· Hereditary info comes from DNA 
· Region of DNA that encodes a functional RNA or protein is a gene 
· From largest to smallest it goes genome, chromosome, gene, nucleotide 

Nucleic acids 
· DNA and RNA 
· Polymers known as polynucleotides 
· Nucleotide is the monomer 

Gene expression 
· DNA-> RNA-> Protein 

Gregor Mendel 
· Pea breeder and the father of modern genetics 
· Punnett squares 

Friedrich Miescher 
· Isolated a phosphate rich molecule he named nuclein from white blood cells 
· Very underappreciated 
· First person to identify DNA

Phoebus Levene 
· Identified the composition of a nucleotide and how a polynucleotide was assembled 
· Understood nucleotides and single strand of DNA 

Nucleotides 
· Phosphate is attached to C5 hydroxyl of the sugar, gives negative charge to DNA and RNA  
· Nitrogenous base at C1 
· Pentose sugar; deoxyribose in DNA and ribose in RNA 
· Look at 2’ position 
· RNA has an OH 
· DNA has an H
· Two types of nitrogenous bases 
· Pyrimidines have a single six membered ring 
· Cytosine, thymine, uracil 
· Purines have a six membered ring fused to a five membered ring 
· Adenine, guanine 

Building a polynucleotide 
· A dehydration reaction joins adjacent nucleotides by forming a phosphodiester bond between the -OH on the 3’ of one nucleotide and the phosphate at the 5’ carbon on the next 	
· This creates the sugar-phosphate backbone 
· The sequence of bases in a DNA or RNA polymer is unique for each gene and is always written 5’ to 3’ 
· RNA 
· Single strand 
· DNA 
· Double strand 

Erwin Chargaff 
· Chargaff’s rules 
· The base composition of DNA varies between species 
· In any species the number of A and T bases are equal and number of G and C bases are equal 
· The basis of these rules was not understood until the discovery of the double helix but this evidence of diversity made DNA a more credible candidate for the genetic material

James Watson and Francis Crick 
· Introduced double helix model 
· Built physical model out of metal scraps 
· Would not have been possible without Rosalind Franklin’s picture of DNA using Xray crystallography 

Polynucleotide Structure 
· Dictated by base pairing 
· Hydrogen bonding allows compatible nitrogenous bases to pair with one another 
· A=T/U and C=G
· GC pairs have three hydrogen bonds, AT pairs have two hydrogen bonds

Structure of DNA 
· DNA consists of two complementary polynucleotide strands 
· The sugar phosphate backbone of the two strands are oriented anti parallel or opposite to one another (5’->3’ and 3’->5’) 
· Phosphate backbone lies on the outside of the helix and gives DNA and overall negative charge 
· The nitrogenous bases are evenly spaced and located in a plane that is almost perpendicular to a double helix’s main axis 
· There are 10 bases per turn in the double helix 
 
Frederick Griffith 
· Interested in bacteria 
· Two strains of the same type of bacteria, S strand and R strand (S was pathogenic and R was non pathogenic)
· Give S strain to mouse, it dies 
· Give R strain to mouse, it lives 
· Give heat killed S strain (not pathogenic) to mouse, it lives 
· Give mix of heat killed S strain and living R strain to mouse, it dies 
· Something about adding heat killed S strain to healthy R strain changed them and killed mouse 
· Called this transformation 
· Change in the properties of the bacteria 
· Next experiment allows us to understand why this happened 

Avery, Macleod, and McCarty 
· Still working with S cells and R cells 
· Started off with S cells, heated it and killed them, recovered just the liquid extract 
· Wanted to know what was in the liquid that transformed the R cells 
· Divided mixture into three test tubes 
· Added a different enzyme to each one that broke down protein, RNA, and DNA
· Used them to mix up with R strain 
· Observed that the ones treated with RNA and Protein, the transformation did occur 
· Observed that the one treated with DNA destroyed, R cells did not transform 
· Concluded that DNA was the one that allowed transformation, not protein and not RNA, cause when they degraded in the experiments transformation still occurred 
· Allowed us to know that DNA was the molecule was the hereditary 

Viral DNA 
· A virus is DNA (or sometimes RNA) enclosed by a protective coat, usually made of protein 
· Bacteriophages are viruses that infect bacteria 
· Alfred Hershey and Martha Chase designed experiment to determine whether DNA or protein was the hereditary material 
· Concluded DNA was 

Hershey and Chase 
· Labelled sulfur of protein and phosphorus of DNA 
· Mixed radioactively labelled phages with bacteria 
· Infected E Coli, recovered them and spun them down in centrifuge, got tube that has a pellet in bottom of heavy stuff, including bacteria and anything mixed with it 
· On top has the liquid and phages that did not infect anything 
· Found that all of the sulfur from the protein was on top, and did not get incorporated into bacteria 
· Found the phosphorus in the bacteria, which meant DNA was the hereditary material 


Watson and Crick
· The relationship between the structure and function of DNA became apparent once its structure was determined 
· Predicted the semiconservative model 
· During DNA replication, the parent molecule unwinds, each strand acts as a template, and two new daughter strands are built based on base pairing rules 
· Two other possible models 
· Conservative- the original parent molecule directs synthesis of two completely new DNA strands 
· Dispersive- both original parent strands are broken up into small pieces and incorporated into newly synthesized strands 
Meselson and Stahl 
· Bacteria cultured in medium with 15N 
· Bacteria transferred to medium with 14N 
· DNA sample centrifuged after first replication
· First replication produced a band of hybrid DNA 
· Therefore cannot be conservative model 
· Second replication produced both light and hybrid DNA 
· Therefore cannot be dispersive model 

Replication 
· 3 phases to consider: 
· Initiation
· Elongation 
· Completion 

DNA polymerase 
· DNA synthesis is carried out by a family of enzymes known as DNA polymerases 
· They add nucleotides in the 5’-3’ direction 
· DNA polymerase has 2 requirements: 
· Free deoxynucleoside (dGTP, dATP, dCTP, dTTP) 
· A template strand of DNA with a short double stranded primer region with an exposed 3’-OH 

Initiation 
· Replication begins at sites called origins of replication, where two DNA strands are separated, opening up a replication “bubble” 
· A bacterial chromosome will typically have one origin of replication 
· A eukaryotic chromosome may have hundred or thousands of origins of replication 
· Replication proceeds in both directions from each origin, until the entire molecule is copied 
· At the end of each replication bubble is a replication fork, a y-shaped region where new DNA strands are elongating 
· Helicases	
· Enzymes that untwist the DNA double helix at the replication fork 
· Topoisomerase 
· Family of enzymes which correct the “overwinding” ahead of replication forks by breaking, swiveling, 
· Can cut and unwind the DNA and put it back together 
· Single strand binding proteins
· Bind to and stabilize single stranded DNA in its linear form 
· Once DNA separated, they all load on to keep DNA linear and single stranded so replication can proceed 
· Primase 
· Can start a RNA chain de novo and add RNA nucleotides one at a time using parental DNA as a template 
· The resulting primer is short (5-10 nucleotides), and the 3’ end serves as starting point for the synthesis of DNA by DNA polymerase
· See slide 39, watch in echo from march 18 lecture 

Elongation 
· DNA polymerase catalyzes the formation of phosphodiester bonds, elongating the new DNA strand 
· As each new nucleotide is added to the growing DNA strand, it loses two phosphate groups as a molecule of phosphate 
· The rate of elongation is about: 
· 500 nucleotides per second in bacteria 
· 50 nucleotides per second in human cells 
· The antiparallel structure of the double helix affects replication 
· DNA polymerases add nucleotides only to the free 3’ end of a growing strand 
· Therefore, a new DNA strand can only elongate in the 5’ to 3’ direction 
· Synthesis of the leading strand 
· Along one template strand of DNA, DNA polymerase III synthesizes the leading strand continuously, moving toward the replication fork 
· Synthesis of the lagging strand 
· To elongate the other new strand, the lagging strand, DNA polymerase III must work in the direction away from the replication fork 
· The lagging strand is synthesized discontinuously as series of segments called Okazaki fragments 
· Synthesis of each okazaki fragment begins with an RNA primer generated by primase 
· DNA polymerase then completes the okazaki fragment, stopping and dissociating at the next RNA primer it encounters 
· Upon completion of the next okazaki fragment, the RNA primers are removed and replaced with DNA by DNA polymerase I 
· DNA ligase seals the okazaki fragments generating a single continuous DNA strand 
· See slide 47 for summary of the players in replication and slide 48 for summary of elongation

Replication complex 
· Proteins participating in DNA replication form a large complex, a DNA replication machine 

Maintaining DNA integrity 
· DNA replication is highly accurate producing approximately 1 error for every 10^10 nucleotides 
· This is in part due to the proofreading capacity of DNA polymerase but also other repair mechanisms such as mismatch repair 
· Outside of replication, DNA can be damaged by exposure to harmful chemicals or physical agents, and can also undergo spontaneous changes 
· Sequence changes are very important as they may become permanent and can be passed to the next generation 
· These changes (mutations) are a source of genetic variation upon which natural selection operates 

Nucleotide excision repair of DNA 
· In nucleotide excision repair, a nuclease cuts out damaged stretches of DNA 
· DNA polymerase replaces the excised nucleotides and DNA ligase seals the nicks 

Replication- completion 
· Limitations of DNA polymerase create problems for linear DNA of eukaryotic chromosomes 
· The usual replication machinery provides no way to complete the 5’ ends 
· Therefore, repeated rounds of replication result in shortening of DNA molecules at the ends 
· Left unchecked this can lead to loss of genes from a chromosome 
· This is not a problem for prokaryotes, as most have circular chromosomes 
· Eukaryotic chromosomal DNA molecules have special nucleotide sequences at their ends called telomeres to help protect them 
· Telomere shortening has been associated with aging 
· Telomerase is a protein-RNA complex which recognizes the end of a telomere sequence and elongates it (5’-3’) using its own built in RNA template 
· DNA polymerase then completes the other strand preventing excessive shortening and loss of genes from the chromosome










