Principles of genetic engineering

· The plants and animals we use have been bred from wild species by artificial selection, carried out over many years.

· The production of new varieties or organisms by any means is a form of genetic modification.

· Today genetic modification is also carried out by genetic engineering.  In genetic engineering, genes are transferred from one organism to another by artificial means.

· The products are new varieties of organisms, (mostly microorganisms)

· Genetic engineering offers great practical benefits in biotechnology, medicine and agriculture.  At the same time it raises many environmental and ethical issues of concern to society.

Genetic engineering is also referred to as recombinant DNA technology

Steps to genetic engineering

1. Isolate the gene to be transferred

A chromosome will contain a sequence of many genes (on average 2200 on a human chromosome).  Genetic engineering requires that individual genes are isolated and identified.  This is done using restriction endonucleases (restriction enzymes).  These occur naturally in bacteria, where they protect the organism against DNA injected by viruses by cutting it into small pieces, thereby inactivating it.  

Many different restriction enzymes have been discovered and purified, and today they are used widely in genetic engineering experiments.  Restriction enzymes are highly specific, cutting DNA at a particular sequence of bases called a restriction site.

DNA can be extracted from tissue samples by breaking up the cells, filtering off the debris, and breaking down cell membranes by treatment with detergents.  The protein framework of the chromosomes is then removed by incubation with a protease.  DNA can be isolated from the mixture by precipitation with ethanol, then resuspended in buffer.

The DNA is now chopped into fragments by a restriction enzyme.

DNA fragments can be separated by gel electrophoresis.  They carry negative charges due to their phosphate groups, so will move towards the anode.  The structure of the gel means that smaller fragments will move faster than larger fragments.

The required gene can be found by using a radioactively labelled probe, which will only bind to the correct sequence.

Draw a flow chart of the above process to illustrate how DNA is isolated from cells.

2. Transfer the gene to another organism

A vector is an agent that transports something between one organism and another.  In genetic engineering, bacterial plasmids are often used for this purpose.

A bacterium contains two types of genetic material, a single circular chromosome, and numerous smaller rings (plasmids).  Plasmids are easily isolated from a bacterium and can be re-introduced to another bacterial cell relatively easily too.  In the bacterium, plasmids replicate themselves independently of the chromosome, so any gene added to a plasmid is copied many times (cloned) once it is inside a bacterial cell.

To prepare isolated plasmids as vectors, a restriction enzyme that forms “sticky ends” is used to cut open the plasmid.  The same restriction enzyme is also used to cut out the required gene from longer strands of DNA.  Then the opened plasmids and the gene-containing fragments are combined together in the presence of a second enzyme, known as a ligase.  

Ligase occurs naturally in nuclei, where it will “repair” DNA damaged in replication.  Ligase catalyses the combination of complementary strands of DNA after their sticky ends have paired (a process called annealing).

Finally, genetically engineered plasmids are re-introduced into the bacterium.  This is done by mixing bacterial cells and engineered plasmids in the presence of a salt (calcium chloride) that makes the bacterial cell walls especially permeable to plasmids.  Some of the recombinant plasmids enter the cytoplasm of the bacteria.

As an alternative technique, a gene may be cloned into a bacterium using a bacteriophage as vector.  This mechanism is most useful in attempts to clone larger genes.

3. Select genetically engineered cells

Not all the bacteria used in this technique will have taken up the plasmids with the new gene.  The next step is to select those that have.  This is done by using plasmid vectors that have genes for antibiotic resistance.  Bacteria are then grown on agar plates containing the antibiotic – so the only bacteria that can grow are the ones that have taken up the plasmid.

To make sure that not only do they have the plasmid, but that the plasmid contains the new gene, the following technique can be used.

diagrams on selection techniques

4. Culturing cells

Bacteria containing the transferred gene can be cultured on a large scale in industrial fermenters.

Read Jones and Jones page 113 – 118

Answer qu 7 page 118 and qu 9 page 126

The polymerase chain reaction (PCR)

The process of DNA replication can be made to occur artificially and repeatedly in a laboratory process called the polymerase chain reaction (PCR).

This is a very useful procedure for genetic engineering, as it allows many copies of a specific sequence of DNA to be made.

PCR uses the DNA polymerase enzyme to copy the sequence of interest.  The DNA is heated (to about 94(C) to separate it into single strands, and then small sections of DNA called primers are added to flank the sequence of interest.  The polymerase will start replication at these primers and produce a double strand of DNA.  The mixture is then heated again, to separate this DNA, and the process begins again.

The amount of DNA is doubled by each round of heating and replication.

The DNA polymerase used in PCR is called Taq polymerase, and it comes from bacteria called Thermus aquaticus that lives in water at a temperature of 75(C.  Why is this used?

Some uses of PCR:

· Screening genes for mutations – useful in genetic counselling

· Looking for cancer cells after treatment (can detect 1 cancer cell in 106 normal cells)

· Detecting bacterial and viral infections e.g. looking for HIV genetic sequences in infected cells

· Sex determination of embryonic cells (by amplifying sequences from Y chromosome)

· Studying DNA from extinct species – as only a tiny amount is needed for PCR.  DNA has been extracted from museum skins, human mummies, dried plants and preserved specimens.

· Producing single-stranded DNA for sequencing (see next section of notes)

Sequencing DNA

The most popular method for finding out the sequence of bases in a section of DNA is the Sanger technique. It requires the following ingredients:-

· Single strands of the DNA to be sequenced

· A short radioactively labelled piece of DNA (a primer) that is complementary to the end of that strand

· E coli DNA polymerase

· Four bases (deoxynucleotides) – A, G, C and T

· Four dideoxynucleotides – These are slightly altered bases which, once incorporated into a growing DNA strand, will stop the strand from growing any further.  

Four reactions are carried out – one for each dideoxynucleotide (ddATP, ddCTP, ddGTP, ddTTP).  Polymerisation will start at the primer, and stop at various points when the dideoxynucleotides are added, resulting in a series of labelled fragments which are separated by gel electrophoresis, the pattern of fragments giving the DNA sequence.

Modern DNA sequencing uses machines to carry out a process called “cycle sequencing”.  This is similar to PCR, and uses:-

· Template DNA to be sequenced

· Primers

· ddNTPs which are labelled with fluorescent dye

· DNA polymerase

Fragments will be produced, ending in a ddNTP.  They are run on a gel, which is then read by a scanning laser.

