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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



Chemical modifications of surfaces and their applications

Chemical modification - two major reasons

1. to attach selective groups (binding sites or catalysts) to the sensor surface in order to 
recognize target species in the sample.

2. to increase the selectivity of the sensor by reduction of interfacerences arising from 
non-specific interactions.

Surface modification - Covalent and non-covalent strategies

1. Covalent approaches- a chemical bond is made between the surface and the 
attached species - irreversible process.

2. Non-covalent approaches- weaker, non-bonding, interactions b/w the surface and 
the adsorbed species are utilized - reversible
Eg., charge-charge, charge-dipole, dipole-dipole, dipole-induced dipole, and induced 
dipole-induced dipole interactions (van der Waals interactions)

-these are less surface specfic than the covalent approaches - can be more readily 
achieved



Non covalent forces



Covalent modification of sensor surface

The formation of a bond to some functional group on the surface.

The different surface modifications are as follows:

1. Reactive organo‐silane surfaces are widely used sensor surfaces for modifcation

Metal oxide surfaces were 
silanized followed by linking 
chemical groups



Eg., Organo-silanization



Cyanuric chloride activation on hydroxyl surfaces



Covalent attachment on acrylic surfaces (plastic)



Activation of carboxy surfaces by DCC



Eg., Modification of surfaces (sensor/biomolecule) through carbodiimide, avidin-biotin interactions



EDC-NHS coupling (covalent)





a. -OH surfaces are first modified with 
carbonyldiimidazole (CDI) to form reactive intermediate-
forms a stable carbamate bond to an amino terminated 
biomolecule

b. -NH2 gp can be modified with glutaraldehyde which 
forms imine bond (Schiff's base) with an aldehyde, leaving 
the other aldehyde free for repeating this chemistry with 
an amino-terminated molecule

c. Symmetric diisothiocyanates have also been used as 
bifunctional linkers for attachment of amine-functionalized 
surfaces to either thiol-terminated or amine-terminated 
molecules

d. Heterobifunctional linker sulfosuccinimidyl-4-(N-
maleimidomethyl)-cyclohexane-1-carboxylate, which first 
reacts with surface-bound -NH2 through displacement of 
the NHS, subsequently, a thol-tethered molecule can be 
reacted with the pendant maleimide gp. To form surface-
conjugated molecules

e. EDC/NHS reaction - the most common ones











Carbodiimides



Aryl azide cross-linkers



SELF ASSEMBLED monolayer (SAM)



SAM











ITO‐Indium tin oxide





Immobilization Technology

Must be oriented in a specific direction ‐ immobilization technology

Five major immobilization methods used in the preparation of Chemical and bio‐
sensors.

1. Covalent binding ‐ attachment of the active component to the transducer surface 
using a chemical reaction such as peptide bond formation or linkage to activated 
surface groups (thiol, epoxy, amino, carboxylic, etc)

2. Entrapment ‐ physical trapping of the active component into a film or coating.

3. Cross‐linking ‐ similar to entrapment, only a polymerization agent (such as 
gluteraldehyde) is used to provide additional chemical linkages between the active, 
entrapped component and the film or coating.

4. Adsorption ‐ association of the active component with a film or coating through 
hydrophobic, hydrophilic, and/or ionic interactions.

5. Biological binding ‐ association of an active biomolecule to a film or coating 
through specific, biochemical binding



The covalent binding method is based on the binding of enzymes and water‐insoluble 
carriers by covalent bonds. The functional groups that may take part in this binding are 
listed below: 

Amino group Carboxyl group Sulfhydryl group, 
Hydroxyl group Imidazole group Phenolic group 
Thiol group Threonine group Indole group 

Covalent attachment to a support matrix must involve only functional groups of the enzyme that 
are not essential for catalytic action. Higher activities result from prevention of inactivation 
reactions with amino acid residues of the active sites. A number of protective methods have been 
devised: 
Covalent attachment of the enzyme in the presence of a competitive inhibitor or substrate. 
1. A reversible, covalently linked enzyme-inhibitor complex. 
2. A chemically modified soluble enzyme whose covalent linkage to the matrix is achieved by 

newly incorporated residues. 
3. A zymogen precursor. 

Zymogen: Any of a group of compounds that are inactive precursors of enzymes and 
require some change (such as the hydrolysis of a fragment that masks an active 
enzyme) to become active



Hence, covalent binding can be brought about by the following: 

Diazotization : SUPPORT--N=N--ENZYME.
Amide bond formation : SUPPORT--CO-NH--ENZYME
Alkylation and Arylation: SUPPORT--CH2-NH-ENZYME

SUPPORT--CH2-S--ENZYME
Schiff's base formation : SUPPORT--CH=N--ENZYME
Amidation reaction : SUPPORT--CNH-NH--ENZYME
Thiol-Disulfide interchange : SUPPORT--S-S--ENZYME
UGI reaction
Gamma-Irradiation induced coupling
Carrier binding with bifunctional reagents :

SUPPORT-O(CH2)2 N=CH(CH2)3 CH=N-ENZYME







Glutaraldehyde- The surfaces 
(proteins) of microorganisms are 
linked with the surfaces of other 
microorganisms by aldehyde
groups of glutaraldehyde







The immobilized enzyme can be classified into four types: 
particles, membranes, tubes, and filters. Most immobilized enzymes are in particle form for 
ease of handling and ease of application. 

Particles - The particle form of immobilized enzyme on solid particles. 
Membranes - Enzyme membranes can be prepared by attaching enzymes to membrane-
type carriers, or by molding into membrane form. The molding is done after the enzymes 
have been enclosed within semi-permeate membranes of polymer by entrapment. 
Tubes - Enzyme tubes are produced using Nylon and polyacrylamide tubes as carriers. The 
polymer tube is first treated in a series of chemical reactions and the enzyme is bound by 
diazo coupling to give a tube in a final step. 
Fibers - Enzymes that have been immobilized by entrapment in fibers to form enzyme 
fibers. 

The solid supports used for enzyme immobilization can be inorganic or organic . Some 
organic supports include: Polysaccharides, Proteins, Carbon, Polystyrenes, Polyacrylates, 
Maleic Anhydride based Copolymers, Polypeptides, Vinyl and Allyl Polymers, and 
Polyamides.

Entrapment and encapsulation



Immobilization through Entrapment

The entrapment method of immobilization is based on the localization of an enzyme 
within the lattice of a polymer matrix or membrane. It is done in such a way as to retain 
protein while allowing penetration of substrate. It can be classified into lattice and micro 
capsule types



Cross‐linking is based on the formation of chemical bonds, 
as in the covalent binding method. The immobilization is 
performed by the formation of intermolecular cross‐
linkages between the enzyme molecules by means of bi or 
multifunctional reagents.
The most common reagent used for cross‐linking is 
glutaraldehyde. Cross‐linking reactions are carried out 
under relatively severe conditions. These harsh conditions 
can change the conformation of active center of the 
enzyme; and so may lead to significant loss of activity. 

The carrier‐binding method is the oldest immobilization technique 
for enzymes. In this method, the amount of enzyme bound to the 
carrier and the activity after immobilization depend on the nature 
of the carrier. The following picture shows how the enzyme is 
bound to the carrier: 
The selection of the carrier depends on the nature of the enzyme 
itself, as well as the: 
Particle size 
Surface area 
Molar ratio of hydrophilic to hydrophobic groups 
Chemical composition ‐polysaccharide derivatives such as 
cellulose, dextran, agarose, and polyacrylamide gel. 



Physical Adsorption Mode
Based on the physical adsorption of enzyme protein on the surface of water-insoluble carriers.

The processes available for physical adsorption of enzymes are: Static Procedure
Electro-deposition
Reactor Loading Process
Mixing or Shaking Bath Loading

Adsorption tends to be less disruptive to the enzymatic protein than chemical means of 
attachment because the binding is mainly by hydrogen bonds, multiple salt linkages, and Van 
der Waal's forces. 

Because of the weak bonds involved, desorption of the protein resulting from changes in 
temperature, pH, ionic strength or even the mere presence of substrate, is often observed. 
Another disadvantage is non-specific, further adsorption of other proteins or other substances as 
the immobilized enzyme is used. This may alter the properties of the immobilized enzyme or, if 
the substance adsorbed is a substrate for the enzyme, the rate will probably decrease 
depending on the surface mobility of enzyme and substrate. 

Adsorption of the enzyme may be necessary to facilitate the covalent reactions described later 
in this presentation. Stabilization of enzymes temporarily adsorbed onto a matrix has been 
achieved by cross-linking the protein in a chemical reaction subsequent to its physical 
adsorption. 



Site-specific chemical modification of biomolecules











Site-specific protein modification
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