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Abstract

Biosensors are target-specific affinity based analytical
tools. Their applications are vast in areas such as
clinical diagnosis, food quality, environment
monitoring and in other fields as well where timely and
reliable analysis are required. Biosensing technology
is gradually developing to produce nove.l biosensors
for point-of-care diagnosis. The involvement of new
advancements such as aptamer-based technologies and
nano-bioelectronic technologies have great potentialto
lead to the development of next generation biosensors
with improved sensitivity, specificity, portability and
cost effectiveness.

This review emphasizes several aspects of biosensors
such as their classification, mechanism involved and
their biomedical applications.

Keywords: Biosensors, aptamer-based technologies, nano-
bioelectronic technologies.

Introduction

Health has been of prime importance due to the leaping life
style changes. Numerous gadgets have emerged to track
different health conditions. A crucial tool in the area of
health research in this era of cutting-edge scientific
technology is biosensors. It acts like a boon in the devil’s
world of diseases. It provides a suitable platform that
comprises of a biological material and a sensing element.
The importance of monitoring and controlling many various
physiochemical parameters in fields including medical
diagnosis, medication production, forensics, hygiene, food
business and environmental safety is growing in modern
times!l. As a result, reliable analytical tools that deliver
prompt and accurate analysis, are needed.

There is currently a great need for methods that are suitable
for detecting and quantifying the quantities of specific
elements in biological and environmental samples. It can be
extremely user friendly and time-consuming to incorporate
biosensors for detection, recognition and quantification.
They are self-contained scientific explanatory investigative
devices that metamorphose a biological response into an
electrical wave. Quintessentially biosensors must be highly
specific and independent of physical parameters.

In comparison to traditional photometric approaches,

biosensor can operate as a sophisticated instrument that
offers a number of operational benefits including speed, use,
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affordability, mobility and ease of mass production. It cannot
be compared to other analytical equipments for the detection
of a particular element. Multidisciplinary research is
required for the instrumentation of biosensors, their
materials, devices and immobilization techniques. It brings
together specialists in chemistry, biology and engineering to
create machinery that produces acceptable results.

As an analytical device, biosensors employ a biological
element or bio mimic a recognition element integrated
within a physicochemical transducing microsystem. The
output of this is a digital electronic signal directly
proportional to the concentration of a specific analyte or
analytes. Miniaturization and decreased cost of biosensors
further add to the enhanced analytical abilities of these
devices. Research on biosensor is booming around as their
applications span from medical to agriculture®!®.

The biological entity of biosensors could be embodied with
an enzyme, antibody, nucleic acid, lectine, hormone, cell
structure or tissue. Its relevance is obvious through its
specific interaction with targeted element. The impact of the
biochemical interaction is consequently transformed through
the transducer into a measurable response. The transducing
systems can be electrochemical, optical, piezoelectric,
thermometric, ion-sensitive, magnetic or acoustic one. The
immobilization of a bio-component in the biosensor is of
paramount significance. Performance of biosensors with
immobilized molecules also depends on factors such as the
chemical and physical conditions (pH, temperature and
contaminants), thickness and stability of the materials’™.
Based on their applications, enzyme-based, tissue-based,
immunosensors, DNA biosensors, thermal and piezoelectric
biosensors have gained attention,

Bioreceptor Components

The newly-equipped class of sensors includes biosensors, a
mix of physical and chemical sensing methods. Even IUPAC
has bestowed recognition to these types of sensorsi®. A
typical biosensor consists mostly of a sensing material and a
transducer. Broadly biosensors can be classified into two
main categories based on the sensing element used in it and
depending on the transduction modes. Sensing elements
include enzymes, antibodies (immunosensors), micro-
organisms (whole cell biosensors), biological tissues and
organelles.

The mode of transduction depends on the physiochemical

change with credentials to the sensing element. Therefore,
various transducers used in biosensors can be of
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electrochemical  (amperometric, conductometric and
potentiometric), optical (absorbance, fluorescence and
chemiluminescence), piezoelectric (acoustic and ultrasonic)
and calorimetric types?®.

Numerous substances including microorganisms, enzymes,
nucleic acids, organelles, receptors, entire cells, biological
tissues and biomimetic materials, can be found in
bioreceptor components. There are several ways for
classification of bioreceptor components but the reliable one
is based on the type of biological signalling pathway they
utilize or the type of signal transduction they employ.

Enzymes: Enzymes are proteins having some catalytic
activity which depends on the integrity of the protein
conformation from which it is generated. It always provides
a special type of environment within which a reaction
occurs. It confronts a pocket like configuration representing
the active site, to which a target that is specific , or well
suited in nature, gets attached. The attached molecule is
called the substrate molecule. In the development of such
target specific entities, enzymes are used as the bioreceptor
components. These biosensors detect the formation of a
desirable product which could be directly determined using
one of the transducers. Assorted groups of enzymes are
exploited to contrive the formulation of a biosensor such as
oxidoreductase and malate®.

Antibodies: When a foreign substance enters a person's
body, it triggers a specific form of immune reaction against
that substance by creating a particular kind of glycoprotein
called an antibody; the substance in question is referred to as
the antigen. All antibodies have distinct structural
characteristics that enable them to bind with antigens and
neutralize or eliminate those!4.

Because an antibody is always target-specific, it fits into its
complementary specific targeted antigen in a very specific
way. Because only the specific analytes of interest, the
antigen can fit into the antibody binding site, these particular
qualities of antibodies are essential to their effectiveness in
immunosensors!®°  Such  immunosensors can be
developed to detect even the most severe disorders including
cancer*®2 or could be helpful to detect their markers®,
They have also been of value in the bacterial and viral
determination assays?%’® and for toxin estimation®®.

Nucleic Acids: Nucleic acids are polypeptides, made up of
phosphate esters of nucleosides. They have two different
types of pentose sugar. The nucleic acids are of two types,
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).
The specific objectives of industrial and clinical chemistry
are the detection of a specific nucleic acid segment
connected to a specific microorganism that may be the
source of an infection or the reason for food rotting®. This
is accomplished by creating biosensors based on DNA and
RNA that tie a single-stranded nucleic acid sequence to the
electrode that binds to the target analytes'®. Such biosensors
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based on DNA, RNA and peptides have high selectivity and
sensitivity due to strong base pairing between the two
complimentary nucleic acid strands*®.

Cells: The most crucial goal in the food and medical
industries is the detection of bacterial cells. Diverse
approaches, such as tissue-culture and microscopy, have
progressed for the diagnosis of various disorders. However,
there are significant drawbacks to those methods including
the potential for time and financial commitment as well as
the potential need for highly skilled staff. Additionally,
conventional laboratory methods for detecting bacterial cells
are not generally target-specific. Additionally, not all
bacterial species require the same environment to survive
which makes the identification process more difficult?.

Biosensing may be an alternate resource to tackle these
challenges because it offers quick, affordable detection
methods without the requirement for skilled staff. This lab
on a chip detection process is more trustworthy than
conventional ones'®?,

Methods of Signal Transduction

The several types of biosensors can also be categorized in
accordance with how they transmit signals. There are
various categories that the transducer component of
biosensors might come inside such as electrochemical
(amperometric and potentiometric), optical (absorbance,
fluorescence, phosphorescence, Raman, SERS, SPR/SPRI,
DHM and dispersion spectrometry), piezoelectric (acoustic
and ultrasonic) and calorimetric1®,

Electrochemical Biosensors: The analytical tool known as
an electrochemical biosensor combines sensitivity and
selectivity. The biological components exhibit selectivity
but the electro-analytical approach is sensitive. This leads to
binding activity, which eventually produces an electrical
signal that is proportional to the analytical concentration. For
the recognition of biological components like enzymes, cells
and antibodies, the chemical element present here acts as a
transducer?340,

Existence of a matrix-bound bioactive substance paired with
an electrochemical transducer is the compositional notion of
an electrochemical biosensor. This will result in a charge
transfer across the physio-chemical transducer's double layer
which ultimately triggers detectable signals!33154,

Classical invention of glucometer utilizing glucose oxidase-
based biosensors is first in the line of introduction of
electrochemical biosensorst’s.

Electrochemical biosensor to determine the levels of
antioxidants and reactive oxygen species in physiological
systems9? is another important contemporary achievement.
Electrochemical biosensors also offer the potentiality of
detecting damaged DNA as well as the carcinogens that
cause the damage!®®.

152


https://doi.org/10.25303/1812rjbt1510167

Research Journal of Biotechnology

The electrochemical sensors have now become
indispensable  for clinical diagnosis of diseases®.
Consequently, a variety of electrochemical biosensors are
being created nowadays based on their merits. Due to their
potential, a number of electrochemical biosensor types have
arisen including the amperometric, impedimetric and
potentiometric biosensors. The two most popular kinds of
electrochemical biosensors among them are potentiometric
and amperometric biosensors.

Amperometric Biosensor: Amperometric biosensors are
among the diverse types of electrochemical biosensors that
are more sensitive and suitable for mass production.
Measurement of the current produced by the redox or
oxidation process of the electroactive chemicals that interact
with an electrode system constitutes the detection process in
an amperometric biosensor. An adequate potential is
established between the two electrodes in order to begin
these stages and the precise potential is always dependent on
the type of reaction occurring and the material employed in
the electrode?®.

Here, a reference electrode receives a constant potential
while the sensing electrode is subjected to a variable
potential. The current between the sensing electrode and
counter electrode is then seen and recorded®®!82, The high
sensitivity of an amperometric sensor contributes to the
sensing ability and helps to detect the electroactive
substances in biological samples. By applying a constant
potential between the sensing and auxiliary electrode, the
alteration of electroactive species takes place at the
electrode.

This results in electron transfer, where the current is directly
correlated to the bulk concentration of tested electroactive
speciest®%, Significant research efforts are put towards the
detection of bacteria, virus and some other harmful
molecules (Table 1). Amperometric biosensors find more
use in it and are also used to determine the levels of vitamins
and alpha amino acids analytically> and in identifying
haemolytic bacteria from that of non-haemolytic in a mixed
population’.

Potentiometric Biosensor: It is well recognized that some
ionic species can harm the food industry or behave as
infectious agents in the medical or environmental fields.
Therefore, it is essential to identify these ionic species in
order to prevent food spoiling or illness. Only ionic
concentration variation may be measured for this detection
and the potentiometric biosensor is the most accurate tool for
detecting these variations'?>,

The first developed transducer for potentiometric biosensor
was a pH glass and now a list of transducers are available
like fluoride electrode for fabrication of the potentiometric
biosensors.? It is also a promising tool for detection of
cancer markers and cancer cells based on phage-modified
Light Addressable Potentiometric Sensor (phage-LAPS).%”
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Since biosensor development has advanced significantly in
recent years, their use in clinical diagnosis as opposed to
other fields is quite important (Table 2). Most of the
biosensors reported in the past decade are found to be based
on the phenomena of molecular interactions which are
essentially applied in various forms at various scales'°.

Impedimetric Biosensor: Although difficult, rapid
microorganism detection is crucial for illness diagnosis and
therapy. Electrochemical biosensors of the impedimetric
kind, which produce accurate and unbiased data and take less
time to use, would be the best option for it. The term
impedimetric, derived from “impedance” implies
combination of resistance or reactance. It appears to be an
excellent investigation technique for both macromolecules
and interfacial electrical characteristic of electrodes that is
used to detect quantitative parameters .

They operate on the idea that when an analyte interacts with
a bioreceptor molecule, this changes the capacitance and
electron transfer resistance across the working electrode
surface.When the analytes’ concentration in the solution
increases, the binding of analytes also increases and the
impedance across the electrode surface is detected®. It acts
as a powerful investigating device for detecting the
interfacial properties associated with bio-recognition events
that occur at the modified surface. The presence or absence
of a redox couple can be measured by it and is referred to as
faradic and non-faradic impedance  measurement
respectively*.

Till date, this characteristic field of biosensors has almost got
quite well in every area of life. Their recent advancements
and improvements are exploited in the fields of agriculture,
biomedicine, food and environmental studies (Table 3).

Optical Biosensor: Ultrasensitive biosensors were
produced in huge quantities to meet the demand as a result
of the rise in demand of sensors. The most diversified
category of biosensors is optical biosensors which transmit
signals in response to light illumination, light emission, or
optical diffraction’?”. Optical biosensors use light to
calculate changes in particular light wavelengths. These
transducers come in a variety of configurations for
luminescence, fluorescence, colorimetry and interferometry.
Optical transducers transfigure the changes in wavelengths
in response to analyte recognition into an electrical/digital
readout'’®. Optical fibre sensors find immense potential in
various fields (Table 4) such as biomedicine, environmental
control, food quality test or navigation systems?.

Sensors based on various physical or chemical principles can
calculate multiple magnitudes, for example pressure,
temperature or chemical compounds concentrations3%:3142,
Use of fibre-optic chemical sensors has found use in varied
fields such as drug discovery, biosensing and biomedicine.
Recent studies have also indicated the use of hydrogels in
DNA-based sensors®.
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Chronological implication of Amperometric Biosensor

Analytes Bioreceptor Elements Application Electrode Material LOD
Organophosphorou | Ascorbic acid oxidase Agriculture Clark oxygen -
145
Polyphenols®? Laccase, Coriolus Food Industry Pt-Ag 1.0x10°M
versicolor
Trypsin® Glucose oxidase/ Biomedical Platinum 42 pM (low)
gelatin
Phenolicst’’ Laccase Environmental Carbodiimide -
Biogenic amines Diamino oxidase Food industry Ptand Au -
(histamine)?°
Glucose™ Glucose oxidase Biomedical Zn0 nanotube 1uM
H.0, and Cholesterol oxidase and Biomedical Platinum 0.5 nM (H202)
cholesterol® cholesterol esterase 0.2 uM
(cholesterol)
Lactate!®° Lactate oxidase Biomedical Platinum 0.8 uM
Uric acid®* Uricase Biomedical Gold 0.01 mM
L-arginine® Arginase | & urease Biomedical Platinum 0.038 mM
Penicillin G124 Penicillinase Biomedical Gold 4.5 nM (low)
Histamine™ Diamine oxidase and Food industry Screen-printed (1.7x 1077 M)
Horseradish Peroxidase polysulfone/carbon (low)
nanotubes/ferrocene
membrane
Glucose®® Polyphenilenediamine Biomedical Platinum disc -
Protein p53'& Biofuel-Cell Biomedical Graphene/platinum 1 pM
Uric acid®® Alkanethiolate Biomedical Platinum black (Pt- -
B)
Lead & Mercury™ Urease Environmental Pt/CeQO,/urease 0.019 £ 0.001 uM
E. coli®* Antibody Food industry Nickel oxide 10 to
107 cells/mL
Triglycerides® Lipase, glycerol-3- Food industry - -
phosphate oxidase and
glycerol kinase
Tyramine!s® Tyrosinase Food industry Glassy carbon 0.71 uM
Glyphosate!®® Tyrosinase Environmental Screen printed 6.5nM
chitosan (Llugl™
Glutamate!>® Glutamate oxidase Food industry Platinum disc -
Oxidized Glutathione reductase Biomedical GR-CoS./rGO 0.48 uyM
glutathione
(GSSG)*
L-phenylalanine!! L-phenylalanine Biomedical Platinum 1.0x108 M
dehydrogenase and
Toluidine Blue O
Brucella?® Graphene oxide/ Biomedical Gold 2.2x102 CFU/mL
polypyrrole
nanohybrids
Cholesterol®? Horseradish Peroxidase Biomedical Silver 2.5t060 mgdL?
Pyruvate® Pyruvate oxidase Biomedical Pencil graphite 0.58 uM
Ascorbic acid (AA) Graphene oxide Biomedical (GO/P(ANI-co- 242 Mm/ 2 pM
& dopamine THI))
(DA)#!
Fucose'®® L- fucose Biomedical Gold nanoparticle 13.6 uM
(AuNP)-modified
D-serine!'4 D-amino acid oxidase Biomedical Platinum 1-5uM
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Table 2
Chronological implication of Potentiometric Biosensor
Analytes Bioreceptor Application Electrode LOD
Elements Material
Mercury’’ Urease Environmental, Iridium oxide 0.2-2mM
Biomedical
Lysine!’® Lysine oxidase Food industry NH4 * -
Creatinine!6? Creatinine Biomedical ISFETSs 20 uM
deiminase
Escherichia coli** Antibody Food industry Silicon 10 cells/ml
Terbuthylazine!*? Antibody Environmental LAPS urease 1.5-10 pg/l
conjugated
Cyanide Cyanidase Environmental Ammonia 1x1076 - 1x10*
Phosphate! BSA and GLA Environmental - 20 -200 uM
Uric acid®’ Uricase, Catalase Biomedical SnO/sub 2// | 2 mg/dl -7 mg/dl
ITO glass
Lactate®* Lactate Food industry/ Ag/AgCl 2x107M
dehydrogenase Biomedical
Creatinine!#2 Creatinine Environmental Enzymatic 0.3uM
deaminase Membrane
Triglycerides!™ Lipase Biomedical Silicon -
Urea® Urease, Bovine Biomedical Indiumtinoxide 6.6 x 10°%to
Serum Albumin coated glass 75x10* M
plate
Ureal™ Urease Food industry NH,* ion/ 2.5 x 107 mol/L
Ag/AgCl
Glucose!® Glucose oxidase Biomedical Platinum -
Diclofenac?’ Graphene and its Environmental Carbon 9.79 uM
derivative
Urea!?° Urease Biomedical Ammonium 0.77 uM
Staphylococcus Graphene Biomedical Grapheme/ 1 CFU/mL(grap
aureust! carbon hene)8x102 CFU
/mL (high)
Formaldehyde®® Alcohol oxidase Food industry H* ion/ 0.3-316.2mM
Ag/AgCl
Cholesterol*¥’ Cholesterol oxidase Biomedical Copper 1x10°Mtol
x 1073 M
Glucose® Glucose oxidase Biomedical Ag/AgCI 1x10°Mto
(quantum dots) 1x102M
Phosphate® Purine nucleoside Biomedical Platinum 20.0 uM (low)
phosphorylase and
Xanthine oxidase
Creatinine® Creatinine Biomedical - 0.02-2 mM
deiminase
L-lysine?® Lysine oxidase Biomedical Ammoniumsel -
ective
polyvinylchlori
de membrane
Urea® Urease Biomedical Indium tin 5 mM (high)
oxide glass
Cyanide®! Cyanide dihydratase Environmental Ammonium 1x10°M
Aflatoxin B1'%* | Acetylcholinesterase Food industry Enzyme -
Salmonella Antibody Food industry Paper-based 5 cells mL™!
typhimurium?s7 strip
Serotonin!® Nano filter film/ Biomedical Gold -

aryldiazonium salt
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Table 3
Chronological implication of Impedimetric Biosensor
Analytes Bioreceptor Application Electrode Material LOD
element
Trypanosoma cruzi®’ Antibody Biomedical Gold and platinum -
Bacteria'*° Antibody Environmental Gold -
E. colit® Antibodies Food industry Gold 10%-107 CFU/mL
Salmonella™ antibody Food industry Gold 10* CFU/mL - 106
CFU/mL
Atrazine!® Antibody Food industry Gold/Cr 5.76 ppb
E. coli®® Antibody Biomedical Gold SPEs 104 CFU/ml
Aflatoxin M3¢ ss-HSDNA Food industry Cysteamine and 0.039 ng/mL
gold
Trichloroethylene®? Pseudomonas Environmental Gold 20 pg L
putida F1 strain
Dengue!’ Primer of ST1, Biomedical AuNpPANI -
ST2 and ST3
E. coli?’ Antibody Biomedical Polyaniline 10’ CFU mL™!
DNA hybridization®’ DNA probes Biomedical/ Forensic Glassy 1.10x 107 M
carbon electrode
Sulfate-reducing RGSs-CS hybrid Environmental Indium tin oxide 0.7x10% cfu mL™!
bacterial® film
Diazinon'®! Lipase Environmental Gold 10 nM
Dengue? Anti-NS1 Biomedical Gold 3ngmL!
Progesterone®® ssDNA Biomedical Gold 0.90 ng/mL
Lindane!4® Streptomyces strai Environmental Stainless steel 10pgL™!
n M7
Influenza viruses Antibody Biomedical Glycans printed 13/1 wl
H3N265 glass
E. coli® Lectin Biomedical/ Food Gold 75 cells/mL
industry/
Environmental
Trinitrotoluene Anti-TNT peptide Environmental Gold 0.15 pM
(TNT)®
Bacterial4® Lectin Concanava Environmental Carbon 1.9x 103CFUmL™!
lin A (low)
E. coli® Antibody Biomedical/ Food Gold 140 cfu mL™! (low)
industry
Hemagglutinin ss-CDNA Biomedical Gold 0.004 ng
(HA)143
Salmonella® Nisin Food industry Gold 1.5 * 10! CFU/mL
Tetracycline (TET)** | Grapheme oxide Food industry Pencil graphite 3x10Y M
Candida spp*®? Concanavalin A Biomedical Gold 10? to 108 CFU mL!
CtDNA! dCas9-sgRNA Biomedical GPHOXE 0.65 nM
ochratoxin®® thermolysin Biomedical Gold 0.2 nM

For these diverse applications, optical biosensors can use a can be fabricated without the need of high priced
variety of techniques including surface plasmon resonance sophisticated or hazardous labels®135162, The ability of a

(SPR), surface plasmon resonance imaging (SPRi), material to generate voltage when mechanically strained is
fluorescence, chemiluminescence, light absorbance, referred to as piezoelectricity or piezoelectric result'?®, The
phosphorescence, light polarization and rotation, total alternating voltage produced in it can cause mechanical
internal reflectance and photothermal techniques?®. oscillations of crystal, the frequency of oscillation is

observed as the crystal is put into oscillation circuit®.
Piezoelectric Biosensor: Piezoelectric sensors have gained Analyte or any other mass bound on the surface of crystal or
popularity among biosensors and have begun to take the on surface of electrodes located on the crystal results in
place of conventional immunoassay tools. Moreover, they change of oscillation frequency®.

https://doi.org/10.25303/1812rjbt1510167 156


https://doi.org/10.25303/1812rjbt1510167
https://www.sciencedirect.com/topics/engineering/dna-dna-hybridization
https://www.sciencedirect.com/topics/chemistry/dna-probe
https://www.sciencedirect.com/topics/engineering/glassy-carbon
https://www.sciencedirect.com/topics/engineering/glassy-carbon
https://www.sciencedirect.com/topics/chemistry/behavior-as-electrode
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hemagglutinin

Research Journal of Biotechnology

When designing such sensors, some special factors like
fragility and the sensitivity in micrograms needed to make
quantifiable changes in oscillations must be taken into
account'?8, Piezoelectric biosensors act as DNA biosensors
for diagnosis of genetically linked diseases like mutation in
DC17 of beta-thalassemia gene that can be detected using a
DNA probe'?!, Additionally it had an impact on industries
like water, food, agriculture, pharmaceuticals, healthcare
and cuisine (Table 5).

Calorimetric Biosensor: The calorimetric biosensor, which
has many uses in the discipline of nanotechnology, is the
most widely used biosensor in diagnostics. It is additionally
utilized to measure exothermic processes. Since many
enzymatic reactions produce heat, the analyte concentration
is determined by changes in the heat produced. Enthalpy
variations which provide information about substrate
concentration indirectly, are measured and calculated to
track the reaction®.

Most biological activities in calorimetric transducers are
accompanied by either heat production or absorption®.
Exothermic reactions, which are those that are catalyzed by
an enzyme, produce heat that can be utilized to estimate the
rate of the reaction and the concentration of analytes (Table
6).
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Limitations of Biosensors

The most crucial task of a biosensor is the selection and
binding of a small molecule with the receptor element.
However, tiny compounds have many constraints such as
limited sensitivity and complicated sample processing,
which make it exceedingly difficult to interact with the
receptor element.

Discussion

SELEX (Systematic Evolution of Ligands by Exponential
Enrichment) is also known as aptamer selection process.
This technique is used to select aptamers for strong binding
or fixing with the target molecule on the surface of the
receptor. In comparison with the macromolecules, the
binding of small molecules is difficult as the aptamers often
do not recognise the target molecules and bind with the other
derivatives'®. The process of SELEX includes:

1) Incubation of target molecules with random sequence
pool. 2) Separation of unbound molecules 3) Amplification
of the bound molecules!®” which help to overcome the
difficulties. Hence, the concept of SELEX could be
employed as a tool to eliminate the limitation caused due to
low sensitivity during the interaction of small molecules
with the receptor.

Table 4
Chronological implication of Optical Biosensors

Analytes Bioreceptor elements Application LOD
Carbaryl and Cholinesterase Environmental 5.0-30 ppb
dichlorvos’ and 108-5.2 ppb
Salmonella Antibody Food industry 8x104 CFU/mL
typhimurium?67
Chloramphenicol Anti-CAP antibody Food industry 10-8 M
(CAP)122
Atrazine*® Polyclonal antibodies Environmental 20 ppt
E. coli® Antibody Environmental 9x101 and 1.8x
105 CFU/mL
Mercury*3® urease Environmental 1.00 uMol
Ethanol Alcohol dehydrogenase Biomedical 1.00-300 uMol

determination®®

Propazine!?® Microalgae Environmental 7.6pg L1
Cadmium?'™ Bacillus badius and phenol Food industry 0.1 pg/L
Toluene!®* Toluene ortho- Environmental 3.00 uMol
monooxygenase (TOM)
E. colit? Polyclonal antibody of Biomedical 15cells/ml
anti-E.coli
E. colit’™ T4 bacteriophage Food industry 10% CFU/mI
Salmonella Polyclonal antibody of Food industry 10 CFU/ml
typhimurium? anti-Salmonella
Staphylococcus Potato lectin Biomedical 15000 CFU/m
aureus®
Mycobacterium Anti-TB antibodies Biomedical

tuberculosis®”
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Table 5
Chronological implication of Piezoelectric Biosensor
Analytes Bioreceptor Application Electrode LOD
Elements Material
Aeromonas DNA Environmental Gold -
hydrophilal™
Helicobacter pylori'6® Antibody Biomedical - -
B-indole acetic acid Antibody Plant - -
(IAA)E
Hepatitis B virus'® Nucleic acid Biomedical Gold 0.02-0.14
ug/ml
acetochlor!®° Antibody Agriculture - -
B-Thalassemial®® Oligonucleotide Biomedical Gold -
DN?04 Complimentary DNA Biomedical - -
strand
Mutation on TP53%2 DNA Biomedical Gold -
Francisellatularensis'?’ Antigen Biomedical - -
E. colit® DNA Environment/ Food Gold -
industry
Escherichia coli?® Thiol Food industry Gold 10%to
10® CFU/ml
M. tuberculosis™ Thiol-modified Biomedical - -
oligonucleotide
Prostate specific antigen Antibody Biomedical Gold 0.25 ng/ml
and a-fetoprotein6®
Pesticide!®® Acetylcholinesterases Agriculture Enzyme -
Systemic Lupus TRIM21 and Biomedical Gold 0.01 U/mL
Erythematosus'*® TROVE2
autoantigens
Tumor Necrosis Antibody Biomedical - 1.62 pg/ml
Factoro!3°
C-reactive proteint3! Antibody Biomedical Gold 0.080 mg/I
Tilletia indical® Antibody Agriculture Microcantilever -
Glomalin'3 Antibody Environment Iron oxide 2.4 uglg
Viral Thiol Environment PGE 10*to
hemorrhagicsepticemia 10710 M
virust®
Table 6
Chronological implication of Calorimetric Biosensor
Analytes Bioreceptor Elements Application LOD
Glucose® Glucose oxidase and Biomedical -
catalase
Dichlorvos!®? Chicken liver-esterase Environmental -
Ascorbic acid!"® Ascorbate oxidase Food industry 0.8 mM
Fructose'4 Hexokinase Food industry 0.12 mM
Organophosphorus'® Chicken liver esterase Environmental -
Creatinine* Creatinine deiminase Biomedical -
Creatinine*’ Creatinine Deiminase Biomedical -
TNF-o*2 Antibody Biomedical 14 pg mL™!

With immense growth in science, nanotechnology also
possesses a lot of potential to extend the range of detection.
Nano sensors allow the flexibility of real-time sensing with
reliability and speed. The efficiency of SPR and SERS based
sensors has been increased by nano-patterning the substrates.

https://doi.org/10.25303/1812rjbt1510167

Such nanofabrication strategies have led to research on the
use of hyperbolic meta-materials®. The amalgamation of
microfluidics and bio sensing has brought together several
assays on a single platform, which has enabled handling
volumes as low as Pico litres effortlessly*'8.
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Figure 1: Methods to improve affinity of biosensors

Universal platforms for sensing have been designed using
monolayer of graphene oxide as an inhibitor and specific
DNA templates®*. This has been reported to offer enhanced
sensitivity, selectivity and detection. Such label-free
technology has allowed increased analytical efficiency,
reproducibility and cost-effective production methods. Since
the output in these methods is dependent on the direct
interaction of the target and the biomolecule, the probability
of erroneous results is minimal.'4’

Among these, the recent advancements include the field
effect transistor (FET) which are used as enzyme based and
immune-based biosensors. Some other types of FET
biosensors use carbon nanotubes, silicon nanowires and
grapheme. A magneto elastic biosensor uses a magnetic strip
to detect any molecule of interest under an applied magnetic
field!s,

Reflective phantom interface (RPI) has also enabled the
detection of small molecules such as fluorinated materials
based on the refractive index*3, Numerous research studies
have been carried out on the use of biosensors for application
in diverse fields ranging from agriculture to medicine.
Nevertheless, hardly few ideas are translated and reach the
market. Often, several ethical, legal and technical issues
limit the advancement of such research. However, with the
rapidly increasing need, the scope and needs of such research
will be met in the future (Figure 1).

Conclusion

Concept of sensing research and development has gained
interdisciplinary acclamation in biological science as well as

https://doi.org/10.25303/1812rjbt1510167

in engineering. The last decade has witnessed significant
breakthroughs in the field of biosensors on a variety of
fronts. It is explicated as "a device that detects physiological
data and converts it to usable, distinguishable signals such as
colour, fluorescence and electrical impulses by employing or
emulating biological elements. This dynamic tool has been
used in a variety of fields including life science research,
health care, environment, food and military applications. In
comparison with conventional assays, the dramatic
advantages and numerous applications of biosensors in
dynamic real-time application show the potential of
biosensors in the practical arena. The development of
biosensors is trending towards downsizing of devices and
integration of technical breakthroughs such as surface
chemistry and transduction systems. For such activity,
biosensor technology has garnered considerable attention in
the last decade since it is a good candidate for lower
detection limits with rapid analysis time at relatively low
cost. The sensitivity and selectivity of the various extant
biosensor prototypes are extremely high and further
advancements are anticipated.

However, at present, biosensor research is not only fuelling
the never-ending race to build smaller, quicker, cheaper and
more efficient gadgets, but it may also lead to the successful
integration of electrical and biological systems. As a result,
the future development of extremely sensitive, highly
specific, multi-analysis, nanoscale biosensors and
bioelectronics will necessitate the integration of a wide range
of interdisciplinary expertise. Any innovation in this subject
will have an impact on diagnostics and health treatment in
the future.
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