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Topics that will be covered in the course

History of biosensor development, applications and requirements of biosensors and classification

Principles of molecular recognition and transduction signal acquisition

Sources of Biological Recognition elements – enzymes/proteins, ssDNAs, antibody and Others

Design considerations for use of recognition elements in biosensors

Modeling of reactions for various biosensor applications‐ electrochemical, optical, piezoelectric, colorimetric, fluorometric

and others.

Modification of sensor surfaces and immobilization techniques 

Covalent modification of surfaces using surface chemistry

Self Assembled Monolayers (SAM) and adsorptions

Other ways to immobilize biological macromolecules on various solid surfaces

Detection methods and Physical Sensors

Electrodes/transducers – electrochemical (amperometric, potentiometric, and conductimetric transductions)

Other sensors ‐ for e.g., optical sensors (colorimetric/fluorimetric/luminometric sensors), Surface Plasmon Resonance (SPR) 

sensors, and piezoelectric resonators.

Fabrication of biosensors

Miniaturization‐application of nano‐materials, nanoparticles, carbon nanotubes (CNTs) and others

Biocompatibility – stability, reproducibility and repeatability of biomolecules on transducer surfaces

Data acquisition, statistical and error analysis

Inter and Intra‐assays and Coefficient of variation (CV)

Signal to noise ratio

Normalization/optimization and signal retrieval

Examples of commercial biosensors











Electron transport across the hydrophilic polymer on electrode surface



Sandwich assay: the 2ndary Ab is linked to alkaline
phosphatase (ALP) and binds to antigen bound to
primary antibody

ALP is a mediates converstion of p‐aminophenyl
phosphate (PAPP) by reducing the p‐aminophenol
(PAP) PAP reacts with conducting polymer and
reduced to paminoquinone (PQI) at the electrode,
creating a e‐ passage that transforms into current
change.

Amperometric analysis by immuno sandwich assay

The conc. of analyte present in the 
sample (PSA, prostate cancer 
specific antigen) is proportional to 
the increased current change 

The biosensor not only detect the 
analyte but can also be quantitate.











Voltammetric analysis for immunoassays



Voltammetric analysis for DNA detection



Change in current = voltammetry
Change in resistance = impedance analysis

Oxidation/Reduction reaction 
by reporter enzyme by 
sandwich binding 

Nanoparticle mediated 
enhancement of signal

Signal Amplication



























Biocatalytic Recognition Element

‐ Based on a reaction catalysed by macromolucules
‐present in their biological environment
‐have been isolated/manufactured
‐continuous consumption of substrate(s) is achieved by the immobilized biocatalyst 
into the sensor
‐transient or steady‐state responses are monitored by the integrated detector

‐Three types of biocatalyst are commonly used:
‐1. Enzyme (mono‐ or multi‐enzyme), the most common and well developed 
recognition system
‐2. Whole cells (microorganisms, such as bacteria, fungi, eukaryotic cells or yeast) or 
cell organelles or particles (mitochondria, cell walls)
‐3. Tissue (plant or animal tissue slice).



Biocomplexing or bioaffinity recognition elements

‐ Based on interaction of the analyte with macromolecules or organized molecular 
assemblies 

‐isolated from their original biological environment or engineered
‐Thus, an equilibrium is usually reached ‐ no further net consumption of biocomplexing
‐ These equilibrium responses are monitored by the integrated detector

Antibody‐antigen interaction‐ immunochemical reactions ‐ immunosensors
‐enzyme labels are frequently coupled to Ab or Ag, thus requiring additional chemical 
synthesis steps.
‐As the binding or affinity constant is usually very large, such systems are either 
irreversible (single‐use biosensors) or Ab may be regenerated by dissociation of 
complexes by chaotropic agens such as glycine‐HCL buffer at pH 2.5.



Receptor antagonist or agonist

‐ Protein lactose permease incorporated into liposome bilayers thus allowing coupling of 
sugar proton transport with a stoichiometric ratio of 1:1 pH‐probe pyranine entrapped in 
these liposomes (Kiefer et al., 1991)

‐These lactose permeases containing liposomes have been incorporated within planar lipid 
bilayer coatings of an ISFET gate sensitive to pH

‐Protein receptor based biosensors have been recently developed‐ the binding of the 
analyte, here named agonist, to immobilized channel receptor proteins, is monitored by 
changes in ion fluxes through these channels. Eg., glutamate, as target agonist, may be 
determined in the presence of various interfering agonists, by detecting Na+ or Ca2+ fluxes, 
using conductivity or ion selective electrodes.

‐gene probes (detect binding of oligonuceotides, gene probes) ‐ eg., a) intercalates into the 
oligonucleotide duplex, during the formation of a dsDNA on the probe surface, a molecule 
that is electroactive (b) directly detects guanine that is electroactive.

Biocomples‐based biosensors although showing promising behaviour, have not yet reached 
the advanced development stage of the biocatalyst‐based systems.
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