
Unit 1: Enzyme Biotechnology, Biosensors, Protein Engineering 

and uses of microorganisms in the production of enzymes.
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Working and applications of Biosensors in pharmaceutical 

industries

u BIOSENSORS: DEFINITION

u  a) A biosensor is an analytical device which combines a biological 

component to detect an analyte and a physiological component to 

produce a signal which is measurable. 

u b) The term Biological component involves any biological element like 

enzymes, tissues, cells, nucleic acids, antibodies, microorganisms etc.
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B. COMPONENTS OF BIOSENSORS

u Different components of a typical biosensor are: 

u a) Analyte  A substance of interest needs detection.  Example: Glucose 

is an ôanalyteõ in a biosensor designed to detect glucose.

u  b) Bioreceptor  A molecule that recognises the analyte specifically.  A 
process of signal generation (in the form of light, heat, pH, charge or mass 

change etc.) upon interaction of the Bioreceptor with the analyte is 

termed as bio-recognition.

u  c) Transducer  Converts one form of energy into another.  Convert the 

bio-recognition event into the measurable signal.  The process of energy 

conversation is known as signalisation
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u d) Electronics  Part of biosensor that processes the transduced signal and prepares it for 

display.  It is a complex electronic circuitry that performs steps such as amplification and 

conversion of signals from analogue into the digital form. 

u  Processed signals are then quantified by the display unit of the biosensor. 

u e) Display  Consists of a user interpretation system such as the liquid crystal display of a 
computer or a direct printer that generates number of curves.  Output signal on the 

display can be numeric, graphic, tabular or an image, depending on the requirement of 

end user.
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C. CHARACTERISTICS OF BIOSENSORS

u a) Linearity- Maximum sensor output signal that can be detected by a sensor (should be 

high) 

u b) Sensitivity- Magnitude of electrode response per unit substrate concentration

u  c) Selectivity -Electrode response in the presence of other interfering chemicals or foreign 

materials (should be minimum) 

u d) Stability- Maximum electrode response over a period of time 

u e) Limit of detection- Lowest quantity of substance that can be determined from the 

absence of that substance (blank signal)
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D. WORKING OF BIOSENSORS

u  Any biosensor is functionally composed of three main components: Biological element, 

Transducer, and Detector. 

u  The biological element, essentially a Bioreceptor (enzyme, DNA, cell, antibody), is immobilized 

by conventional methods (physical or membrane entrapment, non-covalent or covalent binding). 

u  This immobilized biological material is in intimate contact with the transducer and allowed to 

interact with a specific analyte.

u   The transducer measures heat, gas(O2), electrons or hydrogen as the result of interaction and 

outputs a signal.
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u .  The intensity of the signal output is proportional to the concentration of the analyte. 

u  The signal is then amplified and processed by the electron system
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E. ADVANTAGES OF BIOSENSORS

u  Rapid and continuous measurement

u   High specificity

u   Very little usage of reagents required for calibration 

u  Fast response time (typically less than a minute)

u   Biosensors can easily detect analytes in the micromolar to nanomolar 

range. 

u Ability to measure non-polar molecules that cannot be estimated by other 

conventional devices
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F. DISADVANTAGES OF BIOSENSORS

u  Heat sterilization is not possible as this would denature the biological part of the biosensor.

u  The membrane that separates the reactor media from the immobilized cells of the sensor can 

become fouled by deposits.

u   The cells in the biosensor can become intoxicated by other molecules that are capable of 

diffusing through the membrane. 

u Changes in the reactor broth (i.e., pH) can put chemical and mechanical stress on the biosensor 

that might eventually impair it.

u Biosensors can be classified according to many criteria, out of which we mention the followings: 

u a) The bioactive/bioreceptor material or bioelement 

u b) The transducer
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Figure 3: Various types of Biosensors 43



TYPES OF BIOSENSORS

Å Electrochemical biosensor 

Å Optical biosensor 

Å Thermal biosensor 

Å Resonant biosensor

 Å Ion-sensitive biosensor
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ELECTROCHEMICAL BIOSENSOR

Principle:  

u Many chemical reactions produce or consume ions or electrons which in 

turn cause some change in the electrical properties of the solution which 

can be sensed out and used as measuring parameter. 

u  Classification: 

u 1. Amperometric Biosensors 

u 2. Conductimetric Biosensors 

u 3. Potentiometric Biosensors
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Amperometric Biosensors

u The high sensitivity biosensor can detect electroactive species present in biological test 

samples.

u  Å Since the biological test samples may not be intrinsically electro-active, enzymes are 

needed to catalyze the production of radio-active species. 

u Å In this case, the measured parameters is current.

u  Å Translate a chemical event to an electrical event by measuring current passed 

(amperometric = most common), potential change between electrodes, etc. 

u Oxidation reaction of the reduced chemical species 

u Cred: Cred Ƃ Cox + ne
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CONDUCTIMETRIC BIOSENSORS

Å The measured parameter is the electrical conductance resistance of the solution.

 Å When electrochemical reactions produce ions or electrons, the overall conductivity or 

resistivity of the solution changes. This change is measured and calibrated to a proper scale 

(Conductance measurements have relatively low sensitivity). 

Å The electric field is generated using a sinusoidal voltage (AC) which in minimizing undesirable 

effects such as double layer charging and concentration polarization

48



CONDUCTIMETRIC BIOSENSOR
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POTENTIOMETRIC BIOSENSORS

Å In this type of sensor the measured parameter is oxidation or reduction 

potential of an electrochemical reaction. 

Å The working principle relies on the fact that where a ramp voltage is applied 

to an electrode in solution, a current flow occurs because of electrochemical 

reactions.

 Å The voltage at which these reaction occurs indicate a particular reaction 

and particular species

50



51



THERMAL DETECTION BIOSENSORS

Å This type of biosensor work on the fundamental properties of biological reactions, namely 

absorption or production of heat , which in turn changes the temperature of the medium in which 

the reaction takes place. 

Å They are constructed by combining immobilized enzymes molecules with the temperature sensors. 

When the analyte comes in contact with the enzyme is measured and is calibrated against the 

analyte concentration. 

Å The total heat produced or absorbed is proportional to the molar enthalpy and the total number 

of molecules in the reaction. 
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u Common applications of this type of biosensors includes the detection of pesticides and 

pathogenic bacteria.
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GLUCOSE BIOSENSORS

Å Glucose reacts with glucose oxidase to form gluconic acid. Two electrons and two protons are 

also produced. 

Å Glucose mediator reacts with surrounding oxygen to form H2O2 and glucose oxidase. 

Å Now this glucose oxidase react with more glucose.

 Å Higher the glucose content, the higher the oxygen consumption. 

Å Glucose content can be detected by Pt-electrode
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u CONCLUSION 

u  As the potential threat to bioterrorism increase, there is great need for a tool that can quickly, 

reliably and accurately detect contaminating bio-agents in the atmosphere. 

Å Biosensors can essentially serve as low-cost and highly efficient devices for this purpose in addition 

to being used in other day-to-day application. 

Å Biosensors are known as immuno-sensors,optrodes, chemical, canaries, resonant mirrors, 

glucometers biochips bio-computers and so on
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Protein engineering

u A. DEFINITION 

u  Modification of protein structure with recombinant technology or chemical treatment to get 

a desirable function for better use in medicine, industry and agriculture. 

u  It enables scientists to create unique materials that do not occur in nature. 

u Protein engineering consists of three major approaches:

u  1) Rational design involves knowledge based mutagenesis (KBM) or site directed 

mutagenesis

u 2) Computational protein design (CPD) or De Novo approach

u 3) Directed evolution (DE) or irrational design or random mutagenesis
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B. APPROACHES OF PROTEIN 

ENGINEERING

u Protein engineering consists of three major approaches:

u  1) Rational design involves knowledge based mutagenesis (KBM)or site directed 

mutagenesis

u   Scientists use detailed knowledge of the structure and function of the protein to make 

desired changes

u  Advantages

u  Technically easy: Allows scientists to change structure of a protein in a predictable way. 

u  Relatively inexpensive 
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Disadvantages

u  Detailed structural knowledge of the protein is often unavailable.

u   It is extremely difficult to predict the effects of various mutations
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2) Computational protein design 

(CPD) or De Novo approach

u  Proteins are computationally designed from the level of amino acids to the level of a 

functional protein complex.

u   This approach uses molecular modelling programs to predict amino acid sequences 

that will fold into a desired structure.

u   Design scheme may encompass small regions of the proteins or the entire protein. 

u  Design may aim at the side chains or at the full backbone confirmation. 
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Advantages

u  It has unique ability to design function de novo.

u   It creates proteins with functions that are not available in naturally occurring proteins. 

u Allows designing proteins with no human intervention in sequence selection. 

u  Disadvantages

u Tedious and complex process.
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3) Directed evolution (DE) or irrational 

design or random mutagenesis

u Mimics the process of natural selection to steer (guide) proteins or nucleic acids towards a 

user-defined goal.

u   Introduce desired properties into proteins via random mutation or gene recombination. 

u  Advantages: 

u  Can be performed without knowing every detail of a proteinõs structure. 

u  Library size limitation can be overcome by creating libraries of variants processing desired 

properties. 

u  Disadvantages:

u   Time consuming and expensive process.
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APPLICATIONS OF PROTEIN 

ENGINEERING

u 1) Industrial Applications 

u  Food Industry: 

u  Proteases, Amylases, Lipases:

u Detergent Industry: 

u  Proteases: For removing protein stains 

u  Amylases: In removal of starch stains 

u  Lipases: In removal of lipid stains

u 2) Environmental Applications

u   Detoxification of inorganic pollutants (phenols, azo dyes, organophosphorous pesticides 
etc.) using enzymatic oxidation.

u   In petrol biorefining:
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u Medical Applications 

u  In pretargeted radio immunotherapy

u To improve pharmacokinetic properties of antibodies 

u  To modify antibodies to target cancer cells for clinical application
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Uses of microbes in industry
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