Jim's Condensed Notes on Genetic Engineering

Genetic Engineering - The Basics

Genetic engineering
The process of manipulating genes for practical purposes.

Stanley Cohen and Herbert Boyer
In 1973, they isolated the gene that codes for ribosomal RNA from the DNA of African clawed frogs and inserted it into E. coli bacteria.  During transcription, the E. coli produced frog rRNA, and became the first genetically altered organisms.



Recombinant DNA
DNA made from two or more different organisms.

Step 1 in genetic engineering - Cutting DNA
1. Cutting DNA - both the desired gene and the DNA from the vector (e.g., bacterium) are cut with restriction enzymes.

Restriction enzymes
bacterial enzymes that recognize and bind to short segments of DNA, and then cut the DNA between specific nucleotides within the segment.



Vector
the vector is the agent used to carry the gene into another cell.  Common vectors are viruses, yeasts and plasmids.



Plasmids
circular DNA molecules that can replicate independently of the main chromosomes in bacteria.



Step 2 in genetic engineering - Making Recombinant DNA
2.  Making recombinant DNA - The DNA fragments of the gene of interest are combined with the DNA fragments of the vector.  DNA ligase (an enzyme) helps to bond the fragments together. 

Step 3 in genetic engineering - Cloning
3.  Cloning - or gene cloning, when the host cell reproduces through mitosis or binary fission, it replicates its DNA and so copies of the gene of interest are also reproduced.

Step 4 in genetic engineering - Screening
Screening - Distinguishing cells with the gene of interest from other cells

Southern Blot method
a test to confirm a specific gene is present after cloning.

electrophoresis
a technique that uses an electrical field within a gel to separate molecules by their size and electrical charge. (DNA is negatively charged.)  When in electrophoresis, the DNA moves toward the positive pole with the smaller fragments moving fastest.



Southern Blot Step 1
DNA from each bacterial clone is isolated and cut into fragments by restriction enzymes.

Southern Blot Step 2
DNA fragments are separated by gel electrophoresis.

Southern Blot Step 3
DNA is transferred to filter paper.  Radioactive or fluorescent RNA or single DNA strands "probes" are added. 

Probes
Radioactive or fluorescent RNA or single DNA strands that are complementary to the gene of interest.



Southern Blot Step 4
DNA fragments that are complementary to the probe will bind with the probe and form visible bands.

After cloning and identification
Researchers can use the pure DNA extracted to do a variety of things: determine nucleotide sequence, compare nucleotide sequence, transfer to other organisms, or produce large quantities for drug manufacturing.



Genetic Engineering in Medicine
Genetically engineered medicines
Usually in the form of genetically engineered proteins produced in bacteria, these drugs are used to replaced missing proteins in a patient.  Common products include anticoagulants and insulin, and clotting agents (Factor VIII).  Others:




Erythropoetin
Anemia


Growth factors
Burns, ulcers


Human growth hormone
Growth defects


Interleukins
HIV, cancer, immune deficiencies


Interferons
Viral infections, cancer


Taxol
Ovarian Cancer













Pathogen
A disease-causing micororganism.

Vaccine
A solution containing all or part of a harmless pathogen.  When injected, the immune system recognizes the pathogen's surface proteins and makes defensive proteins called antibodies.



Vaccine preparation
They were traditionally prepared by either killing a pathenogenic microbe (microorganism) or making it unable to grow.  Increasingly, vaccines are made by genetic engineering by transferring the genes for creating surface proteins to the DNA of a harmless bacterium.  This is currently done for Herpes II and hepatitis B, and soon for malaria.



Polymerase Chain Reaction
A technique to make many (billions) copies of selected segments in just three hours.  It's used to expand the limited DNA material found in crime scenes, or for diagnosing genetic disorders, and even for studying DNA fragments in fossilized materials.



PCR steps
1. DNA is heated to separate into individual strands

2. The mixture is cooled and primers are added to bind with the DNA at the places where copying will begin.

3. DNA polymerase and free nucleotides are added.

4. DNA polymerase adds the free nucleotides to the end of the primer to build a complement to the original DNA strands.

The result is two identical strands of DNA, and the process can be repeated every five minutes.



Gene therapy
The techniques for putting healthy copies of genes into the cells of people whose copy is defective.



Gene therapy in cancer
White blood cells secrete tumor necrosis factor (TNF), which attacks and kills cancer cells by stimulating T cells.  TNF is added to white blood cells in some patients.



T cells
Small white blood cells that orchestrate and/or directly participate in the immune defenses. Also known as T lymphocytes, they are processed in the thymus and secrete lymphokines.



DNA fingerprint
Except identical twins, no two individuals have the same genetic material, and therefore do not have the same nucleotide sequence.  So when restriction enzymes cut a DNA segment, every individual will have different restriction fragment length polymorphisms (or RFLPs).

The pattern of dark bands on photographic film from the RFLPs is the unique DNA fingerprint.

It's used in paternity tests, forensics, and identifying genetic disorders. 



Human genome project
A project to determine the nucleotide sequence of the entire human genome (DNA) and map the location of every gene on each of the 23 chromosomes.  The human genome contains approximately 100,000 genes among the 3 billion nucleotides.  All sequences have been identified, and now the functions of the genes are being identified.



Other genomes


Researchers have identified the genomes of the following organisms:

Bacterium Haemophilus influenzae - (1995)

Yeast Saccharomyces cerevisiae - 1996

Roundworm Caenorhabditis elegans - 1998

Fruitfly Drosophila meloganster

Mouse Mus musculus

Zebrafish Brachdanio rerio

Plant Arbadidopsis

Rat 

Human

Chimpanzee

Dog



Genetic Engineering in Agriculture
Transgenic plants
Plants with foreign DNA in their cells.  The major obstacle to genetically altering plants was the lack of a vector to carry the genes of interest.



Ripening agents
Accelerates or retards the ripening of fruits and vegetables to improve marketability.

Insect resistance
Improves plants ability to withstand insects.

Chemical Resistance
Improves a plants ability to withstand herbicides.

Glyphosate
A widely popular pesticide commonly known as roundup.  It belongs to a class of insecticides called organophosphates.



Ti plasmid
Tumor-inducing plasmids cause crown gall, a large bulbous tumor on plants.  It easily infects broad-leafed plants by inserting itself into plant cells.



Transgenic animals
Animals with foreign DNA in their cells.

Differentiated cell
A cell that has become specialized to be a specific type of cell.  Until 1997, cloning was only possible from undifferentiated cells.

Ian Wilmut
In 1997, Ian Wilmut was first to clone an animal (Dolly the sheep) from a differentiated cell.  He used an electric shock to fuse a mammary cell with an egg cell from a different sheep that had its nucleus removed.



Dolly
Dolly the sheep was the first successful cloning using differentiated cells (an egg cell with a mammary cell).  Dolly died in February 2003 at the age of 6 due to premature aging.

