Directions: Summarize this reading on a separate sheet of paper


DNA Replication

The human genome has approximately 6 billion base pairs
The error rate of DNA replication is 1 in 1 billion nucleotide pairs

Semi-conservative model -> when a molecule of DNA is copied, each new molecule contains one strand of parental DNA and one strand of new DNA.

3 stages of DNA replication:

1.  initiation -> when a portion of the double helix is unwound.

2. elongation -> when two new strands of DNA are assembled

3. termination -> when the new DNA molecules re-form into helices.
The new DNA molecule is proof-read and corrected at the end of this process.
* These stages take place simultaneously in the same DNA molecules.*

Initiation:
Replication is initiated at hundreds or even thousands of replication origins at any one time.  Replication continues until the replication bubbles have met and the two new DNA molecules separate from each other.

Replication origins are a specific nucleotide sequence that is recognized by a group of enzymes that bind to the DNA at the origin and separate the two strands to open a replication bubble.

Primase is the enzyme that initiates the formation of the RNA primer.

The RNA primer starts the elongation stage by binding to the DNA template at the 5’ end. 

Once an RNA primer is attached to the DNA, a DNA polymerase continues to add new nucleotides to the 3’ end.

When a DNA polymerase meets an RNA primer, it removes the RNA primer and replaces it with new nucleotides.

Elongation:

DNA polymersae adds only to the 3’ end.  This means that replication can only occur in the 5’ to 3’ direction and that a short piece of RNA primer is needed to serve as a staring point for the attachment of new nucleotides.

Okazaki fragments are a result of the 5’ to 3’ directionality of replication.  They are short segments of daughter DNA that result from the DNA strand that must be built in the 3’ to 5’ direction.

Leading strand copies continuously in the 5’ to 3’ direction.

Lagging strand copies 3’ to 5’, using Okazaki fragments and DNA ligase (to splice the fragments at the phosphate group).

The enzyme “primase” initiates the formation of the RNA primer.  The RNA primer binds to the DNA template at the 5’ end and then a DNA polymerase begins to add nucleotides to the RNA primer.  Another DNA polymerase removes the RNA primer and replaces it with DNA nucleotides in the 5’ to 3’ direction.

The leading strand needs only 1 RNA primer b/c it replicates continuously; however, the lagging strand has a new RNA primer for each Okazaki fragment.

Termination:
Newly formed strands rewind to regain their helical structure.

The RNA primer at the 5’ end of each daughter strand poses a problem for the DNA polmerase because there is no 3’ end adjacent to use to fill in the gap.  This results in each daughter strand being slightly shorter (about 100 base pairs).  

This loss of genetic material could be disastrous for a call and even lead to cell death.  Telomeres are long stretches of repetitive nucleotide sequences that act as a buffer zone at the end of each chromosome.  These segments DO NOT code for any proteins or direct any cell development.

Telomerase is an enzyme that extends telomeres.

Proof-reading and Correcting

After the daughter stands of DNA have been completed, a DNA polymerase reviews the daughter strand looking for any errors in the replication process.  If an error is found, the DNA polymerase removes the incorrect nucleotide and replaces it with the correct one.

The error rate is remarkably low.  It is estimated that there is only 1 error for each 1 billion base pairs replicated.   

