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Reversion: Phenotype to DNA
E. De Stasio & N. Goodson-Gregg

Introduction:

During last week’s lab you exposed his- mutant strains of S. typhimurium to suspected mutagens.  Some of your his- bacteria reverted to a his+ phenotype, but how do you suppose this happened?  As you remember, different mutagens affect DNA in different ways.  However, even though a specific mutagen will typically cause one type of mutation, this is not necessarily the only mutation that particular mutagen can induce.  Furthermore, we know that TA1535 and TA1538 have contain different mutations, so perhaps different secondary mutations can lead to the his+ phenotype.  This week we will prepare DNA to identify the molecular changes that confer the revertant phenotype.

Isolation of Genomic DNA from S. typhimurium:

Before you can amplify the most probable areas of mutation, you must isolate the genomic DNA from your revertants.  An overnight culture of the revertant bacteria you selected will be provided and it is your job to extract genomic DNA from these bacteria.  We will use DNeasy™ mini-prep spin columns to isolate genomic DNA away from cell membranes, proteins, and RNA.  This kit can be used to isolate DNA from a variety of sources, including blood, tissue samples, plants, and bacteria.  To obtain genomic DNA, you will first lyse the bacteria with a buffered Proteinase K solution and a high temperature incubation.  Then you will pipet the lysed bacteria onto the spin column membrane and centrifuge the sample.  The bacterial genomic DNA will adhere to the membrane, but all contaminants (proteins, salts, divalent cations, etc.) will flow through the membrane and be discarded.  You will wash the spin column membrane several times to ensure the purity of your DNA, and then you will dry the membrane.  Finally, you will elute the DNA into a microcentrifuge tube to use as a template for PCR.

Protocol for Bacterial Genomic DNA Extraction (Qiagen mini-prep spin column):

1.  Vortex your overnight culture solution for approximately 15 seconds.

2.  Using the P1000, transfer approximately 2x108 cell from your solution into a small labeled microcentrifuge tube.  Use your calculations from the CFU concentration experiment to determine how many µL this will be.  This is a separate overnight solution, but the number should be relatively close.
3.  Centrifuge the solution for 10 minutes at 7500 rpm.  Check to ensure that a small pellet has formed after this step.  If no pellet forms, repeat centrifugation.
4.  Remove the supernatant with a p1000 and discard.  Be careful not to disturb the pellet.
5.  Resuspend the pellet in 180 µL of Buffer ATL.  You may need to perform multiple up and down pipettings to ensure uniform suspension.
6.  Add 20 µL of proteinase K solution and mix by vortexing for at least 10 seconds.

7.  Incubate bacteria for approximately one hour at 56oC in a hot water bath.

Vortex twice during the incubation period to ensure complete lysis of the cells.

8.  After incubation is complete, pulse vortex your sample for 15 seconds.  

9.  Add 400 µL of 1:1 Buffer AL/100% ethanol solution and vortex immediately for approximately 15 seconds. You should have a homogenous solution at this point. Vortex the sample again if there is an excessive amount of precipitate.

10.  Pipette this mixture into the Qiagen DNeasy™ spin column (the column should come pre-packaged in a 2 mL collection tube).  Centrifuge for 1 minute at 8000 rpm.

11.  Discard the flow-through in the appropriate waste disposal area and place the spin column in a new 2 mL collection tube

12.  Pipette 500 µL of Buffer AW1 into the spin column and spin for 1 min. at 8000 rpm.

13.  Discard the flow-through in the appropriate waste disposal area and place the spin column in a new 2 mL collection tube.

14.  Pipet 500 µL of Buffer AW2 into the spin column and centrifuge for 3 minutes at 14000 rpm.
This will dry the spin column membrane, so be sure that the column is empty after this step.  Do not allow the flow-through to touch the spin column.

15.  Discard the flow-through and place the spin column in a new (labeled) 1.5 mL microcentrifuge tube.

This tube will contain your DNA prep, so be clearly label it.  Additionally, place an uppercase P on the side of the tube to indicate that it is a DNA Prep.
16.  Pipette 200 µL of Buffer AE into the spin column (directly onto the membrane). Allow the spin column to sit at room temperature for approximately one minute.

17.  Centrifuge the spin column at 8000 rpm to elute.

18.  Place your DNA prep on ice.

19.  Add your DNA prep to the S. typhimurium DNA library.

Amplifying the hisG or hisD Gene via PCR:

You should now have an isolated prep of genomic DNA from your revertant colony.  However, this DNA is from the entire genome of your bacteria, and we are only interested in determining what causes the his+ phenotype, most likely due to changes in the coding regions of the His operon.  Since we know where the mutations are that render TA1535 and TA1538 his-, and since the bacteria will have to somehow overcome these mutations, we will be amplifying these specific regions of the hisG and hisD genes. 

We will use a polymerase chain reaction (PCR) to amplify portions of the hisG (mutant in TA1535) and hisD (mutant in TA1538) genes surrounding  the original mutations which confer the his- phenotype (Figure 2).  The final amplified regions will be approximately 500 base pairs long.
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Figure 1.  The hisG and hisD genes of S. typhimurium and the location of the mutation sites found in TA1535 and TA1538, respectively.  Amino acid (AA) sequences are shown under the base sequences.  Actual mutations are shown in bold and are surrounded by bases/AA’s on both sides to indicate the effect of the mutation. PS and PA denote the binding site for sense and antisense primers.  Mutation site locations indicate the first mutated base.  All base locations are relative to the first base of the respective gene in the 5’ to 3’ direction. Image created by Nathan Goodson-Gregg.

The two primer sets have different optimum annealing temperatures and will require separate thermocycling. The primer sets are:

hisG primer set (optimum annealing temperature of 38oC):



hisG 919 PS:  CGCTTACGCATAGCT



hisG 1440 PA:  AGCTTCAAGCGTCGC

hisD primer set (optimum annealing temperature of 44oC):



hisD 2611 PS:  CCGTCTGAAGTACTG



hisD 3114 PA:  TCAATGGTTGATGCC

Protocol for PCR Amplification:

Important note:  To ensure that you obtain good results from your PCR, you do not want contaminants getting into your sterile 0.2 mL PCR tube; be sure to use fresh pipette tips every time you transfer a new solution.  Keep reagents on ice at all times.

1.  Obtain a 0.2 mL thin-walled PCR tube and label the top with your group initials.

2.  Determine which primer set you will use and obtain the appropriate set of primers.

3.  Pipette 10.5 µL of nuclease-free water into your reaction tube.

4.  Pipet 0.5 µL of each desired primer into the PCR tube (6.25 pmole each primer)

You should have two primers in your reaction, so there will be 1 µL added to your total reaction volume in this step. 
5.  Add 1 µL of your bacterial genomic DNA prep to the PCR tube.

Try to pipette the DNA directly into the reaction mixture.

6.  Add 12.5 µL of the Promega Master Mix to the reaction tube.

This contains the Taq polymerase, MgCl2, reaction buffer, and dNTP mixture. 

7.  Gently vortex the tube to mix all the components and briefly centrifuge to collect the reagents at the bottom of the PCR tube.

8.  Place the PCR tube in a thermocycler.

Your PCR products will be removed after the reaction is complete and stored at –20oC until they are needed.

Technical Information about PCR:

PCR master mix contains the following ingredients:

3mM MgCl2



400uM dNTP’s (each dATP, dGTP, dCTP, dTTP)



50units/mL
The thermocycler program is:

92oC- 5 minutes (denatures DNA)

30 cycles of:


94oC- 2 minutes (separation)


38oC/44oC  (hisD primers/hisD primers)- 30 seconds (annealing)


72oC- 2 minutes (extension)

72oC- 20 minutes (elongation)

4oC- hold temperature

Purifying PCR Products for Sequencing:
Estimated time:  30 minutes total
We will employ Sanger DNA sequencing to look for mutations associated with reversion to the his+ phenotype.  Recall that Sanger sequencing is basically DNA replication from a single primer hybridized to one of the two strands of template DNA.  Because the PCR reaction includes many extra copies of two different primers, the amplified DNA fragment must be purified away from the primers.  We will use another spin column to purify the DNA fragment (PCR product) away from the primers, dNTPs, and TAQ polymerase.  Once you have purified your DNA fragment, you will add a portion of it, along with just one of the PCR primers, to a clean tube.  We will send these samples to a DNA sequencing facility and you will get a data file of the finished sequence.  Be sure to obtain a sample number from your instructor so that your sample can be identified when the sequences are returned.  You will then use software and a sequence file you can find on Moodle to compare the original TA1535 or TA1538 sequence to the sequence of your revertant.

Protocol for Purifying PCR Products:

1.  Add 125 µL of Buffer PBI (should have a yellow color) to your PCR product and pipette to mix.

Check to make sure that the mixture is still yellow.  If the mixture has a violet hue you will need to adjust the pH with 3M sodium acetate (pH 5.0) until the color is yellow.  Obtaining the appropriate pH is essential for efficient purification of your PCR products.
2.  Apply this mixture to the spin column and centrifuge for one minute at 14,000 rpm to bind the DNA.

3.  Discard the flow-through and place the spin column back in the same collection tube.

Add 650 µL of Buffer PE to the column and centrifuge for 60 seconds at 14,000 rpm.

4.  Discard the flow-through and place the column back in the same collection tube.

5.  Centrifuge for an additional minute at 14,000 rpm to completely dry the column.

6.  Discard the flow-through and place the column in a clean labeled 1.5 mL microcentrifuge tube.  This tube contains your final purified PCR product, so be sure it is clearly labeled.

7.  Add 50 µL of Buffer EB and centrifuge for one minute at 14,000 rpm.

Verifying Results:


Typically one would run a gel of the final purified PCR products to determine DNA concentration and confirm the success of PCR amplification.  Although you will not be performing this step, here is what one of these gels would look like:
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Figure 2.  Agarose gel of purified PCR products. 1-3 amplified with hisG primer set, and 4-6 amplified with hisD primer set.   Image created by Nathan Goodson-Gregg.
Preparing your Sample to Send off for Sequencing:

1.  Obtain a sterile 1.5 mL microcentrifuge tube, close it, and label it with a unique number obtained from your instructor.  Fill in the small form that details which strain you began with and the mutagen used to create your revertant.  Record your number so you can identify your sequence.

2.  Add 8.7 µL of nuclease free water to your microcentrifuge tube.

3.  Add 0.3 µL of one sense primer (12.5 pm/L) to your microcentrifuge tube.

You only need to use one primer, so you should use either His G 919 PS, or His D 2611 PS, same as one primer from the primer set you used for PCR.

4.  Add 3.0 µL of your purified PCR product to your microcentrifuge tube.

5.  Close the lid tightly, invert to ensure that it is sealed, and give your tube to your instructor or lab assistant.
6. Enter your purified PCR product into the PCR product library.

Materials Needed in the Lab, Ames Test parts 2 and 3

Material for each group:


1 p1000


1 p200


1 p20


1 pipetman rack


1 pipette tip bucket


1 box p200 tips


1 labeling marker


1 ice bucket


1 microcentrifuge tube block

Materials for lab:


2 thermocyclers


2 tubes of Promega Master Mix (clear)


6 tubes of nuclease free water (for PCR)

50uL each of HisG919, HisG1440, HisD2611, and HisD3114 primers   

(primers should be at 12.5pm/µL)


4 microcentrifuges (more if they are available)


4 small hot water baths (for microcentrifuge tubes)


2 square bottles sterile H20


1 box each size glove


1 jar labeled Salmonella Waste (to be autoclaved)


1 biohazard trash bag


2 boxes p1000 tips

2 boxes p2 tips


2 beakers of sterile 1.5ml microcentrifuge tubes


1 beaker sterile PCR tubes (thin pink ones)


2 Qiagen DNeasy Blood+Tissue DNA prep kits (50 tubes per kit)


2  10ml containers of  1:1  Buffer AL (Qiagen product)/100% ethanol

2 Qiagen Qiaquick PCR purification kits (50 tubes/kit)

1 roll of parafilm

1 beaker sterile 1.5 ml microcentrifuge tube

Two primers from last lab-HisG919, HisD2611 (@ 12.5pm/µL)

1 ice bucket (for the primers)

4 tubes of nuclease free water 

