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Overview of DNA Replication 
· Genetic information is transmitted from parent to progeny by replication of parental DNA, a process in which two daughter DNA molecules are produced that are each identical to the parental DNA molecule. 
· DNA repair is tightly linked to DNA replication 
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Replication of Prokaryotic and Eukaryotic Chromosomes 
· The bacterial chromosome is a closed, double-stranded circular DNA molecule having a single origin of replication, where a specific DNA sequence is recognized by replication proteins. 
· Separation of the two parental strands of DNA, which serve as templates, creates two “replication forks” that move away from each other in opposite directions. Replication is, thus, a bidirectional process. 
· Each eukaryotic chromosome contains one linear molecule of DNA having multiple origins of replication, also called “bubbles” of replication. 
· Bidirectional replication occurs by means of a pair of replication forks produced at each origin. 
· Replication results in sister chromatids joined at the centromere, which will separate during mitosis. 
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Comparison of DNA and RNA Synthesis 
· The templates for RNA synthesis are the parental strands of DNA. 
· The overall process of DNA replication requires the synthesis of both DNA and RNA. These two types of nucleic acids are synthesized by DNA polymerases and RNA polymerases, respectively. 
· An RNA primer is necessary to begin DNA synthesis 
· DNA polymerase then elongates the RNA primer, and proofreads the newly formed DNA. 
· RNA polymerases do not require a primer, and contain no 3’ exonuclease activity, and thus cannot proofread. 
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Comparison of DNA and RNA Synthesis 
· Similarities: 
1. The newly synthesized strand is made in the 5'[image: image3.png]


3' direction. 

2. The newly synthesized strand is complementary and antiparallel to the template strand.

· Differences: 
1. DNA polymerases require a primer, whereas RNA polymerases do not. That is, DNA polymerases cannot initiate strand synthesis, whereas RNA polymerases can. 

2. DNA polymerases can correct mistakes (“proofreading”), whereas RNA polymerases cannot.
Table I-2-1. Comparison of DNA and RNA Polymerases
DNA Polymerase 

RNA Polymerase 

Nucleic acid synthesized (5'[image: image4.png]


3') 

DNA 

RNA 

Required template (copied 3'[image: image5.png]


5') 

DNA 

DNA 

Required substrates 

dATP, dGTP, dCTP, dTTP 

ATP, GTP, CTP, UTP 

Required primer 

RNA (or DNA) 

None 

Proofreading activity (3'[image: image6.png]


5' exonuclease) 

Yes 

No 

Repair and primer removal (5'[image: image7.png]


3' exonuclease) 

Yes 

No 
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Bacterial DNA Replication 
· DNA A protein: Recognizes origin of replication. 
· Helicase: Denatures the two strands. – require ATP
· Single-stranded DNA binding protein (SSB): Prevents the strands from reassociating and protects them from degradation by nucleases. 
· Primase (RNA polymerase): Synthesizes a short RNA primer in the 5'[image: image8.png]


3' direction. 
· DNA polymerase III begins synthesizing DNA in the 5'[image: image9.png]


3' direction, beginning at the 3' end of each RNA primer. This strand can be made continuously in one long piece and is known as the “leading strand.” 
· The “lagging strand”: Discontinuous Okazaki fragments in the 5'[image: image10.png]


3' direction. 
· DNA polymerase I: Fills in the gaps and removes RNA primers. 
· DNA ligase: Seals the “nicks” between Okazaki fragments. 
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Eukaryotic DNA Polymerases 
· DNA polymerase  (delta) synthesizes the leading strand during replication. 
· DNA polymerase  synthesizes the lagging strand during replication. 
· DNA polymerase  replicates mitochondrial DNA. 
· DNA polymerases  and  are thought to participate primarily in DNA repair. DNA polymerase  may substitute for DNA polymerase  in certain cases. 
· Topoisomerase II: Antibiotics and antineoplastic agents 
· Telomerase: Finishes 5’ end. 

Table I-2-2. Steps and Proteins Involved in DNA Replication
Step in Replication 

Prokaryotic Cells 

Eukaryotic Cells 

Recognition of origin of replication 

DNA A protein 

Unknown 

Unwinding of DNA double helix

Helicase (requires ATP) 

Helicase (requires ATP) 

Stabilization of unwound template strands 

Single-stranded DNA-binding protein (SSB) 

Single-stranded DNA-binding protein (SSB) 

Synthesis of RNA primers 

Primase 

Primase 

Synthesis of DNA

   Leading strand

   Lagging strand (Okazaki fragments)



DNA polymerase III

DNA polymerase III 



DNA polymerase 

DNA polymerase  

Removal of RNA primers 

DNA polymerase I (5'[image: image12.png]


3' exonuclease) 

Unknown 

Replacement of RNA with DNA 

DNA polymerase I 

Unknown 

Joining of Okazaki fragments 

DNA ligase (requires NAD) 

DNA ligase (requires ATP) 

Removal of positive supercoils ahead of advancing replication forks 

DNA topoisomerase II (DNA gyrase) – quinolone (gram”-“)
DNA topoisomerase II- antineoplastic (etopocide) 

Synthesis of telomeres

Not required 

Telomerase 

Telomerase- finish end of linear chromosome- are packaged with reverse transcriptase activity (5’end) and RNA copy-> making 5’end of chromosome (telomere) - key in embryogenesis

In cancer cell division uncontrolled- telomerase activity is extremely elevated-prevent these cells from dying
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Reverse Transcriptase 
· Reverse transcriptase is an RNA-dependent DNA polymerase that requires an RNA template to direct the synthesis of new DNA. 
· Retroviruses, most notably HIV, use this enzyme to replicate their RNA genomes. DNA synthesis by reverse transcriptase in retroviruses can be inhibited by AZT, ddI, and ddC. – bone marrow suppression
· Eukaryotic cells also contain reverse transcriptase activity, and is associated with telomerase (hTRT). 




During DNA replication, which of the following enzymes produces a short strand of RNA complementary to the template DNA with a free 3’-OH end?


(A) DNA ligase
(B) Polymerase I
(C) Polymerase III
(D) Primase
(E) Topoisomerase

Explanations

The correct answer is D. The primer molecule required by DNA polymerase is a short strand of RNA (4-10 bases) complementary to the template strand of the DNA molecule. The primer is synthesized by a specific RNA polymerase known as primase. The growing end of the RNA primer is a free 3’-OH group. The primase does not itself require a primer for initiation of nucleotide synthesis.

DNA ligase (choice A)catalyzes the formation of a phosphodiester bond between the 3’-OH of one fragment of DNA and the 5’-monophosphate group of an adjacent DNA fragment. 

Polymerase I (choice B) catalyzes the polymerization of nucleotides and also functions in processing and repair mechanisms. 

Polymerase III (choice C) is a part of a multiprotein complex and is the major replicating enzyme in E. coli. 

Topoisomerases (choice E) produce swivel points in the DNA molecule that relieve the strain induced by the replication fork. These enzymes cut and reseal the DNA.

