CHAPTER 6

The Chemical Structure, Replication, and Manipulation of DNA

6-1.  The 5’ phosphate (--P) of the incoming nucleotide reacts with the 3’ hydroxyl (--OH) of the elongating strand.

6-2.  Because of semiconservative replication, equal amounts of 14N14N and 14N15N would be expected.

6-3.  A replication fork has an asymmetrical structure because of the inability of the DNA polymerase to carry out synthesis in the 3’-to-5’ direction and because of the antiparallel orientation of the strands in the DNA double helix. Both daughter strands are synthesized in the 5’-to-3’ direction; therefore, one strand (the leading strand) is synthesized continuously, whereas the other strand (the lagging strand) requires the transient existence of the short pieces of DNA known as precursor fragments that serve as replication intermediates. The precursor fragments are joined together by DNA ligase. 

6-4.  Ten percent of the haploid genome is 10,000 kb, or 107 base pairs. Each base pair in the double helix extends 3.4 angstrom units, so 107 base pairs equals 3.4 ( 107 angstrom units.  Because there are 10-4 micrometers per angstrom unit, the required length is 3.4 ( 103 micrometers or, dropping the scientific notation, 3400 micrometers. This length is 3.4 mm, which, if the molecule were not so thin, would be long enough to see with the naked eye.

6-5.  The molecule is 107 base pairs in length, and because replication is bidirectional, the time required is the time needed to replicate 5 ( 106 base pairs. (a) At a rate of 1500 nucleotide pairs per second, the time required is 56 minutes. (b) At a rate of 50 nucleotide pairs per second, the time required is 28 hours. Replication actually takes less time because there are multiple origins of replication.

6-6.  (a) The distance between nucleotide pairs is 3.4 Å. The length of the molecule is 68 ( 104 Å. Therefore, the number of nucleotide pairs equals (68 ( 104)/3.4 = 2 ( 105. (b) There are 10 nucleotide pairs per turn of the helix, so the total number of turns equals 2 ( 105/10 = 2 ( 104.

6-7. (a) yes, (b) no, (c) no, (d) no, (e) no

6-8. Every BamHI site is also a Sau3A site but not every Sau3A is a BamHI site. The reason is that a Sau3A site is included within any BamHI site but not the other way around. 

6-9.  Primase synthesizes the RNA primer to initiate DNA replication; topoisomerase makes a single-stranded cut behind the replication fork to release rotational tension in the molecule; DNA ligase joins the short DNA fragments of the lagging strand together; polymerase I removes the RNA primer; polymerase III synthesizes DNA in the 5’ ( 3’ direction.

6-10. Replication is bidirectional from a single origin of replication.

6-11.  Samples 1 and 2 are made up of deoxyribonucleotides and therefore are DNA samples.  Sample 3 is composed of ribonucleotides and therefore is a sample of RNA. Because of Watson-Crick base pairing, double-stranded DNA must have equal proportions of dATP and dTTP as well as of dGTP and dCTP. Only sample 1 has this feature and is therefore likely to be double-stranded DNA. Sample 2 is single-stranded DNA, and sample 3 is single-stranded RNA.

6-12.  In a double-stranded DNA molecule, A = T and G = C because of complementary base 

pairing. Therefore, if A/C = 1/3, then C = G = 3 ( A. Because A + T + G + C = 1, everything can be put in terms of A as follows: A + A + 3A + 3A = 1. Hence A = T = 0.125.  This makes C = G = (1 – 0.25)/2 = 0.375. In other words, the DNA is 12.5% A, 12.5% T, 37.5% G, and 37.5% C.

6-13.
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6-14.  The difference in sizes of the restriction fragment could be due either to the insertion of DNA between the two restriction sites or to the elimination of one of the two flanking XhoI restriction sites. The pattern of hybridization of the 10-kb fragment to multiple locations along the polytene chromosomes, which differ between strains, suggests not only that the mutation is caused by insertion of DNA but also that the inserted DNA is a transposable element. Transposable elements are often present in multiple copies in a genome, and because of the lack of specificity for insertion sites that many transposable elements display, one would not expect to find elements inserted at the same genomic locations in two independent wildtype isolates.

6-15. The primer begins with the 5' nucleotide trisphosphate, and successive nucleotides are added to the 3' end, hence the primer sequence is 5'-AGCCAGATATGCGAGCACCC-3'.

6-16. The leading strands are c d and e f, and the lagging strands are a b and g h. The 3’ ends are   c, b, e, and h; the 5’ ends are a, d, g, and f.

6-17. It is a 3' hydroxyl (--OH) group.

6-18. The sequence, read from left to right, is 

3' - CTTGACCGATGCACAACTGAGACT - 5'

6-19. The sequence of A, read from left to right, is  

3'-TCTGGACAACCATGCTTCGAACAG-5';

 that of B, read in the same direction, is

3'-TCTGGACCATGCTTCGAACAGTGA-5'. The sequences are identical except that, relative to sequence A, B has a deletion of 3 nucleotides ( 3'-CAA-5') in the middle. The extra 3 nucleotides at the 5’ end of the sequence in B would presumably match the next 3 nucleotides in A.

6-20.  
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