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 OPINION 

Using and implementing biosensors 
 Tim Southee 

INTRODUCTION 

he sensitivity, selectivity, and simplicity of biosensors for 
environmental applications continue to demonstrate growth and 

progress. Biosensors and bioanalytical assays have been developed to 
measure biological effects such as cytotoxicity, genotoxicity, biological 
oxygen demand, pathogenic bacteria, and endocrine disruption 
effects in addition to detecting and measuring particular compounds 
or compound classes such as pesticides, hazardous industrial 
chemicals, toxic metals, and pathogenic bacteria. To define the 
mechanism and rate constants related to molecular interactions, the 
quality of optical biosensor data must be improved. 

Historically, it has been possible to quantitatively analyze individual 
components from complex biological and environmental samples by 
combining time-consuming and expensive chromatographic and 
spectroscopic techniques. Alternatives to cumbersome laboratory-
based processes have been required because real-time monitoring of 
specific analysis is necessary for medical, industrial, and 
environmental applications, particularly in the case of in vivo 
analysis. Electrochemical techniques have been demonstrated to be 
an appealing option due to advancements in the miniaturization and 
construction of electronic components as well as the quick response 
times they provide. Several commercial devices for the analysis of 
glucose as well as metals like lead and copper are currently readily 
available. Understanding and controlling threats to both human 
health and the environment depend on monitoring toxins in the air, 
water, and soil. 

There is an increasing demand for straightforward, quick, 
affordable, and field-portable screening methods due to this 
necessity as well as the time and expense associated with the 
standard analytical chemical examination of environmental 
materials. For a variety of environmental monitoring 
applications, biosensors and bioanalytical approaches seem well 
adapted to supplement traditional analytical techniques. 

Due to this need and the time and cost involved in performing 
the routine analytical chemical evaluation of environmental 
materials, there is a growing desire for simple, rapid, 
economical, and field-portable screening procedures. Biosensors 
and bioanalytical techniques seem well suited to enhance 
conventional analytical methods for several environmental 
monitoring applications. Improved stability, selectivity, and 
sensitivity of biosensing devices are the current research and 
development goals in bioanalytical probing. Controlling 
the physicochemical properties of a biosensor device is a 
common bottleneck in the development of all next-generation 
biosensors due to their interface's lack of stability and 
reproducibility. This necessitates the control of their various 
interfaces' physicochemical properties under a variety of 
application conditions. The acquisition of molecular selectivity 
has been the key obstacle to the development and expansion of 
these devices for the detection of other chemicals in untreated 
matrices. 
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ABSTRACT 

Historically, it has been possible to quantitatively analyze individual 
components from complex biological and environmental samples by 
combining time-consuming and expensive chromatographic and 
spectroscopic techniques. Alternatives to cumbersome laboratory-
based processes have been required because real-time monitoring of 
specific analysis is necessary for medical, industrial, and 
environmental applications, particularly in the case of in vivo analysis. 
Electrochemical techniques have been demonstrated to be an appeali-

-ng option due to advancements in the miniaturization and
construction of electronic components as well as the quick response
times they provide. Several commercial devices for the analysis of
glucose as well as metals like lead and copper are currently readily
available. Understanding and controlling threats to both human
health and the environment depend on monitoring toxins in the air,
water, and soil. There is an increasing demand for straightforward,
quick, affordable, and field-portable screening methods due to this
necessity as well as the time and expense associated with the standard
analytical chemical examination of environmental materials.
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To retrieve the required selectivity and enable the analysis of 
substances like glucose that are not typically active at traditional 
electrodes, biological components, such as enzymes or bacterial 
cells, can be attached to the surface of electrodes. The sensing 
component employed in the development of sensors can range 
from large tissue sections to single molecules like enzymes. 
Tissue and living cells can give a sensor certain advantages, 
especially when subjected to less-than-ideal conditions, but their 
application is limited by selectivity issues and sluggish reaction 
times. The classic spectrometers, chromatographs, and detectors 
used in bioanalytical chemistry are increasingly being 
miniaturized. Techniques for micro- and nanofabrication must 
be modified for this. As a result of this evolution, it is become 
harder and, in some situations, nonsensical, to distinguish 
between miniaturized devices and "true" biosensors. This is 
especially true for current developments in optical and 
electroanalytical biosensor technology. 

Biosensors for conceivable environmental applications have 
been developed using a wide variety of biomolecular recognition 
components. These can be categorized according to their 
structural (enzyme, antibody, or microbe types, for example) or 
functional (catalytic, affinity, or complex cellular functions, for 
example) properties. Enzymes were historically the first 
molecular recognition components to be incorporated into 
biosensors, and they continue to serve as the foundation for a 
sizable portion of publications reported on both general-
purpose biosensors and biosensors for environmental 
applications. Enzyme biosensors have several benefits. These 
include the ability to modify the catalytic properties or substrate 
specificity through genetic engineering, a stable source of the 
material (primarily through bio-renewable sources), and catalytic 
amplification of the biosensor response by modulatingthe 
enzyme activity concerning the target analyte.  

Several measurable reaction products, such as protons, 
electrons, light, and heat, result from the catalytic process, 
making catalytic enzyme-based sensor recognition elements 
particularly appealing for biosensor applications. The 
requirement for urea monitoring for both medicinal and 
environmental applications has led to the widespread adoption 
of the enzyme urease was a sensor bio-recognition component. 
Inherently more adaptable than enzyme-based biosensors, 
antibody-based biosensors (also known as immune sensors) can 
bind to a wide range of individual substances or collections of 
structurally related molecules with a specificity that is 
unmatched by enzyme-based biosensors. The use of antibody-
based biosensors for environmental monitoring applications is, 
however, subject to several restrictions. The variety of assay 
formats and the number of specialty reagents are a few of these 
drawbacks. 

For application in biosensing, numerous transducer principles 
have been tested, and more will be in the future. By combining 
traditional sensor technologies with new technologies used in 
scanning probe techniques, more advancements are anticipated. 
One method for observing forces between complementary 
biomolecules is to utilize the tip of an Atomic Force Microscope 
(AFM). These tests were performed to examine antibody-antigen 
binding and allowed for the detection of distinct antigen 
molecules. Because it can recognize single antibody-antigen 
connections and, by measuring their strength, separate them 
from background forces or other types of interference, AFM can 
function as a very sensitive biosensor. To immobilize magnetic 
microparticles on a solid surface, these sensors—the force 
amplified biological sensor and the bead array counter—use 
antibody-antigen connections. The specific and/or nonspecific 
bonds are broken by the particles when a magnetic field is 
applied. 


