AP Biology 

Biotechnology Part 4
(Associated Learning Objectives: 1.5, 1.14, 1.15, 1.16, 2.8, 3.1, 3.5, 3.13, 3.24, 3.26, 3.28, 4.1, 4.6, 4.22, 4.25)
Important concepts from previous units:
1) DNA has a negative charge because of the negatively charged phosphates in the sugar-phosphate “backbone”.

2) Like charges repel and opposite charges attract.
I. Polymerase Chain Reaction (PCR) (Requires no organism in the production of new DNA molecules.)

A. The process was developed in 1983 by Kary Mullis. He won a Nobel Prize in 1993 for this.
B. The process is used to turn a single molecule of DNA into a large, workable sample of 100% identical DNA molecules.
1. This is widely used in criminal forensics (Murder cases).
C. The process:
1. Put the DNA sample in a PCR Thermal Cycler machine.
a. The machine uses heat, DNA Primers, enzymes and a constant supply of nucleosides to build DNA molecules that are identical to the original molecule in nucleotide sequence.
b. First step: Heat is used to separate the DNA double helix so that replication can occur.
c. Second step:  The attachment of a DNA Primer to the template DNA strand will occur to start replication.
d. Third step: The DNA polymerase enzyme works 5’(3’ attaching nucleosides to the growing “new” side of the replicated DNA molecule.
e. Fourth step: Cool the mixture to recombine DNA back into a double strand. 

f. Repeat the cycle many times to get large, workable sample of the DNA.
II. Genomics - The study of large amounts of genetic information (genomes).
III. Gel Electrophoresis 
A. This process is used to create a “DNA fingerprint”.
B. Take different DNA samples and expose them to the same restriction enzyme to cut the DNA into fragments.
1. This creates Restriction Fragment Length Polymorphisms (RFLP’s)

a. These are fragments of DNA having different lengths. (Can you see that in the term?)

C. Then take the DNA RFLP’s and load them into the agar gel.
D. Turn on the electricity. (Remember, DNA is negatively charged because of the phosphate backbone, so it will be repelled on the negative end [Black] and pulled by the positive end [Red].) Electricity will flow from the Black ( Red strips.
E. The RFLP’s will separate according to length/size of the fragments.
a. Big pieces move slowly through the gel.
b. Small pieces move quickly through the gel.
F. Stain the gel with Carolina Blue to see the DNA fragments within the gel.
G. The DNA Bands create a unique “fingerprint” of the individuals DNA.
1. 1 in 70 Trillion genetic possibility of identical copy. (There are only 7.5 billion people on Earth.)
IV. Human Genome Project (HGP)

A. The project was begun in 1990 and ended in 2003.
B.  The project mapped out the entire DNA genome nucleotide sequence for all humans as a species.
C. It found we have around 40,000 different genes in our genome.
D. These make up only about 3% of the total genome.
E. Alternative RNA Splicing is the key to making the hundreds of thousands of different proteins and enzymes our bodies need or use.
F. A “project” is now being done for thousands of different species and comparing using Bioinformatics.
G. Genome nucleotide sequences can then be compared to establish relatedness among species.

V. DNA Nucleotide Sequencing processes were involved in the above project.
A. DNA Microarray Assay (This process looks like a Light-Brite toy.)
1. Uses radioactively labeled and colored nucleotides to create a visible sequence on a monitor.
2. Follow the colored sequence to determine the DNA sequence. (For example, red = adenine)
B. Dideoxy Chain Termination Method 
1. Run like a PCR, but has special Dideoxyribonucleotides added to the mix. (This stops replication.)
2. The procedure produces chains of different length due to termination by dideoxy nucleotide.
3. Then the fragments are run through a gel and scanned using a laser to identify the dideoxy.
4. Pieces are then combined together using the Dideoxy hits to “create” the nucleotide sequence.
VI. Using a Gel Electrophoresis to create a plasmid map

A. This allows scientists to know the genes and their sizes found on bacterial plasmids.
VII. Uses for DNA Technology

A. Gene Therapy

1. This uses a virus to introduce a new gene to the cell’s genome in our body’s cells.
2. Somatic cells vs. Germ cells (Somatic cells only affect you; germ cells affect future generations.)
B. Pharmaceuticals

1. Helps with creating new medicines.
2. Vaccines against diseases and maybe even cancers in the future.
C. Criminal Forensics

1. DNA fingerprints of suspects.
2. Paternity/Maternity testing.
D. Environmental Clean-up

1. Bacteria are used to process human sewage in water treatment plants.
2. Bacteria that can clean up Oil Spills or breakdown Plastic by eating the oil compounds.
3. Organisms helping clean up heavy metals (such as Mercury) from mining or waste collection.
E. Agriculture

1. Having organisms produce more food.
2. Having organisms produce “larger” food.
3. Having organisms produce hardier food for easy transport across the world.
4. Having organisms produce healthier foods.
5. Having organisms that can produce food during winter. (Winterized)
F. Livestock

1. Organisms that are “meatier”.
2. Organisms that are “leaner”. (Having less fat.)
3. Organisms that are disease resistant.
VIII. Transgenic Organisms

A. DNA from two different organisms are combined to make one organism that possess traits from both “parent” organisms. These traits will be passed on through reproduction, using gametes.
IX. Genetically Modified (GM) Foods

A. These are foods that have been produced/altered in the DNA.
