Can I Borrow Your Genes?

Concept: A desired gene can be transferred into E. coli using a plasmid.  E. coli can transcribe that gene producing the protein of interest.  Elements of the plasmid allow selection for organisms containing the plasmid.
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List of Materials Needed:

(This activity is based on an educational kit offered through BIORAD (1-800-424-6723).  Almost all of the necessary components are included in the kit. Each kit includes supplies for eight lab groups).

Kit Inventory Check (✔) List Kit Components Class Kit (✔)

1. E. coli HB101 K–12, lyophilized 1 vial






❏
2. Plasmid (pGLO), lyophilized, 20 μg 1 vial 





❏
3. Ampicillin, lyophilized, 30 mg 1 vial 






❏
4. L (+) Arabinose, lyophilized, 600 mg 1 vial 





❏
5. Transformation solution (50 mM CaCl2, pH 6.1), sterile, 15 ml 1 bottle 


❏
6. LB nutrient broth, sterile, 10 ml 1 bottle 






❏
7. LB nutrient agar powder, sterile (to make 500 ml) 1 pouch 




❏
8. Pipets, sterile, individually wrapped 50 






❏
9. Inoculation loops, sterile, 10 μl, packs of 10 loops 8 pks 




❏
10. Petri dishes, 60 mm, sterile bags of 20-2 bags 





❏
11. Microtubes, 2.0 ml

(10 each: yellow, green, blue, orange, lavender, pink) 60 




❏
12. Foam micro test tube holders 8 







❏
13. Instruction manual 1 








❏
Required Accessories – Not included in this kit

1. UV lamp—long wavelength (catalog # 166-0500EDU) 1 required 




2. Clock or watch to time 50 seconds 1 required 







3. Microwave oven 1 required (or autoclave)







4. 37°C incubator oven (catalog # 166-0501EDU)* 1 optional* 

5. Temperature controlled water bath, 1–6 liter

(catalog # 166-0508EDU)** 1 required 

6. Thermometer that reads 42(C 1 required 

7. 1 L flask 1 required 

8. 500 ml graduated cylinder 1 required 

9. Distilled water (from supermarket), 500 ml 1 required 

10. Crushed ice and containers (foam cups work well) 1–8 

11. 10 ml of bleach (household variety) 10 ml 

12. Permanent marker pens 4–8 

* If an incubator oven is not available, try using an electric blanket or construct a homemade

incubator with a cardboard box and a low voltage light bulb inside. Otherwise, incubate agar

plates 48 hours to 72 hours at ambient room temperature (see General Lab Skills–Incubation).

** If a temperature controlled water bath is not available, obtain a container (foam is best) for hot

water and use a hot plate or hot tap water to get the water to 42°C.

Activity Time Frame
Activity will take one 50-minute class period.  Plates must be prepared 3-7 days before activity, students could do this or they can be prepared by the instructor. Results should occur in 24-36 hours.

Environmental Setting
A laboratory setting is preferable for this activity as it includes working with bacteria.

PASS Standards

A.P. Biology Themes


Heredity and Evolution



Molecular Genetics


Molecules and Cells



Cells

Biology Process Standards

1. Observe and Measure

1. Identify qualitative and quantitative changes in cells, organisms, populations, and ecosystems given conditions (e.g., temperature, mass, volume, time, position, length, quantity) before, during, and after an event. 

2. Use appropriate tools (e.g., microscope, pipette, metric ruler, graduated cylinder, thermometer, balances, stopwatches) when measuring cells, organisms, populations, and ecosystems. 

3. Use appropriate System International (SI) units (i.e., grams, meters, liters, degrees Celsius, and seconds); and SI prefixes (i.e., micro-, milli-, centi-, and kilo-) when measuring cells, organisms, populations, and ecosystems. 

Process Standard 3: Experiment 

2. Identify the independent variables, dependent variables, and controls in an experiment. 

4. Identify a hypothesis for a given problem in biology investigations. 

5. Recognize potential hazards and practice safety procedures in all biology activities. 

Process Standard 4: Interpret and Communicate 

4. Accept or reject hypotheses when given results of a biological investigation. 

5. Evaluate experimental data to draw the most logical conclusion. 

Biology Standards

Standard 2: The Molecular Basis of Heredity 

1. Cells function according to the information contained in the master code of DNA (i.e., cell cycle, DNA to DNA, and DNA to RNA). Transfer RNA and protein synthesis will be taught in life science courses with rigor greater than Biology I. 

Lesson Objectives

· Students will learn how to manipulate bacteria to take-up foreign DNA

· Students will understand how manipulating gene transcription is beneficial to humans

· Students will be able to identify selective markers used in plasmids

Vocabulary Terms
Transformation- the process of introducing foreign DNA into a bacterial cell

Plasmid- A small circular piece of DNA that is physically separate from the chromosome of the host cell that can stably function and replicate; not essential to the cell's basic functioning.

Green Fluorescent Protein (GFP) - Gene was isolated from a bioluminescent jellyfish (Aequorea victoria) production of this protein fluoresces when exposed to long-wave UV light.

Arabinose- a pentose sugar

DNA binding protein- a protein that binds to double-stranded or single-stranded DNA.
Beta-Lactamase- A protein that provides resistance to Beta-lactam antibiotics such as ampicillin.

pGLO- Plasmid containing the GFP sequence and ampicillin resistance gene, which codes for beta-lactamase

Background Knowledge:

Plasmids occur naturally and have provided a means for single-celled organisms to share genetic information.  Often times these shared genes confer some sort of advantage to the organism that takes up the plasmid (i.e. antibiotic resistance).  Genetic technology has allowed us to manufacture plasmids that we can use to insert a gene of interest.  By having the gene of interest on the plasmid we can then insert the gene into a microorganisms that can manufacture the protein of interest.  These plasmids contain selective markers so that we can identify the organisms that have successfully taken up the plasmid. 

Additional Resources:

http://www.sci-ed-ga.org/modules/dna/index.html
http://www.sciencebuddies.org/mentoring/project_ideas/BioChem_p013.shtml
http://www.bio-rad.com
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