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PREFACE

The main aim of this book is to present entire concept in Pharmaceutical Biotechnology to the students in single book with at least a minimal skill in biological sciences and technology. The primary emphasis is on scientific applications in the fields of genetic engineering, medicine and fermentation technology which leading to a new biological revolutions in diagnosis, preventions and cure of diseases, new and cheaper pharmaceutical drugs, vaccines and antibiotics.

This book was written with a series of learning objectives in mind. After reading this book, the student should be able to:

1. Explain about the basics of biotechnology, enzyme immobilization, biosensors, production of enzymes, protein engineering and genetic engineering.

2. Summarize the rDNA technology, interferon, vaccines, hormones and types of immunity.

3. Outline various structures of immunoglobulins, MHC, hypersensitivity reactions and hybridoma technology.

4. Explain the concept of immune blotting techniques, genetic organization of eukaryotes, prokaryote, microbial genetics and microbial biotransformation.

5. Discuss about the mutations, fermentation methods, design and large scale production, Production of antibiotics and vitamins.

This book is primarily intended for the undergraduate students of pharmacy and the allied professions. However, graduate students in Biotechnology, Microbiology, Medicine, Medical Biotechnology, Pharmaceutical Biotechnology, Cellular Biotechnology, Fermentation Biotechnology, Food Biotechnology, and Bioinformatics.

I believe this book titled “Pharmaceutical Biotechnology” will be a book of choice for students, and Faculty in their academic persuit. Valued suggestions and comments are welcomed to refine the material and incorporate the suggestions in the future editions of this book.

-Author
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CHAPTER 1




Introduction to Biotechnology




LEARNING OBJECTIVES -




After studying the chapter the students familiarize themselves with the following concepts:


♦  Introducing the subject Biotechnology and significance in various Fields in Pharmaceutical Industry.


♦ Basic Concepts on Biosensors Principles


♦  Protein Engineering


♦  Genetic Engineering





Biotechnology is a multidisciplinary subject that combines biological sciences with engineering technologies to change live organisms and biological systems in order to create products that advance healthcare, medicine, agriculture, food, medicines, and environmental control. R&D in Biological Sciences and Industrial Processes are the two primary categories of biotechnology. The biological sciences section is concerned with research and development in areas such as microbiology, cell biology, genetics, and molecular biology, among others, in order to better understand disease occurrence and treatment, agricultural development, food production, environmental protection, and so on. In biological sciences, the majority of R&D is done in the laboratory. The industrial processes section is concerned with the large-scale manufacture of medications, vaccines, biofuels, and pharmaceuticals employing biochemical processes and techniques.


1.1 History of Biotechnology


The origins of biotechnology can be traced back to zymotechnology, which began with a focus on brewing procedures for beer. However, by the end of World War I, zymotechnology had expanded to address bigger industrial concerns, and the potential of industrial fermentation had given rise to biotechnology. Microbial fermentations are the oldest biotechnological processes, as evidenced by a Babylonian tablet dating from around 6000 B.C. that was discovered in 1881 and described the creation of beer.


Leavened bread was first made with the help of yeast around 4000 B.C. In the third millennium B.C., the Sumerians were able to brew up to twenty different types of beer. The first vinegar production company was developed in France near Orleans in the 14th century.


With his newly developed microscope, Antony Van Leeuwenhoek examined yeast cells for the first time in 1680. Louis Pasteur first mentioned lactic acid fermentation by microbes in 1857.


By the end of the nineteenth century, a great number of enterprises and groups of scientists had been active in the field of biotechnology, and Germany and France had created large-scale sewage purification systems using bacteria.


Delbruck, Heyduck, and Hennerberg found the large-scale application of yeast in the food business between 1914 and 1916. Bacteria were used to produce acetone, butanol, and glycerine within the same time period.


Alexander Fleming developed penicillin in 1920, and large-scale production of the antibiotic began in 1944.


A timeline of modern biotechnology's development


500 B.C.: In China, the first antibiotic, mouldy soybean curds, is put to use to treat boils.


A.D.100: The first insecticide is produced in China from powdered chrysanthemums.






	

1761:




	

English surgeon Edward Jenner pioneer’s vaccination, inoculating a child with a viral smallpox vaccine.








	

1870:




	

Breeders crossbreed cotton, developing hundreds of varieties with superior qualities.








	

1870:




	

The first experimental corn hybrid is produced in a laboratory.








	

1911:




	

American pathologist Peyton Rous discovers the first cancer causing virus.








	

1928:




	

Scottish scientist Alexander Fleming discovers penicillin.








	

1933:




	

Hybrid corn is commercialized.








	

1942:




	

Penicillin is mass-produced in microbes for the first time.








	

1950s:




	

The first synthetic antibiotic is created.








	

1951:




	

Artificial insemination of livestock is accomplished using frozen semen.








	

1958:




	

DNA is made in a test tube for the first time.








	

1978:




	

Recombinant human insulin is produced for the first time.








	

1979:




	

Human growth hormone is synthesized for the first time.








	

1980:




	

Smallpox is globally eradicated following 20-year mass vaccination effort.








	

1980:




	

The U.S. Supreme Court approves the principle of patenting organisms, which allows the Exxon oil company to patent an oil eating microorganism.








	

1981:




	

Scientists at Ohio University produce the first transgenic animals by transferring genes from other animals into mice.








	

1982:




	

The first recombinant DNA vaccine for livestock is developed.








	

1982:




	

The first biotech drug, human insulin produced in genetically modified bacteria, is approved by FDA. Genentech and Eli Lilly developed the product.








	

1985:




	

Genetic markers are found for kidney disease and cystic fibrosis.








	

1986:




	

The first recombinant vaccine for humans, a vaccine for hepatitis B, is approved.








	

1986:




	

Interferon becomes the first anticancer drug produced through biotech.








	

1988:




	

The first pest-resistant corn, Bt corn, is produced.








	

1990:




	

The first successful gene therapy is performed on a 4-year-old girl suffering from an immune disorder.








	

1992:




	

FDA approves bovine somatotropin (BST) for increased milk production in dairy cows.








	

1993:




	

FDA approves Betaseron®, the first of several biotech products that have had a major impact on multiple sclerosis treatment.








	

1994:




	

The first breast cancer gene is discovered.








	

1994:




	

The Americas are certified polio-free by the International Commission for the Certification of Polio Eradication.








	

1995:




	

Gene therapy, immune-system modulation and recombinantly produced antibodies enter the clinic in the war against cancer.








	

1996:




	

A gene associated with Parkinson’s disease is discovered.








	

1996:




	

The first genetically engineered crop is commercialized.
















	

1997:




	

A sheep named Dolly in Scotland becomes the first animal cloned from an adult cell.








	

1998:




	

FDA approves Herceptin®, a pharmacogenomic breast cancer drug for patients whose cancer overexpresses the HER2 receptor.








	

1999:




	

A diagnostic test allows quick identification of Bovine Spongicorm Encephalopathy (BSE, also known as “mad cow” disease) and Creutzfeldt - Jakob disease (CJD)








	

2000:




	

Kenya field-tests its first biotech crop, virus-resistant sweet potato.








	

2001:




	

FDA approves Gleevec® (imatinib), a gene-targeted drug for patients with chronic myeloid leukemia. Gleevec is the first gene-targeted drug to receive FDA approval.








	

2002:




	

EPA approves the first transgenic rootworm-resistant corn.








	

2002:




	

The banteng, an endangered species, is cloned for the first time.








	

2003:




	

China grants the world’s first regulatory approval of a gene therapy product, Gendicine (Shenzhen SiBiono GenTech), which delivers the p53 gene as a therapy for squamous cell head and neck cancer.








	

2003:




	

The Human Genome Project completes sequencing of the human genome.








	

2004:




	

UN Food and Agriculture Organization endorse biotech crops, stating biotechnology is a complementary tool to traditional farming methods that can help poor farmers and consumers in developing nations.








	

2004:




	

FDA approves the first anti-angiogenic drug for cancer, Avastin®.








	

2005:




	

The Energy Policy Act is passed and signed into law, authorizing numerous incentives for bioethanol development.








	

2006:




	

FDA approves the recombinant vaccine Gardasil®, the first vaccine developed against human papillomavirus (HPV), an infection implicated in cervical and throat cancers, and the first preventative cancer vaccine.








	

2006:




	

USDA grants Dow Agro Sciences the first regulatory approval for a plant-made vaccine.
















	

2007:




	

FDA approves the H5N1 vaccine, the first vaccine approved for avian flu.








	

2009:




	

Global biotech crop acreage reaches 330 million acres.








	

2009:




	

FDA approves the first genetically engineered animal for production of a recombinant form of human antithrombin.












1.2 Scope of Biotechnology


Hereditary engineering has raised hopes for therapeutic proteins, medicines, and biological creatures such as seeds, insecticides, altered yeasts, and genetically modified human cells to treat genetic illnesses. With the introduction of gene therapy, stem cell research, cloning, and genetically modified food, the science of genetic engineering remains a hot topic of debate in today's culture.


Traditional biotechnology approaches such as plant and animal breeding, food production, fermentation products and processes, and pharmaceutical and fertiliser manufacture should all be seen as part of modern biotechnology.


1.2.1 The Key Components of Modern Biotechnology are as follows


(i) Genomics: The study of all genes in a species at a molecular level.


(ii) Bioinformatics: The application of information technology to evaluate and manage enormous data sets resulting from gene sequencing or related procedures, involving the assembling of data from genomic analysis into accessible formats.


(iii) Transformation: Incorporation of one or more genes providing potentially valuable features into plants, animals, fish, or tree species.


(iv) Organisms with enhanced genetics


(v) Organisms that have been genetically changed (GMO).


(vi) Living organisms that have been changed (LMO).


(vii) Molecular breeding: Using marker-assisted selection (MAS) to identify and evaluate useful features in breeding programmes;


(viii) Diagnostics: Using molecular characterization to enable more accurate and faster pathogen identification; and


(ix) Vaccine technology: the use of modern immunology to the development of recombinant deoxyribonucleic acid (rDNA) vaccines for improved disease management in cattle and fish.


Biotechnology encompasses a spectrum of technologies, ranging from old biotechnology's long-established and commonly utilised procedures to unique and rapidly evolving modern biotechnology techniques (Fig.1.1).


During the 1970s, scientists developed novel technologies for exact recombination of parts of deoxyribonucleic acid (DNA), the biological material that determines hereditary features in all living cells, and for transferring portions of DNA from one organism to another. rDNA technology, often known as genetic engineering, is a set of enabling techniques.


Gradient of Biotechnologies


[image: ]


Fig. 1.1Gradient of Biotechnologies




New techniques in rDNA technology, monoclonal and polyclonal antibodies, and new cell and tissue culture technologies are all used in modern biotechnology.


1.3 Applications of Biotechnology


(i) Therapeutics


(ii) Diagnostics


(iii) Genetically modified crops for agriculture


(iv) Processed food


(v) Waste disposal are examples of biotechnology applications.


(vi) Providing the best catalyst in the form of an improved organism, usually in the form of a microbe or pure enzyme


(vii) Downstream processing technologies to purify the protein/organic molecule by engineering ideal conditions for a catalyst to work.


Agriculture and Biotechnology


There are three possibilities for increasing food production:


(i) Agriculture based on agrochemicals.


(ii) Genetically altered crop-based agriculture and


(iii) Organic agriculture


Green biotechnology is the use of biotech methods in agriculture and food production. The Green Revolution was successful in raising crop yields, owing to the use of improved crop types and agrochemicals (fertilizers and pesticides).


The following are some of the benefits of using genetically engineered plants


(i) Crops have been genetically modified to be more resistant to abiotic conditions such as cold, heat, drought, salinity, and so on.


(ii) It has reduced crop reliance on chemical pesticides by making them pest-resistant.


(iii) Post-harvest losses are significantly minimized.


(iv) The early exhaustion of soil fertility is averted as plant efficiency in mineral utilization increases.


(v) The nutritional value of food generated from GM (Genetically Modified) crops has increased.


(vi) Genetic engineering has been utilised to develop custom-made plants for businesses such as starch, fuel, pharmaceuticals, and others.


Plants that are resistant to pests are grown.


(a) Bt Cotton is a type of cotton that has been genetically modified.


Bacillus thuringiensis, a soil bacterium, produces Cry proteins, which are harmful to insect larvae such as Tobacco budworm, armyworm, beetles, and mosquitoes. Because the alkaline pH of the gut solubilizes the crystals, the Cry proteins exist as inactive protoxins that are transformed into active toxin when swallowed by the insect. The active toxin attaches to the surface of midgut epithelial cells and causes holes to form. This induces swelling and cell lysis, resulting in the insect's death (Larva). The bacterium's genes (cry genes) producing this protein have been extracted and integrated into a variety of crop plants, including cotton, tomato, corn, rice, soybean, and others. Cry I Ac and cry II Ab control cotton bollworms, cry I Ab controls corn borer, cry III Ab controls Colorado potato beetle, and cry III Bb controls corn rootworm, respectively.


(b) Nematode Resistance: The nematode Meloidogyne incognita infects tobacco plants, reducing production. Using Agrobacterium as a vector, the parasite's particular genes (in the form of c DNA) are transferred into the plant. The genes are inserted in such a way that they produce both sense/coding RNA and antisense RNA (complimentary to sense/coding RNA). Because these two RNAs are complementary, they form a double-stranded RNA (ds RNA), which neutralizes the nematode's particular RNA through RNA interference. As a result, the parasite is unable to develop in the transgenic host, leaving the transgenic plant pest-free.


Biotechnology's application in medicine


The rDNA technology has been used to create more effective and safe therapeutic medications. The recombinant medicines did not cause an undesirable immune response, as is frequent with comparable compounds obtained from nonhuman sources.


(1) Insulin that has been genetically modified (Humulin)


Chain A and chain B are two short polypeptide chains connected by disulphide bridges in human insulin. Insulin is produced as a prohormone that must be converted into a mature and functioning hormone. Another polypeptide in the prohormone termed C-peptide is eliminated during maturation. In 1983, the American corporation Eli Lilly generated two DNA sequences coding for human insulin chains A and B and inserted them into plasmids of E. coli to create insulin. Disulphide bridges were used to connect the two chains that were formed.


(2) Gene therapy


Genes are injected into an individual's cells and tissues in this procedure to repair specific genetic disorders. It entails inserting a normal gene into a human or embryo to replace the gene's faulty mutant allele. Viruses that attack the host and infect it with their genetic material are all vectors. In 1990, a four-year-old girl with adenosine deaminase (ADA) deficiency received the first clinical gene therapy. In some children, bone marrow transplantation can cure ADA deficiency, however it is not totally curative. Lymphocytes were produced in a cultural and functional ADA for gene therapy. The lymphocytes are subsequently inoculated with cDNA. These lymphocytes are subsequently infused into the patient's body; the patient will need these genetically altered cells on a regular basis. It would be a permanent treatment if a functioning gene was delivered into the bone marrow cells at an early embryonic stage.


(3) Molecular diagnostics


For early diagnosis of illnesses, recombinant DNA molecules and procedures such as PCR (Polymerase Chain Reaction) are used. When the cloned gene is expressed to make recombinant proteins, it aids in the development of sensitive diagnostic tools like ELISA. The cloned genes can also be employed as 'probes' to identify complementary DNA strands. A probe is a single-stranded segment of DNA that has been labelled with a radioactive molecule and is used to hybridize with its complementary DNA to find it. After that, autoradiography is used to detect radioactivity. A approach like this can be used to detect the presence of a normal or mutant gene. PCR is used to detect HIV as well as gene mutations.


Production of Transgenic Animals


(i) Transgenic animals are those whose DNA has been modified to allow them to possess and express a foreign gene. The following are examples of how transgenic animals are used:


(ii) Transgenic animals can be produced specifically to allow researchers to investigate how genes are regulated and how they affect the body's regular functioning and development, for example. Information about the biological role of insulin-like growth factor is gathered.


(iii) The transgenic animals are engineered to act as models for human diseases in order to improve our understanding of how genes contribute to disease development.


(iv) Transgenic animals that generate useful biological products can be developed by inserting a fragment of DNA from an organism (s) that codes for that product, such as alpha-1 antitrypsin, a human protein that is used to treat emphysema. Rosie, the first transgenic cow, produced milk high in human protein (2.4g/ltr) as well as human alpha-lactalbumin, a more nutritionally balanced product for human new-borns.


(v) Transgenic mice are being generated for the purpose of assessing vaccination safety. (For example, polio vaccination).


(vi) To assess the toxicity of pharmaceuticals, transgenic animals with increased sensitivity to harmful chemicals are being produced.


Ethical Issues


When creatures are genetically modified, their consequences can be unpredictable /undesirable when they are introduced into the ecosystem. Patent issues have arisen as a result of the modification and usage of such organisms for public service. As a result, the Indian government has established an institution that is tasked with determining the legality of genetic alteration and the safety of integrating genetically modified organisms into public services. The Genetic Engineering Approval Committee is one such body (GEAC).


Biopiracy


The developed/industrialized countries are wealthy financially, but they lack biodiversity and traditional knowledge, whereas emerging and underdeveloped countries have a wealth of bioresearch and traditional knowledge. Some industrialized countries use other countries' bio resources and traditional knowledge without their permission or pay (Biopiracy). Basmati rice, which is grown in India, is known for its particular flavour and aroma. However, an American firm obtained intellectual rights to Basmati through the US copyright and trademark office, and this corporation developed a new variety of Basmati by crossing an Indian variety with semi-dwarf kinds. Some countries are currently enacting legislation to prevent such illicit use of their bioresources and traditional knowledge.


1.4 Introduction to Enzyme Biotechnology


Enzymes are biological catalysts that speed up reactions but are not consumed in the process; they can be employed over and over again as long as they are active. The term "enzyme" was coined in 1878 by German scientist Wilhelm Kuhne to describe yeast's ability to make alcohol from carbohydrates, and it is derived from the Greek words en (meaning "inside") and zume (meaning "yeast"). Many advancements were achieved in the extraction, characterisation, and commercial exploitation of enzymes in the late nineteenth and early twentieth centuries, but it wasn't until the 1920s that enzymes were crystallised, indicating that catalytic activity is related with protein molecules. For the following 60 years or so, all enzymes were thought to be proteins, but in the 1980s, it was discovered that some ribonucleic acid (RNA) molecules can also catalyse reactions. These RNAs, known as ribozymes, play a crucial function in gene expression. Biochemists developed the technology to create antibodies with catalytic characteristics throughout the same decade. These so-called 'abzymes' hold a lot of promise as new industrial catalysts and medicines. The immense catalytic activity of enzymes is likely best described by the constant kcat, often known as the turnover rate, turnover frequency, or turnover number. This constant denotes the number of substrate molecules that a single enzyme molecule may convert to product in a given amount of time (usually per minute or per second). A single molecule of carbonic anhydrase, for example, may catalyse the conversion of almost half a million molecules of its substrates, carbon dioxide (CO2) and water (H2O), into the product, bicarbonate (HCO3), in less than a second—an incredible feat. Enzymes are extraordinarily potent catalysts, but they also have exceptional selectivity, catalysing the conversion of only one type (or a small number of comparable types) of substrate molecule into product molecule. Group specificity is demonstrated by some enzymes. Alkaline phosphates, for example, can remove a phosphate group from a variety of substrates (an enzyme that is typically met in first-year laboratory sessions on enzyme kinetics).


Other enzymes have substantially higher absolute specificity, which is a term used to characterise how particular they are. Glucose oxidase, for example, is almost completely selective for its substrate, -D-glucose, and has little activity with other monosaccharides. Many analytical assays and devices (biosensors) that assess a specific substrate (e.g. glucose) in a complicated mixture place a premium on specificity (e.g. a blood or urine sample).


1.4.1 Names and Classifications of Enzymes


Although individual proteolytic enzymes have the suffix -in, enzymes commonly have common names (sometimes referred to as 'trivial names') that allude to the reaction that they catalyse, with the suffix -ase (e.g. oxidase, dehydrogenase, carboxylase) (e.g. trypsin, chymotrypsin, papain). Frequently, the enzyme's common name also denotes the substrate on which it works (e.g. glucose oxidase, alcohol dehydrogenase, pyruvate decarboxylase). However, certain common names (for example, invertase, diastase, and catalase) reveal little about the substrate, product, or reaction.


The International Union of Biochemistry established the Enzyme Commission to address the growing complexity and inconsistencies in enzyme name. The first Enzyme Commission Report was released in 1961, and it outlined a method for identifying enzymes. The sixth edition, issued in 1992, had information on almost 3200 distinct enzymes, with annual supplements bringing the total to over 5000.


All enzymes are given a four-part Enzyme Commission (EC) number in this system. The enzyme lactate dehydrogenase, for example, has the EC number 1.1.1.27 and is more properly known as l-lactate: NAD+ oxidoreductase.


1.4.2 Immobilization of Enzymes


Enzymes are combined in a solution with substrates in most procedures, and they can't be economically recovered after the reaction, so they're usually thrown away. As a result, there is an incentive to use enzymes that are immobilized or insolubilized in order to keep them in a biochemical reactor for further catalysis. Enzyme immobilization is used to accomplish this.


"Enzymes physically contained or localized in a definite defined region of space with retention of their catalytic activity, and which can be used repeatedly and continuously," according to the definition of immobilized enzymes. Immobilization techniques form the foundation for a variety of biotechnology products, including diagnostics, bioaffinity chromatography, and biosensors, in addition to its use in industrial processes.


Only single immobilized enzymes were utilized at first, but from the 1970s, more complicated systems with two-enzyme reactions, cofactor regeneration, and living cells were produced. Interactions ranging from reversible physical adsorption and ionic connections to stable covalent bonds can be used to attach enzymes to the support. Although the most effective immobilization technique depends on the nature of the enzyme and the carrier, immobilization technology has become more of a question of rational design in recent years. Some features, such as catalytic activity and thermal stability, are altered as a result of enzyme immobilization. These effects have been proven and exploited in the past. For immobilizing enzymes, the concept of stabilization has been a major driving force. Furthermore, genuine molecular stabilization has been proven, such as proteins immobilized through multipoint covalent binding.


1.4.3 Enzyme Immobilization Salient Features


➣ The enzyme phase is known as the carrier phase, and it is a water insoluble but hydrophilic porous polymeric matrix, such as agarose or cellulose.


➣ Fine particulate, membranous, or microcapsule enzyme phases are all possibilities.


➣ Cross-linking allows the enzyme to bind to another enzyme.


➣ Using immobilization techniques, a unique module is created that allows fluid to readily pass through, changing the substrate into product while also allowing the catalyst to be easily removed from the product as it exits the reactor.


➣ At certain pH, ionic strength, or solvent conditions, the support or carrier used in the immobilization approach is not stable. As a result, it's possible that the enzyme component will be broken or dissolved after the reaction, releasing the enzyme component.


➣ Multiple or repetitive use of a single batch of enzymes Immobilized enzymes are usually more stable Ability to stop the reaction quickly by removing the enzyme from the reaction solution Product is not contaminated with the enzyme Easy separation of the enzyme from the product Allows development of a multienzyme reaction system Reduces effluent disposal problems.


Immobilization of enzymes has the following disadvantages


➣ It adds to the cost, and it invariably affects the stability and activity of enzymes.


➣ When one of the substrates is proven to be insoluble, the approach may not be beneficial.


➣ Certain immobilization procedures have major issues with substrate diffusion, which makes it difficult to get to the enzyme.


1.4.4 Immobilization methods for Enzymes


1. Physical method: Physical forces such as Vander Waals forces, hydrophobic interactions, and hydrogen bonding are used to attach enzymes to various matrices. Controlling physicochemical parameters allows the process to be reversed in nature. It consists of the methods listed below.


(i) Entrapment: Physical entrapment of enzymes inside a polymer or gel matrix can immobilize them. The matrix holes are large enough to hold the enzyme while allowing the substrate and product molecules to flow through. The enzyme (or cell) is not subjected to severe binding pressures or structural distortions in this approach, known as lattice entrapment.


Changes in pH or temperature, as well as the addition of solvents, may cause some deactivation throughout the immobilization process. Polyacrylamide gel, collagen, gelatin, starch, cellulose, silicone, and rubber are some of the matrices used to entrap enzymes. This approach has multiple advantages, including simplicity, no change in intrinsic enzyme characteristics, no chemical modification, low enzyme demand, and a variety of matrices. The following are some of the method's drawbacks: enzyme leakage, the ability to use only modest substrate/product sizes, the need for a delicate balance between the matrix's mechanical qualities and their effect on enzyme activity, and the presence of a diffusional constraint.


Enzymes can be trapped in a variety of ways


1. Inclusion of enzymes in gels


This is an enzyme entrapment within the gels.
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Fig. 1.2Inclusion of enzyme in gel




2. Enzyme inclusion in fibres


The enzymes are trapped in a fibre format of the matrix
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Fig. 1.3Inclusion of enzyme in fibres




3. Enzyme inclusion in microcapsules


The enzymes are encapsulated within a microcapsule matrix in this situation. The matrix's hydrophobic and hydrophilic forms polymerize to form a microcapsule with enzyme molecules within. Enzyme entrapment is hampered by the leakage of enzymes from the matrix. For the immobilization of entire cells, most workers choose to employ the entrapment technique. In the industrial manufacture of amino acids (L-isoleucine, L-aspartic acid), L-malic acid, and hydroquinone, entrapped cells are used.
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Fig. 1.4Inclusion in microcapsules




(ii)  Adsorption: Non-covalent linkages such as ionic or hydrophobic contacts, hydrogen bonding, and van der Waals forces attach the enzyme to the support material without any pre-activation of the support. Ceramic, alumina, activated carbon, kaolinite, bentonite, porous glass, chitosan, dextran, gelatin, cellulose, and starch are some of the organic and inorganic matrices that have been employed. pH, temperature, solvent type, ionic strength, enzyme concentration, and adsorbent concentration are all variables that must be optimized in the immobilization technique. The enzyme is applied directly to the surface (active adsorbent) without any nonadsorbed enzyme being removed during the washing process. The approach is straightforward and gentle, with a wide range of carriers available for simultaneous purification and enzyme immobilization (e.g., Asparginase on CM-cellulose) with no conformational changes. However, because a lot of parameters play a role in enzyme desorption in response to minor changes in its microenvironment, it necessitates extensive tuning. (e.g., pH, temperature, solvent, ionic strength and high substrate concentrations).
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Fig. 1.5Inclusion of Enzyme through Adsorption




(A) Immobilized enzymes by vanderwaal forces


(B) Immobilized enzymes by hydrogen bonds


(iii)  Microencapsulation: Enzymes are immobilized by encapsulating them in spherical semi-permeable polymer membranes with regulated porosity (1-100m). Depending on the contents, semi-permeable membranes can be either permanent or non-permanent. Non-permanent membranes are formed of liquid surfactant, while permanent membranes are made of cellulose nitrate and polystyrene. Encapsulation of colours, medicines, and other substances is also done with these membranes. Because enzymes immobilized by encapsulation have such huge surface areas, they have a higher catalytic efficiency. Microencapsulation can be done in three different methods.


1. The construction of unique membrane reactors.


2. Emulsion formation is the second step.


3. Emulsion stabilization to create microcapsules


Recently, microencapsulation has been utilized to immobilize enzymes and mammalian cells. Microencapsulation, for example, can immobilize pancreatic cells growing in vitro. This method has also been used to successfully immobilize hybridoma cells.


2. Using Chemicals


This involves the irreversible attachment of enzymes to various matrices via covalent or ionic bonds.


(i) Covalent attachment: The enzyme is attached to the matrix via covalent bonds (diazotation, amino bond, Schiff's base formation, amidation reactions, thiol-disulfide, peptide bond, and alkylation reactions). Enzyme molecules are connected to the matrix's reactive groups (e.g., hydroxyl, amide, amino, carboxyl groups) either directly or through a spacer arm, which is artificially bonded to the matrix using various chemical reactions (e.g., diazotization, etc. imine bond formation, Schiff base). Natural (e.g., glass, Sephadex, Agarose, Sepharose) or synthetic (e.g., glass, Sephadex, Agarose, Sepharose) matrices are often utilized (e.g., acrylamide, methacrylic acid, and styrene). The cost, availability, binding capacity, hydrophilicity, structural rigidity, and durability of a matrix are all factors to consider when choosing one for a certain application. Non-essential amino acids (other than active site groups) are used in this method of immobilization, resulting in minimal conformational alterations. It contributes to immobilized enzymes' increased tolerance to harsh physical and chemical environments (e.g., temperature, denaturants, organic solvents). Due to harsh immobilization circumstances and concurrence of comparable amino-groups at the active site being involved during enzyme contact with the matrix, this kind of immobilization puts more strain on the enzyme and can cause significant changes in conformational and catalytic properties.
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Fig. 1.6Inclusion of Enzyme through Covalent Bonding




(ii) Cross-Linking: Using bi- or multi-functional reagents, a number of covalent links are formed between the enzyme and the matrix (e.g., glutardialdehyde, glutaraldehyde, glyoxal, diisocyanates, hexamethylene diisocyanate, toluene diisocyanate). Under mild conditions, lysine amino groups, cysteine sulfhydryl groups, phenolic OH groups of tyrosine, or imidazole groups of histidine are commonly employed for enzyme binding. The simplicity of this procedure is its greatest advantage. However, because to the non-regulation of the reaction, a significant amount of enzyme is lost. Furthermore, diffusion limits the effectiveness of this method of enzyme immobilization.
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Fig. 1.7Inclusion of Enzyme through Cross Linking




(iii) Ionic binding: Ionic interactions between enzyme molecules and a charged matrix are the basis for this method. The bigger the amount of enzyme attached to the matrix, the higher the surface charge density on the matrix. Enzyme molecules are sometimes physically adsorbed to the matrix in addition to ionic interactions. The method of enzyme immobilization is similar to that of physical adsorption, as explained before. The pH of the solution, the concentration of the enzyme, and the temperature all affect enzyme binding via ionic interactions during immobilization. Polysaccharide derivatives (e.g., diethylaminoethylcellulose, dextran, carboxymethylcellulose, chitosan), synthetic polymers (e.g., polyethylene vinyl alcohol), and inorganic materials are all often used matrices (e.g., Amberlite, alumina, silicates, bentonite, sepiolite, silica gel). Because of this approach of immobilization, only minor modifications in enzyme structure occur.


However, because there is a higher risk of enzyme detachment from the matrix under suboptimal conditions, extra attention is paid to maintaining proper ionic strength and pH of the fluid in which the immobilized enzyme conducts catalysis.


(iv) Affinity ligands: Specific ligands are employed to attach the enzyme to the matrix, such as the his-tag on the enzyme to a metal-containing matrix, the lectin-containing domain to carbohydrate moieties on the matrix, or sometimes substratemimicking chemical compounds. In some situations, ligands are naturally present on the enzyme; in others, they are intentionally attached by fusing a nucleotide sequence corresponding to the tag with the DNA encoding a polypeptide of the given enzyme. Due to the non-involvement of active site residues and higher immobilization efficiency due to the presence of high densities of ligands on the matrix, this method of immobilization results in minimal changes in enzyme configuration, with high stability and catalytic efficiency of the immobilized enzyme. This approach can be used to immobilize a variety of proteins, including antibodies, cytokines, streptavidin, and others. Enzymes that have been immobilized via this approach have been used in biotechnology, diagnostics, and medicine. This approach has also been utilized in animal cell culture to connect several types of mammalian cells to diverse matrices containing a range of peptides, growth factors, and cytokines to a specific binding domain located on the cell, as well as to activate them.
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