PAGE  
4

Applications of Biotechnological Techniques

Restriction enzymes



These are naturally occurring enzymes that are able to cut DNA molecules at precise sequences of 4 to 8 base pairs called recognition sites.  The bases around these sites are symmetrical (see examples below).  The enzymes are found in bacteria.  Their natural function is to chop up invading virus (bacteriophage) DNA.  Over 400 restriction endonuclease enzymes have been isolated.

These enzymes are used in genetic engineering, DNA fingerprinting and gene cloning.

Restriction enzymes are used to cut chromosomes at specific sites between genes.  The gene can be cloned and re-inserted into the DNA of another organism whose DNA has been cut using the same enzyme. NOTE:  the “recognition sites” are usually palindromic (=symetrical – read the same on both sides of the DNA.  The enzymes may leave a ‘sticky end’ or a ‘blunt end’ where they cut DNA. 

e.g.


 Recognition site
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Ligation


This is the joining together of sticky or blunt ends of DNA using DNA ligase enzyme.

A restriction enzyme is used to cut a gene from the DNA of organism A.

[image: image4.png]




gene
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DNA from organism B is cut using the same enzyme.
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The ‘foreign DNA’ is spliced into DNA from organism B using ligase enzyme.
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This is often done using plasmids – rings of DNA found in bacteria.
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Blunt ends can be also be joined to any other blunt ends.

DNA Amplification

The Polymerase Chain Reaction (PCR) is a technique used to make millions of copies of DNA from a small original sample. It is used in DNA sequencing and for genetic fingerprinting.

The original ‘target’ DNA is heated a 98 oC for 5 minutes to split it apart. RNA primers, A T G and C nucleotides and DNA polymerase enzyme are added and temperature is lowered to 60 oC.

The primer molecules start DNA replication and within minutes you have double stranded DNA. The process can be repeated time and again, doubling the amount of DNA each time. After 25 cycles there is 3 million times the original amount of DNA. Machines are available which carry out PCR automatically.

Linear PCR involves repeatedly using only the original DNA and not the products. It is used to make radio-labelled DNA for DNA sequencing.

Care must be taken to avoid any contamination from DNA in the environment or this too will be amplified and cause confusing results.

Reverse Transcription 

Genes from eukaryotes often contain introns (= areas of DNA in genes which are transcribed into mRNA but which are removed before translation into protein).  They make the genes too long for bacteria or viruses to cope with.

It is possible to make an artificial gene without introns by using mRNA from which the introns have been removed.  The RNA is used as a template to which reverse transcripase enzyme attaches DNA bases.  The DNA is split from the RNA and made into double stranded DNA using DNA polymerase.

DNA Probes 

A DNA probe is a small fragment of nucleic acid that is labelled with an enzyme, a radioactive tag or a fluorescent dye tag.  Fluoro tags show up as coloured bands when exposed to U-V light.  Radioactive tags show up as a dark band when exposed to photographic film.

Probes are made to stick to, and therefore identify, “minisatellites” which are areas of repeated DNA bases usually found in introns.
DNA Fingerprinting or Profiling using Gel Electrophoresis

This technique uses the fact that we have a lot of ‘junk’ DNA that appears to have no function. These ‘hypervariable regions’ between genes consist of a number of tandemly repeated short sequences of bases (10 – 15) called  ‘minisatellites’ or variable number tandem repeats (VNTRs). Nowadays it is more common to use very short STRs (short tandem repeats) e.g CACACA, which are called “microstallites”. The mini- or microsatellites are the same in all humans but the number of them in a region can vary a lot from person to another. For each one of these regions on a chromosome we will each receive a different length from each parent.

The aim of genetic fingerprinting is to find out the length of these regions. To do so, the following steps are taken:

1. DNA is extracted from an individual (blood, semen, hair follicle – any tissue with nuclei)

2. Restriction enzymes are used which will cut outside the repeated regions and break the DNA up into many pieces

3. Gel electrophoresis is used to separate the DNA fragments into bands of different sizes: – DNA has a negative charge so moves through the gel, and smaller fragments move faster.
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Samples 
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4. Chemicals are used to split the DNA fragments into single strands then these are transferred onto nylon membrane on the gel.

5. The nylon membrane is lifted from the gel, taking with it the DNA still in the positions it had reached.

6. The nylon membrane is place in a bath with ‘radio active probes’. These are short lengths of DNA which will stick to a selected mini satellite on the DNA fragments (the PO43-  is slightly radioactive).

7. The membrane is then placed in contact with X-ray film. The radiation from the probes will expose the film so that when it is developed, dark bands will appear at the position where the selected mini satellite region had reached. If long ‘single locus’ probes are used there will only be 2 dark bars on the film for one person (one from each homologous chromosome from each parent). Shorter probes can be used which will stick to more than one site, or several different probes can be used to produce several bands.

Gene Cloning

This includes making many copies of a desired gene. This allows us to obtain many copies to study – the 2 copies per cell are not enough.

To clone a human gene, it is inserted into a vector such as a plasmid or viral DNA which can then be introduced into host cells such as bacteria or yeast.

The vector must be able to replicate inside the host. They must have sites where they can be cut by restriction enzymes, and they must have a way to be recognised. Plasmids for example can have genes for antibiotic resistance (usually to ampicillin and tetracycline).

Using Plasmids

1. The gene is cut (using a restriction enzyme) from human cells grown in culture.

2. The same enzyme is used to cut a bacterial plasmid in the middle of a marker gene  (thus disrupting its function)

3. Ligase is used to insert the human gene in the plasmid

4. The recombinant plasmids are placed in a bacterial culture where some 0.1 % of cells take them up by ‘transformation’.

5. Bacteria with the plasmid can be identified because they will be resistant to the antibiotic (usually ampicillin) to which they carry a gene for resistance. If the gene was inserted into the gene for resistance for tetracycline the gene won’t work so the bacteria will be sensitive to this antibiotic

6. The bacteria with the plasmid can be grown in culture until thousands of copies of the gene have been produced

Using a Virus

A virus can carry larger genes. Plasmids with larger gene inserts tend to lose them. STEPS:
1. A restriction enzyme is used to isolate a human gene, and the same enzyme is used to cut the DNA of a phage (=bacteriophage; a bacterium infecting virus).

2. The human gene is spliced into the viral DNA using ligase to bond the sticky ends.

3. The recombinant DNA is placed with phage proteins and forms a phage.

4. The phage is allowed to infect bacteria.

5. The phage (plus the human) DNA are replicated inside the host and new phages produced.

6. The host cell bursts releasing 1000’s of phages. These infect more cells. – Or the phages can be ‘harvested’ and the human genes purified.

Transgenesis

This is the transfer of genes from one species to another. Organisms which contain DNA from a different species are said to be transgenic.

Transgenesis can be used to move desirable traits from one species to another. It may one day be used to cure genetic defects in humans (= gene therapy). Ways of transferring genes include:

1. Liposomes, are tiny spherical vesicles that contain DNA. Their single layered outer membrane can be coated with molecules which are attracted to a specific cell type. The liposome fuses with the cell membrane, delivering its DNA to the cell. These man-made vectors may be used for gene therapy.

2. Transformation is the natural transfer of plasmids between related bacteria during conjunction. Other cells can be chemically treated to cause them to also absorb plasmids. Agrobacterium tumefaciens has a ‘Ti’ plasmid that it naturally inserts into host plant cells. This plasmid has been used to insert foreign DNA into plant cells – eg genes for disease resistance.

3. Viral Vectors can be used to insert genes into cells. They have been used in gene therapy trials.

4. Microinjection
A glass micropipette is used to inject genes directly into the nucleus of a cell held against a blunt ended pipette by suction. A rat growth hormone gene has been injected into fertilized mouse eggs to form transgenic mice which grow bigger than normal mice.
5. Gene Gun
Microscopic gold or tungsten pellets are coated with DNA then shot into plant cells using a compressed helium gas gun.

6. Protoplast Fusion
Plant cell walls are digested away by enzymes leaving cells without cell walls. These are called protoplasts. When treated with polyethylene glycol different protoplasts may fuse, thus producing hybrid cells with DNA from both parents.

Genome Analysis 

This involves determining the exact order of the millions of bases on all of the chromosomes of a species. It identifies the locations of all the genes present including areas which regulate genes.  

As whole chromosomes are too big to handle, they are first broken down into shorter pieces using restriction enzymes.  They are cloned and may be inserted in yeast cells as Yeast Artificial Chromosomes (YACs) OR the plasmids may be inserted into E coli bacteria plasmids which are more stable than yeast. These plasmids are called bacterial artificial chromosome (BAC) clones. 
Note that several different restriction enzymes are used to cut up many different chromosomes so that the fragment in any one bacterial artificial chromosome may share parts in common with other BACs. (They are “overlapping”). Together, all the different BACs produced by this process contain the entire genome of the species under study in several overlapping fragments. Together the collection forms a “Clone Library”. Each different clone type can be cultured to produce many copies for study. It is usual for different groups to be given the different areas of the chromosome to study. The fact that two different groups both work out the sequence of the bits that overlap acts as a check on their accuracy.

Later the fragments of DNA can be extracted from the plasmids (using restriction enzymes), and amplified (several copies made) using PCR. Then Gel electrophoresis is used to work out the sequence of the bases in each clone. (see “DNA sequencing” notes).

Scientists need to be able to work out which DNA fragment goes where so that a full map of the entire chromosome (or genome = all chromosomes) can be worked out from all of the information from the short segments. This is done by using DNA probes* to find “marker“ sites along the DNA.  First the positions of many unique marker sites are found on whole chromosomes, then the markers on the clones fragments are found so they can tell where each fragment would be found on the chromosome.

Markers
A
B
C
U
V


*
*
*
*
*


A
B
U
V

Fragments
*
*
*
*


*               *


B
C

NOTE  the markers are called STSs Sequence-Tagged Sites:  Unique short sequence of DNA, typically less than 400 bases long.  An STS is a short DNA segment that occurs only once in the genome and whose exact location and order of bases are known. Because each is unique, STSs are helpful for chromosome placement of mapping and sequencing data from many different laboratories. STSs serve as landmarks on the physical map of the genome.

*Remember a probe is a short piece of DNA that will bind to one place on the chromosome (the marker site).

DNA Sequencing

= Finding the sequences of the bases A, T, G and C on DNA.

Manual Method

(Sanger procedure, most used)

Molecules of DNA of an unknown base sequence are put into 4 tubes (all molecules have the same DNA base sequence). Each tube will be used to locate the position of one of the 4 bases.

To each tube they add: radioactive primers, DNA polymerase and all 4 nucleotides.

The tubes differ in that modified T nucleotides are added to one tube, modified A nucleotides to another, modified C and G nucleotides go to the other 2 tubes. Each tube has about 1% of its nucleotides of one type modified.

The radioactive primers start DNA synthesis – complementary nucleotides being added to the original single strands of DNA. Synthesis continues until a modified nucleotide is added to the growing DNA fragment, but then it stops because of the modification.

In the ‘T – tube’ for example, synthesis stops when a modified T nucleotide is incorporated into the strand. This could happen anywhere along the original DNA template where an A is present. The process is repeated many times with many molecules (like PCR) so that finally there are 1000s of DNA fragments produced in the T tube, each one ending where there is an A in the original DNA. If there were 20 As in the DNA then there would be 20 different lengthened fragments of DNA produced – 1000’s of each length – similar results occur in the other 3 tubes.

The fragments can now be sorted into different size groups using gel electrophoresis. The DNA from each tube being placed side by side on the gel and the electric field causing them to move towards the positive end. Smallest fragments move fastest.

Once the fragments are separated, a piece of unexposed film is placed over the gel for a time, then the film is developed to produce an ‘autoradiograph’. This looks like the ‘barcode’ of a genetic fingerprint. Each ‘blob’ on the film represents a different sized fragment of DNA. The base sequence of the original DNA fragment can be read off the film.
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Automated DNA Sequencing

This uses a similar method, but instead of using radioactive primers, the modified nucleotides themselves are labelled with fluorescent dyes. Each base has a different coloured dye so the whole process can take place in one container – not 4 parallel containers.

Fragments of varying length are produced – each one ending at a certain base with its characteristic colour. Once the fragments have been separated by gel electrophoresis, an argon laser is used to make the dyes fluoresce and a digital camera detects the different coloured blobs. The data is sent straight to a computer which analyses the pattern and can print out base sequences.
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