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    It is immense pleasure to write the forward of the book titled “Biochemistry: Fundamentals and Bioenergetics” edited by Dr. Meera Yadav and Prof. H.S. Yadav, which is comprehensive and highly informative for the students. I also believe that teachers and scholars at every level and stage of their careers can enrich and strengthen their knowledge of biological chemistry by updates and practices presented in this book. The initial interest in the area of biological chemistry became intense as new tools and techniques of biotechnology came into existence. Biological chemistry is continuously and steadily progressing at the laboratory level and at the computational level. The authors and editors have chosen the specific topics and details that are important and relevant to the chemistry behind life sciences.




    This book discusses a wide range of topics related to the fundamental and applied aspects of the chemistry behind life sciences. The book contains a range of topics, including the scopes and importance of biochemistry, the latest physical techniques to determine structures of biomolecules, detailed classification, structure and function of biomolecules like carbohydrates, lipids , amino acids, proteins, nucleic acids, enzymes, hormones as well as the thermodynamics of life sciences and bioenergetics and metabolism of biomolecules. It also deals with photosynthesis and respiration, oxidative phosphorylation, DNA replication, transcription and translation, and recombinant DNA technology.




    The book has contributions from scientists, teachers and research scholars. The editors have done a commendable job in bringing and collecting and compiling a wide range of excellent papers shared by expert researchers . The collection of expertise and knowledge has been shaped to provide a unique piece of work in the form of a book. I am very much confident that the book should prove to be a very useful source of knowledge to the students, teachers, research scholars, scientists, engineers and doctors in the disciplines of life sciences, microbiology, biochemistry, biotechnology and engineering.




    I express my sincere appreciation to the editors for their contributions and I am sure that this book will be very handy and widely used especially by the aspiring young generation students who wish to create a niche in the field of biological chemistry.




    

      


      Saket Kushwaha


      Rajiv Gandhi University


      India

    


  




  




  




  

    PREFACE




    


    


    


    


    


  




  

    Based on progressive experimental achievements of biochemists and biologists, biochemical information is updated day by day and documented in the form of a book. Biochemistry is continuously and steadily progressing at the laboratory level to life sciences. We therefore have chosen specific topics and details that are important and relevant to understand the fundamentals of biological chemistry.




    This textbook mainly aims to fulfill the requirement of undergraduates, postgraduates and research students having strong chemistry background with an ambition to enter into the biochemistry field. It is also helpful to instructors to get updates related to the field of biochemical sciences with little effort. The topics are explained, ranging from basics to a detailed knowledge in the area of biochemistry. To enable students to grasp the key points of chapters, keynotes have been included and a brief summary is given at the end of chapters.




    We have attempted to integrate chemical concepts and details throughout the text. It includes the scope and nature of chemical forces, structural and mechanistic basis for the action of biomolecules, the thermodynamic basis for the folding and assembly of proteins and other macromolecules. Bearing specific functional groups, biomolecules are important intermediates for the synthesis of many chiral medicines and are widely used in the preparation of hormones, flavors, fragrances, liquid crystals and chiral auxillaries. These fundamental topics will help in understanding of all biological processes taking place. Our goal is to provide pricise and detailed view on specific topics concerning biological chemistry that will enable students to understand how the chemical features help to meet the biological needs.




    Chemical insight often depends on a clear understanding of the structures of biochemical molecules. We have taken considerable care in preparing structures of stereochemically biomolecules. These structures should make it easier for the student to develop an intuitive feel for the shapes of molecules and comprehension of how these shapes affect reactivity i.e structure function relationship.




    This edition of Biochemistry: Fundamentals and Bioenergetics offers a wide selection of high-quality supplements to assist students and instructors.We are optimistic to see the satisfaction of students and teachers aspiring to have clear concepts and knowledge in the area of biological chemistry. The editors and authors confirms that this book content has no conflict of interest.




    

      Meera Yadav & Hardeo Singh Yadav
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      Abstract




      Biochemistry allows us to understand how various chemical processes in all living organisms interact and function to support life. It covers a wider range of scientific disciplines, which are sub-categorised into different branches. In this unit, the importance of biochemistry in medicine, health sectors, nutrition, and the living system has been discussed in detail. It also helps to understand biological phenomena of the environment and its conversation, genetic manipulations of genes via recombinant DNA technology and gene sequencing via human genome project. The knowledge of biochemistry has advanced tremendously and in forthcoming years, it has a potential role in unravelling the mystery of life processes.
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      INTRODUCTION




      Biochemistry, as an interdisciplinary subject, includes a wide range of scientific disciplines like life sciences, forensics, chemical sciences, plant sciences, and medicine. It focuses on the chemical processes occurring within the living system at the molecular level. Therefore, there is a need for a biochemical approach because biochemistry attempts to understand the chemical composition, structure, biological functions and metabolism of biomolecules and in this process, it goes much deeper into the problem of life than any other branch of science. The term ‘Biochemistry’ was first coined in 1903 by a German chemist named Carl Neuberg. During the last two decades, knowledge of biochemistry has advanced tremendously and in forthcoming years, it is predicted to have a potential role in unraveling the mystery of the processes of life [1].




      The concept of biochemistry is very old; its knowledge and understanding have been applied for exploring and investigating components of a living system for more than a thousand years. Modern biochemistry will help in a better understanding of enzymes, molecular biology and their functions in the body.




      Cells and tissues in the human body are made up of chemical elements like H2, C, N, O, Ca and P, which play a pivotal role in overall body functions and form a vital part of biochemistry [2].


    




    

      CENTRE OF BIOCHEMICAL REACTIONS




      DNA is the core part where genetic material stores data, directs and controls all biochemical reactions. It directs the cell to release chemicals like enzymes to perform various mechanical functions like replication, synthesis, digestion, catalysis, etc., which occur in a regulated manner. The information is contained long sequences of nucleic acid subunits and each subunit is made up of four nucleotides. The sum of weak interactions between molecules affects the overall stability of the biological structures and functions. All the biochemical reactions follow the 2nd law of thermodynamics, stating that all systems with spontaneous reactions run “downhill,” motion with an increase in entropy or randomness [3, 4].


    




    

      BRANCHES IN BIOCHEMISTRY




      Biochemistry is a diverse subject quite useful in all other branches of science. Nowadays, it has been sub-categorised into different branches to study different biological functions involving RNA and DNA, protein synthesis, cell membrane and much more. Some of these have been discussed below:




      

        



        Enzymology




        It is a study of properties and biological functions of enzymes like enzymatic activity, kinetics, enzyme-substrate complex, the kinetics of the reaction, enzymatic regulation, and transition state, etc. They fulfill a multitude of functions in living organisms. They are essential for signal transmission and cellular control, usually by kinases and phosphatases. They also produce movement with ATP, which hydrolyzes myosin to induce muscle contraction as well as moves cargo in and out of the cell. Other cell membrane ATPases are active transport ion pumps [5]. Enzymes like amylases and proteases present in the intestine participate in the digestive system and breakdown of large molecules like starch and proteins into smaller ones.




        

          Factors Affecting the Enzyme Activity




          Clinical enzymology is another sub-branch of biochemistry that deals with the studies of enzymes responsible for prolonged diseases and their diagnosis. Enzymes are highly specific and selective, therefore required in small quantities with high purity.The reaction rate is the maximum when an enzyme gets fully saturated with substrate, designated as Vmax. The affinity of an enzyme with substrate influence the relationship between the reaction rate and concentration of substrate normally represented as the Km (Michaelis-Menten constant) of an enzyme. For practical purposes, Km is defined as the concentration of substrate at which the enzyme achieves its half Vmax. A high Km value represents the low affinity of the enzyme with a substrate and to achieve Vmax, a higher concentration of substrate is required. The favoured kinetic properties of these enzymes are low Km and high Vmax for maximum efficiency at low enzyme and substrate concentrations, as shown in Fig. (1). Thus, to avoid contamination from incompatible materials, the enzyme source is selected with utmost care to get a purified enzyme. Enzymes have huge potential in the therapeutic application for treating cancer [6], such as Asparaginase, has proved to be efficient in treating acute lymphocytic leukaemia. Its action relies upon the fact that tumour cells have poor aspartate-ammonia ligase activity,which limits their potential to synthesize the typically non-essential amino acid L-asparagine [7]. Table 1 shows various applications of enzymes in clinical diagnosis.
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Fig. (1))


          Rate of reaction vs substrate concentration.



          

            Table 1 Uses of enzyme for diagnostic purposes.




            

              

                

                  	S.No.



                  	Enzyme for diagnostic purpose



                  	Estimation of



                  	Method of estimation

                




                

                  	1



                  	Urease



                  	Urea



                  	Rapid Ureate Test(RUT)

                




                

                  	2



                  	Uricase



                  	Uric acid



                  	A colorimetric method

                




                

                  	3



                  	Glucose oxidase



                  	Glucose



                  	Glucose oxidase method

                




                

                  	4



                  	Peroxidase



                  	Glucose/Cholesterol



                  	(GPO-PAP) method/ CHOD-PAP method

                




                

                  	5



                  	Hexokinase



                  	Glucose



                  	Hexokinase/G6PD method

                




                

                  	6



                  	Cholesterol oxidase



                  	Cholesterol



                  	CHOD/POD method.


                




                

                  	7



                  	Lipase



                  	Triglyceride



                  	GPO/PAP method


                




                

                  	8



                  	Horse raddish peroxidase



                  	Specific proteins and antigens



                  	ELISA

                




                

                  	9



                  	Alkaline phosphate



                  	Bone and liver disorders



                  	ELISA

                




                

                  	10



                  	Restriction endonuclease



                  	Natural mutations like hemoglobinopathies and thalassemias.



                  	Recombinant DNA technology

                




                

                  	11



                  	Reverse transcriptase



                  	Gene expression



                  	Polymerase chain reaction

                


              

            




          


        


      




      

        



        Endocrinology




        It is a study dealing with biosynthesis, signal process, storage and functions of hormones in living organisms. Hormones control metabolism, respiration, growth, reproduction, sensory perception, and movement and its imbalance in the body causes a wide range of medical conditions. Endocrinology deals with both hormones and the glands, also the tissues from where it is produced.




        There are more than 50 different hormones produced in the human body, though they are present in small amounts and yet have a significant effect on physical function and development. Endocrine tissues include the adrenal glands, hypothalamus, ovaries, and testes. The endocrine system includes tissues such as the adrenal gland, hypothalamus, ovaries, and testes. The most common hormonal disorder found in women is polycystic ovary syndrome (PCOS) [8]. Hormonal imbalances can be caused by genetic or environmental factors. Endocrinologists generally deal- with the subsequent conditions like:





        

          	diabetes




          	osteoporosis




          	menopause




          	metabolic disorders




          	thyroid diseases




          	excessive or insufficient production of hormones




          	some cancers




          	short stature




          	infertility


        


      




      

        



        Molecular Biology




        This study aims to understand the molecular and chemical processes that occur in living organisms from a molecular perspective. Here you will find detailed information on classical, biochemical and metabolic cycles and also learn about the integration and degradation of molecules in vivo. Molecular biology helps us understand the chemical properties of molecules e.g. cell metabolism. Chemical reactions occurring in the body are beneficial in sustaining life. Reproduction, structural restoration, and autonomic response to stimuli involve a number of intracellular processes. Molecular biochemists study two major types of metabolism: catabolism and anabolism. Catabolism is the process by which matter is broken down and energy is released through the respiration of cells whereas the anabolic process uses energy to make various components inside the cell.




        In addition to biomolecules, molecular biochemistry also deals with the study of viruses. The virus can only develop inside the host cell, making it a form of pseudo-life. They can influence different parts of molecules, from protein synthesis to cell membrane transport and also infect all other organisms, including plants or animals. More than 5,000 varieties of viruses have been described by molecular biochemists worldwide and they have given the term ‘virology’ to the study of viruses.


      




      

        



        Molecular Genetics and Genetic Engineering




        It deals with genetic modification and the processes involving gene insertion, gene silencing, gene expressions, mutation and various properties. The goal of this study is to overcome the limits of genetic manipulation by transferring genes from one species to another species or by splicing the unwanted genes. The purpose of this study is also to model the effects of genes. Genetic engineering is used to alter the genetic make-up of cells, thus exchanging properties inside and over species to create better or new living things. The new DNA can be inserted into the host's genome by first isolating it, copying the ancestral stimulus material, creating a DNA sequence using nuclear sequencing techniques, or synthesizing the DNA and then inserting it into the host's body. Genes may be removed, or “knocked out”, using a nuclease [9]. The different methods for knockout are (1) Gene silencing (2) Conditional knockout (3) Homologous recombination (4) Gene editing and (5) Knockout by mutation. Overcoming obstacles, boundaries between species, for example, the genome of one species can be integrated into another to create new species. One of its main goals is to obtain current administrative entities and gene expression, that is, to obtain epigenetic code. It is the foundation of some other disciplines of life sciences, especially biotechnology.




        

          Applications of Genetic Engineering




          

            Agriculture




            An important use of recombinant DNA technology is to modify the genotype of crops to increase crop productivity, nutritional value, protein abundance, immunity, and reducethe use of fertilizer. Recombinant DNA technology and tissue culturegenerate high-yielding grains, legumes and vegetables. Some plants can grow their own fertilizers, while others are genetically engineered to make their own pesticides. Examples are Bt cotton, Bt brinjal. etc. Fig. (2) shows the increasing rate of Bt cotton production in India. Several varieties have been genetically modified which can bind directly to the atmospheric nitrogen, to avoid dependence on fertilizers. There are certain genetically evolved weed killers which are not specific to weeds alone but kill useful crops also. Glyphosate is a commonly used weed killer which simply inhibits a particular essential enzyme in weeds and other crop plants.
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Fig. (2))


            Bt cotton production in India.

          




          

            Medicine




            Genetic Engineering was found to be quite popular to treat genetic diseases.It plays an important role in the manufacture of drugs. Microorganisms and herbal materials are currently being manipulated to produce many useful drugs vaccines, enzymes and hormones at low cost. Gene therapy is perhaps the most innovative and promising aspect of genetic engineering, allowing individuals with defective genes to insert healthy genes directly.




            It is quite useful for the production of vaccines and artificial hormonesfor the treatment of diseases as shown in Fig. (3) for the production of insulin by recombinant DNA technology.
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Fig. (3))


            Human insulin production by recombinant DNA technology.

          




          

            Energy Production




            It has immense potential for energy production. With the help of this technology, it is now possible to produce bioengineered crops or biofuels which in turn produce biomass that can be used as fuel or oil, alcohol, diesel or other energy products. As a result, the waste can be converted to methane. Genetic engineers try to transfer the cellulose gene to the right organism, which can convert wastes like sawdust and cornstalk into sugar and then alcohol.


          




          

            Industries




            Nowadays through this technology, wide varieties of chemicals are being produced in the industries. Synthesis of Glucose from sucrose can be achieved by enzymes extracted from genetically modified organisms. Genetically modified strains of bacteria and cyanobacteria have been developed that are capable of synthesizing large amounts of ammonia for fertilizer production at acheaper rate. Microorganisms have been developed which convert cellulose to sugar and sugar into ethanol.It can also be used to track the deterioration of wastes, petroleum products, naphthalene, and other industrial wastes.


          


        


      




      

        



        Structural and Metabolic Biochemistry




        The purpose of this study is to provide clear information about the biological architecture like proteins and nucleic acids (DNA and RNA) and understand different metabolic pathways at the cellular level.




        Chemical reactions are mostly synchronised and occur in sequences called metabolic pathways, each of which is catalysed by a particular enzyme. These pathways are classified according to the reactions that lead to material breakdown or synthesis [9].


      


    




    

      WHY UNDERSTANDING BIOCHEMISTRY IS IMPORTANT?




      Biochemistry is a scientific discipline that explains that chemical elements are vital for structural components like carbohydrates, lipids, proteins, and nucleic acids, which are involved in metabolic activity. Biochemistry gives valuable insights into the complex molecular relationships that make life sustainable [10]. It also helps to understand the processes associated with aging and cell death. It transfers knowledge for a better understanding of signaling processes of energy changes and to carry out scientific and technological research. Therefore, it is important to understand the importance of biochemistry and its extensive application in our daily activities [11].




      

        Importance of Biochemistry in Medicine




        

          



          Drug Designing




          Structural Biochemistry has been essentialfor the production of new medicines. Medicines are currently being studied using biochemistry methods such as Xray Crystallography. Modern biochemistry techniques are generally used to explain the function of the enzyme by understanding the folding and bending of the molecule. The European Federation for Medicinal Chemistry says “Biochemistry is a guide to drug discovery and forits Application”. For example, Morphine is a drug that reduces pain in terminal cancer.The most basic goal in drug development is to predict how a particular molecule is attached to a target, and how strongly it will bind. Molecular mechanics are mostly used to measure the strength of the intermolecular interaction between a small molecule and its biological target. These methods are also used to predict the structure of small molecules and to model the structural change of a target that can occur when small molecules bind to it [12-16]. There are two major types of drug design:





          

            	
Ligand based or indirect drug design that depends on the knowledge of how a molecule binds with another target molecule of interest. It can be built on the knowledge that it works with a model of a biological target, which can be used to design new molecular entities that interact with the target.




            	
Structure based or direct drug design uses data information of the 3D structure of biological sample using x-ray crystallography or NMR spectroscopy method, which helps in predicting the binding affinity and selectivity of the target molecule.


          


        




        

          



          Diagnosis




          Clinical biochemistry is a branch of medicine which deals with the detection and treatment of associated disorders in a patient by using various biochemical methods. For example, according to the symptoms described by the patient, the physician may prescribe medicine and test to detect diseases.


        




        

          



          Nutrition




          Many diseases occur due to a deficiency of vital minerals in our body. Hence, a good knowledge of biochemistry is required to overcome deficient nutrients and better functioning of the body. Nutritional biochemistry is the study of nutrition and is composed of various studies of food nutrients and their function and chemical components in humans and other mammals. Specifically, human nutrition refers to the use, absorption, and elimination of essential chemicals found in foods and beverages that help the body produce energy and support its growth and development. Nutrients boost the immune system ofthe body to fight diseases effectively.


        


      




      

        Importance of Biochemistry in Agriculture




        Gout – It is a form of inflammatory arthritis due to the deposition of uric acid in joints, tendons and tissues.




        Agricultural biochemistry deals with agricultural production, food processing, monitoring and remediation of the environment. The study emphasizes the relationships between plants, animals and bacteria and their environment [17]. Some important areas where the knowledge in agricultural biochemistry is highly useful include:





        

          	Assessment of thenutritional value of grains, poultry, cattle and pulses.




          	Production and processing of improved genotypes.




          	Elimination and inactivation of harmful non-nutritional factors in food grains by reproduction and chemical treatments. e.g. BOAA in Lakhdal, Trypsininhibitors of soybean, Aflatoxins of groundnut.




          	Preservation of food, processing and post-harvest physiology and nutritional quality of fruit, crops and vegetables.




          	Biochemistry of resistance to disease and insects.


        


      




      

        Importance of Biochemistry in Nutrition




        Nutrition entails a healthy diet that can prevent diseases, reduce disease conditions and promote health. Biochemical studies help us determine the optimal amount of nutrients for good health, and the nutritional value of food and drink can also be determined by different biochemical tests. Food consists of nutrients that are categorised according to their role in the body: energy-producing macronutrients (carbohydrates, proteins and fats), essential micronutrients (vitamins, minerals and water) and many other ingredients. Although micronutrients do not provide energy for the body to make fuel, they are essential for the proper functioning of the body's metabolic and regulatory activities, as shown in Table 2.




        

          Table 2 Recommended dietary allowance (RDA) of important nutrients for an adult man, weighing 70kg.




          

            

              

                	Nutrients RDA

              




              

                	Carbohydrates 400 g

              




              

                	Fats 70 g

              




              

                	Proteins 56 g

              




              

                	Essential fatty acids 4 g

              




              

                	Vitamin A 1000 µg

              




              

                	Vitamin D 5 µg

              




              

                	Vitamin E 10 µg

              




              

                	Vitamin K 70 µg

              




              

                	Calcium 800 mg

              




              

                	Iron 10 mg

              


            

          




        




        Nonessential nutrients, such as flavonoids, phytoestrogens, carotenoids, probiotics, also have important properties for good health. The regular consumption of a variety of foods provides energy and nutrients which are important for an individual's health and well-being. The recommended daily food and their nutritional values are shown in Table 3.




        

          Table 3 Importance of minerals.




          

            

              

                	Minerals



                	Sources



                	Functions



                	Deficiency/Excess



                	Daily Requirement

              




              

                	Sodium



                	Processed food, salt



                	Osmotic skeleton of extracellular


                fluid



                	>10g intake/d increase B.P



                	5g/d

              




              

                	Magnesium



                	Green leafy vegetables, refined grains, milk, fruits



                	Metabolism of sodium and potassium



                	Irritability, tetany, hyperreflexia, hypo-


                reflexia



                	340mg/day

              




              

                	Zinc



                	Meat, milk, fish



                	Component>300 enzymes, Metabolism of glucides and peptides, synthesis of insulin, maintain the integrity of the immune system



                	Growth failure, sexual infantilism in adolescents, loss of taste, delayed in wound healing, spontaneous abortions, congenital


                abortions



                	12mg/day- Men 10mg/day-Women


                


                


                


                


                


                



              


            

          




        




        The biochemistry of nutrition is the backbone for understanding the composition and function of food and nutrients in the body. Nutrients function as a cofactor for enzymes, hormonal components and metabolic processes and participate in oxidation/reduction reactions.




        Nutrients are important for body growth, sexual development, reproduction, psychological wellbeing, energy level and the normal functioning oforgan systems in the body, albeit needed in small quantities.


      




      

        Importance of Biochemistry in Pathology




        The ultimate application of biochemistry is for the health and welfare of mankind.Clinical biochemistry or chemical pathology is a necessary laboratory service for clinical practice. The results of biochemical tests conducted can help diagnose the disease and early treatment. Biochemical screening is important in diagnosing diseases like diabetes mellitus, jaundice, myocardial infarction, arthritis, pancreatitis, rickets, cancer, acid-base imbalance, and so on. It is widely used for testing in clinical laboratories. Diagnosis creates a list of different diagnoses based on history and clinical examination. Based on this list, tests can be selected to include or exclude as many variations as possible.


      




      

        Importance of Biochemistry in Pharmacy




        Biochemistry has an eminent importance in pharmacy.The pharmaceutical industry relies heavily on biochemistry, as the systems in the bodywork with a wide variety of chemicals. Biochemistry works with hormones, enzymes, proteins, and cell interactions to understand what types of chemicals are needed to correct any imbalance without adversely affecting other chemicals produced in the body [18]. The important areas where biochemistry plays a major role are:




        

          Drug Constitution




          Biochemistry examines the composition of drugs, the possibility of theirdegradation at different temperatures and it also helps to change the chemistry of medicine to improve performance and reduce side effects, etc.


        




        

          The Half-life




          This test is performed on biochemical drugs to determine how long the drug lasts when kept at a high temperature.


        




        

          Drug Storage




          The required storage conditions can be estimated by using biochemical tests. For example, many enzymes and hormones that participate in drug delivery deteriorate over time due to temperature or oxidation and improper storage, etc.


        




        

          Drug Metabolism




          This helps in understanding how drug molecules get metabolized by enzymes through various biochemical reactions, which may help in avoiding medications with side effects [19].


        


      




      

        Importance of Biochemistry in Plants




        Biochemistry helps in explaining the chemical reactions that have taken place in the plants and how we can optimise them to improve our productivity. Some of thesehas been discussed below:-




        

          Photosynthesis




          This is one of the chemical reactions in plants that will help us to understand how carbohydrates are produced with the help of sunlight, CO2 and water.


        




        

          Different Sugars




          There are a number of carbohydrates produced in plants. Each one of them hasdifferent structures and functions, thus understanding its biochemistry means understanding its physical and chemical properties.


        




        

          Plants Secondary Metabolites




          Biochemistry provides us with knowledge about the mechanism of the plant forming various products such as tannins, resins, alkaloids, gums, enzymes, and phytohormones [19].


        


      


    




    

      



      RECENT TRENDS IN BIOCHEMISTRY




      The advancement in biochemistry is ever-growing due to its exponential growth and so are its applications in various disciplines of sciences. New techniques are being introduced, leading to the development of extraordinary and medicinally useful molecules, to modify hereditary characteristics of plants and animals, to diagnose new diseases and ultimately finding new ways of curing them. In recent years many such discoveries and inventions have been made to understand the mystery of the living systems as well as to study biochemical phenomena of the environment for its conservation [20]. Some of the blooming topics have been discussed below which would have a tremendous role to remold the future in the years to come:





      

        	Human genome project




        	Environmental biochemistry




        	Gene therapy


      




      

        



        Human Genome Project




        The Human Genome Project (HGP) was initiated in the year 1984 but was formally launched in October 1990 and completed in the year 2003. HGP was an international research project to classify the sequence of the human genome and the genes contained in it. The HGP's purpose is to classify all of the approx. 30,000 genes in human DNA but the project failed to get sequences of all human DNA. Only the ‘euchromatic’ regions which make up 92% of the human genome was sequenced [21].




        The sequence of the three billion chemical base pairs that make up human DNA is calculated and this information is stored in the database. It develops data processi ng methods, transfers relevant technology to the private sector and tackles the ethical, legal and social problems that might occur in the project. Molecular medicine with HGP improves the diagnosis of disease, early detection of genetic predisposition to the disease, thus it can help in design drug, gene therapy and drug monitoring systems, and to form custompharmacokinetic drugs [22]. The ability to use the gene to treat a disease called gene therapy has captured the imagination of the biomedical community and has huge potential to treat or cure inherited and acquired diseases.




        

          Application and Benefits of Human Genome Project (HGP)




          The sequencing of the human genome and other species' geno mes is expected to significantly improve our understanding and interpretation of biology and medicine. Some of the advantages of HGP are:





          

            	Identification of human genes and their functions.




            	Understanding of polygenic disorders e.g. cancer, hypertension, and diabetes.




            	Improved diagnosis of diseases




            	Development of pharmacogenomics.




            	Genetic basis of psychiatric disorders




            	Improved knowledge on mutations.




            	Comparative genomics




            	A better understanding of developmental biology




            	Improvement in gene therapy


          


        


      




      

        Environmental Biochemistry




        Due to rapid modernization and exploitation of natural resources, there are rapid climatic changes taking place as well as an increase in environmental pollution. Therefore, Environmental biochemistry as a new discipline primarily deals with the metabolic (biochemical) responses and adaptations in man (or other organisms) due to environmental factors. It studies the microbial metabolism of contaminants with a focus on metabolite elucidation and its reactions. Every day we encounter or interact with different environmental pollutions that become highly poisonous when ingested or get absorbed in the body as shown in Fig. (4) the bio-magnification of pollutants. So studying the biochemistry of pollutants it is possible to study the behaviour, transformation of pollutants and how they can affect the biological functions of the body.




        
[image: ]


Fig. (4))


        Biomagnification of mercury metal.



        At the molecular level, the main steps that make up catalytic enzymes in the metabolism of pollutants are analyzed in terms of genetic, kinetic, and structural criteria. The knowledge gained will help us to develop tools and methods for improving and advancing the techniques for purification of wastewater, bioremediation process, formation and selection of microbes with certain physical properties and development of environmental friendly process to promote green chemistry.




        Via biochemistry, we have been able to establish that some xenobiotics such as PCB, dioxinand DDT disrupt the normal function of the body by mimicking body hormones [21].


      




      

        Biomarkers




        Biomarkers or biological markers are observable measures of any biological condition or state. These are used to indicate exposure to xenobiotics present in the environment and species or their effect.




        A biomarker can itself be an external substance (e.g., asbestos particles or NNK from tobacco), or a type of body-processed external substance (metabolite) that can usually be quantified. Biomarkers are major molecular or cellular events that associate specific environmental relationships with health outcomes. They play a significant role in understanding the relationships between exposure to environmental pollutants, chronic human disease development and detection of subgroups that are elevated risk of disease. There has been considerable progress in identifying and validating new biomarkers which can be used in population-based environmental disease studies as shown in Fig. (5), presenting various biomarkers and their applications.




        
[image: ]


Fig. (5))


        Biomarkers and their applications.

      




      

        Biosensors




        These sensors have become very common in recent years, and they are applicable in various fields listed below:





        

          	General medical examination




          	Testing metabolites




          	Disease diagnosis




          	Insulin therapy




          	Professional psychotherapy and disease detection




          	Military




          	Livestock and Veterinary use




          	Drug reformation




          	Industrial Production and monitoring




          	Monitor environmental friendly emission


        


      




      

        



        Latest Developments in Environmentally Friendly Biosensors




        For the detection and monitoring of various environmental contaminants, biosensors including immunosensors, aptasensors, genosensors, and enzymatic biosensors have been documented using antibodies, aptamers, nucleic acids, and enzymes as recognition elements [23]. Table 4 summarises recent biosensors used for monitoring the environment [23].




        

          Table 4 Summary of recent biosensors for environmental monitoring.




          

            

              

                	Analyte/Pollutant Detected



                	Biosensor Type



                	Recognition Element



                	Electrode/Sensing Material

              




              

                	Paraoxon



                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	Gold SPE 2 and cysteamine SAM 3

              




              

                	Electrochemical (voltammetric)



                	Enzyme (butyrylcholinesterase)



                	SPE 2 with carbon black nanoparticles

              




              

                	Optical (colorimetric)



                	Enzyme (AChE 1 and ChO 4)



                	Iodine-starch

              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	GCE 5 and gold nanorods

              




              

                	Methyl parathion



                	Electrochemical (impedimetric)



                	Enzyme (hydrolase)



                	SPE 2 with Fe3O4 and gold nanoparticles

              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	Graphite and macroalgae

              




              

                	Electrochemical (impedimetric)



                	Enzyme (AChE 1)



                	Carbon paste electrode and reticulated spheres structures of NiCO2S4


              




              

                	Electrochemical



                	Enzyme (AChE 1)



                	Carbon paste electrode with chitosan, gold nanoparticles, and Nafion

              




              

                	Optical



                	Sphingomonas sp. cells



                	Microplate with silica nanoparticles and PEi 6 hybrid

              




              

                	Chlorpyrifos



                	Electrochemical (impedimetric)



                	Enzyme (tyrosinase)



                	SPCE 7 and IrOx nanoparticles

              




              

                	Electrochemical (voltammetric)



                	Enzyme (AChE 1)



                	Boron-doped diamond electrode with gold nanoparticles and carbon spheres

              




              

                	Electrochemical (voltammetric)



                	Aptamers (#1)



                	Carbon black and GO 8/Fe3O4


              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	GCE 5 with NiO nanoparticles-carboxylic graphene-Nafion

              




              

                	Dichlorvos



                	Optical (fluorescence)



                	Enzyme (AChE 1 and ChO4)



                	QD 9 and acetylcholine

              




              

                	Electrochemical (voltammetric)



                	Enzyme (AChE 1)



                	Platinum electrode with ZnO

              




              

                	Electrochemical (impedimetric)



                	Enzyme (AChE 1)



                	Ionic liquids-gold nanoparticles porous carbon composite

              




              

                	Acetamiprid



                	Optical (colorimetric)



                	Aptamers (#2)



                	Gold nanoparticles

              




              

                	Electrochemical (impedimetric)



                	Aptamers (#3)



                	Gold nanoparticles, MWCNT 10, and rGO 11 nanoribbons

              




              

                	Electrochemical (impedimetric)



                	Aptamers (#3)



                	Silver nanoparticles and nitrogen-doped GO 8

              




              

                	Electrochemical (impedimetric)



                	Aptamers (#3)



                	Platinum nanoparticles

              




              

                	Atrazine



                	Electrochemical (voltammetric)



                	Antibodies (monoclonal)



                	Gold nanoparticles

              




              

                	Electrochemical (FET 17)



                	Antibodies (monoclonal)



                	SWCNT

              




              

                	Electrochemical (impedimetric)



                	Aptamers (#4)



                	Platinum nanoparticles

              




              

                	Electrochemical (amperometric)



                	Phage/antibody (monoclonal) complex



                	Magnetic beads functionalized with protein G

              




              

                	Pirimicarb



                	Electrochemical (voltammetric)



                	Enzyme (laccase)



                	Carbon paste electrode with MWCNT 10

              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	Prussian blue-MWCNT 10 SPE 2

              




              

                	Carbofuran



                	Electrochemical (voltammetric)



                	Enzyme (AChE 1)



                	IrOx-chitosan nanocomposite

              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	GCE 5 with GO 8 and MWCNT10

              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	GCE 5 with NiO nanoparticles-carboxylic graphene-Nafion composite

              




              

                	Carbaryl



                	Electrochemical (impedimetric)



                	Enzyme (AChE 1)



                	Gold electrode with cysteamine SAM 3

              




              

                	Electrochemical (impedimetric)



                	Enzyme (AChE 1)



                	Interdigitated array microelectrodes with chitosan

              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	MWCNT 10 and GO 8 nanoribbons structure

              




              

                	Electrochemical (amperometric)



                	Enzyme (AChE 1)



                	Porous GCE 5 with GO 8 network

              




              

                	Legionella pneumophila



                	Optical (SPR 12)



                	Nucleic acids (#5)



                	Gold substrate with streptavidin-conjugated QD 9

              




              

                	Optical (SPR 12)



                	Antibody (polyclonal)



                	Gold substrate with protein A SAM 3

              




              

                	Electrochemical (amperometric)



                	Antibody (polyclonal)



                	SPCE 7 with Fe3O4@polydopamine complex

              




              

                	Optical (SPR 12)



                	Antibody (polyclonal)



                	Gold gratings substrate

              




              

                	Escherichia coli



                	Optical (SPR 12)



                	Polymerizable form of histidine



                	Gold substrate

              




              

                	Piezoelectric (QCM 13)

              




              

                	Electrochemical (capacitive)



                	Polymerizable form of histidine



                	Gold electrode

              




              

                	Optical (electrochemiluminescence)



                	Antibodies (polyclonal)



                	GCE 5 with polydopamine imprinted polymer and nitrogen-doped QD 9

              




              

                	Bacillus subtilis



                	Electrochemical (amperometric)



                	Antibodies (polyclonal)



                	Gold electrode with SWCNT 14

              




              

                	Hg2+



                	Optical (evanescent-wave optical fibre)



                	Nucleic acids (#6)



                	Optical fibre platform

              




              

                	Optical (fluorescence)



                	DNA



                	MOF 15 (UiO-66-NH2)

              




              

                	Electrochemical (voltammetric)



                	Nucleic acids (#7)



                	Gold substrate with vertically aligned SWCNT

              




              

                	Optical (SERS 16)



                	Nucleic acids (#8)



                	SWCNT 11 and CoFe3O4@Ag substrate

              




              

                	Pb2+



                	Optical (fluorescence)



                	DNAzymes (#9)



                	Carboxylated magnetic beads

              




              

                	Optical (fluorescence)



                	DNAzyme (#10)



                	Graphene QD 9 and gold nanoparticles

              




              

                	Optical (fluorescence)



                	Aptamers (#11)



                	Micro-spin column

              




              

                	Brevetoxin-2



                	Electrochemical (impedimetric)



                	Aptamers (#12)



                	Gold electrodes with cysteamine SAM 3

              




              

                	Electrochemical (voltammetric)



                	Cardiomyocyte cells



                	Microelectrode array with platinum nanoparticles

              




              

                	Saxitoxin



                	Electrochemical (voltammetric)



                	Cardiomyocyte cells



                	Microelectrode array with platinum nanoparticles

              




              

                	Optical (interferometry)



                	Aptamers



                	-

              




              

                	Microcystin



                	Electrochemical (impedimetric)



                	Antibodies (monoclonal)



                	Graphene

              




              

                	Electrochemical (voltammetric)



                	Antibodies (monoclonal)



                	Gold electrodes with MoS2 and gold nanorods

              




              

                	Electrochemical (voltammetric)



                	Enzyme (protein phosphate 1)



                	SPE 2

              




              

                	Okadaic acid



                	Optical (SPR 12)



                	Antibodies



                	Gold electrode with a carboxymethylated surface

              




              

                	Electrochemical (FET 17)



                	Antibodies (monoclonal)



                	Graphene

              




              

                	Optical (fluorescence)



                	Antibodies (monoclonal)



                	Carboxylic acid-modified magnetic beads and CdTe QD 9

              




              

                	Domoic acid



                	Optical (SPR 12)



                	Antibodies



                	Gold electrode with a carboxymethylated surface

              




              

                	Electrochemical (FET 17)



                	Antibodies (monoclonal)



                	SWCNT 14

              




              

                	Optical (SPR 12)



                	Antibodies



                	Glass side chip with gold surface

              




              

                	Bisphenol A



                	Optical (fluorescence)



                	Aptamers



                	Gold nanoparticles

              




              

                	Optical (evanescent-wave optical fibre)



                	Aptamers (#13)



                	Optical fibre surface

              




              

                	Optical (fluorescence)



                	Aptamers (#14)



                	Molybdenum carbide nanotubes

              




              

                	Nonylphenol



                	Electrochemical (FET 17)



                	Antibodies (monoclonal)



                	SWCNT 14

              




              

                	17β-estradiol



                	Photo-electrochemical



                	Aptamers (#15)



                	CdSe nanoparticles and TiO2 nanotubes

              




              

                	Electrochemical (voltammetric)



                	Antibodies



                	Gold electrode with MPA 18 SAM 3
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