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Today’s take aways:

1. What must a plasmid be? 

2. Getting at the DNA you want?

3. Cutting DNA with enzymes.

4. Why technical standards matter?
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Plasmids, an introduction:

“A plasmid is an extra chromosomal DNA molecule 
separate from the chromosomal DNA”

http://en.wikipedia.org/wiki/Plasmid
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Plasmids, an introduction:

http://universe-review.ca/I10-71-plasmid.jpg
(but apparently scanned from some textbook)
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So, what must a plasmid be?
1. Cells grow and divide; what keeps a plasmid 
from getting diluted?

2. Genetic material mutates; what keeps a 
plasmid from being “lost” via evolution?

http://partsregistry.org/Plasmid_backbones
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Getting at the DNA you want...
1. How to seperate relevant DNA molecule 
from all the other stuff inside a cell?

http://www.jensenlab.caltech.edu/coolmovies.html
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A brief aside: what type of lab 
protocol user will you be? 

Consumer Innovator
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After harvesting and resuspension, the bacterial cells are lysed in NaOH–SDS (Buffer P2) in the presence of 
RNase A. SDS solubilizes the phospholipid and protein components of the cell membrane, leading to lysis 
and release of the cell contents. NaOH denatures the chromosomal and plasmid DNAs, as well as proteins. 
The optimized lysis time allows maximum release of plasmid DNA from the cell without release of cell-wall-
bound chromosomal DNA, while minimizing the exposure of the plasmid to denaturing conditions. Long 
exposure to alkaline conditions may cause the plasmid to become irreversibly denatured. This denatured 
form of the plasmid runs faster on agarose gels and is resistant to restriction enzyme digestion (see figure 
"Agarose gel analysis of the plasmid purification procedure").

The lysate is neutralized by the addition of acidic potassium acetate (Buffer P3). The high salt concentration 
causes KDS* to precipitate, and the denatured proteins, chromosomal DNA, and cellular debris become 
trapped in salt–detergent complexes. Plasmid DNA, being smaller and covalently closed, renatures correctly 
and remains in solution. Since any SDS remaining in the lysate will inhibit binding of DNA to QIAGEN Resin, 
the solution must be thoroughly but gently mixed to ensure complete precipitation of the detergent.

Separation of plasmid from chromosomal DNA is based on coprecipitation of the cellwall- bound 
chromosomal DNA with the insoluble complexes containing salt, detergent, and protein. Plasmid DNA 
remains in the clear supernatant. Vigorous treatment during the lysis procedure will shear the bacterial 
chromosome, leaving free chromosomal DNA fragments in the supernatant. Since chromosomal fragments 
are chemically indistinguishable from plasmid DNA under the conditions used, the two species will not be 
separated on QIAGEN Resin and will elute under the same salt conditions. RNase A, which is added at the 
beginning of the procedure, digests the liberated RNA efficiently during the alkaline lysis. The resulting RNA 
fragments do not bind to QIAGEN Resin under the salt and pH conditions present in the lysate. The 
precipitated debris is removed by centrifugation or by use of a QIAfilter Cartridge, producing a cleared lysate 
for loading onto the QIAGEN-tip. It is important that the lysate is clear at this stage to ensure good flow rates 
and, ultimately, to obtain protein-free plasmid DNA preparations.

Modern form...
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Cutting DNA

http://www.pdb.org/pdb/static.do?p=education_discussion/molecule_of_the_month/pdb8_1.html
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Cutting DNA
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Exploring the Structure
The PDB contains structures for 
many restriction enzymes. 
Another example from 
Escherichia coli--EcoRV--is 
shown here. The structure at the 
top, taken from PDB entry 1rva, 
shows the enzyme bound to a 
short piece of DNA. The arrow 
shows the phosphate group that 
will be cut. The lower illustration, 
taken from PDB entry 1rvc, 
shows the structure after the 
DNA has been cut. A water 
molecule has been inserted, so 
there are now two oxygen atoms, 
close to one another but not 
bonded together, where there 
was a single bonded oxygen 
atom in the intact DNA.

http://www.pdb.org/
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Why standards matter
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Cohen et al., PNAS, 1973

2006
Production of the 
antimalarial drug 

precursor artemisinic 
acid in engineered yeast

Ro et al., Nature, 2006

1973

Construction of 
biologically functional 

bacterial plasmids in vitro

Lin et al., PNAS,1985

1985

Cloning and expression 
of the human 

erthropoietin gene

15
Genetic engineering remains expert driven artwork 
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Why standards matter
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