
FLTEDKIRAETAKVDPKKAKLKRPFRLATIVQOAETYDGIFYDAKWILDRIGKLCDYILFEDC
AWGGFEEFVPIMKHLSPLLLNLGPDDPGILVTQSLHKQQVGMAQASQILKKDSHIQGQKR
YVDHKHFNHEYLKEFVTSSYAYPLYASLTVNSYVTAGEGNKKWWDETILRMGIEWRKELLKK
SKLFKPEVPVNFLDIPTNELATNAKYWNMSKEDNWHGFTKMGKGEAMIDPLKITVKTPGI
DVONAKYEETGIPGAVVAEFLMENHITRAKNDLNSLLFLLTPGDTKEELDTLLDAFLKFE
KYYNDDGLVKDVLPVLYKEYPDRYKGYTVKHLCQEMHEYYKENNTEFVLOQOELFEKPGMQD
YKMTPAEADQMEFKRNENKVVNLEDVVGETAAEGALPYPPGVEFIVAPGEKWGTIDQKYFEV
LAHATEKFPGFVPEIQGVYLDONADGTLRVQAEVIKK

215



