AP Biology

DNA Structure and Replication 
(Associated Learning Objectives: 1.14, 1.15, 1.16, 2.8, 2.9, 2.22, 2.31, 2.32. 2.34, 2.36, 3.1, 3.3, 3.7, 3.8, 4.1, 4.3)
Important concepts from previous units:
1) Monomers of Nucleic Acids are called Nucleotides; Polymers are DNA or RNA.
2) Nucleotides are linked together by a covalent Phosphodiester bond.
3) The sequence of nucleotides determines what protein or enzyme is made (expressed).
I. DNA Replication

A. The process of making of a complete copy of an entire length of DNA. (Applies to all Chromosomes.)

1. This occurs during the S-Phase of the Cell Cycle for Mitosis or Meiosis.
2. In bacteria, it is referred to as Circular or Theta replication. (Symbol for Greek letter Theta is: Θ.)
1. In other organisms that possess chromosomes, it is referred to as Linear Replication.

B. It is easy to do for cells because the two sides are complimentary (A with T and C with G always.)
C. The Semi-conservative Model best explains the process of DNA replication. 
1. It shows one original DNA side serving as a template (guide) for making the other DNA side.
2. Easy as A = T and C = G.
3. The replication work is being done in opposite directions, but on both sides at the same time.
D. In humans, it takes just a few hours to copy over 6 Billion nucleotides in our cells thanks to ENZYMES!
II. Origins Of Replication (Starting points)

A. These are specific nucleotide sequences encoded in the DNA strands that act as “starting points”. 
B. The enzyme helicase unwinds the DNA double helix to create a Replication Bubble (This provides “space” to do the actual building work of making the new complimentary side of the new DNA molecule by other enzymes.)

1. The ends of the bubbles are called Replication Forks. There is one on each end of the bubble.
2. Work is happening on both sides of the forks and both sides of the bubbles.
3. Many bubbles can be on the same DNA strand. (This speeds up the process of replication.)

III. DNA Replication Elongation  
A. Elongation of the new DNA complimentary side will require the enzyme DNA Polymerase III. (This enzyme performs the addition of new nucleotides to the new DNA complimentary side and also acts as a proofreader to help prevent errors in construction from occurring. (Look at the name and see the function. Remember, “polymers” means “many units” or “many monomers”. In this case, the monomers are called nucleotides. The ending “ase” tells you it is an enzyme.)

1. The enzyme works at a rate of about 500 nucleotides being added per second.
B. DNA Nucleosides are brought to the enzyme from the cytoplasm of a cell. (Nucleosides were “created” from broken down DNA strands found in the cells or particles of food during the process of digestion. 
1. A nucleoside has three phosphates to supply the bonding process with energy. (Remember, to create a bond requires “free” energy.)
2. The nucleoside will lose two phosphates in the bonding (attachment) process to the new DNA.
a. Lose of phosphates makes it a nucleotide.
3. This saves ATP for other cellular processes.
C. The two sides of the Double Helix are said to be Anti-parallel. (This means that the DNA information runs in different directions.)

1. DNA is ALWAYS READ AND MADE 5’( 3’. (REMEMBER THIS IMPORTANT FACT!)
a. The 5’ Carbon of the sugar (Deoxyribose or Ribose) has a phosphate attached to it.
b. The 1’ Carbon of the sugar has the Nitrogen Base attached to it.
c. The 3’ Carbon of the sugar has an open bond. (This is the connector site for the next nucleoside.)
D. Helicase enzyme causes the Double Helix to unwind. 
E. Single-strand binding protein keeps the two sides apart and stable. (Look at the name and see the function.)
F. Lead strand of the replication fork (Remember, there are TWO forks going in OPPOSITE directions.)
1. This strand runs in a continuous 5’(3’ direction as it opens. (It is leading the way in the process.)

2. To start adding nucleosides, we first need to attach an RNA Primer. (Remember, RNA is a disposable form of DNA.) using Primase enzyme and go! (A “primer” is a starting segment of nucleotides. It will be removed later in the process and replaced with DNA or cut off if it is attached to a telomere, which are located at the chromosome ends.)
3. Lead strands on both sides of the replication bubble are LOCATED DIAGONALLY from each other. (If it is on top on one end of the bubble, it will be on the bottom on the other side of the bubble.)

a. This is because the two DNA strands are anti-parallel.

G. Lagging Strand

1. This side of the replication fork has DNA not running in a 5’(3’ direction. (Therefore it will always be lagging behind.)

2. This side of the fork has to wait for a long segment of DNA to become exposed first before we can start by adding a primer.
3. When a long segment has been “opened” by Helicase, a RNA Primer (disposable) will attach and then DNA Polymerase III will work backwards making an Okazaki fragment.
4. When the DNA Polymerase III, on the newly created Okazaki fragment, reaches the previous RNA primer of the previous Okazaki fragment, the DNA Polymerase III will remove the old RNA primer and replace it with new DNA nucleotides. This keeps the DNA intact.
5. The Okazaki fragments are “stitched” together using the enzyme Ligase.
6. The lagging strands of each fork on BOTH sides of the replication bubble are LOCATED DIAGONALLY ALSO.

IV. Correction of Errors (Proofreading)

A. This function is performed by DNA Polymerase III as the new DNA strand is being made.
1. Mismatch Repair is when the wrong nucleotide is added to the new sequence. DNA Polymerase will reverse a spot, remove the wrong nucleotide, and then replace with the correct nucleotide. (This would be equivalent to you hitting the following computer keyboard buttons Backspace/Delete and then continue when you make a typo while you are trying to write an English paper.)

B. For errors that are “created” (what are called Mutations) after the DNA has been made – Nucleotide Excision Repair is used to correct these, if possible.
1. Step 1: Nuclease –cuts around the faulty pairing so they can be removed. 

2. Step 2: DNA Polymerase III – replaces the missing nucleotides. 

3. Step 3: Ligase - stitches back together the fragments.
V. Telomeres (TTAGGG is the nucleotide sequence) (“Telo” means “last”; “mere” means “unit”)
A. These are repeated nucleotide sequences found at the ends of chromosomes that are used for RNA primers to attach to start replication, without having a bubble.
B. The number of telomeres depends on the cell type. (It can range from 1 –10,000 telomeres. Heart cells and brain cells have VERY few. Skin cells have thousands.)

C. Having these protects the important DNA information from replication erosion. Telomeres are disposable.
D. Apoptosis (This is programmed cell death.) This is important in creating the spaces between your toes and fingers. Otherwise you would have fins for feet and hands. It is because the cells run out of Telomeres, so they do not reproduce. Thus when they die, they “create” the gaps.
VI. Telomerase

A. This is the enzyme that replaces telomeres during fetal development. After the fetus is fully developed, this enzyme shuts off and degrades over time. The DNA segment (called a gene) that is responsible for providing the “blueprint” on how to make this enzyme will become heavily methylated.
B. Normally the active gene is found in gamete producing germ cells – Cancer? When this enzyme is turned back on in children or adults it leads to abnormally fast growth of cells. This abnormal growing group of cells is called a tumor. Some can be malignant and some can be benign.
