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Mr. Collea

DNA Technology I: Gel Electrophoresis
Objectives:  At the end of this lab students should:

· Understand the principles and practice of agarose gel electrophoresis

· Demonstrate the separation of molecules based on charge

· Examine the rate of separation of molecules based on size

Background Information:

Concepts in molecular biology are often difficult to grasp.  When trying to visualize the invisible world of the molecule, students are too often confronted by abstract theory.  But like everything else in the field of biotechnology, things are changing fast.  In 1950, a scientist named Oliver Smithies invented gel electrophoresis.  Gel electrophoresis is an advancement in biotechnology that actually allows students to separate and visualize DNA, RNA, proteins, and other polypeptides and nucleotide sequences.  Genes control all life processes.  Therefore, the separation of DNA and gene products provides the potential to examine all of life’s processes.
What exactly is gel electrophoresis? The word electrophoresis literally means to carry with electricity.  It is a separation technology that is the sum of its parts: gel, a substrate (think of Jello); electro, referring to electricity; and phoresis, from the Greek verb phoros, meaning “to carry across.”    Gel electrophoresis, then, refers to the technique in which molecules are forced across a gel by an electrical current; activated electrodes at either end of the gel provide the driving force.  Arne Tiselius, a Swedish biochemist, won the Nobel Prize for chemistry in 1940 for his work with electrophoresis. 
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Arne Tiselius
(August 10th, 1902 – October 29th, 1971)
How does the technique work?
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Separation of large (macro) molecules depends on two forces: charge and mass.  When a biological sample is mixed in a buffer solution and applied to a gel, these two forces act in concert.  The electrical current from one electrode repels the molecules, while the other electrode attracts them, and the frictional force of the gel material acts as a “molecular sieve,” separating the molecules by size and charge.  Negatively charged molecules will migrate toward the positive pole, while positively charged molecules will migrate toward the negative pole.  The net negative charge of the phosphate backbone results in the DNA fragments having a slightly negative charge and thus will always migrate toward the positive    

pole.  The material is roughly analogous to that of a thoroughly wetted sponge, except that in this case, the “pores” are submicroscopic.  During electrophoresis, macromolecules are forced to migrate through the “pores,” away from the closest electrode and toward the farther electrode when electrical current is applied.  After staining, 
the separated macromolecules in each lane can be seen; 
they appear as a series of bands spread from one end of the 
gel to the other.




    Figure 1. Banding Pattern Produced via Gel Electrophoresis
What’s in a Gel


There are two basic types of materials used to make gels: agarose and polyacrylamide. Polyacrylamide is a material similar to that found in soft contact lenses and is primarily used to separate proteins.  Agarose is a natural colloid extracted from seaweed.  In the plant, it helps to resist dessication when exposed to air for extended periods of time  Agarose gels have a very large “pore” size and are used primarily to separate very large molecules such as DNA with a molecular mass greater than 2,000 kdal.  Kdal is the abbreviation for kilodalton or 1,000 daltons.  A Dalton is a unit of molecular weight very nearly equivalent to the mass of a hydrogen atom, or 1.000 on the atomic mass scale.  When agarose is heated to about 90°C it melts, but solidifies again when cooled below 45°C. During the solidification process, agarose forms a matrix of microscopic pores.  During electrophoresis, DNA molecules wind through the pores in the gel being drawn through via the electric current.
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Separation Techniques

While there are other separation techniques, the two 
most prominent in biotechnology are chromatography and gel electrophoresis.  Both processes can simultaneously separate 
many common molecular entities from molecular mixes.  Chromatography works best for small molecules (leaf pigments, 
for example), or for large batch-processing requirements.  Electrophoresis is primarily used as an analytical tool to separate large macromolecules ranging in size from 20 to 2,000 kdal.  
Figure 2. Separation of Chlorophyll by Chromotography
Pre-Lab Activity: Practice Pipetting

Materials:

1 mL vial of practice loading dye



micropipette



electrophoresis chamber



simulated gel with 24 wells
Methods:


1.  Remove the lid from the electrophoresis chamber.

2.  Add enough water to submerge the gel.

3.  Using the micropipette, CAREFULLY place 10 uL of loading dye into each well.

DO NOT puncture the bottom of the well with the tip!
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Figure 3. Hand Positioning For Loading an Agarose Gel
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Figure 4. Loading the Gel into the Wells
Part I. A Process to Dye For 
The four chemical and structural formulas of the stains/dyes we’ll be using in the first part of this lab are located below.  Determine their approximate molecular weights (MW) and place them in the table below.  Look carefully at each structural formula to find the charge that each dye molecule possesses. Use this information to fill in the charge column below.
Table 1.
	
	Dye Names and Formulas
	MW
	Charge

	1


	Xylene Cyanol
C25H27N2O6S2

	
	

	2


	Methyl Orange
C14H14N3O3S

	
	

	3


	Bromothymol Blue
C27H28Br2O5S

	
	

	4


	Ponceau G
C18H16N2O7S2


	
	

	5


	Explorer I
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(1) Xylene Cyanol




      (2) Methyl Orange
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(3) Bromothymol Blue




        (4) Ponceau G
Answer the following questions, based on the information in the chart on the previous page:

1. Which dye do you predict will move through the gel the fastest and why?
______________________________________________________________________________________________________________________________________________________________

2. Which dye do you predict will move through the gel the slowest and why?
_______________________________________________________________________________

_______________________________________________________________________________
3. Write a brief function for each of the parts used in gel electrophoresis:
a. Agarose gel -  _____________________________________________________________

_________________________________________________________________________

b. Electrophoresis buffer -   ___________________________________________________
_________________________________________________________________________

c. Wells in the gel -   _________________________________________________________

_________________________________________________________________________
d. Electric current -  _________________________________________________________
_________________________________________________________________________
4. How can we determine the approximate molecular weight and charge of the Explorer I dye?

______________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________

Gel Observations:
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Table 2. Dye Results
	Dye Name
	Dye Well #
	Migration Distance (mm)
	Migration Direction (+/-)
	Dye Molecules “Speed” Rankings

	Xylene Cyanol

	
	
	
	

	Methyl Orange

	
	
	
	

	Bromothymol Blue

	
	
	
	

	Ponceau G

	
	
	
	

	Explorer I

	
	
	
	


According to your results, what is the approximate molecular weight and charge of the Explorer I dye? Explain your answer. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Materials Needed Per Group

Dyes to be tested:

Malachite Green

Orange G


Bromophenol Blue

Crystal Violet

Xylene Cyanol
Agarose gel (2.0%) on gel tray

TBE running buffer 1X, 350 mL

Micropipets, 10µL

Metric ruler

Calculator

Electrophoresis chamber 

Power Supply

Procedure

Scenario
You are a lab technician mixing up a batch of stain (a mixture of five dyes) for one of the researchers in the lab.  You had started making a large batch when you were interrupted during the procedure.  When you returned to the stain, you could not remember if you had added all of the components.  Rather than waste the whole batch of stain and start over, you will employ agarose electrophoresis to determine if all of the dyes are present in the mixture.

Loading and Running a Gel

You may choose to use the dry, or submarine methods to load your dyes.  The following (steps 1-5) describes the dry method.  The submarine method follows that.
The Dry Method
a. Lane #1: Malachite Green
b. Lane #2: Orange G
c. Lane #3: Bromophenol Blue
d. Lane #4: Crystal Violet
e. Lane #5: Xylene Cyanol
f. Lane #6: Unknown (mixture)
1.     Place the tray with the gel on the lab bench.

2. Use a micropipette to load 10µL of each dye sample into the corresponding lane.  Do not pierce the bottom of the wells with the micropipette tip.  Do not overload wells.

3. Place the tray with the loaded gel in the center of the electrophoresis chamber.



When filling the electrophoresis chamber with buffer, avoid pouring the solution directly onto the gel and be sure to pour it VERY SLOWLY.  If the buffer is poured too quickly, it may wash away the dye samples.

4. Add approximately 350 mL of 1X TBE running buffer to the chamber: SLOWLY pour buffer from a beaker into one side of the chamber until the buffer is level with the top of the gel.  Add buffer to the other side of the chamber until the buffer is level with the top of the gel.  Continue to SLOWLY add buffer until the level is approximately 2-3 mm above the top of the gel.

The Submarine Method (use the same dye arrangement)
1. Place the gel on the gel tray, in the center of the electrophoresis chamber.

2. Add 1X TBE running buffer to the chamber:  SLOWLY pour buffer from a beaker into one side of the chamber until the buffer is level with the top of the gel.  Add buffer to the other side of the chamber until the buffer is level with the top of the gel.  Continue to SLOWLY add buffer until the level is approximately 2-3 mm above the top of the gel.

Loading the gel may be easier to accomplish over a dark background, such as the lab table provides.  Placing a piece of black paper under the electrophoresis chamber will increase the contrast and make the wells easier to see and fill, if no dark lab table is available.

3. Use a micropipette to load 10µL of each dye sample into the corresponding lane.  Do not pierce the bottom of the wells with the micropipette tip.  Do not overload wells.

4. Making sure that the cover, as well as the female jacks and the plugs, are completely dry, slide the cover onto the electrophoresis chamber.  Wipe off any spills on or around the apparatus before proceeding to the next step.

5. Making sure that the patch cords attached to the cover are completely dry, connect the red patch cord to the red electrode terminal on the power supply.  Connect the black patch cord to the black electrode on the power supply.

***Have your teacher check the connections before proceeding to the next step***.
Running the Gel:
1. Plug in the power supply and set it to the desired voltage.


It is recommended that you set the power supply between 75-150V.  The system will run at a lower voltage but will increase the running time of the gels.  (The higher the voltage, the faster the running time)

2. Turn on the power supply.  The red power light will illuminate, and bubbles will form along the platinum electrodes in the chamber.

3. Observe the migration of the samples across the gel toward the electrodes.  Turn off the power when the fastest-moving sample has neared the end of the gel.  Unplug the power supply.

4. Wait approximately 10 seconds, and then disconnect the patch cords from the power supply.  Remove the cover from the electrophoresis chamber.

5. Carefully remove the gel, on the casting tray, from the electrophoresis chamber 

6. The dye samples are not fixed on the gel and will continue to diffuse over several hours, making the bands less distinct.  You must take measurements on the same day the dye was cast.

7. Sketch your gels, and take measurements on the dye samples.  Record results in a data table similar to the one in the analysis section.

The dry method has the advantage of ease of loading the gel.  It is easy to see the wells when they are not covered with buffer solution.  The disadvantage is that one must exercise extreme caution when adding the running buffer to the chamber so as not to wash the samples from the wells.

The submarine method has the advantage in that the buffer is already added, and you don’t have to worry about the dyes being washed out of the wells.  The disadvantage is that it harder to see the wells underneath the buffer.

Did you know?

There are several factors that can affect the speed of migration of a molecule through an agarose gel.  The most important are the size of the molecule (how physically large it is) and its isoelectric point (the pH at which the molecule has no net charge).  The concentration of the agarose is also a key factor. 
Analysis Questions

1. Make an accurate and precise sketch of your gel (measure, and color) results in your quadrille. (Use appropriate colored pencils, and a metric rulers to do this) OR take a picture, and tape it in your quadrille.
2. For lanes 1-5, measure the distance each dye has traveled.  Measure the distance from the center of each well to the center of each dye sample.  Record your results in a table such as the one below. Also note which electrode each dye migrated toward and whether the dye is positively or negatively charged.

	Lane
	Migration Distance (mm)
	Migration Direction

 (+ or -)
	Molecule Charge

 (+ or -)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	


Migration distance will vary based on gel size and the amount of time the gel is allowed to run.

3. Why did certain dyes migrate toward the positive electrode and others toward the negative electrode?

4. Examine the dye mixture you placed in lane 6.  Based on your results, can you determine whether or not any of the dyes were absent from the mixture?
5. How does varying the concentration of agarose used in a gel affect the ability of the gel to separate molecules?

6. The gel used in this activity was prepared with 2.0% agarose.  Many DNA separations are performed on agarose gels varying from 0.7% to 1.2% agarose.  What does this tell you about the size of these DNA molecules in comparison to the dyes you used in this lab?

7. If you were called away during the electrophoresis procedure and were not able to monitor your electrophoresis run, what do you think would happen if the electricity were to remain running in your absence?

Exploring the “Bar Codes of Life”


By using gel electrophoresis, students can gain a unique perspective on DNA structure and function. Nucleic acids, both DNA and RNA, can be separated on the basis of size and charge by means of electrophoresis to identify structural forms of plasmid DNA, as well as determine the size of DNA fragments of genes. Furthermore, the size of unknown DNA fragments can be determined be constructing a standard curve using the migration distances and sizes of a known DNA marker.


Band patterns of separated DNA on a gel resemble a “bar code,” that familiar pattern used to identify consumer products.  Each band is a unique “signature” revealing a recorded and identifiable DNA fragment.  (See below)

Scientists and clinicians regularly use scanning instruments to glean vital information from samples separated by electrophoresis.  This information is critical in a range of applications: pinpointing cancer types, identifying diseased tissue, characterizing genetic dysfunctions, assessing coronary risk, and even reading and compiling nucleotide sequences to map the genomes of many life-forms, including our own.
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Lab 6: Molecular Biology: Part B

DNA Fingerprinting Activity: CSI

Background


Of the three billion nucleotides in human DNA, more than 99% are identical among all individuals.  The remaining 1% that is different, however, adds up to a significant amount of code variations between individuals, making each person’s DNA profile as unique as a fingerprint.  Due to the very large number of possible variations, no two people (with the exception of identical twins) have the same DNA sequence. 


For every 1,000 nucleotides inherited, there is one site of variation, or polymorphism.  These DNA polymorphisms change the length of the DNA fragments produced by the digestion of restriction enzymes.  The exact number and size of fragments produced by a specific restriction enzyme digestion varies from person to person.  The resulting fragments, called Restriction Fragment Length Polymorphisms, (RFLPs), can be separated, and their size determined, by electrophoresis.


Most of the DNA in a chromosome is not used for the genetic code; it is uncertain what, if any, use this DNA may have.  Because these regions are not essential to an organism’s development, it is more likely that changes will be found in these nonessential regions.  These regions contain nucleotide sequences that repeat from 20 to 100 times (e.g., GTCAGTCAGTCAGTCA), which are the strands that are cut with restriction enzymes to create RFLPs.


The differences in the fragments can be quantified to create a “DNA fingerprint”. Distinct RFLP patterns can be used to trace the inheritance of chromosomal regions with genetic disorders or to identify the origin of a blood sample in a criminal investigation.  Scientists have identified more than 3,000 RFLPs in the human genetic code, many of which are highly variable among individuals.  It is this large number of variable yet identifiable factors that allow scientists to identify individuals by the number and size of their various RFLPs.


This technique is being used more and more frequently in legal matters.  Using DNA fingerprinting, the identity of a person who has committed a violent crime can be determined from minute quantities of DNA left at the scene of a crime in the form of blood, semen, hair, or saliva.  The DNA fingerprint matched to a suspect can be accurate to within one in 10 billion people, which is about twice the total population of the world.  Certain limitations in the technique prevent two samples from being identified as a “perfect match”, yet it is possible to measure the statistical probability of two samples coming from the same individual based on the number of known RFLPs that exist in a given population.


DNA fingerprinting has many other applications.  Since half of the person’s genome comes from each parent, DNA fingerprinting can be used to determine familial relationships.  It has a much higher certainty than a blood test when used to determine fatherhood in a paternity suit.  DNA fingerprinting can be used to track hereditary diseases passed down family lines and can be used to find the closest possible matches for organ transplants.  It can also be used to ascertain the level of inbreeding of endangered animals, aiding in the development of breeding programs to increase animals’ genetic health and diversity.

You’ve already experienced the basics of gel electrophoresis, and how you can separate substances using this technique based on charge and mass.  Through your reading you have learned about restriction enzymes, and the job they do.  In this part of the lab, you will actually be using a restriction enzyme to cleave a DNA sample.  When you actually perform a restriction digest, you put the DNA and the enzyme into a small tube and let the enzyme do its work.  While the samples you will be getting have already had that done for you, you will need to centrifuge the contents to re-mix the samples.  


Genetic engineering is possible because of these special enzymes that cut DNA.  These enzymes are called restriction enzymes, or restriction endonucleases.  Restriction enzymes are proteins produced by bacteria to prevent or restrict invasion by foreign DNA.  They act as DNA scissors, cutting the foreign DNA into pieces so that it cannot function.


Restriction enzymes recognize and cut at specific places along the DNA molecule called restriction sites.  Each different restriction enzyme (and there are hundreds, made by many different bacteria) has its own type of site.  In general, a restriction site is a 4 or 6 base-pair sequence that is a palindrome.  A DNA palindrome is a sequence in which the “top” strand read from 5’ to 3’ is the same as the “bottom” strand read from 5’ to 3’.  For example:



5’GAATTC3’



3’CTTAAG5’

This is a DNA palindrome.  To verify this, read the sequence of the top strand and the bottom strand from the 5’ end to the 3’ end.  This sequence is also a restriction site for the restriction enzyme called EcoRI. Its name comes from the bacterium in which it was discovered.  Escherichia coli strain RY 13 (EcoR), and “I” because it was the first restriction enzyme found in this organism.

EcoRI makes one cut between the G and A in each of the DNA strands (see below).  After the cuts are made, the DNA is held together only by the hydrogen bonds between the four bases in the middle.  Hydrogen bonds are weak, and the DNA comes apart.

Cut sites:   5’GAATTC3’


      3’ CTTAAG5’




Cut DNA:  5’G    AATTC3’


      3’CTTAA     G5’

The EcoRI cut sites are not directly across from each other on the DNA molecule.  When EcoRI cuts a DNA molecule, it therefore leaves single-stranded “tails” on the new ends (see above examples).  This type of end has been called a sticky end because it is easy to rejoin it to complementary sticky ends.  A staggered cut exposes single-stranded regions of the molecule, which are known as “sticky ends”.  Not all restriction enzymes make sticky ends; some cut the two strands of DNA directly across from one another, producing a blunt end.


When scientists study a DNA molecule, one of the first things they do is to figure out where many restriction sites are.  They then create a restriction map, showing the location of cleavage sites for many different enzymes. These maps are used like road maps to the DNA molecule.

Below are the restriction sites of several different restriction enzymes, with the cut sites shown.

EcoRI:   5’GAATTC3’



HindIII:   5’ AAGCTT3’


  3’CTTAAG5’   




    3’ TTCGAA5’


BamHI:   5’GGATCC3’



AluI:       5’AGCT3’


    3’CCTAGG5’




   3’TCGA5’




SmaI:    5’CCCGGG3’



HhaI:     5’GCGC3’


 3’GGGCCC5’




  3’CGCG5’


Which enzymes would leave blunt ends?  Which ones would leave sticky ends? 

DNA Fragment Length Determination and Southern Blotting


Under a given set of electrophoretic conditions such as pH, voltage, time, gel type, concentration, etc., the electrophoretic mobility of a DNA fragment molecule is standard.  The length of a given DNA fragment can be determined by comparing its electrophoretic mobility on an agarose gel with that of a DNA marker sample of known length.  The smaller the DNA fragment, the faster it will move down the gel during electrophoresis.  


Using a technique called Southern blotting, the separated fragments are transferred to nitrocellulose paper, labeled with a radioactive probe, and developed against X-ray film.  The probe, which is coded to bind to specific RFLPs being tested, will develop the film.  The greater the concentration of DNA in that particular band, the darker the band will be.  The resulting image shows a series of dark and light bands.  This pattern is the DNA fingerprint of the tested individual.  Comparing the distances between the bands in different samples determines the similarities between the samples.  


Real human DNA is billions of base pairs long.  Cutting human DNA with restriction enzymes results in millions of fragments on a gel, which is why the Southern blotting procedure is performed.  


The DNA samples used in this investigation are actually viral DNA, which is much smaller and gives distinct patterns on agarose gels, eliminating the need for Southern blotting.  The DNA samples are loaded into wells of an agarose gel and electrophoresed.  An electrical field applied across the gel causes the DNA fragments in the samples to move from their origins (sample wells) through the gel matrix toward the positive electrode.  Smaller DNA fragments migrate faster than larger ones, so restriction fragments of differing sizes become concentrated into separate bands during electrophoresis.  The characteristic number and pattern of bands produced by each restriction enzyme are, in effect, a “DNA fingerprint”.  The restriction patterns are made visible by staining with the dye, which binds to DNA.

Scenario


Investigators were called to the scene of a homicide.  Found at the scene was a large amount of blood. Blood typing revealed that not only was the blood of the victim present at the scene, but also blood from another person, assumed to be the guilty party.  Blood evidence was collected at the scene.  Blood samples from four suspects were also drawn under court order and all samples were found to be of the same blood type as the blood believed to have come from the perpetrator of the crime.  The police have turned to you and your fellow lab technicians to employ the process of DNA fingerprinting in building a case against one of the suspects

Materials Needed 

.8% Agarose gel, on gel tray





DNA stain

TBE running buffer 1X, 350 mL





Goggles


Staining tray







aprons

Loading Dye







4 DNA suspect samples

Micropipettes







Hot water bath/incubator
Metric ruler







Electrophoresis chamber
Lambda DNA/HindIII marker





Power supply

 
Lab markers







UV transilluminator
Microcentrifuge tubes






Pvu II restriction enzyme









Pvu II reaction buffer 10X
Procedures

Casting an Agarose Gel

1. Place a gel casting tray on a flat surface and tape the ends with masking tape.  Be certain that the top edge of the tape aligns with the top of the electrophoresis tray, so that the bottom will be overlapped with more tape.  

2. Insert the gel comb into the gel, using the 8—comb side into the slots near the end of the tray.

3. Pour approximately 25 mL melted agarose into the tray, until it reaches a depth of about 3 mm. Make sure you pour slowly to eliminate bubbles, and if bubbles do form, use a pen or pencil to pop them or move them out of the way.

4. Allow the gel to solidify for approximately 15-20 minutes.  Do not disturb the gel tray or comb.  When the agarose has solidified it will turn slightly opaque.

5. After the gel has solidified, carefully remove the comb from the gel by lifting the comb straight up.  Remove the end tape from the tray, and slide your gel out of the tray.

6. Place the gel in a Ziploc baggie with about 5 mL of TBE buffer solution and refrigerate over night.

Loading and Running a Gel

1. Place the gel back into the tray of the electrophoresis chamber, making sure the wells are closest to the negative electrode of the chamber.

2. You will be loading your DNA submarine method.  Add approximately 350 mL of 1X TBE running buffer to the chamber: Slowly pour buffer from a beaker into one side of the chamber until the buffer is level with the top of the gel.  Add buffer to the other side of the chamber until the buffer is level with the top of the gel. Continue to slowly add buffer until the level is approximately 2-3 mm above the top of the gel.  

3. Centrifuge the DNA samples in the microcentrifuge to pull the DNA samples to the bottom of the tubes.

4. Load 10 µL of each DNA sample into the corresponding lane.  Do not pierce the bottom of the wells with the micropipette tip.  Don not overload the wells.

· Lane #1: DNA marker standard

· Lane #2: Crime scene DNA sample

· Lane #3: Suspect 1 DNA sample

· Lane #4: Suspect 2 DNA sample

5. Connect the lid of your electrophoresis chamber and call your teacher to check your apparatus.

6. After teacher has checked everything, run your electrophoresis equipment for 20-30 minutes (as time allows in class).

7. Observe the migration of the loading dye down the gel toward the red electrode.  Turn off the power when the loading dye has reached the end of the gel.  Unplug the power supply.  The loading dye is a special dye added to the DNA samples prior to performing electrophoresis and serves two purposes.  It is heavier than the electrophoresis buffer, causing the DNA samples to sink into the wells.  It is also smaller than most of the DNA fragments in the samples so it runs to the end of the gel faster than the DNA, giving an indication of when to end the electrophoresis run, as you will not see the actual DNA until you stain it.

8. Wait approximately 10 seconds and then disconnect the patch cords from the power supply.  Remove the cover from the electrophoresis chamber.

9. Carefully remove the gel, on the casting tray, from the electrophoresis chamber.  

10. If time doesn’t allow, you may stop here, by simply placing your gel in a Ziploc baggie with TBE buffer solution and refrigerating over night again.  

Staining Gels

Wear gloves, apron and eye protection when working with the quick DNA stain.

1. Gently slide the gel from the baggie into the staining tray and pour approximately 100 mL of warm dilute stain into the staining tray so that it just covers the gel.

2. Cover the tray and let the gel stain for approximately 30-40 minutes…keeping a careful and watchful eye on it.  Make sure the gel remains flat and does not move up against the sides of the staining tray.

3. When finished staining, you may decant the stain directly to a sink drain and flush with water.  The dilute DNA stain may be saved and reused as well. For best results, re-warm stain before each use.

4. Flush the gel under streaming tap water (GENTLY).  Then add distilled or tap water to the staining tray.  It is best not to pour water directly onto the gel.  To accelerate destaining, gently rock the tray.  Destain until bands are distinct, with little background color.  This will take between 30 and 60 minutes, depending on the amount of agitation and number of water changes.  Change the water several times, or destain the gel, without changing the water overnight.

5. View the gel against a light background, such as white paper, or on a light table.  Gels can be stored in resealable plastic bags.  Once the DNA has been set in the gels, even if the bands fade with time, you may restain the DNA as needed.

6. Accurately sketch the bands you see on the blank gel in the Analysis section.  Be as exact as possible in sketching the bands in their actual positions.  

Analyzing your Gel:

1. Measure the distance of the DNA bands, in millimeters, from the bottom of the sample well to the bottom of each DNA fragment for the DNA marker standard.  Measuring to the bottom of each fragment band ensures consistency and accurate measurements.  Do not measure the migration distance of the largest fragment nearest to well; it will not be on the standard curve and will skew results.

2. Record the measurements in a table of your own design.

3. On semi-log graph paper, plot a standard curve for the DNA marker standard.  Plot the migration distance in millimeters on the X-axis, against the molecular size in base pairs (bp) of each fragment.  Draw the best-fit line to your points. When plotting on semi-log graph paper, the fragment size on the Y-axis is expressed on a logarithmic scale.  Label the first series of lines 100 bp, 200 bp, 3oo bp, etc… Then label the second series of lines 1000 bp, 2000 bp, 3000 bp…etc.  The third series would be 10,000 bp, 20,000 bp, 30,000 bp…etc.  
4. Measure the distance that each band traveled for the lanes containing the two suspects and crime scene DNA.  Record the data in tables of your own design (each one in a separate data table)

5. Calculate the base pair size of each of the fragments by moving along the X-axis until you have reached the distance traveled by the fragment.  From that point, move upward until you intersect the line of best fit on the graph.  Determine where that point is on the Y-axis and estimate the base pair value at that point.  Enter this data in your data tables as well.  (See example below) Remember, you will need four tables like this one.  One for each of the samples.
TABLE ONE: DNA Marker Standard

	Fragment
	Distance Migrated (mm)
	Length (bp)

	1 (top)
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	


Viewing and Photographing Gels


Transillumination, in which light passes up through the gel, gives superior viewing of gels stained with DNA stain.  A fluorescent light box for viewing slides and negatives provides ideal illumination for DNA stained gels.  Cover the surface of the light box with plastic wrap to keep the liquid off the apparatus.  A digital camera or cell phone may be used to photograph the gels.  Capture a photograph of your gel that you can print and put in your lab quadrille.  

Analysis Questions

1. Examine your stained gel on a light box.  Compare the banding patterns formed on each lane of the gel. How can you further verify whether or not any of the DNA samples tested are the same?

2. Which of these two suspects do you believe is the real burglar?  Explain your answer.
3. Different restriction enzymes are isolated from different types of bacteria and viruses.  What advantage do you think bacteria and viruses gain by having restriction enzymes?

4. In this lab, you ran your DNA samples on a 0.8% agarose gel.  Would you get the same results if you ran your samples on a 2% agarose gel?  Why or why not? 

5. Predict what would happen if you placed your gel in the electrophoresis chamber with the wells containing the DNA samples next to the anode instead of the cathode? 

6. Electrophoresis is one method of separating molecules.  Paper chromatography is another method.  Create a double bubble thinking map showing at least two similarities and two differences between these two methods.

Lab Activity Prep: Casting the Agarose Gel

1. Place the gel casting tray on a flat surface and tape the ends of the trap with masking tape, which will seal the ends of the tray.  Tape usually works better than the end-plates they include with the electrophoresis chambers.

2. Insert the gel comb, using the 8-well side, into the center slots of the tray. 

3. Pour approximately 25 mL of the melted agarose into the tray, until it reaches a depth of about 2 mm. Rulers will be at your lab table.

4. Allow the gel to solidify for approximately 20-30 minutes. Do not disturb the gel tray or comb.  When the agarose has solidified, it will turn opaque.

5. After the gel has solidified, carefully remove the comb from the gel.  Remove the tape from the ends of the dams.

6. Store your gels in a Ziploc baggie with a small amount of running buffer, in the refrigerator. When you’re ready to proceed:

7. The power supply produces a high enough voltage to cause severe electrical shock if handled improperly.  For safe operation, follow all directions and precautions.

8. Do not come in personal contact with or allow metal or any conductive material to come in contact with the reservoir buffer or the electrophoretic cell while the power supply is on.  

9. You should wear protective gear, such as safety goggles and aprons, while loading and running gels.
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