Review Questions (Section 3)

1.
DNA usually takes the form of a double helix of nucleic acid strands in antiparallel orientation, one strand running 5’ to 3’, the other 3’ to 5”.  All known DNA polymerases synthesize new DNA strands in the 5’ to 3’ direction.  That is, they add dNTPs (deoxyribo-nucleoside triphosphates) to the 3’ hydroxyl group (of a primer or existing DNA strand) and extend the polymer of nucleotides in the 3’ direction.


a.
Label 5’ and 3’ ends of the in vitro DNA synthesis reaction shown below:


_______ . . . . . . . . . (direction of synthesis) (


______________________________________


b.
When a nucleotide is being added to the growing nucleic acid chain by a 


DNA polymerase, does the 3’ hydroxyl group or 5’ phosphate of the dNTP 


form a bond with the end of the nucleic acid chain?


c.
Addition of ATP is not needed for in vitro DNA synthesis.  Where does the energy for the polymerization of DNA come from?

2.
The E. coli genome encodes three different polymerases.


a.
Which polymerase removes and replaces primers?


b.
Which has a multiprotein catalytic core in addition to several other 



subunits?


c.
Which of the three is least well understood?

3.
The E. coli PolAI gene encodes DNA polymerase I.  Why do mutations in this gene that cause a loss of 5’ to 3’ DNA synthesis activity (yet retain the exonuclease activity) result in increased mutation rate when the bacteria are exposed to UV light or chemical mutagens?

4.
No known DNA polymerase is capable of synthesizing DNA in the 3’(5’ direction.  What factor causes problems with 3’(5’ synthesis?

5.
Temperature-sensitive strains of E. coli that lack topoisomerase activity at higher temperatures but retain it at lower temperatures have been found.  What would be the results in terms of DNA replication and survivability if these strains were placed at the temperature that eliminated topoisomerase activity (non-permissive temperature)?

6.
Temperature-sensitive strains of E. coli that lack ligase activity at higher temperatures but retain it at lower temperatures have been found.  What would be the results in terms of DNA replication and survivability if these strains were grown at the non-permissive temperature?

7.
If you had a mixture of single-stranded DNA fragments, all four dNTPs, a DNA polymerase, and the appropriate buffers and salts for DNA replication, what additional component would be necessary in a test tube for the DNA polymerase to synthesize new strands using the single-stranded DNA fragments as templates?

8.
Why is it essential for linear eukaryotic DNA molecules to have multiple origins of replication?

Answers to Review Questions (Section 3)

1.
a.
5’ _______ . . . . . . . . . (direction of synthesis) (


3’ _____________________________________ 5’ 


b.
All DNA polymerases add deoxynucleotides such that the 5’ phosphate 


of the dNTP is bound to the 3’ hydroxyl group of the growing nucleic 



acid chain.

c.
The energy necessary for nucleic acid synthesis comes primarily from 



the dNTPs being added to the growing chain.  The high-energy bond 



between the  and  phosphate is broken to allow the formation 



of the bond between nucleotide and nucleic acid chain.

2.
a.
DNA polymerase I


b.
DNA polymerase III
c.
DNA polymerase II

3.
E. coli polymerase I is involved in removal of RNA primers, replacement of those ribonucleotide bases with deoxyribonucleotide bases, and DNA repair processes.  Because the mutations described in this problem do not destroy the 5’ to 3’ exonuclease activity, the DNA polymerase I enzyme can still remove the ribonucleotides as is required in chromosome replication.  The DNA polymerase III enzyme is capable of filling in the gaps that are produced by the removal of primers.  But DNA polymerase III is generally not active in DNA repair and so cannot make up for the loss of DNA polymerase I in this respect.  More mutations will remain un-repaired and be transmitted to daughter cells.

4.
One major problem is related to the source of energy required for establishing the phosphodiester bond between adjacent nucleotides.  If replication were in the 3’(5’ direction, the last added nucleotide on a DNA strand would have to carry the triphosphate group to furnish energy for the bond.  If this last nucleotide were to lose one or more of the phosphate units (which are quite reactive), there would not be enough energy to bond to the 3’ carbon of the new incoming nucleotide.  There is no mechanism that will easily restore this chemical energy to the last nucleotide.  This loss would block DNA replication.  On the other hand, with replication proceeding in the 5’(3’ direction, the loss of a phosphate from a single dNTP in the pool of dNTPs does not inhibit DNA replication significantly because there are many others in the pool that can continue to be utilized in DNA replication.

5.
Topoisomerase relieves the tension of supercoiling that is generated ahead of the replication fork when a double-stranded DNA molecule is replicated.  Without topoisomerase activity, the DNA molecule would become excessively supercoiled during DNA replication and could not be fully replicated.  The cells could not divide without replicating their DNA, so elimination of topoisomerase activity is eventually lethal to the bacterial cultures.

6.
DNA ligase is essential for joining Okazaki fragments of the lagging strand during DNA replication.  Absence of DNA ligase activity prevents completion of DNA synthesis and is lethal to the cells.

7.
DNA polymerase requires a short oligionucleotide primer annealed to the DNA template to initiate DNA replication.  So, for DNA to replicate in a test tube, primers that are complementary to the DNA must be included along with the other components mentioned.  In cells, the primers are RNA.  However, in a test tube, DNA primers also permit DNA polymerase to synthesize DNA.

8.
Replication fork movement in eukaryotic cells proceeds at about 2500 nucleotide pairs per second.  For bidirectional replication, DNA synthesis proceeds at a rate of about 5000 nucleotide pairs per second per origin.  The average length of a human chromosome is about 130 million nucleotide pairs.  So, over 26,000 seconds (about 7 hours) would be required to replicate a chromosome of average size from a single origin of replication, which is too slow to accommodate cell division in eukaryotes.  This limitation is overcome by the presence of several origins of replication in each eukaryotic chromosome.  (Researchers estimate that mice may have about 25,000 origins scattered throughout their DNA molecules to achieve DNA replication within the time required to accommodate cell division.)

