Name: ____________________________________________ Date: ___________________________ Period: _____

Unit 7 Notes, Part 1:  DNA History, Structure, and Replication
You will need to do your notes annotations on a separate sheet of paper.  Your notes annotations must be at least the front and back of one page and the front of a second page. 
DNA History
1. Frederick Griffith was the first scientist to test the idea that there was some sort of “genetic material” molecule that passes heritable material from parents to offspring and determines an organism’s traits.  Griffith worked with pneumonia bacteria of two different strains—S strain and R strain.  The S strain has a smooth outer coating called a capsule and is virulent (kills a host organism).  The R strain has no coating and is non-virulent (does not kill a host organism).  With these strains and using a mouse as the host organism, Griffith conducted the following experiments:
-Injecting a mouse with the R strain results in a healthy mouse

-Injecting a mouse with the S strain results in a sick / dead mouse

-Injecting a mouse with heat-killed S strain results in a healthy mouse.

-Injecting a mouse with live R strain AND heat-killed S strain results in a sick / dead mouse that contains live S strain bacteria.

The last experiment allowed Griffith to conclude that some genetic material had been passed from the heat-killed S strain bacteria to the live R strain bacteria to “transform” them into virulent bacteria.
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Oswald Avery, Maclyn McCarty, and Colin Macleod repeated Griffith’s last experiment, but after heat-killing the S bacteria, enzymes were added to digest various molecules before injecting the mixture into the mice.  If the enzymes destroyed lipids, polysaccharides (large carbohydrates) proteins, or RNA, the heat-killed S strain bacteria were still able to transform the R strain bacteria into virulent bacteria.  If the enzymes destroyed DNA, the heat-killed S strain bacteria could not transform the R strain bacteria into virulent bacteria, indicating that DNA was the genetic molecule in bacteria. 
3. Martha Chase and Alfred Hershey determined that DNA was the genetic material of viruses.  They worked with T2 bacteriophages (viruses that infect bacteria).  They hypothesized that whichever molecule from the virus (protein coat or DNA) was injected into the virus’s host cell, that molecule was the genetic material of the virus.  Viruses must inject their genetic material into a host cell, because they use the host cell to replicate their genetic material—a necessary step in viral reproduction.  
-In their first experiment, they radioactively labeled an isotope of sulfur (35S) found in the protein coat of the virus and then allowed the virus to infect the bacterial host cell.  After infection, they detected radioactivity outside the host cell but not inside.  This indicated that protein was NOT the genetic material of the virus.

-In their second experiment, they radioactively labeled an isotope of phosphorus (32P) found in the DNA of the virus and then allowed the virus to infect the bacterial host cell.  After infection, they detected radioactivity inside the host cell.  This indicated that DNA was the genetic material of the virus. 
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The Hershey-Chase Experiment Alfred Hershey and Martha Chase used different radioactive
markers to label the DNA and proteins of bacteriophages. The bacteriophages injected only DNA

into the bacteria, not proteins. & From these results, Hershey and Chase concluded that the
genetic material of the bacteriophage was DNA.




4. Rosalind Franklin and Maurice Wilkins took x-ray crystallography images of DNA molecules (see below, left).  Their images were analyzed by James Watson and Francis Crick (see below, right) who determined that the basic structure of DNA was a double helix.
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DNA Structure
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5. The basic unit of the DNA molecule is a double helix made out of two chains of nucleotides.
6. Each nucleotide is made of a phosphate group, pentose (5-carbon) sugar called deoxyribose, and a nitrogen base. (see image of a single nucleotide to the right)
7. [image: image11.jpg]


The phosphate group of one nucleotide is connected to the sugar of another nucleotide on the same DNA strand using a type of covalent bond called a phosphodiester bond. (see image of a single chain / strand of nucleotides connected by phosphodiester bonds to the right) 
8. There are four nitrogenous bases—adenine, thymine, guanine, and cytosine.
9. Two of the nitrogen bases (A and G) have a double-ring structure. These bases are called purines.  

10. Two of the nitrogen bases (T and C) have a single-ring structure.  These bases are called pyrimidines.

11. Nitrogen bases from opposite strands bond together using hydrogen bonds across the double helix (see image below).  Adenine always bonds with thymine and guanine always pairs with cytosine.  Erwin Chargaff discovered these “complementary base pairing rules” when he determined the relative amounts of each base in DNA molecules.  He found that there were equal amounts of adenine and thymine, as well as guanine and cytosine.

12. Purines must always pair with pyrimidines to maintain the width of the DNA double helix.

13. The alternating phosphate groups and deoxyribose sugars make up the “backbones” of the DNA double helix (the sides of the ladder), and the nitrogen bases make up the rungs of the ladder.  The “phosphate end” of each DNA strand is called the 5’ (five prime) end, and the “sugar end” is called the 3’ (three prime) end.  The two strands of the DNA molecule run “antiparallel” with one another, since their 5’ and 3’ ends are in opposite directions of one another.  
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DNA Replication
14. [image: image12.jpg]


Organisms must make a copy of their DNA prior to cell division in order to give a full copy of DNA to each daughter cell.  
15. DNA replication starts at a point on the double helix called the origin of replication.  Prokaryotic organisms (ex: bacteria) have a single origin of replication on their single circular chromosome (see image to the right).
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Eukaryotic organisms have multiple starting places on their linear chromosomes (because they have so much DNA and it needs to be copied efficiently). (see image to the right) 

Note: Linear chromosomes look like a single line or rod when they consist of a single chromatid.  When replicated in preparation for cell division, linear chromosomes have two chromatids and look like an X.  
17. At the origin of replication, the DNA double helix unwinds using an enzyme called helicase, which breaks the hydrogen bonds between complementary nitrogenous bases.  This unwinding at the replication fork causes tighter twisting ahead of the replication fork, and the enzyme topoisomerase helps to relieve the strain that this tighter twisting puts on the DNA molecule. 
18. Another enzyme, primase, creates a short strand of RNA nucleotides to start a daughter strand that is complementary to one of the parent (aka template) strands.  This short strand is called a “primer.”

19. Another enzyme, DNA polymerase, recognizes the primer and brings in free DNA nucleotides (that just happen to be floating around in the cytoplasm and nucleus of the cell) to match up with nucleotides on the parent strand.  DNA polymerase reads the template strand in its 3’ → 5’ direction.  It builds a new strand in its 5’→3’ direction.

20. The leading parent strand runs from its 3’ ( 5’ end heading into the replication fork (the area where helicase is unzipping the double helix), so a new strand can be built from its 5’ ( 3’ end continuously into the replication fork.
21. The lagging parent strand runs from its 3’ ( 5’ end heading out of the replication fork, so a new strand can be built from its 5’ ( 3’ end in “chunks” out of the replication fork.  (It must be built in “chunks” because DNA polymerase constantly needs to “backtrack” into the fork as it opens up.)  The chunks are called Okazaki fragments and they are joined together by an enzyme called ligase.
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Mrs. Krouse’s Simplified Image of DNA Replication
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22. The final product of DNA replication is two full double helices

23. Replication is semiconservative… meaning each DNA strand in the original double helix serves as a template for a new complementary strand ( each new double helix has one old (parent) strand and one new (daughter) strand.

24. The other two possible models (now known to be incorrect) are conservative replication and dispersive replication (see image on the next page)
25. Semiconservative replication is more accurate than conservative or dispersive replication because separation of the two original strands provides two templates from the original helix during the first round of replication, and this helps limit the number of replication errors (i.e. mutations) that occur.
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DNA Proofreading and Repair
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DNA polymerase makes a mistake for every 1 in 100,000 base pairs that it matches during replication, but the final error rate ends up being only 1 in 10 billion because DNA polymerase proofreads each base as it’s added & fixes errors
27. These final errors (i.e. mutations) can come from “proofreading mistakes” that are not caught OR environmental damage (ex: X-rays, UV light, chemical mutagens/carcinogens)

28. Cells continually monitor DNA and make repairs to errors that proofreading does not catch 
29. Nucleases- DNA cutting enzymes that remove errors.  Then DNA polymerase fills in the gaps with free nucleotides, and ligase seals everything together.  This process is called excision repair.  
30. Example error = thymine dimers ; when two thymine nucleotides are right next to each other in the same strand ; caused by damage due to UV light ; can be repaired using excision repair (see image to the right)

31. Example disorder involving repair enzymes = xeroderma pigmentosum (genetic disorder ; mutation in DNA enzymes that repair DNA ( increased skin cancer and cataract risk) 
Notes Questions

1. Explain how Griffith’s experiment led him to the conclusion that some genetic molecule was being passed between S and R strain bacteria.

2. Explain how Avery, McCarty, and Macleod’s experiment led them to the conclusion that DNA was the genetic material found in bacteria. 

3. Explain how Hershey and Chase’s experiment led them to the conclusion that DNA was the genetic material found in viruses. 

4. How is the work of Franklin and Wilkins related to the work of Watson and Crick?
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5. Label the parts of the molecule shown to the right?  What is this molecule called? 

6. [image: image17.png]


Label the 5’ and 3’ ends of the DNA double helix shown to the right.  Explain the meaning of the following statement… “The two strands in the DNA double helix run antiparallel to each other.” 

7. If the amount of adenine in DNA molecule is 17%, how much guanine is present?

8. How are prokaryotic chromosomes different from eukaryotic chromosomes?  Why do prokaryotic chromosomes have only one origin of replication, whereas eukaryotic chromosomes have multiple origins of replication?
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Identify the leading and lagging strands of daughter DNA in the image of DNA replication shown to the right.  Explain how you knew which was which. 

10. Identify the role of the following enzymes in DNA replication…

Helicase:

Topoisomerase: 

Primase:

DNA polymerase:

Ligase:
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11. Which image to the right (A, B, or C) corresponds to the semiconservative model of DNA replication?  How do you know?

12. Which image to the right (A, B, or C) corresponds to the conservative model of DNA replication?  How do you know?

13. Which image to the right (A, B, or C) corresponds to the dispersive model of DNA replication?  How do you know?

14. Which model of DNA replication (semiconservative, conservative, or dispersive) is correct (actually happens in cells)?

15. Explain the difference between proofreading during DNA replication and excision repair. 

