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Description


AP Biology: Lab 6



In the early 1970s scientists discovered the genetic code is universal - the same for all living things. This has enabled scientists to combine DNA from two or more different species to make a recombinant DNA. This is known as genetic engineering. In this lab exercise, you will use 2 major tools of genetic engineering:  restriction enzymes  plasmids



Restriction Enzymes Restriction enzymes are the molecular “scissors” used to cut DNA into pieces called restriction fragments. Some restriction enzymes “chew up” DNA from each end and are called exonucleases.



Others cut pieces from the inside and are called endonucleases. Genetic engineers use restriction endonucleases.



Restriction endonucleases work by cutting at specific locations within a piece of DNA. This location is called a restriction site. Restriction sites are palindromes (read the same in both directions)…. MOM, POP, RACECAR



DNA is double-stranded and contains many palindromes.



5’ G A A T T C 3’ 3’ C T T A A G 5’ These palindromes are usually 4 – 6 bases long.



When these restriction enzymes recognize the sequence, they cut within the palindrome. There are 2 ways that the DNA can be cut. The fragment produced can have:  blunt ends  sticky ends



Some restriction enzymes cut all the way through both strands and leave blunt ends. This is not very useful to genetic engineers.



The most useful restriction enzymes produce “sticky ends” – a single strand overhang.



If the DNA from 2 different organisms is cut with the same restriction enzyme we will have 2 DNA fragments with complementary sticky ends. We can “sew” these 2 fragments together with DNA ligase to produce a recombinant DNA.



So where do we get these restriction enzymes? They are made naturally by bacteria. Bacteria use them to “cut up” DNA from invading bacterial viruses, or bacteriophage. Bacteria protect their own DNA from being cut-up by adding a special chemical tag that says “don’t cut this DNA.”



To date, hundreds of restriction enzymes have been discovered from different bacteria. Each enzyme recognizes a different palindrome, therefore cutting the DNA at different locations.



So if we cut the same piece of DNA with 2 different enzymes, we will get a different number of fragments from each and these fragments will be of different sizes.



uncut DNA



DNA cut with restriction enzyme A



DNA cut with restriction enzyme B



Naming restriction endonucleases:  1st letter is the name of the bacteria’s genus  2nd and 3rd letters are the bacteria’s species  4th letter is the strain (lab it came from)  Roman numeral is the order it was isolated



Examples: EcoRI (E coli strain R 1st one isolated HaeII (Hemophilus aegyptus (no strain) 2nd isolated



Separating the DNA Fragments  Once we have cut the DNA, we need to separate the fragments from each other.  We use a technique called gel electrophoresis to separate the fragments.



 As you remember, DNA is – charged (because of its phosphate groups.  Therefore, if DNA fragments (charged) are placed in an electrical field, they will move or migrate to the + pole.  Fragments that are large/big will move slower than fragments that are little/small. This will be used to separate our fragments.  Our control is uncut DNA (huge/moves slowest).



Preparing the Agarose Gel



 Agarose is a gel-like material that is made from seaweed. It is heated to melt it and then poured into a gel bed that has a comb with teeth. The teeth form wells when the agarose solidifies.  The agarose forms “tunnels” through which the fragments move to the + pole.



DNA is colorless so we will not be able to see it move in the electrical field. Therefore, we add a “loading dye” mixed with the DNA so we can “track” the movement of the fragments in the agarose.



The loading dye does NOT stain the DNA, it just lets us know where the DNA is.



The ions in the buffer and in the gel help conduct the electrical current. When the electricity is running, the fragments migrate through the gel. When the electricity is turned off, we are left with “bands” of identical fragments.



 We are going to stain our DNA with a dye called ethidium bromide.  Ethidium bromide inserts in the DNA between the stacked base pairs and binds to it.  When the DNA is exposed to short-wave UV light, the ethidium fluoresces bright orange.



Lab Exercise 6B Measuring Both the DNA and restriction enzymes are expensive and we only need tiny amounts of each. We measure these amounts in microliters (ul) 1 ml = 1,000 l ** BE ABLE TO CONVERT!



These small amounts are measured with a micropipettor.  1st stop (“take up”)  2nd stop (dispense)  3rd stop (eject tip) You always use a tip on end. A new tip is used for each sample.



1. Obtain one of each colored micro test tube for each team and label each as follows: yellow, L = lambda DNA (uncut control) violet, P = PstI lambda digest green, E = EcoRI lambda digest orange, H = HindIII lambda digest (standard) 2. Using a fresh tip for each sample, pipet 10 μl of DNA sample from each stock tube and transfer to the corresponding colored micro test tube.



3. Add 2 μl of sample loading dye to each tube. •Mix contents by flicking the tube with your finger. 4. Heat the DNA samples at 65°C for 5 minutes. 5. To bring all of the liquid to the bottom of the tube, tap tubes gently on the benchtop.



6.Load 10 μl of each sample into their separate wells in gel chamber in following order: (New tip each sample) Lane 1: L (yellow tube) Lane 2: P (violet tube) Lane 3: E (green tube) Lane 4: H (orange tube)



7.Place the lid on the electrophoresis chamber. • Connect electrical leads into power supply, red to red and black to black. 8. Turn on power and run gel at 100V for 30 min. 9. Check migration of loading dyes. Stop power when front dye is 2/3 way along gel.



10. When gel is done and power off, remove lid from chamber and bring gel bed to instructor for staining. 11. Dump buffer solution from chamber in sink. Rinse chamber & lid with running water and towel dry. 12. Place clean chamber/lid on designated table for packing.



13.After staining, the instructor will call your group to see your gel. 14. You MUST NOT TOUCH THE GEL OR COUNTER! 15. View your gel then return to your seat. 16. We will take the results of one gel and use these for the whole class to answer the lab questions.



• The size of each fragment is determined by the distance it moves from the well. • Distance from the well is measured in mm to front edge of the band.



The distances of the DNA standard’s fragments are then plotted to make a standard curve. Distance in mm on X bp size on Y Unknown sized fragments can be interpolated from the standard curve.



Constructing the Std. Curve First we will record the results for our standard (λ DNA cut with HindIII.



• Title your graph • Using a pencil, put in your 5 data points



• Lay your ruler on graph and adjust the slope of the ruler so that the data points are equidistant. • Draw line of best fit



Standard Curve λ DNA/HindIII



Use your standard curve to interpolate what the bp size of each fragment would be. Compare these to the actual bp size.



Repeat with PstI results. How accurate was your line of best fit?



Analysis 1. Factors affecting electrophoresis: - Voltage: higher v/faster movement; melt gel - Run time: longer/greater separation - DNA amt: more/clearer bands - Polarity reversal: DNA runs backwards off gel



2. a) increase run time – greater separation because fragments move further apart b) increase amt of agarose – smaller tunnels would slow time for larger fragment to move through



Questions 1. A plasmid is a small, circular piece of DNA separate from the bacterium’s chromosome. Plasmids are used as vectors to take foreign DNA into cells.



4. Electricity is used to set up an electrical field (+ at one end and – at the other end) for DNA fragments to move through (from – to + pole) Agarose gel is a support medium used to support the DNA fragments. It forms tunnels through which the DNA fragments move to + pole.
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6. Loading dye shows us where the DNA fragments are in the gel. It does NOT stain the DNA.



DNA can be visualized by staining with ethidium bromide and using a UV light.



8. How can a mutation that alters recognition site be detected by gel electrophoresis. If the recognition site is changed, the restriction enzyme no longer recognizes the site and does not cut it. Therefore, there will be one less fragment and one fragment will be much larger than control.
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