AP Biology

Biotechnology Part 3
(Associated Learning Objectives: 1.5, 1.14, 1.15, 1.16, 2.24, 3.1, 3.5, 3.6, 3.13, 3.18, 3.21, 3.26, 3.28, 4.1, 4.22)
Important concepts from previous units:
1) Nucleotides always base pair the same way – A with T and C with G

2) All living organisms, and some viruses, have DNA as the inheritable form of information transfer.

I. Genetic Engineering - The field of science dealing with manipulating genomes.
A. Recombinant DNA is the major focus of genetic engineering.
1. In this process, DNA from two different sources is combined into one molecule of DNA.
B. Biotechnology - This term refers to the use of computers and other devices to help in performing science.
II. Bacterial Cloning Process 
A. The first step in this process uses restriction enzymes to create “Sticky Ends” on a plasmid and DNA from another source.
1. These are enzymes that cut DNA at specific nucleotide sequences. 

a. This specific DNA sequence is referred to as the restriction site. 
2. These enzymes create restriction fragments as the DNA source is cut up into fragments.
3. The same restriction enzyme must be used on both the bacterial plasmid and the DNA source.

B. The second step is to introduce the fragments to the “open” plasmids for recombination to occur.
1. The “sticky ends” base pairs will match allowing for recombination to occur.
C. The third step uses the enzyme Ligase to seal the DNA fragments together.
D. The fourth step is to introduce the recombined plasmids back into the bacteria. The bacteria are also called a Cloning Vector. A vector is a carrier organism.
E. The fifth step is to allow the bacteria to reproduce, by binary fission, to achieve a large working population.
F. The sixth step is to identify the bacteria of interest (the bacteria containing the recombined plasmid of importance inside) using by Nucleic Acid Hybridization.
1. First, create a radioactive nucleic acid probes using radioactive Phosphorus. This will have the complimentary nucleotide sequence to the gene of interest. 
a. Remember the Hershey- Chase Experiment.

2. Then denature the DNA double helix using heat. (The DNA double strand separates.)
3. The radioactive probe seeks out the gene of interest and attaches to it, as the nucleotide sequences match.
4. The next step is to use film filter paper to identify radioactive colonies of bacteria.

a. The radioactivity will cause a color change on the film. This will tell where within the Petri dish the important bacteria are located. 

5. Now separate the colonies of interest from “trash” colonies. These bacteria will make our protein of interest. (For example, making human insulin or human growth hormone.)
G. The last step is to culture (grow) the bacteria for experimentation and perform protein screening to verify the protein is being produced by the bacteria.
H. Reproduced recombinant plasmids will be stored in Genomic Libraries for future use.
III. Problems going from eukaryotes ( prokaryotes in making proteins.
A. The introns must be removed from the eukaryotic DNA first. (Remember, Prokaryotes do not have introns.)
1. Scientists have to collect the modified mRNA that exits the nucleus first.
2. Then they need the enzyme reverse transcriptase to turn the single stranded m RNA molecule back into a double stranded DNA molecule.
a. The “new” DNA molecule is known as cDNA. (Complimentary DNA) A copy of this cDNA molecule will be stored in a cDNA library.
B. Need to then attach a promoter sequence (expression vector) at the beginning of the c DNA molecule so that a transcription complex (“factory”) can be build.
C. Then attach “sticky end” sequences and insert into the bacteria to start production.
IV. Yeast Artificial Chromosomes (YAC’s) - Process for “building” a chromosome with multiple genes for cloning.
A. Yeast are single celled fungus. (These are Eukaryotic organisms.)

B. They will recognize introns; therefore scientists can use straight DNA from the source. They do not have to acquire mRNA and perform the above procedure.
C. Then they  recombine all the DNA segments using Ligase.
D. Attach a Centromere for Mitosis. (Remember, this is the spindle fiber attachment point on chromosomes.)

E. Attach numerous telomeres using the enzyme telomerase. These are for replication during the S phase.
F. Introduce the artificial chromosome to the yeast cell by Electroporation (Electrical Shock).
