WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 8.074
Volume 7, Issue 9, 543-549. Research Article ISSN 2277- 7105

COMPUTATION AND IN-SILICO VALIDATION OF CANDIDATE
PRIMERS FOR PCR-FREE ON-SITE DETECTION OF
ENTEROTOXIGENIC ESCHERICHIA COLI

Rajesh Singh Tomar and Anurag Jyoti'

Amity Institute of Biotechnology, Amity University Madhya Pradesh, Gwalior-474 005,
India.

Article Received on ABSTRACT

07 March 2018, Over population, industrialization and urban crowding has led to the

Revised on 27 March 2018,
Accepted on 17 April 2018

DOI: 10.20959/wjpr20189-11704 diseases, threatening human lives. Enterotoxigenic Escherichia coli

pollution of water resources resulting into the outbreaks of diarrheal

(ETEC) is a potential pathovar responsible for water-borne diarrhea

*Corresponding Author among children and travelers. Rapid and on-site detection of ETEC is
Anurag Jyoti important for the management of these diseases. This creates a
Amity Institute of selection pressure on the scientists to develop a potential detection tool

Biotechnology, Ami : : .
lotechnology, Amity to diagnose the causative agent. The present study attempts to design

University Madhya Pradesh,

Gwalior-474 005, India. and in-silico validate the specific candidate primers of isothermal

amplification to detect ETEC. The primers for isothermal amplification
were computed targeting LT1 signature gene of ETEC. A web-based dedicated software
Primer Explorer V4 was used to compute the primers. All the primers were further checked
for the inclusivity and exclusivity in nucleotide-BLAST. Results showed that all the primers
are highly specific towards their respective targets. Therefore, the present study implicates

the computation of primers of PCR-free isothermal amplification for the detection of ETEC.

KEYWORDS: Enterotoxigenic Escherichia coli, Nanoarray, Isothermal amplification,

point-of-care diagnostics.

INTRODUCTION
Presence of pathogenic microbes in potable water adversely impacts human health and
sustainable development world wide. Rapid urbanization has converted environmental

reservoirs as the dump site for wastes. Potable water resources are heavily contaminated with
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the industrial effluents.!) Such water resources harbor deadly pathogens. Enterotoxigenic
[2,3,4,5]

Escherichia coli (ETEC) is one of the most prevalent pathogens in these resources.
The detection of water-borne disease outbreaks help in identifying the origin of disease, the
causative agents and the source involved. Conventional methods for detection of ETEC rely
on the cultivation in appropriate culture media and further biochemical characterization.
These methods are laborious, non-specific and time consuming.!®”! The molecular approach,
Polymerase Chain Reaction (PCR) has been validated by International Organization for
Standardization (ISO) and is now used for testing of water-borne pathogens.® The sensitivity
of the PCR is often not sufficient and post PCR processing is needed. Additionally, PCR
requires technical equipment and laboratory setup, which is not suitable for on-site-
diagnostics. Real Time PCR or quantitative PCR (q-PCR), more sensitive than conventional
PCR, is being applied in the environmental risk assessment.!”) Although the method is

sensitive, expensive instrumentation is required.™

Nanotechnology has been explored for the detection of nucleic acid of pathogens.l'” After
hybridization with the target DNA, the gold nanoparticle functionalized oligonucleotides,
exhibit a distinct color change (from red to purple) due to aggregate formation and red shift in
plasmon band.!*Y The assay is fast and simple, but still needs the PCR amplified products as
target. To overcome the need for PCR with its complex temperature program, other DNA
amplification techniques required. The Loop-mediated isothermal amplification (LAMP) is a
promising gene amplification technique, in which the reaction can be processed at a constant
temperature. The assay can be termed as “one-temperature DNA amplification” for a "one-
pot detection” of a particular bacterium. In the LAMP method four primers are used to
recognize six different locations on the target DNA, thus the specificity is extremely high.™!
By using this method, a few copies of the target DNA is specifically amplified to as high
number as 10° within 1h under the isothermal (55-65°C) conditions.*? The amplicons are
detected by measuring the visible turbidity caused by increasing quantity of Magnesium
pyrophosphate in solution.**! The sensitivity and specificity of this method has been
demonstrated for detection of bacteria in samples.™™

The present study aims to compute and in-silico validate the specific candidate primers of
isothermal amplification to detect ETEC.
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MATERIALS AND METHODS

Gene sequence retrieval from database

Enterotoxigenic Escherichia coli, pathovar responsible for the water-borne travelers’ diarrhea
was selected to compute primers for Loop-mediated isothermal amplification assay for
detection in water samples. Nucleotide sequence of signature virulent gene LT1 of ETEC was
retrieved from the GenBank of NCBI, U.S.A.

Table 1: GenBank sequence identification number of LT1 gene.

Microorganisms/ Genes \ Accession number of gene sequence
Enterotoxigenic Escherichia coli
LT1 | AB011677

Primer designing for LAMP assay

The complete domain nucleotide sequence of LT1 gene, unique to ETEC, was used to
compute candidate oligonucleotide primers using Primer Explorer V4 software. Various
parameters were considered for designing the primers. These include; Tm (melting

temperature), % GC content, secondary structure, distance between primers etc.

Inclusivity and Exclusivity of designed primers
Computed primers were checked for their inclusivity and exclusivity against the sequenced
microbial genomes in nucleotide-BLAST. This ensures the specificity of primers towards

target pathogen.

In-Silico analysis of primers
In-silico PCR was performed to check the correct amplification of target DNA. Selected
primer pairs were allowed to amplify and detect the LT-1 gene of ETEC using this web-based

software.

RESULTS

Computation of candidate oligonucleotides targeting Enterotoxigenic Escherichia coli
Highly specific primers for LAMPCR were computed using web based primer computational
software, Primer Explorer V4. The individual primers varied from 21 bases to 25 bases long.
The outer primer pairs F3-B3 generated a PCR product of 203 bp. Similarly primer pair F2-
B2 generated amplicons of 155 bp. Other primers F1P and B1P were generated by combining
Flc and F2 and Blc and B2 respectively (Table 2).
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Table 2: Computed primers of the LAMP study for detection of ETEC.

label | 5'pos | 3'pos | length | Tm | 5'dG | 3'dG | Sequence
F3 982 | 1005 24 56.94 | -6.34 -4.31 | CGCAACACACAAATATATACGATA
B3 | 1164 | 1184 | 21 |56.52| -553 | -4.06 | GTCTCGGTCAGATATGTGATT
EIp 50 GCCGCTCTTAAATGTAATGATAACC-
TGACAAGATACTATCATATACGGAA
BIP 42 AGTCCCGGGCAGTCAACATA-
TTAATGTGTCCTTCATCCTTTC
F2 | 1008 | 1032 | 25 |56.73| -4.58 | -5.69 | TGACAAGATACTATCATATACGGAA
Flc | 1056 | 1080 | 25 |60.14| -7.76 | -3.73 | GCCGCTCTTAAATGTAATGATAACC
B2 | 1141 | 1162 | 22 |55.74| -290 | -4.46 | TTAATGTGTCCTTCATCCTTTC
Blc | 1098 | 1117 | 20 |62.87| -5.69 | -3.29 | AGTCCCGGGCAGTCAACATA

Specificity of LAMPCR primers
Results showed that all the primers are highly specific towards their respective targets. E-
value of the BLAST result was found to be very low for the target gene. There was no

similarity found in other bacterial gene or genome.

In-Silico validation of designed candidate oligonucleotides
In silico PCR amplification study revealed that the primer pairs amplify desired products of
the target gene LT-1 of ETEC.

DISCUSSION

Virulence genes are present in the pathogenic islands of a bacterial species. These are
essential for the survival and pathogenicity of bacteria. These essential genes are more
evolutionary conserved than non-essential genes in bacteria.'® Present study aimed to
compute the candidate oligonucleotides for the PCR-free detection of enterotoxigenic
Escherichia coli. The pathogenicity of ETEC is directly related to the LT1 gene expressing
the enterotoxin LT.[*®! Disease burdens due to these pathogenic bacteria are attributes to poor
hygiene and poor management of water resources. This can be diminished by early and
accurate diagnostic techniques. Rapid detection of these organisms within few hours desires
development of sensitive and specific methods. Quantitative PCR has improved the detection
system by use of specific probes and instrumentation. Although the method is highly

sensitive, it still requires expensive instrumentation.™!

PCR-free detection of pathogenic bacteria is one of the important and striking features of
Loop-mediated isothermal amplification. Proper execution of the amplification needs careful

computation of the primers and their in-silico validation. As a result, the time needed for in-
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vitro optimizations will be minimized. Primers were computed to target template at different

positions.

Inclusivity and exclusivity study revealed that the computed primers are highly specific
towards their target. Expect value (E-value) and score from the BLAST output were analysed
for each primer. E-value was found to be minimum and score was found to be maximum for
all the primers. In silico PCR amplification study was performed to check the formation of
desired products of LT-1 gene of ETEC. The results revealed that the primer pairs amplify
desired products of the target gene LT-1 of ETEC.

CONCLUSION

In conclusion, the in-silico amplification of the target gene prior to bench optimization for
detection of ETEC can minimize time and cost needed for in vitro verification of work. Such
validated economically viable LAMPCR based assay could be used for the management of

water quality as well as outbreaks.
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