Polymerase Chain Reaction (PCR) is a process that uses primers to amplify specific cloned or genomic DNA sequences
with the help of a very unique enzyme. This PCR process, invented by Kary Mullis in 1984, has been automated for
routine use in laboratories worldwide (White). This procedure is so common that, once you have a piece of template DNA
with the target sequence you need to amplify, you can just add the following three items:
1) A pair of primers that hybridize (stick) to the beginning and end of the target
2) All four dexoyribonucleate triphosphates (dNTPs)
3) A heat-stable DNA polymerase.
From there the PCR reaction goes through 3 steps:
1) Strand separation or denaturation. The two strands of the parent DNA molecule are separated by heating the
solution to 95 C for 15s.
2) Hybridization or annealing of two oligonucleotide primers (one is a reverse primer and the other is a
forward primer). The solution is quickly cooled to 54 C to let the primers anneal to a DNA strand. One primer
anneals to the 3 end of the target (template strand) while the other primer anneals to the 3 end of the
complementary target strand. Then each copy will be the template in the next cycle. This primer annealing
also depends on the melting temp (Tm) of the primer.
3) DNA synthesis or elongation or extension. The solution is then heated to 72 C the optimal temperature
for Taq DNA polymerase. This is a polymerase from a thermophilic bacterium, Thermus aquaticus, which
lives in hot springs. This polymerase elongates both primers in the direction of the target sequence because
DNA synthesis is in the 5 to 3 direction. DNA synthesis continues on both strands and continues beyond the
target sequence
RT-PCR= Quantitative reverse transcription PCR (RT-qPCR) is used when the starting material is RNA. In this
method, RNA is first transcribed into complementary DNA (cDNA) by reverse transcriptase from total RNA or
messenger RNA (mRNA). The cDNA is then used as the template for the qPCR reaction.

Sanger Sequencing

To sequence the DNA, it must first be separated into two strands. The strand to be sequenced is copied
using chemically altered bases. These altered bases cause the copying process to stop each time one
particular letter is incorporated into the growing DNA chain. This process is carried out for all four bases,
and then the fragments are put together like a jigsaw to reveal the sequence of the original piece of DNA.

To obtain eukaryotic cDNA whose introns have been removed:
1. A eukaryotic cell transcribes the DNA (from genes) into RNA (pre-mRNA).
2. The same cell processes the pre-mRNA strands by removing introns, and adding a poly-A tail and
5’ Methyl-Guanine cap (this is known as post-transcriptional modification)
3. This mixture of mature mRNA strands is extracted from the cell. The Poly-A tail of the post
transcription mRNA can be taken advantage of with oligo(dT) beads in an affinity chromatography
assay.
4. A poly-T oligonucleotide primer is hybridized onto the poly-A tail of the mature mRNA template,
or random hexamer primers can be added which contain every possible 6 base single strand of
DNA and can therefore hybridize anywhere on the RNA (Reverse transcriptase requires this
double-stranded segment as a primer to start its operation.)
5. Reverse transcriptase is added, along with deoxynucleotide triphosphates (A, T, G, C). This
synthesizes one complementary strand of DNA hybridized to the original mRNA strand.
6. To synthesize an additional DNA strand, traditionally one would digest the RNA of the hybrid
strand, using an enzyme like RNase H, or through alkali digestion method.
7. After digestion of the RNA, a single stranded DNA (ssDNA) is left and because single stranded
nucleic acids are hydrophobic, it tends to loop around itself. It is likely that the ssDNA forms a
hairpin loop at the 3' end.
8. From the hairpin loop, a DNA polymerase can then use it as a primer to transcribe a
complementary sequence for the ss cDNA.
9. Now, you should be left with a double stranded cDNA with identical sequence as the mRNA of
interest.

Transfection
•

•

•

Cationic Lipid Transfection
o Although first generation of lipid-based transfection reagents relied on artificial liposomes
that could envelop nucleic acids and then fuse with the cell membrane to deposit their
cargo inside (Fraley et al., 1980), newer cationic lipid-based reagents spontaneously form
condensed nucleic acid-cationic lipid reagent complexes via electrostatic interactions
between the negatively charged nucleic acid and the positively charged head group of the
synthetic lipid reagent. These complexes are believed to be taken up by the cell through
endocytosis and then released in the cytoplasm. Once in the cell, transfected DNA is
translocated to the nucleus to be expressed by a yet unknown mechanism, while RNA or
antisense oligonucleotides skip the translocation step and remain in the cytoplasm
Electroporation
o Host cells and selected molecules are suspended in a conductive solution, and an electrical
circuit is closed around the mixture. An electrical pulse at an optimized voltage and only
lasting a few microseconds to a millisecond is discharged through the cell suspension. This
disturbs the phospholipid bilayer of the membrane and results in the formation of
temporary pores. The electric potential across the cell membrane simultaneously rises to
allow charged molecules like DNA to be driven across the membrane through the pores in a
manner similar to electrophoresis
Viral mediated=Transduction

Proliferation Assay

Ames Test

Other Methods
• Karyotype: visualizes DNA as pairs of X’s AKA chromosomes composed of sister chromatids; taken
of cells arrested in Metaphase
• Northern blot: RNA
• Southern blot: DNA
• Western blot: proteins
• Anterograde Labeling: labels axons and terminal buttons of neurons whose cell bodies are located
in a particular region
• Retrograde Labeling: labels cell bodies that give rise to terminal buttons that form synapses with
cells in particular region
• Autoradiography: locates radioactive substance in slice of tissue
• Immunocytochemical method: uses radioactive/dyed antibodies to determine presence of
particular proteins of peptides
• Stereotaxic surgery: brain surgery that inserts an electrode/cannula to specific position in brain
• Microarray: assays large amounts of biological material
o DNA
o Cellular
o Protein
o Peptide
o Tissue
o Phenotype
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Bona fide: real/actual
Reporter mouse: target gene modified in order to study its promoter/transcriptional activity (via
fluorescence) as well as protein localization
Plaque: clear spots=lysed/dead bacteria
Lawn: bacterial growth; usually observed on plates
Bacterial Growth Curve Stages
1. Lag
2. Exponential growth
3. Stationary
4. Death
Essential amino acid/nutrient: only acquired through diet; organism can’t synthesize on own
(nutrient)- à organism can’t synthesize this nutrient, therefore essential
(nutrient)+ à organism can synthesize this nutrient, therefore not essential
Molecular weights acts similarly to density in small molecules
Prions: misfolded proteins (no genetic material) that can cause infection but do not illicit an
immune response
Antisense (-): DNA strand that is transcribedàprotein
Sense (+): DNA is complementary, looks like mRNA/protein, but not the direct source
Endergonic: G>0, absorption of free energy/nonspontaneous vs. Endothermic: H>0, heat absorbed
Exergonic: G<0, release of free energy/spontaneous vs. Exothermic: H<0, heat released
dNTP: Deoxyribonucleotide triphosphate; generic term referring to the four
deoxyribonucleotides: dATP, dCTP, dGTP and dTTP; used by DNA Polymerase to add nucleotides
to the elongating DNA stand
ddNTP: dNTP but another oxygen has been removed and replaced with hydrogen; can’t be used in
elongation process
Hairpin Loop: unpaired loop of messenger RNA (mRNA) that is created when an mRNA strand
folds and forms base pairs with another section of the same strand
Palindromic DNA sequence: reads same sequence 5’à3’ on either strand e.g. 5 ’CAATTG 3’ +
3’ GTTAAC 5’
Restriction enzymes: destroy unprotected DNA; often found in bacteria…protect against viruses
Acid dyes: dyes that are anionic/have negatively charged groups
2-DG: sugar that enters cells with glucose but is not metabolized
Fos: protein produced in nucleus of neuron in response to synaptic stimulation
Sham: treatment/procedure for control that is similar to experimental treatment but omits key
intervention
Amplicon: piece of DNA or RNA that is the source and/or product of natural/artificial
amplification/replication events
cDNA: DNA copy that is synthesized from mRNA; NO INTRONS
cDNA library: collection of DNA fragments from reverse transcribed RNA that is stored and
propagated in a population of micro-organisms
Genomic library: collection of total genomic DNA from a single organism
Plasmid: double stranded circular DNA molecule with at least 1 gene and an origin of replication;
separated from host chromosome; many have a reporter gene too (allows researchers to
distinguish clones that had a insertion from those that don’t)
Origin of replication where replication begins; many have high AT content (easier to separate
because interactions not as strong)
Reporter gene: allows researchers to distinguish clones that had a insertion from those that don’t

