DNA Replication
· Need to break H bonds that hold double helix together
· [bookmark: _GoBack]Helicases unwind the helix separating the 2 strands to create a replication fork
· Stabilizing proteins make sure they don’t zip together (single-stranded DNA binding proteins)
· DNA and RNA Polymerase synthesize the DNA/RNA biopolymers
· RNA polymerase can use a single strand of DNA to position the first nucleotide and start stitching the subsequent nucleotides
· DNA polymerase cannot get the first nucleotide in place and needs to have a few nucleotides of the comp strand and a free 3’ end 
· Special RNA poly forms this primer region. Primer is about 20 nucleotides.
· Polymerase adds the appropriate nucleotide by attaching the 5’ end of the free nucleotide to the 3’ end of the growing DNA strand using comp base pairs (a-t and c-g)
· Purine: A and G
· Pyrimidine: C and T
· DNA polymerase is made of ten different proteins that form a donut shape structure that surrounds the replication site. The roles of the different proteins vary, some provide the binding site to align the nucleotides, others the catalytic conditions to join the nucleotides, still others are proofreading the new strand to insure a perfect match and the appropriate nucleotide is in the right position on the growing strand.
· DNA polymerase can only add a new nucleotide to the 3’ carbon of the ribose in the growing backbone – fine for the leading strand where the 3’ end is closest to the helicase
· Lagging strand: opposite of leading. As RNA primer is added and DNA poly goes the work, new strand grows away from replication fork where DNA is being unwound instead of towards it
· As more is unwound, primer is added again and DNA poly moves along until it reaches a spot where rep has already occurred = series of fragments
· When finished, result is 2 new double strands each with a daughter and original parent strand of DNA (was template) 
· Need to remove RNA nucleotides as they can u instead of t and RNA uses ribose sugars instead of deoxyribose
· RNA primer sequences are replaced with appropriate DNA nucleotides by another DNA poly and DNA ligase stitches the fragements together
· Summary: open the helix, stabilize the open helix, build the RNA primer, build the DNA strands, replace the RNA primer, and finally, on the lagging strand, stitch the fragments with a DNA ligase. All done the DNA has been replicated!
· Primase forms primer. Needs primer as poly can only add to 3’ end
· Lagging strand has gap or nick as polymerase cannot form between 3’ end of one and 5’ of other
· A clamp protein is also part of the polymerase complex and it helps to hold the complex in place.
· DNA polymerase III is part of the large complex and adds the nucleotides to the growing strand
· Each nucleotide is added as a high energy deoxyribonucleoside triphosphate (dNTP). ATP is an example of a dNTP you should already be familiar with. And just as the removal of the two high energy phosphates from ATP fuels the cell’s energy requiring chemistry, the removal of the diphosphate from ATP, GTP, TTP and CTP is coupled with the stitching of the next nucleotide to the existing DNA strand.
· Topoisomerase prevents kinks from forming while the DNA is unwound by creating temporary breaks in the strands. Think about winding up a garden hose or a long extension cord and the kinks that arise.
· The fragments on the lagging strand are called Okazaki fragments.
· DNA polymerase I removes the RNA primer segments
· DNA polymerase I and III are found in bacterial systems, the nomenclature for the same enzymes in eukaryotes differs.
· The difference between the sugars in RNA and DNA nucleotides is on the second carbon. RNA uses a ribose sugar with a hydroxyl group. DNA uses a deoxyribose and carbon two has only hydrogen.

DNA Structure
· 1950s Watson and Crick figured out and published double strand of DNA
· DNA = deoxyribose nucleic acid
· The DNA nucleotide consists of a sugar, nitrogenous base and a phosphate in a linear sequence
· Nucleoside = no phosphate
· Sugar: 2 carbon ribose without oxygen in position 2 and H replaces the OH 
· 4 nitrogenous bases are divided into 2 groups – purines and pyrimidines
· arranged in linear sequence with a backbone of alternation deoxyribose sugars and phosphate molecules, and the nitrogenous bases extending from the backbone
· 5’ end contains phosphate
· nucleotide at 3’ end
· 2 strands are lined up in opposite directions
· Sides formed by sugar and phosphate and inside formed by bases
· Uniform length achieved by pairing a purine with a pyrimidine
· Complimentary base pairs: at and cg
·  Hydrogen bonds hold bp together (3 for gc and 2 for at)
· Hydrophobic core to ensure molecule is very stable and water soluble due to external backbone
· Bond b/w sugar and phosphate = phosphodiester bond
· 1 helex – 10 rungs = 3.4 nm. Therefore, distance b/w each base is 0.34 nm
· helix is 2.0 nm wide
· The formation of the helix produces two grooves, with one larger than the other. The larger one is referred to as the major groove and the smaller one the minor groove
· Nucleic acids get their name from the work of Freidrich Miescher who extracted a white substance from sperm cells that had an unusual composition not found in any other of the known biopolymers. He described the substance as “Nuclein” because it was from nuclei. Its acidic characteristic was incorporated into what we know today as nucleic acids.
· One of the first studies to hint at the nature of genetic material was made by Frederick Griffith when he found that heat-killed virulent forms of Streptococcus pneumonia came back to life when mixed with non-virulent forms – the non-virulent form had been transformed by some factor that was the genetic material. Oswald Avery and coworkers Colin MacLeod and Maclyn MacLead extracted all the protein from the heat killed virulent form and found that the transforming ability was still there and it behaved like the known biopolymer DNA. Alfred Hershey and Martha Chase worked with viruses and infected bacterial cells and using radioactive labels specific for proteins and DNA were able to show that the viruses inject DNA into the bacterial cells that they infect.
· Rosalind Franklin’s x-ray crystallography analysis of DNA was made possible because in the same lab a second scientist, Maurice Wilkins had the purest DNA fibres that she used in her studies. She demonstrated that the molecule was a helix with a diameter of 2 nm.

Virus: an infectious agent that contains either DNA or RNA surrounded by a protein coat. Cannot reproduce unless in a host cell. When a virus infects a cell, it can uses the cell’s resources to produce more virus.
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