Environmental Health: Science, Policy and Social Justice

Winter quarter

Lab 3

Detection of genetic polymorphisms in Phase II metabolic enzymes 

Glutathione S-transferases (GSTs) are a family of dimeric proteins of Phase II detoxification enzymes. They conjugate glutathione (GSH) with electrophiles and therefore are important in the protection from toxic chemicals or their toxic Phase I metabolic products. GSTs are members of a gene superfamily (a-, m-, p-, q- (A, M, P, T), multigene classes with several members each (i.e., 1, 2, 3 etc). The m-class (GSTM1) is the most comprehensively studied to date, and may play an important role in the response to oxidative stress particularly in the lung. GSTT1 (q- class) is less well studied but it is also important in Phase II conjugation of chemicals and their products. 

Genetic variability is common in human populations and may take the form of single nucleotide substitutions (that may also lead to gene truncation), (mutli)nucleotide insertions or deletions (that may lead to frameshift mutations or gene truncation) or splice variants. GSTM1 and GSTT1 genotypes are categorized as wild type (plus) or variant (null) which means a complete deletion of their entire gene from the genome, with subsequent absence of the enzyme in homozygote nulls. The GSTM1-null genotype has a high-prevalence in Caucasian populations (up to 50% in Caucasians, up to 65% in Asians, 40% in Hispanics, and 25% in African-Americans). The GSTT1 null genotype frequency is 9-65% depending on race. 

While GSTM1 and GSTT1 may play a role in a gene–environment interaction context, and/or as a risk modifier their deletions may not be a sufficient stand-alone risk factor for decreased levels of metabolic capacity due to redundancy in the substrate specificity among the multiple members of the superfamily. Rather, combinations of GST gene polymorphisms may show associations with health effects, as in the case of rapid lung function decline in persons with chronic obstructive pulmonary disease, whereas single genes are unlikely to confer a significant relative risk in polygenic complex traits. In addition, the high prevalence of the null genotypes of these two genes makes it an unlikely influential genetic factor for significant health disadvantage.
Genotyping for the GSTM1 and GSTT1 polymorphisms is carried out in a multiplex PCR with the albumin gene as an internal reference to verify DNA amplification in GSTM1/GSTT1 double-negative samples. Products of PCR amplification are then identified on a 3.0% agarose gel.

Step 1: DNA extraction

Your DNA is truly unique and an ultimate marker of you. It is present in all your cells (except red blood cells that have no nucleus!) and as such all you need to determine the presence of these polymorphisms is some of your own cells to get your DNA. We will not need to cut any piece of you since each day you shed millions of cheek cells!  So, a simple spit sample is the easiest and most efficient way to get a small amount of DNA from you.

1. You must do this in the corridor. Take a paper cup from the pack, label it with your initials and pour into it roughly 10 mL (about 1” deep) of 0.9% (w/v) saline from one of the water bottles. 

2. Pour the saline in your mouth and rinse vigorously for 30 sec. Expel (i.e., spit) the saline back into the cup. Bring the cup containing your saline mouthwash back into the lab.
3. Transfer 1 ml of your saline mouthwash using a pipet into a sterile prelabeled 1.5 ml eppendorf tube. 

4. Centrifuge your tube in a balanced microcentrifuge for 2 min at full speed. Let it stop completely and remove your eppendorf tube. You should be able to see a pellet of whitish cells at the bottom of the eppendorf tube. If you can’t see your pellet, or your pellet is too small, pour off the saline supernatant, add more of your saline rinse, and spin again. These are your cheek cells!
5. Pour off the supernatant in a waste beaker being careful not to disturb the pellet.

6. Add 30 μl of sterile saline and resuspend the cells by slowly pipeting the liquid up and down. 

7. Add 200 μl of 5% (w/v) Chelex beads suspension.
8. Place this tube containing the Chelex and your cells in a float holder in a 95-100°C water bath for 5 min.

9. Remove the tubes from the water bath and shake or vortex several times to resuspend the sample. Centrifuge your tube in a balanced microcentrifuge for 5 min at high speed.

10. Withdraw 6 μL of supernatant (no Chelex beads) to a clean sterile prelabeled 0.5 ml PCR tube. This will be your DNA template in the PCR reaction
You now have a sample of your genome for PCR analysis!

Step 2: PCR Amplification of your DNA to detect the polymorphisms

For more information on PCR visit: http://www.dnalc.org/ddnalc/resources/pcr.html 

It is estimated that there are 30,000–50,000 individual genes in the human genome. The power of PCR is the ability to target and amplify a specific piece of a gene out of the genome. The recipe for a PCR amplification of DNA contains a simple mixture of ingredients. To replicate a piece of DNA, the reaction mixture requires the following components:

1. DNA template — the intact sequence of DNA to be amplified

2. Individual deoxynucleotides (A, T, G, and C) — DNA building blocks

3. DNA polymerase — the enzyme that assembles the nucleotides into a new DNA chain

4. Mg++ — a cofactor required by DNA polymerase 

5. Primers — pieces of DNA complementary to the template that guide the DNA polymerase exactly where to start making copies

6. Buffer — provides the optimum ionic environment and pH for the PCR reaction

The template DNA in this exercise is your genomic DNA that you just extracted from your cheek cells. 

The primers are specifically designed for these genes and their sequences are shown below. 

All the other components are combined in one solution for convenience: the complete master mix (Taq DNA polymerase, deoxynucleotides, magnesium ions, and buffer). When all components are combined under the right conditions, a copy of the original double-stranded template DNA molecule is made in one cycle of PCR reaction — doubling the number of template strands. Each time this cycle is repeated, copies are made from copies and the number of template strands doubles until after 20 cycles there are 1,048,576 exact copies of the target sequence. 

You can watch an animated illustration of the PCR reaction in the link shown above.

Practical notes:

· All of these reagents are EXPENSIVE and sensitive to HEAT. 

· Keep everything on ice. Do not handle them for long periods (you are warming them up)

· Use a fresh sterile pipet tip for each item you pipet and never put a tip or contents back into the tube it came from

In your PCR tube containing 6 μL of your DNA prep (added in step 10 above) add the following:
1. Add 15 μL of Promega Master Mix (2x) into your PCR tube. 
2. Add 3 μL of primer A into your PCR tube (this includes all three forward primers).
3. Add 3 μL of primer B into your PCR tube (this includes all three reverse primers).
4. Add 3 μL of sterile distilled H2O into your PCR tube to make for a total final volume of 30 μl.
5. Close the cap on your PCR tube, shake it and then place it in the microfuge (with a support, because the size is smaller than the holes) for a brief spin.

6. Label and place your tube in the Thermal Cycler.
7. The cycling protocol for amplification of this multiplex PCR reaction is as follows: 
	
	Temperature
	Time

	Preheat
	94
	10min

	Denaturation
	94
	30sec

	Annealing
	55
	30sec

	Extension
	72
	30sec

	Cycling
	35 cycles of steps 2-4 

	Final extension
	72
	10min

	Hold
	4
	----------


Step 3: Gel Electrophoresis of Amplified PCR Samples
Gel electrophresis apparatus, 6x loading dye, 0.5xTBE, 0.5xTBE-1% (w/v) agarose, EtBr stain/destain, transilluminator
For more on agarose gel electrophoresis visit the link: http://www.dnalc.org/ddnalc/resources/electrophoresis.html
To determine whether or not you carry the GSTM1 and GSTT1 null polymorphisms, you will need to visualize the products of your amplification. This will be done using electrophoresis in which electric current forces the migration of DNA fragments through a polymeric gel. Since DNA is negatively charged, it will migrate in an electric field towards the positive electrode. When run through a gel, shorter fragments of DNA move faster than longer ones. This is because the agarose gel is a viscous polymer gel with pores; smaller molecules travel faster than larger ones.
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	Side view of an agarose gel showing DNA loaded into a well and the direction of DNA fragment migration during electrophoresis. 


The PCR fragments for GSTM1, GSTT1 and albumin are designed to be of different length so that they can be distinguished on agarose gel during electrophoresis. 

If present, GSTM1 will be the smallest fragment 172bp and will migrate faster, followed by the albumin fragment of 350bp and the GSTT1 fragment of 435bp, if present.

Making an agarose gel (pre-made by SIT):

1. Obtain an agarose gel casting tray, a 100ml flask, 0.5xTBE buffer and agarose. 

2. Weigh agarose to make a 3% (w/v) suspension in 50ml of buffer in the flask.

3. Place a paper towel on the opening of the flask and place it in the microwave. Turn on and melt agarose for ~1-2 min – watch it so that you stop it if it starts boiling over. 

4. Remove with hot-glove or rubber holder (VERY HOT) and swirl gently to mix well – do not mix vigorously because it may spill over and to avoid bubble formation.

Keep agarose in solution at 60oC – it will set if it cools down to room temperature (if this happened you can melt it again in the microwave)

Pouring the agarose gel:

5. Within a group of 3, obtain an agarose gel casting tray, and a comb 

6. Place the comp so the desired size teeth face down into your gel tray 

7. Pour the 3% agarose gel so as to cover the lower part of the gel tray (do not fill the tray completely).

8. Allow your gel to completely set (~10 min) before placing it into the gel electrophoresis apparatus.

9. Pour enough 0.5x TBE electrophoresis buffer into the electrophoresis chamber, until it just covers the wells.
Loading your PCR product on the gel

1. Remove your PCR tube from the thermal cycler. 

2. Add 6 μl of 6x loading dye to your PCR tube and mix gently.

3. Microfuge the tube briefly.

4. Using a clean tip for each sample, load 10 (L of your dye added-sample, along with the other 3 students of the team and the DNA standards into individual wells of the gel in the following order.

	Well
	Sample

	1
	Empty

	2
	DNA standards (100 bp ladder)

	3
	Student 1

	4
	Student 2

	5
	Student 3

	6
	DNA standards (100 bp ladder)


5. Place the lid of the apparatus on and run the gel at 100 V until the dye reaches approx 1 cm from the end of the gel. Make sure you have the electrodes and gel the correct way round. Remember DNA moves towards the +ve terminal. The gel should take 30-40 min to run.

6. To visualize the DNA, we soak the gel in a bath of the fluorescent dye ethidium bromide (EtBr). This compound contains a planar group that intercalates between the stacked bases of DNA.
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Ultraviolet radiation at 254 nm is absorbed by the DNA and transmitted to the bound dye, before being emitted at 590 nm, the red-orange region of the spectrum. 

Ethidium is a DNA intercalating agent and a powerful mutagen. Incorporation of ethidium into the DNA of living organisms can cause (unwanted) mutations. Take care, wear gloves and floow our instruction precisely.  Think about what you are doing, your safety and the safety of others. 

7. Stain your gel in EtBr for 10 min, and then destain for 10 min.\

8. Finally you can visualize the gel by exposure to UV light (254 nm) and take a picture for your records.

Interpreting your results: 


The albumin band should be present in all samples since it is the internal positive control that indicates DNA was present in the sample. Homozygote plus samples will show a band for GSTM1 and GSTT1 of the size indicated above. The homozygote null samples will be missing the band for the gene that is deleted (one or both bands). 

The heterozygotes have only one instead of two copies of the gene. Heterozygotes will not be possible to distinguish from homozygote plus because the PCR reaction will not detect this difference in copy number: both will show as positives, i.e., show a band on the gel) – unless we were able to do a quantitative, or “real-time” PCR which also uses a standard curve of starting template copy number. Therefore, only the homozygote nulls will be distinguished from positives (both hetero and homozygote positives).

Questions (due a week after your lab day)

1. On your gel you see no bands at all for your lane (sample). What does this mean and what is a possible explanation?

2. On your gel you see only one band of ~350bp size. Interpret this outcome.
3. On your gel you see all three expected bands. Interpret this outcome.
4. If you are a homozygote null for GSTT1, what bands do you expect to see on your gel?
5. If you are a heterozygote null for GSTM1, what bands do you expect to see on your gel?

6. Attach a picture of your gel clearly labeled

Appendix

Primers for multiplex PCR: GSTM1, GSTT1, Albumin

GSTM1 

Forward

5’-TACTTGATTGATGGGGCTCAC-3’ [238-258]

Reverse

5’-CTGGATTGTAGCAGATCATGC-3’ [409-389]

 [XM_002155, GI: 22042126, mRNA]

Fragment: 172bp



GSTT1 

Forward

5’-CTTACTGGTCCTCACATCTC-3’ [472-491]

Reverse

5’-CAGGGCATCAGCTTGTGCTTT-3’ [701-681]

[NM_000853, GI: 4504184]

Fragment: 435bp.

Albumin (as an internal control):

Forward

5’-CC CTC TGC TAA CAA GTC CTA-3’  (9098-9117)

Reverse

5’-GCC CTA AAA AGA AAA TCG CCA ATC-3’ (9423-9446)

GI: 178343

Fragment: 350bp

Informed Consent Release
The Environmental Health: Science, Policy and Social Justice program at Evergreen State College is giving you the opportunity to participate in a laboratory exercise in which you will analyze your DNA for the presence of genetic polymorphisms in two Phase II metabolic enzymes, Glutathione-S-Transferase M1 and T1 (GSTM1 and GSTT1) with the Polymerase Chain Reaction (PCR) followed by Gel Electrophoresis. It is a method by which a particular piece of DNA can be amplified many million-fold. PCR has a number of applications in the scientific community, including uses in forensics, diagnostics, parentage testing, and evolutionary studies. It is used by forensic laboratories for the identification of possible suspects involved with a crime. It is used for the diagnosis of different genetic diseases. It is routinely used in most molecular biology laboratories for the cloning and characterization of specific genes, and the identification of genetic variants relevant to toxicity from environmental exposures and drugs or as a prognostic of therapeutic efficacy of drug treatment (experimental use). Your DNA sample will be used strictly for the examination of the above stated genetic polymorphisms, and NO other diagnostic test. 

In this laboratory protocol, you will be isolating DNA from your own cheek cells. The process is completely non-invasive and requires that you only rinse your mouth with a sterile saline solution and expel the rinse into a sterile cup. This presents no risk of infection from biological or chemical laboratory agents to you. In addition, because each student will handle your own DNA the exercise presents no additional risk of person-to-person transmission of pathological agents, such as bacteria, viruses etc, than normal classroom contact. You will then apply the PCR technique to amplify three particular segments of your DNA, the two polymorphic genes and one internal reference gene, albumin. These segments are not known to be directly associated with any genetic disease. Albumin will not be analyzed for variation but only as a marker of sufficient DNA sample. The functions of GSTM1 and GSTT1 present a large degree of redundancy with other isoforms of the enzyme multifamily, but complete deletion of either or both of these two polymorphic genes may be an indicator of susceptibility to environmental stressors. The results of this particular laboratory exercise are for teaching purposes only and will NOT be used for any diagnostic or identification purposes. Your privacy will be protected. Your DNA sample will be discarded after the lab exercise. 

Participation in the lab is required for full program credit but using your own cheek cells is voluntary. Please let the faculty know if you opt not to use your own cells and we will provide you with another source of sample to extract DNA from. By signing this permission form, you are agreeing to participate in this exciting learning experience using your own DNA sample. If you have any concerns or questions, please contact Maria Bastaki at x5264. 

Print Your Name ___________________________________ 

Your Signature __________________________________ Date: ____________
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