EXERCISE 6

ISOLATION AND ANALYSIS OF PLASMID DNA

Introduction

Many of the recent advances in gene manipulation other wise known as "genetic engineering," have been made possible, in part, by advances in DNA laboratory techniques.  Among these are DNA isolation, DNA analysis, purification and transfer, DNA fractionation, sequencing and targeted amplification via the polymerase chain reaction (PCR).

DNA Isolation

The main goal of DNA isolation is to extract the DNA from the cell; or in our case a smaller piece of extra-chromosomal DNA known as a plasmid.  We will accomplish this by removing cellular components (lipids, carbohydrates, proteins, and as much RNA as is possible), thereby purifying only DNA.

The original alkaline lysis method for purifying plasmid DNA from bacterial cultures requires the use of organic solvents (including phenol, chloroform , isoamyl alcohol and others) and many time-consuming steps.  During these extraction techniques proteins are denatured in the organic solvents and settle at the interface between the aqueous and organic phases.  Besides the lengthy time required to accomplish such techniques, the corrosive and toxic nature of phenol makes it difficult to handle.

Another lesser used protocol relies on heat extraction of plasmid DNA.  Under conditions of heating, the smaller plasmid DNA renatures very quickly and remains in solution, whereas the larger chromosomal DNA precipitates.  This technique doesn’t require phenol extraction, but does use other organic solvents to concentrate the plasmid DNA and is time-consuming.

Cesium chloride density gradient centrifugation is another traditional DNA separation tool.  A water-based solution of cesium chloride sediments slightly under the powerful centrifugal force generated by ultracentrifuges.  A gradient is established, with more Cs+ (and more Cl-, which follows the Cs+ to neutralize the charge) toward the bottom of the tube.  The density of CsCl will be 0.02 g/ml greater at the bottom of the tube.  Since the densities of DNA and RNA differ by 0.02 g/ml, these two categories of nucleic acid can be separated one from another, and from proteins that stay at the top of the gradient.  This technique requires from 1-3 days to complete.

Recently, special silica-based matrices have been developed that can quickly and easily separate plasmid DNA from the other cellular debris while at the same time concentrating the DNA.  To accomplish this purification, the bacteria are lysed and the resulting lysate is layered onto a filter in a microcentrifuge tube and the matrix is added.  The DNA is retained because it binds to the silica particles and these can not go through the filter.  The DNA can subsequently be eluted from the silica matrix using water or Tris-EDTA (TE) buffer.  Plasmid DNA isolated in this way is available immediately for sequencing, cell transfection, electroporation, and enzymatic digestion using restriction endonucleases.

Restriction Endonucleases

A key to many of the procedures discussed above has been the discovery and use of restriction endonucleases.  These are enzymes produced by bacteria that degrade foreign DNA (i.e. DNA from a different species of bacteria or phage) that may infect the bacterial cell.  The restriction enzyme is part of what is called a restriction-modification system; because modification of the self DNA often by methylation, the bacterium's own DNA is not affected by its restriction enzymes; only exogenous DNA is broken down.  The biochemical significance of the use of restriction enzymes is that they recognize unique nucleotide sequences and cause breaks only at these points. The specific sequences are called restriction sites. Thus, the restriction endonuclease can be used as a "molecular scalpel" excising specific regions of DNA.  By cleaving DNA only at specific sites, sequences of interest to the researcher can be cut out and moved into another vector.  A technique known as Restriction Fragment Length Polymorphism (RFLP) can be used to compare the genetic differences among the DNA of individuals within a population.

DNA Separation Techniques


A second advance that has helped make gene splicing possible is the improvement in DNA separation methods.  It has been possible to separate DNA of different types and sizes for many years; for example, ultracentrifugation of DNA through density gradients has been the most widely used method among researchers.  Unfortunately, this procedure is time-consuming (often taking 1 to 3 days) and works best with moderately large pieces of DNA.  In the last decade or so, agarose gel electrophoresis methods have been developed and improved.  Better results are achieved by first removing proteins by one of the other isolation techniques and then doing further separations by electrophoresis.  Using gel electrophoresis, small fragments of DNA can be effectively separated.  Separation times vary from 24 hours to as little as 30 minutes.  Moreover, the apparatus and reagents used in these procedures are inexpensive compared to the purchase and upkeep of an ultracentrifuge.


In this laboratory exercise, we will isolate plasmid DNA from bacteria using the recently developed filter mini-prep method.  Plasmid DNA will be analyzed by agarose gel electrophoresis after digestion with restriction enzymes.  

Materials and Methods

Materials


The following materials will be required: the Quantum Prep Plasmid Miniprep Kit by Bio-RAD (cell resuspension medium, cell lysis solution, neutralizing solution, quantum prep matrix, wash solution and spin filters), P1000 pipetman, P200 pipetman, P20 pipetman (and appropriate tips) microcentrifuge tubes (2.0 and 1.5 mL), 2 mL of bacterial culture, microcentrifuge, restriction enzymes, and appropriate 10X buffer, agarose gel unit, power supply, DNA standards, transilluminator, UV safety goggles, latex gloves, solutions and reagents listed in Appendix 7-1. 

Methods

Growth of bacterial culture with Plasmid _______ (overnight culture grown by instructor)
Plasmid DNA Isolation
Transfer 2 ml of an overnight culture of plasmid-containing cells to a microcentrifuge tube.  Pellet the cells by centrifugation for 30 seconds.  Carefully remove all of the supernatant by aspiration or pipetting.  Add 200 l of the cell resuspension solution and pipet up and down until the cell pellet is completely resuspended.  Then add 250 l of the cell lysis solution; this should be done by rapidly dispensing the solution with the pipet tip 2-3 cm above the surface of the resuspended cells (this will ensure adequate mixing for the complete lysis of all cells).  After the addition of the lysis solution, mix by gently inverting the capped tube 10 times.  The solution should become viscous and should clear slightly if cell lysis has occurred.  Continue to mix if the solution is still cloudy.

Add 250 l of the neutralization solution and mix by gently inverting the capped tube 10 times (do not vortex).  A visible precipitate should form.  Pellet the cell debris for 5 minutes in a microcentrifuge at maximum speed (12-14,000xg).  A compact white pellet will form along the side or at the bottom of the tube.  While waiting for the centrifugation step above, insert a spin filter into a new microcentrifuge tube.  Thoroughly mix the quantum prep matrix before removing an aliquot.  The next steps must be done quickly to ensure higher yields of DNA.  Pipet 200 l of the matrix suspension directly into the tube containing the white pellet.  Pipet up and down twice to mix without running it down the side of the tube do not disturb the pellet.  Immediately pour this suspension directly into the spin filter, the pellet will stay behind.  After the transfer, centrifuge for 30 seconds.

Remove the spin filter from its microcentrifuge tube, discard the filtrate at the bottom of the tube, and replace the filter in the same tube.  Add 500 l of wash solution and wash the matrix by centrifugation for 30 seconds.

Remove the spin filter from its microcentrifuge tube, discard the filtrate at the bottom of the tube, and replace the filter in the same tube.  Add 500 l of wash solution and wash the matrix by centrifugation for 2 minutes to remove residual traces of ethanol.  Remove the spin filter and discard the microcentrifuge tube.  Place the filter in a new microcentrifuge tube and add 100 l of deionized H2O or TE.  Elute the DNA by centrifugation for 30 seconds.  Remove and discard the spin filter.  The microfuge tube contains the plasmid DNA.  The plasmid can be frozen for later use.  It will be used for the restriction endonuclease digest during the next lab period.


Restriction Endonuclease Treatment

Preheat two water baths; one set at 37o and  another set at 65o.  Mix the following in 1.5 mL microcentrifuge tubes in the order they are listed: 5 µL 10x restriction buffer, 30 µL H2O, 30 µL DNA solution, and 5 µL of restriction enzyme solution.  Incubate for 45 minutes at 37o.  During this incubation, prepare the agarose gel for electrophoresis (see below). Stop the restriction digestion by adding 5 µL of 200 mM EDTA.


Preparation of Agarose Gel

Set the gel casting tray on a level surface and insert the running plate. Before pouring the gel, rest the support bar of the comb on the edges of the casting tray so that the comb will form the sample wells approximately 1.5 cm from one end of the tray.  There should be a space of about 1 mM between the bottom of the comb teeth and the surface of the running plate.  Prepare 0.8% high melting point agarose in a 500 mL flask.  Heat for 1 to 2 minutes in microwave or until just before the agarose solution comes to a boil.  Allow the solution to cool to about 45o; do not pour agarose at temperatures above 50o or you risk warping the casting or running trays.  Pour the agarose into the casting tray on top of the running plate.  The agarose solution will flow around the teeth of the comb. Do not be concerned if a little of the solution seeps under the running plate.  Allow the agarose to gel for at least 1 hour.  Remove the comb carefully by lifting it gently at one end, thus tilting the comb as it comes free.  Pulling the comb straight up often creates a vacuum in the wells, which tends to lift the entire gel and may tear the wells.  

Agarose Gel Electrophoresis 


Remove the running plate and gel from the casting tray and scrape off any gel adhering to the underside of the plate.  Remember to wear gloves.  Place the running tray with gel on the center platform of the submarine gel unit.  Fill the gel unit with buffer until there is approximately a 2-3 mm layer of buffer over the entire surface of the gel.  Next add ethidium bromide (from 150 µg/ml stock) to give a final concentration of 0.5 µg/ml. Caution: Always wear gloves when using ethidium bromide it is a powerful intercalating mutagen and readily crosses cell membranes. 


In a microcentrifuge tube, mix 2 µL of BRL standard DNA ladder with 3 µL of gel loading buffer.  In a second tube mix 5 µL of restricted DNA with 5µL of gel loading buffer.  In a third microcentrifuge tube mix 5 µL of unrestricted DNA with 5µL of gel loading buffer.  Heat each sample at 65o for 5 minutes and then load all of each sample into separate wells of the gel.  Load the samples using a micropipet (Pipetman P20). This is done by carefully placing the pipet tip below the buffer surface and just above the well. Since the gel loading buffer contains 50% glycerol,  the samples are more dense than the running buffer and should sink into the wells.  Be careful not to puncture the gel with the pipet tip.  


Place the lid on the gel unit so that the cathode (black lead) is at the end nearest the sample wells; the negatively charged DNA will migrate toward the positive pole (red lead).  Connect the cables to the power supply.  Run at 150 volts for approximately 45 minutes.  Caution:  The power unit can generate high voltages; make sure that the lid is closed before turning on the power.  At the end of the run, turn off the power and unplug the power unit.  Carefully remove the lid from the unit and then lift up the running plate and gel.  Some words of caution; remember to always wear gloves when handling solutions or gels containing ethidium bromide.  Keep the plate horizontal, since if it is tipped, the gel may slide off the running plate and break.


Carefully transfer the running plant and gel to the transilluminator.  Caution: Put on UV absorbing goggles at this point.  Place a UV absorbing cover over the gel and turn on the transilluminator.  DNA containing samples should be fluorescent and now be visible as orange bands.  Your instructor will then take a Polaroid photograph of the gel as a permanent record.

Results and Discussion

The results section should include the photograph of the agarose gel labeled properly with a figure caption.  Discuss the results of the DNA isolation and restriction digest in the Discussion section.  What were some of the problems encountered if any and how do the fragments compare to the banding of the DNA standard?  Was all of the plasmid DNA digested?  

Appendix 7-1.


Preparation of Reagents


Check the lysis solution in the Bio-RAD kit for SDS precipitation.  If required, re-dissolve by hand warming


Tris-Borate-EDTA (TBE) electrophoresis buffer: This buffer is usually made at a 5x concentrated stock and then diluted 1:5 before use. To prepare 5x stock the following are dissolved in 1 liter: 54 g Tris base, 27.5 boric acid (pH should be checked and adjusted if necessary), 3.8 g EDTA. The 1x buffer is comprised of the following: 89 mM Tris, 89 mM boric acid (pH 8), and 2 mM EDTA.  


Gel-loading buffer: 50% glycerol, 100 mM EDTA, 1% SDS and 0.1% bromphenol blue.


Restriction enzymes: Used as indicated by manufacturer with appropriate buffer.


DNA storage buffer (TE buffer): 10 m,M Tris-HCl (pH 8), and 1 mM EDTA.


Ethidium bromide: 150 µg/mL. Warning: Ethidium bromide is a powerful mutagen!  Always wear gloves while handling solutions or gels that contain this dye. 
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