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    Inside the knowledge that includes every living cell, the molecular biology is the science that takes as aims the study of the processes that are developed in the living beings from a molecular point of view. In a modern sense, the molecular biology tries to explain the phenomena of life in terms of their macromolecular properties. Two macromolecules, in particular, are its study object: the nucleic acids, the most used being Deoxyribonucleic acid (DNA), the main component of genes, and the proteins, which are the active agents of the living organisms. Inside the Project Human Genome, that was a project of scientific research with the fundamental target to determine the sequence of pairs of chemical bases that compose DNA and to identify approximately 20.000-25.000 genes of the human genome from a physical and functional point of view; it is possible to define the molecular biology as the study of the structure, function and composition of the molecules that are biologically important.




    Hence, this area is related to other fields from biology to chemistry, and particularly genetic and biochemical engineering. The molecular biology concerns principally the understanding of the interactions of different systems in the cell, wherein it includes many relations, among them, between DNA with RNA, the synthesis of proteins, the metabolism, and how all these interactions are regulated to afford a correct functioning of the cell.




    Therefore, the present book entitled “Protocols used in Molecular Biology” mainly includes the most recent and advance molecular biology protocols with a concise introduction, materials and chemicals required, step-by-step procedure, the trouble shooting tips and finally the applications of protocols. This protocol book includes essential techniques of proteomics, genomics, cell culture, epigenetic modification and structural biology with a special focus on the fundamental applications of each protocol, which are lacking in most of the protocol books. This protocol book will be significantly important for the academicians, molecular biologists, graduates and undergraduate students engaged in basic and clinical research. Protocols of this book can be utilized to unravel the problem of cancer biology, genetics, neuroscience and many more. In particular, a neuroscientist can utilize this protocol book to isolate RNA and DNA from brain tissues.




    In this sense, we believe that the knowledge that will be acquired by the reading of the chapters contained in this book edited by Prof. Sandeep Kumar Singh, and the later discussions on every topic, will give to the readers an important and valuable tool to understand the different biological and molecular methods that take place in the organism and the functionalities that make a clear differentiation between every organ and each basic molecular structure of our human body.
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    PREFACE




    


    


    


    


    


  




  

    Understanding biological phenomena, diagnosis of diseases, elucidating the key target molecule underlying a particular disease and developing new therapeutic approaches strongly rely on the foundation of advanced protocols frequently used in molecular biology experiments. Keeping this background the present book entitled “Protocols used in Molecular Biology” mainly includes the most recent and advance molecular biology protocols with a concise introduction, materials and chemicals required, step-by-step procedure, the trouble shooting tips and applications of protocols. The book includes essential techniques of proteomics, genomics, cell culture, epigenetic modification and structural biology with a special focus on the fundamental applications of each protocol. This protocol book will be significantly important for the academicians, molecular biologists, graduates and undergraduate students at basic and clinical research. Protocols of this book can be utilized to unravel the problem of cancer biology, genetics, neuroscience and many more. In particular, a neuroscientist can utilize this protocol book to isolate RNA and DNA from brain tissues. The expression of genes at mRNA level using real time polymerase chain reaction and at protein level using a modified western blot protocol for enhanced sensitivity in the detection of tissue protein can be studied. Furthermore, neuroscientists can also study the region specific expression of mRNA following RNA in situ hybridization and protein by immunohistochemistry. Several environmental factors can cause changes in DNA without changing its sequence through epigenetic modifications, which can be studied through sodium bisulfite conversion of genomic DNA. Such environmental factors can also alter the neuronal architecture, which can be easily elucidated by rapid Golgi method to unravel the change in the number, length and arborisation of dendritic spine. Furthermore, cell culture and live cell imaging protocols can be particularly utilized to understand the changes at cellular level in various pathological conditions. Differential change in the proteome of neurodegenerative diseases can be studied through 2D DIGE. A change in point mutation of the brain can be elucidated through Mis-match Amplification Mutation Assay (MAMA). The DNA and protein complex formation essentially regulate either an increase or a decrease in the expression of gene during pathological conditions. Studying such complexes through electrophoretic mobility shift assay (EMSA) can open a new avenue for understanding complexes and regulation of gene expression. Thus, this protocol book will be a complete package for molecular biologists working in various fields.
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      Abstract




      Genomic DNA extraction is the starting point for various downstream molecular biology applications viz. PCR, restriction analysis, hybridisation etc. Numerous problems like DNA degradation, co-isolation of viscous polysaccharides, polyphenols and other secondary metabolites causing damage to DNA, inhibiting restriction enzymes, DNA polymerases etc, are routinely encountered during DNA isolation from plants. Quinone compounds resulting from oxidation of polyphenols lead brown the DNA preparations and can also damage proteins and DNA’s due to their oxidizing properties. This results in a poor yield of high molecular weight DNA. The protocol below explains the extraction of DNA via the CTAB method, involving three major steps viz lysis of cell wall and membranes, extraction of genomic DNA and precipitation of DNA.
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      INTRODUCTION




      The isolation of pure DNA is the first important step in the process of molecular studies in plants. The isolated DNA should be suitable for digestion using restriction endonucleases. Some plants are notorious due to their intractability. With many isolation techniques, one has to modify the protocols for each plant species depending on diversity and their biochemical composition particularly secondary metabolites. The method described by Doyle and Doyle [1] is used as the most successful protocol in many plant species.




      

      Principle




      Cetyl-Trimethyl-Ammonium–Bromide (CTAB) is a cationic detergent with chemical structure as given beside. This has many useful properties, which makes it one of the main chemicals that produce a large number of polysaccharides while purifying DNA from plants [2]. It tends to form complexes with proteins and acidic polysaccrides, in solutions of high ionic strength, but doesn’t precipitates the nucleic acids present in it [3]. While in low ionic strength conditions it precipitates proteins along with some polysaccharides. Under these conditions, proteins and neutral polysaccharides remain in the solution. CTAB extraction buffer with high ionic strength (1.4M NaCl) is added to homogenised plant cell lysates. It forms a complex with polysaccharides/proteins, which can be sequentially extracted with chloroform and phenol and genomic DNA is recovered from the supernatant by precipitating with isopropanol or ethanol [4].
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        Sample Collection and Storage Conditions




        Although, choice of fresh plant tissue is ideal for the genomic DNA isolation, but it’s not always possible. Thus in that case frozen samples stored at -20˚C for short periods or -70˚C or lower temperature (liquid nitrogen -196˚C) for longer periods can also be used. Thawing of the frozen samples should be avoided as the sub cellular disruption while freezing, leads to rapid degradation of DNA in thaw samples due to increased nuclease activity. Fresh samples kept for a couple of days in a refrigerator or cold room (4˚C) or dry plant material (may be from herbarium samples) can also use in DNA extraction. The latter helps in collection and storage of a large number of samples at a very at low cost [5].





        

          	
Lysis of Cell Membrane: The main step of extraction which involves the rupture of cell and nucleus membrane/wall is achieved with help of detergent (CTAB), used in the extraction buffer along with Tris-HCl and EDTA. In the presence of specific NaCl concentration CTAB captures the lipids and proteins which help in easier release of genomic DNA, forming a insoluble complex with CTAB. EDTA on the other hand is a chelating agent, which helps in reducing the DNAse activity after binding to its cofactor magnesium. Tris-HCl is a buffering agent which helps to maintain the pH of the extraction buffer as low or high pH can damage the DNA. When all the cell organelles are broken apart in the solution along with the genomic DNA, purification of the latter is performed.




          	
Extraction: In this step, all the contaminants (polysaccharides, phenolic compounds, proteins and cell debris) are separated from CTAB-nucleic acid complex formed above, with the help of Phenol and chloroform. Chloroform helps Phenol in the denaturation and removal of proteins from crude cell lysates. Also, it facilitates in clear formation of aqueous, polar phase at the top (containing the nucleic acid and water) and organic phase (containing the proteins and other cell component) at the bottom. Now, after the DNA is purified from other unwanted contaminants it can easily be precipitated.




          	
Precipitation: In this final step, absolute alcohol helps in separation of DNA and CTAB complex, as the latter is more stable in alcohol rather than water. Thus, as the detergent is washed off, DNA gets precipitated. Further, the precipitated DNA is washed twice/thrice with 70% alcohol for further removal of any kind of salt attached with nucleic acid. The DNA pellet is air dried and dissolved in T10E1 buffer and kept -20˚C /-80˚C to for long term usage.


        




        Materials Required Sample tissue, Liquid nitrogen, Sterile pestle and mortar, Sterile spatulas, scissors, tissue paper, Water bath (65˚C), Sterile eppendorf tubes, Reagents for 3% CTAB extraction buffer, β-mercaptoethanol, Chloroform: Isoamyl alcohol solution(24:1), Phenol: Chloroform: Isoamyl alcohol solution (25:24:1), Chilled isopropanol, Chilled absolute ethanol, 70% ethanol, T10E1 buffer. Preparation of working solution is given in Table 1.




        

          Table 1 Preparation of working solutions.




          

            

              

                	Solutions



                	Method of Preparation

              


            



            

              

                	1M Tris



                	121.1 g Tris BASE (pH 8 adjusted with HCl)


                H2O 800 ml make up the volume to 1000ml, Autoclave.

              




              

                	0.5M EDTA (pH8.0)



                	EDTA 186.1g (pH 8 adjusted with NaOH)


                H2O 800ml make up the volume to 1000ml, autoclave.

              




              

                	4M NaCl



                	233.7 g of NaCl


                H2O 800ml make up the volume to 1000ml, autoclave.

              




              

                	3M Sodium Acetate



                	Dissolve 24.60 g of Sodium Acetate in 60 ml of H2O


                (pH to 5.2 with glacial acetic acid) make up the volume to 100 ml with H2O. Autoclave.

              


            

          




        


      




      

        CTAB DNA Extraction Buffer: 100 ml




        100 mM Tris (pH 8.0) 10 ml of 1 M stock




        20 mM EDTA 4 ml of 0.5 M stock




        1.4 M NaCl 35ml of 4M stock




        3% CTAB 3g




        10 mM β-mercaptoethanol (Use 14.3 M stock) 70 µl




        Make up the volume to 100 ml


      




      

        T10E1 Buffer




        10Mm Tris 500µl




        1mM EDTA 100 µl




        Make up the volume to 50ml with sterile distilled water


      




      

        DNA Isolation Protocol




        1. Take 2-3 small emerging leaves, and grind it to a fine powder using liquid nitrogen with the help of mortar and pestle.




        2. Transfer the resulting powder into a 2 ml sterile centrifuge tube containing 1 ml DNA extraction buffer (100mM Tris HCl, pH 8; 20mM EDTA; 1.4 M NaCl ; 3% w/V CTAB; 0.2% β mercaptoethanol) and incubate the homogenate in water bath at 65°C for 30 min.




        3. When incubation is over, take out the tubes and bring down to room temperature. Add 500µl chloroform: isoamyl alcohol (24:1), mix well with gentle inversions and centrifuge the tubes at 12,000 rpm for 15 min.




        4. Take out supernatant in a fresh tube, add a double volume of chilled isopropanol, and mix gently with quick inversions. Allow the DNA to precipitate at -20°C for overnight / -80°C for 1 hour.




        5. Spin the tube at 5,000 rpm for 15 min, discard the supernatant. Wash the DNA pellet thrice with 70% alcohol at the same rpm, air dry, suspend in 200 µl T10 E1 buffer and treat with 3 µl RNase (10 mg/ml) at 37°C for 30 min.


      




      

        Purification




        6. Add 200 µl phenol: chloroform: isoamyl alcohol (25:24:1) mix and spin at 12,000 rpm for 10 min.




        7. Take out supernatant in a fresh tube and add 200 µl of chloroform: isoamyl alcohol (24:1) spin at 12,000 rpm for 10 min.




        8. Take out supernatant in fresh tube {add 1/10 volume 3M sodium acetate (pH 5.2) optional} and 500 µl of chilled absolute ethanol to precipitate DNA at -20°C for 1 hour.




        9. Spin at 5,000 rpm for 10 min, discard the supernatant and air dry the DNA pellet.




        10. Wash the DNA pellet thrice with 70% ethanol, dry and finally dissolve in 20-30 µl of T10 E1 buffer and store at -20°C.


      




      

        Useful Tips and Suggestions for Obtaining Optimum Results





        

          	Transfer the ground material in liquid nitrogen immediately to the extraction buffer. Using excess liquid nitrogen for grinding is not necessary and is actually an inefficient way to grind. Use only the required volume to keep the tissue frozen. Fine grinding can be done only when there is a small amount of tissue in the frozen state.




          	Trying to grind a large amount of sample is a bad idea. This will result in coarse grinding and will greatly reduce DNA yields.




          	Care should be taken while removing the aqueous phase from the organic phase during chloroform: isoamyl alcohol extraction, to maximize the full recovery of DNA. If no separation is observed between the two phases, which may be due to the high concentration of DNA and/or cell debris in an aqueous phase, dilution with more buffer and re-extraction is recommended or suggested.




          	Preferably, carry out all the operations in cold to keep a check over nucleases which, if released from a plant cell can lead to degradation of the genomic DNA and hinder the process.




          	All the other operations should be as gentle as possible to ensure that the DNA is not shared. Do not vortex at any stage.




          	It is advisable to preheat the extraction buffer to 65˚C before starting the isolation process. This is because the CTAB-nucleic acid complex may precipitate prematurely during isolation. Therefore, except for the last two steps, do not refrigerate the samples.




          	The DNA should not be overdried because it will then take longer time to re-suspend.
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      Abstract




      The preparation of intact ribonucleic acid is difficult because of the action of nucleases, which are liberated upon tissue homogenisation. In many cells, high concentrations of the ribonucleases are reserved in the secretory granules and upon disruption of the cell, they get mixed with the RNA and lead to its degradation. Guanidinium chloride and thiocyanate are potent chaotropic agents that reduce hydrophobic interactions and disrupt protein tertiary structures, disassociate protein-nucleic acid complexes and disintegrate cellular structures. Guanidinium thiocyanate is especially strong protein denaturant because both the cation and anion disrupt the hydrophobic bonds between the amino acid side chains. RNA usually binds to proteins within a cell and this agent disassociates the nucleoprotein complex, without disrupting RNA structure. Thus RNA can be obtained by using these agents, after homogenisation and low-speed centrifugation and precipitated with ethanol. The protocol below explains the stepwise isolation of total RNA from cells and tissues using TRIzol reagent which is the mono-phasic solution of phenol and guanidine thiocyanate.
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      INTRODUCTION




      Accuracy of transcriptome expression analysis depends on the purity of RNA samples. Due to high secondary metabolite contaminants, acidic nature of the cell sap and highly reactive nature of RNA, isolation of intact total RNA from some plants is sometimes challenging. The quality of isolated mRNA can indirectly be assayed with the following features; (i) Intact 28S, 18S rRNA and 5S rRNA bands (eukaryotic samples), (ii) The intensity of 28S rRNA band should be approximately twice as the 18S rRNA band, (iii) Partially degraded RNA will have a smeared appearance lacking the sharp rRNA bands. Completely degraded RNA will appear as a very low molecular weight smear. The total RNA can be extracted by several protocols described by many authors, but here basic Guanid-




      ine and Non- Guanidine based RNA isolation protocols are described.




      

        Precautions to be Taken Before the Experiment




        RNAses can be introduced accidentally into the RNA preparation at any point in the isolation procedure by an improper technique. Because RNAse activity is difficult to inhibit, it is essential to prevent its introduction.




        The following guidelines should be observed when working with RNA.
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