ChemE 355/599: Biological Frameworks for Engineers




Mitochondrial DNA Lab 
CONCEPTUAL  OVERVIEW 


In this lab, you will isolate, amplify, and sequence a piece of DNA from the mitochondria of your own cheek cells.  The lab will introduce you to several vital biological concepts and techniques:

• Mitochondrial DNA.  The fact that mitochondrial DNA have their own DNA is powerful evidence that they originated from the engulfment of prokaryotic cells by other cells.  A question to think about: in this lab, how will you distinguish between your mitochondrial DNA and your chromosomal DNA?

• Polymerase Chain Reaction (PCR).  This technique earned inventor Kary Mullis a Nobel Prize in 1993.  In essence, it allows trace amounts of DNA to be easily and quickly amplified.  PCR has thus provided a huge boost to areas such as DNA forensics, pharmaceutical research, and genome sequencing.  The technique uses DNA polymerase isolated from Thermus aquaticus, a bacterium that lives at high temperatures.  Why do you think is it important to use DNA polymerase from a thermophilic organism?

• Running a gel.  This is a very common technique for checking sizes of DNA fragments.  DNA, being negatively charged, migrates toward the positive electrode, with smaller fragments migrating faster.  The lengths of unknown pieces are estimated via comparison to standards of known length.  In your case, you will run a gel to confirm that you got a PCR product of about 400 base pairs.

• DNA sequencing.  The basic strategy of modern sequencing techniques was invented by Frederick Sanger, who won a Nobel Prize for this work in 1980.  We will learn more about this work in class on October 26th.  For now, simply note that DNA sequencing is an essential component of most modern biology research.  Once you have the sequence of a gene, you can determine its amino acid sequence, assess how closely related it is to genes from other organisms, guess its function based on comparisons with other well-characterized genes, examine how its expression is regulated, and put copies of it into other organisms, among other possibilities.  A question to think about: how do the primers used for DNA sequencing compare with the primers used for PCR?

VISUAL  OUTLINE


Below is a visual outline of the steps involved in this lab exercise.

Lab session I

1. Learn to use Pipetmen (pipettors)
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2.  Isolate mitochondrial DNA

a) Rinse cells from mouth with saline
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b) Centrifuge, to concentrate

c) Resuspend, add cleaning compound (Chelex)

d) Boil to break cells open (cell lysis)

e) Centrifuge again:  cells have opened (lysed), DNA is in the supernatant
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3.  DNA Amplification by PCR


a) Mix PCR reagents with your DNA sample

b) TA and/or instructor will run the PCR reaction  
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Lab session II

1. Analyze sample by gel electrophoresis to determine if DNA is present
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2. Clean the PCR product (Qiagen kit)

3.  Prepare mix for sequencing, containing the “cleaned” DNA

Pre-Laboratory Day 1

Introduction to Pipetmen

Procedure

1. Find the selection of Gilson Pipetmen on the lab bench for your use. A label on the top of the plunger tells you the size of the pipetman.

P-1000:  200-1000 uL  blue box  (mL digit in red)

P-200:    20-200 uL   white box

P-20:      2-20 uL   white box   (0.1 uL digit in red)

Note: Lower limit given by precision; upper limit given by the barrel capacity.

Pipetmen equipped with clean sterile tips allow handling of liquids in a sterile fashion.  This is why tips should not come into contact with anything non-sterile.

Once used, the tips can be disposed of in the “TIP Disposal” beakers around the room.

2. Pick up either a P-20 or P-200 pipetman. Set the volume to 20ul.

3. Push lightly on the plunger with your thumb. You will feel a resistance. This is the First Stop (to measure the volume). You can push harder, and the plunger will go down further. This is the Second Stop (to expel the last drop of liquid).

4. Get a beaker and a weigh boat. Fill the beaker with water, and place a new tip on the pipetman. Pipet 20uL of water from the beaker (push the plunger to the first stop, and put the tip under the water, then release the plunger slowly to pick up the water) and expel the water in the weigh boat (by pressing the plunger all the way to the second stop). Repeat 9 more times.

5. Determine the weight of the pipeted water: zero the balance with an empty weigh boat and record the weight of your weigh boat.  It should be 0.2g. If it is not VERY close, repeat the exercise with assistance from the TA. 

6. Once completed, you can proceed with the Mitochondria DNA isolation.

Laboratory Day 1

Part I: DNA Isolation by Saline Mouthwash

Reagents
Supplies
Shared equipment
Saline soln (0.9% NaCl, 10mL
50ml tube, polypropylene
Microcentrifuge

10% Chelex®, 100ul
1.5ml Eppi tubes, polypropylene
Heating block


P-100 and P-1000, tips                       

Procedure

1. Wash mouth vigorously with 10 ml of the saline solution (0.9% NaCl) for 30s.

2. Expel saline solution into the same 50 ml tube.

3. Transfer 1 ml (1000ul) of the liquid to an Eppi tube. The tubes will be labeled with a number for confidentiality.  Keep using that number in the following steps.

4. Place your sample tube in the microcentrifuge.  Balance it with another student’s tube, and spin (max speed: 14 000 rpm) for 1 minute.

5. Carefully pour off supernatant into sink or beaker.  A small amount of saline solution will remain in the tube.

6. Resuspend cells in remaining saline solution by pipeting up and down. (if needed, 30ul of saline solution may be added to facilitate re-suspension.)

7. Withdraw 30 ul of cell suspension, and add to a tube containing 100uL Chelex with your number on it. Shake well to mix. Holding the tube securely, draw the tube across the top of the tube rack to mix.

8. Boil cell sample in heating block (100 0C) for 10 minutes. 

9. Let cool to room temperature. Place tube in a balance configuration in a microcentrifuge, and spin (max speed) for 1 minute.

10. Transfer 30 ul of supernatant (containing your DNA) to a clean Eppi tube. Avoid cell debris and Chelex beads. Label with your number. This sample will provide template DNA for the PCR reaction.

Part II: DNA Amplification by PCR

Reagents
Equipments & Supplies
Shared Facilities
PCR Mix  22.5 ul
P-20 pipetman and tips
Thermal cycler

Human DNA, 2.5ul

Procedure

1. Use the P-200 equipped with a sterile tip, and pipet 22.5 ul of the PCR mix into a PCR tube.  

2. Use the P-20 equipped with a fresh tip to add 2.5 ul of human DNA (from Part I) to reaction tube, and tap to mix. 

3. Label the cap and side of your PCR tube with your assigned number. 

4. Store all samples on ice until you perform the PCR reaction in the thermocycler

5. Program thermal cycler (TA)

Step 1: 94oC for 5 min (initial denaturing)

Step 2: 94oC for 30 sec (denaturing)

Step 3: 58oC for 30 sec (annealing, primer dependent)

Step 4: 72oC for 30 sec (elongation, enzyme and product length dependent)

Step 5: Goto Step 2  29 times

Step 6: 72oC for 5 min (fully finishes elongation)

Step 7: 4oC for ever (keeps your product cool, prevents degradation)

Step 8: END

6. Label your DNA sample with “MT + your number” and give to the TA to freeze. If your PCR does not yield any product, the reaction can be retried with more of the isolated MT (mitochondrial) DNA.

Laboratory Day 2

Part III: DNA Analysis by Gel Electrophoresis 

Reagents
Equipments & Supplies
Shared Facilities
1% agarose gel
1.5ml tube, polypropylene
Electrophoresis chamber

Loading buffer 6X
P-20, tips
Power supply

1X electrophoresis buffer (TBE)
Gloves (L, M, S)
EtBr staining box 

Fermentas DNA ladder

UV light box             

Procedure

1. Drop 2ul of loading buffer onto the parafilm.  Using a fresh tip, take 10uL of PCR product and pipet up and down on the (blue) drop to homogenize.  Slowly load the content of the tip in a well, making sure not to touch the bottom.

2. Load 3uL of Fermentas ladder in a well.  Make sure to record each lane’s content.

3. Run the gel for 15-20 min at 130 V.  Adequate separation is achieved once dark and light blue dyes are separate by about an inch.

4. The TA will place the gels for 10 minutes in Ethidium Bromide (1ug/mL in TBE) for DNA staining.  Ethidium bromide is a mutagen.   

5. View the DNA over a UV light box. Take a picture. If you do not have a product, report this to the TA. 

Part IV: PCR purification using Qiagen kit

Principle: Reagents in the PCR reaction interfere with the sequencing reaction, and will thus be removed with the Qiagen PCR purification kit.  The Qiagen column binds to the DNA product (>100 bps) while the rest of the PCR mix flows through.  Final elution of the DNA in water (in a clean labelled Eppi tube) yields your PCR product (~400bs) in water, which can thus be used for the subsequent sequencing reaction.

Reagents
Equipments & Supplies
Shared Facilities
Buffers PB, PE
1.5ml tube, polypropylene
Microcentrifuge

De-ionized (dI) water
Qiagen columns 


P-20, P-200, P-1000 & tips

Procedure

1. In a clean Eppi tube, place 50 uL of PB buffer.  Add 10uL of you PCR product.  Pipet up and down to mix.

2. Binding step:  Load the 60 uL above onto a Qiagen column.  Spin (14k rpm for 1 min).  Discard flow through.  

3. Wash step:  Add 0.75 mL of PE buffer on the column.  Spin.  Discard flow through.  

4. Remove residual ethanol (in PE buffer):  Spin 2 min using a fresh collection tube.

5. Elution step:  Place the column in a clean labeled Eppi tube.  Add 30 uL of dI water on the filter without touching it.  Let stand for 2 min. Spin.  

6. Discard the column.  Label your tube with ‘Q+your number’ and use this DNA solution to setup the sequencing reaction. (Q for Qiagen).

Part V: Preparing DNA for sequencing reaction

In this part, we will prepare the PCR product sequencing mix for submission on campus.

Please, keep using your assigned number.

Reagents
Equipments & Supplies
Q cleaned DNA

1.5 ml Eppi tube

MT control region amplicon primer
P-20 & tips

DI water

1. In a clean Eppi tube, place (12 uL total):

· 6 uL of dI water

· 3 uL of sequencing primer (5 pmol/uL, “MT control region amplicon”)

· 3 uL of “PCR cleaned” DNA

2. Label tube with ‘ES + your number’.  Flick to mix and short spin.  The TA will submit your mix to the campus Biochemistry sequencing facility.

FYI: http://dnaseq.bchem.washington.edu/bdsf/

Try to answer these questions

1.  If a P-20 pipetman is set so that the display reads (from top to bottom) 1-3-7, how many microliters will the pipetman pick up when used properly?

2.  Why boil the cheek cells you'll harvest from your mouth?

3.  In 30 cycles of PCR, how many DNA copies will be made?

4.  What "ingredients" are needed for DNA to be amplified via PCR?

5.  What temperatures will the PCR thermocycler cycle through, and what is accomplished at each temperature?

Come to class with your answers to these questions when you come to the first lab session.  Remember that lab will take place in Room 320 of More Hall.  Email Lauren (ldpalmer@u.washington.edu) if you have any questions or problems, but don’t wait until the night before lab to start this assignment because she might not be available then!

9

