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LECTURE-15 

BIOSENSORS: WORKING & APPLICATIONS 

A.  TYPES OF BIOSENSORS 

Major classification of biosensor is  

a) On the basis of recognition element/bioreceptor 

b) On the basis of transducer 

 

Figure 1: Bioreceptor based classification of Biosensors 

a) Types of biosensors on the basis of Bio-receptor 

i. Enzyme biosensor 

 First enzyme based biosensor was reported by Updike and Hicks in 1967. 

 These biosensors have been devised on immobilization methods: adsorption of enzyme by van 

der Waals forces, ionic bonding or covalent bonding 

 Main enzymes used for:  

 Oxidoreductase 

 Polyphenol oxidase 

 Peroxidase 

 Aminooxidases 
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ii. Molecular biosensor 

 It includes cell based, tissue based and organelle based bioreceptors. 

 Cell based biosensors 

 First microbe or cell based sensor was designed by Divies. 

 Cell based biosensors have a broad spectrum of detection capabilities. 

 Employing living cells for detection of analyte. 

 Tissue based biosensors 

 Tissue for tissue based sensor arises from plant and animal sources. 

 Can be formed from genetically modified cells or by direct genetic modification in order to 

introduce biosensor proteins into a tissue in the animal. 

 Used to detect hormones, drugs and toxins. 

 Organelle based biosensor 

 Formed using membranes, chloroplasts, mitochondria and microsomes. 

 This type of biosensors has high stability but longer detection type. 

iii. Immuno-sensors 

 Type of biosensor to detect the formation of an immunocomplex using an antibody or antigen as 

bioreceptor. 

  Established on the fact that antibodies have high affinity towards their respective antigens. 

iv. DNA biosensor 

 Devised on the property that single strand nucleic acid molecule is able to recognize and bind to 

its complementary strains in a sample. 

 The interaction is due to the formation of stable hydrogen bonds between the two nucleic acid 

strains. 

b) Types of biosensors on the basis of Transducer 

i. Magnetic biosensors 

 The principle of magnetic biosensors is to detect biological targets through sensing the stray 

field of magnetic beads that label the target molecules. 

 Have great potential in terms of sensitivity and size. 

ii. Thermal biosensors or calorimetric biosensors 

 Based on temperature detection and used to detect heat evolved from or produced in a 

biochemical reaction. 
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 Insensitive to the optical and electrochemical properties of the sample. 

 Used for the detection of pesticides and pathogenic bacteria. 

iii. Piezoelectric biosensors 

 Piezoelectric crystals vibrate under the influence of an electric field. 

 Based on the measurement of changes in resonance frequency (oscillation change) of a 

piezoelectric crystal due to mass changes on the crystal structure. 

iv. Optical biosensors 

 Based on the principle of optical measurement. 

 Colorimetric for color: Measures changes in light adsorption. 

 Photometric for light intensity: Detects the photon output. 

 

 

Figure 2: Types of transducer based biosensors 

Transducers

Electrochemical

Potentiometric

Amperometric

Conductometric

Impedimetric

Ion charge or field 

effect

Optical

Optical fibres

Raman

FT-IR

SPR

Fluorescence

Colorimetry

Luminescence

Interferometry

Mass change

Piezoelectric

QCM or BW

Acoustic wave

Magnetoelastic

Others

Calorimetric

Magnetic

Combination of two 
or more techniques



Pharmaceutical Biotechnology  Unit I                              Unit I 

 

08 April 2020                                                                                                                                                                       Page 4            B. Pharma VI Sem. 
 

v. Amperometric biosensors 

 Detect electroactive species present in the biological test samples. 

 Measures either the current or potential resulting from a chemical reaction of electroactive 

materials on transducer surface while a constant potential or current respectively is applied. 

vi. Potentiometric biosensors 

 Detect oxidation/reduction potential from a chemical reaction of electroactive materials when 

constant current is applied. 

 Can measure species such as pH, H+, NH4+ and other ions, as well as bio molecules including 

glucose, urea, penicillin etc. 

vii. Conduct metric biosensors 

 Measures electrical conductance/resistance of the solution. 

 Have relatively low sensitivity. 

B.  APPLICATIONS OF BIOSENSORS 

Following is a small list of the potential fields where Biosensors are frequently used: 

a) Medicine, Clinical and Diagnostic Applications 

b) Environmental Monitoring 

c) Industrial Applications 

d) Food Industry 

e) Agriculture Industry 

a) Medicine, Clinical and Diagnostic Applications 

 Electrochemical based Biosensors are commonly used in biochemical labs and clinics to monitor 

and measure glucose levels as well as lactic acid. 

 Commercial Biosensors in the field of personal health care are becoming quite popular, especially, 

self-monitoring of blood glucose.  

 The main advantage of this method is the blood samples cannot be contaminated and also it is 

undiluted for more accurate results. 

 Earlier self-monitoring devices are one-time use applications i.e. test can be performed for a single 

time and the sensor must be disposed after that but advances in this field allows, reusable sensors 

for improved patient care.   
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b) Environmental Monitoring 

 One of the major applications of Biosensor is in the field of Environmental Pollution Monitoring. 

Water pollution monitoring is an area where Biosensors have substantial advantage.  

 There are numbering pollutants that are contaminating ground water and as a result the quality 

drinking water is getting worse. 

 Biosensors with sensing elements for nitrates and phosphates are becoming common for battling 

water pollutants. 

 Another important application is for the military to detect chemicals and hazardous biological 

specimens that can be used as bio-weapons.   

c) Industrial Applications 

 Fermentation is a large industrial operation used in dairy, alcohol and other similar products.  

 Large scale Bacteria and cell culture must be maintained for this purpose.  

 In order to minimize the cost of production and risk free fermentation, it is essential to monitor 

these delicate yet expensive processes. 

 Biosensors are designed to monitor and measure the generation of a fermented product.   

d) Food Industry 

 Commercial Biosensors that can measure carbohydrates, acids, alcohol, etc. are already available in 

the market.  

 Biosensors are used in food industry for food quality control for measurement of amino acids, 

carbohydrates, alcohols, gases, etc. 

 Some of the common food industries are Wine, Beer, Yogurt, soft drinks etc. 

e) Agriculture Industry 

Biosensors in the field of agriculture are generally used for detection of pesticides. 
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Key Applications of Biosensors 

 

 

                  

Security      Chemical and warfare agent detection 


