Restriction Enzymes: DNA Scissors

Name _____________________________

Background:  DNA fingerprinting is made possible in part by special enzymes that cut DNA.  These enzymes are called restriction enzymes.  Restriction enzymes are proteins that bacteria use to cut up DNA that doesn’t belong to them.  If a bacterium senses that a virus is trying to invade, or a different species of bacterium represents a threat, it can use a restriction enzyme to cut up the foreigner’s DNA.  

Restriction enzymes don’t just cut DNA randomly – that would lead to the destruction of the bacterium’s own DNA.  (That’s a bad thing!)  Restriction enzymes recognize specific segments of bases called restriction sites.  Each different restriction enzyme (and there are hundreds, made by different species of bacteria) has its own particular restriction site where it will cut DNA.  Most restriction sites are 4 to 6 bases long and are DNA palindromes.  A DNA palindrome is a sequence where the “top” strand reads the same as the “bottom” strand running in the opposite direction.  For example:
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Top:

…GAATTC…

The “top” strand reads the same as the complementary

Bottom:

…CTTAAG…

“bottom” strand going in the opposite direction.

This sequence happens to be the restriction site for the enzyme called EcoR1.  Its name comes from the bacterium in which it was discovered – Escherichia coli strain RY 13 (that’s the EcoR part).  The “1” comes from the fact that it was the first restriction enzyme found in this strain of E. coli.  The enzyme EcoR1 cuts between the A and G in each strand of the DNA.  (The arrows in the diagram below show where EcoR1 snips the DNA.)  After the cuts are made, the two strands are held together only by weak hydrogen bonds between complementary bases, which separate easily, like a broken zipper.   



…GAATTC... 

            after cutting 

…G

AATTC… 


…CTTAAG...





…CTTAA

G…
You may notice that the EcoR1 enzyme does not cut straight across the DNA molecule.  When EcoR1 cuts DNA, it leaves single stranded “tails” called sticky ends, because they could stick (although not very tightly) to other segments of DNA that have been cut with the same enzyme.  (Remember this trait of restriction enzymes, because these sticky ends can be useful for re-joining the cut DNA – even if the DNA pieces originally came from different species.)  Not all restriction enzymes make sticky ends when they cut; some cut straight across the DNA to leave blunt ends that won’t stick to each other. 
The restriction sites for four other restriction enzymes are shown below.  The arrows show where they cut the DNA strands:


HindIII:

…AAGCTT…




BamHI:

…GGATCC… 



…TTCGAA… 






…CCTAGG… 


SmaI:

…CCCGGG…



AluI:

…AGCT…



…GGGCCC…





…TCGA…

The Problem:  Your team is working to break up an ivory poaching ring that ships tusks from Somalia to Thailand where they are carved into jewelry and decorations.  In an effort to attack the demand for illegal ivory, your team has entered a major ivory seller’s shop in Bangkok.  There, you come across a large carved tusk that the seller claims was carved from mammoth ivory legally shipped in from Russia.  The ivory contains small, incomplete quantities of DNA that you can use to test whether or not this seller is telling the truth.
The first step will be to run a restriction enzyme digestion of the DNA strand to break it into smaller pieces.  Each group member will use a different restriction enzyme.  Next, you will run the fragments through a gel electrophoresis test.  The “DNA fingerprints” of the sample DNA will be compared to that of known African elephant and mammoth DNA to see which it matches.

Procedure:
1. Each person should cut out the six segments and tape them together to make one long strand of DNA.

2. Using one of the five different restriction enzymes, each group member will locate all of its restriction sites and cut the DNA at each site.

3. Arrange the DNA fragments according to size and count the number of base pairs in each piece.  Record the size of each DNA fragment (from smallest to largest) in the table below.  There is space for up to 8 fragments, but you are not likely to have that many restriction sites on a piece of DNA that is this small.  Record your partners’ data as well.
4. Using masking tape, make 4 lanes, each about 10 cm wide and 2 m long, which run the length of your lab table.  These will represent the lanes down which your DNA fragments will travel during electrophoresis.  Mark a starting line at one end of the lanes and mark a finish line at the opposite end.  Because DNA has a negative charge, it will travel from the negative electrode and toward the positive electrode.  Mark your start and finish lines accordingly.
5. The smallest pieces will travel toward the finish line the fastest, while the larger pieces lag behind.  Each person should arrange his or her pieces along a lane.  The number of bases in each fragment tells how many centimeters it got from the finish line.  (Large fragments may need to be folded to fit at their spots in the lane.)
DNA Restriction Analysis of Unknown Ivory
	Your enzyme:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 2:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 3:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 4:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	


Name ____________________________
Comparing the unknown DNA to known samples:
Now that you have done restriction analysis of the unknown ivory using four different restriction enzymes, you will have to perform the same analysis on DNA that is known to be from mammoths and African elephants.  

Group members will perform the same restriction digestions on the two known samples that they did on the unknown sample.  Again, arrange the resulting DNA fragments according to size and record the numbers of base pairs in each fragment in the tables below.
DNA Restriction Analysis of Elephant Ivory

	Your enzyme:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 2:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 3:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 4:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	


DNA Restriction Analysis of Mammoth Ivory

	Your enzyme:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 2:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 3:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	

	Enzyme 4:
	

	Fragment #
	1
	2
	3
	4
	5
	6
	7
	8

	Fragment Size
(# of base-pairs)
	
	
	
	
	
	
	
	


Last time, you looked at how four different restriction enzymes digested the same unknown piece of DNA.

This time you will look at the effects of each restriction enzyme digestion one at a time.  You will put your results for the elephant and mammoth DNA side-by-side with the unknown so you can compare them.  

1. Start with data from one enzyme.  As you did earlier, arrange the pieces from the unknown sample in one lane of your racetrack.  The number of base pairs in each fragment should tell you how close to the finish line each one ended up.  

2. In the next lane, arrange the pieces of DNA from the elephant.  Again, use the size (in base pairs) to determine how close to the finish line each piece should be.  Repeat this procedure with the mammoth DNA in lane three.

3. Sketch the electrophoresis results in the spaces below.  Draw bands across each lane to indicate where the fragments ended up.
4. Repeat these steps with the other three restriction enzymes.

	           Enzyme:

	
	Enzyme:
	
	Enzyme:
	
	  Enzyme:

	Finish (+)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Start (-)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	?
	
	E
	
	M
	
	
	? 
	
	E
	
	M
	
	
	? 
	
	E
	
	M
	
	
	
	?
	
	E
	
	M


Analysis:

If a restriction digestion of two different samples produces the same number of fragments and they are the same size, it provides evidence that the DNA sequences are genetically similar and that they come from the same species.  If the same enzyme cuts two samples differently, that provides evidence that the DNA sequences are different and they may belong to different species.  

1. Looking at the results of the four restriction digestions, does the DNA from the unknown ivory seem to match the elephant or mammoth?

2. Do all of the digestions show differences between elephant and mammoth DNA?  Why might that be?

3. Should the ivory seller be busted or allowed to sell the ivory artwork you tested?  Why?
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Mammoth Segment 3 (start)














    (end)
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Mammoth Segment 4 (start)














    (end)
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Mammoth Segment 5 (start)














    (end)
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Mammoth Segment 6 (start)














    (end)
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