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Abstract

In biological fields such as medicine, detection of pathogenic bacteria and viruses
and food safety and quality control, need to provide information in real time which
motivates the search for alternative methods. Biosensors are the most attractive
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alternative providing simple, reliable, fast and selective detection systems compared

with conventional methods like PCR, FISH, and ELISA which have some limitations.
This review provides an overview of the definition of electrochemical genosensors
and their fields of application showing their effectiveness as a quick and sensitive
tool for detection of pathogenic bacteria, virus, GMOs and human diseases diagnosis.
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Introduction

The conventional methods used for specific sequences detection
in nucleic acids based on DNA sequence polymerization (PCR) or
DNA hybridization (FISH), present certain drawbacks such as the
requirement of expensive equipment, time-consuming, laborious and
in some case a low sensitivity. Therefore, biosensors are the most
attractive alternative providing simple, reliable, fast and selective
detection systems. An electrochemical biosensor is an analytical tool
composed of bioreceptor that specifically recognizes a biological agent
of interest (analyte), which results in a (bio) chemical signal converted
by the transducer into an exploitable signal.! Development and use of
electrochemical genosensors are evolving at a rapid pace, the definition
of the electrochemical genosensors and their classification can not
unequivocally answer all details and nuances. Biosensors classification
may be made according to the biological specificity conferring
mechanism or to the mode of signal transduction or, alternatively, a
combination of the two,' for detailed definition and classification, I
invite you to read the paper of Thévenot et al.! & Ozsos’s book.? In
electrochemical genosensors, the bioreceptor can be a probe (small
sequence of oligonucleotides, in case of electrochemical DNA-based
genosensor) or an aptamer (synthetic oligonucleotides sequence, in
case of electrochemical Aptamer-based genosensor) immobilized at
the transducer surface, due to their affinity, these oligonucleotides
sequences recognize the analyte (Nucleic acids) by complementarity
making duplexes. The electrochemical DNA-based genosensors can
be coupled with nanoparticles or nanocomposites to improve both
oligonucleotides sequence immobilization on the transducer surface
and sensitivity to hybridization.*” The electrochemical techniques
applied in genosensor can be used in different goals, e.g Differential
Pulse Voltammetry (DPV) as analystical technique is usually used
to measure the concentration of some specific electroactive species
with high sensitivity.® This paper is devoted to giving a general idea
about the fields of application of electrochemistry, such as medicine,

plant breeding, food safety and quality control, and bacterial and viral
analysis.

Plants breeding, food safety and quality
control

In the case of viruses that affect fruit trees, Plum Pox virus
(Sharka) is one of the most devastating viral diseases of stone fruits
worldwide, with a significant impact on agronomy and economics.’
As reported by,” the use of electrochemical genosensor provides
a rapid and effective alternative for Plum Pox detection, in their
study the genosensor was based the ion-channel mechanism. The
concerns raised by allergic consumers exposed to foods containing
allergens, this is one of the causes that have increased the importance
of food safety. In addition, the introduction of GMOs into the
food and feed market has given rise to growing concern over their
controversial safety for human consumption and biodiversity loss.'
Electrochemical genosensors remain an effective and promising tool
for the detection of GMOs. Indeed, Moura-Melo et al.!' were able
to determine transgenic maize and soybean, using an electrochemical
genosensor based on DNA sequence characteristic of the 35S
promoter derived from the cauliffower mosaic virus (CaMV). In
addition, a rapid GMO detection in maize (CBH 351 variety) was
done through an electrochemical genosensor based on loop-mediated
isothermal amplification.'? This last technique provides a rapid and
sensitive method of detection of the presence of meat species in raw or
processed foods." In the case of foodborne pathogens such as Listeria
monocytogenes electrochemical genosensor based on loop-mediated
isothermal amplification can provide an effective tool for its detection
in A very low limit of detection and with high confidence.' In Vibrio
cholera and Escherichia coli O157:H7, Low et al.'* & Abdalhai et al.'®
reported the efficiency of detecting the presence of these pathogenic
bacteria even with low LOD (limit of detection) based on the use of
electrochemical genosensors.

Medicine, bacterial and viral analysis

Conventionally, the detection and identification of bacteria mainly
rely on specific microbiological and biochemical identification
methods, which require at least 3 and as many as 7 days to yield
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results.'” Electrochemical genosensors offer a quick tool for
detection and diagnosis, based on the use of specific probe for gene
of virulence, such inlA and hly gene for Listeria monocytogenes |,
or oligonucleotides isolated from conserved region of the bacteria
genome for Streptococcus pneumonia.'® Infection by Streptococcus
pyogenes causing damage of heart valves in human, as reported by®
an electrochemical genosensor based on sepB gene probe can offer a
rapid detection in few minutes (30 min) of the infection with a lower
LOD of 0.10ng of ssG-DNA per 6ul (human throat swab sample
s). Based on oligonucleotides probe that was identified from the
16s rRNA coding region of the Escherichia coli O157:H7 genome,
Pandey et al."” have coupled it with cystine flower-gold particles
matrice to improve its immobilization, their genosensor exhibited a
linear response with LOD of 1x10"°M provide a selective tool for
Escherichia coli O157:H7. For the same strain of E. coli, the uses
of nanocomposites can improve the detection and decrease the LOD
form 10-6 to 10'°M.°

The efficiency of use of electrochemical genosensors was shown
in several virus detections such as HIV,? papllivirus,?! dengue virus*
and hepatitis virus.”>» Dengue fever has become a global health
concern, as it is the most prevailing vector-borne disease causing
predominant mortality and morbidity. Conventional diagnostic
assays employed for dengue detection such as isolation of the virus,
detection of DENV specific antibodies, ELISA, and PCR have some
limitations.* They reported that the coupling of smart nanomaterials
as ZnO/Pt-Pb nanocomposite in electrochemical genosensors
improve the immobilization and sensitivity to virus DNA target,
with LOD of 4.3x10°M. In Hepatitis virus which is a global health
problem, Honorato Castro et al.”® established for the first time an
electrochemical genosensor incorporating a specific oligonucleotides
probe detecting Hepatitis B virus, by direct (detect hybridization by
direct oxidation of guanosine and adenosine base) or indirect (using
ethidium bromide as a hybridization indicator) electrochemical
transduction, based on a graphite electrode modified with a poly(4-
aminophenol) matrix. This efficiency of the use of nanocomplexes
has also been reported by Rolim et al.>* whose used electrochemical
sandwich-type genosensors based upon DNA-AuNPs for detection
of a Systemic Arterial Hypertension (SAH) polymorphism located in
intron 16 of the Angiotensin-converter enzyme (ACE) gene (related
to heart diseases, especially blood hypertension, its early detection is
of great biomedical interest). The use of biosensors has proved their
effectiveness in the diagnosis of cancer. Indeed, Xu et al.” established
an electrochemical impedance spectroscopic DNA for the detection
of human mammaglobin (MG) in breast cancer patients. Compared
to PCR, their biosensor has proved its effectiveness, its sensibility of
detection with LOD 5x10-°M, and time-saving.

Conclusion

The coverage of biosensor use will never be limited in view of
the rapid evolution of these tools. An effort was made to improve
their detection efficiency and sensitivity, we have seen the integration
of nanoparticles, nanocomplexes, nanostructures extending their
application which make progress in the electrochemical genosensors
for detection of pathogenic bacteria, virus, plants breeding, food
safety and control quality...etc. expending their fields of application.
Even if with the challenge to develop a practically applicable and
portable device in some cases, electrochemical genosensors still
the most attractive alternative providing simple, reliable, fast and
selective detection systems.
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