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DNA Replication-Academic 

READ THIS!


At the moment of conception an egg is fertilized by sperm and the two cells become a single zygote cell with a complete set of DNA or a full genome.  That first cell must then grow in size, copy its DNA and split (or divide) into two cells in a cell division process called mitosis.  Those new cells are identical copies of the original cell.  In this way the fertilized zygote can replicate more and more cells until there are enough cells to begin specialization; wherein some cells will become heart, others lung, and still others brain, bone, blood, skin and so on.  When a baby is born all the cells in their body have come from copying the information contained in that first zygote cell.  

The DNA must be copied or replicated precisely or a mutation would occur in the new cells.  Because of the double helix nature of DNA and the base pair rule (A-T, G-C) the original DNA strand can serve as a directions template for replication.  The first step of replication is to unzip the helix by breaking the sticky attractions of hydrogen bonds using the helicase enzyme.  The second step is performed by a DNA polymerase enzyme which bonds the appropriately matching free nucleotide to each open strand of DNA.  The final enzyme ligase checks and fixes any possible copying mutations and covalently bonds any open gaps in the sugar-phosphate sides of the ladder.  The DNA replication process is referred to as semi-conservative because it results in two new DNA copies, both of which are half (semi) original strand with a newly formed complementary strand.  The long and loose chromatin form of DNA then coils up tightly into X shaped sister chromatids.  These two identical copies will then divide into daughter cells during cell division. 
Procedure:

1. Build a DNA strand of at least 6 base pairs (6 nucleotides down each side) and 12 free nucleotides.

2. Use the helicase enzyme to unzip your DNA strand between the hydrogen bonds down the middle of the DNA molecule. Push open your double helix so it is two single strands.
3. Scan one side of the unzipped DNA strand and determine what the complementary nucleotide is needed for each step of the open ladder.  Use the DNA polymerase enzyme to grab the correct free nucleotide monomer and deliver it to the correct location until you have copied the entire ladder.  Complete for the second open strand. 
4. Use the enzyme ligase to repair any mutations (incorrect copy errors) and to seal up any gaps in the sugar-phosphate sides (create strong covalent bonds on the sides). 
Follow-up Questions (use the read this paragraph for support). 
1. A replica is a copy.  Why is replication a good name for this process?  How do the two new molecules compare to each other when replication is complete?

2. Why does DNA replication need to happen? (How is DNA replication related to growing a new baby? Or just growing new cells!) 
3. Why does the replication process need to be exact?  What would happen if a copy error occurred?  How would that affect all the cells that were made after that cell?
4. What is the base pair rule?  How would the replication process be different if the base pair rule didn’t exist and any nucleotide could bond with any nucleotide?  How would the DNA copies be affected?
5. What does the enzyme helicase do?  Why is Helicase a great name for the enzyme? (How does its name relate to its job?)
6. Why is DNA polymerase a great name for the second enzyme?  Again how does its name relate to its job?

7. What does the Ligase enzyme do?  What would happen if that job was not done?
8. The replication process is semi-conservative.  What does semi mean (a semi-circle)?  When a person is conserving their energy what are they doing?  What does semi-conservative mean when describing the process of copying DNA?

9. Hydrogen bonds are sticky attractions (like between water molecules) and covalent bonds are strong bonds from shared electrons.  Where are the hydrogen bonds in DNA?  Why is it good that these attractions are weak?  
Extensions
10. All polymers are made with covalent bonds between monomers.  Where would the covalent bonds be in the DNA molecule?  What type of reaction would form these bonds?

11. Why would DNA replication be required in order for your body to heal from a cut (or other wound where cells were damaged)?

12. DNA must be in the unwound chromatin form during replication and coiled chromatid form during cell division, why?  What are the two wound up copies made by replication called? 
