Saint Peters Boys High School

Advanced Placement Biology

Mrs. Nevins

Unit #8 – Recombinant DNA Technology
Chapter 20
Introduction

Okay so we have all watched the TV shows “Law and Order”, “NCIS”, and “CSI”.  In one hour the crime is initiated, the evidence is collected and the “perp” is sent off to jail.  I know you know this already…but things don’t happen that easily.  For the AP Exam you need to know some of the DNA technologies that are out there.  Some of these techniques you have already seen and implemented during our trip to DNA West, so let’s take a tour…
But wait…let me preface our tour…the contents of the text and what you actually have to know for the AP Bio Exam DO NOT MATCH.  The text goes into depth (about 20,000 feet) and what you need to know is somewhere near 100 feet.

Chapter 20: DNA Technology and Genomics

Concept #1 - Overview: Understanding and Manipulating Genomes

· One of the great achievements of modern science has been the sequencing of the human genome, which was largely completed by 2003.

· Progress began with the development of techniques for making recombinant DNA, in which genes from two different sources—and often different species—are combined in vitro into the same molecule.

· The methods for making recombinant DNA are central to genetic engineering, the direct manipulation of genes for practical purposes.

· Applications include the introduction of a desired gene into the DNA of a host that will produce the desired protein.

· DNA technology has launched a revolution in biotechnology, the manipulation of organisms or their components to make useful products.

· Practices that go back centuries, such as the use of microbes to make wine and cheese and the selective breeding of livestock, are examples of biotechnology.

· These techniques exploit naturally occurring mutations and genetic recombination.

· Biotechnology based on the manipulation of DNA in vitro differs from earlier practices by enabling scientists to modify specific genes and move them between organisms as distinct as bacteria, plants, and animals.

· DNA technology is now applied in areas ranging from agriculture to criminal law, but its most important achievements are in basic research.
Concept #2 – Cloning Genes

· The potential uses of recombinant DNA or gene cloning are many

· To produce a protein product, such as human growth hormone, in large quantities as an inexpensive pharmaceutical.

· To replace a nonfunctioning gene in a person’s cells with a functioning gene by gene therapy.

· Scientists are currently conducting clinical trails in this area with disappointing results.

· Sometimes the human subjects become ill from the viral vector used to carry the gene.

· Other times, the gene is inserted successfully and begins to produce the necessary protein but stops working in a short time.

· If scientists can master this technique, many lives will be changed.

· To prepare multiple copies of a gene itself for analysis.

· Since most genes exist in only one copy in a cell, the ability to make multiple copies is of great value as a research tool.

· To engineer bacteria to clean up the environment.

· Scientists have engineered many bacteria; some even eat toxic waste.

Concept #3 – Restriction Enzymes

· Restriction enzymes were discovered in the late 1960s and are the basic biotechnological tool.

· They are extracted from bacteria, which use them to fend of attacks by invading bacteriophages.

· Restriction enzymes cut DNA at specific recognition sequences or site, such as GAATTC.

· Often these cuts are staggered, leaving single-stranded sticky ends to form a temporary union with other sticky ends.

· The fragments that result from the cuts made by restriction enzymes are called restriction fragments.

· Scientists have isolated hundreds of different restriction enzymes.
· They are named for the bacteria in which they were found.

· Common examples are EcoRI (which was discovered in E. coli), BamHI and HindIII.

· Restriction enzymes are used for many techniques, including gene cloning.

Concept #4 – Gene Cloning Technique

· Isolate the gene of interest.

· Insert the gene into a plasmid.

· Insert the plasmid into a vector, a cell that will carry the plasmid, such as a bacterium.

· To accomplish this, a bacterium must be made competent, be able to take up a plasmid.

· Clone the gene.

· As the bacterium reproduce themselves by fission, the plasmid and the selected gene are also being cloned.

· Millions of copies of the gene are being produced.

· Identify the bacteria that contain the selected gene and harvest it from the bacteria.

Concept #5 – Gel Electrophoresis

· Gel electrophoresis separates large molecules of DNA on the basis of their rate of movement through an agarose gel in an electric field.
· The smaller the molecule, the faster it runs.

· The DNA which is negative (due to the phosphate groups), flows from cathode (negative) to anode (positive).

· The concentration of the gel can be altered to provide a greater impediment to the DNA, allowing for finer separation of smaller pieces.

· This technique is commonly used to separate proteins and amino acids.

· If DNA is going to run through a gel, it must first be cut up by restriction enzymes into pieces small enough to migrate through the gel.

· Once separated on a gel, the DNA can be analyzed in many ways.

· The DNA strands can be sequenced to determine the sequences of bases, A, C, T, and G.

· The gel can also be used in a comparison with other DNA samples.

· A DNA probe can also be applied to identify the location of a specific sequence within the DNA.

Concept #6 – DNA Probe

· A DNA probe is a radioactively labeled single strand of nucleic acid molecule used to tag a specific sequence in a DNA sample.

· The probe bonds to the complementary sequence wherever it occurs, and the radioactivity enables scientists to detect its location.

· The DNA probe is used to identify a person who carries an inherited genetic defect, such as sickle cell anemia, Huntington’s disease, etc.

Concept #7 – Polymerase Chain Reaction (PCR)

· Devised in 1985, polymerase chain reaction is a cell-free, automated technique by which a piece of DNA can be rapidly copied or amplified.

· Billions of copies of a fragment of DNA can be produced in a few hours.
· The DNA piece that is to be amplified is placed into a test tube with Taq polymerase along with a supply of nucleotides and primers necessary for DNA synthesis.

· Taq polymerase is a heat-stable form of DNA polymerase extracted from bacteria.

· Once the DNA is amplified, these copies can be studied or used in a comparison with other DNA samples.

· However, PCR has its limits

· Some information about the nucleotide sequence of the target DNA must be known in advance in order to make the necessary primers.

· The size of the piece that can be amplified must be very short.

· Contamination is a major problem.

· A few skin cells from the technician working with the sample could make obtaining accurate results difficult or impossible.

· This could have dire consequences with a crime scene sample.

Concept #8 – Restriction Fragment Length Polymorphisms (RFLPs)

· A restriction fragment is a segment of DNA resulting from DNA treated with restriction enzymes.

· When scientists compared non-coding regions of human DNA across a population, they discovered that the restriction fragment pattern is different in every individual.

· These differences have been named restriction fragment length polymorphisms (RFLPs).

· A RFLP analysis of someone’s DNA gives a human DNA fingerprint that looks like a bar code.

· Each person’s RFLPs are unique, except in identical twins, and are inherited in a Mendelian fashion.

· Because they are such, they can be used very accurately in paternity suits to determine the biological father of a child.
· In addition, RFLPs are routinely used to identify the perp in rape and murder cases.

Concept #9 -  DNA technology raises important safety and ethical questions.

· The power of DNA technology has led to worries about potential dangers.

· Early concerns focused on the possibility that recombinant DNA technology might create hazardous new pathogens.

· In response, scientists developed a set of guidelines that have become formal government regulations in the United States and some other countries.

· Strict laboratory procedures are designed to protect researchers from infection by engineered microbes and to prevent their accidental release.

· Some strains of microorganisms used in recombinant DNA experiments are genetically crippled to ensure that they cannot survive outside the laboratory.

· Finally, certain obviously dangerous experiments have been banned.

· Today, most public concern centers on genetically modified (GM) organisms used in agriculture.

· GM organisms have acquired one or more genes (perhaps from another species) by artificial means.

· Salmon have been genetically modified by addition of a more active salmon growth hormone gene.

· However, the majority of GM organisms in our food supply are not animals but crop plants.

· In 1999, the European Union suspended the introduction of new GM crops pending new legislation.

· Early in 2000, negotiators from 130 countries, including the United States, agreed on a Biosafety Protocol that requires exporters to identify GM organisms present in bulk food shipments.

· Advocates of a cautious approach fear that GM crops might somehow be hazardous to human health or cause ecological harm.

· In particular, transgenic plants might pass their new genes to close relatives in nearby wild areas through pollen transfer.

· Transference of genes for resistance to herbicides, diseases, or insect pests may lead to the development of wild “superweeds” that would be difficult to control.

· To date there is little good data either for or against any special health or environmental risks posed by genetically modified crops.

· Today, governments and regulatory agencies are grappling with how to facilitate the use of biotechnology in agriculture, industry, and medicine while ensuring that new products and procedures are safe.

· In the United States, all projects are evaluated for potential risks by various regulatory agencies, including the Food and Drug Administration, Environmental Protection Agency, the National Institutes of Health, and the Department of Agriculture.

· These agencies are under increasing pressures from some consumer groups.

· As with all new technologies, developments in DNA technology have ethical overtones.

· Who should have the right to examine someone else’s genes?

· How should that information be used?

· Should a person’s genome be a factor in suitability for a job or eligibility for life insurance?

· The power of DNA technology and genetic engineering demands that we proceed with humility and caution.

