Isolating, Cloning and Sequencing DNA

Cloning

Overview of cloning technique

· Isolate genomic DNA and plasmid

· Restrict both genomic DNA and plasmid with the same restriction enzyme to give complementary sticky ends

· Mix the plasmid and genomic DNA fragments and allow the sticky ends to anneal. Add ligase to allow phosphodiester bonds to form. Recombinant DNA molecules form in the ligation mixture.

· Transform competent bacterial host cell with recombinant DNA molecules in ligation mixture

· Screen for correct transformant

· Carry out large scale production of desired gene product

Tools used

· Restriction enzymes

· Enzymes produced by bacteria which recognise specific base sequences in double-stranded DNA called restriction sites, and hydrolyse a phosphodiester bond on both strands of the DNA at these sites

· Can produce either sticky ends or blunt ends

· Natural function is to cleave foreign DNA molecules

· Degrade DNA of invading viruses, thus restricting the multiplication of viruses in the cell

· Restriction sites of host DNA that are recognised by its restriction enzymes are methylated, thereby protecting host DNA from cleavage. Restriction enzymes no longer recognise the sequence.

· Vectors

· DNA molecules into which fragments of DNA may be inserted. It can then act as an agent of transfer and carry the DNA fragments into the host cell


· Plasmids
· Circular extrachromosomal DNA molecules in bacteria

· Capable of replicating independently of the bacterial chromosome

· Have a single origin of replication

· Contain selectable genetic markers which allow for screening

· Range in size and in copy number

· E.g. pBR322

· Contains ampicillin resistance gene

· Used to screen for transformed bacterial cells

· Transformed bacterial cells express gene ( resistant to ampicillin

· Contains tetracycline resistance gene

· Used to screen for bacteria with recombinant plasmid

· Insertional inactivation of tetr gene in recombinant plasmid

· Bacteria with recombinant plasmid ( no tetracycline resistance
· Ligase
· Ligation ( civalent joining of linear DNA fragments to create recombinant DNA molecules
· DNA ligase ( enzyme that catalyses the formation of covalent phosphodiester bonds between adjacent nucleotides of two DNA fragments
· Host cells
· Cells in which recombinant DNA can be replicated or recombinant proteins can be produced

· E.g. Escherichia coli
· Reproduce rapidly
· Easy to maintain
· Wide range of available plasmids and selectable markers

· Autoradiography

· Gene probes

· Short sequences of radioactively labelled nucleotides, which are complementary to part of the DNA being sought after, and binds to it, acting as a marker

· Genomic and CDNA libraries

· Genomic library

· A collection of clones made from a set of randomly generated overlapping DNA fragments representing the entire genome of an organism, including all non-coding sequences

· Requires chromosomal DNA isolation

· Starting marterial can be from any tissue

· Genomic DNA is cleaved with restriction enzymes, before cloning into a vector

· Advantages

· Can be used to clone a gene which we are unsure of the cell type it is expressed in

· Can be used to study the introns or regulatory sequences associated with a gene

· Disadvantages

· Contains introns

· Introns cannot be spliced out correctly if eukaryotic gene is transformed into bacteria due to absence of mechanisms to modify pre-mRNA

· Large size of genome

· The library will contain too many fragments to be screened including enormous tracts of non-coding DNA

· DNA sequence of gene cloned is unknown

· Gene of interest may be cut internally one or more times by restriction enzymes use to clone genomic DNA. Hence, the gene will not be obtained as a single, functional fragment

· cDNA library
· A collection of cDNA clones that were generated in vitro from the mRNA sequences isolated from a particular cell type. It contains the entire protein-encoding DNA content

· Requires total mRNA isolation

· Total mRNA should be isolated from a tissue where the particular protein is likely to be produced in large quantities

· Messenger RNA reverse-transcribed into cDNA before cloning into a vector

· Advantages

· Lack of intron sequences

· Eukaryotic genes can be correctly expressed in E. coli
· mRNA preparations from particular tissues contain higher abundance of some specific sequences

· Facilitate screening of recombinant clones as it increases chances of obtaining the correct clone

· Disadvantages

· Genes not expressed at a certain stage of development of a specific tissue cannot be harnessed

· Cannot study entire genome ( no non-coding sequences

Cloning of the Human Insulin Gene

· Preparation and Isolation

· Total RNA isolated from beta cells of Islets of Langerhans in pancreas

· Total mRNA isolated

· Reverse transcriptase synthesizes a cDNA strand using the mature mRNA as a template to form a hybrid

· RNA/DNA hybrid treated with RNase H or alkali to partially break down mRNA leaving a ssDNA

· Synthesis of the second cDNA strand by DNA polymerase

· Digestion, Recombination and Ligation
· pBR322 isolated, or obtained commercially, and linearised with a restriction enzyme that leaves blunt ends

· Terminal transferase used to add cytosines to the blunt-ended 3’ end of the cDNA and guanines to the blunt-ended 3’ end of the linearised vector
· Sticky ends do not self-anneal as they are not complementary, thereby making screening of transformants easier

· Mix plasmid and cDNA fragment and allow the sticky ends to anneal. Recombinant DNA molecules then sealed with DNA ligase.

· Tetr gene inactivated by insertion of insulin gene into the tetr coding region

· Transformation

· Process where a host cell assimilates external DNA

· Cells made “competent” ( rendered capable of taking up DNA from a solution

· Addition of calcium ions

· Brief heat shock treatment to make pores appear transiently, allowing vector DNA molecules to enter cells

· Only 1% are transformed

· Screening

· Process that identifies the transformed host cells with the recombinant DNA molecules containing the gene of interest
· After transformation, the cells are incubated in a suitable growth medium

· The cells are then plated on agar plates containing ampicillin, a selective agent, and incubated at 37°C for 12 hours

· Cells that survive ( transformed cells

· Replica plate containing tetracycline is made, and incubated at 37°C for 12 hours

· Cells that do not survive ( contain recombinant plasmid
· Cells from each colony known to contain recombinant plasmids are transferred to a new agar palte and allowed to grow into visible colonies. This collection of bacterial colonies is the master plate.
· A nitrocellulose membrane is placed on the surface of the master plate. Upon incubation, the bacteria will grow in the membrane. When the membrane is peeled off, a replica of the bacterial colonies is produced.
· Membrane treated with NaOH to lyse the cells and denature the released DNA to ssDNA. The resulting ssDNA will bind to the membrane

· Membrane washed with saline to remove cell debris and baked for a few minutes at 80°C to fix the ssDNA to the membrane

· Membrane is incubated with a solution of radioactively-labelled probes to allow hybridisation to occur, then washed to remove any excess unhybridised gene probes.

· Autoradiography is carried out to detect position of correct clone

· Large-scale production

· Colonies identified to carry the insulin gene can be removed and grown in large quantities in a suitable medium in a bioreactor

· Induced to produce large amounts of insulin, which can then be extracted, purified and packaged for use

Case studies
· Human anti-thrombin III

· Glycoprotein

· 41 amino acids

· Secreted by the liver

· Plasma protein that inhibits enzymes involved in the blood clotting cascade. Deficiency leads to thrombosis

· mRNA obtained from human liver cells to create cDNA library

· Anti-thrombin III gene inserted into a vector with an E. coli trp promoter for efficient gene expression

· E. coli transformed with recombinant vector
· Anti-thrombin III protein synthesized by transformed E. coli
· Human Growth Hormone (Somatotrophin)

· Peptide hormone

· 191 amino acids

· Secreted by anterior pituary gland
· Works together with another growth hormone, somatostatin, to control growth processes. Malfunction leads to agromegaly, dwarfism, etc.

· mRNA obtained from anterior pituary gland to create cDNA library

· small segment of the human growth hormone cDNA fragment removed and replaced by a fragment which provided for the correct signals for translation in E. coli
· E. coli lac promoter used for efficient gene expression

· Human growth hormone synthesized by transformed E. coli
· Insulin

· Peptide hormone

· 2 chains: Chain A ( 21 amino acids. Chain B ( 30 amino acids. A and B linked by disulphide bonds

· Secreted by beta cells of islets of Langerhans in pancreas

· Controls blood glucose levels. Deficiency ( diabetes mellitus

· Genes coding for chains A and B artificially synthesised

· Two recombinant plasmids constructed, one carrying the gene for Chain A and one carrying the gene for Chain B
· For efficient gene expression, E. coli lac promoter used in both recombinant vectors

· A & B protein chains synthesised separately in 2 different mixtures of E. coli
· 2 chains extracted and purified

· A & B chain proteins attached to each other by disulphide bond formation in vitro

PCR

· Allows for amplification of a specified segment of DNA in vitro

· n cycles ( 2n times the initial amount

Component

· Template DNA
· The DNA containing the segment to be amplified, usually genomic DNA, that serves as a template in the DNA replication process
· Oligonucleotide primers
· Synthetic single-stranded DNA typically 20-30 bp long that is complementary to the sequence flanking the target DNA segment
· 2 different primers needed, each one complementary and able to bind to each strand of the DNA double helix
· 3’ end pointing towards each other
· Taq polymerase
· Thermostable DNA polymerase isolated from Thermus aquaticus

· Deoxyribonuceloside triphosphates
· Substrates for DNA replication made up of dATP, dCTP, dGTP, dTTP
· Buffer containing Mg2+
Process

· Denaturation step (95°C)

· Separates the dsDNA into ssDNA

· Primer annealing step (64°C)

· Cooling in the presence of a large excess of DNA primers allows for their attachment to their complementary DNA

· Extension step (72°C)

· Optimum temperature for Taq polymerase

· Taq polymerase binds to primers and performs synthesis of the complementary DNA strand

Advantages and Limitations

· Advantages

· Amount of DNA increases exponentially, and process is fully automated

· PCR a convenient way to amplify DNA in a fast and efficient manner

· Copies of genes can be generated easily for cloning purposes

· Highly sensitive ( target sequence can be amplified even when only a minute amount of DNA source is available

· Genetic screening

· Screen for certain genetic diseases even before the phenotype is expressed

· Early detection of infection with HIV

· Limitations

· Lacks 3’ to 5’ proof reading ability

· Polymerase-induced errors can gradually accumulate and alter large proportions of the final product, especially if the error occurred early on during PCR

· Requires knowledge of the sequences flanking the target sequence

· Target sequence limited to 3kb

Gel Electrophoresis

· Technique by which charged molecules are separated basrd on their size or charge, by passing them through a gel within an electric field

Agarose gel electrophoresis

· Used to separate DNA

· Slab of agarose placed in a buffer solution which allows for the conduction of electricity to generate an electric field

· DNA sample mixed with a dense loading dye and loaded into wells

· Markers run in one or two lanes

· When the current is turned on, DNA migrates through the agarose towards the anode

· Before the loading dye reaches the end of the gel, the current is turned off

· Gel slab stained with ethidium bromide to visualise bands

· Used to distinguish between two alleles of a gene

· E.g. Sickle cell anaemia

· Point mutation located within a restriction site for Mst II ( Mst II no longer recognises restriction site

· Digestion by Mst II produces a different mixture of fragments for the external and diseased allele

Southern Blotting

· Used to detect specific nucleotide sequences within a sample of DNA

· DNA cut by restriction enzymes and fragments separated by electrophoresis

· Gel slab placed under a nitrocellulose membrane and a stack of paper towels

· These are placed on top of an absorbent sponge in a tray of alkaline solution. A heavy weight is stacked right on top of the paper towels

· The absorbent paper towels draw the alkaline solution upward to themselves through the gel, denaturing the dsDNA fragments there. The ssDNA on the gel is then drawn upwards onto the nitrocellulose membrane, and binds to it, being in exactly the same position as they were in the gel

· Nitrocellulose membrane removed and incubated with a radioactive DNA probe to allow hybridisation to occur

· Autoradiography is performed

SDS-PAGE

· Used to separate proteins

· Performed in polyacrylamide gel

· Proteins tested with detergent to become of same net charge and shape, such that proteins are separated based on their mass alone

· Treatment with detergent results in a linear, negatively-charged polypeptide

· Separation of subunits

· Gel stained with Coomassie Blue to allow visualisation of protein

2-dimensional gel electrophoresis

· Polyacrylamide gel made with a pH gradient from left to right

· Protein mixture loaded where pH = 7

· Voltage applied across the gel

· Proteins migrate through gel until they reach their isoelectric point, pI

· Gel subjected to SDS-PAGE, with voltage now applied 90° to first application

· Proteins separated based on charge and mass

RFLPs

· DNA polymorphisms
· Small nucleotide differences exhibited by the non-coding DNA sequence at a particular locus on a chromosome in different individuals
· Differ either in nucleotide sequence or have variable number of tandemly repeated nucleotide units
· RFLPs
· Different sized restriction patterns generated by the digestion of DNA with DNA polymorphisms by a certain restriction enzyme
· Detected by Southern Blotting
· Used for DNA fingerprinting
· Probes for microsatellites (STRs) and minisatellites (VNTRs) are used
· Restriction enzyme that cuts on either side of an STR or a VNTR locus will produce RFLPs
· Used for genomic mapping
· Genetic markers
· Can use to calculate recombination frequencies
· Used for disease detection
· Genetic diseases caused by single-nucleotide polymorphisms (SNPs) in coding regions
· E.g. Sickle cell anaemia
· Genetic diseases where there are changes to the DNA flanking the disease-causing gene
· E.g. Phenylketonuria
· Change in DN sequence flanking 3’ region of phenylalanine hydroxylase
· RFLP produced upon digestion with Hpa I
· Limitations
· More than one mutation may cause the disease
· No gene has yet to be discovered for a disease
· Gene responsible has yet to be sequenced for molecular tests to be available
· Disease caused by multiple gene interactions
Human Genome Project

Human genome

· 3 million base pairs

· 20k-25k genes

Sanger Method

· Inclusion of ddNTPs
· Terminate extension of a DNA strand by polymerase
· Each ddNTP attached to a different fluorescent dye
· Steps in DNA sequencing
· DNA primer anneals to the DNA template by base pairing
· DNA polymerase is added plus a mixture of dNTPs and ddNTPs
· dNTPs, or ddNTPs, will incorporate randomly in a reaction
· Many copies of template strand means that many elongating strands are formed, with the shortest being 1bp longer than the primer and the longest being till the end of the DNA fragment. In between,there are strands that differe by 1bp
· Reaction mix run through a gel via electrophoresis
· Different strands run down the gel according to size (Smallest ( fastest)
· Laser excites the dye in ddNTP and this is detected and sent to the computer
· Different strands differ by one base ( sequence can be read
ELSI

· Uses

· Molecular medicine

· Risk assessment

· Bioarchaeology, anthropology, evolution and human migration
· DNA identification

· Concerns

· Genetic determinism

