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Background and Objective: Salmonella typhi is one of the major challenges for the
human and animal health. Salmonella with high pathogenicity can be harmful factor
for human health. The control of this pathogen is a big challenge as it can cause
Toxin-Antitoxin system; serious infectious diseases such as gastroenteritis, septicemia and typhoid fever. On
hth-xre; the other side, there are many factors such as toxin-antitoxin (TA) system which may
be a regulator for the virulence factors in bacteria. The TA system as a potent target
for antimicrobial therapy is very important in this bacterium. Therefore,
bioinformatics analyses are essential for identification of the potent TA loci. This
system is potency for the antimicrobial therapy. In this study, we focused on the TA
system as a regulon for the pathogenicity of Salmonella typhi.
Materials and methods: We analyzed the potent TA loci and assume the review of
these potent TA loci can help us in the next experimental studies. We used RASTA
(RASTA-Bacteria: a web-based tool for identifying toxin-antitoxin loci in
prokaryotes) database and after that we analyzed TA system in all of the scores.
Finally, all of the known and unknown TA loci were identified.
Results: By scrutiny different scores and excavate potent TA loci in Salmonella
typhi, we were able to discover significant potent TA loci. We discovered several
loci in scores 70-80%. In other hand, the potent TA loci were significant in scores
90-100%. A significant number of potent TA loci were discovered on this score. It is
interesting that hth-xre exists in most scores and finally the highest number is
compared to the other unknown potent TA loci in both strains of Salmonella typhi.
Conclusion: By studying all the scores in two different strains of Salmonella typhi
including P_stx_12 uid87001 and Ty2la uid201427, hth-xre was shown in both
strains as an unknown TA system which can be a great help for bioinformatics and
experimental studies. Finally; we identified the potent TA loci in different
Salmonella typhi strains.
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Introduction

It is very obvious that low level of sanitation in On the other hand, Salmonella family members

human societies can be the cause of different diseases
[1.2]. Among these diseases are typhoid fever and
food poisoning which are transferred easily by
consuming contaminated food or water and
Salmonella typhi is of the great importance [3].
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have shown a great resistance to disinfectant agents
which makes their removal difficult [4].
Unfortunately, nowadays the outspread of
antibiotic resistance in S. typhi has become a huge
problem [5]. Control and treatment of S. typhi
infection has become a challenge [6]. On the other
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side, according to the most recent studies, TA system
is significant as a potent antimicrobial target and
plays an important role as a basic principle in the
pathogenesis of bacteria [7].

In this study, with the benefit of bioinformatics
tools, we try to investigate the potent TA loci in this
bacterium. Hence, various analyses were performed
on S. typhi to identify novel TA loci.

Material and Methods

Bioinformatics analysis

To discover novel TA system, one should refer
to the RASTA Database at:

(http://genowebl.irisa.fr/duals/RASTA-
Bacteria/) and then the analysis of various TA loci
and potent TA loci can be performed.

Accessible bacterial strains from RASTA:
Two strains were selected and analyzed:

Salmonell aenterica_ serovar_typhi_ P _stx 12
uid8700
Salmonella_enterica_serovar_typhi_Ty2la uid20
1427

Results

As it is said in numerous studies, S. typhi has a
high-power pathogenicity and also can be
transferred quickly from one person to another.
Therefore, typhoid fever is one of the most

remarkable diseases in the world [8]. Many factors
are involved in the pathogenesis of bacteria specially
S. typhi [9]. One of these factors is toxin-antitoxin
(TA) system which has been considered today [7].

Since the TA system plays an essential role in the
pathogenesis of bacteria [10], we decided to analyze
the potent TA loci by bioinformatics method.

After reviewing two different species of S. typhi,
it was shown that both species have humerous and
different potent TA loci. In species S. typhi_P_stx in
different categories we can see potent TA loci (Table
2). But more importantly, this potent TA loci is in
categories 50-60 % (Table 2).

The important issue is that among all unknown
potent TA loci, hth-xre is present in most categories
with the highest number compared to the other
unknown potent TA loci (Table 2).

On the other hand, at categories 70-80%,
numerous unknown potent TA loci were found. In
the species S. typhi_P_stx, hth-xre is also seen in
most categories.

This can be considered as a potent TA locus as it
has the highest number (Table 1). These analyses
were performed to identify the potent TA loci in
different species of S. typhi, so that better prediction
of TA loci and clinical experiments become possible
(Table 3, Figure 1).

Table 1. Potent TA loci in Salmonella_enterica_serovar_typhi P_stx 12 uid87001

Perecen

Known

known unknown +
tage
unknown
C°':‘e"’ wiog | HTH- | g | COG36 | .. vag | Vap | Doc- Hth-— | cogsa | stb e | Rl | TOTA
) 2 XRE Y 09 c c | Doc 99 c E L TOTAL
domain
100%
100 100% (n=482),
50-60 100 100 100 % (n= Unknown 98.7% (n=476),
% % % % _ _ _ _ _ _ _ _ _
(=) | (n=d) | (n=1) (n=6) 476) Known 1.2%
B B B (n=6)
100% (n=8),
60- 70 100 20 200 oo Unknown 62.5 %
100% % % (n=
% - % - =) | (=1 | - - - - - - - - | (=3 5) {n=5),
(n=1) ) Known 37.5 % (n=3)
100 100 100 100 100
70-80 % % % 100% % % 100% 100 % (n=10),unknown 40% (n=4),
% - (n= - - - - - (n=1 (n=1 (n=1) (n=1 - - ¥ (n=4) Known 60% ( n=6)
(n=6)
2) ) ) )
100 100 100
80-90 % % % 100% 100% (n=5), unknown 40% (n=2),
% - - - - - (n=1 (n=2 - - - - - - (n=2) Known 60% (n=3)
) ) (n=3)
100 100 100 100% (n=4),
90 - % % 100%
100 % _ _ _ _ _ _ _ _ _ _ _ (=1 | (=1 % (n=2) Unknown 50% (n=2).
° )_ )_ (n=2) a Known 50% (n=2)
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) ) ) ) ) ) ) ) 0) (n=20)
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Table 2. Potent TA loci in Salmonella_enterica_serovar_Typhi Ty21a_uid201427

Unknown
known +
known

unknown

Percentage
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Table 3. Analysis of potent TA loci in both stains of S. typhi

Strin 2

Sl (S. typhi_Ty2la_uid201427)

(S. typhi_P_stx_12_uid87001 )
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Strain 1

Strin 2

(S. typhi_Ty21a_ uid201427 )

(S. typhi_P_stx_12_uid87001 )

100% (n=4),
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90 - 100 100% 100% Unknown 50% 100% 100%
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w6 10% | Unloownsook | 100%  do0%  (ieam) | J(n=se2) ukeomn
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