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Exercise 2
Isolation of Genomic DNA from Aliivibrio fischeri

Background!

The isolation of DNA is a commonly used procedure in genetics, molecular biology, and
biochemistry. Purified DNA is used for many applications, such as studying DNA structure
and chemistry, examining DNA-protein interactions, carrying out DNA hybridization,
sequencing or PCR, performing genetic studies, or gene cloning. In this course we will
isolate both genomic and plasmid DNA from different kinds of bacteria. The isolation of
genomic DNA is a relatively simple process. The organism to be used should be grown in
a supportive medium at an optimal temperature and should be harvested in late log to early
stationary phase for maximum yield. The cell walls can then be disrupted (lysed) and the
DNA isolated by one of several methods. The method of choice depends in part on the
organism of interest and the intended use of the DNA after purification. Following lysis,
other cellular constituents are selectively removed. Once this is accomplished, DNA can
be precipitated from solution with alcohol and dissolved in an appropriate buffer.

Lysis of the bacteria is initiated by resuspending a bacterial pellet in a buffer
containing EDTA (a chelator). In addition to inhibiting DNases, the EDTA disrupts the
outer membrane of the gram-negative bacterial envelope by removing the Mg”* from the
lipopolysaccharide (LPS) layer. In some cases, an enzyme called lysozyme can be added
to help digest the peptidoglycan in the bacterial cell wall. The solution is made alkaline by
the addition of sodium hydroxide and then a detergent such as sodium dodecyl sulfate
(SDS) may be added to help lyse the cells by solubilizing membranes. Most gram-negative
cells will lyse after this treatment, and many can even be lysed in these buffers without
lysozyme. Once the cells are lysed, the solution should be treated gently to prevent
excessive physical shearing of the very long DNA strands.

Subsequent steps involve the separation of the DNA from other macromolecules in
the lysate. Centrifugation is used to separate cellular components and select for the desired
size of DNA. In some cases, phenol (that has been equilibrated with Tris buffer to decrease
acidity) and chloroform (with isoamyl alcohol as a defoaming agent) can be used to
dissociate protein from nucleic acids. These reagents also remove lipids and some
polysaccharides. Proteolytic enzymes such as pronase or proteinase K are often added to
further remove protein. Proteinase K is a particularly useful enzyme because it is not

! Winfrey, Michael R, Marc A. Rott, and Alan T. Wortman. Unraveling DNA: Molecular
Biology for the Laboratory, 42-43. Permission to reprint with modifications by Prentice
Hall (c) 1997. All rights reserved.
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denatured by SDS and, in fact, works more effectively in the presence of SDS. Nucleic
acids may then be precipitated in ethanol if the ionic strength of the solution is high.
Precipitation is followed by resuspension and RNase treatment to degrade the RNA. The
DNA in solution may then be reprecipitated with ethanol. In this second precipitation, the
ribonucleotides from RNase treatment will remain in solution, leaving purified DNA in the
pellet. The pellet can then be dissolved in an appropriate buffer. Historically, this method
hasbeen used and is still used for large scale preparations. Modern approaches use premade
buffers in a kit, and bind the sample to a silica column instead of precipitating into a pellet.
We will use an adapted version of the alkaline lysis protocol in this course. See the
Appendix for details on the buffer composition. Make sure you understand the purpose of
each component in the buffer.

Alcohol precipitations of DNA and RNA are widely used in molecular biology and
are valuable because they allow nucleic acids to be concentrated by removing them from
solution as an insoluble pellet. If concentrations of DNA are relatively high (> 1ug/mL),
DNA can be effectively precipitated in 10 to 15 minutes by shielding the negative charge
with monovalent cations (0.3 M sodium or 2.5 M ammonium ions are commonly used)
followed by the addition of two volumes of ethanol.

A major consideration in any DNA isolation procedure is to inhibit or inactivate
DNases, which are enzymes that can hydrolyze DNA. The buffer in which the cells are
suspended should have a basic pH (8.0 or greater), which is above the optimal pH for
activity of most DNases. EDTA is also included in the resuspension buffer to chelate
divalent cations (such as Mg>*), which are required cofactors for DNase activity. The
presence of SDS also reduces the DNase activity by denaturing these enzymes. DNase
activity is further controlled by keeping cells and reagents cold, using proteolytic enzymes
such as pronase or proteinase K, and adding a heating step at a temperature that is high
enough to thermally denature the DNase protein (but is too low to denature the long strands
of DNA themselves).

In this exercise, we will isolate genomic DNA from the bioluminescent bacterium
Aliivibrio fischeri. This procedure is useful for isolating DNA from a large variety of gram-
negative bacteria. It yields partially purified genomic DNA of sufficient quality for
techniques such as restriction digestion, ligation, and cloning.

Procedure>?

1. Each group will extract and purify genomic DNA from a total of 10 ml of bacterial
culture. To facilitate handling, you will split this volume into 10 microfuge tubes with
each tube containing 1 mL of overnight culture. To begin, put 1 mL of your overnight
A. fischeri culture (from the first lab period) into each of 5 separate 1.5-mL microfuge
tubes. Then transfer 1 mL of the overnight stockroom culture of 4. fischeri MJ1 into
each of 5 separate 1.5-mL microfuge tubes for a total of 10 tubes.

2 Wizard® Genomic DNA Purification Kit Technical Manual, TM050, Promega
Corporation.

3 Winfrey, Michael R, Marc A. Rott, and Alan T. Wortman. Unraveling DNA: Molecular
Biology for the Laboratory, 44-48. Prentice Hall (¢) 1997. Print. Material modified with
permission.
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The remaining procedure describes what you will be doing to each tube, so steps 3-12
will be done for each of the 10 tubes. Keep in mind there will probably be more cells
and more DNA in the overnight stockroom culture because it was grown in an
Erlenmeyer flask and had better aeration.

Centrifuge 1 mL of the overnight culture for 2 minutes at 15,000 x g (maximum speed
on the centrifuge). Discard the supernatant in liquid culture waste container.

Add 600 pL of Nuclei Lysis solution (although bacteria do not have nuclei, this is the
name of the commercial buffer). Pipet gently to make sure the entire pellet is dissolved.
Incubate for 5 minutes at 80 °C, then cool to room temperature.

Add 3 pL of RNase Solution (4 mg/mL RNase A enzyme). Mix by pipetting with a P-
1000 pipette and incubate for 30 minutes at 37 °C, then cool to room temperature.
Add 200 pL of Protein Precipitation Solution, vortex, then incubate on ice for 5
minutes.

Centrifuge at 15,000 x g for 10 minutes. You should see a visible pellet with a clear,
non-cloudy supernatant. If not, re-spin for a few minutes.

Transfer the supernatant to a fresh tube containing 600 pL of room temperature
isopropanol. Mix by vortexing the microfuge tubes a few times. This causes the DNA
and proteins to precipitate out of the aqueous solution. The large DNA precipitates
immediately but the longer the isopropanol is in the solution, the more protein will
precipitate out. Therefore, you want to complete this step relatively quickly.
Centrifuge for 2 minutes at 15,000 x g. Make sure to place the hinge of the microfuge
tube pointing up in the centrifuge so you know where to expect to see a pellet. Look
carefully for a DNA pellet, which may be translucent. If the pellet is very small, it
might not be visible but DNA could still be present. Discard the supernatant into liquid
culture waste container.

Add 600 pL of room temperature 70% ethanol to the pellet. Mix gently by pipetting up
and down, then centrifuge for 2 minutes at 15,000 x g. Repeat this step to help remove
all salts from the sample.

Aspirate the ethanol and air dry the pellet for 10-15 minutes with the tube lid open.
Rehydrate the DNA pellet in 25 pL of sterile water and leave at 4°C overnight or until
the next class period.

After rehydration, combine the 5 tubes from the stockroom culture into one microfuge
tube and combine the 5 tubes from your culture into one centrifuge tube. You should
have two microfuge tubes, each containing about 180 pig of DNA.

Results and Discussion

1.

3.

Go through each step of the procedure and make sure you understand the purpose of
adding each solution (Nuclei Lysis solution, RNase solution, etc). What would happen
if any of these solutions were not added?

The process of precipitating DNA causes the DNA to condense, which could cause a
problem because DNA is negatively charged. What is needed in the solution in order
to overcome this electrostatic repulsion?

What would you do if you did not see a pellet after your ethanol precipitation?
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Tolaion of Genomic DNA from Afivibri fischeri

ackeround
T it X oty s bt et i s, i

oy Sk A Rt s A T W Ui DA M
e e 5.6 Pombnn b gt ik e b Pt
T i et




