
Lecture2.2 Biosensor 

Biological and biochemical processes have a very important role on medicine, biology and 

Biotechnology.  The first biosensor was described in 1962 by Clark and Lyons who immobilized 

glucose oxidase (GOD). According to a recently proposed IUPAC definition , “ A biosensor is a 

self-contained integrated device which is capable of providing specific quantitative or semi-

quantitative analytical information using a biological recognition element (biochemical receptor) 

which is in direct spatial contact with a transducer element.” 

A biosensor is a device composed of these elements: 

1. A bioreceptor that is an immobilized sensitive biological element (e.g. enzyme, DNA probe, 

antibody) recognizing the analyte (e.g. enzyme substrate, complementary DNA, antigen). 

Although antibodies and oligonucleotides are widely employed, enzymes are by far the most 

commonly used biosensing elements in biosensors. 

2.  A transducer is used to convert (bio) chemical signal resulting from the interaction of the 

analyte with the bioreceptor into an electronic one. The intensity of generated signal is directly or 

inversely proportional to the analyte concentration. Electrochemical transducers are often used to 

develop biosensors. These systems offer some advantages such as low cost, simple design or 

small dimensions. Biosensors can also be based on gravimetric, calorimetric or optical detection. 

3.An Electronic Amplifier is an electronic device that increases the power of a signal. 

4. A Data processing system is a combination of machines that for a set of inputs produces a 

defined set of outputs. The inputs and outputs are interpreted as data, facts, information, ... 

depending on the interpreter's relation to the system. 

Characteristics of a Biosensor 

1.) Selectivity: Selectivity means that sensor detects a certain analyte and does not react with 

added mixtures and contaminants.  

2.) Precision: is the degree to which repeated measurements under unchanged conditions 

show the same results. 

3.) Signal stability : signal drift under constant conditions, which causes an error in measured 

concentration.  

4.) Sensitivity (detection limit): the minimal amount (or concentration) of analyte that can be 

detected. 

5.) Working range : range of analyte concentrations in which the sensor can operate.  



6.) Regeneration time : time required to return the sensor to working state after interaction 

with the sample. 

Applications: 

The application of biosensor areas  are clinic, diagnostic, medical applications, process control, 

bioreactors, quality control, agriculture and veterinary medicine, bacterial and viral diagnostic, 

drug production, control of industrial waste water, mining, military defense industry  etc.  

A few advantages of biosensors are listed below: 

1. They can measure nonpolar molecules that do not respond to most measurement Devices. 

2. Biosensors are specific due to the immobilized system used in them 

3. Rapid and continuous control is possible with biosensors 

4. Response time is short (typically less than a minute) and 

5. PracticalThere are also some disadvantages of biosensors: 

1. Heat sterilization is not possible because of denaturaziation of biological material, 

2. Stability of biological material (such as enzyme, cell, antibody, tissue, etc.), depends on the 

natural properties of the molecule that can be denaturalized under environmental conditions (pH, 

temperature or ions). 

3. The cells in the biosensor can become intoxicated by other molecules that are capable of 

diffusing through the membrane. 

Thévenot‟s definition of a chemical biosensor from 2001 is often quoted in biosensor research: 

“An electrochemical biosensor is a self-contained integrated device, which is capable of 

providing specific quantitative or semi-quantitative analytical information using a biological 

recognition element (biochemical receptor) which is retained in direct spatial contact with an 

electrochemical transduction element.” (The first biosensor was developed in 1962 by Clark and 

Lyon as an „enzyme electrode‟ for the measurement of glucose levels.) 



 

 

 

Biosensor signal detection methods 

1.) Amperometry is operated at a given applied potential between the working electrode and 

the reference electrode, and the generated signal is correlated with the concentration of 

target compounds. In the amperometric detection, the current signal is generated as a 

function of the reduction or oxidation of an electro-active product on the surface of a 

working electrode. 



2.) Conductometry is a technique depending on the conductivity change in the solution due 

to the production or consumption of ions, for example, by the metabolic activity of 

microorganisms. poor. 

3.) Potentiometry involves the measurement of the potential difference between the working 

electrode and the reference electrode which is dependent on concentration-related 

behavior.  

4.) Voltammetry is the most versatile technique in electrochemical analysis. Both the current 

and the potential are measured. The position of peak current is related to the specific 

chemical and the peak current density is proportional to the concentration of the 

corresponding species.  

5.) Optical detection is usually based on the measurement of luminescent, fluorescent, 

colorimetric, or other optical signals produced by the interaction of microorganisms with 

the analytes and correlates the observed optical signal with the concentration of target 

compounds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lecture2.3 : Nanobiotechnology 

 

Targeted drug delivery, sometimes called smart drug delivery, is a method of 

delivering medication to a patient in a manner that increases the concentration of the medication 

in some parts of the body relative to others. The goal of a targeted drug delivery system is to 

prolong, localize, target and have a protected drug interaction with the diseased tissue. The 

conventional drug delivery system is the absorption of the drug across a biological membrane, 

whereas the targeted release system releases the drug in a dosage form. 

 The advantages to the targeted release system is the reduction in the frequency of the dosages 

taken by the patient, having a more uniform effect of the drug, reduction of drug side-effects, and 

reduced fluctuation in circulating drug levels. The disadvantage of the system is high cost, which 

makes productivity more difficult and the reduced ability to adjust the dosages. 

In traditional drug delivery systems such as oral ingestion or intravascular injection, the 

medication is distributed throughout the body through the systemic blood circulation. For most 

therapeutic agents, only a small portion of the medication reaches the organ to be affected. 

Targeted drug delivery seeks to concentrate the medication in the tissues of interest while 

reducing the relative concentration of the medication in the remaining tissues. Targeted delivery 

is believed to improve efficacy while reducing side-effects. 

 

The use of CNTs in drug delivery and biosensing technology has the potential to revolutionize 

medicine. Cancer, a group of diseases in which cells grow and divide abnormally, is one of the 

primary diseases being looked at with regards to how it responds to CNT drug delivery. Current 

cancer therapy primarily involves surgery, radiation therapy and chemotherapy. These methods 

of treatment are usually painful and kill normal cells in addition to producing adverse side 

effects. 

 CNTs as drug delivery vehicles have shown potential in targeting specific cancer cells with a 

dosage lower than conventional drugs used, that is just as effective in killing the cells, however 

does not harm healthy cells and significantly reduces side effects. These nanotubes function with 

a larger inner volume to be used as the drug container, large aspect ratios for numerous 

functionalization attachments, and the ability to be readily taken up by the cell. 

• Rapidly dividing cancer cells have an unusually high number of receptors for folate and 

IgG. Nanostructures coated in folate can pass with relative ease into cancerous cells. 

Antibodies promise even greater selectivity; for example, a nanostructure can be coated 

with antibodies that bind to proteins found only on the surface of cancerous cells.  



• Once the nanotubes are stuck to the cancerous targets, they are poised to kill in 

one of two ways: 

1.  Their hollow interiors can carry anticancer drugs, or 

2.  They can be activated with infrared: Bathed in infrared light, which passes easily 

through body tissue, the carbon nanotubes heat up dramatically and destroy the attached 

cancerous cells. 

 

Lecture2.4:Bioprinter 

 

The disparity between the demand for organ transplantation and the number of available organs 

has long been realized. Needs such as these have led to the emergence and evolution of tissue 

engineering, where a wide range of disciplines including biochemistry, engineering and material 

science have been integrated and applied. 

               It uses printing devices that deposit biological materials. Bio-printing constructs 3D 

artificial tissues by computer devices.Bio-printing technology is developed by Gabor Forgacs, a 

biophysicist from University of Missouri in the US. Bioprinters can print complex 3D structures 

with the combinations of “bioink” and “biopaper.” Today, bio-printing is still at development 

stage and is used as scientific tools. In long-term, this technology is expected to be used for 

creating replacement organs and human tissues from raw biological materials. 

Major components of Bioprinters: 

An organ is cut horizontally so that scientists can see an array of cells on the surface. The cells 

are then collected to make BioInk, which change the shape of cells to spheroids. Then the BioInk 

is placed inside the bio-printer. The spheroids are dropped into hydrogel, which acts as a 

placeholder.  This step is repeated several times to make layers of spheroids which eventually 

form a 3D tissue. 

Mechanism of Bioprinting: 

 

Step 1: Pre-processing 

Prior to building any structure, a blueprint must first be developed. A drawing of the structure is 

formulated through a computer-aided design (CAD) that provides the spatial information as to 

the precise location of all the cells. The information or digitized image data reconstruction 



needed to generate these blueprints or drawings can be obtained through a number of methods, 

all with their advantages and current limitations: 

1. Recent advances in bioimaging and image acquisition techniques enable image capture that 

provides detailed representations of the gross anatomy of organs. Imaging modalities such as 

Magnetic Resonance Imaging (MRI) or Computerized Tomography (CT) scans offer a 

noninvasive approach to image capture. However, cellular level characteristic detail such as 

tissue composition and distribution cannot be captured at current resolution limits. 

2. Alternatively, information from serial histological sections can be used to reconstruct or 

render 3D representations. This method provides information of the tissue composition and the 

size and shape of the organ. However, most technologies should avoid the need to sacrifice 

subjects or tissue sections in order to obtain information.  

3. Mathematical and computational technologies in combination to one's knowledge of the 

human anatomy can lead to the development of accurate and detailed models through computer 

simulation. 

Step 2: Processing 

After the blueprint is designed, the next step involves the actual printing and solidification of the 

organ through devices designed to deliver and deposit material onto some form of substrate. 

Using the CAD drawing or blueprint, the layer-by-layer placement of natural materials (cells or 

aggregates) can be achieved using a bioprinter. The bioink must be created and prepared, 

resulting in bioink droplets containing a single cell or cell aggregates, and loaded into a 

biocartridge. The bioink is sent through a syringe-like nozzle and deposited onto the biopaper in 

a controlled manner. The precise placement of the cells is directed by blueprint or model, 

producing desired cell patterns and/or constructs. In addition, each layer of cells may be 

separated by a thin layer of biomimetic hydrogel that enable the resulting 3D tissue structure 

after the gel layer relaxes and tissue fusion occurs. 

 

A favorable approach to generating 3D scaffolds and tissue structures is the use of inkjet printers 

due to their ability for fast delivery speeds of at least 600 drops per second and inexpensive cost, 

already in use in the development of devices such as drug screening tools and biosensors. Inkjet 

printing uses a computer to acquired digitized data (that represents an image) to reproduce it by 

depositing cells in an ink drop onto a substrate. Studies have already demonstrated cell survival 

through printing and consistent delivery of one cell per ink drop. Rapid prototyping technologies 

are an alternative method for designing scaffolds but there are many challenges in controlling the 

precise placement and positioning of cells into the 3D scaffold and factoring in any risks due to 

high temperatures and use of toxic resin.  



 
 

 

 

 

 

Step 2 of the bioprinting process is ideally similar to stereolithography (use of cells in 

photosensitive hydrogel for precise placement using a mask or dielectrophoresis or directing the 

cells) in the proposed simultaneous layer-by-layer deposition of cells and stimuli sensitive 

hydrogel. The general idea is to have a cost-effective automatic robotic bioprinting device that 

would enable precise and controlled deposition. Current scientists and researchers have 

developed bioprinters/deposition devices using robotically-controlled syringe-like delivery tools 

similar to the cell printer displayed above. The magnified image on the right focuses on the print 

head consisting of nine nozzles for depositing material. 

 
 

 

 

Step 3: Post-processing 

 

Realistically, printed tissue constructs should grow and develop in a wet environment, similar to 

native conditions. To achieve this state, perfusion devices such as a bioreactor are needed that 



enable cell survival. The printed tissue construct should ideally rapidly self-assemble, mature and 

differentiate to the desired functional organ. It is at this step that the developing organ be 

subjected to chemical and biomechanical conditioning for proper development and accelerated 

tissue maturation according to specially defined parameters (i.e. perfusion media and regime). 

The growth and maturation of the organ should be monitored non-invasively to ensure successful 

development. 

 

 

 

 

Products and Company 

1.)     The main company for this technology is Organovo. This company focuses on the research 

and development on bio printing. 

2.)     NovoGen MMX Bioprinter™ is the main machine that has been developed to meet 

challenges in biological research in regards to bio printing. 

3.) The main Bioprinter pioneer: Japanese scientist Makoto Nakamura’s modified inkjet 

technology.  

 4.)   In 2008, he created a working bio printer that prints out bio tubing similar to a blood vessel.   

  Development Cost 

1.       A bio printer requires huge informational contents of human tissues to print organs. 

2.       Organovo spends about $15.2 million of funding to further research bio printing and 

requires financial help of investors and donors as well. 

3.       Information that is needed for bio-printing is expensive. For example, 1Pb of human tissue 

contents is approximately $71,680. 

4.       Companies need to spend additional fees on hiring the experts who can operate the bio 

printer. 

Advantages:   

1.)   Replace human tissue by full body transplant 

2.) Allows scientists to eliminate the wait list of organ transplants       

3.) Higher survival rate of printed cells 

4.)  Offers high precise resolution 



Disadvantages: 

1.)     The replacement of molecules or cells within the reconstructed organ is not sure about 

whether they can fit into a human body as functional tissue 

2.)   Large-scale construction increases the complexity associated with transplantation 

3.)  Printing capabilities of complicated tissues 

4.) The necessary specifications required for given printing construction (for therapy design, 

need to be precise and specific. 

Future Use and Technology 

1.     It could be utilized to create entire living organs such as heart, liver and kidneys 

2.     Creation of functional human beings, which can be printed on demand and reach maturity in 

few weeks. 

3.     Newly developed drugs can be tested out on manufactured cells than on animals and 

humans. It will lead to a huge reduction in cost and time.   

4.     Situ bio printing works by imprinting cells directly onto human body. 

Barriers to Adoption 

1.   Bio-printing conflicts with moralities and cultural and religious beliefs. 

2.   Bio-printing will increase life span of people on resource- limited planet earth 

3.   Increase in world population. 

4.   “Fountain of Youth”, people will not grow older and die naturally. 

 

 

 

 

 


