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1 Introduction



Comparision between classic analytical methods and (bio)sensors

(Bio)sensorsClassical methods

Advantages

Possibility to measure several analytes

Commercial availability

Sensitive

Specific

Limitations

Time-concuming

laborious and long sample preparation

Expensive

Need to skilled user

Advantages

Limitations

High organic solvent consumption

Fast, real-time measurement

Sensitive and ultra-sensitive

Simple device

Easy, affrodable

Reusability

Commercial availability restrictions

Single Analyte detection

Low organic solvents consumption
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Portable (on-site measurement)



The history of biosensors dates back to as early as 1906 when M. Cremer demonstrated that

the concentration of an acid in a liquid is proportional to the electric potential that arises

between parts of the fluid located on opposite sides of a glass membrane.

Between 1909 and 1922, Griffin and Nelson first demonstrated immobilisation of the

enzyme invertase on aluminium hydroxide and charcoal.

The first ‘true’ biosensor was developed by Leland C. Clark, Jr in 1956 for oxygen

detection. He is known as the ‘father of biosensors’

The demonstration of an amperometric enzyme electrode for the detection of glucose by

Leland Clark in 1962 was followed by the discovery of the first potentiometric biosensor to

detect urea in 1969 by Guilbault and Montalvo, Jr .

Eventually in 1975 the first commercial biosensor was developed by Yellow Spring

Instruments (YSI)

Historical background
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Sensors

Sensors are devices that detect physical, chemical, and biological signals and provide a way for

those signals to be measured and recorded.

1. Simultaneous detection of pH value and glucose concentrations for wound monitoring applications.



2. Temperture and pH sensors based on graphenic materials
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3. Wireless chemical sensors and biosensors

Wireless chemical sensors (WCSs) are hybrid devices that 

collect (bio)chemical data from their local 

environment and then process and transmit this 

chemical analytical information to a remote device, 

or devices, by wireless technology, most usually by 

radio communications,
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https://www.sciencedirect.com/topics/engineering/wireless-technology
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4. A wearable sensor for determining sodium in sweat during exercise
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5. Design and operation of the wireless smart bandage for uric acid

Immobilised urate oxidase, paired with a printed catalytic Prussian blue

transducer, facilitates chronoamperometric detection of uric acid at a

low working potential.
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A biosensor is an analytical device. The sensor which

integrates the biological elements with the

physiochemical transducer to produce an electronic

signal is proportional to a single analyte.

The sensitive biological element (e.g. tissue, microorganisms,

cell receptors, enzymes, aptamers, antibodies, nucleic

acids, etd.) is a biologically derived material or

biomimetic component that interacts (binds or

recognizes) with the analyte under study.

Biosensor12



Representation of a biosensor13



Characteristics of a biosensor

Selectivity

Selectivity is the ability of a bioreceptor to detect a

specific analyte in a sample containing other

admixtures and contaminants.

Classically, antibodies act as bioreceptors and are

immobilised on the surface of the transducer. A solution

(usually a buffer containing salts) containing the

antigen is then exposed to the transducer where

antibodies interact only with the antigens.

Reproducibility

Reproducibility is the ability of the biosensor to

generate identical responses for a duplicated

experimental set-up.

Stability

Stability is the degree of susceptibility to ambient

disturbances in and around the biosensing

system. These disturbances can cause a drift in

the output signals of a biosensor under

measurement.

Sensitivity

The minimum amount of analyte that can be

detected by a biosensor defines its limit of

detection (LOD) or sensitivity.
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Types of biosensors based on the various transducer 

mechanisms (sensor devices) and biological materials 
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Biosensor

Bioreceptor

Mass based ElectrochemicalOpticalEnzymeAntibodyAptamerCell based

Amperometry

Potentiometry

Impedancometry

Conductometry

Fluorimetry

Colorimetry

Chemiluminescence

Scattering

Electromagnetic

Trancduser

Piezoelectric

Electrochemiluminscence



Major areas of applications for 

biosensors

Agriculture and food industry

Study of biomolecules and their interaction

Drug Development

Crime detection

Environmental field monitoring

Quality control

Industrial Process Control

Detection systems for biological warfare agents

Medical diagnosis (both clinical and labroatory use)
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Point-of-care testing
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Methods of biosensing with various

biological signal mechanism:

(a) Antibody/antigen

(b) Enzyme  catalyze

(c) Nucleic acid

(d) Cell-based

(e)   Aptamer
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Aptamers

SELEX (Systematic evolution of ligands by exponential

enrichment)
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Features of an ideal diagnostic 

component (bioreceptor)

high sensitivity

Acceptable selectivity

Quick response

The ability to respond to a wide range of analytes

Aptamar's superiority to antibody

Chemical synthesis

Ability to detect non-immunogenic target analytes

lower price

Suitable flexibility for attaching types of labels 

such as fluorophore , electrochemical detectors 

and nanoparticles

Longer shelf life and storage capability for 

later use

The ability to detect a wide range of molecules 

including small metal ions, small organic 

molecules, proteins, even cells and bacteria and ...
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Mechanism of recognized a target analyte by Aptamar

Molecular interaction between aptamer and its target

Hydrogen bonding

Electrostatic interactions

Stacking of  aromatic rings 

Van der Waals interaction
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Optical aptamer-based  biosensors (aptasensors)

3. Chemiluminescence-based aptasensor

1. Colorimetric-based aptasensors

2. Fluorescence-based aptasensors

Simplest strategy

Easily distinguish of analyte by naked eye

Presence of UV- VIS spectrophotometer in most labs

High sensitivity (low LOD)

Ease of detection procedure

Simple instrumentation

Wide calibration ranges

Suitability for miniaturization in analytical chemistry
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Nanotechnology

1. Reducing the size of the biosensor to the micro- or nano-

scale can result in a better signal-to-noise ratio as well

as the possibility of using smaller sample volumes,

which means lower assay costs.

2. Increase sensivity, decrease response time, biocompatible

for in-vivo bioassay

5. Reduced non-specific binding and increased binding 

efficiency towards the target molecule
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3. Ability to conjugate to variety of biological detection

elements

4. The same particle size and optical properties associated

with size and shape, high surface energy and high

surface-to-volume ratio and adjustable surface

properties



Metallic nanoparticles24

1. Easy to modified with simple chemistry

2. The high surface-to-volume ratio with special

spectral and optical properties

3. Their high compatibility with biomolecules

(specialy Au and Ag nanoparticles)

4. Their excellent optical performance(specialy

Au and Ag nanoparticles)

5. Ability to control the process of making them

6. AuNPs catalytic activity



Biosensing using Metal Nanoparticles

The unique optical and electromagnetic properties of

metal nanoparticles can be utilized in several

areas including biosensing.
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Schematic representation of localized surface plasmon

resonance phenomenon (LSPR)



The plasmonic resonance created in metal nanoparticles is extremely sensitive for changes in

their surroundings, making them suitable elements for sensing applications.
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Narrow Therapeutic Index Drugs (NTIDs)

Drugs with a narrow TI (NTIDs) have a narrow window between their effective doses and 

those at which they produce adverse toxic effects.
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Clinical Pharmacokinetic of (NTIDs)
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Cancer

The Importance of early detection of Cancer

Techniques used to detect cancer and their limitations



Cancer biomarkers (CB) are biomolecules produced either by the tumor cells or by other cells 

of the body in response to the tumor.

Cancer biomarkers29
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Commercial biosensors



Commercial biosensors in clinical analysis

Commercial glucose biosensors

Biosensors have many advantages such as

low cost, high sensitivity, fast response,

and easy operation for analyte detection.
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Challenges in (bio)sensing research

Except lateral flow pregnancy tests and electrochemical

glucose biosensors, very few biosensors have achieved global

commercial success at the retail level.

1. Difficulties in translating academic research into

commercially viable prototypes by industry.

2. Complex regulatory issues in clinical applications

3. It is difficult to engage researchers from different

disciplines of science and engineering to work together.

4. Stability, costs and ease of manufacturing each component 

of the biosensor.

5. Increase of selectivity and sensivity, decrease of detection 

limit and time of analyze.   
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