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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



Electrochemical Biosensor

There are three basic electrochemical processes - useful in transducers for biosensors:

i. Potentiometry - the measurement of a cell potential at zero current

ii. Voltammetry (amperometry) - an oxidizing (or reducing) potential is applied 
between the cell electrodes and the cell current is measured

iii. Conductimetry - the conductance (reciprocal of resistance) of the cell is measured by 
an alternating current bridge method.



Three electrode cell









Votammetry

Voltammetry: An increasing (decreasing) potential is applied to the cell until oxidation 
(reduction) of the substance to be analyzed occurs and there is a sharp rise (fall) in 
the current to give a peak current. 

The height of the peak current is directly proportional to the concentration of the 
electro active material. 

If the appropriate oxidation (reduction) potential is known, one may step the potential 
directly to that value and observe the current



Electrode reactions





Squarewave voltammetry

A derivative linear sweep voltammetry
1. The current at a working electrode is measured 

while the potential between the WE and a RE is 
swept linearly in time- linear

2. Oxidation or reduction of species is registered as a 
peak or trough in the current signal at the potential 
at which the species begins to be oxidized or 
reduced.

3. In SWV, a squarewave is superimposed on the 
potential staircase sweep. 

4. The current is measured at the end of each half-
wave, just prior to potential change.

5. The differential current is then plotted as a function 
of potential, and the reduction or oxidation of 
species is measured as a peak 

SWV

A derivative linear sweep voltammetry

1.

2.

3. In StWV, voltammetry the potential sweep is 
a series of stair steps.

4. The current is measured at the end of each 
potential change, right before the next, so that 
the contribution to the current signal from the 
capacitive charging current is minimized.

Stairwave voltammetry



1. Working electrode potential is ramped linearly 
Vs time in linear sweep voltammetry

2. CV  uses a set potential and the cyclic nature 
reaches a set potential, the working electrode's 
potential ramp is reversed.

3. This reversion can happen multiple times during a 
single expt.

4. The Current at the WE is plotted Vs the applied 
V to give a cyclic voltammogram.

The average of the two peak is E0

Cyclic Voltammetry





Amperometric Biosensors



















Electrochemical detection of OTC using aptamer immobilized gold IDA electrode chip
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PGstat 12 (Autolab): Electrochemical Analyzer

ΔI- relative current change
I0 & I1 - the current before and after sample application

A typical electrochemical reaction

Cyclic Votammetry - a case study



Electrochemical analysis for immobilization of thiol-
modified aptamer on IDA gold electrode 

Current decrease depended on the concentration of ssDNA aptamer in 
square wave voltammogram (SWV) 

Electrochemical analysis for OTC using 1 nM aptamer 
immobilized IDA gold electrode 

Current drop- depended on the concentration of OTC in SWV

cyclic voltammogram
cyclic voltammogram
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Semi-logarithmic plot



Eg., 2) Electrochemical aptasensor for TET detection

Screen printed gold electrode (DropSens Inc.)

- WE: Gold, CE: Gold, RE: Silver
- Inner diameter of WE: 1.6 mm
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Sensitivity in a range 1 nM -10 uM with 
preferential selectivity toward TET
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