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Exercise 3
Small-Scale Plasmid DNA Isolations from Escherichia coli

Background!

A variety of methods have been developed to isolate plasmid DNA. Most methods
involve lysing the cells and selectively recovering the plasmid DNA by separating the
plasmid DNA from genomic DNA and other cellular components. To separate plasmid
DNA from genomic DNA, plasmid purification procedures exploit two major differences
between bacterial genomic DNA and plasmid DNA: size and shape.

Many protocols involve a differential precipitation step to remove genomic DNA.
Bacterial chromosomes are much larger than plasmids. The majority of plasmids used as
cloning vectors are fewer than 10 kilobases (kb) in length, whereas the E. coli chromosome
is about 4000 kb. After cell lysis under certain conditions, the long strands of genomic
DNA become entangled with precipitated cell debris, which are then removed by
centrifugation, leaving the smaller plasmid DNA in solution. The procedures also take
advantage of the properties of closed, circular DNA. The two strands of plasmid DNA will
remain interlocked under denaturing conditions, such as high temperature or basic pH.
Thus, when cooled or returned to neutral pH, plasmids will instantly return to their original
circular, supercoiled state because the complimentary strands are physically associated
with each other. The complementary strands of chromosomal DNA, however, are much
longer and not physically associated so they more easily become trapped with the
precipitate of cellular debris. However, if excessive shearing of the long chromosomal
DNA occurs, it can contaminate the plasmid preparation.

After the cellular debris and most of the chromosomal DNA is removed by
centrifugation, the plasmids will remain in solution along with RNA molecules. The
plasmid DNA and RNA can then both be precipitated with alcohol and the RNA may be
removed by treatment with RNase. This results in a partially purified preparation of the
plasmid, although it still contains some protein and small fragments of genomic DNA. In
this exercise, you will use a small-scale plasmid isolation protocol (plasmid mini-prep) to
isolate plasmid DNA from a strain of E. coli that contains the plasmid pUC18. The partially
purified plasmid DNA obtained from this exercise is suitable for applications such as
transformation, restriction digest analysis, or PCR.

Procedures?

1. Each group will extract and purify plasmid DNA (the vector, pUC18) from 20 mL of
E. coli DH5a with pUC18 bacterial culture. The culture will be split up into 4 microfuge
tubes to facilitate handling at later steps. To begin, label 4 microfuge tubes. Transfer 1
mL of the bacterial cells into each of the four 1.5-mL microfuge tubes, centrifuge at
15,000 x g for 1 minute, and then remove the supernatant. Add another 1 mL of cells,

! Winfrey, Michael R, Marc A. Rott, and Alan T. Wortman. Unraveling DNA: Molecular
Biology for the Laboratory, 49-50. Permission to reprint with modifications by Prentice
Hall (c) 1997. All rights reserved.

2 QIAprep® Miniprep Handbook, QIAGEN.
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centrifuge, and remove the supernatant. Repeat this process until you have 4 microfuge
tubes, with each tube containing a pellet of cells that have been spun down from 5 mL
of culture.

The remaining procedure (steps 3-10) describes the manipulations that must be
performed for each of the 4 tubes of culture.

Add 250 pL of Buffer P1 to one of the microfuge tubes and resuspend the cell pellet
fully by pipetting up and down and/or vortexing so that no cell clumps remain.

Add 250 pL of Buffer P2 and mix thoroughly by gently inverting the tube 4-6 times.
Do not pipet or vortex at this step, to avoid shearing of the long genomic DNA. If
necessary, continue inverting the tube until the solution becomes viscous and clear. Do
not allow this lysis reaction to proceed for more than 5 minutes.

Add 350 pL of Buffer N3 and mix immediately and thoroughly by inverting the tube
4-6 times. To avoid localized precipitation, mix the solution thoroughly - it may require
inverting up to 10 times. The solution should become cloudy.

Centrifuge for 10 minutes at 15,000 x g. A pellet of cell debris will form. At this point
the supernatant contains the plasmid DNA.

Apply the supernatant from step 6 to the QIAprep spin column by pipetting.
Centrifuge for 30-60 seconds at 15,000 x g. Discard the flow-through.

Wash the spin column by adding 0.75 mL Buffer PE and centrifuge for 30-60 seconds
at 15,000 x g. Discard the flow-through and re-centrifuge the empty column assembly
for an additional minute to dry the column and remove residual wash buffer. The flow-
through must be discarded before additional centrifugation or else ethanol might be
carried over into the elution sample.

Place the column in a clean 1.5-mL microfuge tube with the lid removed. To elute
DNA, add 40 puL sterile water to the center of each spin column, let it stand for 1 minute,
and then centrifuge for 1 minute.

Transfer the elution samples to a fresh tube with a cap (combine the contents of 4
microfuge tubes into 1 tube). The DNA concentration should be between 20-50 ng/uL.
In the next exercise you will determine the concentration of your DNA, so store the
DNA in the cold room until next class period.

Results and Discussion

1

Go through each step of the procedure and make sure you understand the purpose of
adding each solution (Buffer P1, Buffer P2, etc). What would happen if any of these
solutions were not added?

How is the process of isolating plasmid DNA different from the procedure used to
isolate genomic DNA?

The challenge for isolating plasmid DNA is that it needs to be differentiated from
genomic DNA? What differences between plasmid DNA and genomic DNA are being
utilized to isolate the plasmids from the other DNA?

‘Why did we not have to worry about separating genomic DNA from plasmids when we
isolated the genomic DNA from 4. fischeri in Exercise 2?
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