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[bookmark: _bookmark0]BIOTECHNOLOGY
Any technological application that uses biological systems, living organisms or derivatives thereof, to make or modify products and processes for specific use is called as biotechnology.
Conventional biotechnologies include plant and animal breeding and use of micro-organisms and enzymes in fermentations and preparation and preservation of products, as well as in control of pests. Advanced biotechnologies relate to the use of recombinant DNA technology.

[bookmark: _bookmark1]TYPES OF BIOTECHNOLOGY
Agricultural / Green Biotechnology - Applications of biotechnology in agricultural field to increase crop yield and quality
Forensic Biotechnology - Use of biotechnology in forensic sciences called as forensic biotechnology.
Aquatic / Blue Biotechnology - Application of biotechnology in aquatic life is called as aquatic biotechnology.
Industrial / White / Grey Biotechnology - Application of biotechnology in industrial field is called as industrial biotechnology.
Bioremediation Biotechnology - Use of biotechnology to process and degrade a variety of natural and manmade substances, particularly those that contribute to environmental pollution is called as bioremediation biotechnology
Medical / Red Biotechnology - Application of biotechnology in medical field is called as medical biotechnology
Animal Biotechnology - Branch of biotechnology in which molecular biology techniques are used to modify genome of animals.
Microbial Biotechnology - It is defined as any technological application that uses microbiological systems, micro-organisms or derivatives thereof, to make or modify products or processes for specific use.

[bookmark: _bookmark2]NEW DRUG DEVELOPMENT

[bookmark: _bookmark3]DRUG DISCOVERY & DEVELOPMENT
DRUG DISCOVERY

Typically, researchers discover new drugs through:

New insights into a disease process that allow researchers to design a product to stop or reverse the effects of the disease.
Many tests of molecular compounds to find possible beneficial effects against any of a large number of diseases.
Existing treatments that have unanticipated effects.
New technologies, such as those that provide new ways to target medical products to specific sites within the body or to manipulate genetic material.
At this stage in the process, thousands of compounds may bepotential candidates for development as a medical treatment. After early testing, however, only a small number of compounds look promising and call for further study.

DRUG DEVELOPMENT

Once researchers identify a promising compound for development, they conduct experiments to gather information on:
How it is absorbed, distributed, metabolized, and excreted?
Its potential benefits and mechanisms of action?
The best dosage?
The best way to give the drug (such as by mouth or injection)?
Side effects or adverse events that can often be referred to as toxicity?
How it affects different groups of people (such as by gender, race, or ethnicity) differently?
How it interacts with other drugs and treatment?
Its effectiveness as compared with similar drugs?

[bookmark: _bookmark4]PRECLINICAL RESEREACH
Before testing a drug in people, researchers must find out whether it has the potential to cause serious harm, also called toxicity. The two types of preclinical research are:
In Vitro
In Vivo

FDA requires researchers to use good laboratory practices (GLP), defined in medical product development regulations, for preclinical laboratory studies. These regulations set the minimum basic requirements for:
study conduct

personnel

facilities

equipment

written protocols

operating procedures

study reports

A system of quality assurance oversight for each study to help assure the safety of FDA-regulated product
Usually, preclinical studies are not very large. However, these studies must provide detailed information on dosing and toxicity levels. After preclinical testing, researchers review their findings and decide whether the drug should be tested in people.
[bookmark: _bookmark5]INVESTIGATIONAL NEW DRUG APPLICATION (IND)
An Investigational New Drug application (IND) must be filed with the FDA and approved prior to administering new drug products to humans. The name and chemical description of the active components, a list of active and inactive components, and the manufacturers of these components must be provided. The method of preparation and the dosage form to be administered is required. The IND includes all preclinical animal data and the names and locations of the investigators performing the planned clinical trials. A major component of the IND is the study protocol(s) implemented to evaluate the drug. The IND is assigned to the appropriate division of the Center for Drug Evaluation and Research, and

the contents are thoroughly reviewed. The FDA has 30 days from receipt of the IND to decide if the proposed clinical trial should proceed.
[bookmark: _bookmark6]CLINICAL RESEREACH
Clinical investigations involve the administration of a drug product to humans. Testing is divided into four phases, each phase having specific objectives.
[bookmark: _bookmark7]Phase 1
Study Participants: 20 to 100 healthy volunteers or people with the disease/condition.

Length of Study: Several months

Purpose: Safety and dosage

During Phase 1 studies, researchers test a new drug in normal volunteers (healthy people). In most cases, 20 to 80 healthy volunteers or people with the disease/condition participate in Phase 1. However, if a new drug is intended for use in cancer patients, researchers conduct Phase 1 studies in patients with that type of cancer.
Phase 1 studies are closely monitored and gather information about how a drug interacts with the human body. Researchers adjust dosing schemes based on animal data to find out how much of a drug the body can tolerate and what its acute side effects are.
As a Phase 1 trial continues, researchers answer research questions related to how it works in the body, the side effects associated with increased dosage, and early information about how effective it is to determine how best to administer the drug to limit risks and maximize possible benefits. This is important to the design of Phase 2 studies.
Approximately 70% of drugs move to the next phase

[bookmark: _bookmark8]Phase 2
Study Participants: Up to several hundred people with the disease/condition.

Length of Study: Several months to 2 years

Purpose: Efficacy and side effects

In Phase 2 studies, researchers administer the drug to a group of patients with the disease or condition for which the drug is being developed. Typically involving a few hundred patients, these studies aren't large enough to show whether the drug will be beneficial.
Instead, Phase 2 studies provide researchers with additional safety data. Researchers use these data to refine research questions, develop research methods, and design new Phase 3 research protocols.
Approximately 33% of drugs move to the next phase

[bookmark: _bookmark9]Phase 3
Study Participants: 300 to 3,000 volunteers who have the disease or condition

Length of Study: 1 to 4 years

Purpose: Efficacy and monitoring of adverse reactions

Researchers design Phase 3 studies to demonstrate whether or not a product offers a treatment benefit to a specific population. Sometimes known as pivotal studies, these studies involve 300 to 3,000 participants.
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Phase 3 studies provide most of the safety data. In previous studies, it is possible that less common side effects might have gone undetected. Because these studies are larger and longer in duration, the results are more likely to show long-term or rare side effects
Approximately 25-30% of drugs move to the next phase

[bookmark: _bookmark10]Phase 4
Study Participants: Several thousand volunteers who have the disease/condition

Purpose: Safety and efficacy.

Phase IV trials are post-approval clinical trials designed for one of several reasons. Since duration of exposure and number of patients treated are often limited during Phase III testing, Phase IV trials may be required to assess long-term safety of the drug.
[bookmark: _bookmark11]NEW DRUG APPLICATION (NDA)
A New Drug Application (NDA) tells the full story of a drug. Its purpose is to demonstrate that a drug is safe and effective for its intended use in the population studied.
A drug developer must include everything about a drug—from preclinical data to Phase 3 trial data—in an NDA. Developers must include reports on all studies, data, and analyses. Along with clinical results, developers must include:
Proposed labeling

Safety updates

Drug abuse information

Patent information

Any data from studies that may have been conducted outside the United States

Institutional review board compliance information

Directions for use

[bookmark: _bookmark12]FDA REVIEW
Once FDA receives an NDA, the review team decides if it is complete. If it is not complete, the review team can refuse to file the NDA. If it is complete, the review team has 6 to 10 months to make a decision on whether to approve the drug.
The process includes the following:

Each member of the review team conducts a full review of his or her section of the application. For example, the medical officer and the statistician review clinical data, while a pharmacologist reviews the data from animal studies. Within each technical discipline represented on the team, there is also a supervisory review.
An inspector’s travel to clinical study sites to conduct a routine inspection. The Agency looks for evidence of fabrication, manipulation, or withholding of data.
The project manager assembles all individual reviews and other documents, such as the inspection report, into an “action package.” This document becomes the record for FDA

 (
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review. The review team issues a recommendation, and a senior FDA official makes a decision.
[bookmark: _bookmark13]FDA APPROVAL
In cases where FDA determines that a drug has been shown to be safe and effective for its intended use, it is then necessary to work with the applicant to develop and refine prescribing information. This is referred to as “labeling.” Labeling accurately and objectively describes the basis for approval and how best to use the drug.
A complete description about drug development process shown in Figure 1.





Figure 1 Drug Development Process




[bookmark: _bookmark14]TECHNIQUES OF BIOTECHNOLOGY
Numerous techniques are used to create biotechnological products. These include

[bookmark: _bookmark15]RECOMBINANT DNA
Recombinant    DNA    is    the    general    name    for    taking     a    piece    of     one     DNA,     and  and combining it with another strand of DNA. One approach would be to cut the appropriate gene from human DNA and paste, or splice, it into a vector such as a plasmid or phage DNA. Our "scissors" are the class of enzymes called restriction endonucleases. A restriction endonuclease cuts DNA only at a specific site, usually containing 4-6 base pairs. This "sticky ends" from two different DNA molecules can hybridize together; then the nicks are sealed using ligase. The result is recombinant DNA. When this recombinant vector is inserted into E. coli, the cell will be able to process the instructions to assemble the amino acids for insulin production. More importantly, the new instructions are passed along to the next generation of E. coli cells in the process known as gene cloning.
The below given figure no 2 is a highly simplified example of recombinant DNA technology.



Figure	2	Transfer & cloning of insulin gene

[bookmark: _bookmark16]MONOCLONAL ANTIBODIES

Monoclonal antibodies (mAb or moAb) are antibodies that are made by identical immune cells that are   all clones of a unique parent cell. Monoclonal antibodies can have monovalent affinity, in that they bind to the same epitope (the part of an antigen that is recognized by the antibody).
The mAbs have been developed by using mouse hybridoma technology for therapeutic applications. This technique uses innate functionality of B-lymphocytes and myeloma or
Immortalized cancerous cells for the effective production of immortal hybridoma cells secreting mAbs specific for antigen of interest. The B-cells are fused with myeloma cells in the presence of polyethylene glycol (PEG) as a fusing agent. The antibodies produced by this technique are specific in nature to the target antigen and has various application in therapeutics.

Production of monoclonal antibodies has been explained stepwise in the figure 3 given below.

Figure 3 Production OF Monoclonal antibodies


EXAMPLES:
Adalimuab (for rheumatoid arthritis)
Infliximab (for Crohn disease)


[bookmark: _bookmark17]PCR:
PCR or Polymerase Chain Reaction is a technique used in molecular biology to create several copies of a certain DNA segment. This technique was developed in 1983 by Kary Mullis, an American biochemist. PCR has made it possible to generate millions of copies of a small segment of DNA. This tool is commonly used in the molecular biology and biotechnology labs.
[bookmark: _bookmark18]PRINCIPAL OF PCR
The principle of PCR is based on the enzymatic replication of nucleic acids. PCR involves the use of primer mediated enzymes for the amplification of DNA. DNA polymerase synthesizes new strands of DNA complementary to the template DNA. The DNA polymerase can add a nucleotide to the pre-existing 3’-OH group only. Therefore, a primer is required. Thus, more nucleotides are added to the 3’ prime end of the DNA polymerase.
[bookmark: _bookmark19]COMPONENTS OF PCR
DNA Template– The DNA of interest from the sample.

DNA Polymerase– Taq Polymerase is used. It is thermo stable and does not denature at very high temperatures.
Oligonucleotide Primers- These are the short stretches of single-stranded DNA complementary to the 3’ ends of sense and anti-sense strands.
Deoxy ribonucleotide triphosphate– These provide energy for polymerization and are the building blocks for the synthesis of DNA. These are single units of bases.
Buffer System– Magnesium and Potassium provide optimum conditions for DNA denaturation and renaturation. It is also important for fidelity, polymerase activity, and stability.
[bookmark: _bookmark20]STEPS OF PCR
The PCR involves three major cyclic reactions:
Denaturation:
Denaturation occurs when the reaction mixture is heated to 94℃ for about 15-30 minutes. This breaks the hydrogen bonds between the two strands of DNA and converts it into a single-stranded DNA.The single strands now act as a template for the production of new strands of DNA. The temperature should be provided for a longer time to ensure the separation of the two strands.
Annealing
The reaction temperature is lowered to 54-60℃ for around 20-40 seconds. Here, the primers bind to their complementary sequences on the template DNA.
Primers are single strand sequences of DNA or RNA around 20 to 30 bases in length.
They serve as the starting point for the synthesis of DNA.The two separated strands run in the opposite direction and consequently there are two primers- a forward primer and a reverse primer.
Elongation
At this step, the temperature is raised to 72-80℃. The bases are added to the 3’ end of the primer by the Taq polymerase enzyme. This elongates the DNA in the 5’ to 3’ direction. The DNA polymerase adds about 1000bp/minute under optimum conditions.Taq Polymerase can tolerate very high temperatures. It attaches to the primer and adds DNA bases to the single strand. As a result, a double-stranded DNA molecule is obtained.These three steps are repeated 20-40 times in order to obtain a number of sequences ofDNA of interest in a very short time period.As shown in figure no 4.



















Figure 4 Steps of PCR

[bookmark: _bookmark21]APPLICATIONS OF PCR
The following are the applications of PCR:
Medicine: Testing of genetic disease mutations, monitoring the gene in gene therapy, Detecting disease- causing genes in the parents.
Forensic Science: Used as a tool in genetic fingerprinting, Identifying the criminal from millions of people and Paternity tests.
Research and Genetics: Compare the genome of two organisms in genomic studies, In the phylogenetic analysis of DNA from any source such as fossils, Analysis of gene expression and Gene Mapping.


[bookmark: _bookmark22]RANDOME AMPLIFICATION OF POLYMORPHIC DNA
RAPD that is defined by differences between individuals in terms of DNA regions either being or not being amplified in a polymerase chain reaction primed by random oligonucleotides sequences.
It is a type of PCR reaction, but the segments of DNA that are amplified are random.
RAPD creates several arbitrary, short primers (8–12 nucleotides), then proceeds with the PCR using a large template of genomic DNA, these are obtained by using a PCR equipment or a thermocycler.
RAPD - is a lab technique used to amplify unknown (random) DNA segments. RAPD involves following steps:-
The DNA of a selected species is isolated.
An excess of selected deca-oligonucleotide added.
This mixture is kept in PCR equipment and is subjected to repeated cycles of DNA denaturation- renaturation-DNA replication.
During this process, the deca-oligonucleotide will pair with the homologous sequence present at different locations in the DNA.
DNA replication extend the deca-oligonucleotide and copy the sequence continuous with the sequence with which the selected oligonucleotide has paired.
The repeated cycles of denaturation - renaturation-DNA replication will amplify this sequence of DNA.
Amplification will takes place only of those regions of the genome that has the sequence complementary to the deca-oligonucleotide at their both ends.8. After several cycles of amplification the DNA is subjected to gel electrophoresis.
9. The amplified DNA will form a distinct band. it isdetected by ethidium bromide staining and visible fluorescence under U.V. light.
[bookmark: _bookmark23]APPLICATIONS
Molecular genetic markers have been developed into powerful tools to analyze genetic relationships and genetic diversity.
As an extension to the variety of existing techniques using polymorphic DNA markers, the Random Amplified Polymorphic DNA (RAPD) technique may be used in molecular ecology to determine taxonomic identity, assess kinship relationships, analyze mixed genome samples, and create specific probes.
Main advantages of the RAPD technology include:-
Suitability for work on anonymous genomes.
Applicability to problems where only limited quantity of DNA are available.
Efficiency and low expense.

[bookmark: _bookmark24]LIMITATIONS
Nearly all RAPD markers are dominant, i.e. it is not possible to distinguish whether a DNA segment is amplified from a locus that is heterozygous (1 copy) or homozygous (2 copies).
Co-dominant RAPD markers, observed as different-sized DNA segments amplified from the same locus, are detected only rarely.
PCR is an enzymatic reaction, therefore the quality and concentration of template DNA, concentrations of PCR components, and the PCR cycling conditions may greatly influence the outcome.
Mismatches between the primer and the template may result in the total absence of PCR product as well as in a merely decreased amount of the product. Thus, the RAPD results can be difficult to interpret.
[bookmark: _bookmark25]GENE THERAPY
It is a technique for correcting defective genes responsible for disease development. The first approved gene therapy experiment occurred on September 14, 1990 in US, when Ashanti De Silva was treated for ADA-SCID.
[bookmark: _bookmark26]TYPES OF GENE THERAPY:
SOMATIC CELL GENE THERAPY:
Therapeutic genes transferred into the somatic cells. E.g. Introduction of genes into bone marrow cells, blood cells, skin cells etc. Will not be inherited later generations. At present all researches directed to correct genetic defects in somatic cells.
GERM LINE GENE THERAPY:
Therapeutic genes transferred into the germ cells. E.g. Genes introduced into eggs and sperms. It is heritable and passed on to later generations. For safety, ethical and technical reasons, it is not being attempted at present
As shown below in figure no 5:


[image: ]
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[bookmark: _bookmark27]TYPES OF SOMATIC GENE THERAPY:
Ex vivo gene therapy: - transfer of genes to cultured cells and reinsertion.
In vivo gene therapy: - direct delivery of genes into the cells of a particular tissue in the body.
Ex vivo gene therapy:
Transplant the modified cells to the patient. Select genetically corrected cells and grow. Introduce the therapeutic genes. Grow the cells in culture Isolate cells with genetic defect from a patient.
Example: 1st gene therapy – to correct deficiency of enzyme, Adenosine deaminase (ADA). Performed on a four year old girl AshanthiDeSilva. Who was suffering from SCID (Severe Combined Immunodeficiency).
In vivo gene therapy:
Direct delivery of therapeutic gene into target cell into patient’s body. Carried out by viral or non viral vector systems. It can be the only possible option in patients where individual cells cannot be cultured in vitro in sufficient numbers (e.g. brain cells). In vivo gene transfer is necessary when cultured cells cannot be re-implanted in patients effectively.
Example (Therapy for cystic fibrosis): In patients with cystic fibrosis, a protein called cystic fibrosis transmembrane regulator (CFTR) is absent due to a gene defect. Treated by in vivo replacement of defective gene by adenovirus vector.
[bookmark: _bookmark28]VECTORS IN GENE THERAPY:
To transfer the desired gene into a target cell, a carrier is required. Such vehicles of gene delivery are known as vectors. 02 main classes are used
Viral vectors
Retrovirus vector. Adeno virus vector.
Adeno associated virus vector. Herpes simplex virus vector.
Non-viral vectors
Pure DNA construct.
Lipoplexe.
DNA molecular conjugates
Human artificial chromosome (HAC).

[bookmark: _bookmark29]DISADVANTAGES:
Long lasting therapy is not achieved by gene therapy; Due to rapid dividing of cells benefits of gene therapy is short lived.
Immune response to the transferred gene stimulates a potential risk to gene therapy.
Viruses used as vectors for gene transfer may cause toxicity, immune responses, and inflammatory reactions in the host.
Disorders caused by defects in multiple genes cannot be treated effectively using gene therapy. At its current stage, it is not accessible to most people due to its huge cost.
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[bookmark: _bookmark30]ADVANTAGES:
Gene therapy has the potential to eliminate and prevent hereditary diseases such as cystic fibrosis, ADA- SCID etc.
It is a possible cure for heart disease, AIDS and cancer.
It gives someone born with a genetic disease a chance to life.
It can be used to eradicate diseases from the future generations.


[bookmark: _bookmark31]RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP)
Restriction Fragment Length Polymorphism (RFLP) is a technique in which organisms may be differentiated by analysis of patterns derived from cleavage of their DNA.
It is a technique that exploits variations in homologous DNA sequences.

[bookmark: _bookmark32]PRINCIPAL:
If two organisms differ in the distance between sites of cleavage of a particular restriction endonuclease, the length of the fragments produced will differ when the DNA is digested with a restriction enzyme. The similarity and differences of the patterns thus generated can be used to differentiate species (and even strains) from one another. As shown in figure 06

Figure 6  Steps of RFLP



[bookmark: _bookmark33]APPLICATIONS OF RFLP:
Genome mapping:It helps in analysis of unique pattern in genome of living organisms for their identification and differentiation.
Genetic disease analysis:After identification of gene for a particular genetic or hereditary disease, that gene can be analyzed among other family members.
Detection of mutated gene.
DNA finger printing or DNA profiling or DNA typing (forensic test):DNA finger printing, one of the techniques for paternity test, criminal identification etc. is based on RFLP.

[bookmark: _bookmark34]NUCLEOTIDE BLOCKAGE & ANTISENSE TECHNOLOGY:
In this technique Short segments of single stranded DNA called oligodeoxy nucleotides are introduced. These oligonucleotides are complementary to the mRNA, which physically bind to the mRNA. This technology prevent the synthesis of specific protein.AS-ONs (antisense oligonucleotides) usually consist of 15– 20 nucleotides, which are complementary to their target mRNA. When these AS-ON combined with target mRNA, a DNA/RNA hybrid form, which degraded by the enzyme RNase H. it is a non-specific endonuclease, catalyzes the cleavage of RNA via hydrolytic mechanism. RNase H cleaves the 3’-O-P bond of RNA in a DNA/RNA duplex.
Example: Fomivirsen (marketed as Vitravene), was approved by the U.S. FDA in Aug 1998 as a treatment for cytomegalovirus retinitis.

[bookmark: _bookmark35]LARGE SCALE PRODUCTION OF RECOMBINANT PROTEINS
Protein and polypeptide based new molecular entities that exhibit pharmacological activities are further evaluated in preclinical tests in appropriate animal models to characterize pharmacokinetics and toxicology. For this drug candidate must be produced in larger scale typically in quantities of mg to g than the amount required for early studies in vitro. The most important requirement for large scale production of recombinant protein is to identify host cells with max efficiency in producing proteins that are safe and effective at reasonable cost.
OPTIMIZATION OF PRODUCT YIELD
It can be done by two ways
Selection of plasmid/ vector/genetic construct
Selection of recombinant host cell
Selection of plasmid
It has following properties when transferred into host cell
Should be stable
Should enhance protein expression
Selection of recombinant host cell
Once this transfection is done. These recombinant host cells are selected
For those that are genetically stable and produce the highest yield of recombinant product. As many as 6000 clones of the cells are screened to identify the best host cells for production.
[bookmark: _bookmark36]LARGE SCALE CULTIVATION OF HOSTE CELL:
The science of growing cells and microbes for the production of pharmaceuticals and chemical compounds under well specified conditions in large quantities is called Fermentation.
CELLS USED FOR FERMENTATION:
Prokaryotes such as bacteria (E-coli, Bacillus) are used
Lower eukaryotes such as fungi (yeast), Insects cells, mammalians cells are also used.trangenic animals & plant cells are also used as expression system for recombinant proteins.
Only small fraction of mammalians cells can grow in suspension and adapted to fermentation process. Most mammalian cells require a surface support to replicate. To provide a large surface area, the mammalian’s cells are often grown in roller bottles. Fermentation and alternative techniques such as roller bottles can be carried out in 4 different ways:

Batch Process
Fed Batch Process
Chemo stat Process
Perfusion Process
Batch Process:
In this configuration, host cells that contain an expression vector for recombinant product are added to predetermine volume of growth medium. The cells are allowed to grow until nutrients in the medium are depleted or excreted by product reaches inhibitory levels. At this time cells are harvested and recombinant proteins are isolated after disruption of harvested cells as the recombinant product is secreted within the cells
Fed Batch Process:
Similar to batch cultivation except nutrients, O2 and pH are maintained by feeding appropriate supplements at predetermined intervals to increase the product yield. At the end of run, the cells are harvested and recombinant products are isolated
Chemo stat Process:
Continuous mass production of cells by the addition of nutrients essential to promote cell growth and removal of mediums and product at a predetermined time or rate is known as chemo stat process. This strategy works best for recombinant proteins that are secreted from microbial cells and can be collected in the culture media.
Perfusion Configuration:
The basic principle of this configuration is to retain the growth of cells in culture through the removal of spent medium and replacement with fresh medium. In this case, cells can continue to grow under optimal conditions for long period of time and whole the product is continuously harvested because the exchange of fresh and spent medium is facilitated through a perfusion process, this configuration is known as perfusion culture. Spin filter, acoustic filter and hollow fiber culture system are used to facilitate perfusion.

[bookmark: _bookmark37]PROCESSING OR PURIFICATION OF RECOMBINANT PROTEIN ON PHARMACEUTICAL SCALE
The cells are harvested at their optimal growth and are then subjected to purification process The objective of developing a purification process is to isolate the biotechnology products. It is roughly divided into four stages:
Solid liquid separation.
Concentration
Purification
Quality Control and Assurance

[bookmark: _bookmark38]SOLID LIQUID SEPERATION:
In the case where the recombinant product is localized in the intracellular content, the cells are first isolated from the medium and then disrupted to collect recombinant protein.
Following are disruption techniques to facilitate this step:
Ultrasonic, homogenization, agitation, drying, heat and freeze thaw. Following are separation techniques:

High speed ultracentrifugation (when density differences are small)
Filtration.
Flocculation a method to increase solid particle size by allowing the formation of complexes with polycations such as cationic cellulose and polymers.The resulting aggregates can then be separated by sedimentation, centrifugation or filtration with much less effort.
[bookmark: _bookmark39]CONCENTRATION:
After removal of cells and debris from culture, the fraction of recombinant protein in liquid phase usually ranges from 2% to 15%. The large volumes associated with these low concentrations make it unpractical to proceed with purification step as it will exceed the capacity for chromatographic purification technique for isolation of protein.
Therefore, a concentration step is used to reduce the volume. It includes: “Heat –assisted evaporation strategies” like
Falling film evaporator
Forced film evaporator
Centrifugal forced film evaporator
But proteins are heat labile and may not survive this strategy. Other strategies include
Ethanol and Acetone
Ammonium sulphate
Non-ionic polymers
pH
These techniques are also used Precipitation
Protein from solution can be separate out by using an agent which decrease the solubility of recombinant product.
Membrane separation /ultra filtration The pore size is selected to retain the recombinant macromolecule while allowing the passage of water and other small molecules. The proper filtration system leads to increase yield and purity.
[bookmark: _bookmark40]PURIFICATION
It may be:
Intermediate Purification.
Polishing step

[bookmark: _bookmark41]Intermediate Purification:
In this stage, increased purity is achieved through removal of most contaminant proteins, endotoxins, nucleic acids and viruses. This is accomplished by means of Chromatography
In chromatography technique, proteins bind differentially to solid matrix support with various functional groups to provide hydrophobic, ion-exchange and affinity interactions.
Commonly used matrices include agarose, cellulose, polyacrylamide, and porous silica. Functional groups attached to purify specific proteins include:
Enzyme Cofactor for enzymes.
Lecithins for glycoproteins
Heparin for protein kinases

Metal ions for metalloproteinase
On completion of intermediate purification, endotoxin concentrations are reduced while specific activity of recombinant protein increases several fold. At this stage recombinant protein constitute more than 90% of the purified material.
[bookmark: _bookmark42]Polishing Step:
It is designed to remove trace contaminants and impurities so that a biologically active recombinant protein is obtained. Chromatography for this step demands high performance to minimize contaminant carryover into the recombinant product destined for pharmaceutical use.
[bookmark: _bookmark43]QUALITY ASSURANCE & QUALITY CONTROL
FDA demands documentation of manufacturing process controls, which include checks and tests that are performed at each step from cell cultivation to purification.
CHECKS & TEST:
These checks and tests are needed to control the quality of recombinant protein and provide assurance that the final product meets the defined specifications to ensure safety and efficacy.
[bookmark: _bookmark44]VALIDATION OF PURIFICATION PROCESS:
Validation of purification process ensures that it is adequate to remove chemicals used in purification, column contaminants, and residual cellular proteins.
Validation of analytical tests is done by using analytical techniques to ensure that the tests can identify	and establish acceptable limits for critical parameters to be used as in process controls. Microbiologic aspects of analysis must be validated to ensure aseptic conditions.
CHARACTERIZATION TESTS:
These include potency assays, chromatographic assays, gel electrophoresis, Data from characterization of the proteins are validated using statistical analysis.
QA/QC SPECIFICATIONS:
These are summarized in CMC (Chemistry, Manufacturing and Control) section and in BLA (Biologic License Application)
POINTS TO CONSIDER IN QA/QC
Documentation of process and its validation & CGMP compliance
Certificate of Analysis (sterility, purity, concentration)
Purity Assays (chromatography, electrophoresis)
Validation (Prior to license)


CHARACTERIZATION OF POPERTIES OF PROTEIN:

At this stage the recombinant protein is evaluated in terms of secondary & tertiary molecular structure, protein fragmentation, molecular heterogeneity, degree of glycosylation and stability.
Following are the techniques used for the protein characterization and stability assessment:

Fluorescence
HPLC
NMR spectroscopy
Roman Spectroscopy
Refractrometry

UV-Visible spectroscopy
Mass spectrometry

Recombinant proteins used in medical practice are:


	Recombinant protein
	Therapeutic use

	1.
	Insulin
	Treatment for type I diabetes mellitus

	2.
	Interferon-α
	Used for chronic hepatitis C

	3.
	Interferon –β
	Used for herpes and viral enteritis




[bookmark: _bookmark45]APPLICATIONS OF BIOTECHNOLOGY
Genetic engineering has applications in medicine, research, industry and agriculture and can be used on a wide range of plants, animals and micro organisms
[bookmark: _bookmark46]AGRICULTURE APPLICATIONS
Plants have been modified for insect protection, herbicide resistance, virus resistance, enhanced nutrition, and tolerance to environmental pressures.
Cotton plants that display resistance to herbicide

The Flavr Saver Tomato was approved by FDA for marketing -the modification allows the tomato to delay ripening as well as decaying.
Golden Rice provides a precursor of vitamin A.
Tobacco plants have been genetically altered so that they emit light on orders from a gene transplanted from fireflies.
BT Corn: Corn with special resistance against insects is allowed by FDA for human use.
Other plants and foods that are genetically modified for their specific properties are Cotton, Potato, Papaya, Sugar beet and Sugar cane
[bookmark: _bookmark47]INDUSTRIAL APPLICATIONS
Genetically engineered bacteria are involved in making biofuels, cleaning up oil spills, carbon and other toxic wastes, detecting arsenic in drinking water.
Certain genetically modified microbes can also be used in biomining and bioremediation, due to their ability to extract heavy metals from their environment and incorporate them into compounds that are more easily recoverable.
TRANSGENIC ANIMALS

One of the first mammals engineered successfully for the purpose of pharming was a sheep named Tracy. Tracy was created from a zygote genetically engineered through DNA injection to produce milk containing large quantities of the human enzyme alpha-1 antitrypsin, a substance used to treat cystic fibrosis and emphysema
Cloning Dolly : A sheep cloned from an adult cell nucleus from body cell was inserted into an empty egg. Embryo implanted into surrogate mother. Sheep is genetic replica of animal from which body cell was taken

[bookmark: _bookmark48]RESEARCH APPLICATIONS
Genes from a wide range of organisms can be inserted into bacteria for storage and modification, creating genetically modified bacteria in the process. Bacteria are cheap, easy to grow, multiply quickly, relatively easy to transform. Once a gene is isolated it can be stored inside the bacteria providing an unlimited supply for research.
Genetically modified animals are used in laboratories for research purposes. They make the research convenient. The researchers can now modify, activate and inactivate certain genes for their research purposes.
[bookmark: _bookmark49]APPLICATIONS IN BIOART
Bioartists use scientific methods and technology to explore living systems. Some bacteria have been genetically engineered to create black and white photographs. Genetic engineering has also been use to create novelty items like blue roses, glowing fish
[bookmark: _bookmark50]PHARMACEUTICAL APPLICATIONS OF BIOTECNOLOGY
The pharmaceutical products of recombinant DNA are divided into 3 types

Human protein replacements.

Therapeutic agents for human diseases.

Vaccines

[bookmark: _bookmark51]HUMAN PROTEIN REPLACEMENTS:
The synthesis of the cellular proteins is ultimately under the control of genes. Any defect in a gene produces an incorrect protein or no protein at all. Sometimes, the occurrence of a defective (i.e. functionally ineffective) or deficient protein may cause a disease. Thus, gene defects will result in inherited or genetically linked diseases. The recombinant DNA technology can be fruitfully employed to produce human proteins that can be used for the treatment of genetically linked diseases.
EXAMPLES:

INSULIN

The procedure employed for the synthesis of two insulin chains A and B is illustrated in figure. The genes for insulin A chain and B chain are separately inserted to the plasmids of two different E. coli cultures. As shown in figure no 7.
.

[image: ]

Figure 7 Insulin Production



HUMAN GROWTH HAORMONE

The hGH is a protein comprised of 191 amino acids. During the course of its natural synthesis in the body, hGH is tagged with a signal peptide (with 26 amino acids)The signal peptide is removed during secretion to release the active hGH for biological functions. The entire process of hGH synthesis goes on in an orderly fashion in the body. However, signal peptide interrupts hGH production by recombinant technology. E. coli cannot remove the signal peptide.
Biotechnologists have resolved the problem of signal peptide interruption by a novel approach.The base sequence in cDNA encoding signal peptide (26 amino acids) plus the neighbouring 24 amino acids (i.e a. total 50 amino acids) is cut by restriction endonuclease ECoR1. Now a gene (cDNA) for 24 amino acid sequence of hGH (that has been deleted) is freshly synthesized and ligated to the remaining hGHcDNA. As shown in figure 8.

[image: ]

Figure 8 Production of Human Growth Harmone



[bookmark: _bookmark52]THERAPEUTIC AGENTS FOR HUMAN DISEASES

Biotechnology is very useful for the production of several therapeutic products for treating human diseases.
EXAMPLES
TISSUE PLASMINOGEN ACTIVATOR:

Tissue plasminogen activator (tPA) is a naturally occurring protease enzyme that helps to dissolve blood clots. Thrombus consists of a network of fibrin, formed from thefibrinogen. In the normal circumstances,plasmin degrades fibrin and dissolves blood clots. This plasmin is actually produced by activation of plasminogen by tissue plasminogen activator.DNA technologists synthesized the complementary DNA(cDNA) molecule for tissue plasminogen activator. This cDNA was then attached to a synthetic plasmid and introduced into mammalian cells. They were cultured and tPA-producing cells were selected
ERYTHROPOITEN:

Erythropoietin is a hormone synthesized by the kidneys. It stimulates the stem cells of bone marrow to produce mature erythrocytes. Biotechnologists were successful in producing recombinant erythropoietin. It is useful in treating the patients with severe anemia
DEOXYRIBONUCLEASE 1 (DNase I):

The enzyme DNase I hydrolysis long DNA chains into shorter oligonucleotides. This enzyme is very useful in the treatment of common hereditary disease cystic fibrosis. Cystic fibrosis (CF) is one of the

most common genetic diseases. Patients of CF are highly susceptible to lung infections by bacteria. The presence of live or dead bacteria leads to the accumulation of thick mucus in the lungs making the breathing very difficult.
The major constituent of this mucus is the bacterial DNA (released on bacterial lysis). Administration of the enzyme DNase I to the lungs of CF patients decreases the viscosity of the mucus, and the breathing is made easier. It must be remembered that DNase I cannot cure cystic fibrosis. It can only relieve the severe symptoms of the disease in most patients.
[bookmark: _bookmark53]RECOMBINANAT VACCINES

Vaccine which makes use of recombinant DNA technology is known as recombinant vaccines. Recombinant vaccines can be broadly grouped into two kinds:
RECOMBINANT	PROTEIN	VACCINE
A pathogen upon infection produces proteins, vital for its functions, which elicit an immune response from the infected body. The gene encoding such a protein is isolated from the causative organism and used to develop a recombinant DNA.
This DNA is expressed in another host organism resulting in the release of the appropriate proteins which are then isolated and purified. These when injected into the body, causes immunogenic response to be active against the corresponding disease providing immunity against future attack of the pathogen. e.g. vaccine against HBV
DNA	VACCINE
It refers to the recombinant vaccines in which the DNA is used as a vaccine. The gene responsible for the immunogenic response is identified, isolated and cloned with corresponding expression vector. Upon introduction into the individuals to be immunized, it produces a recombinant DNA. This DNA when expressed triggers an immune response and the person becomes successfully vaccinated. e.g. vaccines against influenza.
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Fig. 152 : The production of recombinant human growth hormone
(cDNA~Complementary DNA, hGH-Human growh hormons)





