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. ABSTRACT

Background: Identifying and quantifying food pathogens and environmental samples requires

accurate, high-sensitivity, and specific methods. Salmonella is a zoonotic bacterium that can

Research Paper directly cause human diseases. This work aims to develop anti-Salmonella aptamer using
bioinformatic tools and enzyme-linked aptamer assay (ELAA) to identify Salmonella and assess
its affinity to simulated protein.

Article Type:

Am?le info: Materials and Methods: An aptamer sequence was chosen to attach to Salmonella’s surface protein
Received: 10 Jan 2022 :  (outer membrane protein A [OmpA]). Then, the aptamer’s secondary and tertiary structures were
Revised: 23 Mar 2022 :  achieved using the UNAFOLD and ROSETTA servers. The structure of OmpA was simulated by
Accepted: 25 Jun 2022 : two methods: ab initio (using I-TASSER online server) and homology modeling (using MODELLER
¢ software and molecular dynamics simulation). In the next step, aptamer-protein binding was assessed
via HDOCK software. Afterward, aptamer and biotin-labeled primers were synthesized to amplify
specific sequences. Finally, the performance of aptamer to detect Salmonella was assessed by

streptavidin conjugated with horseradish peroxidase (SA-HRP) using the ELAA method.

- Results: This study showed that the aptamer binds to OmpA and is acceptable with a -283.3 docking
Keywords: ¢ score. The superiority of the selected aptamer to random aptamers was also reviewed and approved.
. After assuring the validation of an aptamer with bioinformatic analysis, the aptamer was cloned in
the pTZ57R plasmid and then used as a template in PCR. After the optimization of PCR and ELAA,
aptamer performance was successfully performed to identify Salmonella.
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Introduction

am-positive and gram-negative bacteria,

even at low concentrations, are responsi-

ble for infectious diseases [1]. Salmonella

is a gram-negative bacteria that is the

leading cause of contagious diseases and

accounts for thousands of deaths world-
wide [2]. Both classic zoonotic and, more importantly,
the foodborne transmission of Salmonella spp. have
been documented [3]. Typically, the isolation of Sa/mo-
nella from swabs, food, and other environmental sam-
ples through the traditional culture approach involves
several steps of priority to enrichment, selective enrich-
ment, and growth on selective media to increase the sen-
sitivity of the detection methods [4]. The performance of
current detection technologies is limited because of their
difficulty, high cost, time-consuming, and low sensitiv-
ity and availability [5]. Unfortunately, diagnosing Sal-
monella and other pathogens in complex instances, such
as feces, food [6], and environmental samples, is chal-
lenging for several reasons. Monoclonal and polyclonal
antibodies have recently been the most common com-
pound ligands for pathogens capture. Designing simple,
fast, and economical methods with minimal laboratory
equipment is very suitable for researchers who can help
detect bacteria. Gram-negative bacteria express outer
membrane proteins (OMPs) such as outer membrane
protein A (OmpA), porins (OmpC and OmpF), and lipo-
proteins that activate innate cells via toll-like receptors.
OmpA is one of the significant OMPs that forms into the
outer membrane via an N-terminal 8 transmembrane am-
phipathic p-barrel region [7]. In contrast, the C-terminal
region is retained in the periplasm [8, 9]. Then again,
DNA or RNA single strands molecules, called aptamers,
capable of binding to non-nucleic acid molecules, are
used to identify microorganisms.

Aptamers are attained through a technique known as
the systematic evolution of ligands by exponential en-
richment (SELEX). SELEX includes various stages
such as incubation of oligonucleotide library, separation,
amplification by polymerase chain reaction (PCR), and
purification [10]. Aptamers are single-stranded oligo-
nucleotides that can naturally be divided into three-di-
mensional (3-D) structures. They have the capability of
connecting to bio surfaces precisely [11]. Aptamers can
assume stable 3-D configurations, such as lops, triplexes,
pseudoknots, G-quadruplexes, and staples in the aque-
ous phase. Aptamers may distinguish target molecules
between secondary or tertiary structures. For example,
compounds such as amino acids are combined for inter-
action using pseudoknots, internal rings, and unilateral
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bulges [12, 13]. It is possible to integrate aptamers with
different operating systems that will change the signal
from aptamers to the analyte or electrochemical signals
that are measurable and depend on the concentration of
the sample. Although the development of aptamers has
been concentrated on medical applications, the latest en-
vironmental developments have also been reported. Pro-
duction of the aptamer is commercially available from
multiple suppliers that provide services to regulate the
sensitivity and structure of the produced aptamer. How-
ever, no commercial testing is based on aptamer allocated
to environmental pollution [14, 15]. As novel therapeu-
tic agents, aptamers, also known as chemical antibod-
ies, have several advantages over customary antibodies.
Aptamers are smaller, can cause chemical changes, pos-
sess thermal and chemical stability [16], have lower-cost
production, and are nonimmunological [17].

In this work, we studied the interactions of DNA aptam-
er with surface proteins of Sa/monella. To ensure the ef-
fective binding between aptamer and OmpA, the protein
modeling (with MODELER software & ab initio meth-
od, separately) and simulation (with molecular dynamic
pathway) were performed. We selected a DNA aptamer
that interacts explicitly with OmpA based on previous
experimental studies. The tertiary structure of an aptamer
was predicted, and the possibility of protein binding to
the aptamer was examined via docking procedures. At
the next step, aptamer was cloned, sequenced, and char-
acterized for binding efficiency. This study aimed to as-
sess aptamer to detect Salmonella using bioinformatic
analysis and enzyme-linked aptamer assay (ELAA).

Materials and Methods

Single-stranded DNA aptamer modeling

Based on the previous SELEX-based enrichment stud-
ies for aptamer design (TATGGCGGCGTCACCC-
GACGGGGACTTGACATTATGACAG), this aptamer
was selected as a candidate that could be bound to the
outer membrane protein A (OmpA) of Salmonella bac-
teria [18]. This process was extracted by a SELEX pro-
cedure with 7 rounds over a pool of several millions of
random sequences directed against the OmpA of Sa/mo-
nella. In this study, the 3-D structure of the ssDNA mol-
ecule was obtained from the nucleotide sequence over 4
main steps (Figure 1). The ssDNA aptamer was initially
transformed to RNA, after which this structure was mod-
eled. We prepared this structure with the following steps
to model the sequence of ssDNA aptamer. The first step
of our approach was to predict the secondary structure,
which was itself predicted by UNAfold (server [19],

Res Mol Med, 2022; 10(3):125-136
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Figure 1. Schematic representation of the preparation of tertiary ssDNA structure

This approach consists of making the ssDNA secondary structure from the sequence using UNAfold (step 1), constructing
3D ssRNA models using ROSETTA server (step 2), transforming the 3-D ssRNA models into ssDNA models using Discovery
Studio (step 3), and optimizing the 3-D ssDNA structures using HyperChem (step 4).

based on free energy minimization. In the next step, the
thymidine nucleotides were replaced with uracil nucleo-
tides in the DNA structure. This structure was used as an
input for the ROSETTA server [20] to determine the ter-
tiary structure of ssSRNA (step 2). For this purpose, in the
FARFAR? section, the sequence and secondary structure
of interest aptamer were submitted. After selecting 2000
structures, the best-suggested model was used for the
following procedure. Then, the RNA spatial structure
was converted to DNA using Discovery Studio software,
version 16.1.0 (Step 3). As the applied changes, the uracil
nucleotides were replaced with thymidine, and the ribose
sugars were transformed into deoxyribose sugars. In the
final step, 5000 steps of the steepest descent minimiza-
tion were executed by HyperChem software, version
8.0.10 (step 4). The output of this step (.pdb file) was
saved and used for the subsequence analysis.

Homology modeling

The MODELER software was used for comparative
or homologous modeling 3-D protein structures [21].
It performs protein structure modeling despite spatial
constraints. In this research, this software was used to
model the desired protein and evaluate its performance
in binding with the selected aptamer. Based on the pre-
vious reports, OmpA has been introduced as one of the
candidate targets for binding with aptamer [18]. For this
purpose, the protein’s amino acid sequence (from the
UniProt [22]) was received in FASTA format. In the next
step, to obtain homologous proteins with the template
protein (OmpA), the sequence of the protein was done

Res Mol Med, 2022; 10(3):125-136

BLAST via the protein data bank (PDB) database [23];
three proteins (1qjp, 4rha, and 2k01) which had the high-
est similarity with the OmpA were selected as a pattern.
These proteins were chosen as the patterns according to
the indices, such as the quality and resolution of the pro-
posed model, overlapping of different protein sections
with template protein, etc. After obtaining the PDB files
of the template proteins, the alignment file was prepared
using Clustal Omega [24]. In the next step, multiple tem-
plate modeling was used, and the best model with the
lowest DOPE (discrete optimized protein energy) score
was used for molecular dynamics.

Molecular dynamics simulation

A molecular dynamic simulation was used to find
suitable protein motifs orientation to another. It was
carried out to confirm and improve the modeled pro-
tein by homology modeling through GROMACS with
CHARMM36 all-atom force field and TIP3P as a selected
water model. Protein was soaked in a cubic box of water
molecules, and the periodic boundary conditions (PBCs)
were applied to the system in all spatial directions. The
box coordinates such that the protein is located in the cen-
ter and extends 1 nm from each side. The charges on the
protein were neutralized by adding SNa* ions. For energy
minimization, 50000 steps were used in the steepest de-
scent method. In addition, the particle mesh Ewald (PME)
algorithm method was used for NVT (constant number of
particles, volume, and temperature) equilibrium, and Par-
rinello-Rahman was used for NPT equilibrium, wherein
the number of particles, pressure, and temperature are
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all constant. After completing two equilibrium steps, the
system correctly fits the desired temperature and pressure
and is prepared to implement the molecular dynamics
(MD) process for data collection. This step was carried
out for 30 ns at 300 °K. The obtained .pdb file from this
step was saved for subsequent analyses.

Ab initio modeling

For another modeling method, the amino acid sequence
of the protein from the UniProt) [22] was received in
FASTA format. The sequence was simulated in the De
novo method by the I-TASSER [25] database. Then, the
optimization of the prediction outputs of the I-TASSER
server was done with PdbViewer software (SPDBV)
[26]. The .pdb output file from this step was saved for
the subsequent analyses.

Models validation

Ramachandran plots and Z-score points were used to
compare and validate the accuracy of the predicted struc-
tures. The Ramachandran plots were constructed using
the Ramachandran plot server [27] and the ProSA-web
server [28] was utilized to calculate the Z-score.

Molecular docking

The interaction between the OmpA and aptamer was
evaluated through online servers. The studies of the in-
teraction of aptamer and simulated protein were carried
out via the HDOCK server. One service of this server is
to examine the protein-RNA/DNA interaction that can
provide results in a limited time. To achieve this purpose,
by providing input data for the receptor and ligand mol-
ecules, the server automatically predicts an interaction
via a combination of template or free-based docking al-
gorithms [29]. Regarding the analysis and validation of
the binding results of the simulated protein through mo-
lecular dynamics and the non-randomness of the results
that show the high affinity of the aptamer binding to the
simulated protein, 100 random sequences were obtained
by the server [30] and their secondary and tertiary struc-
tures were provided and saved in .pdb format. Then, the
modeling of the tertiary structure, as explained in previ-
ous sections, was implemented on them, and the docking
of each structure with the simulated protein was done.

Cloning of candidate aptamer

After screening and examining the aptamer function
through bioinformatics analyses, the selected sequence
was cloned into the pTZ57R plasmid. During the clon-
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ing process, amplified aptamer was used in ligation pro-
duction. With the confirmation of PCR products, 5 pL of
PCR product was added to 1 pL linear TA vector, 1 uL. T4
buffer, 0.5 uL T4 ligase, 0.5 pL PEG, and 2 pLL H,O. The
mixture was kept at room temperature for 2 hours. In the
next step, 5 pL of the ligation mixture was added to 200
pL of competent cells of E. coli DH5 (prepared with the
calcium chloride method). The mixture was incubated
for 30 min on ice. After a heat shock at 42°C for 90 s, it
remained again for two minutes on ice. After adding 100
uL of LB-broth, for 50 min shaking at 37°C with a ther-
mocycler, the entire content was plated onto the LB agar
plate containing ampicillin antibiotic at 37°C overnight.
The next day, the recombinant plasmid was formed on
the colonies on the plate containing antibiotics. To con-
firm the entrance of aptamer into the plasmid, we utilized
colony PCR, digestion (with EcoRI and HindIII), ampli-
fication (with M 13 universal primer), and sequencing.

Cell culture and plasmid extraction

The recombinant E. coli was primarily cultured in an
LB broth medium (0.1 g tryptone, 0.5g yeast extract, 0.1
g sodium chloride, soluble in distilled water, pH 7.0) over-
night at 37°C on a shaker incubator. The harvested cells
were centrifuged at 9000xg and 25°C for 5 min, and their
genomic DNA was isolated using a high pure DNA puri-
fication kit, according to the manufacturer’s instructions.
After plasmid extraction, the plasmid is used as a template.

Amplification with specific primers

In this study, we used a DNA aptamer to detect Salmonel-
la. The aptamer was a single-stranded DNA containing 40
bps that was cloned in the TA vector. At the 5" and 3"-end
of this aptamer, 15 and 20 bases were designed for aptamer
amplification using forward and reverse primers (Table 1).
It should be noted that the forward primer was marked with
biotin. The aptamer amplification was used by thermocy-
cler and PCR technique, and the amplified sample was
used to control testing the agarose gel 2.5% (with TAE).

Assessment of the functionality of aptamer with
ELAA technique

To control the aptamer function, we screened its binding
to the target molecule through the ELAA technique. This
technique is equivalent to ELISA, which is used instead
of an antibody from oligonucleotide. For this purpose,
the bacterium was coated in ELISA strips. Afterward, the
work step was done as follows: Incubation of bacterium
in $trips (14-15 hours), 3 hours incubation with block-
ing solution (3% BSA), washing (phosphate buffer saline

Res Mol Med, 2022; 10(3):125-136
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[PBS]) 35 min, 2 hours incubation with aptamer, wash-
ing (PBS) 3%5 min, 30 minutes incubation with SA-HRP,
washing (PBS) 3x5 min and in the end, the detection steps
with tetramethyl benzidine chromogen and peroxide sub-
strate were conducted. In this step, formation or lack of
blue color was recorded. Finally, H,SO, was added to stop
the reaction, and the absorbance was read at 450 nm.

Statistical analysis

Using SPSS software, version 27.0.1 a one-sample t-
test was designed and compared with 100 random ap-
tamers. For this purpose, the software tools calculate the
means of the data after entering the data. Then, the soft-
ware designed and analyzed the one-sample t-test using
the statistical data’s output. The test value was consid-
ered -283.32 in this study.

Results
Prediction of the tertiary structure of ssDNA aptamer

The DNA aptamer was 40 nucleotides in length. In Fig-
ure 2, the 2-D and 3-D structures are shown.

Protein modeling and MD simulation

One hundred models with different DOPE scores were
obtained by MODELER software, version 10.1. The
best model with the lowest DOPE score (Figure 3b) was

G-A
c c

O———0—>—0—0
O—PF—0—0—0—0._

Po—-d-0—0—0—®
—1——0—F—0—-

2D structure of
aptamer

Figure 2. The 2-D and 3-D structures of ssDNA aptamer
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used for molecular dynamics. After modeling the pro-
tein, a molecular dynamic simulation was performed
(Figure 3c). The simulation results, including analysis
of root mean square deviation (RMSD) and gyration ra-
dius, showed that the structure has become more stable
with the progress of MD simulation. However, this short
simulation aims to check the position and orientation of
amino acids in the connection region of two motifs and
reduce non-favorable dihedral angles (Figure 4). The
root mean square fluctuation (RMSF) chart depicts the
fluctuation of amino acids. Examining this chart in the
point of motifs joint shows that there has not been a sig-
nificant change in this part. RMSF showed the fluctua-
tion of the various motifs of the protein. The orientation
between two different motifs occurs from 230-250 resi-
dues because there is no significant fluctuation (Figure
4). The OmpA Rg value confirmed the stabilization of
the process during the simulation time of 30 ns (Fig-
ure 4). I-TASSER models are ranked based on their C-
scores. Among the offered models, the best model with
the highest C-score (Figure 3a) was selected for valida-
tion analyses.

Comparison of protein’s different models

Protein structures were assessed by the Ramachan-
dran plot. The Ramachandran plot showed the simulated
model through molecular dynamic simulation that 98%,
1.3%, and 0.7% of residues were in the highly, preferred

N

3D structure of
aptamer

MM

The AG energy of folding for ssDNA aptamer is -4.20 kcal/mol. Nucleotides in 3-D structure are G (green), A (red), T (blue),

and C (purple).

Res Mol Med, 2022; 10(3):125-136
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A

Figure 3. 3D structures of proteins and validation results

2rHmm

A) The structure of OmpaA is predicted through I-TASSER and its Ramachandran plot, B) The structure of OmpA is predicted
through MODELLER and its Ramachandran plot, C) The structure of OmpA is predicted through molecular dynamic simula-

tion and its Ramachandran plot

and questionable observation, respectively (Figure 3c).
The Ramachandran plot about modeling with MOD-
ELLER was reported at 93%, 4%, and 3%, respectively
(Figure 3b). This data about the De novo simulation was
reported at 66%, 23%, and 11%, respectively (Figure 3a).
The ProSA-web results have shown a Z-score of -6.13,
-5.88, and -4.78 for I-TASSER, homology-modeled
OmpA, and molecular dynamic simulation, respectively.
Figure 5 shows the data validation results. The structure
simulated by the molecular dynamic simulation method
shows the best quality.

Molecular docking

To investigate the interactions of OmpA with aptamer
to identify the possible binding locations of the protein
to the aptamer, we performed molecular docking com-

putations using the HDOCK server. The HDOCK server
presented the -283 docking score as the best (Figure 6).
The server presented the results, which showed that the
score of aptamer and simulated protein would be more
suitable than those of all DNA random structures. Inter-
actions between aptamer and OmpA are shown in Figure
6. This issue was confirmed by a 1-sample t-test analysis
with SPSS software. The results of this analysis include
the calculation of the mean of random structures that
were compared with the aptamer docking score during
the one-sample t-test analysis. The results showed a sig-
nificant difference, with a P<0.001 (Table 2).

Aptamer production

After the approval of aptamer performance, it was se-
lected for the following studies in the laboratory. Plasmid

130
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Figure 4. RMSD, Rg, and RMSF graphs of OmpA during 30ns MD simulation

pTZ57R-apta (Figure 7) was used for aptamer produc-
tion. The insert fragment is shown in red. The aptamer
amplification was performed using a biotinylated for-
ward primer (Figure 7). The amplification of the DNA
fragment was confirmed by agarose gel 2.5%. Also, the
results of the enzyme digestion and amplification with
the M13 primer on the agarose gel are shown in Figure
7. The results confirm the accuracy of the insert fragment
to the TA vector. Finally, the sequence of the pTZ57R
plasmid was also confirmed by the sequencing technique
(data not shown).

Detection of Salmonella

To detect Salmonella, we used PCR products of a bio-
tin-labeled forward primer (the reverse primer was not
labeled). In ELAA optimization, we used bacterial im-

MM

mobilization and aptamer incubation steps at different
times. The optimal times for bacterial immobilization
and aptamer incubation were determined overnight and
in 3 hours, respectively. One well was also used, without
aptamer, as the negative control. According to the re-
sults, the aptamer sequence was specific for Salmonella
(Figure 8), and the minimum aptamer concentration for
this assay was approximately 100 ng. Also, increasing
the concentration up to 600 ng does not affect the perfor-
mance of the aptamer.

Discussion

The Salmonella genus displays the most foodborne
pathogens isolated from food-producing animals re-
sponsible for zoonotic infections in humans and animal
species [31]. Several methods with high sensitivity and
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Figure 5. The plot exhibition of de novo, homology modeling, and MD simulation results

The black dot shows the similarity of the model with x-ray and nuclear magnetic resonance (NMR) structures.
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Figure 6. Schematic of interaction between OmpA and aptamer in Discovery Studio software

Seven hydrogen bonds (green), 2 electrostatic(orange), 5 hydrophobic (purple), and 1 other (black) interaction were observed

in this binding.

specificity are used for Salmonella identification. Aptam-
ers can be developed with high affinity and specificity to
interact with desired targets [32]. Recently, numerous an-
alytical and classical methods have been used to identify
Salmonella. In one research conducted by Joshi et al., the
specific DNA sequence for detection of Salmonella OMP
was obtained after 7 times of screenings. Their study used
the South-Western blot analysis and mass spectrometry
to identify Salmonella bacterium [18]. This investigation
claimed that anti-OmpA Sa/monella aptamer could detect
Salmonella. In recent years, several Salmonella OMPs

Table 1. Sequences of primers and aptamer used in the study

have been investigated as diagnostic antigens, virulence
factors, and vaccine candidates [33], and the function of
their genes and the molecular structure of OMPs have
been studied [34-36]. However, only a few OMPs have
already been identified [37]. Based on the studies con-
ducted by Joshi, OmpA was a candidate for the detection
of Salmonella species [18].

In this study, we developed 3-D models of OmpA by
comparing various in silico methods, such as homology
modeling and ab initio, as well as molecular dynamics

Name Sequence
Forward primer Biotin-TATGGCGGCGTCACC
Reverse primer 5 CTGTCATAATGTCAAGTCCC3

Aptamer

5 TATGGCGGCGTCACCCGACGGGGACTTGACATTATGACAG 3

Table 2. The result of 1-sample t-test

2rHmm

N Mean+SD

Mean+SE

Docking score 100

-249.0409+13.84609

-249.0409+1.38461

95% Confidence Interval of the Difference

t df Sig. (2-tailed) Mean Difference
Lower Upper
Docking score 24.757 99 0.000 34.27910 31.5317 37.0265
2rmMm
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Figure 7. Agarose gel electrophoresis of aptamer amplification and recombinant pTZ57R vector (pTZ57R-apta) in SnapGene

software

M: DNA ladder (50bps), 1: Aptamer, 2: Digestion of pTZ57R plasmid with EcoRI and HindIII (114bps), 3: Amplification of

91bps fragment (with universal primer).

simulation. Protein structures generally determine their
biochemical functions [38]. The structure of proteins
could be assessed by experimental and theoretical ap-
proaches. Bioinformatics methods are significant before
the experimental determination of 3D protein structures
[38, 39]. Researchers have claimed that using multiple
patterns “naturally” increases the modeling accuracy
with the variability and divergence of natural structures
[40]. OmpA sequence served as a query for a BLAST

0.903

0.9
0.8
0.7
0.6
0.
0.4
0.3
0.
0.1
0
A

0.847

B

Lh

OD:450nm

(=]

0.764

I I I
C D E

search against a protein data bank (PDB) to find the
template with a lower E value, higher query coverage,
and maximum identity. The use of sequence alignment
methods to recognize the relationship between the target
sequence and one or more possible templates is the first
step in predicting the structure [41]. Based on BLAST
search and alignment generations, the best predicted 3-D
model of the OmpA was applied to MD simulation. Pro-
tein structure modeling was also performed by I-TASS-

0.783

2mMm

Figure 8. Salmonella detection using 100 (A), 200 (B), 300 (C), 600 (D) and 0 ng (E) aptamer by enzyme-linked aptamer assay

(ELAA) technique at optimize condition
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ER. The Ramachandran plot was used for the validation
of structures. Further verification was carried out using
the ProSA web server.

The results showed that molecular dynamics simula-
tion protein with 98% of residues in the high observation
and -4.78 Z-score could be the most suitable protein to
continue bioinformatics analysis. Also, the RMSF results
showed that the orientation of various protein motifs has
occurred in residues from 230 to 250. Based on the pre-
vious studies, we selected a DNA aptamer with specific
interactions with OmpA [18]. In particular aptamers,
similar to monoclonal antibodies, interfere specifically
with the target and detect or block the function of a tar-
get molecule. The achievement of the aptamer with the
highest affinity for the target is solved with the SELEX
procedure or through computational approaches [42].
To use the aptamer for bioinformatical analysis, sSSDNA
structure was achieved by the Rosseta server, whose use
helped us to reduce the cost. Then, to investigate further
interactions of aptamer with OmpA in terms of identify-
ing the possible binding locations of the aptamer to the
protein, we performed molecular docking computations
using the HDOCK server. Tools such as HDOCK are
used to analyze the propensity of thousands of ssDNA
to a dedicated protein [43]. Docking results indicate the
interaction of aptamer and protein with a -283 docking
score. The previous experimental studies that illustrated
the DNA molecules interacting with the outer membrane
protein of Salmonella [ 18] were approved with the result
of docking calculations. The probability of interaction
is also confirmed through statistical analysis with SPSS
software, and the difference was significant.

After confirming the results of the bioinformatical anal-
ysis, the cloning process was carried out, and the recom-
binant plasmid was used as a template in the PCR ampli-
fication. Finally, we have developed an enzyme-linked
aptamer assay (ELAA) to detect OMPs of Sa/monella
using the selected aptamer. ELAA showed recognizable
signals against Sa/monella. This assay was also suitable
for detecting Sa/monella by minimum aptamer amount
(100 ng). The results indicate the possibility of devel-
oping an aptasensor to detect Salmonella in the next
investigation. In 2013, Dwivedi [44] used a DNA ap-
tamer to identify Salmonella due to a magnetic capture.
In this study, aptamers were marked, and DNA aptamer
pools were classified after biotin labeling. In addition, an
electrochemical sensor was made to detect Salmonella.
Despite high accuracy, methods such as mass spectrom-
etry and western blot techniques [18] require advanced
experimental equipment and expert users. However, the
successful use of the ELAA technique for Staphylococ-
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cus was performed and presented acceptable results [45].
Due to the advantages of this technique, such as ease of
implementation, low cost, and speed of detection, this
technique has been carried out on the bacterial strain of
Salmonella. In this study, bioinformatical devices were
studied to connect aptamer to Salmonella surface pro-
teins before implementation of the laboratory phase. In
the end, the performance of aptamer was determined
using optimized PCR and ELAA techniques. In conclu-
sion, these results indicated the accuracy of aptamer for
OmpA Salmonella detection, and it could be used in fu-
ture works as an aptasensor for investigation and utiliza-
tion of Salmonella identification.
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