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     Marine Biotechnology & Bioinformatics for Teachers

  Moss Landing Marine Labs NSF ITEST Grant

    Teacher lesson plan for classroom use



Gel ELectrophoresis 

Title of Lesson: Gel Electrophoresis

Objective:  Learn to prepare, load and run a gel
Designed by: Erinn McKell and Dr. Simona Bartl (sbartl@mlml.calstate.edu) 
Background

This activity fulfills the following Science Standards:

· California State
· Chemistry 

· Grade 8: 6c

· Grades 9-12: 6, 7, 8

· Biology

· Grade 7: 2e, 3a

· Grades 9-12: 5

· Investigation and Experimentation

· Grade 7: a

· Grade 8: a

· Grades 9-12: a, b, c, d, i, k

· National (grades 6-12)
· Content Standard A: Science as Inquiry

· Content Standard C: Life Science

· Content Standard E: Science and Technology
Safety

When working with chemicals, always wear a lab coat, disposable gloves, and protective goggles.  For more information about chemicals, consult the appropriate material safety data sheets (MSDSs).  

Ethidium Bromide is a potential mutagen of human skin cells.   If swallowed or absorbed through skin or eyes, it causes irritation and discoloration.  Always wear gloves and eye protection.  If exposed, wash skin with soap and water.  Flush eyes with water for at least 15 minutes.  Contact a physician immediately. 

Materials/Resources

In order to complete this lesson, the following materials are needed for 40 samples: 
· 6X Loading dye 

· Molecular weight markers. For large samples (e.g. genomic DNA), use lambda-HindIII; for small samples (e.g. PCR products) use 100bp ladder. 

· Parafilm or wax paper (cut into 2 inch squares, one per student)

· Pipette tips: (1 box of 200 (l capacity per group and 1 box at each gel loading station)

· Tube racks: 1 per group 
· Solid waste containers (e.g. plastic 500 ml beakers): 1 per group and 1 at each gel loading station
· Pipetters (1 set of 2-20 (l capacity)

· 1X Tris Acetate-EDTA (TAE) Buffer 

· Molecular-grade agarose (i.e. Fisher catalog # BP160-100)

· 10mg/ml Ethidium Bromide (EtBr)

· Weigh boat or weigh paper

· Spatula

· 1.5ml microcentrifuge tubes (for marker and loading dye preparation; reagent distribution)

· 500 ml flask for melting agarose

· Graduated cylinder 

· Magnetic stir bar 

· 2 Gel rigs (gel box with lid, casting tray and combs); 12-well combs are preferrable

· Power source

· Insulated glove for handling hot glassware

· Hot plate or microwave

· Balance 

· UV light box

· Camera with appropriate filters for photographing ethidium bromide-stained gels

· Gloves (one pair per student)

· Goggles (one pair per student)

Procedure                     
Time needed for lesson

· Pre-lab: 45 minutes to make gels, prepare running buffer, loading dye, marker and distribute materials; 1 hour for the gels to set; 30 minutes to visualize gel and record results

· Lab: one 50-minute period; 20 minutes the next period to interpret results

Day 1 Pre-lab: 

1. Prepare 1X TAE buffer for making and running an agarose gel.  (Small gel boxes require 75-100 ml; large gel boxes require 350-500 ml)

2. Prepare agarose gel. 

· Decide on amount of agarose needed.  (See table in lab step #8)

· Measure 1X TAE buffer using a graduated cylinder; add to flask.

· Weigh out agarose and add to 1X TAE buffer in flask.

· Add magnetic stir bar to flask and put on hot plate; set to medium heat with stirrer turned on. Heat until solution is completely melted (no visible particles).  

· Agarose solution can also be heated in a microwave.  Heat for two-minute intervals, checking in between.  Make sure flask is uncovered and sitting in an outer container in case of bubbling over. 

· While agarose is melting, place casting tray in gel box so that there are four solid sides.  Add combs with enough wells for samples plus markers.

· Using an insulated glove, carefully take flask off hot plate and let cool for about 3 minutes.  If agarose begins to solidify, return to heat plate until dissolved, and cool again.

· Add Ethidium Bromide to cooled solution (1 (l per 100 ml agarose solution).

· Pour agarose into casting tray so that comb teeth are partially covered.  Remove any bubbles with a pipet tip. 

· Let cool for about an hour (until milky) at room temperature.  For faster cooling, move to 4 oC for 10 minutes after solid (about ½ hour) or immediately onto a level shelf at 4 oC for 20 minutes.
3. Remove molecular weight markers from -20oC and thaw on ice.  Once thawed, prepare if necessary.  Keep at 4oC or on ice until ready to use. 

4. Set up gel rig(s). Once gel is solid, slowly pull the comb out with a gentle rocking motion.  Add buffer to just cover the top of the wells.

5. Prepare 6X sample loading dye (2 (l per sample).

6. Distribute DNA samples, loading dye and parafilm (or wax paper) to each station. 

Day 1 Lab:

***When pipetting, remember to use clean, new pipette tips for each step!!!  (Students should practice these techniques prior to starting this activity.) 
1. Put on gloves and cover bare skin.  Ethidium Bromide is toxic and should not touch skin.  It may be present on gel box and UV light box.
2. Pipette 2 (l of loading dye (“dye dot”) for every 10 (l of sample onto parafilm, taking care that they do not run into each other.  Some samples (such as PCR products) may already have loading dye in them.  If so, skip to step 5.

3. Carry your parafilm and DNA samples to the gel box.

4. Pipette 10 (l of your first DNA sample onto the first dye dot.  Pipette up and down to mix.

5. Place a piece of colored paper under the gel box to make the wells in the gel easier to see. Set pipet to 10 (l volume, press plunger down to first stop and slowly aspirate your sample. This will leave behind some of your sample on the parafilm but will insure that no bubbles are in the pipet tip. With a very steady hand, insert pipet tip into well, taking care not to break through the bottom.  Slowly dispense the 10 (l of DNA-dye mix into the gel well, allowing the sample to fill up the well.  Dispensing the sample too quickly can cause the sample to spill out of the well.  Avoid trapping air bubbles in the wells.  

**Take care not to touch gel box with bare skin, as residual Ethidium Bromide may be present.

6. Mark the gel-loading sheet with the sample name.

7. Repeat steps 4 through 6 until all DNA samples are loaded into gel.  Return your original DNA sample tubes to the instructor for cold storage.

8. Once all DNA is loaded, the instructor will load the molecular weight marker onto the gel (1 to 2 lanes per row), put the top on the gel box (make sure that red top is with red bottom, and black is with black) and plug into power source.  Make sure that you have set up your gel to “run to red” meaning that the bands will migrate through the gel toward the red end.  Set the power source and run.   Voltage and run time depend upon application.   See table below for suggested parameters.   

	
	% Agarose
	Voltage
	Run Time (hours)

	DNA Extractions
	0.8
	80V
	1

	ITS PCR products
	1
	80V
	1

	ITS Restriction digests
	2
	80V
	1.25-1.75


**This is a natural stopping point.  Once the gel has finished its run, take a picture to share with students the following period.  You may wrap the gel in plastic wrap and keep in the fridge for a day, but the bands will begin to fade.  
9. Once the gel run is complete, view the gel with a UV box.  

**Take care not to touch the UV box with bare skin, as residual Ethidium Bromide may be present.

Troubleshooting Guide

The following two pages contain various photos of gels intended for use troubleshooting gel electrophoresis results.  

Reference: 

DNA Science: A First Course in Recombinant DNA Technology, by David A. Micklos and Greg A. Freyer, Cold Springs Harbor Laboratories Press, p. 274-275
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