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Basic Nucleic Acid Isolation, Manipulation and Analysis

Key points:-  

DNA and RNA easily purified but as whole cellular populations, not specific sequences.

RNA preps. can have significant DNA contamination.

DNA in plasmids or phage can be purified selectively.

Oligonucleotides can be synthesized chemically but efficiency and purity decrease with length.  Also, product has 5’ –OH after de-protection.  Variants can be made with unnatural  bases or variations on phosphodiester bond linkages.

Ligase requires at least one 5’-phosphate (and 3’-OH) and perfect complementarity of overhangs.

DNA polymerases require primer with 3’-OH annealed to template with perfect match at 3’ end.

For molecular biology most useful RNA polymerases are from phage (SP6, T7, T3), requiring only a binding sequence in dsDNA and no accessory proteins.

Most useful DNA polymerases from E.coli, other bacteria or phage with engineered variants; stability, processivity, accuracy, exonuclease activities are key characteristics that differ among specific DNA polymerases used.

DNA sequencing- basic principle of Sanger sequencing (key ingredients, modifications and how they improve sequencing,  what limits length of sequence that can be read).  Longer sequences generally from primer walking or shotgun sequencing.

Hybridization   underlies majority of techniques for nucleic acid analysis and manipulation.  Parameters affecting stringency.  How to make specific probes (radioactive or not).  Basic hybridization techniques (how to perform and for what purpose)- Southerns (also dot blots, colony lifts and plaque lifts), Northerns, chromosome in situs, RNA in situs. 

Purification of DNA (pp 33-7)

All DNA is stable and has similar biochemical properties.  This is convenient for purifying DNA in general but means special methods (cloning, PCR) must be devised for separating one type of DNA molecule from another.  

Size of DNA, linear vs. circular, ds vs ss, affect some properties, allowing selective purification (as for plasmid DNA below or purification of DNA according to size by gel electrophoresis).  

DNA purification is generally easy & can be accomplished in many ways.  Choice depends on source and convenience.

Common sources:- 
Circular ds plasmid DNA in bacteria

Chromosomal DNA from eukaryotic cells (using tissue culture cells or blood, or flies or insects in amber….)




Viral, 'phage DNA in growth medium




By mail from other researchers or research centers

Break open cell (Osmotic pressure, detergent, mechanical, enzymes)

Remove low molecular weight materials and other macromolecules (proteins, carbohydrates, RNA).


Proteinase K degrades protein


Phenol extraction removes protein 


Dnase-free RNAse degrades RNA


Ethanol precipitation removes low molecular wt. material

Alternatively, selectively pull out the DNA (& RNA) using an affinity matrix such as silica gel (Bind silica gel at high salt; elute with low salt [DNA, RNA]) or other specially formulated positively charged resins (manipulate pH & salt to regulate affinity for different nucleic acids).

For chromosomal DNA be gentle to avoid shearing.

For small circular plasmid DNA: 
Take advantage of unique topology of plasmid DNA

SDS/alkaline lysis (denatures protein & DNA)

Neutralize w. KAc (small topologically linked single strands of plasmid DNA renature but large chromosomal DNA & protein ppts).

Phenol extract, Ethanol ppt. (or fish out DNA by silica affinity, as in Qiagen kits), treat w. RNase

Final product- absorption spectrum (A260 vs A280), run on gel for amount and purity.

Has all relevant DNA been recovered? (mitochondrial DNA, nuclear DNA, episomes)

How pure is it? (other macromolecules, DNA contamination of RNA prep)

How pure does it need to be?  (cutting, sequencing, transfecting, micro-injecting, use in humans)

Purification of RNA

RNA can be hydrolyzed, especially at low or high pH & there are many active, stable RNAses in cells.  Hence crucial to denature proteins as soon as cells are lysed (e.g guanidinium isothocyanate)

Pellet by ultra-centrifugation or by LiCl or ethanol precipitation, or bind to silica gel or other resin.

To remove DNA (if necessary): phenol/chloroform pH4 (“Trizol” method) or RNAse-free DNAse

PolyA+ mRNA by oligo(dT) cellulose (bind at high salt, elute at low salt).

Keep RNA cold/frozen (use Rnasin, DEPC treated water) or in organic solvent (as an ethanol precipitate) for stability.

Above DNA & RNA products simply what was in cell and therefore mixture of different sequences.

Important exceptions- 


Plasmid DNA separated from bacterial chromosomal DNA (>90%)

Phage/viral DNA/RNA separated from host cell nucleic acids.

Chemical DNA Synthesis (Glick pp91-101)

Key applications:
Primers for DNA sequencing & for Polymerase Chain Reaction (PCR)




Assembling synthetic genes




Site-directed mutagenesis




Hybridization “probes” (in microarrays also)
Build from 3' to 5' attached to solid support (glass beads + molecular spacer).

A,G, C bases all have protecting groups for amino groups.

Anhydrous conditions, so that 5'-OH of incoming nucleotide is only nucleophile

Trityl groups protect 5' end of each nucleotide (& growing chain) so only one 5’-OH reacts at one synthesis step; remove w. TCA to give 5' OH

Phosphoramidite chemistry allows activation of 3'-O-P by protonation

Cycles
1.   De-block 5'-OH

2. Acivate amidite.

3. 5'-3' phosphotriester bond forms

4. Cap (acetylate) 5'-OH of unreacted chains

5. Oxidize phosphotriester linkage to 5'-3' methylated phosphodiester

6. Repeat for next nucleotide

End
1.  Demethylate phosphodiester

2. Cleave from spacer to give 3'-OH

3. Remove groups protecting A,G,C.

4. De-tritylate 5' end to give 5'-OH

Why are blocking groups necessary?

What is gained by capping?

Key points to consider when ordering or using chemically synthesized oligonucleotides:-

Yield & Purity
Capping should eliminate wrong sequences but shorter oligos do form at each step.



If 99% efficient at each step, yield of 20-mer 82%, 60-mer is 55%

Are impurities a problem for the specific application?  Can purify according to length (generally HPLC is fine up to 50nt & PAGE better for longer oligos if single nt resolution required).

End-product has 5’-OH

Variations
Altered nucleotides (I for A/G, mixtures for hybridization; Fluorescent groups for sequencing; Ribonucleotides for siRNA [protecting group used at 2’-OH position]) can be used


Altered backbone- phosphorothioate for stability (anti-sense morpholinos), PNA

In chemical synthesis you choose the sequence, so possibilities are unlimited but length and purity may limit use (30nt is trivial, up to 100nt usually OK, longer may well be problematic, although extremely long oligos can be made very well by taking extra steps to avoid depurination & other side-reactions that become significant for long oligos).

To make many copies of specific longer purified DNAs or RNAs use enzymes (polymerases) in vitro or use DNA cloning.

Key enzymes acting on nucleic acids  (pp 41-49)

Origin; normal functions in bacteria & phage.  Originally purified from natural organism, now cloned & modified.

Restriction enzymes:- Key property is very tight sequence specificity under right conditions.

recognition sites, site frequency, partial digests, blunt, sticky, compatibility, methylation (e.g.           CG methylation in eukaryotes [HpaII vs MspI]; GATC in E.coli [DpnI cuts methylated DNA])

Applications for enzymes that cut distant from recognition site 

T4 DNA ligase requires (ATP &) exact match of sticky ends & at least one 5' phosphate (+3'-OH)

Hence bacterial alkaline phosphatase, BAP (or calf intestinal phosphatase, CIP) treatment can prevent unwanted ligations.

T4 polynucleotide kinase transfers phosphate from ATP to 5'-OH; used to phosphorylate synthetic oligos prior to ligation, or to label 5' end with 32P.

DNA polymerases:
Require template + annealed primer with free 3'-OH (& perfect match at 3’ end)




DNA pol I (E.coli) 5'-3' synthesis, 5'-3' exonuclease, 3'-5' exonuclease

Not very processive, works best around 37C

Klenow fragment has no 3'-5' exonuclease

Sequenase more processive

Taq polymerase works at high temp. (other polymerases also do that and can be more processive or less error-prone).

Reverse transcriptase (RNA template + annealed primer) for making cDNA

Terminal transferase adds supplied dNTPs to 3’ overhang with no template
RNA polymerases:
No primer.  Recognition sequence in ds DNA template instead.

Phage polymerases (SP6, T7, T3) have short recognition sequence (binding site)

DNAses:

S1 nuclease (single-stranded DNA)




DNAse I (from nicks to complete digestion of all DNAs)

RNAses:
Cut after specific bases but nothing comparable to restriction enzymes. Specificity for ssRNA vs annealed RNA.

Electrophoresis (pp 37-40; 299-300)

Separation of uniformly charged nucleic acids according to size.

For relatively large molecules (200bp-25kb) use agarose gels (lower percentage for longer DNA)

-reproducible for linear dsDNA (run markers) w. limited resolution.  Circular (relaxed & supercoiled) dsDNA and ssDNA run anomalously.

· visualize DNA by binding ethidium bromide + uv light

· pulsed field gels for larger DNAs 

Can also purify DNA by cutting out bands from gels.

For 1-700nt use polyacrylamide gels (vary % acrylamide & bis-acrylamide). 

- Migration of dsDNA according to size but ssDNA migration unpredictable.

Generally use denaturing gels (6M urea) to separate ssDNAs; migration almost independent of sequence and hence strict measure of size.  Resolution of 1 nt ESSENTIAL for sequencing.  

Visualize DNA with radioactive or fluorescent label.

DNA sequencing (pp 159-63)  (SR 182-185)

Sanger dideoxy sequencing; 

Fixed 5’ end, specific nucleotide (A, G, C or T) at 3’ end converts sequence into length information


Template, primer, dNTPs and one ddNTP per reaction, DNA pol


Low conc'n of ddNTP so that only incorporated once every 500bp


Label synthesized DNA (radioactivity, fluorescence)


Read sequence 5'-3' from bottom of gel

Automation, single lane sequence on capillary gels (4 different fluorescent ddNTPs or primers), “cycle sequencing” (NOT PCR, just repeated cycles using one primer)

Maxam-Gilbert: Chemicals that modify specific nucleotides such that base treatment gives cleavage oif phosphodiester backbone.  Rarely used for sequencing but employed for derivative techniques like footprinting (which can determine regions of DNA bound by a protein because the protein protects bound DNA from cleavage by DNase I).

Nucleic Acid Hybridization  (pp 133-4; 117-24) (SR 156-175)

A million applications.  Key to DNA replication, transcription and all DNA manipulations (though it is worth distinguishing hybridization between two pure nucleic acid molecules from matching an incoming nucleotide to a template strand by DNA or RNA polymerases, where the enzyme greatly enhances discrimination according to base-pairing).

Parameters: 

Time- hybridization can be very slow (concentration is crucial)

Temperature (low favors hybridization)

Salt (high favors hybridization)

Temp. + salt adjusted to control specificity or stringeny (high stringency allows only perfect matches) Conc'n- key for rate of hybridization

Size of DNA & GC content (if small) can have some impact & are very important to determine correct temperature (& salt) conditions for hybridization to oligonucleotides

(A) Hybridization in solution- priming, Rnase/S1 nuclease mapping, subtractive hybridization

(B) Hybridization to immobilized nucleic acid- preserves some spatial information

“Blotting”

Southerns (DNA blots)- nitrocellulose, nylon, stable attachment.  Determines size of specific DNA (also single-copy or repetitive), polymorphisms / mutations (RFLPs, VNTRs).

Probes:  
Random priming for DNA 

T7 (T3) RNA polymerase for RNA

Incorporate radioactive nucleotides or nucleotides that can be detected by, for example, antibody binding (& coupled to detectable reaction).

Northerns (RNA blots) determine size of specific RNA (& how much in specific samples).

Dot blots, Bacterial colony / Phage plaque lifts

DNA microarrays (expression profiling "reverse Northern" if probe is a copy of RNA population; also used for re-sequencing DNA & polymorphism detection).

Hybridize to “fixed” tissues or cells:-

In situ hybridization to chromosomes for gene location (FISH)

In situ hybridization to RNA in tissue slices or whole-mounts for expression profile.

What precisely do you learn from each of the above techniques?

Is the information reliable?
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