More DNA Replication

1. Remember back to the deep, dark, distant past (the beginning of the semester) and our discussions of the cell cycle in eukaryotes.

a. What are the phases of the cell cycle?

b. What are the main events that occur in each phase?

c. Where does cytokinesis typically occur?

2.
Eukaryotic DNA is replicated in a semidiscontinuous manner.

a. What does it mean for DNA replication to be discontinuous?

b. What about semidiscontinuous?

c. Illustrate your answer with a labeled diagram of a replication bubble.

3. The genome of Drosophila replicates in about 3 minutes.  The genome of E. coli replicates in about 20 minutes.  Drosophila has about 100 times more DNA than E. coli.  DNA polymerase progression in Drosophila is also about 20 times slower than in E. coli.  How can you explain Drosophila’s faster replication of a much bigger genome?

4. Consider a replication fork that moves (opens) at 500 nucleotides/second.

a. How fast does the helix ahead of the replication fork need to rotate to prevent the formation of excessively supercoiled DNA?  (Remember: there are 10 base pairs per turn of the double helix.)

b. What enzyme plays the major role in preventing excess twisting?

Answers  More DNA Replication

1. a.
G1 ( S ( G2 ( M

b.
G1: most synthesis of nonreplication-related proteins, specialized cell 


functions


S: DNA synthesis, histone synthesis


G2: synthesis of proteins necessary for chromosome condensation and mitosis


M: sister chromatids segregated to opposite poles of the cell, preparations for cytokinesis

c. Cytokinesis follows mitosis.

2.
a.
Discontinuous replication refers to the repeated priming and DNA synthesis events required for synthesis of the lagging strand.  These RNA-DNA molecules are called Okazaki fragments.  They are eventually converted into a completely deoxyribonucleic acid by the removal of the ribonucleotides in the primers (by DNA polymerase I), the replacement of those excised ribonucleotides in the primers (also by DNA polymerase I), and the ligation of adjacent DNA fragments (by DNA ligase).

b. Eukaryotic DNA is replicated in a semidiscontinuous manner because only one of the two strands of DNA at the replication fork is synthesized discontinuously.  The leading strand is synthesized in a continuous manner.
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3.
Drosophila can replicate its entire genome more quickly than E. coli because the Drosophila genome has many (approximately 3,500) origins of replication and the E. coli chromosome has only one.

4.
a.
500 base pairs/second   = 50 rotations/second



 10 base pairs/helical turn  


b.
Topoisomerase is the major E. coli enzyme that removes excess supercoils caused by unwinding of the double helix at the replication fork.

