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Elements of BiotechnologyUnit 3
 Recombinant DNA technology
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What is gene cloning?
 1 A fragment of DNA, containing the gene to be cloned, is inserted into a circular DNA molecule called a vector, to produce a recombinant DNA molecule.
 2 The vector transports the gene into a host cell, which is usually a bacterium, although other types of living cell can be used.
 3 Within the host cell the vector multiplies, producing numerous identical copies, not only of itself but also of the gene that it carries.
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4 When the host cell divides, copies of the recombinant DNA molecule are passed to the progeny and further vector replication takes place.
 5 After a large number of cell divisions, a colony, or clone, of identical host cells is produced. Each cell in the clone contains one or more copies of the recombinant DNA molecule; the gene carried by the recombinant molecule is now said to be cloned.
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Recombinant DNA Technology
 Recombinant DNA technology procedures by which DNA from different species can be isolated, cut and spliced together -- new "recombinant " molecules are then multiplied in quantity in populations of rapidly dividing cells (e.g. bacteria, yeast).
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Recombinant DNA Technology
 The term gene cloning, recombinant DNA technology and genetic engineering may seems similar, however they are different techniques in Biotechnology and they are interrelated
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Recombinant DNA Technology
 Human gene therapy, genetically-engineered crop plants and transgenic mice have become possible because of the powerful techniques developed to manipulate nucleic acids and proteins.
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Recombinant DNA Technology
 In the early 1970s it became possible to isolate a specific piece of DNA out of the millions of base pairs in a typical genome.
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Recombinant DNA Technology
 Currently it is relatively easy to cut out a specific piece of DNA, produce a large number of copies , determine its nucleotide sequence, slightly alter it and then as a final step transfer it back into cell in.
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Recombinant DNA Technology
 Recombinant DNA technology is based on a number of important things:
 Bacteria contain extrachromosomal molecules of DNA called plasmids which are circular.
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Recombinant DNA Technology
 Bacteria also produce enzymes called restriction endonucleases that cut DNA molecules at specific places into many smaller fragments called restriction fragments.
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Recombinant DNA Technology
 Restriction Enzymes and plasmid
 There are many different kinds of restriction endonucleases
 Each nuclei cuts DNA at a specific site defined by a sequence of bases in the DNA called a recognition site
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Recombinant DNA Technology
 Restriction Enzymes and plasmid
 A restriction enzyme cuts only double-helical segments that contain a particular sequence, and it makes its incisions only within that sequence--known as a "recognition sequence".
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Recombinant DNA Technology
 Restriction Enzymes and plasmid
 Sticky end and blunt end are the two possible configurations resulting from the breaking of double-stranded DNA
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Recombinant DNA Technology
 Restriction Enzymes and plasmid
 If two complementary strands of DNA are of equal length, then they will terminate in a blunt end, as in the following example:
 5'-CpTpGpApTpCpTpGpApCpTpGpApTpGpCpGpTpApTpGpCpTpApGpT-3'
 3'-GpApCpTpApGpApCpTpGpApCpTpApCpGpCpApTpApCpGpApTpCpA-5'

Page 16
                        

Recombinant DNA Technology
 Restriction Enzymes and plasmid
 However, if one strand extends beyond the complementary region, then the DNA is said to possess an overhang:
 5'-ApTpCpTpGpApCpT-3' 3'-TpApGpApCpTpGpApCpTpApCpG-5'
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Recombinant DNA Technology
 Restriction Enzymes and plasmid
 If another DNA fragment exists with a complementary overhang, then these two overhangs will tend to associate with each other and each strand is said to possess a sticky end:
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Recombinant DNA Technology
 Restriction Enzymes and plasmid 5'-ApTpCpTpGpApCpT
 pGpApTpGpCpGpTpApTpGpCpT-3'
 3'-TpApGpApCpTpGpApCpTpApCpGp CpApTpApCpGpA-5'
 Becomes
 5'-ApTpCpTpGpApCpT pGpApTpGpCpGpTpApTpGpCpT-3'
 3'-TpApGpApCpTpGpApCpTpApCpGp CpApTpApCpGpA-5'
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Recombinant DNA Technology
 Restriction Enzymes and plasmid
 Restriction Enzymes are primarily found in bacteria and are given abbreviations based on genus and species of the bacteria.
 One of the first restriction enzymes to be isolated was from EcoRI
 EcoRI is so named because it was isolated from Escherichia coli strain called RY13.
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Recombinant DNA TechnologyDigestion of DNA by EcoRI to produce cohesive
 ends ( Fig. 3.1):
 2
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Recombinant DNA TechnologyCreating recombinant DNA :
 The first Recombinant DNA molecules were made by Paul Berg at Stanford University in 1972.
 In 1973 Herbert Boyer and Stanley Cohen created the first recombinant DNA organisms.
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POLYMERASE CHAIN REACTION (PCR)
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What is PCR?
 • The polymerase chain reaction is very different from gene cloning.
 • Rather than a series of manipulations involving living cells, PCR is carried out in a single test tube simply by mixing DNA with a set of reagents and placing the tube in a thermal cycler, a piece of equipment that enables the mixture to be incubated at a series of temperatures that are varied in a preprogrammed manner.
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• The basic steps in a PCR experiment are as follows:1 The mixture is heated to 94°C, at which temperature
 the hydrogen bonds that hold together the two strands of the double-stranded DNA molecule are broken, causing the molecule to denature.
 2 The mixture is cooled down to 50–60°C. The two strands of each molecule could join back together at this temperature, but most do not because the mixture contains a large excess of short DNA molecules, called oligonucleotides or primers, which anneal to the DNA molecules at specific positions.
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3 The temperature is raised to 74°C. This is a good working temperature for the Taq DNA polymerase that is present in the mixture.
 • All we need to understand at this stage is that the Taq DNA polymerase attaches to one end of each primer and synthesizes new strands of DNA, complementary to the template DNA molecules, during this step of the PCR. Now we have four stands of DNA instead of the two that there were to start with.
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• 4 The temperature is increased back to 94°C. The double-stranded DNA molecules, each of which consists of one strand of the original molecule and one new strand of DNA, denature into single strands.
 • This begins a second cycle of denaturation–annealing–synthesis, at the end of which there are eight DNA strands. By repeating the cycle 30 times the double-stranded molecule that we began with is converted into over 130 million new double-stranded molecules, each one a copy of the region of the starting molecule delineated by the annealing sites of the two primers.
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Why gene cloning and PCR are so important?
 • The gene cloning and PCR are relatively straightforward procedures.
 Obtaining a pure sample of a gene by cloning and PCR
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• A DNA molecule needs to display several features to be able to act as a vector for gene cloning. Most importantly it must be able to replicate within the host cell, so that numerous copies of the recombinant DNA molecule can be produced and passed to the daughter cells.
 • A cloning vector also needs to be relatively small, ideally less than 10 kb in size, as large molecules tend to break down during purification, and are also more difficult to manipulate.
 • Two kinds of DNA molecule that satisfy these criteria can be found in bacterial cells: plasmids and bacteriophage chromosomes.
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Plasmids
 • Plasmids are circular molecules of DNA that lead an independent existence in the bacterial cell.
 • Plasmids almost always carry one or more genes, and often these genes are responsible for a useful characteristic displayed by the host bacterium.
 • For example, the ability to survive in normally toxic concentrations of antibiotics such as chloramphenicol or ampicillin is often due to the presence in the bacterium of a plasmid carrying antibiotic resistance genes. In the laboratory, antibiotic resistance is often used as a selectable marker to ensure that bacteria in a culture contain a particular plasmid.
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• Most plasmids possess at least one DNA sequence that can act as an origin of replication, so they are able to multiply within the cell independently of the main bacterial chromosome.
 5
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• The smaller plasmids make use of the host cell’s own DNA replicative enzymes in order to make copies of themselves, whereas some of the larger ones carry genes that code for special enzymes that are specific for plasmid replication.
 • A few types of plasmid are also able to replicate by inserting themselves into the bacterial chromosome. These integrative plasmids or episomes may be stably maintained in this form through numerous cell divisions, but always at some stage exist as independent elements.
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Bacteriophages
 • Bacteriophages, or phages as they are commonly known, are viruses that specifically infect bacteria.
 • Like all viruses, phages are very simple in structure, consisting merely of a DNA (or occasionally ribonucleic acid (RNA)) molecule carrying a number of genes, including several for replication of the phage, surrounded by a protective coat or capsid made up of protein molecules
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Bacteriophages
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The phage
 infection cycle
 8
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The phage infection cycle
 • The general pattern of infection, which is the same for all types of phage, is a three-step process:
 1 The phage particle attaches to the outside of the bacterium and injects its DNA chromosome into the cell.
 2 The phage DNA molecule is replicated, usually by specific phage enzymes coded by genes in the phage chromosome.
 3 Other phage genes direct synthesis of the protein components of the capsid, and new phage particles are assembled and released from the bacterium.
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• With some phage types the entire infection cycle is completed very quickly, possibly in less than 20 minutes.
 • This type of rapid infection is called a lytic cycle, as release of the new phage particles is associated with lysis of the bacterial cell.
 • The characteristic feature of a lytic infection cycle is that phage DNA replication is immediately followed by synthesis of capsid proteins, and the phage DNA molecule is never maintained in a stable condition in the host cell.
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Hybridization techniques
 • Scientists studying the chemistry of DNA moved even closer to actual sequences. Charles Sibley (left) and Jon Ahlquist pioneered the use of DNA kinetics to investigate evolutionary relationships using a technique called DNA-DNA hybridization (see figure, right). 8
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• Each DNA molecule is made of two strands of nucleotides. If the strands are heated, they will separate—and as they cool, the attraction of the nucleotides will make them bond back together again.
 • To compare different species, scientists cut the DNA of the species into small segments, separate the strands, and mix the DNA together.
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• When the two species' DNA bonds together, the match between the two strands will not be perfect since there are genetic differences between the species — and the more imperfect the match, the weaker the bond between the two strands.
 • These weak bonds can be broken with just a little heat, while closer matches require more heat to separate the strands again.
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• DNA hybridization can measure how similar the DNA of different species is — more similar DNA hybrids "melt" at higher temperatures. When this technique was applied to primate relationships, it suggested that humans and chimpanzees carried DNA more similar to one another's than to orangutans' or gorillas’ DNA.
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 1-8 Gene cloning and DNA analysis by TA Brown
 • Reading references:• Gene cloning and DNA analysis by TA Brown
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