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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





NANOSENSORS: Exploring the Sanctuary of 
Individual Living Cell: The combination of 
nanotechnology, biology, advanced materials and 
photonics opens the possibility of detecting and 
manipulating atoms and molecules using nano-devices, 
which have the potential for a wide variety of medical 
uses at the cellular level. Recently reported information 
showed the development of nano-biosensors and in situ 
intracellular measurements of single cells using 
antibody-based nanoprobes. The nano-scale size of 
this new class of sensors also allows for measurements 
in the smallest of environments. One such environment 
that has evoked a great deal of interest is that of 
individual cells. Using these nanosensors, it is possible to 
probe individual chemical species and molecular 
signaling processes in specific locations within a cell. 
Studies have shown that insertion of a nano-biosensor 
into a mammalian somatic cell not only appears to 
have no effect on the cell membrane, but also does not 
effect the cell's normal function. The possibilities to 
monitor in vivo processes within living cells could 
dramatically improve our understanding of cellular 
function, thereby revolutionizing cell biology. 

New‐generation nano‐engineered biosensors, enabling nanotechnologies and nanomaterials



Nanotechnology involves development of materials (and even complete systems) at the atomic, 
molecular, or macromolecular levels. The dimensional range of interest is 
approximately 1-500Ԝnm.

In the field of biosensors, carbon nanotubes, the typical element of 
nanotechnology, have received considerable attention because of their 

inert properties
conducting behaviour and 
high-surface area. 

Particularly, their promotional ability for electron-transfer reactions with enzymes 
and other biomolecules has made carbon nanotubes the ideal supporting material 
for heterogeneous catalysts. 

A carbon nanotube (CNT) is a tubular form of graphite sheet in nano dimensions. 

A single-wall carbon nanotube (SWCNT), ranging in diameter from 0.4 to >3Ԝnm, 
can be visualized as formed by the rolling of a layer of graphite, called a 
graphene layer into a seamless cylinder. 

Similarly, a multiwall carbon nanotube (MWCNT), ranging in diameter from 1.4 
to >100Ԝnm, can be treated as a coaxial assembly of cylinders of SWCNTs



The size of a quantum dot (QD) compared to that of other materials. QD 
nanoparticle refers to quantum dots that have been solubilized and conjugated to 
affinity molecules. GFP, Green fluorescent protein; PE, Phycoerythrin; FITC, 
Fluoresceineisothiocyanate.
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Aptamer/nanoparticle‐based lateral flow device. a) Adenosine‐
induced disassembly of nanoparticle aggregates into red‐colored 
dispersed nanoparticles. Biotin is denoted as black stars (*). b) DNA 
sequences and linkages in nanoparticle aggregates. Lateral flow 
devices loaded with the aggregates (on the conjugation pad) and 
streptavidin (on the membrane in cyan color) before use (c) and in a 
negative (d) or a positive (e) test.

Exploiting properties of gold nanoparticles
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(aggregated)

Red

(separated)

Binding to target

http://mrsec.wisc.edu/Edetc/nanolab/gold/index.html


Fabrication of existing biosensors by bottom‐up approach
The channel region and gate dielectric of an ISFET has been fabricated by layer‐by‐layer self‐
assembly technique, (Liu and Cui, 2007). The advantages of this approach are technological 
simplicity and the ability to produce low‐cost sensors.



Main research activities are:

1. Design, preparation and characterization of nanomaterials for sensors and 
biosensors applications

2. Electrochemical sensors based on nanostructurated materials (i.e. carbon 
nanotubes etc.) for various monitoring and other industrial applications.

3. Nanoparticle based electrochemical detection (bio)systems and biosensors for 
DNA, protein and cell detection with interest for user‐friendly diagnostics, security 
and quality control for various applications.

4. Fast and low cost sensing devices for heavy metals and other compounds with 
interest for environment control and other industrial applications.

5. Lab‐on‐a‐chip systems with interest for in‐field screening of analytes and other 
applications.



1. Carbon nanotubes (CNTs) combine in a unique way high 
electrical conductivity, high chemical stability and extremely high 
mechanical strength. 

2. These special properties of both single-wall (SW) and multi-wall 
(MW) CNTs haveattracted the interest of many researchers in 
the field of electrochemical sensors. 

3. Here, the latest advances and future trends in producing, 
modifying, characterizing and integrating CNTs into 
electrochemical sensing systems.

4. CNTs can be either used as single probes after formation in situ 
or even individually attached onto a proper transducing surface 
after synthesis. 

5. Both SWCNTs and MWCNTs can be used to modify several 
electrode surfaces in either vertically oriented ‘‘nanotube
forests’’ or even a non-oriented way.

6. They can be also used in sensors after mixing them with a 
polymer matrix to form CNT composites.

CARBON NANOTUBES CNTs





This nanobiosensor consists of two 
microelectrodes connected by a bridge of 
nanotubes with antibodies. Since electrical 
signals produced by the union of a tumour
with the sensor molecule biosensor it detects 
the appearance of a tumour.





















Integration of carbon nanotubes
CNTs can be integrated into a variety of configurations to 
perform electrochemical detections. The current formats 
can be classified in groups:

individual CNT configurations
conventional electrodes that are modified with
CNTs, in both oriented or non‐oriented 

configurations and,
CNTs integrated into a polymer matrix, creating a
CNT composite

Schematic of typical CNT solubilization alternatives:
(A) supramolecular wrapping with polymer; (B) CNT-Li+ conducting
polyelectrolyte; (C) with amino group of 2-aminomethyl-
18-crown-6 ether; (D) by amide bonds with glucosamine; and,
(E) by diamine-terminated oligomeric poly(ethylene glycol). For
details, see text and Table 1.\



CNTs as modifiers of electrode surfaces
CNTs – both non‐oriented (random mixtures, see left) 
and oriented (vertically aligned) –have been used to 
modify several conventional electrod surfaces, glassy 
carbon being the most reported.



















Semiconductor quantum dots

The foremost application of quantum dots (QDs) as sensors is based on the Forster resonance 
energy transfer effect (FRET). Owing to this effect, the fluorescence emanating from QDs 
changes from an ON state to an OFF state. 

FRET takes place when the electronic excitation energy of a donor fluorophore is relocated to 
a neighbouring acceptor molecule without exchanging light between the donor and the 
acceptor.

Goldman et al. (2004), used QDs functionalized with antibodies to perform multiplexed 
fluoroimmunoassays for simultaneous detection of various toxins. This type of sensor could be 
used for environmental purposes for concurrently recognizing pathogens like cholera toxin or 
ricin in water. 

The FRET principle was also applied to a maltose biosensor. The sensing mechanism was the 
application of semiconductor QDs conjugated to a maltose binding protein covalently bound 
to a FRET acceptor dye. In absence of maltose, the dye occupied the protein binding sites. 
Energy transference from the QDs to the dyes quenched the QD fluorescence. When maltose 
was present, it replaced the dye leading to recovery of the fluorescence.
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