Lecture 4 – Molecular Genetic Methods I

September 11, 2006

Note: The notes for this and the following lecture will be terse; these are methods lectures, and Dr. Nathans has rather condensed notes with many helpful figures.

Restriction enzymes make DS breaks in DNA at specific unmethylated palindromic sequences.

Plasmids can hold several kb of info, contain an origin of replication, and a resistance gene 3’ of the origin so you can select for those bacteria that fully took up the plasmid.

Libraries contain DNA segments in a vector (viz., a plasmid or a virus).

Genomic libraries are made by chopping genomic DNA with a restriction enzyme and inserting them into phage genomes.

cDNA libraries are made by reverse-transcribing pre-spliced mRNA and then inserting this DNA into a plasmid.

Denaturation and renaturation of DNA is the key to priming PCR, to find related sequences (old school), hybrid probing via Southern blot (DNA) and Northern blot (RNA).  Hybridization of labeled nucleic acid probes to a sequence of interest shows up as a signal on nitrocellulose paper.
Detecting DNA from your probes is done via radioactive isotopes, enzymatic detection (crosslink an active enzyme to your sequence), or fluorescence (used for DNA chips).

Synthetic DNA can be made 3’-5’ on resin beads by using labile blocking groups on the 5’ end of incoming nucleotides.  Good for making PCR primers.

Sanger sequencing, covering only the fluorescent method here, requires a 5’ primer and fluorescent ddNTPs.  ddNTPs will be incorporated randomly, cutting your sequence off and coloring all of the strands of X length (say all 55bp strands will be Green, indicating that the 55th nucleotide is adenosine).  Shortest strands migrate to the bottom of the gel.

PCR involves knowing the 5’ and 3’ terminal sequences so you can build DNA primers.  It lets you amplify a sequence of DNA for cloning or forensics, perform site-directed mutagenesis, RT-PCR to quickly amplify cDNA from mRNA, or assemble complex arrangements of various DNA sequences.

DNA chip hybridization benefits from high-resolution lithography designed for microchips.  It involves making a chip with ~250,000 slots per cm, then using a photolabile mask and NTP washes to build up a different derivatized DNA sequence in each slot.  Especially useful for comparing RNA cellular populations, one probe labeled with red-fluorophore-derivatized DNA and the other with green.  Also useful for looking at gene copy number between normal and cancer cells.  Also good for detecting which region of DNA a binding protein actually binds (involves cross-linking and purification).
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Western blotting is like Southern blotting for proteins.  Instead of a probe-DNA to DNA interaction, there is a labeled-antibody to protein interaction. Detects presence of protein of interest.

Protein tagging is helpful for producing and then purifying a protein from a known cDNA (or sequence).  I like the hexahistidine tag; GST and epitope tagging are also used.

Yeast two hybrid screening lets you see which other proteins bind to your protein of interest (hybridized to a binding-dependent transcription factor) by seeing if a product is expressed when you add the other proteins.

Mammalian tissue culture deals with propagation of dispersed cells in culture, as opposed to explant/slice culture wherein a slice of tissue is maintained intact.  It requires sterility (we use antibiotics and hoods).  It allows the study of viruses, karyotyping, identification of biochemical defects in specific cells (like complementation tests for XP), drug toxicity testing, comparison of normal to cancerous cells, and the introduction of cationic-lipid-coated-DNA into specific cells.

Monoclonal antibodies are made by presenting an antigen to a mouse, slaying the mouse and harvesting its spleen (b-cells).  Since each b-cell only produces one type of antibody, we can then fuse those b-cells with myelomas, and then selecting these new monoclonal-antibody-producing hybridomas.  We cannot use this directly for therapy because the human body would recognize the mouse antibody as foreign; must graft the ‘business end’ of the antibody onto the remainder of a human antibody first.

Transgenesis lets you insert foreign DNA into an organism. It is an easy technique. Say we just want a mouse that glows green.  Inject jellyfish glow protein gene into a pronucleus of a recently fertilized egg (before egg+sperm nuclei fuse).  The sequence will insert stochastically via an unknown mechanism.  This will form a normal zygote that you can implant into a surrogate mouse mother. In this case, a glow-in-the-dark phenotype will tell you that you’ve succeeded.

Homologous recombination in embryonic stem (ES) cells lets you knockout or mutate any DNA sequence in an organism, starting with an ES cell. It is a hard technique. Transfect an ES cell with DNA that contains your sequence of interest plus antibiotic resistance so you can select for successful recombinants.  Place a surviving recombinant ES cell into a blastocyst.  Implant this into a surrogate mother, who will produce chimeric kids.  Post-incest, some of the chimera’s kids will be completely transgenic.

Site-specific DNA recombination uses proteins that recognize really long sequences (loxP).  That means you’ll only find ~ one of these loxP sequences in a mouse genome.  Use this to insert DNA at that one site.  “Fun” to do: knockout a gene, then reinsert the gene with a tissue-specific promoter in the loxP site so you can do tissue-specific knockouts.  You can even use a modified form of the recombination protein and trigger with tamoxifen to control when you want this recombination to happen. (The significance of this is largely lost on me.)

Gene therapy looks less promising now than in the past since we’ve had setbacks such as decreased gene expression, oncogene activation leading to leukemia, etc.  Consensus is somatic therapy could be OK, but the germ line should be left alone.

Genetically engineered vaccines allow us to delete genes required for virulence, allowing us to create vaccines both safe for administering to people and safe for researchers to develop.

Stem cell therapy is like gene therapy but we’re just telling cells to differentiate into different tissue types in the body.  We don’t understand this very well yet.
