Chapter 12: Molecular basis of inheritance
Outline
· Search for genetic material leads to DNA
· 1944 Avery, McCarty and McLeod
· 1952 Hershey and Chase 
· Additional evidence that DNA is genetic material
· Watson and Crick discover 3-D structure of DNA 

· DNA replication 

· Telomeres and Telomerase 

Mendel's heritable factors and Morgan's genes on chromosomes are composed of DNA. DNA is the genetic endowment inherited from parents. DNA is unique in its ability to direct its own replication. The resemblance of offspring to their parents has its molecular basis in the precise replication and transmission of DNA from one generation to the next.
Focus of chapter:
1. Deduction of DNA as genetic material
2. Elucidation of DNA structure
3. DNA replication
Search for genetic material leads to DNA
· In early 20th century, link btw DNA and heredity not yet made.
· 1940's: discovered that chromosomes made of DNA + protein. Protein thought to be genetic material because of its complexity. 

· 1920's Griffiths discovered Transformation of Bacteria (Fig 16.2): 
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· Concluded that molecules from S cells had genetically transformed some R cells into S cells.
· Transfomation = change in phenotype due to the assimilation of external genetic material by a cell.
· Chemical nature of transforming agent was unknown, but the fact that it was heat labile meant that proteins were unlikely to be it. 

· 1944 Avery, McCarty and McLeod: identified DNA as the transforming agent. 
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· most scientists remained skeptical because not much was known about DNA. It did not appear to be complex enough. 

· 1952 Hershey and Chase (Fig 16.4) Discovered that DNA is the genetic material of phage T2: 
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· Phage = virus that infects bacteria.
· showed that viral proteins labeled with radioactive isotope of sulfur, remained outside of host during infection.
· In contrast, showed radioactively labeled (32P)DNA entered bacterial cell during infection. Those bacteria containing viral DNA, when cultured, gave rise to more phage. 

Additional (circumstantial) evidence that DNA is genetic material
· From cell cycle: 
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· DNA content doubles during mitosis
· DNA distributed equally to daughter cells
· Diploid sets of chromosomes have 2x more DNA than haploid set.
· Studies by Erwin Chargaff
· Amounts of nitrogenous bases differ between species (unique GC content)
· Also noted curious pattern (known as Chargaffs rules)
· Amount of A always equals that of T,
· amount of C always equals that of G
· This remained unexplained until discovery of double helix. 

1950: Arrangement of covalent bonds in nucleic acid established (Fig 16.5)
1953 Watson and Crick discover 3-D structure of DNA is a double helix (Fig 16.7).
· Based on X-ray crystolographic data of Rosalind Franklin. 

· pairs of nitrogenous bases in a DNA double helix held together by H-bonds (Fig 16.6). Adenine bonds with thymine, and cytosine bonds with guanine (explain's Chargaff's rules). 

· Model of 3-D structure of DNA suggested basic mechanism of DNA replication (Fig 16.7). Predicted that DNA replicated according to the semiconsewrvative model. However, other models were possible (Fig 16.8) 

· Lete 1950's: Messelson and Stahl tested 3 hypothessis of DNA replication (Fig 16.9). Showed that semiconservative model is correct. 
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Mechanics of DNA Replication
Origins of replication 
· Replication of DNA molecule begins at origin of replication (Fig 16.10). 
· Proteins that initiate replication recognize and assemble at this location, separating the two strands and opening up a replication bubble. Replication then proceeds in both directions at the replication fork (2 per bubble). 

· Bacterial chromosomes contain only 1 origin of replication. Each eukaryotic chromosome contains 1000's of replication bubbles to speed up the process. Eventually, replucation bubbles fuse and synthersis of daughter strands is complete. 
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Elongating New Strand
· Elongation of a new strand at replication fork is catalyzed by DNA polymerases. 

· As nucleotides align with corresponding bases along a template strand, DNA Polymerase III adds nucleotides to growing end of a new DNA strand (Fig 16.11) 

· Energy for polymerization is derived from hydrolysis of nucleotides. 

· DNA polymerases always polymerize in the 5' to 3' direction. This creates problems at replication fork because the two strands of DNA are antiparallel to each other (Fig 16.12). 

Synthesis of leading strand and lagging strand during DNA replication
· Problem is solved by synthesizing the leading strand continuously in the same direction as the replication fork (Fig 16.13). 

· The lagging strand is synthesized as a series of segments in a direction away from the replication fork. Each segment is called an Okazaki fragment. These segments are later joined together by DNA ligase. 

· DNA polymerases can only add nucleotides to the end of preexisting polynucleotide chain already paired with complementary strand (i.e. they can not initiate synthesis on their own). 

· Preexisting chain is an RNA primer synthjesized by primase (Fig 16.14). The RNA primer is later replaced with DNA (by DNA Pol I). 
· Structure and replication of DNA is described in reasonable detail in text. Know it. 
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· Make sure you know the function of each of the following:
· Meselson-Stahl experiment showing that DNA replicates by semiconservative model.
· Origins of replication
· leading vs lagging strand synthesis
· DNA polymerase I and III 
· Primase
· RNA primer
· Okazaki fragments
· helicase
· ligase 

· telomeres and telomerase 

