Molecular Biology

Lab 3
DNA analysis 101
Analysis of pGLO plasmid after purification from transformed E.coli

Our last lab exercise involved purifying the pGLO plasmid DNA from the E.coli cells following transformation with this plasmid.  In this exercise we “saw” how the E.coli replicated the circular plasmid DNA for us and how we could separate a small, supercoiled, free-floating, circular plasmid DNA molecule, from the much larger, relaxed, membrane-tethered chromosome (also a circular DNA molecule).  Although we were fairly sure that we succeeded in purifying plasmid DNA (if we followed the procedure correctly), we can now proceed to analyze this plasmid DNA in a number of ways.
A.

After a DNA purification procedure we often want to determine the quantity (concentration) of the DNA solution and to evaluate the purity.

Both quantity and quality can be determined using spectrophotometry.  DNA absorbs light in the UV range (260 nm).  Therefore when light of this wavelength shines through a sample of DNA, the amount of light absorbed is proportional amount of DNA is the solution.  The absorbance of light is called Optical Density (O.D.) The concentration of DNA can be calculated using the following formula.

1 O.D.260 unit = concentration of 50 g/ml (or 50 ng/l) double stranded DNA.

Purity can also be roughly determined using spectrophotometry.  We are usually most interested in the amount of protein that might have been inadvertently purified with the DNA.  Proteins absorb light at a different wavelength (280 nm).  A convenient measure of DNA purity is determined by measuring the O.D.260 / O.D.280 ratio.   Pure DNA is considered to have an O.D.260 / O.D.280 = 2, although the ratio is usually slightly less in practice.

Today you will determine the concentration and  relative purity of the DNA you purified in the last lab using spectrophotometry.
1. Obtain your DNA sample and your lab supplies
2. Transfer 10 l  EB solution standard or blank to a microfuge tube.  (one blank can be used for everyone).
3. Dr. Super will introduce you to the spectrophotometer and the features you will use in DNA analysis.  It is called a Nanodrop ® spectrophotometer as it can analyze very small volumes of sample.  
4. Dr. Super will instruct a student to initialize and “blank” the Nanodrop.  Each student will apply 1 l of sample to the Nanodrop. What is the advantage of being about to use  only 1 l of your sample for analysis? 
5. Record your own OD260 and OD280
6. Calculate the concentration and purity of your DNA.

Concentration = (OD260 X 50 g/ml )*
Purity = OD260 / OD280
* With some spectrophotometers, high concentrations of DNA may exceed the limits of the instrument.  In that case, it is necessary to dilute a sample of your DNA for analysis. Concentration calculation must take into consideration this dilution factor. 
i.e.  If your sample was diluted 1:10 before spectrophotometry, your calculation would be: (OD260 X 50 g/ml ) X 10 .  
B.  

Once quantity and quality is determined we often want to create a “molecular roadmap” of our DNA by noting the position of some restriction enzyme recognition sites. (see attachment)  This allows us to give the molecule some convenient markers which molecular biologists use in a variety of ways.  The most basic restriction enzyme analysis shows us that DNA molecules with different sequence will have different restriction patterns. In other cases one may want to isolate a small restriction fragment of the DNA for future use.  

Today you will begin to create a restriction map of the pGLO plasmid ,using 2 restriction enzymes , Eco RV and Hind III to digest your plasmid DNA.  

 Next week you will use DNA gel electrophoresis to separate the restriction fragments made by cutting the plasmid (including uncut sample and DNA molecular weight samples).  Finally you will stain your DNA in your gel with ethidium bromide and visualize with U.V. light.  You will make a photograph to use for analysis.  The photograph should allow you to:

1. Determine the size of the DNA fragments made by the restriction enzymes.

2.  Create a map of the circular pGLO plasmid molecule, showing the positions of the restriction recognition sites relative to each other.
Enzyme Digestion
Materials
Micofuge tubes

Distilled water

pGLO DNA samples

Spectrophotometer

Restriction enzymes (EcoRV, Hin dIII)

10 X restriction enzyme buffers

Procedure:

1) Set up 4 DNA digestion tubes.  Label appropriately for:

a. pGLO DNA digested with Eco RV
b. pGLO DNA digested with Hind III
c. pGLO DNA digested with Eco RV and Hind III
d. pGLO DNA undigested (-restriction enzymes)
Each tube will contain 25 l* total volume, but the exact volume of DNA (and water) will vary depending on the concentration of DNA.  Calculate the volume needed for) 0.5- 1g if possible.  A 10X concentrated buffer compatible with the enzymes you will use is supplied.  It should be diluted to a 1X working concentration. Distilled water is commonly used to bring the sample to the desired volume.
*FYI---You could set up a DNA digestion in any volume you desired, but typically 20-30 l is optimal for good DNA digestion and to allow you to conveniently apply your sample to an electrophoresis gel.  

X l DNA  (This will vary depending on the concentration determined above)
2.5 l 10X restriction buffer

1.0 l enzyme

X l H20 _ (This will vary depending on the concentration determined above)
25 ul total volume
2)  Place the tubes at 37 degrees C (water bath for 2+ hours).  

Dr. Super will remove the tubes for you and place the tubes at 4 degrees C.  

                  
This stops the digestion and protects DNA from digestion with general DNases. 

                 
 The DNA will be analyzed next week.

----------------------------------------------------------------------------------------------------------------------------------------------------------

Restriction enzyme

From Wikipedia, the free encyclopedia
A restriction enzyme (or restriction endonuclease) is an enzyme that cuts DNA at specific recognition nucleotide sequences (with Type II restriction enzymes cutting double-stranded DNA) known as restriction sites.[1][2][3] Such enzymes, found in bacteria and archaea, are thought to have evolved to provide a defense mechanism against invading viruses.[4][5] Inside a bacterial host, the restriction enzymes selectively cut up foreign DNA in a process called restriction; host DNA is methylated by a modification enzyme (a methylase) to protect it from the restriction enzyme’s activity. Collectively, these two processes form the restriction modification system.[6] To cut the DNA, a restriction enzyme makes two incisions, once through each sugar-phosphate backbone (i.e. each strand) of the DNA double helix.

Over 3000 restriction enzymes have been studied in detail, and more than 600 of these are available commercially[7] and are routinely used for DNA modification and manipulation in laboratories.[8][9][10]
History

For the first isolation of a restriction enzyme, HindII, in 1970,[11][12] and the subsequent discovery and characterization of numerous restriction endonucleases,[13] the 1978 Nobel Prize for Physiology or Medicine was awarded to Daniel Nathans, Werner Arber, and Hamilton O. Smith.[14] Their discovery led to the development of recombinant DNA technology that allowed, for example, the large scale production of human insulin for diabetics using E. coli bacteria.[15]
[edit]

Recognition site








A palindromic recognition site reads the same on the reverse strand as it does on the forward strand when both are read in the same orientation

Restriction enzymes recognize a specific sequence of nucleotides[2] and produce a double-stranded cut in the DNA. While recognition sequences vary between 4 and 8 nucleotides, many of them are palindromic, which correspond to nitrogenous base sequences that read the same backwards and forwards.[16] In theory, there are two types of palindromic sequences that can be possible in DNA. The mirror-like palindrome is similar to those found in ordinary text, in which a sequence reads the same forward and backwards on a single strand of DNA strand, as in GTAATG. The inverted repeat palindrome is also a sequence that reads the same forward and backwards, but the forward and backward sequences are found in complementary DNA strands (i.e., of double-stranded DNA), as in GTATAC (GTATAC being complementary to CATATG).[17] Inverted repeat palindromes are more common and have greater biological importance than mirror-like palindromes.

EcoRI digestion produces "sticky" ends,





whereas SmaI restriction enzyme cleavage produces "blunt" ends:





Recognition sequences in DNA differ for each restriction enzyme, producing differences in the length, sequence and strand orientation (5' end or the 3' end) of a sticky-end "overhang" of an enzyme restriction.[18]
Different 
restriction enzymes that recognize the same sequence are known as neoschizomers. 

These often cleave in different locales of the sequence. Different enzymes that recognize 

and cleave in the same location are known as isoschizomers.
	Enzyme
	Source
	Recognition Sequence
	Cut

	AluI*
	Arthrobacter luteus
	5'AGCT

3'TCGA
	5'---AG  CT---3'

3'---TC  GA---5'

	BamHI
	Bacillus amyloliquefaciens
	5'GGATCC

3'CCTAGG
	5'---G     GATCC---3'

3'---CCTAG     G---5'

	EcoP15I
	Escherichia coli
	5'CAGCAGN25NN

3'GTCGTCN25NN
	5'---CAGCAGN25NN   ---3'

3'---GTCGTCN25   NN---5'

	EcoRI
	Escherichia coli
	5'GAATTC

3'CTTAAG
	5'---G     AATTC---3'

3'---CTTAA     G---5'

	EcoRII
	Escherichia coli
	5'CCWGG

3'GGWCC
	5'---     CCWGG---3'

3'---GGWCC     ---5'

	EcoRV*
	Escherichia coli
	5'GATATC

3'CTATAG
	5'---GAT  ATC---3'

3'---CTA  TAG---5'

	HaeIII*
	Haemophilus aegyptius
	5'GGCC

3'CCGG
	5'---GG  CC---3'

3'---CC  GG---5'

	HgaI[47]
	Haemophilus gallinarum
	5'GACGC

3'CTGCG
	5'---NN  NN---3'

3'---NN  NN---5'

	HindIII
	Haemophilus influenzae
	5'AAGCTT

3'TTCGAA
	5'---A     AGCTT---3'

3'---TTCGA     A---5'

	HinfI
	Haemophilus influenzae
	5'GANTCA

3'CTNAGT
	5'---G   ANTC---3'

3'---CTNA   G---5'

	KpnI[48]
	Klebsiella pneumoniae
	5'GGTACC

3'CCATGG
	5'---GGTAC  C---3'

3'---C  CATGG---5'

	NotI
	Nocardia otitidis
	5'GCGGCCGC

3'CGCCGGCG
	5'---GC   GGCCGC---3'

3'---CGCCGG   CG---5'

	PstI[48]
	Providencia stuartii
	5'CTGCAG

3'GACGTC
	5'---CTGCA  G---3'

3'---G  ACGTC---5'

	PvuII*
	Proteus vulgaris
	5'CAGCTG

3'GTCGAC
	5'---CAG  CTG---3'

3'---GTC  GAC---5'

	SacI[48]
	Streptomyces achromogenes
	5'GAGCTC

3'CTCGAG
	5'---GAGCT  C---3'

3'---C  TCGAG---5'

	SalI[48]
	Streptomyces albus
	5'GTCGAC

3'CAGCTG
	5'---G  TCGAC---3'

3'---CAGCT  G---5'

	Sau3A
	Staphylococcus aureus
	5'GATC

3'CTAG
	5'---     GATC---3'

3'---CTAG     ---5'

	ScaI[48]
	Streptomyces caespitosus
	5'AGTACT

3'TCATGA
	5'---AGT  ACT---3'

3'---TCA  TGA---5'

	SmaI*
	Serratia marcescens
	5'CCCGGG

3'GGGCCC
	5'---CCC  GGG---3'

3'---GGG  CCC---5'

	SpeI
	Sphaerotilus natans
	5'ACTAGT

3'TGATCA
	5'---A  CTAGT---3'

3'---TGATC  A---5'

	SphI[48]
	Streptomyces phaeochromogenes
	5'GCATGC

3'CGTACG
	5'---GCATG  C---3'

3'---C  GTACG---5'

	StuI[49][50]
	Streptomyces tubercidicus
	5'AGGCCT

3'TCCGGA
	5'---AGG  CCT---3'

3'---TCC  GGA---5'

	TaqI
	Thermus aquaticus
	5'TCGA

3'AGCT
	5'---T   CGA---3'

3'---AGC   T---5'

	XbaI[48]
	Xanthomonas badrii
	5'TCTAGA

3'AGATCT
	5'---T  CTAGA---3'

3'---AGATC  T---5'


