RESTRICTION DIGESTION AND MAPPING OF LAMBDA DNA

Enzymes that can cut DNA molecule are known as nucleases. These enzymes break the phosphodiester bonds that link adjacent nucleotides in DNA. There are two kinds of nucleases, endonuclease and exonuclease. Endonucleases can cut DNA at internal locations and exonucleases cut DNA from the ends.

Nucleases that recognize and cut a specific base sequence of DNA are known as restriction endonucleases. Cutting DNA into smaller pieces with these enzymes is termed restriction digestion. Restriction endonucleases are extracted from bacteria. Bacteria produce these enzymes to restrict the growth and multiplication of bacteriophages (viruses that infect bacteria). Bacteria have developed a system to protect their own DNA being digested by these enzymes by modifying the nucleotides within the sequence recognized by the enzymes in bacterial DNA. Modification is done by adding a methyl group to the nucleotides so they are not recognized by these enzymes. This process is known as methylation.

In this lab, restriction enzymes HinDIII, EcoRI and BamHI will be used to digest DNA of bacteriophage Lambda (λ). These enzymes will cut λ DNA into small pieces depending on the position of recognized sequences in λ DNA. For optimum function, restriction enzymes need specific salt concentrations and pH. These conditions are provided by the buffers. Concentrations of enzymes are expressed based on their activity and measured in units. In addition to the above three enzymes, we will perform one negative control for this experiment. Negative control will not receive any enzyme and DNA will remain undigested.

Recognition sequences of enzymes 

HinDIII-    A  AGCTT
EcoRI
-     G  AATTC
BamHI-    G  GATCC

RESTRICTION DIGESTION OF BACTERIOPHAGE LAMBDA λ DNA

(Adopted from DNA Science: A first course. David A. Micklos, Greg A. Freyer, Cold Spring Harbor Laboratory Press)

Materials needed (per pair):

0.5 ml microfuge tubes

Microfuge tube racks 

Floating tube holders

Lambda DNA (0.1 µg/µl dilution) (keep on ice)

Restriction enzymes HinDIII, EcoRI, BamHI (keep enzymes on ice)

Buffers for each restriction enzyme 10X

Sterile water

Method:

1. Label four 0.5 ml microfuge tubes with your name, your partners name and the restriction enzyme name. One tube will not have any enzyme added and it will constitute a negative control. Label this tube as – control. 

2. Add the following to microfuge tubes: Be sure to use respective buffer and enzyme for the first three tubes. You may use any buffer for the negative control tube. It will get water instead of enzyme.



HinDIII tube
        EcoRI tube
    BamHI tube 
  - control 


Water

4 µl


4 µl


4 µl


5 µl
Buffer*
1 µl


1 µl


1 µl


1 ul

λ DNA

4 µl


4 µl


4 µl


4 µl
Enzyme*
1 µl


1 µl


1 µl


   ---
Total 
         10 µl


10 µl


10 µl


10 µl

3. Gently tap the tubes to mix. Spin for a few seconds in the microfuge.

4. Put the tubes in the floating tube holders and incubate at 37 º C for 30 mins.

AGAROSE GEL ELECTROPHORESIS

In order to visualize the DNA fragments resulting from digestion, digested DNA is first separated by gel electrophoresis and then stained with a dye.  In this lab we will use ethidium bromide, a fluorescent dye that intercalates with DNA. DNA intercalated with ethidium bromide is visualized under UV light. 
Being an organic acid, DNA is negatively charged at pH 8.0. The phosphate group alternating with the deoxyribose sugar in the backbone of DNA is responsible for this negative charge. Because of this negative charge, when DNA is subjected to an electric field, it is attracted to the positive electrode. When added to the negative electrode of the electric field, DNA molecules move from the negative to the positive electrode. As the DNA molecules move in the electric field, fragments are separated by size. Smaller, lighter fragments move faster than the larger, heavier ones. Technically, separation is based on mass/charge ratio, but since charge is the same, we can say separation is based on size. This separation based on the size of the DNA molecules is known as gel electrophoresis.

In this exercise we will use an agarose gel to separate the DNA fragments of restriction digestion. Agarose, extracted from marine algae, is made into a gel. The agarose gel provides a matrix for loading DNA into the electric field and through which DNA particles move and separate by size.  It will also provide a medium to handle DNA. An agarose gel slab is immersed in a buffer solution that provides ions for conducting electricity. We will use TBE buffer for this purpose.

Materials needed (per pair):

Agarose

Erlenmeyer flask (~250 ml)

1X TBE buffer


Balance


Mittens

Gel plates with combs

Bubble level

Gel boxes

Power supply

Gel loading buffer

Microwave

Method:

1. Prepare 100 ml of a 0.8% agarose solution in 1X TBE buffer in the Erlenmeyer (conical) flask.  Weigh the flask with buffer and agarose and write down the weight in a piece of paper. Heat agarose in the microwave on low/medium power in short pulses to dissolve agarose. CAUTION:  IF HIGH POWER IS USED AGAROSE CAN BOIL OVER. USE MITTENS TO REMOVE THE FLASK FROM THE MICROWAVE. Weigh the flask with contents again after microwaving and add back the water lost. Let cool for 5-10 mins.

2. Cast agarose gel: Place a mini gel plate inside a locking-plate with a rubber seal, as demonstrated by the instructor. Press the mini gel plate firmly on to the locking plate. Locking plate will prevent agarose from leaking from the two open sides of the mini gel plate. Place a comb about 1 cm from one end of the mini gel plate. Teeth of comb should not touch the bottom of wells. Find a level bench to pour the gel. You can use the leveling bubble for this purpose. Pour melted agarose solution and let cool. Agarose will solidify as it cools. Once solidified, remove the comb and locking plate with rubber seal.

3. Add 1X TBE to the gel box. Place agarose gel with plate in the gel box. The TBE buffer must cover the gel.

4. Add DNA ladder to the first well to use as a DNA size marker. First add the loading dye to the DNA ladder by mixing 25 µl of DNA ladder stock tube and 5 µl of 6X loading dye to get a total of 30 µl. Load 8 µl of this to the first well. Hold the micropipet upright, lower the tip into the well and release the contents slowly. If the tip hits the bottom of the well, the contents may flush out of the well.

5. Add 2 µl of loading dye to the first restriction digested λ DNA tube, i.e., HinDIII tube. Release the tip into the tube. Repeat for all four tubes leaving four tips in the tubes. The same tips can be used to load samples to the gel.

6.  Load all contents of the restricted digested tubes and the negative control tube to the remaining wells (10 µl digested λ DNA + 2 µl loading dye = 12 µl total), one sample per well. 

7. After all the samples have been loaded, cover the gel box with lid and connect electrical leads to the power supply. Be sure to connect the electrical leads to the power supply properly.  Electrical lead from the top of the gel box (start point) connects to the negative in the power supply and the lead from the bottom of the gel box (end point) connects to the positive in the power supply. Turn the power supply on and adjust the voltage to get 90-100 V.
8. Do you see the bubbles form? Bubbling is another way to confirm that the electricity is flowing through the gel. Let the gel run until the blue band of the loading dye is about 2-3 cm from the end of the gel.

9. Turn the power off and remove the gel plate.

GEL STAINING AND DOCUMENTATION

DNA in the gel is not visible to the naked eye. A stain that is visible in day light or under UV light is used to stain and observe the DNA in the gel. There are several stains available for staining DNA.

One that is commonly used in molecular labs is ethidium bromide. Though staining with ethidium bromide is very sensitive for detecting small amounts of DNA, it is a known mutagen and a suspected carcinogen and thus must be properly handled. Gloves must be worn when staining, destaining and handing ethidium bromide stained gels. If ethidium bromide is used to stain gels, the instructor will perform the staining for you. The gel will be immersed in a 1 µg/ml ethidium bromide solution for about 3 mins, removed and then destained. 

Destaining is done by immersing the gel in water and gently shaking for about 30-45 mins. This removes the excess ethidium bromide in the gel that has not been intercalated with DNA. Ethidium bromide intercalated with DNA will not wash off in this step. Destaining increases the contrast of the bands and helps to get sharp bands.

Ethidium bromide stained gels are viewed over a transilluminator. Transilluminator emits UV light at a specific wavelength.

CAUTION: Do not look at UV light without eye protection as UV light can damage the retina of your eye. Use safety glasses or a face protector shield.

Follow instructions in lab to take a picture of the stained and destained gel.
RESULTS:

1. Examine the gel photograph. Compare the band pattern of restriction digested λ DNA with that of the negative control. Do you see several bands in HinDIII, EcoRI and BamHI digestions? How many bands are in the negative control? Compare bands in your gel with the bands in the reference photograph provided. 

2. Keeping in mind that the distance fragments have migrated from the well is proportional to the base pair size of the fragment, where are the smaller bands located? Where are the larger bands located?

3. Use your gel and fragment sizes of the DNA ladder to calculate the size of HinDIII, EcoRI and BamHI fragments. (The base pair size of bands in λ HindIII digestion is provided for you to double check your calculations). The rate at which the linear DNA fragments move in the gel is proportional to the log10 of the molecular weight of DNA and hence the size of DNA. However, this linear relationship does not hold well for fragments larger than ~10,000 kb. The following procedure is used to estimate the size of HinDIII, EcoRI and BamHI fragments. 

a. Measure the distance in mm each of the DNA ladder bands have moved from the well. Measure from the bottom of the well to the top of the band. Enter the distances in a table. 

b. Calculate log10 of the molecular weight for the DNA ladder bands and enter in the table.

c. Prepare a semilog graph between distance from the well in mm (in the X axis) and log10 size of each DNA ladder fragment (in the Y axis). In a semilog graph only one axis is drawn on log scale. In this figure only the Y axis is drawn in log scale; X axis is not in log scale.
d. Do the linear regression equation for the relationship between the distance and the log molecular weight for the DNA ladder bands to find the log size of HinDIII, EcoRI and BamHI fragments. Then take the antilog of the number obtained from the equation to get the base pair length of the DNA fragment. (Alternatively you may simply connect the dots in the figure and use this line to find the size of the restriction digested fragments.)

e. See whether the fragment sizes obtained for HinDIII from the graph using the above method match with the sizes given below. Enter HinDIII,  EcoRI and BamHI sizes you have calculated from the graph and converted back to base pairs in the following table.

	                 HinDIII **


	
	                 EcoRI
	                 BamHI

	Given Size (bp)
	Distance (mm)
	Estimated Size (bp)
	Distance (mm)
	Estimated size (bp)
	Distance (mm)
	Estimated size (bp)

	27,491(joined cos ends)


	
	
	
	
	
	

	23,130     a


	
	
	
	
	
	

	9,416       d


	
	
	
	
	
	

	6,557       g


	
	
	
	
	
	

	4,361       h


	
	
	
	
	
	

	2,322       c


	
	
	
	
	
	

	2,027       b


	
	
	
	
	
	

	  564         e


	
	
	
	
	
	

	  125         f


	
	
	
	
	
	


**The two largest HinDIII bands (27,491 bp and 23,130 bp) appear together in the top band. The smallest band (125 bp) may not be visible in your gel.

4. Prepare HinDIII restriction map of the circular Lambda genome. 

a. Draw a circle. Mark the 12:00 position as the COS site. This circle represents the 48 kb circular λ DNA molecule. Divide the circle into four quarters of 12 kb, 24 kb, 36 kb and 48 kb. Write λ HinDIII in the middle of the circle. This is going to be the λ HinDIII map.
b. Use the size of HinDIII fragments given in the above table and the order of fragments in the genome (a through h provided in the table) to calculate the cumulative size of fragments starting from the COS site.  Using 12, 24, 36 and 48 kb sizes as guides, clearly locate positions of HinDIII cut sites in the circular lambda genome. Can you account for the total size (48,502 bp) of lambda genome?

5. Use this linear regression equation and distance migrated to calculate the size of HinDIII, EcoRI and BamHI restriction fragments.  Give the base pair size that you have calculated from the graph and converted back to antilog. (Basically fill in the table given in the previous page).How does your estimated HinDIII sizes compare with the sizes given in the table? Can you tell which EcoRI and BamHI fragments might contain the COS sites?

