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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



































ZERO ORDER REACTION: A 0-order reaction has a rate which is independent of the 
concentration of the reactant(s).

where r is the reaction rate, and k is the reaction rate coefficient with 
units of concentration/time. 

FIRST ORDER REACTION: A first-order reaction depends on the concentration of only one 
reactant (a unimolecular reaction). Other reactants can be present, but each will be zero-
order. The rate law for an elementary reaction that is first order with respect to a reactant 
A is

SECOND ORDER REACTION: A second-order reaction depends on the concentrations of 
one second-order reactant, or two first-order reactants.
For a second order reaction, its reaction rate is given by: either of the following 3 eqns.

or                  or

Reaction rate equations



PSEUDO FIRST ORDER REACTION: Measuring a second order reaction rate can 
be problematic: the concentrations of the two reactants must be followed 
simultaneously, which is more difficult; or measure one of them and calculate the 
other as a difference, which is less precise. A common solution for that problem is 
the pseudo first order approximation

If either [A] or [B] remain constant as the reaction proceeds, then the reaction can 
be considered pseudo first order because in fact it only depends on the 
concentration of one reactant. If for example [B] remains constant then:

Reaction rate equations





P
S
A

P
S
A

P
S
A

Eg., PROSTATE SPECIFIC ANTIGEN (PSA) BINDING TO MONOCLONAL ANTIBODY (MAB)

http://www.biology.arizona.edu/IMMUNOLOGY/tutorials/antibody/structure.html



Katsamba et al. Analytical Biochemistry 352 (2006) 208–221

Analysis - 1:1 interaction model (A+B=AB), Scrubber software







Evanescent wave
Evanescent Wave Illumination method
Certain objects make it possible to introduce 
laser illumination at incident angles greater than 
the critical angle (θc) resulting in an evanescent 
wave immediately adjacent to the 
coverglass/metal-specimen interface. 

The evanescent wave reaches maximally a few 
hundred nanometers into the specimen and its 
energy drops off exponentially.

www.nikon.com/.../application/tirf2/index.htm

http://www.nikon.com/products/instruments/lineup/biological-microscopes/application/tirf2/index.htm


What is surface plasmon?



Surface plasmon sensor



SPR biosensor



SPR instrumentation

Optical modulation schemes

Scheme of an SPR biosensor



Data processing for SPR







Optical coupling schemes



SPR sensor based on prism coupler and 
anglular modulation



SPR sensor based on prism coupler and anglular
modulation

Eg., 1



Eg., 2



SPR sensor based on grating coupler and intensity modulation



Eg., 3 fiber optic



Integrated optical SPR sensor





Optical waveguides

A waveguide is defined as any component which 
guides a light wave through it by a series of total 
internal reflections (TIR). Provided that the angle of 
incidence into the waveguide is not too great, the 
light "couples" into the waveguide, finally emerging 
from the other end.

The "angle of acceptance" of a wave guide is 
therefore a function of the critical angle since only 
light that is totally internally reflected (or is aligned 
along the axis of the waveguide) will propagate.

The greater the RI of refraction, the greater the range 
of values that θi can have for a given wave guide.

For a cylindrical geometry waveguide (fibre optic), 
the acceptance angle can be modified by (1) the 
density of the fibre optic itself, and (2) by placing a 
high RI material, or "cladding", along the length of 
the waveguide.







evanescent wave on FO



Eg., of fibre optic sensors





Fiber‐optic biosensor



FO biosensor designs



Detecting RI changes



Application of FO enzyme sensors



Application of FO immunosensors
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